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FOREWORD

By Lieutenant-Colonel J. G. RoBerTsoN, BS.A., FRS.A.,

Chairman of the Executive Council of the Commonwealth Agricultural
Bureaux

It has been the aim for many years past to hold a Conference of the entomologists
of the Empire at five-yearly intervals, Owing to the intervention of the war period,
bowever, thirteen years have elapsed since the last Conference was held in 1935.
During this period the study of entomology, not only in the field of agriculture
but also in those of medical and veterinary science, has assumed greater importance
than ever before and iderable ad in the k ledge of the subject have
been made. It was, therefore, particularly desirable that the fifth in this series
of Conferences, which have been of such value to entomologists in the past, shoold
be held. Another function of these gatherings is to provide an opportunity for
detailed consideration of the work carried out on behalf of the contributing
Governments by the C Ith Institute of E logy. Many changes have
taken place since the last Conference was held so it was all the more important
that the scientific’ an hani ivities of the Institute should be reviewed
and that personal contacts between the staff and overseas entomologists should
be renewed, B

The Conference lasted ter days and the high attendance at all the scientific
meetings was an mdication of the great interest aroused. Three Committees
were formed which dealt with the matters put before them in the most thorough
manner. Many resolutions were adopted by the Conference, including the recom-
mendations forwarded by the various Committees, and these will receive the early
and careful consideration of the Executive Council.

J. G. ROBERTSON,

Chairman of the Executive Council,
Commonwealth Agricultural Bureaux.



REPORT

OF THE
Fifth Commonwealth Entomological
Conference

22nd-30th July, 1948
Calling of the Confercace

The Fourth Tmpenal Entomological Conference, at s inal meeting on 27th
September, 1935, passed the followng resolwion:—

“The Conference endorses the opinioe expressed at previous
{mperial Eatomological Conferences as to the value of
periodical meenngs of entomologists and recommends that
steps be taken in due course for a Fifth Imperial Entomo-

Togical Conference fo be held in London in 1940, of which
at lmsl four moaths notice should be given.”

There was an unavoudable dalay s acting m accordance wath this resolution
on account of the War, but invitations were conveyed to the Govemnments of
the Brtish Commonwealth for 3 Confercnee to be held in London from the
22nd 1o the J0h July, 1948, This dole way wlevted so that delepates could
attend in addition the 8th Internauonal Entomological Congress that was due
16 be held in Stockholm from the Sth to the 14th August.

List at Delegates and Observers
The following officral delepates attended.
Avstralia.
Dr A J Nichobon
Me R.T. M Poscott,
Mr F N Racliffe.
Canada.
Ms A B Bawd
M H. G. Crawford,
Mr W. A Ross.
Colonies, T and ) Temtones,
Mr. L P Bemacca (Uganda)
Mr I Dowden \Gem Coasty
Mr. G. F. Chy, CMG., O.BE . MC. (Colonal Office),
Mr LT Davey (Mg:m
Dr. W, F. Jepson, QB E (Tanganyrka).
me T. W. Kikpainck (Tnmdad)
R H. Le Pelley (Ken
Dr K. R S Moris (Goxd Coast}
Ar A Moutia (Mauritwus),
Prof_J. W. Munro ¢Colomal Office}
Di T.A B Nash, OBE (Nigeria).
Mr. 2. Nicol {Gold Coast).
?)ir }i{! "{\‘ sPagdcnc(P«(:sGh)-.:y
. wrey, CALG., FR.S, (Colonal Office)
Mr C. B. Symes, OBE (Colonial Office). >
Dr. B. P Uvarov, CMG (Cclnmal Office}




Eire,

Dr. J, Carroll.
India.

Dr. K. B. Lal,

Dr. H. S. Pruthi, OBE.
New Zealand.

Dr. W. Cottfer.

Dr. D. Miller, FRSN.Z.
Southern Rhodesia.

Mr. M. C. Mossop.

United Kingdom.
Dr. A. E. Cameron,
Mr. R. Chamberlain.
Dr. 1. A. Freeman.
Dr. R. A. E. Galley.
Mr. C. T. Gimingham, O.BE.
Mr. G. V. B. Herford, O.BE.
Mr. J. W. McHardy.
Dr. G. D. Morison.
Dr. E. E. Turlle, MBE.
Mr. A. R. Waterston.
Dr. V. B. Wigglesworth, F.R.S.
Dr. D. W. Williams.

In addrtion the following attended as observers:-—
Anglo-Egyptian Sudan.
Mr. W. P. L. Cameron,
Mr. J. W. Cowland.
Australia.
Mr. G. L. Wilson.
Eire.
Prof. I. Bayley Butler, MBE.
United Kingdom.

Dr. R. C. Fisher.
Mr H. S. Hanson.

Q'—'Q

Programme
The programme was as follows:—
Thursday, 22nd July

10.30 am. Reception of Delegates by Li Colonel J. G. Rot BSA.,
FRS.A., Chairman of the Executive Council of the Common-
wealth Agncultural Bureaux,

First Business Meeting,

4 pm. Reczpuon at the British Museum (Natural History), ‘Cromwell Road,

Evening. Ofﬁcnal Dmncr 1o the Delegates given by His Majesty’s Government
at Claridges Hotel, Brook Street, W.1.
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Friday, 23rd July
1030 am. Chairman Sir John C. F. Fryer, K.B.E, F.R. S
b .

“Recent Dy in ides.”  Opener: Dr.
R. A. E. Galley.

“ Mode of Action of new Insecticides.” Opener: Dr. V. B. Wiggles-
worth, F.R.S

“ Uses and Limilations of the new Insecticides in the Field.” Opener:
Mr. W, A Ross.

*2.30 pm. Chainnan Sir John C. F. Fryer, K.B.E, FRS.
“Recent D n Pest and Disease Control
Machm:ry Openers: Dr H. G. H. Kearns, Dr. G. H. Berkeley.

“ Apphication of Insecticides from the Axr” Opener. Dr. D L.
unn,

Evening Conversazione given by the Council of the Association of Applied
Brologists at The Botany Department. Impenal College of Science
and Technology. Prince Consort Road, S.W 7.

Saturday, 2dth July
Visit to Rothamisted Expenimental Statton and Whipsnade.

Monday, 26th July
Morning.  Resersed for Meetings of Committees.

230 pm.  Chairman' Dr. A. J Nicholson.
Discussions: *“ Biological Control.” Openers: Mr. A. B. Baird, Dr.
W. Cottier, Dr. R. H. Le Pelley, Dr. D. Miller, FRSNZ.

* Esumation of Insect Populations 1n the Field ™ Opener: Mr. A, H.
Strickland.

Tuesday, 27th July
10.30 am  Chairman: Professor J. W. Munro.
Discussions: * Recent Developments in the Control of Stored Products
Insects.” Opener: Mr. F N Ratchffe.
Chairman: Mr. C. B. Symes, OBE.
“ Tsetse Research and Control ™ Opener: Dr T A M. Nash, O.B.E.
230 pm. Charman- Dr H H. Storey. CM.G. FRS.

Drscussion: ™ The Need for Plant Quaranune on a Continental Basis,
with special Reference 1o Afnca™ Openers NMr G F Clay,
CMG, OBE. MC

Wednesday, 28th July
Visits to the Ficld Station of the Imperial College of Science and
Technology at Silwood Park, Sunmnghill, near Ascot, and to the
Stored Products Research Laboratory, Slough,

* Joint Meeting with the Commonwealth Mycologreal Conference.
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Eire.
Dr. J. Carroll.
India.

Dr. K. B. L:
Dr. H. S. Pmlhl, OBE.

New Zealand.
Dr. W. Cotti
Dr. D. Mlller. FRSNZ

Southern Rhodesia.
Mr. M. C. Mossop.
United Kingdom.
Dr. A, E. Cameron.
Mr. R. Chamberlain.
Dr. 1. A. Freeman.
Dr. R, A. E. Galley.
Mr. C. T. memgham, O.B.E,
Mr. G. V. B. Herford, OB.E.
Mr. J. W. McHardy.
Dr. G. D. Morison.
Dr. E. E. Turtle, M.B.E.
Mr. A. R. Waterston.
Dr. V. B. Wigglesworth, F.R.S.
Dr. D. W. Williams.

In addition the following attended as observers:-—
Anglo-Egyptian Sudan.
Mr. W. P. L. Cameron.
Mr. J. W. Cowland.
Australia.
Mr. G. L. Wilson.

Eire.
Prof. J. Bayley Butlern M.BE.

United Kingdom.
Dr. R. C. Fisher.
Mr. H. S. Hanson.

Programme
The programme was as follows:—
Thursday, 22nd July
10.30 a.m. Reccpuon of Delegates by Lieutenant-Colonel J. G. Robertson, BS.A.,
R. Chatrman_of the Executive Council of the Common-
wenllh Agmmltural Bureaux.
First Business Meeting.
4 pm. Rcccption at the British Museum (Natural History), Cromwell Road,
SW

Evening. Offic cnal Dmner to the Delegates given by His Majesty’s Government
at Claridges Hotel, Brook Street, W.1
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1030 am. Chairman: Sit John C. F. Fryer, K.B.E, F.R.: S

Di “Recent Devel in ides.”” Opener: Dr.
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* Mode of Action of new Insecticides.” Opener: Dr. V. B. Wiggles-
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“ Uses and Limitations of the new Insecticides in the Field.” Opener:
Mr. W. A, Ross.
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Strickland
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Tnsccts.” Opener: Mr. F. N Ratcliffe.
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Eire.
Dr. J. Carroll.

India.
Dr. K, B. L:
Dr. H. 8. Pruthl OBE.

New Zealand.

Dr. W. Cottier,
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F.R.S.A., Chairman of the Executive Council of the Common-
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First Business Meeting.
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10.30 am.

*2.30 p.m.

Evenmg

Moming,

230 pm

1030 am

230 pm.

Friday, 23rd July
Chairman: Sit John C. F. Fryer, KB.E., FRS
Di i “Recent Dx in ides.”” Opener: Dr.
R. A. E. Galley. -

“Mode of Action of new Insecticides.” Opener: Dr. V. B. Wiggles-
worth, F.R.S.

““Uses and Limitations of the new Insecticides in the Field.” Opener:
Mr. W. A. Ross.

Chammm Slr Jo]m C. F. Fryer, KBE, FR.S.

ent Devel m_Pest and Disease Control
Machmcry Opcncls Dr. H. G H. Keams, Dr. G H. Berheley.

* Application of Insecticides from the Awr.” Opener: Dr. D. L.
Gunn.

Conversazione gwcn by the Councnl of the Association of Applied

at The Botany Dep lmpenal College of Science
and Technolm:y Prince Consoﬂ Road, SW.7.

Saturday, 24th July
Visit to Rothamsted Expenmental Station and Whipsnade.

Monday, 26th July
Reserved for Meetings of Committees

Chairman: Dr. A, J. Nicholson.

Discussions: “ Biological Control.” Openess: Mr. A, B. Bawd, Dr.
W Cottier. Dr R. H. Le Pelley, Dr. D. Miller, FRS.N.Z.

* Estimation of Insect Populations m the Field ™ Opener: Mr A. H.
Strickland.
Tuesday, 27th July
Chearrman  Professor J. W. Munro.

Discussions: * Recent Developments in the Control of Stored Products
Insects.™ Opener: Mr. F, N Ratcliffe

Charrman. Mr, C. B Symes, OBE,

“Tseise Rescarch and Control " Opcncr Dr. T A M. Nash, OBE.

Charrman Dr. H H Storey, CM.G, FRS.

Diseussion: * The Need for Plant Quarantine on a Continental Basxs.

with special Re(ﬂrcnce to Afnica™ Opener Mr G. F. Clay,
CMG. OBE.

Wednesday, 28th July

Visits to the Field Station of the Imperial College of Science and
Technology a1 Siwoad Park. Sunminghill, near Ascot, and to the

Stored Products Research Laboratory, Slough.

* Joint Meeting with the Commonwealth Myeological Conference,
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Thursday, 29th July
Morning.  Reserved for Meetings of Committees,

2.30 p.m. Chairman: Mr. H. G. Crawford.
*Discussion: “Locusts and Grasshoppers.” Opener: Dr. B. P.
Uvarov, CM.G

8.30 pm.  Conversazione given by the Royal Eatomological Society of London,
at 41, Queen's Gate, S.W.7.
Friday, 30th July
Mornimng.  Final Committee Meetings.
Afternoon. Final Business Meeting.

Place of Meetings
By the courtesy of the President and Council of the Royal Entomological
Society of London, the plenary sessions of the Conference were held in the
Meeting Room of the Society at 41, Queen's Gate, S.W.7, and by the courtesy
of the Imperial College of Science and Technology, the “discussions” in open
meetings were held in the large Chemical Lecture Theatre of the Royal College
of Science, Imperial Institute Road, S.W.7. .

Opening of the Conference

The Conference assembled on the 22nd July. The chair was taken by Colonel
J. G. Robertson, BS.A., FRS.A., who wel the in the followir
speecht:—

1 wish first of all to welcome the delegates to this, the Fifth Commonwealth
Entomological Conference. 1t is a pleasure to see such a good attendance; at the
last Conference there were only 27 official delegates, whereas there are double
that number here today

At the Imperial Agricultural Bureaux Review Conference in 1946, I had the
pleasure of i ducing the Earl of F ingd: Parli: y Under Secretary
to the Minister of Agriculture, to open the Conference officially, but the official
opening of this Conference has been left to a Canadian, and my only claim to
the honour 1s that T am Chairman of the Executive Council of the Commonywealth
Agricultural Bureaux, which extended the invitation to the Governments of the
Commonwealth to hold this Conference.

As Chairman of the Executive Council, I might pause a moment to explain to
you what that body 1s and of whom it consists. To quote the Imperial Agricultural
Bureaux Conference Report of 1946: “The Executive Council of the Imperial
Agnicultural Bureaux is an intra-imperial izati ized on the basis of
the principles laid down by the Imperial Conference of 1926™. Tt consists of
one representative of Great Britain and each of the Dominions. including Southern
Rhodesia, and one member representing the Colonies. Until 1946 Sir David
Chadwick was Secretary and since then Sir Herbert Howard, both very capable
and efficient.

The Executive Council directs two Institutes and ten Bureaux, besides the
Bureau of Biological Control and the Commonwealth South American Potato
Collection. There are, therefore, 14 bodies under its jurisdiction.

This Conference has to do with the C Ith TInstitute of E
and 1 hope that it will prove a very successful gathering; I am sure that it will.

* This discussion was preceded by an account of the history of the Bureau of Biological Control
by Sir Herbert Howard and followed by a short discussion on Termites under the chairmanship of

M. F. N. Ratchffe,
f Somewhat abridged.
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Here let me explain the fact that somctimes we refer to *Imperial ™ and

i to * C Ith ™ Institutes or Bureaux. They were * Imperial

until nine moaths ago when, at the request of certain Dominions, it was decided

by the Executive Council to change the name from *Imperial” to ** Common-

wealth™, and such 1t has been since 1st January, 1948. The name matters little;
it is the activities that count,

The Imperial (to give it its first name) Institute of Entomology was founded
in 1913. It was then called a Bureau and is the senior of the Imperial (or
Commonwealth} Agricultural Institutes or Bureaux. The first director was Sir
Guy Marshall, who was the head of the Bureau or Institute from 1913 until he
retired in 1942—a period of 29 years. Upon Sir Guy’s retirement Dr. Sheffield
Neave, who had been Assistant Director for 28 years, became Director. He in
turn retired in 1946 Tt is impossible to over-esimate the value of the services
of these two very eminent entomologists in creating and building up the Institute.
The reputation won by the Institute, not only within the Commonwealth but
internationally, was very largely due to their efforts It is particularly gratifying
to know that both of them are well and active m their retirement and maintain
there interest i entomology.

‘The present Director, Dr W. J. Hall, was appomted Assistant Director in 1944
and became Director on Dr. Neave's retirement mn 1946, 1 trust that Dr. Hall
will be equally successful as a distinguished director and when, many years from
now, he comes to retire he may, like his eminent predecessors, be able to enjoy
many more happy years,

The last Entomological Conference was held 1 1935, one year later than the
Mycological Conference. It was intended to hold them at five-yearly intervals,
but in 1940 we were n the mudst of a very serious and tragic war, so a Conference
was out of the question. The war lasted until 1945, but, 1n fact, it is difficult to
say whether peace has yet been established throughout the world. The Jast
Imperial {now Commonwealth) Agricultural Bureaux Review Conference was held
in 1946. Among many other things considered was the usefulness of and need for
specialist C: and the early of l and Mycologi:
Ce was to the Council ~ In April 1947, the
Executive Council decided to invite Governments to hold an Entomological
Conference in London in 1948. Here we have the Conference in July 1948,

Conferences from time to time are excellent They present an opportunity for
men (and women to0) to get together. exchange ideas, consider problems, discuss
matters of mutual concern and plan for the future. A Conference such as this
should certainly be of great valoe for dealing with scientific subjects and technical
matters, but probably the greatest good will be the personal contacts made and
the exchange of ideas outside the Conference proper.

Twice i ats history have the activities of this Institute been affected by war,
Fortunatcly durmng the recent conflict no material damage was done, but the staff
carried on under very difficult conditions In fact, conditions are still difficult,
although one now has confidence that one’s home will be intact when one returns
to it at night which was not the case in war-time. However, in war and in peace,
the Review of Applied Entomology, both series, has appeared regularly mcnlhly'
the Bulletin of Entomological Research has becn issued quarterly and other services
have been rendered as usual

Two of the activities intiated and developed by the Instiu
separate existence since the last Conference. Plehdc lzrarnsilc Lnbé;(hﬂaf;c;s;:zﬁr:
House, established in 1927, was transferred to Canada in 1930 owing to the diffi-
tulty of carrying on its operation in Great Britain and on the Continent undsr
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wartime conditions. The Im})erial Agricultural Bureaux Conference of (94
n £ 6 re-
lr:‘fsmmendcd t‘h‘a)l g should fbe“ _m'ade into a separate Buredu and the Imperial (now
ureau o ical Control came into exi i
1587 nder Dy rheeay of me into existence on Ist April,

In 1939, locust investigations came under the control of the Inter-d
Committee on Locust Control at the Colonial Office, and in 19466ancrcuanne1:mé
separate entity as the Anti-Locust Research Centre. The international contacts
and co-operation necessary to the efficient development of the work of controlling
locusts was very largely instrumental in this decision.

Possibly some of you may remember that at the 1935 Conference a resolution
was passed requesting the Institute to collect information on termites from the
various parts of the C )| A i ire was sent out in due course,
and the information contained in the replies has been summarised in a paper that
has been circulated to all delegates. You will have an opportunity of discussing
this summary and deciding what action, if any, should be taken upon it. It may
be that you will wish to form a small committee to consider it and report at the
meeting when it is to be discussed.

A very full programme of meetings, broken by two separate days of outings.
has been arranged for you The items on the agenda for the open meetings have
been chosen with a view to therr importance and wide interest. You will notice.
for instance, that prominence has been given to the question of insecticides in
view of the great advances that have been made in recent years in this field.
I am confident that your discussions on this and the other subjects, and the
interchange of information that will result, will prove of great interest and value.

The financial provision for the Institute for the peried 1st April, 1947, to 1st
April, 1952, was agreed at a meeting of the Imperial Agricultural Bureaux Con-
ference mn 1946 and was subsequently accepted by Governments. This will be
reviewed agan at the next Bureaux Conference, which is due to be held in 1950,
so you will realise that the Institute is working on 2 fixed budget determined by
the sum total of the contributions of Governments. Certain matters arising from
the last Review Conference have been referred to this Conference for discussion
and you will no doubt wish to discuss others relating to the activities of the
Institute. This will be very welcome, as the Council is anxious to have your
recommendations. Detatls of the activities of the Institute will be given by Dr. Hallt
in his report. Much has been accomplished and much remains to be done

The world food situation 15 so precarious and foods are in such great demand
in many parts of the world that there is vital need for developing our information
service in entomology to the utmost in view of its great importance to agriculture.

The Executive Council will await with great interest the report of this Conference
together with any recommendations you may see fit to put forward, and you may
rest assured they will recerve the most serious consideration.

1t is, th with great in you, G and with high hopes
that your deliberations will be valuable and with a very cordial welcome to alt
delegates and visitors that I now declare the Conference open.

Activities of the Institute -

The opening of the Conference was followed by a business meeting at which
the Director the d A dix I} on the work of the Institute
for the past 13 years, which had already been circulated to all delegates. There
had also been issued to delegates a summary of information on termites and certain
papers in connection with the discussions that were to take place on contmental
quarantine.
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After a shon discussion, a spmal business committes was appointed to give
detailed consideration to (he activities of the Institute, and any other matters :hal
delegates might wish to faise.

The Committee was composed as follows:—

Prof, 3. W. Munro (Chmrman) Cé?ksninl Office Delegation,
ire.

Dr. J. Carroll B

Mr. 1. G, Crawford . Canada.

Mr. C. T, Gimingham, O.BE . United Kingdom.
Dr. W, F. Jepson, OBE. . Tanganyika.

De. ROH. Le Pelley .. . Kenya.

Dr. D. Mitler [ . . Ncw Zealand.

Mr. M. C. Mossop . Seuthern Rhodesia.
Dr. A. 1. Nicholson . Australia.

Mr. W. V., D. Peeris Ceylon.

Dr. H, S, Prothi, O.BE. India,

Sir Herbert Howard, Sccretary of the Commonwealth Agricultural Bureagx,
:md Dr. W. 3. Hall. Dr. T. H. € Taylor and Captam ¥ § Bushell, oY of the
3th Instritute of & fogy, attended all meetings of the Comntitice

bux were pot members of it

A feport of the work of this Commtice 15 gnven m Appendix Ha It sub-
miged its recommendations at the final meeting of the Conference when they
were amended and then adapted and included among the resolutions passed.

A Temute Cnmzmttcc was a]sn appointed to consider a summary that had
been prepated and tn the answers to the
questionnaire sent in by the \anous countries of the Empre artising out of the
recomnmendatian of the previous Conference held m 1935 A memorandum on
this summary, pregared by one of the delepates, had afso been airculated.

The Committec was composed as follows—

Prof J. W Munro {Colonial Office) (Chawtmany, Dr W Cottser {New
Zzaland), Dr. R. € Fishes (United Kingdom). Dr. W F Jepson, OBE.
(Tanganyika), Prof T W Kukpatrick (Trimdad), Ms M € Mossop
(Southern Rhodesia), Dr H. 8§ Pruthe. OBE. (Inds2). Mr F N Ratchfle
(Almm[u)

of thw C were distussed in open meeling on
the aflcmmn of Thunday, 29th July. and at the fina) mecung on the fonomnr:
day they were amended and then adopted as resolutions by the Conference

Papers and Discussions

The papers read at e sacanfic meetings of the Confereate, topether with
3 symemary of the discussions that followed, are pristed as Appendic HI to this
feport

CHficiat Dinace

His Majesty's Government pave a dinner m C]andgcs Hmd nn the 22nd Juh
in honour of the delezates to the Co
Conferences  The Right Horourable the \hmstcr of Amcuhurc. Mr Tom
Wiliiaes, dL.P, presided and proposed the wast of ™ The Ertomolozical and
Mycologicat Conferences ™ The Chairman of the Execumne Counail, Col J G.
Robcmcm replied on betnlf of the Compmonwealth Agricultueal Burean, The
toast of “ The Delegates from Orerseas™ was proposed by Me. P C Gordon
Walker, MP, Parhamentary Under Sceretary of State for Cnmmonv::hh Reha-
tions, and responded to by Mr H G Crasford on behalf of the defegases to the
Entornnlogical Conference and by Dr § € Hoplins on behall of those fo the
Mycological Conference
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Visits, ete.

. Visits were made to Rothamsted Experimental Station, Whipsnade Zoo, the
Field Station of the Imperial College of Science and Technology at Silwood Park,
Sunninghill, near Ascot, and to the Stored Products Research Laboratory at
Slough. The delegates were also invited to a reception at the British Museum
(Natural History), to a Conversazione given by the Council of the Association
of Applied Biologists at the Botany Department, Imperial College of Science
and Technology, Prince Consort Road, S.W.7, and to a Conversazione given by
the Council of the Royal Entomological Society of London at 41, Queen's Gate,

Proceedings at the Final Meeting

At the final meeting of the Conference, the chair was taken by Col. J. G.
Robertson, Chairman of the Executive Council of the Commonwealth Agricultural
Bureaux.

After the resolutions recorded below had been adopted, a vote of thanks was
passed, on the motion of Dr. D, Miller, on behalf of the delegates to the members
of the Executive Council of the Commonwealth Agricultural Bureaux and to the
officers of the Commonwealth Institute of Entomology for the successful manner
in which the Conference had been conducted.

The Director thanked Dr. Miller on behalf of the staff of the Tnstitute for his
kind remarks and the Chairman, in bringing the Conference to a conclusion,
also thanked Dr. Miller and expressed his personal satisfaction with the course the
Conference had taken.



Conclusions and Resolutions

1. The C records its iation of the services rendered by the
e’ ith -Institute of togy to scientific workers in the British Com-
ith, and of the ding work in the past of its former Directors, Sic

Guy Marshall, KC,MG and Dr. §. A. Neave, CM.G, OBE. 1t notes with
satsfaction that at the !mpmal Agricultural Burcaux Review Conference held in
Suly, 1946, financial provision was made to enable the services to be maintamed
for a further period of five ycars.

2, The & 3 the careful given by the Rusiness
Commiltee to guestions submutted to it and makes the following resofutions (3-14)
based on the recommendations pus forward by that Committee.

Services of lhe G dth Justitute of E T

3. Research on 3! is ing so rapidly that it is

becomting lmpossxblc for the results of such work o be published within any

of ble value to other workess is thus

being unduly wittheld from those who would most benefit from it. Increased

facilities for publication sbould, therefore, be made avalable through the medium

of the Buifetin of Entemological Research by the adoption of the following
measutesi—

{4} 'The Bulletin, white stll 1o be 1ssued quartesly, should be increased in
size, and the pnce increased approprately to ensure that st remams
selfsupporting.

oy Papc‘rs of purcly local wterest should be excluded, at the discretion

Edito

€} Papers other than those of direct economic entomolopical wmierest should
e excluded, at the discretion of the Editor.

{4} Authors should be requested to make thewr papers as short as 15 reason-
ably possible.

4. Papers dealing with the morphology and physiology of nsects ase already
adequatcly covered m the Review of Apphed Entomolopy o1 the Insecta Section
of the Zoological Record and snio vanation of the present practice 15 necessary.

5. The Resiew of Applied Entomology 15 alteady giving adequate atiention
o msecticides and contrives to deal with the chemicat aspect of msectiades in the
manner mequired by entomologists No waration of the present practice is
necessary or desiable,

6. The subdwvision of the Review of Apphed Entomolagy wmio scetions cons
taiming abstracts of papers dcalmg solely or tmainly with spccxahscd branckes of

such as control, 15

7. It s impracticable for the Rn iew of Applicd i ntomalegy 10 give 3 com«
plete cover of snformation on the design end relative merits of diferent types
of machinery and cquipment for npplvmg msemmdes‘ and l‘uucr m!'ormznen on
these subjeets s available from the b The
procedure at present adopted in dealing with lbesc subjects in xhc Review should
not be changed.

8. The idenufication service of the C Institute of B %
1 of the utmost importance e emomo!agxsls in Overseas countries of the Com
aod should be its extension should be con-

adered at the neat Commonneatih Agncultural Burcaun Review Conference.
9



"9. The policy adopted by the Institute in regard to the
of material submitted to it for identificati by ﬁoth C aeccptanc:n%r ;:%gf
countries, and also in regard to the order of priority that is given to such materral
g to its and source, is approved.
_ 10. The Institute should encourage the revision of groups of insects involved
in economic problems, and, within the limitations of its staff, undertake such
. In this the Conf draws ion to 45 on
page 25 of the Report of the Imperial Agricultural Bureaux Conference, 1946,
in which it was recommended that the Institute should stimulate taxonomic work
amongst entomologists in the contributing countries.

11. The production of maps showing the distribution of insect pests is desir-
able, though of less importance than the extension of the identification service,
but additional staff would be required to prepare them,

12. Periodic brief statements on the nature of research work in progress
m all Commonwealth countries and on jts application, and also on changes in
the organisation of research, should be sent to the Institute so that such informa-
tion may be made available to the greatest extent possible to other workers in
the Commonwealth. .

13. The Institute is faced with an acute shortage of accommodation. The

learns with sati: ion that the ive Council has this problem
in mind and earnestly trusts that a suitable solution to it may be found at an early
date so that the actwvities of the Institute may not be impaired.

»
Biological Control

14. In view of the great interest in biological control and the importance,

in general, of ites and the C: resolves that a Committee
consisting of delegates should be set up to consider various aspects of the organi-
sation of biological control work in the British Commonwealth and that the
C ittee's i should be i to the next C Ith Agri-
cultural Bureaux Review Conference to be held in London in 1950.

Termites
15. The Ci adopts the d of its Termite Committec
i makes the following i (16 and 17).

16. There is an urgent need for the expansion of research work on termites,
particularly in the Colomes. One or more entomologists should therciore be
appointed to study termites in the field, with particular reference to their biology
and their relationship to agriculture and forestry, and to study their taxonomy at an
appropriate Muscum.

17. A simple manual, designed for the practical builder and dealing with the
protection of buildings and building materials from termites, should be prepared,

i rch Station and the Forest Products Research Laboratory,
and the Building Rescal t | e should be acked 3

and

both of the Department of Scientific and R
dertake its ion in ion with The manual
should be published by the C fth Institute of i
The Nomenclature of Insecticidal Chemicals
18. The C adopts the i the C i on :g:

Nomenclature of Insecticidal Chemicals (sce p. 26) and accordingly makes

following resolutions (19-23). .
19. . Common names for insecticidal chemicals should be universally agreed

upon.
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20. To assist in the i of this objective
countries should form a Standing Committee to select and ﬁnally agm appropriate
names.

21. This Standing Committec should comprise:

Chairman—The Director of the Commonwealth Institute of Entomology.

Secretary—~The Secretary of the Inter-departmental Insecticides Committec.

Three representatives from the United Kingdom.

One representative from the Colonies collectively and one from each of the

Dominions.
Members of the Committee resident in the United Kingdom should serve as 2
Central Working Commuttee.

22, This Standing Committee should work in closest collaboration with the
appropriate U.S. awthority.

23 Tbc Can[crence hopes that snmxlar action wall be taken in coanection with
and other pest and disease

comml subst:\nccs

Continental Quarantine
24. Tbe Conference ndopts lhe following opinions and recommendations
(25.28) basis made by n in open session,
to the Phy due to

bc«m in London on the ’nd Augus! 1948.

25 T Conference supports the proposal for an African Phytosamtary
Comvention.

26. The Conference suggests that: .

{0 such a Convention should mitially embrace all the Terntories south
of the Sahara, including the Anglo-Egyptian Sudan, Ethiopia and
Emr:a. and that these Tcmtoncs shuuld be regarded as one area for

PUrposes with the and
quatantine of plants; the pest and disease position in the part of Afncx
north of the Sahara should be kept under constant teview in order
that, i considered necessary, steps could be initiated to secure the

of countries 50 as to extend the area covered
by the Convention to embrace the whole of the Continent. Special
consideration, however, will have to be given to certain difficulties of
applying this Convention to the Anglo-Egyptian Sudan.

) ing the previous fon, it might be necessary, for ease
el administration, o organise rcg\ons wx\hm the area covered by the

In this drawns attention to the
now m ion in the southern African
region, compnsmg the Belgian Congo, the Unon of South Afnca,

Southern Rhodesia, Northermn Rhodesia and Nyasaland, and in East

Afnca, compnsing Kenya, Uganda. Tanganyika and Zanz:bnr. and

orpanised

further suggests that similar regronal arrangements might be
for other parts of the area.

(i) while the legislation throughout the area should be uniform. it
should also be as simple and concise as possible and any Territory
should be free to make more stnngent regulations if it is thought desir-
able to do so. In order to stimulate mutual confidence, consultation
with other member states should be established as a principle.

11
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" 9. The policy adopted by the Institute in regard to the
of material submi ed to it for identification by gor.h Ce accept:inc:n%r f[:r[elifgﬂ
countries, and also in regard to the order of priority that is given to such material
according to its economic importance and source, is approved.
. 10. The Institute should encourage the revision of groups of insects involved
in economic problems, and, within the limitations of its staff, undertake such
.. In this ion the Confe draws ion to 45 on
page 25 of the Report of the Imperial Agricultural Bureaux Conference, 1946,
in which it was recommended that the Institute should stimulate taxonomic work
amongst logists in the ibuting ies.

il. The production of maps showing the distribution of insect pests is desir-

able, ngl_xgh of less importance than the extension of the identification service,
but additional staff would be required to prepare them,
.12, Periodic brief statements on the nature of research work in progress
in all Commonwealth countries and on its application, and also on changes in
the organisation of research, should be sent to the Institute so that such informa-
tion may be made available to the greatest extent possible to other workers in
the Commonwealth. .

13. The Institute is faced with an acute shortage of accommodation. The
Conference learns with satisfaction that the Executive Council has this problem
m mind and earnestly trusts that a suitable solution to it may be found at an early
date so that the activities of the Institute may not be impaired.

"
Biological Control

14. In view of the great interest in biological control and the importance,
in general, of parasites and predators, the Conference resolves that a Committee
consisting of delegates should be set up to consider various aspects of the organi-
sation of biological control work in the British Commonwealth and that the
C ttee’s lusi should be submitted to the next Ct Agri-

cultural Burcaux Review Conference to be held in London in 1950.

Termites

15. The C adopts the dati of 1ts Termite Committee
and ingly makes the following i (16 and 17).

16. There is an urgent need for the expansion of research work on termites,
particularly in the Colonies. One or more entomologists should therefore be
appointed to study termites in the field, with particular reference to their biology
and their relationship to agriculture and forestry, and to study their taxonomy at an
appropriate Museum.

17. A simple manual, designed for the practical builder and dealing with the
protection of buildings and building materials from termites, should be prepared,
and the Building Rescarch Station and the Forest Products Research Laboratery,
both of the Department of Scientific and Indusirial Research, should be asked to
undertake its preparation in co-operation with appropriate authoritics. The manual
should be publi by the C: 1th Institute of f

The Nomenclature of Insecticidal Chemicals

18. The C adopts the dati of the Co on the
Nomenclature of Insecticidal Chemicals (see p. 26) and accordingly makes the

following resolutions (19-23).
19. Common names for insecticidal chemicals should be universally agrezed

upon.
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20. To assist in the achievement of this objective, the Comnioawealth
countries should form a Standing Committee to select and finally agree appropriate
names,

21, This Standing Committee should comprise:

Chairman—The Director of the C hh Institute of

Secretary—The Secretary of the In tmental icides C

Three representatives from the United Kingdom.

One representative from the Colomes collectively and one from each of the

Dominions.
Members of the Committee resident in the Uruted Kingdom should serve as a
Central Working Committee.

22, This Standing Commuttee should work 1 closest collaboration with the
appropriate U.S. authorty

23, The Conference hopes that simiar action will be taken 11 connection with
of ici herbicid icides and other pest and disease

e
control substances.
Continental Quarantine
24. The Conference adopts the following opinions and recommendations
(25-28) i ona basis made by it in open session,
and ds that they be to the P itary C due to
begin in London on the 2nd August, 1948

25. This Conference supports the proposal for an African Phytosanitary
Convention,

26. The Conference suggests that:

(1) such a Convention should mmtially embrace all the Temntores south
of the Sahara, including the Anglo-Egypuian Sudan, Ethiopia and
Entrea, and that these Territories should be regarded as one area for
administrative purposes in with the duction and
quarantine of plants; the pest and disease position in the part of Africa
north of the Sahara should be kept under canstant review in order
that, if consudered necessary, steps could be iitiated to secure the

of countries s0 as to extend the area covered
by the Convention to embrace the whole of the Continent. Special
consideration, however, will have to be given to certam difficulties of
applymg this Convention to the Anglo-Egyptian Sudan.

i) Jing the previous it might be necessary, for ease
of admistration, to organsse regions within the area covered by the
C i ion the C draws attention to the

y now 1n in the southern African

region, compusing the Belglan Congo, the Union of Scuth Africa,
Southern Rhodesia, Northern Rhodesia and Nyasaland, and in East
Africa, compnsmg Kenya, Uganda, Tanganyika and Zanzibar, and
further suggests that siumilar regional arrangements might be organised
for other pants of the area.

(iti) while the legislation throughout the area should be wniform, it
should also be as stmple and concise as possible and any Territory
should be free 10 make more sinngent Tegulatons if it is thought desir-
able to do so. In order to sumulate mutual confidence, consultation
with other member states should be established as a principle.

1
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" 9. The policy adopted by the Institute in regard to the acc

of material itte it for identificati gor.h C o ept:anccm%r f[oer[:??x:

countries, and also in regard to the order of priority that is given to such material

according to its economic importance and source, is approved.

. 10. The Institute should encourage the revision of groups of insects involved

in cconomic problems, and, within the limitations of uts staff, undertake such
.. In this the Conf draws ion to 45 on

page 25 of the Report of the Imperial Agricultural Bureaux Conference, 1946,

in which it was recommended that the Institute should stimulate taxonomic work

amongst entomologists in the contributing countries.

11. The production of maps showing the distribution of insect pests is desir-
able, though of less an jon of the identification service,
but additional staff would be required to preparc them.

.12, Periodic brief statements on the nature of research work in progress
in all Commonwealth countries and on its application, and also on changes in
the organisation of research, should be sent to the Institute so that such informa-
tion may be made available to the greatest extent possible to other workers in
the Commonwealth. .

13. The Institute is faced with an acute shortage of accommodation, Th
Conf learns with satisfaction that the E ive Council has this problem
in mind and eamestly trusts that a suitable solution to it may be found at an early
date so that the actwities of the Institute may not be imparred.

i
Biological Control

14. In view of the great interest in biological control and the importance,
in general, of p ites an 3 resolves that a Committee
consisting of delegates should be set up to consider various aspects of the organi-
sation of biological control work in the British Commonwealth and that the
C ittee’s lusi should be itted to the next C: Agri-

cultural Bureaux Review Conference to be held in London in 1950.

Termites

15. The adopts the i of its Termite Committee
and ingly makes the following (16 and 17).

16. There is an urgent need for the expansion of research work o termites.
particularly in the Colomes. One or more entomologists should therefore be
appointed to study termites in the field, with particular reference to their biology -
and their relationship to agriculture and forestry, and to study their taxonomy at an
appropriate Museum.

17. A simple manual, designed for the practical builder and dealing with the
protection of buldmgs and building materials from termites, should be prepared,
and the Building Research Station and the Forest Products Research Laboratory,
both of the Dep: of Scientific and ial Research, should be asked to

ke its p fon in ion with appropriate authorities. The manual
should be published by the C: Institute of E: K

The Nomenclature of Insecticidal Chemicals

18. The adopts the dati of the C
Nomenclature of Insecticidal Chemicals (see p. 26) and accordingly ma
following resolutions (19-23).

19. Common names for insecticidal chemicals should be universally agreed

upon.

on the
kes the
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20. To assist in the achievement of this objectve, the Commonwealth
countries should form a Standing Committee to select and finally agree appropriate
names,

21. This Standing Committee should comprise:

Chairman—The Director of the C: Institute of
Secretary—The Secretary of the Int tmental icides Cs
‘Three representatives fram the United Kingdom.
One representative from the Colomes collectively and one from each of the
Dominions.
Members of the Committee resident in the United Kingdom should serve as a
Central Working Committee.

22. This Standing Committee should work in closest collaboratton with the
appropriate U.S. authority.

23. The Conference hopes that simlar action will be taken 1 connection with
1 £ fcid id icides and other pest and disease

the O
control substances

Continental Quarantine
24. The Copference adopts the following opinions and recommendations
{25-28) ige on a i basis made by it 1n open session,

and that they be to the P y C due to
begin in London on the 2nd August, 1948.

25. This Conference supports the proposal for an African Phytosanitaty
Convention.

26. The Conference suggests that: .

() such a Convention should imtally embrace all the Termtoties south
of the Sahara, icluding the Anglo-Egyptian Sudan, Ethiopia apd
Entrea, and that these Terntories should be regarded as one area for

i purposes 1n with the & fon and
quarantme of plants, the pest and disease position in the part of Africa
north of the Sahara should be kept under constant review in order
that, if considered necessary, steps could be initiated to secure the

P of countries s0 as to_extend the area covered
by the Convention to embrace the whole of the Continent. Special
consideration, however, will have to be given to certain difficulties of -
applymg this Convention to the Anglo-Egyptian Sudan,

(i) ing the previous it might be far ease
of admunistration, to orgamise regions within the arca covered by the
Con In this ion the Ci draws attention to the

y now in m the southem African
region, comprinng the Belgian Congo, the Union of South Africa,
Southern Rhodesia, Northern Rhodesia and Nyasaland, and i East
Africa, comprising Kenya, Uganda, Tanganyika and Zanzibar, and
further suggests that simular regonal atrangements might be organised

for other parts of the area.

Qi) while the legislation throughout the arca should be uniform, it
should also be as simple and concise as possible and any Terntory
should be free to make more stringent regufations if it is thought desir-
able to do so. In order to stimulate mutual confidence, consultation
with other member states should be established as a principle.

1n
RS
P ELE LNy



{iv) a permanent ission, comprising ives of the powers sub-
scribing to the Convention, should be set up in Europe, charged with
! the existing ar in all Territories for the control
of importation of plants, with a view to the institution and co-ordination
of measures of protection against the importation of diseases and pests,
as well as of measures against diseases and pests occurring in the
several Terntories,
the possibility should be explored of, firstly, preparing a list of major
plant pests, the introduction of which might constitute a serious mepace
to the African Continent, and, I ifying in legislation those
plant products that can be allowed free entry and those that are to be
partially restricted, while all other importations are by permit only.
(vi) the establ of i is important and the com-
mission should examine existing conditions and where necessary set
up, or make recommendations for the setting up, of further quarantine
stations.
27. Subject to the provision of adequate funds and staff, the Conference supl;

ports the recommendation of the Brussels Confe that the C It
Institute of E: 1 should be ised as the centre of information on the

distribution of plant pests.

28. The Conference considers that the danger of introducing diseases and
pests by aircraft 55 very great and that there is an urgent need for uniform regula-
tions designed to minimise 1t.

The Control of Pests of Stored Products
29. The Confe from its di: i learns with satisfaction of the

progress made 1n Stored Products Entomology in many parts of the Common-
wealth, and recommends that existing knowledge should be more fully utilised by

Governments.

(

<

The Need for more trained Entomoalogists

30. The increase in production and storage of food necessitates an increase in
research on existing entomological problems and on new ones that are constantly
arising and also in the practical application of ghe _results of such research. A'I_'hc
supply of trained entomologists 1s at present quite inadequate even to fill existing
vacancies in staff. The Conference urges that C Ith Govern-
ments should encourage, by all means n their power, the training of gntamplogicnl
students, and should be prepared to make financial provision for the initiation and
maintenance of essential research and practical control measures.
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- Future Ci lth Ei ica

33. The reviews of work that have been submitted to the Conference by

contnbutmg countrtes are of great value, and such reviews, in as bref a form as

is reasonable, should be a pennanem feature of fumre Commonwcalth Entomo-
loglcal Conferences.

34 The Conference recommends (hal at future Confcr:nces the programme
should include a greater proportion of time entirely free from pre- arranged busmess
to enable delegates to have mfcrmal discussions

35. The C that C h ical Confer-
ences might sometimes be held in_countries of the Commonwealth other than the
United Kingdom, in order that delegates may be able to acquaint themselves with
the research work in progress in such countries.

36. The Conference endorses the opinion expressed at previous Imperial
Entomological Conferences as to the value of periodical meetings of entomologists
and recommends that steps be taken in due course for a Sixth Commonwealth
Entomological Conference to be held in 1953, of which long notice shou]d be given,
the place to be decided by the E: Council of the Ce
Bureaux.
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>APPENDIX 1
Memorandum on the Work of the
COMMONWEALTH INSTITUTE OF ENTOMOLOGY
from Ist April, 1935 to 31st March, 1948

It has been the aim in the past to hold an Irperial Entomological Conference-
or C th E logical C as it is now called every five
years. For obvious reasons it was not possible to hold a Conference in 1940
and thirteen years have elapsed since the last one. - The difficulties arising during
the war years resulted in a slowing up of the activities of the Institute but it is a
matter for some satisfaction that our services to the entomologists of the Common-
wealth were h h this period. Since the termination
of hostilities, every effort has been made to recover lost ground and to develop
the services that we render. .

It has been customary to give a detailed review of the finances in the
Memorandum on the Work of the Institute submitted to previous Conferences but,
as these are now dealt with by the Commonwealth Agricultural Bureaux Con-
ference, reference to them has been omitted here. The last such Conference was
held in 194§ and provision was then made for the estimated financial requirements
of the Institute for the ensuing five-year period. They will be reviewed again
at the next Bureaux Conference in 1950.

Publications

Review, of Applied Entomology
This monthly publication has made its appearance regularly, even during the war
inds ionally difficult diti

years when it often had to be p d er
1t is now in its 36th volume and continues to be probably the Institute’s most

important production.

The amount of literature that came in during the war years naturally showed
a sharp d but, once ilities ceased, it again very rapidly and
was augmented by a large volume of literature that had been published duting
the war in enemy.or occupied territories. This exceptional volume of matter
presented considerable difficulties because the number of abstractors had decreased
as a result of retirements and resignations to take up war service. It has always
been the policy of the Institute for the whole of the abstracting to be donc by
the permanent staff, with the exception of papers in Japanese which in any case
lapsed durmg the war. Despite the fact that two new abstractors have been
recruited jt was inevitable that it would take some time to catch up in view
of the spate of hterature that had come in and the long time (at least two years)
required to train an abstractor, The situation is now in hand and it is hoped
that, by the end of 1948, the abstracting will be very nearly, if not quite, up to
date once again.

It 1s necessary to point out that the tendency has been for the literature to
become more difficult from an abstracting point of view and that the time required
per abstract has thercfore tended to become Ionger. This has been partly due to
the highly technical pature of some of the articles dealing with insecticides of
which there have been such a marked increase in the past few years following
the discovery of DDT, benzene hexachloride and other new insecticides.
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“* The number of subscribers to Series A and Series B and the total cash receipts
from this source over the past 13 years are shown below.
N . No. of Subscribers Total .
“AT “B” Cash Receipts

£ - s d

Vol. 23, 1935 571 - 436 1,282 17 5
» 240 1936 588 447 1,440 12 3

» 25, 1937 603 442 1,595.18 11

» 26, 1938 . 637 464 ~1429 9 8

» 27, 1939 664 475 1,386 12 6

3,063 2,264 £7,13510 9

£ s d.

Vol. 28. 1940 595 441 1,300 4 3
» 29, 1941 - 499 397 1,147 0 7

» 30, 1992 . 447 381 1137 8 3

» 311943 - 471 413 1,278 3 10

» 32, 1944 516 482 1,588 6 10

2,528 2,114 £6451 3 9

£ s .d

Vol. 33, 1945 - 624 562 2,107 0 8
341946 . 837 696 2,781 13 4

» 35, 1947 . . 860 739 3225 8 5

Whilst it was to be expected that the number of subscribers would fall during
the war, thé increase in the number since 1944 has been highly satisfactory. The
figures for 1947 were not very far short of double the lowest figures recorded for
1942 arnd well 1n excess of any pre-war figures. Present indications are that the
increased subscription rates that came into force at the beginning of 1948 have not
resulted in any falling off of subscribers.

The total cash receipts show an even more striking rise than the number of
subscribers and for the year 1947 the amount received was very nearly three
times that for 1942, The greater number of subscribers only partly explains this
increase, the difference being accounted for by the very heavy demand for back
volumes, This demand can hardly be expected to continue at the present high
rate and there may be some fallmg off in this respect within the next few years
although no such tendency is at present discernible.  Any such movement, however,
will be offset to some extent by the fact that each year that passes adds another
to the now considerable number of back volumes.

The volumes have varied in size considerably in the past 13 years but the
average size, in number of pages, has been markedly less since 1942 than prior *
to that date. This discrepancy in size, however, is not so great as it appears
because in 1942 the format was changed in such a way that the matter printed
on each page was mcreased by about 12} per cent.

Bulletin of Entomological Research

This quarterly journal has appeared regularly and is now in its 39th volume.
The number of man ipts recewved for i naturally fefl away during
the war years but since the termication of hostilities the number has risen” again
and there are considerable delays in publication
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This increase has been due in the main to three factors:— .

1. The considerable amount of work carried out during the war, particularly
in the field of medical entomology, that was written up subsequently
and submitted for publication. -

2. The marked increase in articles dealing with insecticides as a result of
the very considerable developments in this field in the past few years.
It is anticipated that the flow of such papers will be maintained or
increased in the years-to come. ..

3. The wide appeal of this periodical as a medium for publication.

The position at the moment is that there is a delay of at least 18 months between
date of receipt and publication. This is unfortunate as in many cases it is
desirable that the arficles should appear with the Jeast possible delay. This is
especially the case with those papers dealing with the newer insecticides such as
DDT ard benzene hexachloride in which rapid developments are being made.

The size of the volumes has varied considerably during the past 13 years as

will be seen below.
No. of Pages  No. of Plates No.of

Years Articles
1935-39 (Average) .. 619 18 42
194044 (Average) ... - 369 6 - 30
1945 (Vol. 36) 512 18 34
1946 (Vol. 37) - . 632 9 44 -
1947 (Vol. 38) . 622 n a3

The number of subscribers and the total cash received in respect of the
Bulletin is tabulated below.

No. of Total Cash

Subscribers Received

- £ s
1. 26, 1935 381 80 7 5 -

Vol 2o 193 375 88 0 0

noas 1937 386 812 0 9

w29, 1938 386 748 13 4

30, 1939 407 719 8 11

1,935 £3,968 10 5

£ sd

4 . .38 746 3 7

Vet :ﬁ {34? - e 326 608 14 4

O T 297 568 14 4

To33o1943 . . .. .. 306 704 7 3

»o35. 1944 T s 982 6 3

1,667 £3610 5 9

£ s.d

Vol 36. 1945 407 1067 68

o3 e L s L7118 2

T T2 R 1674 6 5

As was 10 be expected, the number of subscribers fell during the war, to
just below 300, but since the war it has risen steeply and there is no indication
at present that the increased annual subscription rate, that came into force at the
commencement of the present year, has adversely affected the number of

subscribers. -
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The increase in the total cash received has also been very marked since the
war, the amount for the year 1947 being very nearly three fimes that for 1942.
The lack of correlation between the receipts from subscriptions and the total cash
recerved is explamed very largely by the sale of back volumes which has been
very heavy durng the past three years. As in the case of the Review the same -
remarks concerning the future prospects for the sale of back volumes apply equally
here. -

Zoological Record . -
° ‘The “Insecta”™ part of this work, published by the Zoological Society of
London, has been prepared annually by the Insutute. Towards the cost of

- preparation it has been receiving £100 per annum and the major portion of the
proceeds of the sale of the separate part amounting to £156 1n 1947.

Sundry Publications

_  Two works have been separately published during the pertod under review .
as follows:

The Biological Control of an Insect in Fiji by Dr. T. H C. Taylor in
1937. .

A Review of the Literature on Soil Insecticides by Dr H. C. Gough in
1945. °

In accordance with past practice we have arranged for the publication of a
number of papers by taxonomists who have described new species from miaterial
submutted to them by the Institute In the past seven years many taxonomic
papers have been published by members of the staff in various scientific journals

No. of Papers  No.of Pages  No. of Staff’

Year concerned
1941 . , - 27 349 ki
1942 . . - 26 349 6 o
1943 - 26 643 5 R
1944 . . . 27 325 5 t
1945 .. . 10 279 5 R
1946 - o . . 14 266 8 -
1947 . . . B 15 422 5

The Library

Fortunately the library suffered very hitle damage as a result of the war. Only

~36 volumes were lost—34 were bumt whilst at the binders (32 of these have been

partially or wholly replaced. mainly by doration) and two whilst on loan in
Leningrad.

During the period under review, the average annual growth has been 253
bound volumes, 931 pamphlets and 473 periodical publications Works issued on
loan amounted to 880 annually.

The Library now contains some 11,700 bound volumes and 32,200 pamphlets. .
The author catalogue of monographs and separates is up-to-date and consists of
some 140,700 cards, whilst the sheaf catalogue of serial and official publications
amounts to about 4,200 slips.

Receipts of publications naturally fell dunng the war years, but the figures
are rapidly approachung those for the peak year of 1935-36 despite the fact that
many journals ceased publication 1n the intervening period. Every effort has been
made 1o re-establish pre-war exchanges, the great majority of these have now
been resumed and the gaps in the sets of periogicals filled
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A feature of the Library’s service before the war was the 1oan of books to
workers abroad. This has now'been largely replaced by the supply of photostats
and microfilms of the works required by entomologists overseas.

There was a much increased demand for books on loan during the war, partly
due 1o the fact that this was one of the few scientific libraries that kept its entire
stock in London. In 1944-45, 1,308 works were sent out on loan; the correspond-
ing figure for 1946-47 was 1,267. .

Numerous visitors have worked in the Library. including representatives of
Government Departments and scientists from the Dominions and Colonies, and a
variety of enquiries have been dealt with, many of which were connected with
the war effort, . s .

During the post-war period, co-operation with the libraries of the other Agri-
cultural Bureaux, the Natjonal Central Library and of other Institutions has
been i and d. Surplus publications have been sent to the Inter-
Allied Book Centre to rehabilitate war-damaged libraries. A revision of holdings
in the Library for the next edition of the *“ World List of Scientific Periodicals ™
has also been commenced.

Identification of Insects

The importance attached to this aspect of the Institute’s activities was stressed
at both the previous Confe and the ientific C of
1936, and again at the Review Conference of 1946, when authority was granted
for the appointment of two further specialists. These appointments were filled
in October, 1947.

The number of identifications sent out in the past I3 years is given in the
following Tabler—

[ Australia,
Year Africa America Asia New Zealand|  Europe Total
an:
, Pacific Is.
36 ... 2,694 179 2,837 739 821 7270
195 3,033 658 29717 517 522 7,767
3,151 741 3,088 932 8,517
3,304 618 3,539 1,223 81 9,495
3,290 297 ,860 966 368 7,781
2,621 2,099 406 112 5,287
1,508 14 561 378 118 2,579
121t 12 107 427 91 1,848
1,881 108 196 291 428 X
1,698 7 263 313 2,844
,144 270 758 573 514 4,259
3,847 1 1,025 628 353 54
4,581 33 1,074 855 394 7217
i

The material sent in for determination dropped off sharply during the war
years, as was to be expected, but it will be noticed that the number of determina-
tions sent out is now rapidly rising again. During the war, the fact that the
British Museum collections in certain groups were evacuated for security reasons
added to the difficulties of determination. .

Four members of the staff are engaged full time on identification work, whilst
three others devote a part only of their time to such work. Since the last Con-
ference the Institute has suffered the loss of the services of two very valuable
members of its staffl. Mr. D. S. Wilkinson (Braconidae) was lost at sea whilst
serving with the RN.V.R. during the war. Dr. C. Ferri¢re (Chalcidoides) resigned
after the war to take up an appointment at the Geneva Museum. -
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Mr. G. E. J. Nixon was appointed in 1938 and is our specialist on the
Braconidae and certain other groups of Hymenoptera and Mr. G. J. Kermrich was
appointed in 1947 as the specialist in Ichneumonidae and Chalcidoidea.

Of the other permanent members of the staff, Dr. J, W. Evans has chacge of
‘the Homoptera, specialising in the Jassoidea. Dr. F. I van Emden has charge
of the Diptera and Mr. D" J. Atkinson, who was appointed in 1947, is working
on the Coleoptera. Dr. T. H. C. Taylor is in charge of the Lepidoptera arid lhe
Durector of the Coccoidea.

The Institute is extremely fortunate in “stifl having the invaluable assistance
of Sir Guy A. K. Marshall, who has continued to deal with the Curculienidag, and ,
of Mr~G. E. Bryant with his very wide knowledge of the Coleoptera. Dr A. P.
Kapur, who is on a_temporary appointment for four years (terminating next
March), has charge of the Coccmelhdze. and Mr. R. J. Collins, as a part-time
worker, covers several sections of the Lepidoptera.

In some groups we receive much valuable assistance from speciahsts on the
staff of the British Museum (Natural History) and we are glad to have this
opportunity of “recording our appreciation of their friendly and ever ready co-
operation.

During the period 1935-1948, a total of 190,081 specimens has been presented
to the British Museum, including 2,338 types of new species and 4,956 species

not in the In addition, 15,453 specimens have
been presented to other Institutions

General Information
A large number of enquines have been dealt with annually covering a very
wide field and often requiring considerable research. These include requests
for advice on specific problems, research projects, references to published informa-
tion on individual pests or classes of insects, information on taxonomic problems
relating to insects of economic importance and many other subjects of an
entomological nature

Accoramodation
The Institute’s activities arc still greatly handicapped by lack of adequate
and clerical staff in the Natural
History Museum and for the llbrary which is housed at 41, Queen’s Gate. For
some years past the need for additional Lbrary accommodation has been felt,
That need has now become acute, but so far 1t has not been possible to find a
satisfactory solution to this pressing problem.




APPENDIX II

PROCEEDINGS OF COMMITTEES
A. BUSINESS COMMITTEE
I. The Committee was constituted as shown _on page 7. :

2. The agenda placed before the Committee at its first meetmg comprised the

follo_wmg iterns:—
{i) Consi ion of a dum (Appendix 1) by the Director an
the work of the Commonwealth Institute of Entomology covering
the period 1935-1948,

() The Bullenn of Entomological Research,

(1ii) Information on the morphology and physiology of insects.

(1v) Information on insecticides.

w1 on for the ication of i

{vi) The scope of the Institute’s identification service.

(vii) The production of maps showing the distribution of insect pests.

(wvii1) The need for information to be available on the nature of research
projects that are being undertaken or are in progress in the various
countries of the Commonwealth.

(%) Reviews of work submitted to the Conference,

(x) Any other busmess.

3. Ttems (iii), (iv) and (vii) arose from the report of the Proceedings of the
Imperial Agricultural Bureaux Conference of 1946, and (i), {vi), (vii) and (ix)
were raised to ascertain the views of delegates on certiin aspects of the acuvmcs
of the Institute. Item (v) arose from the Meeting on
Foodstuffs held in London m 1947 at which the dlﬂiculty of obtaining r:hable
and was For the

of of the C on all these jtems were prepared and
circulated i in advance. Additional items raised under (x), after the commencement
of the C were: the of the Review of Applied Entomology

into sections dealing with specialised subjects: the shortage of accommodation
from which the Institute suffers; and the organisation of biological control work
in the Commoniwealth.

4. In his opening remarks at the first meeting of the Committee, the Chairman
(Prof. J. W. Munro) asked Members to bear in mind that, owing to the war, an
exceptionally long period had clapsed since the last Conference and that in the
interim there had been a great tncrease in entemological activity and many changes
in the organisation of entomological work.

5, Ttem () of the agenda was not di because the C i
felt that the principal matters in the Director’s would i d
m the course of the discussions on the succeeding items of the agenda.
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The Bulletin of Entomological Research

" 6. The reason for including item (if) is apparent from Resolution 3. The
memorandum dealing with the Bulletin of Entomological Research suggested four
ives for ing the of papers accepted for pubhication:

(a) Increasing the size of the Bulletin to, say. 800 pages per volume and

the subscription rate to E3 per anpum, while continuing to issue it
quarterly. - .

- {(b) Increasing the size and price, but issuing six parts per volume instcad
of four.

"{c) Splitting the Bulletin into two parts, one dealing with agricultural
subjects and the other medical and veterinary, as m the case of the
\  Review.

(d) Producing an entirely new journal for papers dealing with wsecticides

7. 'The Committee discussed these alternatives very fully, bearing 1 mind that
the Bulletin must continue to be a self. ting i itional
sugaestions for relieving the pressure on it were made; these included the encourage~
ment of the publication of papers of purely local nterest 1a local journals, the
exclusion from the Bulletin of papers on taxonomy and on ecological subjects,
and the limitation of the length of papers submutted, but 1t was felt that although
these measutes would ease the pressure they would not do so sufficiently to
solve the problem under discussion, especially as the number of papers produced
by authors is likely to continue to increase for some years to come. It was
aiso considered that issuing six parts wstead of four would cause complications
through overlapping during the preparation of successive parts, that it would not
be practicable to arrange the papers 1nto groups according to subjects for publica-
tion in separate sections, because many involve more than one subject, and that
would cause y dil for the Editor and his staff.
At the same time 1t was considered that alternative (b) providing for the issue
of the Bulletin in six parts annually had much to commend it and that the
possibility should be bome in mind should the present difficulties that make it
impossible disappear. The question as to whether an increase in price would
reduce circulation was answered by the statement that whenever one had been
made 1 the past, either in the case of the Institute’s publications, or for other
journals produced by the Ith Agri 1 Bureau: isath
lation had d to mcrease  Resolution 3 resulted from this discussion.

Information on Morphology and Physiology

8. Item (1) was fully discussed and the Commuttee unammously agreed that

the present coverage of these subjects m the Review of Applied Entomology
is entirely satisfactory from the pomnt of view of the great majority of economic

1 ® . It was in the on this item
that papers dealing with physiology are always noticed in the Review if there is
any evidence that they may have a bearing, direct or remote, on the bionomics
or contro} of Anhropods of and that ical papers
are considered for notice 1n the Retview in relation to function and to the practical
work of the economic entomologist. the object, in the case of descriptions of
rew forms or revisions of groups, being, not to reproduce or summarise these,
hut to inform the teader where he can find those that he requires.  Furthermore,
the Insecta part of the Zoological Record notices papers on the morphology and
physiology of insects that are not of economic importance. and it is assumed
that interested workers consult 1t as well as the Reijew.
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Information on Insecticides

9. ’I_'he information given on insecticides (item iv) in the Review covers their
formulations, the rates, methods and conditions of théir application, the degree of
_control obtajxxed, ghcir _action on other insects and any other matters of practical
importance, including highly specialised subjects such as the use of certain chemicals
in a formula to facilitate penetration through the various layers of the insect
cuticle and the mode of action of such chemicals! The Committee, after dis-
cussing the policy at present adopted in the Review, expressed complete satisfaction
with 1t (Resolufion S). . .

10. The suggestion that abstracts dealing with insecticides should be issued
as a scparate section of the Review was made and carefully considered in this
connection but was not favoured by the Committee (Resolution 6), because many
papers concerned with insecticides embrace other topics in addition and because
many groups of workers other than the insecticides group might also require
separate sections. Mention was made of the fact that the Review is of value to
chemists concerned with insecticides because it abstracts the papers in which they
are interested from a different angle from that of chemical journals that cover
the same papers. ' .

Inf ion on Equi for the Application of icid .

11. Ttem (v) gave rise to considerable discussion. There was general agree-
ment that there is an urgent need for information on equipment for the application,
of insecticides to be made more readily available, and the possibility of this subject
being more fully covered in the Review was considered, The difficulties with
which the Institute would be faced in attempting to satisfy this need fully were
explained, and it was in the d on this subject that all
papers that deal with equipment for spraying or other similar purposes and are
capable of being abstracted are already noticed in the Review, due attention being
paid to any new principles that may be involved. The chief difficulties are that
articles written primarily from the engineering point of view and usually illustrated,
often with blue prints, cannot be abstracted without loss of essential details, and
that the publication m the Review of accounts of equipment _produced and
described by ial isations is ira The Committ l d
the statement that the Inter-departmental Insecticides Committee is itself attempt-
ing to provide the information required and hopes to do so more fully in the
future. Resolution 7 summarises the feeling of the Committee.

‘The Identification Service .

12. The memorandum on item (vi) pointed out that the importance of the
Institute’s identification service had been stressed at previous Conferenées. This
service aims at the identification, for all ies of the C Ith, of
Anthropods that are directly or indirectly important in connection with agricul-
tural, medical, veterinary or other economic problems. It is difficult in practice,
however, to restrict it within these limits, because it is impossible to lay down any
definite rule as to what c i an Arthropod of ic importance. More-
over, some institutions and coll in C: Ith countries, and sometimes
in foreign countries also, send their material to the Institute for identification,
regardless of whether or not it is of economic importance, having discovered that
they can thus get it named more satisfactorily than by sending it elsewhere. The
material received can fore be i in several i ing to its

source and degree of importance, and the highest priority is always given to matertal -
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justified and the maps would, in any case, “be used with suitable caution and
intelligence just as keys for identification are used. It was also suzeested ‘tlhat lists
- of references would be preferable to maps, that maps should be ‘accompanied by
lists of references and by notes indicating whether the various references cited
include information on bionomics, control and other relevant subjects, and that the
production of maps should be a function of the information centre to be set up
under the proposed African Q ine Ce ion (see Resolution 27). The Com-
mittee agreed ‘that if the _maps Jvere to be prepared by the Institute they would
necessitate an increase in its staff, and that an increase of the staff for this purpose
‘should be regarded as less important than any that might be proposed for the
service. The dation that resulted from this discussion was

adopted by the Conference as Resolution 1].

I fon on new R in the C Ith

i 17. Ttem (viii) arose from a suggestion that there is a need for entomologists
in any one part of the Commonwealth, when embarking on a new project, to know
whether work of a stmilar nature is in progress or contemplated elsewhere. The
Business Committee of the 1935 Conference drew attention to this need, but with
a rather more ambitious plan in mind than that outlined in the memorandum
prepared for the present Conference, which merely suggested that each country
should indicate periodically what specific problems are being investigated in‘it
without any details as to methods, progress or results, The Committee agreed
that this need exists and felt that the Tnstitute is the right centre for receiving the
proposed information and making it generally available. The question was raised
as to whether annual reports could not serve this purpose, but the general opinion
was that publication of them is often too long delayed and that they ‘do not
always mention new projects at their commencement. It was further suggested
that if the Institute is to serve more fully than it already does as a ceatre for
information of this kind, its staff should make more personal contacts by visiting
the various Commonwealth countries from time to time. No very definite
recommendations were made as to how this proposed information service should
be operated, but the general feeling of the C ittee is exp i in Resolution 12,

Accommodation

18. The problem of the acute shortage of accommodation that has faced the
Institute for several years was carefu}ly considered by the Committee. This has

become incteasingly serious until it is now one of the utmost urgency, It had *

been stressed previously by the Imperial Agricultural Bureaux Conference, 1946
(Recommendation xxvil, p. 11, of the report of that Conference). The Committee
felt that. from the Institute’s point of view, the only completely satisfactory solu-
tion would be for the staff (with the exception of some of its specialists) and the
library to be accommodated on a floor of the new wing of the Natural History
Museum, the erection of which was commenced before the war but has not
yet been While fully ising that a decision on this matter
must rest entirely with the authorities of the Museum, the Committee unanimously
and emphatically expressed the hope that sympathetic consideration to the Insti-
tute’s need in ths respect would be given when or before the new wing is com-
pleted. The Committee was satisfied that the Executive Council of the Common-
wealth Agricultural Bureaux has this pressing problem in mind and realised the
Institute’s need for expansion was a matter of extreme urgency. At the same
time the great advantages enjoyed for so many years by the Institute in having
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its Publication Oftice and Libsasy in the same buildiag as the Rayal Eulomologic&}
Sowety of Loadon were fully iated. The [e £'s views are N

in Resolution 13 4

4 Biclogical Controf

19, The question of the orgamsation and development of biological control
work ia the Commonwealth was placed on the agenda of the Business Committee
at the request of ceriain of the overseas delepates. A hvely and profitable discus-
sion took place, but there was a feeling of segret throughout the Committee that
Dr. W. R. Thompson, F.R.S., Daector of the C ealth Burean of Biological
Contral, which, as the Imperial Parasite Service, moved eo Canada carly in the war
yeats, was pot present and that the discussion would have been even mote valuable
if the Committee had had the benefit of his advice and long experience in this
field.

20. Several members expressed the view that there 1 a pressing need for
research on biological control s many parts of the Commonwealth  The Indian
sub-contment, Ceylon, East Africa, the Afncan contment as a whele and the
Ugited Kingdom were spacially mentioned in this connection. It was stated that
the full scope of biological control is only begumng to be understood and
exploited, and that the estabhshment of new permaanent statiops for the study
of natural enemyes and of thexr general smportance as well as thew actual utifiss-
tion for brinping about of supplementing the conttol of pests 1s urgently required.
There was a feeling wn the Commuttee that the United Kingdem is the ripht place
for the Bureay of Biological Control, which should be a traming centre as well
as 2 centze for the distrbution of beneficial wsects to other countries, and one
member expressed the view that the Bureau should be reabsorbed wmto its parest
Insttute. It was further powted out that the majonty of entomelogists m the
Domninions and Colonses vistt the Untted Kingdom much more frequently than
Canada, and when they do so many of them wish 10 discuss thewr problems in
this field wath the 1 In ths the € ittee’s
agtention was drawn fo & recommendatson of the Impenal Agriculiurat Bureanx
Conference, 1946, 1o the effect that the Buteau of Biological Control should remain
in Canada for another five years wnd that that Conference could sée no reason
why i{ sgmu)d nov stay there permonently, but 1 commenting on this, a member

2

that many it wete very when the Bureau went
to Canada.

21. After some furthes discussion on the suggested new stations, and par-
ticularly whether they should be permanemt or whethes 1t would be preferable
to attach the new k d to emsting on a semis

basis, the C ded that the whole question of the

orgamsation of iological control work should be seferred o the next Common-

waealth Agno.}hum‘l‘ Bureaux Review Conference due to be held w1958, and
a

that should be t to prepare a memorandum fot
the¢ Review Conference It was suggested, pending approval in plenary session
{which was b that the besshi) i should +

i of the €

be Mr. Guungham, Dr Le Pelicy, Dr. Pruthe, Mz, Crawford, Dr. Muller, ",
Jepson and Dr Nicholsori, and that Dz, Halt and Dr. Taytor of the Institute s;mg{!
attend the meetings but not as members. It was agreed that the first meeting
of the Commutice should be convened by the Institute &t an early date, so that as
many of the Members as possible could attend before returmng w their respre-
tive countries, and that any business that might 2use subcequently should be dealt
with by correspondence through the Insttute. Resolanion 14 was the outcome
of the discussion.
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B. TERMITE comm'i‘m:

This Committee consisted of eight members, a's detailed cnlpage 7, under the
Ch@mnanship of Prof. J. W. Munro. Two meetings were held, at the second of
which Dr. H. H. Storey, CM.G., F.R.S., was also presenf. An opportunity

. to discuss the d of this C i and the summary on which

they were based was given at the open meeting held on the afternoon of Thursday,
25th July. A summary of this discussion will be found in Appendix III on
page 110. The dations of the C ittee were submi at the final
meeting of the Conference and adopted as Resolutions 16 and 17.

C. COMMITTEE ON NOMENCLATURE OF
INSECTICIDAL CHEMICALS

This Committee was set up as a result of the discussion on Insecticides held
on Friday, 23rd July (page 35). It consisted of Dr. W. J. Hall (Chairman),
Dr. W. Cottier, Dr. R. A. E. Galley, Dr, K. B. Lal, Dr. A. J. Nicholson, Mr.
W. A. Ross and Dr. E. E. Turtle, MBE. N

One meeting, which overlapped a meeting of the Business Committee, was held.
Drs. Hall and Nicholson had to withdraw and the meeting continued under the
chairmanship of Mr. Ross. The d of this C tee were sub-
mitted at the final meeting of the Conference and adopted as Resolutions 19-23.
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MEeETING: Friday, 23rd July, 10.30 a.m.
N
Chairman: Sir John C. F. Fryer. KBE.. FRS.
Di ion: Recent Devel in ici

The CHAIRMAN said that it was unnecessary 10 stress the importance of the
subjects to be discussed. With the help of chemistry, great advances in insecti-
cides had recently been made and we were faced with opportunities, but also with
dangers, such as have never been apparent before. He called on Dr. R. A. E.
Gatlley to open the discussion. -

-

. Dr. GaLLEY: In opemng this discussion on the recent developments in insecti-
cides, I propose to review as much of the field as possible rather than deal more
specifically with one or two special aspects, as this will, I feel, lead to a more
general discussion of this rapidly expanding subject. :

Swnce 1942, when DDT was introduced into Britain and the United States from -

Switzerland and when the msecticidal activity of benzene hexachloride had been -
recognised in Britain and, independently, in France, many thousands of compounds
have been screened for icidal activity and iderable efforts have been .
expended, particularly in the United States, in attempts to prepare new compoinds
of high activity. In 1946, the results of German researches in this field became
generally avaidable in B.1O.S. Reports Nos. 439, 1095 and 714 (revised), which
were prepared by Oxley & Parkin (D.S.LR.), Martin and Shaw (Long Ashton and
East Malling R h i and Mumford & Perrin (Ministty of Supply),
respectively. Of the large number of ds already ined i
few have been or are likely to be developed commercially, on account of diffi~
culty or expense of manufacture, toxicity to the host plant or operator, or for other
reasons.

1 propose to deal first with the chl d hydrocarben i icides, of which

DDT and BHC are the outstanding compounds

DDT aND Reratep COMPOUNDS

1 shall say no more about DDT at this stage than that there is still a large
volume of work 1n progress directed towards the preparation of improved formula-
Ltions and methods of dissemunation of the insecticide, concerning which we shall
hear more this afternoon. Particular attention is being given to the question of
the chronic toxicity aspects of DDT and BHC, a subject to which I want to refer
again later.

At least two compounds related to DDT have been produced on a fairly large
scale in the United States, and one of them 1, I-bis(p-chlorphenyl)-2, 2-
dichloroethane, referred to as DDD or TDE, is sold under the name Rhothane in
the US.A. It has been shown to be quite effective in the control of European
com borer and against stored-grain insects It is less toxic than DDT to higher * .
animals, both as regards acute and chronic dosages. The other is the methoxy
analogue of DDT, 1, 1-bis(p-methoxy phenyl)-2, 2, 2-trichloroethane, called by the
Department of Agriculture * methoxychlor ™. The extent to which these com-
pounds survive as competitors with DDT will depend upon their efficacy for

special purposes.

We now come to BHC— ide or, ically more correctly.
hexachlorocyclohexane. As with DDT, a great deal of work is directed towards
determining optimum rates and times of application and producing impi
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formulations and methods of application. BHC has shown 1tself to be extremely
efficacious in halting the ravages of wireworms, but in this connection the warnings,
given by the manufacturers and Advisory Services, about tainting of root crops
should be heeded. I hope that the discussion will reveal further information on
the canse of the tainting, that is to say, whether it is due to an impurity or
impurities in the product or to the decomposition of one of the jsomers either
before or_after absorption into the root. During my recent visit to the United
States, I was shown samples of alleged faitly pure y isomer that had quite 2 pro-
nounced odour, but which T was assured had been odourless when received a few .
months previously. This has not been my experience with a sample of y 1somer
given by ICIL to Dr. F. N. Woodward* during the war, in the days of the
Insecticide Development Panel. If the tainting problem can be overcome, BHC
will find even wider application than the already extensive use it now enjoys.
1t is very highly toxic to mosquitoes and tsetse flies in the form of contact sprays,
residuat deposits and smokes. Nearer home, it is most effective against household
pests, for which a deodorised prepasation 15 now on the market. Experiments
are also in hand in which the punfied y isomer is being used as an ingredient of .
_ aerosol sprays for destruction of insects wn aweraft,

CHLORDANE

Chlordane is the name given by the United States Department of Agriculture
to the compound origmally known as “Velsicol 1068 % of empirical formula
C,H,Cl,. Itis also known as “Octaklor” Information has been published
concerming its structure, which 1s as shown below. The commercial product is a
mixture of isomers and probably contains other compounds in addition. Chlerdanc

cl
Ca X /CHCL
e e

LY LoHeL -

', Cia 3
cl"/}{ic}{z
[

1,2,4,5.6,7,8, 0-4, 7-methano-3a,4,7,7:

has been shown mn the Unsted States to be quue effective agamst Japanese
beetle, pea aphus, Colorado beetle, body louse, American cockroach and the
grasshopper. Ground applications of dust at 2—4 ib.facre of chlordane have
successfully controlled chigger mites Samples of this material have been distri-
buted to workers in this country and m Africa, and I hope that some observations
on its efficacy or otherwise in the problems to which it may have been applied
will be forthcomung during the discusston.

cL-Cx

. One of the finns producing this p has recently two new
insecticides, one of which has been catled “ Heptakior ” and the other Compound
No. 118 The latter js stated to be an alkali-stable chlorinated compound, of which
1 was able 1o obtam a sample, but no information about its structure or activity.
No definite information is available about the former, except that it was isolated
originally from the crude Octaklor, but 1s now made as a specific product. It, oo,
is almost certamly a muxture of isomers. From this snformation and from its
name, one would be led to believe that 1t is a compound of structure similar fo-
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THE SYSTEMIC INStCTICIDES - - -

Reference to absorption brings us to a special group of insecticides that Schrader
called agents for plant chemotherapy. Martin, who has substantiated Schrader's
claims for some of the compounds, has called them the systemic insecticides. In
the main, the compounds found by Schrader to possess this propetty of absorption
by the plant, either through the leaves or roots, are too toxic to higher animals
to be used commercially. Obviously work in this field will be intensified to find
good insecticides of lower tan toxicity, as pounds of this type would
appear to possess advantages not possessed by other stomach poisons, one in
particular being their translocation to all parts of a growing plant, which offsets
wregularities of the original application.

Compounds shown to possess systemic insecticidal properties are the fluorine |
compounds, bis(# -fluoroethoxy) methane, CH,(OCH,CH,F),. and its higher
I 1 bis(S-(4°-1 hoxy)ethoxy) methane, CH,(OCH,CH,OCH,CH,F)..
and one that contains both phosphorus and fluorine, bis(dimethylamino) fluoro
phosphine oxide.

(CH3) N
P
P “
/ F
(CHz)zN
The pt is also ibited by the hosphoric acid derivative, the
structure of which is—
(cH3),N N (CHy)
N,z0 08,7 2
P 0 -
(CHy)N N (CHs):

Dr. Hubert Martm has been active in this field and will, I hope, give us som:

details of his work in the course of the discussion.

A short time ago. I said that [ wanted to refer to the toxcity to mammals of
these new i icd The 'y, with the duci t hosphorus
compounds, has been towards more highly toxic substances, a tendency that is
deplored by the toxicolagists The nisks to operators by dermal absorption are
real, and precautions 1 handling and use will have to be undertaken intelligently.
In addition, times of application will have to be worked out so that no dangerous
residues from the more stable compounds are left on food at the time of har-
vesting or consumption. Data arc bemng collected on these aspects, but more
worh 1s required, particularly on the chronic toxicity of the newer materials, before
final recommendations can be made concerning their use. The effects of con-
tinued ingestion of small amounts of DDT and BHC are being determined in
experiments now i hand at Weybridge and Porton, and we hope that befors
long facilities will be available for more detailed experiments on the toxicity of
the phosphorus p 0 i those already carried out at Porton and
by Bergen and Keene at Middlesex Hospital .
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. PYRETHRUM AND PYRETHRUM SYNERGISTS ;

The fact that most of the synthetic insecticides possess a toxicity hazard
prompted workers in the_United States to investigate more thoroughly the possi-
bility of il nd i the unigue i icide, py . These
investigations have resulted in tke production of the compounds known as
piperonyl butoxide and piperonyl cyclonone. Although the clatms of the manu-
facturers as regards synergism have been’substantiated by the U.S. Department
. of Agriculture and other official laboratories, those concerning the stabilising

power, ie, the power of giving residual deposits with pyretbrns equal to those

obtained with DDT, have not. The claims in this connection were that a deposit
of 50 mg./sq. ft. of piperonylbutoxide and 2-5—5 mg./sq. ft. of pyrethrins gave

a greater residual effect against Calandra granaria than 200 mg./sq ft. of DDT.

[ understand that the results of such experiments as have been carried out in

this country are in accord with the official U.S. results. It is apparent, however,

that researches in this field should be extended.

Harper and his colleagues, working m London on the structure of pyrethrins
4nd attempting to determune the part of the molecule responsible for the spectacular

i with this icide, have prepared two senes of pyrethrin/

DDT hybrid molecules, which have been tested for knockdown by the Pest

Infestation Laboratory. The first series consists of the substituted phenyl and

ethyl esters of the dl. cis and trans chrysanthemum monocarboxylic acid portion

of the pyrethun molecule, and the second of derivatives of the cyclopentenosne
portion of the pyrethrin molecule.

1 think { am correct 10 saymg that no compound has yet been prepared which
gives high knockdown, but if he is here, Dr Harper may be able 1o correct this
statement, and to indicate any new types of compounds that he may now have
under test.

1 am conscious that I have not dealt with developments in fumigation or

d  several pounds, including benzyl benzoate, benzil,
diphenyl carbonate, bis(p-chlorphenoxy) methane, the various salts of dmitro-o-
cyclohexylphenol and many others, and 1 hope that contnbutions on some of
these will follow, but before I close, I want to refer briefly to a question that
h‘as resulted from the mtroductton of these new compounds, ie., that of nomen-
clare.

You will have noticed that T have referred to names given to insecticide:
the US. Dy of A In d with the Chairman ofslll;i
U.S. Commuttee that considers nomenclature, we agreed that 1t would be desirable
to have names w which we, as a Commonwealth, concurred, and T said that T
would ventilate the question duning this Conference. I also spoke to,the New
Zealand representative at the Brush Commonwealth Scientific Office in Washing.
ton, who has prepased a paper on the subject, and 1 would suggest that thy
would be a reasonable subject for discussion here and later in commitiee. 1s
should be possible for us to devise a means by which we could work with (hl
United States on this matter of nomenclature, and thus avoid the confusion lh.ac
\vi]l];ccur 1f a compound 1s given a vanety of names in different Pparts of (hct
world.

Dr. Hubert MarTIN said that 1t was necessary to correct confusi i

to claims about systemic insecticides Their property was n’ousmni: ‘fﬁ‘,{“g”“ .

were absorbed by the plant through the soil and reached the growine po; they

starthng fapidity (less than 24 houss). The concentration must ber guat it

controlled because of phytotoxic action. They had an intense fum; af (m‘}m"

Willow cuttings were allowed to shoot n water cultufe, the Tooted b "¢ adtion,

10 the systemic insecticrde until they had absorbed a known amou:(u !zxrxxxgs&:\,
13 o
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feturned to water culture. They were left for about four days in an ‘attempt
10 avoid fumigant action, and were then infested with brassy willow beetles.
These were dead within 12 hours with practically so sign of feeding. 'The next
step would be the use of a radioactive compound to trace the course of the
insecticide through the plant. Systemic insecticides were highly toxic and therefore
difficult to obtain. It would be a calamity to depend on commercial production,
and wrong to allow them to come on the market until more about their
properties and hazards had been ascertained.

Dr. S. H. HARPER said that following the synthesis of chrysanthemum mono-
carboxylic acid, tetrahydrop; ihydroci l and several hydro-
genated pyrethrin Is (Harper et al., J. Chem. Soc., 1945, 283; 1946, 892, Nature,
1948, 162, 222), it had seemed of interest to prepare pyrethrin-DDT ~hybrids.
The insecticidal activity of these hybrids might throw light on the mechanism of
the action of the pyrethrins or of DDT, and moreover might give a substance’
with the high knockdown effect of the pyrethrins combined with the lethil effect
of DDT.

To date two short series of compounds had been prepared and tested against
house-flies; they are represented by I and II, pyrethrin I being IIL

X -
CH.CH-CMe,
Me,C | )
/ N
CH.COOR N
CH, C.CH,.CH,.CH,.CH,
[ | !
CH, —— CO u
CH.CH:CMe, Me

)

Me,C ‘

C.CH,.CH:CH .CH3

— cH
CH.CO0 ¢ [ CH,.CH:CH.CH:CH,)

m CH, co :
In series I, with R= '@ Cl, .CH, @ Cl, .CH;CH, @ Cl
.CH,.CO 3 Cl, and .CH,.CCly, only the p-chlorobenzyl ester showed slight

H, Cl, and Br, none sho}\:d

knockdown and moderate Kill; while in series I, with X= L

any significant knockdown or kill. It would be p:
from this limited amount of data.
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The insecticidal tests were carried out at the Pest Infestation Laboratory
through the courtesy of Dr. E. 'A. Parkin.

Mt W. A. Ross d the i of a nittee to
with American workers in choosing common names for new insecticides.

Dr, W.' CorTigr supported this. He said that he had received a letter on the
subject from the Scientific Liaison Officer in Washington. Although exact
chemical terminology was desirable from the scientific poiat of view, there was
also a need for simple names specific for economic poisons, because chemical

was too for ion, reports of field and-
memoranda, and difficult for non-chemists, and, in the absence of popular names,
varied trade names were being used. -

Dr. E. E. Turtee also supported the proposal, stating that confusion among
compounds had already arisen. After some further discussion, a Committee of
seven,* with authority to co-opt, was appointed by the Delegates at the meeting.

Mr, C. T. GiMiNGHAM said that Dr. Galley’s brief and skilful review of modern
insecticides, and the Amencan literature, were both bewildering. Systemuc
insecticides were a remarkable new discovery, but their physiological and toxic
properties were so ltttfle known that further investigation was imperative.

Discussion: Mode of Action of mew Insecticides
The CHAIRMAN called on Dr. V B Wigglesworth to open the discussion.

Dr. WIGGLESWORTH: The * mode of action of insecticides ™ signifies something
different for different people. Those concerned immediately with the practical
use of insecticides are most interested in the manner in which the poison is picked
up by the insect Those who look a little more deeply into the subject are
occupied with the problem of the entry into the insect. Fmally we are faced
with the problem of how the insecticide intervenes in the vital processes in the
tissues, Taking DDT as the insechicide, we may consider a few examples of
its mode of action at these different levels of enquiry,

(1) The work of David & Bracey has shown how insecticidal mists are picked *
up by the insect. Movement is necessary for the impaction of the droplets. This
takes place particularly on the beating wings, and the insecticide is transferred
to other parts when the msect cleans itself. The final site of entry remains to be
investigated The properties of residual films of DDT are important in this
connection.  Parkin & Green made the surprising observation that the toxicity
of supersaturated solutions 1 oil increases greatly when they crystallise. Barnss
found that large particles of DDT in distemper are the most effective and McIntosh
that in watery suspensions large elongated crystals gave the highest kills. Yet
the presence of a httle oil is said to make DDT dusts more active.

(ii} There is no really clear evidence of just where DDT enters through the
cuticle. Hayes & L have found that entry through the feet is much more rapid
in Musca than in Epilachna or Blartella, and this 1s correlated with a thinner tarsal
cuticle and the presence of thin-walled chemoreceptive sensilla. The entry of
DDT through the insect cuticle 1s extraordinarily efficient and probably accounts

* Seep. 26,
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for t}lé exceller_xcc of DDT as an insecticide, for there is little difference in toxicity
to different animals if it is injected into the body fluid. In the cockroach, the

LD 50 is about 8 mg./kg. body weight on injection, and 10 mg.fkg. on surface -

application,

(iii) The most obvious effect of DDT .after absorption is on the nervous
system, causing over-excitability and incoordination. The study of mascle-nerve
preparations in Crustacea by Welsh & Gordon has shown that DDT, like many
other substances; produces repeated volleys of impulses causing tetanic con-
tractions in the muscles. Whether the site of action m the jntact insect is on the
motor or the sensory fibres or on the central mechanism seems to depend upon
the species of insect and the dosage. The most obvious explanation of death
from DDT poisoning is the exhaustion of reserves following upon this excessive
activity. But, as Tobias and his colleagues have shown, the course of poisoning
is not altered by anaesthetics that suppress the or by the admini
tion of glucose. The action of DDT on the nervous system is largely dstermiced
by the lipoid solubility of the molecule. 1If the chloroform residue is replaced
by something water-soluble, it becomes inactive. Welsh and Gordon conclude
that it is mainly a question of adsorption in the nerve fibre. (Both entry of DDT
through the cuticle and action on the nervous system show 2 negative temperature
co-efficient, which suggests surface action of some kind.) Thesz authors even
explain the significance of halogenation on a physical hypothesis, arguing that
it is a question of obtaming a molecule of high density that will not be too mobile
after adsorption

But there 1s a great reduction in activity if the chlorine atoms on the benzene
rings are moved from the para-para position, which suggests that the shape of the
molecule is important Busvine has postulated a steric assocfation with some
enzyme, and Munson & Yeager have suggested that this might be the cytochrome
oxidase system. Up to a point, as Martin & Wain have shown, there is a rough
parallel between the activity of chemicals related fo DDT and the ease of
dehydrochlormation, and they have therefore suggested that these substances owe
their activity to the release of hydrochloric acid when adsorbed at the sensitive
interface. Although there are exceptions to this rule, the hypothesis of Martin &
Wain has provided a useful guide 1n the search for chlorinated ring compounds
with insecticidal properties

The CuaRMan sad that the points discussed were not only scientific but
1y practical. icides had previ been d largely by chance,
but a logical method of search for them should now be possible.

Dr. W. F. JepsoN asked what was the essential difference in action between
benzene hexachloride and DDT. On white grubs and relapsing-fever ticks, benzene
hexachloride acted more intensely and effectively than DDT. White grubs
shrivelled after exposure to 1ts vapour, so that its effect seemed to be dehydrating.
Did this indicate penetration of the cuticle?

Dr. WiGGLESWORTH replied that the effect of benzene hexachloride on wire-
worms seemed to be on their behaviour: they do rot feed or look after themselves
as they would normally  Possibly white grubs suffer in the same way, not looking/
after themselves and so allowing themselves to dry up. Seratching of their cuticle
by soil particles would increase its permeability.

Dr. Jepson agreed that this explanation was probably correct, since no direct
effect on white grubs could be observed during the process of poisoning. .

Dr. D. W. WiLLiams referred to the differences between insecticides in their
effect on different species or stages of insccts. Pyrethrum was equally effective
against Triholium and Rhizopertha, while benzene hexachloride was not: and
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pyrethrum killed both larvae and adults of the flour moth, whereas benzene
hexachloride and DDT killed the adults and not, except at high concentrations,
1he lazvac. Differences in permeability of the cuticle might not be the sole explana-
tion of these differznces.-

Dr. WiGaLFSWORTII thought that it might be a matter of entry rather thamof -
inherent susceptibility. . The question of entry was subtle and affected by factors
of behaviour, anatomy and physiclogy.

Dr. A. E. CaMeRrON asked what was the effect of systemic insecticides on insect
tissus and alo whether there was any indication of differential activity of
insecticides such as DDT on nerve tissue or nerve sheaths. ‘Work in the United
States had indicated that DDT accumulated in the adipose tissue of mammals.
This suggested the possible risk of poisomng by DDT in the meat from animals
that had ingested it with their food. He referred to Lauger’s theory that the
chloroform part of the molecule was responsible for penetration and allowed ‘the

b part to act, by of nervous tissue,

Dr. WIGGLLSWORTH said that DDT concentrated in the nervous system and
produced effects before histological effects were discernible

Dr. R. L. Waru said that Dr. Wigglesworth had suggested that if the CHCCl,
i DDT were replaced by a more wats luble radical, the became
less toxic. However, if 1t was replaced by CCICCl,, with even less water
solebility, the compound was not toxic This fitted with the theory that HCI
is responsible for toxicity So many compounds were active that it was difficult
to postulate a common factor unless it was very simple. It appeared probable
that if HC1 was carried in an organic molecule to a vital pont it would be
effective, but the itions could not be rep by trials with HCI itself.
The activity of the y isomer of benzene hexachloride fitted with this theory.
DDT and BHC persisted for long penods mn the soil without breaking down and
BHC affected plants. The enthusiasm with which 1t was being used by growers
for wireworm control involved the nisk of an increase of concentration until plant
growth would be affected. In his expeniments, systemic nsecticides had not given
spec%‘acular results; they had injured plants and yet caused little mortality of insects
on them. h

Dr. Hubert MaRTIN congratulated Dr. Wigglesworth on the differentiation of
the three aspects of toxicity, and pomted out that bio-assay tested two of them
(absorption and actwvity inside) at the same time. If it became possible to
measure the effect of the chemical on the wital point, clearer results would be
obtained  Assuming that DDT was absorbed and possibly concentrated at the

site of action, the para chlorine atoms were apparently smportant They could

be replaced by the methoxy radical or B, but when OH was substituted the tom- -
pound did not concentrate at the site of actton. The compound was not insecti-
cidal when the ahphatic chlormes were replaced by radicals such as methasy, or
the hydrogen by chlorine. This gives a clue to the importance of HCI.

Dr. F. 1 vaN EmpEn asked whether strans of insccts resistant to highly
complex insecticrdes had developed? He had heard of their development in
Musca domestica and Culex molessus,

Dr. Wmmqswow.m replied that the classic examples of development of resis‘p
ance were to simple morgamc compounds, but there was a rumour of some flies
in Italy that were resistant to DDT.




The most serious complication arising from the use of DDT is the i
effect on biological balance resulting from its great toxicity to most insect pm%raals‘:xg
and parasites, with the result that insects and mites hitherto of litde or no.
importance may soon reach destructive numbers following its application Whils
DDT may occasionally cause minor outbreaks on herbaceous crops, for example
of Aphids on cabbage, such infestations are much more serious on Woody plants
with their generally more complex fauna. In British Columbia, the woolly apple
aphis (Eriosoma lanigerum), which has been of little importance since the establish-
ment of its parasite, Aphelinus mali, nearly 20 years ago, has in some instances
become injurious where DDT has bezn used for codling-moth control.

Much more destructive are the outbreaks of mites that have almost invariably
followed the employment of DDT in orchards throughout North America. In
Canada, the species concerned are European red mite (Paratetranychus pilosus) in
the east, and tl_us species and Pacific mite (Terranychus pacificus) in British
Columbia. Studies 1 Ontatio peach orchards have shown that DDT completely
eliminates all important predators of the European red mite, including vatious mites
of the genus Typhiodromus (Seiulus), the Coccinellid, Stethorus punctum, and
the thrips, Haplothrips subtilissimus, and similar investigations in Nova Scotia
have proved it to have the sams effect on the red-mite predators occurring there
on apple. Incidentally, the Nova Scotia investigations form part of a long-term
project to evaluate the effect of various spray materials on the orchard fauna.
Among the valuable nformation already obtained is that even materials formerly
thought to be comparatively i such as el 1 sulphur, may dt
depress biological control agencies and thus promote outbreaks of cettain pests.

Examples of the resulting complexity of spray programmes are those necessary
where DDT must be used for codling-moth control. The addition of an acaricide
is always needed in two or more of the cover sprays, and in the east lead arsenate
must also be included for apple maggot (Rhagoletis pomonella), because DDT has
not yet been shown to give the very high degree of control of this pest required
on apples intended for the overseas market. We are also anxious (o avoid the
losses caused in meighbouring parts of the United States by the red-banded leaf-
roller (Argyrotaenia velutinana) when lead arsenate was omitted from the pro-
gramme. In Southern Ontario, alternating cover sprays of DDT and of lead
arsenate with summer o1l have furnished satisfactory control of all apple pests.
In the cooler sections of the Domimon, where lead arsenate will give reasonable
control of codling moth, DDT is not recommended on apples.

The caution necessary in advising the use of DDT is exemplified by the problem
of the oriental fruit moth on peaches in Ontario. For about 15 years parasites,
both pative and introduced, have usually given good control, but in occasional
seasons ot in certain localities serious outbreaks bave occurred. DDT is guite
effective against the fruit moth, but unfortunately it is also exceedingly toxic to
the parasites. We fear that the indiscriminate use of DDT on peaches might start
a vicious circle, in which general spraying might release the moth from the
pressure of parasites and so require still more and more spray applications for
moth control. At present we are advising a programmie of as few and as late
applications as _possible, designed to supplement natural control instead of

conflicting with it.

AnatoGues oF DDT
The two iall ilable DDT anal 2,2-bis( P
W1-di and 2,2-bi phenyl)-1,1,1-trichl Lff . have l_mc:
very little testing and no practical use in Canada. They appear effective agains!
a l'c{)nsidcrably %nrrowcr range of insects than DDT, but their distinctly lower
toxicity to higher animals may fit them for some special purpose.
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BENzINE HEXACHLORIDE -

Althouh it is undoubtedly one of the most potent insecticides, the practical
development of benzene hexachloride in- Canada has progressed much more
dowly than that of DDT, chiefly because of the tendency of commercially avail-
sble formulations based on crude compounds to impart an objectionable flavour
to fruits and vegetables, and also to some extent because of their phytotoxicity.
Where benzene hexachloride can be used at all, it must be applied in a precise
manner based on careful research; the careless use that has characterised some
of the applications of DDT would be disastrous in the case of benzene hexa-
chioride. Whether the employment of high gamma materials will eliminate the
ciect on flavour remains to be seen. If 1t does not, it is difficult to see any
foture for this insecticide mn the control of fruit and vegetable insects.

In applications for the control of soil insects, a field in which benzene hexa-
chloride appeats to have greatest usefulness, 1t has been found that proper placement
and rates of application must be followed to avoid plant wjury. It would seem
advisable to use it with caution until more is known about possible effects on
soil ferttlity through 1ts possible destruction of micro-orgamsms. On foliage it
may usually be employed with a reasonable margin of safety except on some
susceptible plants such as cucurbits and marwze.

Samples of different fruits sprayed with benzene hexachtoride and identified only
by number were i to a panel of dietici of Agricul-
ture for flavour tests in the raw condition, after stewing in open lettles, and when
canned. In most cases the flavour of raw fruit sprayed an appreciable time
before harvest was not affected, although Itahian prunes sprayed 19 days prior to
sampling were objectionable. When stewed, a musty or otherwise abnormal
flavour was somectimes present, even when not noticeable 1n the raw state, and a
musty odour was often given off during cooking. In the canned product, tainting
was much more pronounced, over 80 per cent of all samples bemng objectionable
in this state For example, Bartlett pears sprayed twice with 2 lb. crude
benzene hexachloride per 100 gals., the last application 60 days before harvest,
had a disagreeable flavour after being canned, and tainting was also pronounced
in plums sprayed once 44 days previous to harvest

When peas were treated with benzene hexachlonde for Aphid control, a musty
flavour was present immediately after they were canned but later disappeared,
This was not true 1 the case of frusts, which were not tested until three or four
months after they were canned

Potatoes arc so susceptible to tamting from esther soil treatments or foliage
applications that benzene hexachloride definitely cannot be employed on them
When they were grown on soil treated over a year previously with crude benzene
hexachloride at 7°5 Ib. per acre, the tubers were medible  No tainting has been
detected 1n tomatos or tobacco grown on soil treated with this insecticide for
wireworm control.

One of the few uses for which benzene hexachlonde 15 now recommended in
Canada is for control of wircworms m tobaceo fields, where it can be conveniently
applied by mixing 1t with the feruhiser. It will doubuless prove useful against
wireworms on other crops where tamting is not a problem, but whether its cost
will permut 1ts general use on ficld crops such as wheat appears doubtful unless
sC:;;’umbi:s it ga\gr?:y tgoool:icpn:olc::uon { lIn by i Cxperiments i Brtish

, o strawberr i
grubs (larvae of Polyphylla perversa) 165 against the attacks of white

For grasshopper control uader Canadiar conditions, benz ide has
! ene hexachloride
proved inferior to some other new insecticides because of it i

ned its lack of residual
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If the problem of tainting can be overcome, benzené hexachloride will be
valuable for the control of sorl-infesting insects in general and a number of fruit
pests. It is very effective against various species of Aphids, its toxicity being
greatly increased when it is used in 05 per cent. light oil emulsion. Summer
sprays of benzene hexachloride in light oil Ision afford good control of pear
psylla, and in dormant sprays in o gave promist i
results against peach twig borer (Anarsia lineatellay and eye-spotted budmoth
{Spilonota ocellana). N .

* In our-early experiments, benzene h hloride d i ineff
agaiast adults of the plum curculio (Conotrachelus nenuphar) because of its lack
of residual toxicity. More recent work in the United States has indicated that
it will destroy the Tarvae within the fruit, and it.has been used in the middle and

. southern states where this insect is very destructive to peaches. During the present
year, however, some canning companics have announced that they will not accept
p?achei_ sprayed at any time with benzene hexachloride because of the danger
of tainting.

CHLORDAN ,
Chlordan (formerly known as chlord 1,2,4,5,6,7,8,8 hloro-4,7- hi
3a,4,7,7a-tetrahydroindan with related compounds, appears to have little place in
fruit insect control, but is the most effective of the newer insecticides against grass-
hoppers, acting chiefly as a food-plant poison with a comparatively long residual
effect. Application at | Ib. per acre in oil solution has given excellent results,
"+ butits use is still in the experimental stage. In Canada, the new insecticides applied
as sprays of dusts do not scem to have any great advantage over the old baits,
under conditions where the latter can be expected to succeed. The possibilities
of chlordan and benzene h hloride as toxi in baits are under investigation.

Among other uses, chlordan has some promise for the control of soil insects.

- CHLORINATED CAMPHENE {Toxaphene)

Little or no practical use of chlorinated camphene has been made in Canada.
In oil sprays 1t has given fair results in grasshopper control but is apparently less
effective than chlord: Chlorinated ive good experi-
mental control of orchard mites in British Columbia when applied in conjunction
with summer oils.

TETRAETHYL PYROPHOSPHATE

Tetraethyl pyrophosphate, mcluding so-called * hexaethyl tetraphosphate,” in
which the former is the principal component, has a very limited field. [t may
have some value as an emergency spray against Aphids, immature stages of
scale insects, etc, but in the confrol of orchard mites its lack of ovicidal or
residual action makes the timing of the sprays too critical for practical orchard
use. Its high toxicity to mammals is also a serious limatation.

Recent experiments, still being inued, have den 2t d lh‘atLa mbi
tion of TEPP with the monoethanol salt of dinit tho-cy 1
possesses _outstanding ovicidal value against the epgs of }wo-spattcd mite
(Tetranychus bimacuilatus), whereas either material alone has Jittle effect on the

eges.

BIS-(PARA-CHLOROPHENOXY)MLTHANE
Because of the great increase in the importance of orchard mites following the
use of DDT, the search for efficient acaricides is now one of l.he major problems
of fruit-insect rescarch in Camada, Among the better materials investigated so
far is bis-(para-chlorophenoxy)methane, which is toxic to both eggs and active
stages of all important speciés of orchard mites. It is compatible with all other
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spray materials commonly used on fruit trees in Canada, 2nd in local work hay
produced no injury on apple, plum, peach and bean, but elsewhere it has caused
quite severe russetting on apple and pear.

The possibilities of low concentrations of this material in combination with
dinitro-orths hexyl )| gt are being § 3 d, in the hope that
such a mixture would eliminate the danger of fruit russetting from the former
and foliage injury from the latter.

. DIPARACHLOROPHENYLMETHYLCARBINOL

Di hi 1 Icarbinol, or 1,1-bis(par: Dethanol, was
one of the most promisi icides in la tests, p great residual
and ovicxda! effects. Orchard trials in British Columbia also gave very good results.

This material is cult to so that jts cost may be
excessive.

SALTS OF DINITRO-ORTHO-CYCLOHEXYLPHENGL

Dimitro-ortho-cyclohexylphenol 1s not a new i ide and 1ts dicyclohexylams
-salt has been rather widely used m Canada for orchard-mite control, usually with
erratic and often 'y results, i at low Research

by Canadian workers has shown that other salts are more effective. The mono-
ethanolamine salt is probably the best acancide now readily available in Canada
and 1s being generally recommended for use on apples.

ETHYLENE DiBROMIDE AND D-D MIxTURE

Ethylene dibromude (20 per cent by volume) at 5 to 8 gals. per acre (depending
on soil temperature) has proved highly effective and advantageous against wire-
worms 1 several large-scale field tests in vanious parts of Brtish Columbia; and
has shown much promise in field experiments agamst white grubs, "It is being
employed by growers to a considerable exteat mn wireworm-mfested land used
for potatoes and other truck crops. The savings there effected well repay the cost,
which at present runs from $20.00 to $30.00 per acre for materials. Dichloropro-
pane-dichloropropene muxture at 16 gals. per acre has shown similar experimental
promise against both wireworms and white grubs, but its practical use has been
limited by its much hlgherkcosl i double) and greater

T

hazards. H de plougl makes 1t both simple and very
mexpensive 10 use these hquid fumugants. -

PARATHION

Canadian on {0,0-dsethyl-0-p: itrophenyl thiophi
phate, “ E605°, *34227) are still very much m the preliminary stage, Labm;mry
and some very limited field tests have shown 1ts extremely high toxicity to a wide
range of fruit'and vegetable insects. In our early expenments, failure to appreciate
its great potency resulted m the loss of many cultures of fest nsects in the green-
house. Precautions followed mn expertments with DDT and benzene hexachioride
were quite madequate in the case of parathion. and the most nigid isolation of
reatng cages from spraying operations and treated plants and s
The presenice of a few plants sprayed with parathion frequ:
mortality of Aphids on untreated plants m the same greenhou:

In the still ar of a i
0-009 Ib. per 100 gals. gave virtually complete mortality of
themur aphus (Rhopalosiphum rufomacidatum) and nymphs

pp ly twice that

momlxly of the Aplud in an air current of

o0il was necessary,
ently caused high
S€ compartment.
2t rates as low as
the green chrysap-
of pear psyila, but
was required o produce equivalent
i f nbfcul three miles an hour. At com.
v hy 1on may function as an ovicide, 0+4!

100 gal. giving 100 per cent. mortality of pear-psylla eggs. Smnll-scalcsolr%hgg
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Dusts by their physical nature are not well suited for the satisfactory applicati

. Py PYrs ca
of insecticides and fungicides. In a few special cases when the bost—p%ntpgr la:lg(:
is well adapted to retam a dust, they are equal in efficiency to washes, for example
an application of DDT to the soil for flea-bectle control and derris for the control
of raspberry beetle. The amount of the active material added to an irert diluent
3221 alsee twexl%lht ;p;'yheld lt;erlhacrehare adjusted in the case of fungicides to avoid

0 the host-plant, though in many cases the lacl s

greater part in providing a safety factor. Y ¥ of adhésion plays the

The application of small droplets of concentrated materials has attracted
attention for many years. In theory it appears easy to achieve, but in practice on
crops it 15 most difficult. The first difficulty is the need to avoid over-application,

of present-day f and of oils with which the risk of damage to
the host-plant is considerable. QOver-application on some portions of the target
Is often unavoidable if an adequate deposit on another portion is to be obtained.
The dangers of over-application may in time be of little consequence owing to the
development of new materials, The second major difficulty is to propel small
droplets to the target. The difficulty becomes greater with increase in the height
of the crop, the density of the fohage and the velocity of the wind. The small
droplets are generally required fo remain on the spots they contact, or if individual
droplets unite they should not do so to the extent of causing any *run off ",

1 am leaving the subject of the application of aerosals on field crops to Dr.
Betkeley, as this method of application is still very much in the experimental
stage in this country. The little I have seen of 1t suggests that the same difficulties
will be met as are experienced in propelling small droplets to the target.

Equupment

The development in equipment ‘during the past few years has been mostly in
improvements in detail design and lay-out rather than in entirely new principles.
These improvements, though of hittle interest to most entomologists and mycologists,
are of the greatest consequence to the user, as they make 21l the difference between
success and faifure in contro! measures.

It is convenient to divide equpment mto two groups (a) hydraulic and (b}
air-flow.

Hydraulic Equipment

The type of hydraulic equipment used vanes in different parts of the world
according to the cost of labour and nature of the crop. . Thus in India the battery
type of knapsack is the standard type, even on I:u:ge tea estates; such a method
of application appals all of us used to power equipment, ngvcrthetess under the
existing methods of culture and cost of labour it is economic. It would appear
that there is still 2 big field for well designed and reliable knapsack and olhcﬁ

i The simplici is wel

types of Iy operated equip npli of the eg
sﬂﬁed 1o native fabour. Unfartunately, much of it is of poor design and no effort
has been made to standardise such items as nozzles, lances, threads or sparcs.

* This unfortunate state of affaws could be readily altered if the purchaser ordered

his cquipment to a specification and was prepared to pay for better quality.

Several interesting hydraulic pumps have been develaped in England since the
war, ranging from low-pressure centrifugal acid-resistant types operating at 30 Ib.
r sq. in. to plunger pumps operating at up to 650 1b. per sq. in. The low-
pressure centrifugal pumps are reasonably well suited for spraying ground crops
with a “baom ™, but for the application of small volumes of small droplet size
a much better performance is obtained from 75 Ib. per sq. in. This small increase

in presstre greatly facilitates the design of a simple nozzle,
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High-pressure plunger pumps, operatmg at 400 to 650 Ib. per sq. in., of compact
totally enclosed, self-lubricated and readily serviced type, are now available in
this country. Most of them are of the three-throw short-stroke type, operating at
about 150 strokes per minute. The pressure controllers on some models, like
those on some American machines, are stll inefficient and do rot allow of the use
of the pump to full advantage.

‘The Ministry of Agriculture* has published a broad specification for pump
design and it recommends that four capacities of pump will meet the requirements
of fruit growers; the sizes recommended are 3—35, 10, 20 and 35—40 gallons per
minute delivery at a working pressure of 400 Ib. per sq. in. with a maximum of
650 Ib. per sq in. (3—5 g.p.m. 300 1b. per sq. in). This range of pump sizes
satisfies most spraying requirements

. Improvements have been made in the design of nozzles and their assemblage
on *“broom heads” to suit different crops. Much of the work has consisted in
tidying up the designs so that the maximum performance can be obtamed with
the mmimum of fatigue for the sprayman. It would seem probable that the end-
point in the design of lance equipment has been reached.

-

The efficiency of lance spraying depends not only on design but very largely
on the skill of the sprayman; his difficulties increase with the height and density
of the crop The greatest waste of wash occurs with large standard trees and the
least on bush crops.

The to1l, expense and vaniable personal factor of efficiency associated with
lance spraying have turned attention to so-called antomatic spraying. This method
consists of traifing a spray machine over or past the crop. Adeguate “ coverage
of a ground crop is fairly readdy obtained by automatic spraying, the main
u?iectaons are the damage caused to the crop by heavy equipment and the

of hauling of water,

The dilficultics of “ automatic ™ spraying of bush and tree crops increases with
the height and distance apart of planting. The most efficient coverage is obtained
from vertical masts fitted with nozzles of suitable type and spacing; unfortunately
this type of equipment is ill suited to many of our existing plantations. The
efficiency of coverage of the target varies considerably with the make-up of the
target and the direction and velocity of the wind. Under the best conditions it
fails to provide a satisfactory contral of such pests as fruit-tree red spider and
apple sawfly unless enormous volumes of wash are applied. Tt is adequate for
the application of fungicides. 1t is essential to use a pump of sufficient capacity
to suit the land speed of the machine. The full advantages of automatic spraying
are only possible if the crop is grown 1o suit the machine.

Briel mention must be made of permanent pipe systems in which the wash is
pumped to conveniently placed * take off * valves, a system well suited to permanent
crops, The problem of external corrosion of pipes and leakages is now met by
fitting the pipes overhead. Frictional losses due to bwld uvp of deposits in the
pipes 15 largely overcome by better lay-out and arranging return circuits to the
pump house.

It is unfortunate that many of our spraymg machines are special units, i
desirable that the basal design be made so that 1t can be modplerfcd Wilh(;u(I;x:;
structural alteration to suit a number of crops. The only modifications should
be changes in ancillary equipment.

* Frut-Spraying Magh n ver Machmes —deri ;
oo nf SaSpraving Maghunery  Broad Specfcatons for Power Machines—dgriculine, 53,

Kearns, H G. H, Hydraulic Spraying Machy for Fi i
Eaurans Rt o R St B e 9, P Srops. The Chokes f pover
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Air-Flow Equipment

This group includes (a) dusters of man types, (b) machines applyis
type of washes injected at low pr:ssureyinytg lar(gg volumes og %E\L‘qurtcr;:ur;g":ig
and {c) machines-that apply small volumes of highly concentrated materials into
large air volumes of 5 in. W.G. pressure and preater.

Hand dusters, which are used throughout the world, are still of poor design.
The rotary type in which the dust is fed on to the fan blades provides the best
performance, and better designs are likely to be on the market in the near future.
Power dusters using the same principle of operation are gradually being developed,
and a tractor trailer machine with an adjustable high clearance axle fitted with
a paddle fan delivering about 2,000 cu. ft. of air per minute at 1—4 in. W.G.
pressure is likely to become a popular type. Open port delivery of the dust avoids
all the complications of multiple spouts and provides equally good results. - The
use of higher pressure offers little advantage, unless it is used with large air volumes.
fn many instances, a dusting machine is a col ient means of di ing a
calibrated amount of dust into a wind of low velocity, the wind depositing the
dust, or at least a portion of it, on the target area.

In the United States and to a limited extent in this country, large spraying
machines have been developed for fruit crops in which the normal types of wash
are injected at a pressure of about 80—100 1b, per sq. in. into a large air stream
produced by a single-stage propellor-type fan; the air carries the droplets into the
trees. The air replaces the Kinetic energy that would be acquired by the droplets
if discharged at high pressure. It seems doubtful if this type of machine can offer
any great advantage m performance over a high-pressure pump or pumps using
the same horse-power.

Fan equipment is now under development m this country and the United States
in which large air volumes are discharged at 5—10 in. W.G. pressure and small
droplets of highly concentrated materials are injected into the air stream. Pre-
liminary experiments have shown that this technique of application is Iikely to
have many uses, once the technical difficulties of building high speed multi-stage
axial flow fans have been overcome. Tt 1s hoped that a British built experimental |
machine will be available before long for experimental work in this country and
for locust contrdl by Dr. Gunn. This type of equipment is likely to be expensive,
owing to the fan design and the nature of the ancillary equipment. It would be
unwise to suggest that this new development is likely to be the answer to all
application problems. For many years, if not indefinitely, hydraulic pressure
equipment will play a big part m pest and disease control. .

In conclusion I would express the hope that applied entomologists and
mycologists will become more mechanically minded and specify their requirements
for equipment more exactly.

Dr. BERKELTY: The trend to-day in Canada and the United States in so far as
spray equipment is concemed is to reduce the weight of machines, to use con-
centrates and still further reduce the weight when loaded, to replace man-operated
guns and brooms by mechanical spraying, and to speed up spraying operations
generally. Al these efforts, if successful, wou}d cut down apprpcxably on costs
of spraying and release labour for other operations and, in addition, would assist
materially in overcoming the difficulty of inadequate supply of .water on many

Farms.

Several machines now on the market, though still more or less in Alhc
cxperimental stage, give promise of meeting these trends.  Most of these machines
are lighter in weight, use concentrated spray materials (about one-tenth of the
amount of water in comparison with conventional sprayers for the same acreage),
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eliminate the sprai' gun or broom, cut dowrl on labour overhead appreciably, and
reduce considerably the time required for spraying. But all models to date have
cne or more weak points that must be corrected if they are to come into general
use, These new machinés can be placed in at least four categories.
(1) The liquid-duster, which uses dust that is wetted as it comes from the
air blast outlet; the latter is circular in some machines and fish-tail in
shape in others.

(2) The so-called mist or fog machines, in which concentrated spray sohu-
tions or suspensions are atomised by stcam hydraulic pressure or air
blast. Most of these machines have fish-tail outlets.

(3) The mist sprayer-duster, which has a duster attachment so that it can
be used as a2 mist sprayer or mist duster.

{4) The type represented by the speed sprayer, which passes dilute or con-
centrated sprays under Jow pressure through fixed nozzles, the spray
being carried to the trees by air blast.

The Buffalo Turbine, Bean Mist Sprayer. and other machines of this type use
arr blast 10 atomise and project the spray, whereas the Tifa and Besler generate
fog by heat in a combustion chamber at 600 to 900° F. In the Tifa, for instance,
the liquid and dissolved or suspended materials are pumped under low pressure
from a separate container to the combustion head, and flow out in a thin film
around the heated head, being transformed by heat into a very fine fog. The fog
1s carried by air current to the trees. Power is supplied by an air-cooled gasoline
engine. Weight of the machime empty is about 700 1b  In tests with the Tifa at
Simcoe, Ontario, it was found that the common fungictdes and insecticides tested
were readily dispersed at concentrations having only one-tenth the amount of
carricr used tn conventional machines The weakness of this machine was its
inability to make good coverage agamst wind velocities of ten or more miles an
hour. Certain results at Simcoe also suggest the possibility that the high tempera-
ture used in fogging may act detnmentally on some spray materials, in this case
DDT. Another weakness observed with the fog type of machine was the uneven
disteibution of spray materrals, even when spraytng was done “at night under

parativel i less, with certain i in con-
struction, this type of machine has promise, especially if a forceful air blast js
provided

The Buffalo Turbine sprayer-duster. Bean Mist sprayer, Bean Mist sprayer-
duster and Bean Rotomust apphicator are examples of the new trend in direct air
blast machines The spray under low pressure s ejected wnta the air blast af
the top of the air-blast outlet. so that the spray 1s broken up into fine particles and
carned 1o the trees by the air blast.  The direction of the air blast in the * Mist
sprayer ” 1s at night angles to the machine, while 1n the Buffalo Turbine it is
durected backwards at about a 45° level Tests to date indicate that the right-
angle delnvery 1s preferable  One of these machines can spray an acre from one
side 1n about 30 munutes.

The Bean Mist sprayer when empty weighs 2400 Ib. and i i
of 120 mules an hour ~ This machine se:n%s to be of unnect::arail;lgi“domy
struction.  Also it 1s higher than s desirable.  The Buffalo Turbincvzc"wg'
about 900 b when empty and has 3 wind velocity of about 200 miles an hlg s
Both these machines necd improvements 10 reduce the particle size to about 0. -5¢
t;;ucmr;: xThc spray droplets mn machmes used last year were too farge. 'ns,g

can Rotomist t i s
of 165 miles an hour with a powerful sucliary blower, This coniey SU€Im
then projected into the mamn air stream, uh:rryc H cn b:hx‘r:imla&ddl:;:‘;;
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Air-Flow Equipment

This group includes (a) dusters of many t es, (b) machines applyin;
type of washes injected at low pressureyinylg lar(gt): volumes o? pl(yy‘v-lg:rg;:\::g‘;::l
and (c) machines-that apply small volumes of highly concentrated materials into
large zir volumes of 5 in. W.G. pressure and greater.,

Hand dusters, which are used throughout the world, are still of poor design.
The rotary type in which the dust is fed on to the fan blades provides the best
performance, and better designs are likely to be on the market in the near foture.
Power dusters using the same principle of operation are gradually being developed,
and a tractor trailer machine with an adjustable high clearance axle fitted with
a paddle fan delivering about 2,000 cu. ft. of air per minute at 1—4 in. W.G.
pressure is likely to become 2 popular type. Open port delivery of the dust avoids
all the complications of multiple spouts and provides equally good results. The
use of higher pressure offers little advantage, unless it is used with large air volumes.
In many instances, a dusting machine is.a c ient means of di ing a
calibrated amount of dust into a wind of low velocity, the wind depositing the
dust, or at least a portion of it, on the target area,

In the United States and to a hmited extent in this country, large spraying
machines have been developed for fruit crops in which the normal types of wash
are injected at a pressure of about 80—100 Ib. per sq. in. into a large air stream
produced by 2 single-stage propellor-type fan; the air carries the droplets into the
trees. The air replaces the kinetic energy that would be acquired by the droplets
if discharged at high pressure. It seems doubtful if this type of machine can offer
any great ad ge in per over a high-pi pump or pumps using
the same horse-power.

Fan equipment is now under development in this country and the United States
in which large air volumes are discharged at 5—I0 in. W.G. pressure and small
droplets of highly concentrated materials are injected into the air stream. Pres
liminary experiments have shown that this technique of application is likely to
have many uses, once the technical difficulties of building high speed multi-stage
axial flow fans have been overcome. It is hoped that a British built experimental |
machine will be available before long for experimental work in this country and
for locust contrcl by Dr. Gunn. This type of equipment is likely to be expensive,
owing to the fan design and the nature of the ancillary equipment. It would be
unwise to suggest that this new development is likely to be the answer to all
application problems For many years, if not indefinitely, hydraulic pressure
equipment will play a big part in pest and disease control.

In conclusion I would express the hope that applied entomologists and
mycologists will become more mechanically minded and specify their requirements

for equipment more exactly.

Dr. BerkELEY: The trend to-day in Canada and the United States in so far as
spray equipment is concerned is to reduce the weight of machines, to use con-
centrates and still further reduce the weight when loaded, to replace man-operated
guns and brooms by mechanical spraying, and to speed up spraying operations
generally.  All these efforts. if successful, would cut down appreciably on costs
of spraying and release labour for other operations and, in addition, would assist
materially in overcoming the difficulty of inadequate supply of .water on many
farms.

Several machines now on the market, though still more or less in the
experimental stage, give promise of meeting these trends. Most of these machines
are lighter in weight, use d spra; )s (about tenth of the
amount of water in comparison with conventional sprayers for the same acreage),
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eliminate the spray gun or broom, cut dowr on labour overhead appreciably, and
reduce considerab{y the time required for spraying. But all models to date have
cne or more weak points that must be corrected if they are to come into general
uce. Thesc new machines can be placed in at least four categories.

(1) The liquid-duster, which uses dust that is wetted as jt comes from the
air blast outlet; the latter is circular in some machines and fish-tail in
shape in others.

(2) The so-called mist or fog machines, in which concentrated spray solu-
tions or suspensions arc atomised by steam hydraulic pressure or air
blast. Most of these machines have fish-tail outlets.

(3) The mist sprayer-duster, which has a duster attachment so that it can
used as a mist sprayer or mist duster.

(4) The type represented by the speed sprayer, which passes dilute or con-
centrated sprays under low pressure through fixed nozzles, the spray
being carried to the trees by air blast

The Buffalo Turbine, Bean Mist Sprayer, and other machines of this type use
air blast to atomise and project the spray, whereas the Tifa and Besler generate
fog by heat 1n a combustion chamber at 600 to 900° F, In the Tifa, for instance,
the hquid and dissolved or suspended materials are pumped under low pressure
from a separate container to the combustion head, and flow out in a thin film
around the heated head, being transformed by heat into a very fine fog. The fog
1s carried by air current to the trees. Power is supplied by an air-cooled gasoline
engine  Weight of the machine empty is about 700 Ib In tests with the Tifa at
Simcoe, Ontario, it was found that the common fungicides and insecticides tested
were readily dispersed at ions having only tenth the amount of
carrier used in conventional machines. The weakness of this machine was its
nability to make good coverage agamnst wind velocities of ten or more miles an
hour. Certatn results at Sumcoe also suggest the possibility that the high tempera-
ture used mn fogging may act detnmentally on some spray materials, in this case
DDT. Another weakness observed with the fog type of machine was the uneven
distribution of spray materials, even when spraymng was done “at night under
comparatively calm conditions. Nevertheless, with certain improvements in con-
s(ruclim{. this type of machine has promise, especraily if a forceful air blast is
provided

The Buffalo Turbine sprayer-duster, Bean Mist sprayer, Bean Mist sprayer-
duster and Bean Rotonust applicator are examples of the new trend in direct air
blast machines. The spray under low pressure is ejected into the air blast at
the top of the mir-blast outlet, so that the spray is broken up mto fine particles and
cartied to the trees by the air blast. The direction of the air blast in the * Mist
sprayer ” 1s at night angles to the machine, while in the Buffalo Turbine it is
directed backwards at about a 45° level Tests to date indicate that the right
angle defivery 1s preferable. One of these machnes can spray an acre from one
side in about 30 nunutes.

The Bean Mist sprayer when empty weighs 2,400 1b. and ha ind veloci
of 120 nules an hour ~ This machine scen%s to be of unneccsssn:il;'“:ga;;loccolr‘i}:
struction.  Alo it 1s ligher than 1s desirable.  The Buffalo Turbine weighs
about 900 lb. when empty and has a wind velecity of about 200 miles an hour.
Bg(h these machines need improvements to reduce the particle size to about 30-56
rlr;;gr:r;{ ‘T'h_c‘spmy droplets in machines used last year were too large. The

otomis! P i i
of 165 miles an hour with a powerful auxiliary blower. This cg:ﬂ:rlgll::‘lr :::!3?:
then projected nto the main air stream, where 1t can be mixed with dust or
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discharged alone at a velocity of 90 miles an hour. The object of this pre-
atomisation s to avoid the use of an excessive air blast, 150—165 miles an hour,
in carrying the mist to the trees. This machine weighs 2,200 Ib.

Before some of the concentrations used last year are cited, it should be pointed
out that the matter of concentraies is still in the experimental stage, even more so
than these new-type machines themselves. Spraying with concentrates is so new
that general recommendations are not yet possible. Sufficlent tests have been
made to indicate that certain concentrates can be applied with safety, but the
percentage of concentrate has yet to be worked out for all materials. The follow-
ing examples will suffice to give an idea as to the concentrations used so far
tests in the United States and Canada. In Washington, these have been 25 Ib.
50 per cent. wettable DDT to 124 gals. water per acre; 40 gals. lime-sulphur and
20 gals. oil to 60 gals. water per acre; and 24 1b. of 50 per cent. DDT plus 1 gal.
spreadrite 1o 115 gals. water per acre. In British Columbia, 16 1b. 50 per cent.
DDT in 50 gals. water per acre (Bean Mist sprayer) gave most satisfactory control
of codling moth; the cost for 10-acre block for fuel, including tractor, and labour
was $15.00 in comparison with cost of $55.00 for conventional tractor drawn unit.
In Ontario, both fungicides and insecticides were applied at the strengths used in
conventional spraying but with one-tenth the amount of water with good control
of scab (Tifa machine) In New York, 25 per cent. oil emulsions applied by mist
spray gave deposits of 1-95 mg. oil per sq. inch of surface, while 4 per cent. oil
emulsion applied by spray gun gave 208 mg.

The deposit of sulphur on peach trees after spraying with lime-sulphur with
2 mist sprayer with ion of 26 gals. li ph er 100 gals. was
the same as for conventional spraying with gun with 63 gals. per 100 gals.. In
control of cherry leaf spot by the use of copper A, the percentage of leaves
infected was 9 for a spray-duster, 3-7 for mist sprayer and 3'5 for conventional
sprayer. In apple-scab control with a micronised wettable sulphur, the percentages
of scab on the fruit were 39 for a spray-duster, 3-07 for a mist sprayer, 2-64 for a
conventional sprayer, and 359 for no treatment. These are sufficient examples
to indicate the following trends.

(1) Mist-sprayers appear to be preferable to spray-dusters.

{2) Concentrated sprays appear to be feasible, though the concentrations
that are safe for general use have yet to be ascertained.

(3) Spraying costs are reduced considerably by mist sprayers or other
i usi jection by air blast.

There is another type of spray machine, the new speed sprayer. This is
extremely heavy, weighing 5,000 Ib., and costs about $4,000 so that it is suitable
for the larger op only. Spraying is purely I and up to five acres
can be covered in an hour. Originally the speed sprayer was designed for con-
ventional dilute spraying and was intended purely to save time and labour. But
by changing the nozzles to a low-volume type, the speed sprayer becomes an
efficient concentrate machine. Some owners claim treatment of IS acres per
hour when it is used as a concentrate machine, As little as 25—40 gals concentrate

can be applied per acre.
This machine has a bank of 150 stationary nozzles with a centrifugal pump of
a capacity of 250 gals. per minute. The air blast in the earlier machines was
btained by an P propeller behind the nozzles, but more recent models
employ rotary-type fans. The machine is powered by a 110 H.P. gasoline engine.
1t can deliver 950—1,750 gals. per hour and requires only one operator on .th:
tractor so that it is a great saver of time and labour. Several of these machines
are in use in Ontario and are well thought of by their owners.
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in the United States, and to a less extent in Car.xada,' various types of booms
are now in use on conventional high-pressure machines in an effort to overcome
the human factor in spraying and to cut down costs. These are of various types
and shapes, but all consist of a series of nozzlssior guns ak_)gg a vertical or cuxv.ed
mast or tower, and so make spraying a mechanical proposition and do away with
hand-operated guns or booms. There are several on the market, and many
growers have made their own to meet their special requirements. These boon}s
are not fool-proof and considerable attention must be given to them when n
operation to change the direction of spray when small trees are interspersed with
large ones, etc. However, many of thgm appear to have given satisfaction. In
Maine at the experiment station (Highmoor Farm), two booms,. called the
Highmoor multiple boom, with 16 nozzles, and the Highmoor sectional boom,
with 14 nozzles, have given good results. It is stated that experimental tests
have indicated a saving of 45 per cent. in time required for spraying, 30 per cent.
in gallonage used and 73 per cent. in man-hours of labour in applying the sprays.
These booms are attached to the conventional high-pressure machines, though th

requirc 2 pump with a capacity of 20 gals. or more per minute for satis?ac(ory
operation.

‘There 15 a very interesting development in the prairie provinces in connection
with spray machinery for applymg 2.4-D to kill weeds In grain fields. In addition
to the use of air-blast machines, which have proved fairly satisfactory, the investi-
gators there (Knowles and Armstrong) have loupd that the vse of certain types of
low-volume spray nozzles on the cheap conventional boom sprayers enables good
results to be secured with pressures as low as 40—50 1b. When such machines are
equipped with suitable nozzles, as little as 5% gals. concentrated 2.4.D (up to
2Ib. pure 2,4-D) can be applied per acre at a speed of five miles an hour with
very satisfactory kill of weeds. Such machines cost about $200 in comparison
with $1,500—52,000 for the ar-blast type of machine. In other words, the
conventional potato-sprayer or similar types of sprayers that apply 60—so gals,
spray per acre, may, by the simple expedient of using low-volame nozzles, be
changed to apply as little as 53 gals. per acre of a concentrated solution of 24.D,
Another new development 1n agricultural machinery 15 the introduction of the
slurry method of seed treatment. In principle it involves the application of disin.
fectant to the seed 1n the form of a water suspension or slurry. Each bushel of
sced treated receves the same amount of chemical. The advantages of this
method are that 1t eliminates dust, thus protecting the workmen, and provides an
even coverage of each seed

In operation, the disinfectant slurry 1s carned in accurate measuring cups on
a small conveyor belt, and the cups dump the disinfectant into a measured quantity
of sced. The seed and disinfectant are then mixed by rotating nylon brushes,
which avoid any mjury to the seed. Adjustments are provided to increase the
speed of operation, and to measure the amount of seed. A large conveyor cup is
provided for use with large sceds. and a small one for small seeds.  As much ag
300 bushels of maize have been treated in an hour. Each slurry bucket containg
enough disinfectant 1o treat approximately 10 Ib. seed, provided that the proper
seed gate and bucket are used

At the present time two seed-treatment formulations are available in Canada,
namely “ Arasan ™ S.F for vegetables and maize and Ceresan M for cereals and
flax. ‘Tables have been prepared giving the number of sced gate, the size of slurry
buckels and amount of diinfectant for each seed, For instance. string-bean
sced requires seed gate No. 15, slurry buchets of 23 cc. <apacity and 24 oz. Arasan
S.F. per gal.  Cabbage seed requires sced gate No S, slurry buckets of 46 cc.
capacity and 24 oz Arasan SF. per gal
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discharged alone at a velocity of 90 miles an hour, The obje s p

arged al k . ct of this pre-
atomisation is to avoid the use of an excessive air blast, 150—-16]5 miles an hgur
in carrying the mist to the trees. This machine weighs 2,200 Ib. :

Before some of the concemra}ior_ls used last year are cited, it should be pointad
out that the matter of concentrates is still in the experimental stage, even more so
than these new-type machines themselves. Spraying with concentrates is so new
that general recommendations are not yet possible. Sufficlent tests have been
made to indicate that certain concentrates can be applied with safety, but the
percentage of concentrate has yet to be worked out for all materials. The follow-
ing examples will suffice to give an idea as to the concentrations used so far in
tests 1n the United States and Canada. In Washington, these have been 25 Ib.
50 per cent. wettable DDT to 12} gals. water per acre; 40 gals. lime-sulphur and
20 gals. oil to 60 gals. water per acre; and 24 Jb. of 50 per cent. DDT plus 1 gal.
spreadrite to 115 gals. water per acre. In British Columbia, 16 1b. 50 per cent.
DDT m 50 gals. water per acre (Rean Mist sprayer) gave most satisactory control
of codling moth; the cost for 10-acre block for fuel, including tractor, and labour
was §15.00 in comparison with cost of $55.00 for conventional tractor drawn unit.
In Ontario, both fungicides and insecticides were applied at the strengths used in
conventional spraying but with one-tenth the amount of water with good control
of scab (Tifa machine). In New York, 25 per cent. oil emulsions applied by mist
spray gave deposits of 1:95 mg. oil per sq. inch of surface, while 4 per cent. oil
emulsion applied by spray gun gave 2-08 mg.

The deposit of sulphur on peach trees after spraying with lime-sulphur with
a mist sprayer with ion of 26 gals. 1 Iph er 100 gals. was
the same as for conventional spraying with gun with 6} gals. per 100 gals.- In
control of cherry leaf spot by the use of copper A, the percentage of Jeaves
infected was 9 for a spray-duster, 3*7 for mist sprayer and 3-5 for conventional
sprayer. In apple-scab control with a micronised wettable sulphur, the percentiges
of scab on the fruit were 3-9 for a spray-duster, 307 for a mist sprayer, 264 for a
conventional sprayer, and 35°9 for no treatment. These are sufficient examples
to indicate the following trends.

(1) Mist-sprayers appear to be preferable to spray-dusters.

(2) Concentrated sprays appear to be feasible, though the concentrations
that are safe for general use have yet to be ascertained.

by mist sprayers or other

by air blast.

(3) Spraying costs are reduced considerably

hines using and projecti

There is another type of spray machine, the new speed sprayer. This is
extremely heavy, weighing 5,000 Ib., and costs about $4,000 so that it is suitable
for the larger operators only. Spraying js purely mechanical and up to five acres
can be covered in an hour. Originally the speed sprayer was designed for con-
ventional dilute spraying and was intended purely to save time and labour. But
by changing the nozzles to a low-volume type, the speed sprayer becomes an
efficient concentrate machine. Some owners claim treatment of 15 acres per
hour when it is used as a concentrate machine. As little as 25—40 gals. concentrate

can be applied per acre

This machine has a bank of 150 stationary nozzles with a centrifugal pump of
a capacity of 250 gals. per minute. The air blast in the earlier machines was
obtained by an acroplane propeller behind the nozzles, but more recent models
employ rotary-type fans. The machine is powered by a 110 H.P. gasoline engine.
It can deliver 950—1,750 gals. per hour and requires only one operator on the
tractor so that it is a great saver of time and labour, Several of these machines

are in use 1n Ontario and are well thought of by their owners.
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In the United States, and to a less extent in Canada, various types of boonis
are now in use on high-p ines in an effort to overcome
the human factor in spraying and to cut down costs, These ate of various types
and shapes, but all consist of a series of nozzles or guns along a vertical or curved
mast or tower, and so make spraying a mechanical proposition and do away with
hand-operated guns or booms. There are several on the market, and many
growers have made their own to meet their special requirements. These boorms
are not fool-proof and considerable attention must be given to them when in
operation to change the direction of spray when small trees are interspersed with
large ones, etc. However, many of them appear to have given satisfaction. In
Maine at the experiment station (Highmoor Farm), two booms.. called the
Highmoor multiple boom, with 16 nozzles, and the Highmoor sectional boom,
with 14 nozzles, have given good results. It is stated that experimental tests
have indicated a saving of 45 per cent. in time required for spraying, 30 per cent.
in gallonage used and 73 per cent. in man-hours of labour in applying the sprays.
These booms are attached to the high-ps nachi though they
require 2 pump with a capacity of 20 gals. or more per minute for satisfactory
operation.

‘There 15 a very mteresting development 1n the prairie provinces in connection
with spray machnery for applying 2,4-D to kill weeds in gram fields. In addition
to the use of air-blast machines, which have proved fairly satisfactory, the investi-
gators there (Knowles and Armstrong) have found that the use of certain types of
low-volume spray nozzles on the cheap conventional boom sprayers enables good
results to be secured with pressures as low as 40—50 Ib.  When such machines are
equipped with suitable nozzles, as little as 5} gals. concentrated 2.4-D (up io
2Tb. pure 2,4-D) can be applied per acre at a speed of five miles an hour with
very satisfactory kill of weeds Such machines cost about $200 in comparison
with $1,500—%2.000 for the ar-blast 1ype of machine. In other words, the
conventional potato-sprayer or similar types of sprayers that apply 60—80 gals.
spray per acre, may, by the simple expedient of using low-volume nozzles, be
changed to apply as bitle as 5} gals. per acre of a concentrated solution of 2,4-D.

Another new development m agricultural machinery is the introduction of the
slarry method of seed treatment  In principle 1t mvolves the apphication of disin-
fectant to the seed in the form of a water suspension or slurry. Each bushel of
seed treated receives the same amount of chemrcal. The advantages of this
method are that 1t eliminates dust, thus protecting the workmen, and provides an
even coverage of each seed

In operation. the disinfectant slurry is carried m accurate measuring cups on
a small conveyor belt, and the cups dump the disinfectant nto a measured quantity
of sced The seed and disinfectant are then nuxed by rotating nylon brushes,
which avoid any injury to the seed. Adjustments are provided to increase the
speed of operation, and to measure the amount of seed. ~ A Jarge conveyor cup is
provided for use with large sceds, and a small one for small seeds. As much as
300 b;x‘s):]gls ?r maize have been treated in an hour. Each slurry bucket contains
cnough disinfectant to treat approximately 10 Ib. seed, provided
seed gate and buchet are uscé‘ y P that the proper

At the present time two seed-treatment formulations are available in Canada,
namely * Arasan ™ S.F. for vegetables and maize and Ceresan M for cereals and
flax. Tables have been prepared giving the number of secd gate, the size of slurry
buckets and amount of disinfectant for each seed. For instance, string-bean
sscéd ;fc‘l"'g':f sc(c:d bg‘:xc N;.ﬁlis‘ slurry buckets of 23 cc. capacity and 24 oz, Arasan

E p . Cabbage uires seed gate No. 5,
capacity and 24 oz Arasan SFT;‘;r gal. £ o 3 shurry buckets of 46 ec.
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The slurry treatment increases the moisture conten
" t of seeds by not more
than 05 per cent. Actually the seeds dry so quickly that they can bcybazged and
stored shortly after treatment, or sown at once. i

The CHAIRMAN said that Dr. Kearns i d develop in
Great Britain as imp in old-f: “" d types of hinery for the next
few years, whereas Dr. Berkeley almost lution in spraying

methods in Canada and the United States. He wondered how far the difference,
if it was real, was due to climatic conditions. In Britain, the weather was up-
reliable, and high winds were frequent, whereas it was reasonably fine in the
other places.

Dr. Kearns considered that his own outlook was cautious. If low volumes
of spray were used, the droplets would be small (20—100 microns) and difficult
to place on the target. In Britain, absence of wind was rare, and a wind of
four miles an hour or more led to difficulty with small droplets. Small droplets
would probably become very valuable on ground crops, but doubtfully so on trees.

. Mr. W. A. Ross stated that in Canada it was thought that, within ten years,
directed aerosols or mist sprays would be largely used in orchards. Dr. Marshall
of British Columbia had developed a promising directed aerosol and mist sprayer,
with atomisation by steam or 2 hydraulic uait, and velocity and ditection controlled
by a :urbl_ne blower. Dr. Marshall thought that, in this machine, the optimum
concentration was one-tenth of the normal amount of water, and that results were
promising and old cover sprays probably obsolete. The speaker did not know.
With this machine it was possible to spray under any conditions possible for
conventional sprayers. The advantage was the saving of water.

Di i Application of I ici from the Air

The CHAIRMAN called on Dr. D. L. Gunn to open the discussion.

Dr. GuNn: The use of insecticides is not the ideal method of controlling
insect pests, but is essential in some cases until appropriate better methods are
developed. Aircraft are being widely tested for distributing insecticides. As with
other comparatively new things, there is 2 good deal of careless talk about the
various aircraft methods, some people exaggerating their pot:nnglmes and others
dismissing them rather lightly. In fact, of course, there are things that can be
done with them and there are other things that are too costly or perhaps cannot
be done at all. What, then, are the principal limitations of aircraft methods and
what seem to be their best uses? The Anti-Locust Research Centre has sponsored
three sets of feld trials of the use of aircraft against locusts, in 1944, 1945 and
1947, and T have been involved in the last two. My experience is thus limited
to attacks on locusts; that leaves plenty of scope for members of the audience
during the discussion.

Let us consider the matter m this order: first how to get a sufficiently homo-
geneous coverage for the particular insects in question and how to aim that
material from the air; then the obstacles in the way of hitting the target, or
shielding: then the assessment of intensity of deposit of the insecticide: afnd _last.
some of the factors affecting costs and the consequent promise of useful applications.
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COVERAGE

Getting an adequate cover of insecticide on the target area obviously depends
on how much you are prepared o use. Modern synthetic insecticides are so
powerful that they can be effective at astonishingly low dosages. For example,
under idea] condtions about 1 oz. of pure DDT spread over an acre of water
will kil all the mosquito larvae in it, while 4 oz. of DNOC (dinitro-ortho-cresol)
also under ideal conditions, would kill all the locusts basking on an acre of
flat ground. The difficulty is, of course, to get the insecticide spread out properly.
More than these amounts must be used in practical aperations, but it is necessary
to keep the dosage as low as possible because of the cost of using aircraft—
the lower the dosage. the smaller the flying costs. So T am going to postulate
an area dosage several times as great as the ideal. with a solvent or diluent to
help in getting homogeneity, making altogether about I gal. or 10 Ih. per acre.
This dosage is practical for locusts, excessive for mosquito larvae, and probably
too low in some other cases.

Under the heading of coverage we consider (4) grain (granularity or pattern)
and (b) patchiness and aiming. By grain 1 mean the size and frequency of the
droplets or particles of dust in relation to the size of the insect; patchiness arises
because, for example, the insecticide is laid in lines between which there may be
imperfectly covered patches. -

Grain

It has been calculated* that application of 1 US. gal. per acre in dropl
of a diameter of -1 mm.. 104 and 1 u gives 178, 178 thonsand and 158
million droplets per sq. mm, respectively, while application in droplets of a
diameter of 1 mm. gives -1 droplets per sq. in. Suppose you are Spraying
insects on a hypothetical plane surface. A locust has a target area of about
a square inch, so drops of 1 mm. diameter would not be hopelessly large. They
would in fact be too large, because in a random scatter some locusts would get
two or more drops and some would get none; but 5—10 drops per square inch
would be adequate, so drop sizes between 0-1 and 1 mm. would be all right
Stmilarly for mosquito larvae, the largest of these drops would do, because the
targets are not the individual insects but water surfaces on which the insecticide
can be made to spread. With insects having a target area of only a square
millimetre, on the other hand, drops of 01 mm. diameter are too biz. Further
with smaller insects on crops. we are not dealing with a plane surface, but
with leaf and stem surfaces many times as extensive, Consequently the nl;mber
of drops adequate for an acre of ground may be far too small for the foltage
on that acre. To get coverage for small insccts on foliage, then, you have to
use a fine spray or dust, under 100 u.

Patchiness and Aiming

Having deaided on the required size of bullets, it is necessary to consider
how to aim them
Porton method —1t you simply pour a hqud out of an ordinary aj

the hquid is immediately shattered into drops by the rush of air. Thyc si‘zrgngf'
the drops are vanied m any case and the size range depends on the speed of
the aircraft and the viscosity of the liquid. Under standard conditions you can
get a repeatable range of sizes or drop spectrum. Those drops fall at terminal
velocities which depend on their sizes; they form a sheet, with big drops below
and small above. drifting on the wind; the big ones reach the ground first,
and the small ones later  1f the aircraft flies across the wind while spraying,
the rosult is that a wide band of ground is sprayed, the big drops forming the
up-wind edge of the band and the smaller drops spewind edge. By

ribution,

S Pots, $ F, Particle Size of Tnsecticides_and
and Deposst—J econ Emr, 39, pp 716—720. 1945,
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knowing the drop spectrum of the insecticide, measuring the wind s and
‘a‘ijﬁlstmg the height of the aircraft inversely, the spray can be aimed rszodnably

By this technique, we spraged locusts last October with swathe spacings
of usually 88 yards but up to 200 yards and got practically 100 per cent, kill. This
was possible because locusts are big, so that big drops can be used, and they
can be aimed from several hundred feet. But we virtually ignored drops below

1 mm. in diameter (100 u) because they take so long fo reach the ground
that they drift very far, and they probably evaporate a great deal, too, in their fall,
But it is drops smaller than 100 u that are required for getting good coverage for
small insects. So the Porton method is not readily applicable in such cases. When
it is used, the liquid has to be chosen not only so as to give the appropriate
toxicity, but also to give the appropriate drop spectrum and to evaporate as
little as possible while falhng to the ground.

Clowd method.~~The Porton method has been designed scientifically and can
be used and checked by fairly accurate methods. The cloud method, on the other
hand, has a very limited fundamental basis, but is the method most commonly
used. Since small drops and dusts cannot be aimed from any height, they have
to be released very near the ground. Air that is heavily charged.with dust or
fine spray is virtually denser than the surrounding air and tends to fall massively;
if the material is pushed out under the wings of the aircraft, it also tends to be
pushed down. This applies both to fixed-wing aircraft and to helicopters. So
the fall of a fine spray or dust, which would otherwise be very slow, can be
assisted somewhat. Nevertheless, to get it down on to the desired area, we
have to apply it from tree-top or crop-top height. The result is that we cannot
get a wide swathe, but are usually limited to something like 15 yards. In doing
this, some 5—10 times as many runs are necessary as with the Porton method,
so the flying time to be paid for is much greater. In addition, some sort of
mechanism 1s needed for making fine drops and for spreading the droplets or
dust ont laterally as far as possible; the weight of such mechanism redvces the
payload of the aircraft. . N

This is the usual method of crop spraying or dusting. It is also substantially
the method by which the South Africans are attacking tsetse with smoke, which
is really a fine spray made by the heat in the engine exhaust pipes. They have
also for years been dusting wattle for wattle bagworm in this way. A great deal
of investigation is required on the effects of the dispersal mechanism and the

Jation of the i icide on the obtained by this method.
Curtain spraying—This is an application of the Porton method of attack
to fiying swarms of locusts. At present it is of interest only in connection with
locust swarms, 50 I will not enlarge on it here. An account of it is in the press.

Neither the Porton nor the cloud method can conceivably give a deposit free
from patchiness, even in ideal conditions of wind and machinery. Patchiness
of some kind is inevitable. The question is how to get at least a lethal dose
everywhere, and to expend as little as possible above this. i

With the Porton method, the densest contamination occurs near the up-wind
edge of the swathe. It is then necessary to overlap deposits, which can produce
a fluctuating but always adequate deposit. Other things being equal, the further
apart the aircraft runs, the greater the peakiness, but the less the flying time to
be paid for. Peakiness can be reduced by increasing flying height, but losses
by evaporation and by various errors then increase, so a compromise must be
reached. In any case, the ideal dosage has to be increased to allow for this
sort of patchiness, and also to allow for losses,

The cloud method of aiming has been less scientifically studied. To some
extent you can watch the cloud come down and estimate where to lay the next
strip. But visual estimation is unreliable—you can often see fine dust or smoke
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drifting for hundreds of yards; it looks good, but if it is drifting so far it is
evidently not depositing much. Perhaps the simplest and commonest practice
is to fiy along the wind, not across it, and lay the strips as close as is found
necessary by empirical means. There is necessarily considerable waste from
dnft, Such assessments as I have seen show the deposit in these cases to be
very peaky and irregular. 5

Shifts of wind and changes in wind speed produce patchiness in the best
regulated operation. If the ground is heated much, you get rising currents of
air that may take fine dust or spray right up and away. For this reason, aircraft
dusting or spraying is best done in the cool of the moming or evening, and may
be impossibly wasteful and also dangerous in the heat of the day. Even under
the best conditions, it is advisable to increase the expenditure of poison to make
some allowance for irregulanties of wind, flying errors, and the like.

SHIELDING

It is quite evident that a rain of spray falling on top of leafy vegetation will
cover the outside leaves first and perhaps not penetrate to the underneath leaves.
For penetrating foliage, there seem to be advantages m using a very fine spray
or dust, Even then, however, there 1s necessarily some deposit on ghc more
exposed surfaces, so there must be a filtration effect, with less material avail-
able for the inner surfaces. Some increase m dosage 15 mecessary 10 compensate
for this, if a certam mumumum cover is required on all surfaces. Shielding is a
very serious muatter, 1n ant-malaria work, the water surfaces are often covered
over by dense bush, 1n anti-locust work, the locusts themselves are often dense
enough to shield each other, and when you are dealing with dense crops, the
crop itself acts as a filter Investigation 15 required on the effects of shielding
and how to overcome them

ASSESSMENT

The Porton method of spraying has been arrived at by a combination of taking
thought and making ficld and laboratory tests. Field tests include the assess-
ment of the density at which the liquid actually reaches the ground over a wide
area. Assessments of that kind cannot properly be made by visual inspection
and do require precise chemical or physical methods. Even an experienced man
may visuatly estimate a deposit at five times higher than 1t 1s. Therefore, when
dealing with a situation that is 1 any way new, precise assessments are essential,
This 1s particularly true for cloud methods, where there 1s as yet little founda-
tion of general principles on which to base details of technique, and especially
important when shielding ts in question.

Costs

I the cost of atrcraft spraymg depended only on the capital cost of the
sireraft and of petrol and oil, there would be a boom in the method. 1 under-
stand from Mr W. A. Baker, of the United States Department of Agriculture, that
commercial operators 1 the States charge 3—6 cents per ib. per acre for the
flying only. This is roughly equivalent 1o between Is. 64 and 3s. per acre
for a dosage of 1 gallon or 10 Ib. To this must be added the cost of the
insecticide, which will be considerably greater, but must be found if insecticide
is to be applied at all. Dr Rene du Toit tells me that Onderstepoort and the
l:S;‘Af‘\‘;n‘;k]u; g(vmc :‘nclsmolfm;g lg:igc areas against tsetse at an overall cost, including

ransport etc. of 1s. 3d. per acre. i i
ground i 3:.‘)‘;JA e per acre, plus 25 64. for DDT solution, making
To get the charges as low as this, the ai i
crens ok e cha nrgmmly p aireraft and the aircrews and ground

must X ployed: this means that 12
dealt with in a short time m onc neighbourhood. @ fare area needs 10 be
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POSSIBLE APPLICATIONS

It seems unlikely that Porton methods will have a wide application in thi
country, because the usual target is a crop with insects in igpwhicgnreuam!?el-:
cloud spraying, Because of the hedges and trees, it seems likely that helicopters
may be useful. ! They are expensive to buy, compared with fixed-wing aireraft,
and are ir D t0 maintain, because of the ity of the rotating
wing. Since there are many crops here that will stand a dusting or spraying
charge of £2~—£4 per acre, their use may still be profitable. They have the advan-
tage over existing types of ground machine of not damaging the crop by driving
through it. Small ‘fixed-wing aircraft are under the disadvantage of requiring
airfields, and they seem to be more dangerous to fly at crop height.

Where similar condttions obtain in other parts of the world, helicopters may
become equally valuable. But whenever Porton spraying can be used instead
of cloud methods, the heavier fixed-wing aircraft will gam in the load it can
carry, the distance it can fly, the speed with which it can cover the area, and
the price at which 1t can operate. I am surprised that anti-malaria spraying
round certain towns 1s not done by such aircraft. Whenever the target insect
need not be hit directly, but can be left to walk into a residual spray, or to cat
the outer foliage after 1t has been spotted with a stomach poison, Porton methods
may be applicable. And they are applicable with large insects like locusts. It
would be interesting to hear the views of the audi on possible applicati

Although I have said that Porton methods can sometumes be used against
locusts, that does not mean that they are necessarily the best or the cheapest,
especially for small areas. Dr. Kearns is, mn fact, designing a ground machine
(Airflow} that 1s intended to take advantage of the best features of both aircraft
spraying and ground spraying. A great deal of publicity attaches to aircraft
spraying, but comparatively little is known about how it can establish itself in
compenition with other methods, and much more investigation and field work

are needed.

The CHAaIRMAN thought helicopters were likely to become useful in Great
Britain, whereas fixed-wing aircraft would probably revolutionise spraying in
many parts of the tropics.

Mr. F. N. RATCLIFFE asked what ities of spray were from aero-
plane spraying by the Porton method. The best recovery fie had obtained with
cloud spraying was 50 per cent., but it subsequently appeared that droplets too
small to recover were being useful. The spray controlled adult Anophelines
sheltering 1n jungle vegetation when the acroplane flew at a height of 100 ft.
and sprayed 100-yard swathes.  The mosquitos were destroyed, although it
appeared that most or all of the droplet spectrum that could be recovered was
wasted, because it was stopped by the vegetation before it reached their resting
places. The small drifting drops must bave reached them, possibly because the
spraying -was done in the early morning, when inversion of air currents carried
them down.

Dr. GUxN said that he had obtained 70 per cent. recovery with a liquid
designed for Porton application. Spraying at Kisumu had resulted in a quick
reduction of Anopheline larvae and pupae 1 pools. and also an immediate reduc-
tion of adult Anophelines, which had not been expected. This was probably due
to droplets that were thought to be wasted. A fine spray or dust (or a smoke
such as that used against the tsetse fly in Natal) was best applied in the early
morning, because temperature inversion was important in getting it down.
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Mr, Rﬂcuérs stressed the importance of ground reconnaissance and marking.
and a proper understanding by the pilot of the target area.

Dr. Gusn agreed, "

Dr. J. G. Davies cited an observation in Louisiana to show the extent to
which droplets can drift. Rice-fields were being treated for weed control with
24-D spplied at the rate of 1 Ib. in 5 U.S. gals. spray per acre from light
aircraft with a boom under the wings, and cotton, which was highly susceptible.
was destroyed up to ten miles away from the place of spraying.

Dr. R. A. E. GALLEY said that Canada relied entirely on lhg Porton method
with a 4-inch pipe and oils of the right viscosity. The United States used
nozzles and booms and low flying, and very good pilots were required for the
method to be safe,  Applications of weed killers by the Tengessee Valley Authority
resulted in damage to cotton crops at a distance under unfavourable conditions,
When be had asked workers i the United States what was the actual amount of
insecticide applied on the water when DDT was used as a mosquito larvicide,
he had been told that the normal method of assessment with microscope slides
had been found 1o be hopelessly maccusate, as variance was 300—400 per cent.
“They released 1 U.S. quart solution per acre from the aircraft, but they had no
knowledge of the amount on the water. In work in which over 130,000 acres
were treated against the gypsy moth, the use of a large Dakota carrying 900 U.S.
gals. solution reduced the cost of applying t U.S. gal. per acre to one dollar
per acre,

Dr. Hem Singh Prutmi inquired what were the relative merits of baits and
aireraft spraying 1 locust control.

Dr. GunN replied that they were used 1 different circumstances. Baits were
used almost entirely agamnst nymphs and awcraft almost entirely against adulis,
because baits were often too difficult to apply against the fatter.” No compatison
was possible at present

Dr. T. SWARDRICK reported that a2 hehcopter had been operated since the
second week in Apnl in Holland. Approximately 90 per cent. of the material
was now being recovered, whereas only 20 per cent. had been recovered at first,
‘The spray was applied in long narrow strips and was supposed to caver 60 ft.,
but it actually spread much wider, so that when 2 whole Geld was sprayed
about 90 per cent. could be recovered. When the spray was applied from 12 ft,
above ground, a droplet size of 80—100 u was satisfactory. With a smaller size
there was much loss.

Dr. GUNN was intercsted 1n the 90 per cent recovery. He had been t
that he got small recovery because he used too few plates. i o . old

Dr. SwareRrIcK said that the plates wete first put on 3.0t osl‘s and recovery
was poot. Later plates 7ound the bottom of the posts were a‘c’ldcd and recnveg
was much higher on the pround, though he did not knaw why.

Dr. K. B. Lag asked whether smoke ot spray was bett
and what was the difference 1n cost. piid ter from an aeroplane

Dr. Guay said 1t was necessary 10 adapt the technique to the i
The coarse drops of a Porton spray did not pcnctraththmugh mf&?'gz‘vfr C:Sﬁi'
there smoke or fine droplets could be tried.  On open country, coatse drg ‘n
should be used because they were cheap and easy M Toplets
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MEETING: Monday, 26th July, 2.30 p.m.
Chairman: Dr. A. J. Nicholson
Discussion: Biological Control

The CHAmMAN regretted that Dr. W. R. Thompson, who was to have opened
the discussion on the biological control of insects, had been prevented from
attending the Conference. In his absence and at short notice, three other Delegates,
Mr. A. B. Baird, Dr. W. Cottier and Dr. R. H. Le Pelley, had consented to zead
short papers.

Mr. Balrp: Since Dr. W. R. Thompson was to have opened this discussion,
you may be interested in a very brief ing his organisati
early history is contamed in the reports of previous conferences. In 1940, due
to war conditions, the Council of the Imperial Agricultural Bureaux found it
necessary to discontinue work at Farnham House, and, after negotiations with
the Canadian Government, operations were transferred to Canada, where accommo-
dation and essential services were provided free of charge at the Dominion
Parasite Laboratory, Belleville, Ontario. The work- was reorganised as the
Imperial Parasite Service. Mr. F. J. Simmonds and Dr. C. Lloyd, Scientific
Assistants, and Mr R C. Jeffery, Dr. Thompson's secretary, were transferred with
him to Belleville. Mr. Jeffery subsequently resigned owing to illness. A number of
projects were carried out with the aid of Canadian assistants, and much progress
was made on the Parasite Catalogue, nine volumes of which have now been
completed and distnibuted. At the Imperial Agricultural Bureaux Conference
of 1946 held in London, the organisation was reconstituted as the Imperial Burean
of Biological Control, and as from st January, 1948, it becarne the Commonwealth
Bureau of Biological Control. Staff additions have been made from time to time,
and at present the organsation 1s as follows.

Headgquarters® Belleville, Ontario:
W. R. Thompson, Director; G. C. Ullyett, Scientific Assistant; Secretary;
Accountant; two Library Assistants working on Parasite Catalogue; two
full-time L y Assistants; special Assistants for projects.
Sub-stations:
Riverside, California. W. F. Sellers; Assistants as required.
Montevideo, Uruguay: D. C. Lloyd. .
Trinidad: F. J. Simmonds. - o
Zurich, Switzerland: L. Mesnil (of France) specialist on parasitic Diptera.
Bermuda: at present directed from Belleville.
The work in South America and in Europe is at present very largely on
Canadian projects.
‘Arrangements have recently been completed, following authority of Council, for
the transfer of Dr. Thompson’s headquarters and library staff to Ottawa on Ist
September of this year. He will there have better facilities for comin‘u!ng the Para-

site Catalogue and for ping work through the C lth. He plans
to maintain the insect y at Belleville for the handling of projects requiring
insect-rearing work in Canada—facilities at both places are being provided frec of
charge, so overhead expenses are not affected.

I have given this review in the hope that all parts of the Cpmmom\.:ﬂhh
will contact Dr. Thompson regarding projects in which they are interested, and
particularly at present those that can be given service from the laboratory centres.
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now established. The men at these centres are all well trained and cxperts in

ethods of obtaining and shipping parasite material, and can be expected to give
the very best service possible, I will be glad to answer any questions I can,
or to convey messages to Dr. Thompson on my return to Canada next week.

Referring now bricfly to Canadian work. Important progress has been made
since the last Conference. The Dominion Parasite Laboratory, - established at
Belleville in 1929, has continued to grow. In 1935, a project was in Pprogress with
Farnham House co-operation, involving the introduction of parasites to aid in
control of the spruce sawily, then known to us as Diprion polytomum but later
correctly identified as Gilpinia hercyniae. This insect was devastating Canadian
spruce forests in a manner not hitherto experienced, and the search for Pparasites
extended through central and northern Europe and parts of the Orient as well,
To i i .lspeci:l ine i .

938,

this of parasite i
were constructed at Belleville between 1935 and eS¢ compri:
insectary rooms of vanous sizes and shapes, all with air-tight seal and coi:\psxeem}ig
air-conditioncd as to temperature and humidity, so that insects from
of the world can be handled safely and effectively at an

- aay p:
W ; y time of the year,
Quarantine dressing rooms, cold storage and. other service rooms are also

year,
These facilities it the usual admi and general lab mo:;?;d:
ment required in lhﬁ conduct of su‘gh work. This year the work was éxtmdfd
and ised wit] Biologi:

Control now in
Belleville laboratory remains as the centre for introduction of c?):xlfrvulla'a Tl;;
and for basic research. It has a staff of more than 50 plus 50-—75 smdgce:m
A regional laboratory for work in Butish Columbia at Vancouver and one
for work in Quebec at Quebec City have also been established, and closer one
operation with workers in other fields 15 thus being developed ang exl:nd::
All studies on insects have demonstrated the important part pla N
~~fungous, bacterial and virus—in their natural control, L?p ‘°p'~h);::r2'c::st§m
have boen few cases where diseases of insects have been successfully manjpyt, e
by man ynder field conditions. They have, however, been ‘Pulated

a factor i
portance in large scale propagation of patasites, and the Dominion P. e, 2l im.

a)
tory has for many years been carrymg on investigations with di:c;:senf\x&ib?m-
encouatered 1n the several parasite projects. Important progress has been s
in the control of these diseases under laboratory conditions, and ther umade
control agents under field conditions may be possible. The outbreal of sse g
sawfly appears to have been terminated largely by a virus disease of unkﬁr““
origin; and, as a result of the interest thus created in discases of forest on
the Forest Insects Unit of the Division of Entomology has initiated 5 sc‘?i::cu'
ig on the causal org and has under construction at South Saj o
Marse, Ontario, a large and very completely equipped laboratory for fundam:::;!f!
studies that will be of great value m biologrcal control work everywhere,
The more important projects carned out during this period include
* (a) Control work of the following pests by introduction and distribution of
parasites and predators since 1935.
*Larch Sawfly (Pristiphora erichsoni).
*Spruce Sawfly (Grpmia hercyniae)
*Pine Sawllies (Gilpima frutetorum. Neodip,
. lecontel, N. nanulus and other native
*Larch Caschearer (Coleophora laricella).
Spruce Budworm (Choristonenra fumiferang).
*Pea Moth (Laspeyresia nigricana).
*Greenh hitefly (Trial

rion. sertifer, N. simitiy,
pecies). :

des i
'Grcenhmic Mealybugs (I’.mudmooms’ spp.).

)

* Good results proved.
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*Apple Mealybug (Phenacoceus aceris).
TComstock’s Mealybug (Pseudococcus comstocki).
TEuropean Wheat-stem Sawfly (Cephus pygmaeus).
;}'Co_m Borer _(Pymusta nubilalis),

Oriental Fruit Moth (Laspeyresia molesta).

Codling Moth (Cydia pomoriella),

- 1Griasslhoppersh (?le[anoplu: spp., Camnula pellucida and others).
iological, morphological and tax i i i i
PO abovg b onomic studies on all parasite species
(¢) Study of di_sease organisms as related to the various phases of biological
control of insects. -
(d) Basic research studies,

1. Application of the principles of genetics in parasite production.
Parasites have been selected for special characteristics, such as high
female production, high egg lay, and preference for certain
temperature ranges. The use of selected stock has increased
laboratory production of some species as much as 20-fold with
corresponding reduction in cost of the projects and acceleration of
distribution of the species.

2. Investigation of population densities as affecting hpst-parasite
relationships. :

3. Environmental factors as affecting parasite establishment and
distribution. Acclimatisation of parasites.

4. Aligrate and substitute hosts as affecting parasite establishment
and distribution.

5. Physiology and nutriton. Use of artificial media in parasite

pmpagauon.

Biological Control is not the simple matter it was once thought. Successful
work with a great many projects has been carried out but is very complicated and
requires continuous study. In Canada at least we can never consider a control
project completed; changing conditions create new problems. This is exemplified
by the larch sawfly, control of which was our first project initiated by Hewitt in
1909. The parasite, Mesoleius tenthredinis (now aulicus), gave control wherever it
was established, first 1n Mamtoba and Quebec, and then in British Columbia, the
Maritimes, Ontario and Newfoundland in turn. Now, however, an infestation is
flaring up in Manitoba. Parasitism has been very low for two or three years
and examinations have shown that a large percentage of the eggs laid fail to hatch.
Why? We do not know, but if it persists we may have an outbreak of destruc-
tive proportions. We are making a special study of this at present in co-operation
with the forest entomologists of our service.

Another very scrious licating factor in biological control is
the use of i des and icides and this is ing annually more acute.
Such insects as woolly aphis, mealybugs, oriental fruit moth and even the Colorado
potato beetle, which are satisactorily controlled by natural enemies in most years,

become much more difficult and expensive to ccntrql when these are reduced or
unately this has been realised by most

and and jt may prove possible to develop
more selective materials or by proper timing of application to improve com\:ol by
destroying a large percentage of the pest without injury to the beneficial species.
Another matter of great importance in biological control is the correct identifica-
tion of species, both host and parasite. In our work on spruce sawfly, much
yaluable time was lost on account of failure to recognise the presence of two species
t Good progress.

eliminated by the use of chemicals. Fort

* Good results proved.
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in Europe, whereas only one occurs in Canada, Some parasites are Very specific,
and in this case the biology of the two hosts was quite different. On the other
hand, when considering introduction of parasites of the pea moth to .C:mada the
parasite Ascogaster guadridentata was at first eliminated because it was con-
sidered taxonomically the same as Ascogaster carpocapsae; the latter was ;\lrc:Qy
present in_America and being propagated and distributed in large numbers in
Canada. However, when laboratory and field tests failed to secure establishment
of A, carpocapsae on pea moth in British Columbia, the European Ascogaster {rom
pea moth was troduced and in five years had increased to the point where upwards
of 75 per cent. of pea moth larvaz were parasitised in-the large area under stody.
Many similar instances are known to all who have been engaged in biologicat
control work.
To sum up these few remarks, we need in Biological Control:_

. More trained research workers carrying on the fundamental or basic
studies essential to continued and extended successful work.
Close co-operation at all times with entomologists and pathologists
engaged in economic fields of work.
More tramned taxonomists closely associated with those carrying on
biological studies.
. Frequent and regular immediate exchange of information on work carried

out. This refers particularly to work in progress.

~

“

>

Dr. Cormr: The account 1 am to give you concerns the miroduchion of
parasites mto New Zealand to check the ravages of Pieris rapae, which we call
the White Butterfly.

Fuest of alt, I would Lke to make it clear that the man responsible for camrying
out this work has been Mr. John Muggendge, until lately on the staff of the
Department of Scientific and Industrial Research mn New Zealand. My own
direct part 1n 1t has been comparatively small. In 1ts early days, I was actively

5 with Mr. ) i in its p jon, but since 1937 1 have had
no hand in it and my part to-day s simply to tell you about the work he
orgamsed and carried out.

Pieris rapae appeared in New Zealand for the first time 1n 1929 in the neigh-
bourhood of Napier, the capital town of Hawkes Bay on the eastern coast
of the North Island. By the summer of 1931—32 tis numbers had increased
enormously and by the end of that scason it had spread from the initial point
of infestation at Naper to areas 100—120 miles away In this same year, it
was reported in the South Island 10 Timaru; how it reached there is not certain,
but we consider it possible that the same ship was responsible for its introduction
m the north and n the south  We think that it possibly floated ashore on cabbage
dtbnis thrown from the galley of a ship in the harbour, or else that it was able
to complete its Life-cycle under the conditions of cold storage in the ship and the
adult butterflies escaped when the food containers were opened. By 1933, the
butterflics were (o be scen 1n millions @ying over roadsides and pastures, whole
white fluttering clouds of them being over every cruciferous crop in Hawkes Bay.
The pest soon spread throughout the land; by 1935 the whole of the North Island
had been covered and by 1936 it had reached to the bottom of the South Istand.

We in New Zealand derive most of our income from the primary j i
of farming and the appearance and spread of such a destructive gm n?a',',’g,';::f,’,f:
€rops was a very serious matter. The productive capacity of New Zealand's farm
lands 15 far beyond the requirements of the 1} million inhabitants and the
uncensumed surplus, which 15 sold maily on the Brutssh market, thercfors becomes
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the chief source of income. The bulk of the rimary prodi ich i
wool, mutton, fat lamb, beef, butter and cheesg. are {iegendg:ttsvtsv 2&’1}:?}:&?{
on the successful growing of cruciferous crops and in so far as the mutton and
fat lamb trade is concerned, rape in particular possesses a fattening value which
makes it intrinsically superior to other crops that have been used for this purpose.

It was soon obvious that the butterfly had come iuto our country unhampered

by any of its natural enemies from overseas, and it did not take much thought to
sce_that the only way we could hope to reduce its numbers was to attempt
to introduce these natural enemies. It was an economic impossibility to attempt
the application of any insecticide on such a large scale. Therefore a call for
assistance in sending us parasites was made to the Imperial Institute of Entomo-
logy as it then was, and the parasite laboratory at Farnham Royal at first sent
us out Apanteles glomeratus, a Braconid parasite of the caterpillars. The first
consignment, compnsing some 2,000 cocoons, arrived early in 1932. This was
followed by three more sendings in the same year, making a total of 100
cocoons for that year. Then 1n 1933 we received 420,000 more. In making field
liberations, the bulk of this material was concentrated near one locality in Hawkes
Bay. This locality was selected because here the population of the butterfly
had reached enormous numbers. Thus there was no chance of the parasite
failing to become established through lack of hosts. The parasites were not all
liberated at once; on the contrary, they were so managed as to be spread over
a considerable period of time. Liberating them in this manner, it was felt, would ,
ensure that some at least would find their host at a suitable period of development.
Extensive field surveys were subsequently made in the places where the bulk of
the liberations took place; small recoveries of the parasites were made in the
season of liberation and again 1n the following season, but since then no further
recoveries have been made in spite of the fact that large field collections of
P. rapac were made and reared. So it seemed that this introduction was a
faslure.
1 might say, as a possible explanatton of this failure, that 2 very large proportion
of the cocoons of Apanteles glomeratus recovered was parasitised by a hyper-
parasite, Expteromalus sp., which had been in the country pior to the introduction
of Apanteles. This, however, may not be the whole explanation of the failure
as 1 shall suggest another factor when I return to Apanteles glomeratus for a
moment before closing.

However the second insect introduced, the Chalcid, Preromalus puparum, a -
parasite of the pupal form, fared much better. It was first introduced from

arnham Royal in the summer of 1932—33. In the two consignments received
there were 509 parasitised pupae and from these almost 11,000 parasites were
liberated in the field. As with Apanteles glomeratus, a central point in Hawkes Bay
was selected at which the largest number of parasites was liberated. From a field
survey made towards the end of this season it was found that out of a total
of 415 butterfly pupae collected 58 per cent. were parasitised.

In the 1933—34 season further supplies of Pteromalus puparum were liberated
in the same locality These later hberations, however, could nrot at this stage
materially affect the position, as the parasite was already established and com-
mencing to spread outside the area where the initial liberations were made, and by
the end of this season it could be found at points at least 80 miles from the
nearest points of liberation 1In the field surveys made during March of this
same season, it was found that 89 per cent. of the 5,396 butterfly pupae collected
had been parasitised; at the same time the butterfly population fell to such an
extent that comparatively few were scen where in previous seasons there had
been myriads. In contrast to this, 1 other patts of New Zealand the butterfly
had been able to multiply unchecked, consequently it was very much in evidence
and large areas of crops were being destroyed.  For example, field collections
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made in the winter of that year in_the Manawatu district showed that of 32,450
pupae not one was parasitised The results thus far obtained in places where
P. puparum was established were so promising that work on laboratory breeding
and rearing was undertaken in order to establish it as rapidly as possible throughout
the country. To this end, large numbers of caterpillars were collected in the
field and confined on cabbages at-the Research Area at Palmerston North, and
the subscquent pupac were gathered and taken into the laboratory, where they
were kept in cool storage. During the winter they were parasitised by P. puparum
by means of a special technique devised for the purpose. The parasitised pupae
were subsequently kept in cool storage until the parasites were required for
fiberation in the following spring and summer. In the 1934—35 summer scason,
800,000 parasites reared in this way were liberated in colonies of approvimately
10,000 each at various places throughout the country.

Field collections of butterfly pupae were again made in 1934—35; in ail, some
24,000 were taken from the Manawatu, Wellington, Taranaki and Hawkes Bay
areas. The percentage parasitised varied from 73 to 100, the mean being 92.
The rise in percentage of parasitism duning the scason in districts where in the
previous year it was nil, coupled with a remarkable falling-off in butterfly popula-
tion density, was surely a good example of the effectiveness of the parasite,
In Hawkes Bay during this year, the host had been reduced to such small
numbers that pupae were few and far between and difficult to find.

Field collections of pupae were continued until 1937, Generally the percentage
of pamasitism was mamntained at a high level

Now to return to Apanteles glomeratus. 1t is interesting to note that it
was subsequently introduced into New Zealand from America, and seems to.be
doing much better than did the European strain 1In England, A. glomeratus
1s 2 very useful parasite of Pieris rapac but its main host is P. brassicae, and
possibly 1t needs this latter to develop its attack on P. rapae. Tn New Zealand
P. brassicae 15 not yet present and this possibly contributed to the failure of the
European stran of the parasite with us. In America P. brassicae is not present
either, but there on the other hand A. glomeratus is still a valuable, parasite of
P. rapae  So it may not be surprising that the American stram of A, ’g[omerams
which scems to have developed the ability to, do without P brassicae, has dane
better with us than has the European strain : ne

In the Domunion to-day we feel that the introduction of
has been of great importance to us  While we still have toi:::;”gﬁlr:c’:ég?“m
and the percentage of parasitism fluctuates so that t some areas the buneﬁ!s'
g£ains the upper hand now and again, the general overall efficiency of the parasit 4
in protecting the crucferous fodder crops of our cattle and sheep has mndcﬂi::

introduction of very great value to New Zealand farming.

Dr. L Prury: A paper on the biological control of thy
of Kenya has been circtlated, so 1 will only summari: i e ot mealybug
tion some points of peneral interest. v mafise this project and then men-

Firstly, T must say that it was a joint vork i i
M. Melvtl, and 1 were assosiated, Pt Of Work in which my colleague,

The mealybug was first noticed in Kenya i
v n d ya in 1923, when
oocumd on coffec m the Thika district. From here it spread :or:fxv:r:d xs(:)ac:
;:‘:o;?x‘ncil;:ng:i?cori slchrf ccmlrl:;l province including tmportant coffee areas ::‘r:d
ive s severity in the carly years
gf‘m‘lcd. the trim green rows of coffee hushes too often bcc;;rax: :}xl :frgrlgﬂb;{ e;.:g-
sticks, almost leafless, while whole areas of native creps became black and minlgfv
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. The insect was at first thought to be Pseud: citri, then Pseud,
lilacinus, an Oriental species, and many attempts at biological control, all unsyc-
cf:ssf.ul. were made. In 1934, however, it was recognised to be distinct from
lilacinus, and 1 described it in 1935 under the name Pseudococcns kenyae. A
search for parasites was then begun.in Uganda, Melville doing the collecting,
while T was at the receiving end. A large number of shipments of parasitised
mealybugs were made and nine species of primary parasites were bred: five of
them were put into large-scale production and liberated. All became established,
but one rapidly became the dominant parasite. A remarkable diminution “of
mealybug followed; expensive control measures in coffee were almost entirely
abandoned, and in the native reserves the clean-up was so complete that generally
the mealybug could only be found with difficulty. Limited increases, here and
there, now occur, which, from experience of other cases, is to be cxpected. In
this case, an indigenous injurious hyperparasite is present. On young sucker
growth on coffee, the mealybug sometimes increases, and search for additional
parasites in Uganda to look after this is planned.

The very ble result of the introduction has been virtually maintained
for nine years, and it can be stated that the parasites have been a remarkable
boon to European and native alike.

1 should like to mention some of the points of general interest. The insect
in Kenya is clearly an introduced species in view of its mode of spread and the
fact that it was almost entirely without parasites. On the other hand it has
all the signs of being an indigenous species in Uganda, where it maintains a great
complex of primary and secondary parasites. The barriers to its spread are
physical and ecological, physical like the mountain in Kenya and the lake in
Uganda, and logical such as the {a-g) zone, which for reasons not fully
explained, it does not penetrate. We therefore had a condition on a continent
comparable with the better-known cases where a continental pest has been trans-
ported to a real island

The crucial importance of taxonomy is evident in this instance, since the prob-
able solution of this biological control problem only became evident when the
insect had been correctly placed as an undescribed species.

The known primary parasites of the mealybug comprise one species each of
the genera L x, Ce h T Pauridia and Psendaphycus,
and four species of the genus Anagyrus. The dominant parasite is a species
morphologically indistinguishable from Arnagyrus Aiviensis, but apparently biologi-
cally different. It has all the attributes of an efficient parasite; it is vigorous.
hardy, adaptable, mates readily and is an excellent searcher. Alone, it can hold
the mealybug at a very low population level. This means that it must be able
to destroy a greater proportion of the host population when the density of the
host population is high than when it is low. otherwise it would not be a regulatory
factor.

Another parasite, Anagyrus beneficians, breeds very readily in the laboratory,
but cannot normally maintain itself on such a low population of mealybug as
the other Anagyrus, and this must be because it is not such a good scarcl}er. T_n
some conditions, however, it increases markedly and is the chief parasite; this
most often occurs in the less altered conditions of the native reserves.

These two parasites of the same genus may be considered to occupy slightly
different ecological niches, 1f this expression is used, not as a synonym for habitat,
but in the sense of Elton and refers to what the parasite is doing, its place or
role in the biotic environment. This can be taken to indicate that there is
advantage in introducing more than one parasite, even though one of them is
normally dominant.
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A word on insecticides, Biological control cannot replace spraying, which
will always be necessary in order to control many insects, but biological control,
which wé have only just begun to exploit, should be more and more used. It
will be necessary to reconcile these two methods of insect control. Personally
1 am not seriously worried about the effect of sprays on parasites. pl’OV'ldcd that
due thought is given to each particular case. We have for a long time used
arsenic and pyrethrum sprays on coffee without disturbing the biological control
of mealybug.” With DDT we may run into more trouble, but the occasional
use even of DDT may not prove entirely incompatible with parasitic control.

The ¢ase described has proved a very successtul case of biological control on
a continent, but we have also exported many parasites, and perusal of some of
the reviews of work submitted to this conference shows a good many pests for
which parasites, likely to be of value, exist in East Africa.

1 suggest that a very useful object would be attained by officially sponsored
work in the Commonwealth to study the parasites and predators of insects that
may not be pests 1n the country concemed. A wealth of data would thus accrue
that could be turned to advantage. The work would be one of reciprocity, each
country benefiting not so much from its own work as from the work of others.

Two last points.

(1) We need a permanent biological control station or sub-station in East
Afnca to exploit the beneficial insect fauna of East and Central Africa.

(2) We need many more workers and much more work on biological con-

trol, and for this I suggest that we should have a school in the United

Kingdom where, after graduation, students could get specialist training

in biological control, and where young entomologists would have the

in this very imp practical

of
branch of the applied field.

. Th;i CHatRMAN then called on Dr. D Miller to speak on the biological control
of weeds.

Dr. MitLEr: When plants are released by some means from one or more of
their controlling factors, they can become noxious to man. What all these con-
trolling factors are is by no means sufficiently known: they embrace many biotic
influences, some of which, such as diseases and insects. are obvious, and there
are also the physical conditions of soils and climates.

The needs of cwil bring about a set of conditions
releasing many a plant from its normal restramng influence.  This is often appar.
ent where the donunant natural plant cover has been rapidly stnpped and replaced
by extensive arcas of pasture that cannot be maintained owing to sparsity of human
population or to unswitability of climate, soil type, etc. in such deteriorating
pastures, uscless plants can enter into competition wath the plants ghat, in a normal

woul lead to a ion of the natural cover, so that
the natural vegetation suffers and a weed problem develops over extensive areas.
On the other hand, the position does not arise on arable land that is properly
managed and where human populations are denser; but even there, in cases of
neglect, the uscless plants take charge and become dominant.

Apart from this, the abnormal development of a weed estabhished .
able site can be intensified by the absence of controlling diseases :mdo ’:r;rg;'o |;rn
the othet hand. it can happen ‘that, even when such discases and insects are prcs'cnx,

they may have but Imtle influence because physi f
able to them than to the weed Physicat factors are being less favour:
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However, we are not concerned in this discussion with the whole aspect of the
weed problem, but only with the utilisation of phytophagous insects as controlling
factors. Mention has been made of plant diseases, but since there has been very
little study of them in relation to weed control, and since their behaviour is
frequently very complicated, it is extremely doubtful whether therc could be

i fi against infection of valuable plants by diseases that might be

used against weeds.

In several aspects, the control of weeds by means of insects parallels the biologi-
cal control of insect pests; but it is much more restricted in its scope, being involved
so deeply in phenomena, largely unknown to us, that govern the powers of host
selection by phytophagous insects. In this we are faced with possibilities, over
which we have no control, of some of such insects sooner or later extending their
host range to plants of economic value. Compared with this, any danger from
entomophagous insects is virtnally negligible and can be much more_readily
guarded against; on the other hand, we have now the expericnce_ of how incalcul-
ably valuable the biological control of a major weed can be without other hosts
being attacked—for example, prickly pear and St. John’s wort in Australia and
gorse and St. John's wort in New Zealand.

A review of the i of some phy us insects will reveal certain
features having a bearing upon the practice of biological control of weeds. Many
insects are polyphagous, many are restricted in their host range to one order of
plants, many to one genus, and others even to one species. With the polyphagous
species we have no concern for obvious reasons; but all of the others are of
interest, especially those confined to a specific host, in that they illustrate some
fundamental features.

Of insects that are restricted to a single species o_f p!ant, 1 havc_in mind the
blue-gum chalcid (Rhicnopeltella eucalypts), a Tasmanian insect established in New
Zealand where it is actually destroying throughout the country, over a period of
years, the Tasmanian blue gum (Eucalyptus globulus), but does not attack any
other species of eucalypt. On the other hand the various species of Eucalyplus
are attacked by the scale, Eriococcus coriaceus, the Chrysomelid beetle, Paropsis
dilatata, and the weevil, Gonip, Il 1 At species normal to
the hosts. The scale actually Kills the trees, especially the more susceptible
Eucalyptus globulus, but little harm is caused by the beetles except that the weevil
may cause a pronounced stunting of growth. These three insects are very common
throughout New Zealand but attack no other plant, except that the scale has been
found attacking apricot and the weevil apple, though so rarely and so slightly (hd::t
the habit is really an accidental one—virtually comparable to the case of a cicada
that oviposited in the leather of a shoe exposed to the sun. .

orntail borer, Sirex noctilio, thoroughly established in New
Zea’{::&i,i‘t‘{:cpléaguchh exotic conifers as Pinus radiata, P. austriaca, P. maunzlganlrcu:
and Larix decidua. On one c\cca;ign i't was found ovipositing bxlr:ttgg I:I,:hwc : ﬁm;;’ue d

i rrug without

E“é:g !({l’;\:l ‘:ﬁgrﬁﬁiré;] exotic conifers mentioned above have become hosts, though
the insect is now one of the most abundant in the country.

agous insects that are normally confined to one order, genus OF
spcc-l-;chs‘)g?}}ﬁ?]{tﬁf:y %:c occasionally found on other plants, and though it is usual
that they do not thus permanently extend their host range, lhc'rc are o;mslogs
when a new host preference permanently develops. This is well illustrated by th:
blueberry maggot (Rhagoletis pomonella) in the United States. In !Ihxs ;aslc (ﬂ
host range extended from blueberry to apple, and an apple race developed, “g'n
than that on the blueberry. Though no murpho!oglcal changes are aﬁpamm I‘S
the new race, the timing of the seasonal cycle 1s slightly different, and all attemp!
to transfer the two races to their opposite hosts failed.
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- The case of the blueberry maggot involved a new host within the same botanical
order as the original one; but instances occur where the new host js of a different
order, For example in England Plesiocoris rugicollis, which normally occurs on
willow, became a serious pest of apple somewhere between 1900 and 1910; as with
the blueberry maggot a variation m the seasonal cycle resulted. According to
Imms this Capsid can be artificially transferred from willow to apple and to other
hosts such as plum, but upder natural conditions it prefers to remain upon the
host on which the eggs hatched; it is also recorded that where infested willows had
their branches touching and intertwining with those of apple, no transfer took
place, I gather that this Capsid has always been a pest of apple in Scandinavia;
if this be so, then there is the possibility of there being an English and a
Scandinavian race which stimulates the thought that the appearance of the Capsid
of apple in England might have been due to the introductton of the Scandinavian
form, rather than to a change of host by the English form; under such circom-
stances, the issue might perhaps be further clouded by the interbreeding of the
two.

Also there is Paul Marchal’s work on the transfer of Ewulecanuum persicae
from peach to false acacia (Robinia prendacacia), the progeny from those that
survived on the new host throve thercon, but could not be brought to sexual
maturity when transferred to the original host. This leads up to the case of the
white scale, Diaspis pentagona, tecorded by Howard. This scale is a serious pest
of mulberry in Italy but infests peach, cherry and other plants in the United
States where it did not spread from an infested peach tree to a mulberry tree
although their branches interlocked. Finally we can note Pictet’s statement that
Lasiocampa_quercus was known on the leaves of oak and of certain shrubs in
the time of Linnacus, but now attacks a number of trees: and that of two varieties
of this species, callunae in Scotland prefers heather, and roboris in England
Quercus robur.

The foregomng will briefly illustrate that there are possibilities of extension of
host range by phytophagous msects normally restricted in their preferences.
Although it is the rule rather than the exception for insects with a restricted
host range to adhere to that range, the possibiliies of some insect permanently

its food cannot be and 1t is just such possibilities
that present a weakness in the utilisation of insects against weeds. The attitude
of Tmms toward such types of insects 1s that **They are, however, far too few
in number to warrant any general deductions to be drawn thercfrom. and it by
no means follows that i would ily result with a vast
number of other insects ™ With that view onc agrees, and there is ample evidence
in support of it, but when it comes to the deliberate use of insects against weeds,
one realises the need for a deeper knowledge of the many factors influencing
insect behaviour

Nevertheless, though no absolute guarantee can be prven of the ultimate
behaviour of phytophagous inscets, the benefits to be derived from sheir successful
use are of incalculable value, as has been proved, and the danger from their use
can be minimised by studying the insects under rigid tests  The general principles
to follow m any scheme for the control of weeds by insects are: -

(1 In the case of alien weeds, their insect inhabitants should be
and studied in the natural habitat of the weeds, or even in nc\\dhnbif;,tlgmll!ﬂ;
weed be indigenous, then a search should be made of the insect inhabitants of
allied weeds 1n other countnes.  From these insects should be sclected only those
restricted 1o the order to which the weed belones where no valuable plants of
that order would be endangered: if there should be such plants then only insects
specific upen the weed should be considered. y
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However, we are not concerned in this discussion with the whole aspect of the
weed problem, but only with the utilisation of phytophagous insects as controlling
factors, Mention has been made of plant diseases, but since there has been very
little study of them in relation to weed control, and since their behaviour is
frequently very complicated, it is extremely doubtful whether therc could be
sufficient safeguards against infection of valuable plants by discases that might be
used against weeds.

In several aspects, the control of weeds by means of insects parallels the biologi-
cal control of insect pests; but it is much more restricted in its scope, being involved
so deeply in phenomena, largely unknown to us, that govern the powers of host
selection by phytophagous insects. In this we are faced with possibilities, over
which we have no control, of some of such insects sooner or later extending their
host range to plants of economic value, Compared with this, any danger from
entomophagous insects is virtually negligible and can be much more_readily
guarded against; on the other hand, we have now the experience of how incalcul-
ably valuable the biological control of a major weed can be without other hosts
being attacked—for example, prickly pear and St. John's wort in Australia and
gorse and St. John’s wort in New Zealand.

A review of the t i of some phytopl insects will reveal certain
features having a bearing upon the practice of biological control of weeds. Many
insects are polyphagous, many are restricted in their host range to one order of
plants, many to one genus, and others even to one species. With the polyphagous
species we have no concern for obvious reasons; but all of the.others are of .
interest, especially those confined to a specific host, in that they illustrate some
fundamental features.

Of insects that are restricted to a single species of plant, I have in mind the
blue-gum chalcid (Rhicropeltella eucalypti), a Tasmanian insect established in New
Zealand where it is actually destroying throughout the country, over a period of
years, the Tasmanian blue gum (Eucalyptus globulus), but doe; not attack any
other species of eucalypt. On the other hand the various species of Encalypius
are attacked by the scale, Eriococcus coriaceus, the Chrysomelid beetle, Paropsis
dilatata, and the weevil, Gonip 1l Il Australian species normal to
the hosts. The scale actually kills the trees, especially the more susceptible
Eucalyptus globulus, but little harm is caused by the beetlgs except that the weevil
may cause a pronounced stunting of growth. These' three insects are very common
throughout New Zealand but attack no other plant, except that the scale has been
found attacking apricot and the weevil apple, though so rarely and so slightly that
the habit 1s really an accidental one—virtually comparable to the case of a cicada
that oviposited in the leather of a shoe exposed to the sun. .

orntail borer, Sirex noctilio, thoroughly established in New
Zea’llzrlled,]i‘t’t?ciesa?ug’h exotic conifers as Pinus radiata, P. austriaca, P, maulél:r;rcu{.;
and Larix decidua. On one c‘cca§iﬁn it was found ovipositing l::t(l::,) riil:ver ; 1;:1 ‘abi 4
i i without .

x;‘; ((}}1’:: lt’l‘x.g'ﬁzfu;al exotic conifers mentioned above have become hosts, though
the insect is now one of the most abundant in the country.

ophagous insects that are normally confined to one order, genus or
spec’Ii'el;o:fgl;)E:’:x}t’tany %ae occasionally found on other plants, and though it is usual
that they do not thus permanently extend their host range, there are occgsmEs
when a new host preference permanently develops. This is well illustrated by thc
blucberry maggot (Rhagoletis pomonella) in the United States. In this caslc the
host range extended from blucberty to apple, and an apple race developed, larger
than that on the blueberry. Though no morphological changes are apparent 1';1
the new race, the timing of the seasonal cycle is slightly different, and all attemp
1o transfer the two races to their opposite hosts failed.
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The case of the blueberry maggot involved a new host within the same bq\nniml
order as the original one; but instances occur where the new host is of a different
order. For example in England Plesiocoris rugicollis, which normally occurs on
willow, became a serious pest of apple somewhere between 1900 and 1910; as with
the blueberry maggot a vadation m the seasonal cycle resulted. According to
Imms this Capsid can be artificially transferred from willow to apple and to other
hosts such as plum, but under natural conditions it prefers to remain upon the
host on which the egas hatched; it is also recorded that where infested willows had
their branches touching and intertwining with those of apple, no transfer took
place. 1 gather that this Capsid has always been a pest of apple in Scandmavia;
if this be so, then there is the possibility of there being an English and a
Scandinavian race which stimulates the thought that the appearance of the Capsid
of apple in England might have been due to the introduction of the Scandinavian
form, rather than to a change of host by the English form; under such circum-
stances, the issue might perhaps be further clouded by the interbreeding of the
two.

Also there is Paul Marchal's work on the transfer of Ewlecanium persicac
from peach to false acacia (Robinia pseudacacia): the progeny from those that
survived on the new host throve thereon, but could not be brought to sexual
maturity when transferred to the original host. This leads up to the case of the
white scale, Diaspis pentagona, recorded by Howard. This scale is a senous pest
of mulberry in Italy but infests peach, cherry and other plants in the United
States where it did not spread from an infested peach tree to a mulberry tree
although their branches interlocked  Finally we can note Pictet’s statement that
Lasiocampa_quercus was known on the leaves of oak and of certain shrubs in
the time of Linnacus, but now attacks a number of trecs; and that of two varieties
of this specics, callunae in Scotland prefers heather, and roboris in England
Quercus robur.

The foregoing wiil briefly itlustrate that there are possibilities of extension of
host range by phytophagous insects normally restnicted in their preferences,
Although it is the mile rather than the exception for insects with a restricted
host range to adhere to that range, the possibilities of some tnsect permanently

ing its food cannot be and 1t is just such possibilities
that prescnt a weakness in the utilisation of insects against weeds. The attitude
of Imms toward such types of insects is that “They are, however, far too few
in number to warrant any general deductions to be drawn therefrom, and it by
no means follows that i would ily result with a vast
number of other insects.” With that view one agrees. and there 1s ample evidence
in support of it but when 1t comes to the deliberate use of insects against weeds,
one realises the need for a deeper knowledge of the many factors influencing
insect behaviour

Nevertheless, though no absolute puarantec can be gien of the ultimate
behaviour of phytophagous insects. the benefits to be derived from their successful
use arc of incalculable vatue, as has been proved. and the danger from their use
can be mimmised by studying the insects under rigid tests. The genera) principles
to follow in any scheme for the control of weeds by insects are: —

{1y Tn the case of alicn weeds, their insect inhabitants should
and studied in the natural hahitat of the weeds, or even in new h‘?\cbix(“s?m!:e;
weed be indigenous, then a search should be made of the insect inhabitants of
allied weeds in other countrics. Trom these insects should be selected only those
restricted to the order to which the weed belongs where no valuable plants of
that onder would be endangered: if therc should be such plants then only insects
speclic upon the weed should be considered. :

(34



(2) In the botanical relationships between the weeds in question and plants
of economic value, it is assumed that the more isolated a weed is botanically the
less danger there should be of the insects restricted to it becoming a menace to
other plants. The thought arises, however, that botanical isolation need not
necessarily be a barrier in that a botanically unrelated plant could_in some way
be found palatable 10 an insect of specific host range; one aspect 1 have in mind
of such a possibility is that a hitherto resistant plant might become palatable as an
unexpected outcome of plant breeding. -

Besides botanical isolation and unpalatableness as barriers there are others.

or. iple, there are morphological barriers in the case of the gorse seed weevil,
Apion ulicis; it breed_s in the pods of gorse and occasionally of broom, and tests
with other legumes, including native New Zealand ones, showed that it was not
interested in them, or if so, then the structure of the pods prevented oviposition.
Again with sawfly, Antholcus varinervis, imported from Chile for use against
species of Acaena m New Zealand; the sawfly endeavoured to oviposit in the
leaves of strawberry, but was prevented from doing so by the leaf vestiture,
which would not allow it to reach the leaf surface. Furthermore,-there can
be seasonal barriers, as also llustrated by Antholcus varinervis, the adults of which
emerge and oviposit in mid-winter when there are no valuable Rosaceae in leaf
but strawberry. .

(3) Tt sometimes happens that though there may be no related crops of
economic value, there are often many closely related ornamental plants; the latter
are of very great value in any country, and when it comes to a decision between
them and weeds of major agricultural importance consideration must be given
as to what is the greater evil—the uncontrolled weeds, or the infestation of
ornamental plants by the insects used against the weeds. For example, the
insects used against St John’s wort will most likely attack garden species of
Hypericum, and we lib d Tyria jacob, against ragwort in New Zealand
even though 1t attacked cineraria. In both these cases, however, the insects are
leaf-feeders and could be readily controlled on garden plants by means of insecti-
cides If stem-borers were involved, their control on garden plants would be 2
much more difficult matter.

(4) Another feature that should not be overlooked is that, although there
may be no plant of economic value likely to be attacked in the country when
an insect is established against a weed, the time may come when it is to the
advantage of the country to import and develop such a plant.

(5) When the biological control of weeds and of insect pests is being under-
taken in one country, it can happen that the imported entomophagous insects
.attack the imported phytophagous ones; this position actually arose in New Zealand
when consideration was being given to the importation of a’certain entomophagous
insect the hosts of which included species closely related to one of the species
being used in weed control. On the other hand, indigenous parasites do artack
and curtail the of imported phy species, as has happened for
‘example in Australia and New Zealand.

(6) Every insect imported for weed control must first be studied in the
field and by starvation and preference tests in the laboratory in relation to
economic crops similar to those in the country whence it is intended to send the
insect, and these tests must be repeated, not only on the same planis but 2lso on
likely indigenous ones, in the new country, and under strict quarantine, before
liberation can be considered.

An illustration of the necessity to duplicate the tests in the country into which
an insect is imported is afforded by our experience with Coroebus rubi whigh was
brought to New Zealand for use against blackberry (Rubus fruti ); di
of the research under quarantine bore out the European observations that the
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larvae destroyed the blackberry canes by tunnelling in them and did not attack
any other plant except certain roses; but further tests with the beetles revealed
that apple foliage was readily acceptable to thenn.

Such work under quarantine very often presents considerable difficulties, since
special insectanes and cages are required and have to be covered with gawze,
often of such a mesh as to exclude a large percentage of light and to reduce the
temperature percepbly. Though some inscets and plants respend readily enough
10 such conditions, others do not. For example, in Apion Mlicis the gonads
remained undeveloped until a special ine cage, admitt e i
sunlight and ventilation was designed and put into operation; also with Coroebus
rubi not only did the host plant fail to thrive, but also the beetle could not
be prevailed upon to oviposit until subjected to artificial light.

(7) 1t is hardly necessary to mention that every care must be taken to
eliminate parasites of phytophagous insects used in weed control. *

The foregoing 1s merely a general picture of the situation. There is no doubt
that the insect control of noxious weeds can be a powerful asset, as has beeq
proved by experience. 1If T have tended to stress the possible dangers arising
therefrom, it is because we must consider these things.

The CuarMaN sard that this had been an extremely interesting group of
papers.  The progress was encouraging but there was a need for more workers,
more taxonomists, more means of training, and more co-operation, cspeciallv
with people using msecticides He would add particularly the need for mori
fundamental study of equilibnum. He had been greatly ‘interested in Dr. 1e
Pelley’s remark that he might have some parasites useful in Australia, .

With regard to weed control, he referred to the importance of iti

in which the inscct might be a {ngger mechanism.  In FEji. Cidopns phcstel
occupying almost all the cleared areas because 1t was taking all the light fmas
other plants. It was reported, from observations 1n the West Indies, that an in: o
would be useless, as plant competition only was mvolved in restricting its a!':uudas\;m
there. H. W. Simmonds introduced a theips from Trinidad before thiy s
came in. The thrips swept through Fiji and wiped out the weed except at the ed,

of forest because. though it caused only inconspicuous damage to i, jt slowsg:s
down its growth so that other plants dominated 1t. ’ vod

Dr W H TioreE said there were two important poi

A ints to consi i
determiming the safety of wntroducing msects to attack plants, msider. in

(@) It is 1mportant to test phytophagous insects on possib] i
hosts 1n_large numbers to discover individual pm%leclig:;hcr'r“fame
ference from onc host to another 1s usually brought about by sc.ns~
selection  1f any individuals show predilections they should be ;m

from 1o sec if a stramn with a new host-plant relationship ruul{scd

. (¥ Transfer of all possible stages of the insect to the new plant sh }

tested: 1t is not sufficient to ascertain only whether it will nvi;&!;dt
on 1t.

Dr. Mutsr saud that these were the detailed principles of th .
he teferred  Tests were made over a long penod of years inell:f‘zol: which
ofigin and 1 New Zealand to include large numbers of all stages. ey of
. Dr V. B. WiceLesworni, refernng (o Dr. Le Peller
ing of biological control in the United Kingdom, thought that binlng‘?ge teach.
was s0 broadly based that the most uscful contribution of eatomgiE ol COnlrol

was to provide a very broad concept of entomaol i inozieal schools
taxonomy, physiology, ccology, etc. P ology, including training iy

y's plea for
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Dr. L PeLLEY agreed with the teaching outlined, but with the addition
of somgthmg more. He had in mind something in the nature of what was
now being done in Canada at the Bureau of Biological Control-—~post-graduate
training of people in the actual job such as the 50—~75 students mentioned by
Mr. Baird in Canada. It would be good if there were 100 or so in England.
More workers were needed and would be got if, after general training, they
could go where work on biological control was proceeding and thus could get
experience with it. .

Dr. Hem Singh PrutHt referred to Mr. Baird’s suggestion that workers
§hou]q keep the Burean of Biological Control in Canada informed of projects.
in which they were interested, and himself suggested also that the Burcau should
keep others informed—he had heard nothing of its work for seven years. He
recommended that the subject should be discussed at a business meeting.

The CHAIRMAN said that it would be brought up at a business meeting.

Mr. Bap supported Dr. Pruthi’s recommendation and said he wanted to
correct the impression that 75 students were all working on biological control.
The nearest to a school of biological control was at Riverside, California,
under Professor H. S. Smith. There was also 2 course at Ohio University under
Professor A. Peterson

Di ion: Estimation of Insect P jons in the Field

The CHAIRMAN asked Mr A H. Stnckland to open the discussion

Mr. STRICKLAND: When I asked Dr. Hall for some advice on how to open
this momning’s discussion, he replied that 1 should aim at the general aspects
of the subject rather than concentrate on one specialised problem, and added
that he hoped it would not be necessary to bring too much mathematics into
it! I can assure you here and now that, although all census work must be
based on statistical methods, I intend to leave this branch of the subject to
those much better qualified to deal with it. In pomnt of fact I intend to devote
the next fifteen minutes to a rapid survey of the methods at present in use
for* collecting imsects on a quantitative basis in the field—I wish I could say
“in general use”, but it 15 a regrettable fact that many improved methods do
not seem to be in general use solely because they have not been widely
publicised. At the end of this time I trust that you will agree with me that
many insect census techniques in use at present do not give particularly accurate
—or even adequate—estimates of the numbers of insects concerned, and it is
to be hoped that a certain amount of standardisation, and perhaps even the
evolution of more accurate methods, will result from this discussion.

From the start T should Jike to make four points quite clear.

First, from the ltural dpoi pulatic im 1 i
to be absolutely accurate so long as the technique in use gives a valid estimate
of insect numbers in relation to economic damage. It is, however, often im-
possible to evolve a reliable rapid survey technique until fundamental work
has been done on the relative efficiency of the various possible methods.

Secondly, it is generally of little value, in fact a waste of money, to carry
out insect census work without a fairly detailed preliminary study of the biology

and habits of the species conterned.

may not have
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Thirdly, in several cases of which 1 am aware, published results on popula-
tions have proved of little value because subsequent, or even earlier, work has
shown that, although the sampling method was quite adequate, the insects were
ot “extracted ” from the plant material with suflicient care. For example,
thrips and mites on leaves cannot, surprising though it might seem, be accurately
counted with the naked eye.

Fouribly, from a perusal of the available lterature it is clear that io-
accurate methods have remained in use for comsiderable periods after much
improved techniques have been published. To try to prevent this in future, I
have compiled a fairly ive list of the liter. on the subject, and
anyone who so desires is at liberty to take a copy of it for future reference.

1 want now to review briefly those census techniques of particular interest
to the medical and veterinary entomologist. The first point of criticism 1 want
to make concerns the standard dipping procedure for d: o
mosquito larvae. This method, of course, does not give a result based on the
area sampled, and two Americans have recently produced a rather improved,
though (as they themsclves say) time-consuming, method whereby an actual

estimate of population referable to area and volume can be obtained. This
scems a definite advance. Hockings bamboo pot technique 1s also of interest,
particularly for worh on domestic mosquitos. Siphomng water from tree holes
scems quite adequate.

With regard to adalt mosquitos, there seem to be a number of good trap
techniques available, though the possibility of phototactic fatigue must be con-
sidered m relation to light traps of the New Jersey type, and personal factors
are Iikely to enter into investigations based on the rate of landing on individual
people.

With regard to “other blood-sucking Diptera ™, Jackson’s marking technique
for tsetse flies seems to have been worked up to a reasonable degree of accuracy—a
remarkable degree, in fact, when the apparently low density (3,000 per square
mile) of the flies is considered. Visual recording of flies settling on bait ammals
seems open to cnticist, particularly in the hight of Lawson’s recent article in
Nature, m which he peints out that blhinking atone is responsible for defective
vision 20 per cent. of the time in people with the average “J™ type sight.

There 15 now, apparently, a standardised bait trap for screwworm and blowfly
adults in the southern United States, and more uniform census results are being
obtawned as a result

In considering census work on pests of agncultural crops, 1 wul start with
those that attack field crops above ground.
Tor relatively sessile, or stem and leaf boring. species on_graminaceous crops
there 15 Little difficulty m obtawning a good population estimate by using any
of the plant count and the selected plants
+m the laboratory. The active species are not quite so casy to estimate. Sweep
nets have been widely used to collect active msects from grasses and field and
truck crops generally, and Romney has recently carried out a comparative test,
ustng two sweep-nct methods and a Hills cylinder trap, for estimating lcaf.'
hopper populations in the United States. He has concluded that the Hulls
cylinder gives better results than cuther sweep-net method, and produces evi.
dence to indicate that wind velocity and air femperature are sources of erro;
that partly account for mconsistent sseep-niet results,  Another method, cvolvec;
in America by Delong nearly 20 years ago. consists of spreading 3 sheet ove,
the ground and then spraymg the plants 10 be sampled. The actine insects dre >
dead on the sheet and can be collected and counted.  With Apt o

field crops, Jacob has recently pointed out \hw’ﬁm\:ﬁ%‘l‘ﬂbﬁtg"gﬁag
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three leaves, from the base, middle, and top, of each -plant, if necessary taki
fewer plants per field, than the standardised 100 leavgs pe’r field at a) r:t::“égf
one per plant.

There afe one or two extraction techniques that deserve mention: Gaines
extracts thrips fro_m young cotton plants by means of a Berlese funnel, and
Le Pelley has devised a good method for the accurate extraction of thrips from
coffec leaves. Newell, in the States, has likewise evolved a technique for
extracting web-spinning mites from apple leaves.

. Tree crops present rather different and considerably more complex problems.
First, it is not easy to take a truly random sample of tree foliage or branches
_unless a step-ladder is available; secondly, step-ladder work is unsatisfactory in
closed-canopy orchard crops because the operator often has difficulty in deciding
to which of two or three trees a given twig or leaf beloags; and thirdly, the
clatter associated with the erection of a step-ladder is likely to frighten many
actively motile species away to less disturbed surroundings. So far as sessile
insects are concerned it seems that a random sample of leaves, twigs, or fruit
can be taken sati ily from a step-ladder, though I have found that the
of

only reliable method for esti p f lybugs on cacao (at &
density of about 40,000 per acre, or 70 per tree) is to fell the trees and examine
each part minutely with a hand lens. It is obvious, however, that such a technique
could hardly be applied on a large scale to valuable stone-fruit trees—and neither
would it be necessary if the insects occurred in terms of millions, rather than
thousands, per acre, There appear to be almost insuperable difficulties in obtain-
ing an accurate census of active msects of low density on tree crops, and I am
hoping that somebody here today will come forward with some bright ideas on
the subject. K

Considerable advances have been made in recent years in methods for
estimating soil fauna, partly due to the Ministty of Agriculture’s wartime wire-
worm surveys. The di iated with soil work are threcfold.
First, the size and frequency of the unit sample must be agreed upon, and this .
of course will depend on the size and density of the insect species concerned.
Secondly, there are the probl iated with ing the insects from the
soil sample; for survey work an extraction technique that is as efficient with
wet clay soils as 1t 15 with light loams or sands must be used. Thirdly there
is the difficulty of counting ly the mi such as Collembola an
Jaryal acarines. In brief, Berlese or Tullgren funnels can be used for extracting
microfazna from light soils and from litter, but 2 “wet” method, such as that
of Ladell, or the Salt-Hollick modification, should be used where a diversity of
soil types has to be sampled, and where accurate figures of soft skinned micro-
arthropods are not of paramount tnterest.

Finally, I would pomt out that the bait and ljght trap methods r:f;ned to
in the Medical and Veterinary section are also'm‘ use for purcly agricultural
pests and also (in case_anybody present is ly ¢
work), that net traps for Iarge insects and adhesive traps for small insects probably
give a better mdication of true density than light or attractant bait traps that are
only efficient over a limited area and which depend on sensual reactions on the
part of the insects concerned.

Refore the discussion begins, I should just like to indicate the subjects that
1 personally would like a lot more information on. First, what proportion of an
insect population should be included in a sample to obtain a valid estimate of
density, seasonal fluctuations, and gross population? Sccondly, are there anyr
reliable methods for estimating populations of active insects on trec <rops?
Lastly, can estimates of economic damage be used as a valid index of fluctuations

in pest populations?
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The CHAIRMAN said that Mr. Strickland had given a very interesting outline
of a complex subject of enormous importance to economic entomologists. Essen-
tially, the ultimate problem was reducing an over-large population to a suffi-
ciently small one. Tts solution must begin with a study of the bionomics of the
inseet concerned, and the adoption of a method of sampiing its population adapted
to its biology.

Dr. R, H. Lt Perrry outhned a few methods that he had used. To ascertain
the size of a local population of Antestia on coffee, a trec was covered with
cloth and sprayed with a d extract of p the insects dropped
to the ground and were counted. For chafer grubs, the method was to dig up and
examine 2 square yard of soil. This was too laborious for most people, but
pethaps a grab might be used. Flymg 1nsects were caught in a net that was
attached to the wing of a car and led mto a bottle. It sampled as many miles
of air as the car was driven through, but a-flow movements would affect the
catch. A second method was the use of a trap with nets on two or three rotating
arms,

Dr. A. E. Camrron described recent work with Ceratopogonuds, Simuliids
and Tabanids w2 Scotland. Trap boxes served to ascertain breeding places of
Ceratopogonids, but it would be difficult to comvert numbers taken mnto popula-
tion per acre because of extreme variability between boxes only 23 feet apart. 1t
was impossible to estimate adult populatiens.

Simulud larvae were easily found n commumtics attached to vegetation or
stones in streams. but vanabihity was again a problem. Spates caused shiftiug
of the population, washing the larvac from the pnmary sutes (those attractive to
adults for oviposition) to secondary sites at a distance,

It was impossible to estimate populations of Tabamds from the numbers of
adults round hosts. Their activity was confined to a short season and depended
on weather. Fairly accurate population estimates could be obtained from breed-
ing places in mid-western Canada, where they were restricted, but not 1n Scotland,
where they were more dispersed.

Dr. D. L Gousw supported Mr  Strickland’s emphasis on the necessity for
Anowledge of the behaviour of the ammal, and also asked what he meant by
* phototactic fatigue™  There were always complications when traps were used.
Individuals of photopositive antmals vanied 1n the degree of their reaction to Iight
in the laboratory, and hght-trap samples in the field probably vaned cvery time
the trap was used, the difference 1n catches on moonlight and moonless nights
was well known  Catches of red locusts obtamed by fingtng a net over them
were much affected by temperature.  Early i the mormsg many fell to the
ground and were lost i the grass, but if the temperature was a few degrees
higher, most flew away and a smaller proportion was caught. It was therefore
1mportant to study a sampling method before 1t was used

. Dr K. B. La said that 1 esumaung msect populauons m the field, 1t was
important to decide the right stage to study and period of day to do the work,
and to ascertain whether the population was homogencous and allow for ir(cgu:
lanues it 1t In estimating numbers of Pynlla perpusiia on sugar-cane, it was
sometimes casiest to count only the eggs for the assessment of future populations,
Tt was mmportant to sample populations of the mango hopper (Idiocerus spp)
during the hottest part of the day. when most of the adults congregated on
tree trunks, branches and Jeaves in the shade. Populations of Aphids in 5
mustand ficld mught sary from centre 1o edge. It was sometimes desirable
Girst to estimatc populations by a comparison of methods, and then choose the
most convement if several agreed  Methods compared by him in work on coum;
Jassids (Empoasca devastans) m the Punjab comprised sweeping; counting nymphs
on plants sclected at random. placing leaves from different parts of plants jn
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cellophane bags and counting nymphs and adults on them: caring
plan}s with light metal cones, furgiggling them with calcium .c;::jd?;;gn:ou\f;%e
the jnsects that fell on 1o sheets beneath them. The assessment of popu]alioni
was important for cvaluating the intensity of pest attack, though there were not
necessarily reliable r between population and damage at any one
‘l‘l’[!'l;]et;. The lactual damage caused was sometimes acceptable for determining
hy eacomro was necessary, as in the case of the number of dead hearts caused
Ay sugar-cane borers, but|1t‘mxght not be suitable for estimating populations.
of insect p should be based on the habits of the specics

concerned. For an agricultural entomologist, it was important that methods
chosen should be practicable, quick and reliable.

Mr. J. W. McHaRDY cited observations on the swede midge, which has 2--3
generations a year in Britain, to show that damage cannot always be taken as an
indication of population. Attack early in the season reduced the eventual weight
of the “ bulbs ™ considerably but late attack did not. Thus loss of weight might
indicate either a small early population or a large late one.

Dr. D. W. WiLLiaMs discussed the difficulties of estimating populations of
stored-product pests, especially in imported cargoes. These were multiplicity of
species, uneven distribution, presence of flying and non-flying insects, and insects
within and between the grains. Populations were largest at the top and bottom
of the bulk.

In a cargo of 7,000 tons of marze from South America, numerous samples were
taken by sieving and 972 insects found in 70 Ib. (mostly Tribolium castaneum);
on incubating 18 Ib. to breed out insects inside the gram, a further 563 insects
were This ind d a population of more than seven hundred million

in the 7,000 tons of maize, which was a moderately infested cargo.

Dr. C. G. JoHNSON said that an estimation of a population of insects in the air
hy sticky traps or nets would be affected by the amount of air that passed the
net or trap; the trap or net would be more efficient at higher wind velocities
than at lower ones. This had been at Rott d by the use
of a suction trap with a fan that revolved in a horizontal plane and sucked down
air at a constant rate at all relevant wind velocities.

The problem of estimating dense populations of insects on plants (e.g. the bean
aphis) was met by washing the insects from the stems with a solution of detergent _
and stirring them up in a known quantity of water. A statistically satisfactory
number of samples was run off during the stirring process, and this enabled the
total number of Aphids 1n the suspension to be calculated within known limits of
error. The method depended on the fact that the numbers obtained in the
samples fall into a Poisson series where the mean is equal to the variance.

He asked whether the difficulty, raised by Mr. Strickland, of how to decide
on the size of a field sample could be approached in this way. .

Dr. F. L van EMDEN said that in making net catches, weather conditions
should be registered, as only catches made under similar conditions were com-
parable. Movements of insects that migrate ac(nvcly must pe _consldercd; ﬂl\.ls
the onion fly might occur on flowers near an onion field while it was absent in
the field jtseff.

Mr. STRICKLAND said that Dr. Le Pelley’s method of covering trees with shects
to estimate populations of active insects could be used in organised orchards,
but would be difficult in a closed canopy crop. He was thinking pnmcularly .
Capsids on cocoa trees in West Africa, under conditions resembling natural

itated t late catches of C ids in box traps
xpressed as density per something for

. st. Dr. Cameron h o

Innsity per acre but they must be e

~e of comparison. . ke Bulltin of
expression “ phototactic fatigue ™ came from a paper in the Bulletin of
3 x"v:a] _Rescug'}" “(F. ArSquire, Bull. ent. Res,, 34 pp. 113-116, 1943.)
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MecTing: Tuesday, 27th July, 10.30 a.m..
i Chairman: Professor J. W. Munro
Discussion: Deselopments in the Control of Stored Products Iosects

The CHAIRMAN said this was the first occasion on which stored-product pests
shad figured on the agenda of an Imperial or Commonwealth Entomological Con-
ference. 1t was a smgn of the times that this branch of entomology, so long
neglected, was now being studied.  He called on Mr. F. N. Rateliffe to open the
discussion. .

Mr. RatcLiFFe: 1 am going to confine my remarks to wheat, the only com-
modity about which 1 am competent to speak. The problems of other grains are
probably not essentially dissimilar; and of course wheat is more important than
the rest put together.

In dealing with wheat infestation, we are not up agamst the insects themseles
so much as the conditions of bandling and storage that blunt the entomologist's
weapons and cramp his style. This apphies to many aspects of pest control; but
to none, 1 think, more than this one.

Fumigation stdl remanms the only generally practicable means of dealing with
\an established infestation, but in a country not well equipped with closed-bin
Tilos, the fumigation of big parcels of wheat 15 no easy matter. In Australiz we
were driven to crect gas-tight walls around huge bag stacks—a cumbersome
process—and 1o construct a special 5110 at one of our ports. Bag stack fumigation
and treatment 1n this speeal slo, were regarded as last-resort measures.

Mineral dusts, which have been mtensively studied during recent ycars, and
which can protect gram from infestation, are not suitable for treating bulk wheat
because they create bad working conditions. Their application to bagged wheat
involyes immense labour—brealing stacks, cutting bags, muxing, rebagging, re-
stacking, They have been used, however, to a himited extent, at any rate in
Australia, for the surface treatment of heaped bull wheat, and for farm-stored
grain sorghum in Queensland.

The exploitation of DDT and BHC against grain insects 1s severely limited
by the prevalent fear of their toxicity to human bewngs.

Thus, when you survey the field and spothight the measures that are actually
employed 10 practice on any scale, you are forced to the conclusion that recent
technical advances in the control of stored-wheat pests are not stanling. Most
of the infested wheat that has been treated has been fumigated with materials that
have been known and used for years, for example, Cyanogas.

This of course is a one-sided picture, and takes no account of interesting minor
devclopments and the mass of useful background work that has been carried out.
I have drawn 1t dehiberately, to emphasise what I consider the most important
development of all, the organisarion of the attack on the wheat infestation problem.
It is ponmanly because we are up against conditions of handling and storage as
much 25 the pests themselves that the i is $0 j int—that the gap
berwcen laboratory rescarch and practical application is so wide. You may think
that you have a sufficient knowledge of wheat handling, and enough imagination
to make senssble recommendations from the lab; but I know from personal
experience that when you mose from the 1ab to the conference table, and have to

vsuc controt xg\clasure_sl bn%zinstrlhc background of transport and labows

roblems, commercial svailabiliy o ials. Al i
su‘lmnt otla. y of materials, ou move into a
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concerned. For an agricultural entomologist, it was important that method:
chosen should be practicable, quick and reliable. )

Mr. J. W. McHARDY cited observations on the swe i i
generations a year in Britain, to show that damagi z:ngglggg?svg:?;kléfag al::
mdication of population. Attack early in the season reduced the eventual weight
pf ghe " l?ulbs  considerably but late attack did not. Thus loss of weight mi‘g’hl
indicate either a small early population or a large late one,

Dr. D. W. WiLriams discussed the difficulties of estimatin

¢ ssed g populations of
stored-product pests, especially in imported cargoes, These were l;]\?ltiplicity of
species, uneven distribution, presence of flying and non-flying insects, and jnsects
;Vflltlkl]l:b«’:ﬂg between the grains. Populations were largest at the top and bottom

In a cargo of 7,000 tons of maize from South America, numerous samples were
taken by sieving and 972 insects found in 70 1b. (mostly Tribolium castaneumy;
on incubating 18 1b. to breed out insects inside the grain, a further 563 insects'
were obtained. This i da ion of more than seven hundred million
in the 7,000 tons of maize, which was a moderately infested cargo.

Dr. C. G. JoHNSON said that an estimation of a population of insects in the air
by sticky traps or nets would be affected by the amount of air that passed the
net or trap; the trap or net would be more efficient at higher wind velocities
than at lower ones. This di had been at Rotl d by the use
of a suction trap with a fan that revolved in a horizontal plane and sucked down
air at a constant rate at all relevant wind velocities.

The problem of estimating dense populations of insects on plants (e.g. the bean
aphis) was met by washmg the insects from the stems with a solution of detergent
and stirring them up in a known quantity of water. A statistically satisfactory )
number of samples was run off durmg the stirring process, and this enabled the
total number of Aphids in the suspension to be calculated within known limits of
error, 'The method depended on the fact that the numbers obtained in the
samples fall into a Poisson series where the mean is equal to the variance.

He asked whether the difficulty, raised by Mr. Strickland, of how to decide
on the size of a field sample could be approached in this way.

Dr. F. I vany EMbEN said that in making net catches, weather conditions
should be registered, as only catches made under similar conditions were com-
parable. Movements of 1nsects that migrate actively must be considered; thus
the ﬁonion ﬂl}, might occur on flowers near an onion field while it was absent in
the field itself.

Mr. STRICKLAND said that Dr. Le Pelley’s method of covering trees with sheets
to estimate populations of active insects could be used in organised orchards,
but would be difficult in a closed canopy crop. He was thinking particularly
of Capsids on cocoa trees in West Africa, under conditions resembling natural

Dr. Cameron hesitated to translate catches of Ceratopogonids in box traps

forest.
to density per acre but they must be expressed as density per something for

purposes of comparison.
The expression “phototactic fatigue » came from a paper in the Bulletin of
Entomologica] Research. TF. ﬂr:Sq!Lirc, Bull. ent. Res., 34, pp. 113-116, 1943.)
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MeETIN

5: Tuesday, 27th July, 10.30 am.
Chairman: Professor J. W. Munro
Discussion: Developments in the Control of Stored Products Insects

The CHAIRMAN said this was the first occasion on which stored-product pests
yhad figured on the agenda of an Imperial or Commonwealth Entomological Con-
ference. It was a sign of the tmes that this branch of entomology, so long
neglected, was now being studied. He called on Mr. F. N. Ratcliffe to open the
discussion. .

Mr. Ratcwisse:. I am going to confine my remarks to wheat, the only com-
modity about which 1 am competent to spcak. The problems of other prains are
probably not essentially dissimilar; and of coutse wheat 15 more impostant than
the rest put together.

In dealing with wheat infestation, we are not up against the insects themselves
so much as the conditions of handhng and storage that blunt the entomologist’s

weapons and cramp his style. This applies to many aspects of pest control; but

to none, I think, more than this one.

Fumigation still remains the only generally practicable means of dealing with

an established infestation, but in a country not well equipped with closed-bin

silos, the fumigation of big parcels of wheat 1s no easy matter. In Australia we

were driven to erect gas-ight walls around huge bag stacks—a cumbersome

process—and to construct a special silo at one of our ports. Bag stack fumigation
and treatment m this special silo, were regarded as last-resort measures. .

Mineral dusts, which have been mtensively studied during recent years, and
which can protect grain from infestation, are not suutable for treating bulk wheat
because they create bad workmg conditions Their application to bagged wheat
involves immense labour—breaking stacks, cutting bags, mixing, rebagging, re-
stacking They have been used, however, to a limited extent, at any rate m
Australia, for the surface treatment of heaped bulk wheat, and for farm-stored
grain sorghum in Queensland,

The explotation of DDT and BHC agamst grain insects 1s severely limited
by the prevalent fear of thewr toxicity to human bemngs.

Thus, when you survey the field and spotlight the measures that are actually
employed 1n practice on any scale, you are forced to the conclusion that recent
technical advances 1n the control of stored-wheat pests are not startling. Most
of the wnfested wheat that has been treated has been fumigated with materials that
have been known and used for years, for example, Cyanogas.

This of course 15 a one-sided picture, and takes no account of interesting minor
developments and the mass of useful background work that has been carried out.
1 have drawn it deltberately. 10 emphasise what [ consider the most important
development of all, the organisation of the attack on the wheat mfestation problem.
It is primarily because we are up agamst conditions of handling and storage as
much as the pests that the 1S SO i that the gap
between laboratory research and practical application 1s so wide. You may think
that you have a sufficient knowledge of wheat handling, and enough imagination
to make sensible recommendations from the lab, but 1 know from personal
expertence that when you move from the 1ab to the conference table, and have to
ﬂdv‘t’)lcate control melasunesl ;%zinst(lhe background of fransport and labour
problems, commercral avadability of materials, i i
different world Y e e
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Dr. J. A, FREEMAN thanked Mr. Ratcliffe for his remarks about the Infestation
Division. He §aid that practical work was impossible without 2 sound basis
of research, which was provided in the United Kingdom by the Pest Infestation
Laboratory and the Imperial College. Much of the work done during the war
would have been impossible without them. -

He showed two lantern slides, of which the first compared the relative intensity

-of infestation of cargoes from different parts of the world. Commodities from

Canada, the United States, Australia and New Zealand were relatively free fromt
infestation; those from South America, Africa, and India were relatively heavily
infested. This was probably largely because they were hot countries. However,
it was to be noted that cargoes even from the sub-tropical parts of the United States
were in good condition. This was attributable 'to the existence of a good”
organisation. The West African colonies just shipped them as they were.

The second slide showed shipping routes, which affect infestation. A ship
that took Australian wheat to India and then Indian groundnuts to the United

- Kingdom was found on arrival to have an infestation of grain insects as well as

groundnut insects. In another case, grain residue was found to have been left

1n a ship for at least two years.

The United Kingdom had its own pests and also a vast range coming in. It
was impossible to treat everything; the only course was to discriminate between
stocks for store and for processing. The responsibility should be moved to the
exporting countries. During the war,” Canada arranged that all loads should be
inspected in the ports before leaving, and treated empty ships if necessary. Byh
this means, infestation was kept very low. A cargo of Australian flour recently
arrived in Italy and had to be condemned, but this was rare and the ship had been
delayed. The control of stored-product pests was a relatively new and developing
subject, and it was difficult to get trained people. An intimate knowledge of
practical factors was necessary, and the general agricultural entomologist was not
adequately equipped with st Finally, stored-product entomologists should also be
trained in rodent control.

Dr. R. C. Fisuer two timber-pest probk of importance in Britain,
of which the first was that of the Lycrus powder-post bestles. The Chairman had
been instrumental in starting investigations on this 25 years ago, but only now"
was there a prospect of persuading industry to take steps. Before thc_ war, the
question of imported material and prevention of spread had been important.
Severely attacked timber arrived from America, Japan and even Europe, and it
was a question of sterilisation. With the war, we had had to use our own timber,
and there was little appreciation of how these insects could build up in timber
stocks. The Forest Products Research Laboratory pointed out that great trouble
would arise in the war years. It had since come to pass, but industry was now
awake to it. With the coming of new insecticides providing an easy means of
treatment, it seemed possible to induce people to t:'ikc action; research had shown
that spraying early in spring would prevent infestation. The trouble was
particularly severe in utility furniture, ar}d at High Wycombe, the centre of the
furniture industry, spraying of stacked timber had been adopted, but there was
“still the problem of suppliers and imports.

Valuable work had been done in Australia on this subject, but the boric-acid
treatment developed there was not applicable to Britain.

The second problem had arisen from the prime importance of building materials
and the shortage of good timbers. It had b;en necessary to use scco_ndary species |
exploited in tropical forests, many of which were highly susceptible to insect

attack. Serions degrade resulted from infestation by pin-hole beetles in grezn logs.
Plywood was being used on an increased scale, and the defects caused by these
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insects were importaat.  Control must take place in the country of origin, but the:
were no entomologists to do the work. In the Gold Coast, all the onus was ¢
interested forest officers. Forestry schools could do much to meet the lack ¢
entomolagists by putting these problems before their students.

Urgent interest had been expressed by the Gold Coast, Malaya and Britis
H n ing 1 ions, so stions of DDT and BHC had bee
sent out and research was in progress. The results were promising in the Ga!
Coast-but lIess so in Malaya, and the varation further showed the need f
personnel trained for experiments. - -

M, G. V. B. Herrorp referred to Mr. Ratchiffe’s warning of the gap betwee
Jaboratory research and its practical application. Unless research wnorkers we
kept in first-hand touch with problems in the ficld, much of the value of the
work. was lost. ‘The Infestation Division of the Ministry of Food supplied & fir
in the United Kingdom, but there was no such thing for the Commonweal
entomologists facing these problems abroad, except at conferences. Enquin
were being received from all aver the world asking for help. He stressed the need fi
detarls of local conditions when enguiries were made; research workers were anxiol
10 help, but could not do so without these  The research wotk cartied out betwet
the two world wars by the Imperial College, due to the foresight of our Chaitma
was of inestimable value, as 1t Was not necessary to start from scratch when 1
second war began. In the case of cereals, however, the start was almost fro
scratch, because the cereal people would not co-operate between the wars.  Duris
the war, hardly any fundamental research was possible at the Pest Infestatic
Laboratory, but attempts were now being made to sfart it 2gain and balance ]
research programme by more fundamental work, There were two outstandis

- problems, the growth of populations and the interaction between insects and fun
which he thought were closely linked. With regard to the use of bags impregnate
with DDT, 1t had been shown that 5 per cent. by weight was very effective
preventing infestation of clean contents from outside, and 1 per cent. was qui
good. However, there was the question of the amount of DDT picked up fro
the bags, particulasly with commodities with a high propostion of fat. Grain ar
cocoa beans were the only materials that had 2 DDT wontent well below tf
tolerance after 13 months. ~The content was high in fieur, and very high in groun
puts and soya flour

Yesterday we had discussed methods of assessing insect populations
Tiad been found possible to cbtain overall estimates of the numbers of insec
in gramn by studying the CO, put out by the insects when stored at standas
temperature for a certam period (27° C . 24 hours) The method had been use
successfully under Dr. Freeman i estimating the success of fumigation, Ti
water content of the grain should be normal.

Dr. W. F. Jepson supported Mr. Ratehffe’s remarks on the problem presente

Y p t-produced grasm from e mn T and id ;
the potentialities of DDT and BHC were immense Work on storage probfen
1 East Africa had been carried out by W 'V Harris dufing the war. Normal Joss
in peasant-grown matze required for food and famine reserve, and kept at goverr
ment stotes, wete esimated. These were the danger spots. The control of Calands
oryzae was the ouly serious problem, and the difficulty was to ensure the practic:
application of measures already well knowrn. Such fosses as might have oo:um;
in peace time were taken up by the trade; when the government took over, {he
amounted to 1020 per cent. Until recently, no special measures had been take
10 ensure reasonable freedom from infestation, and many thousands of tons
maize had bad to be exported as Jow-grade stoc] i :

n h k for animal feed,
infestation. The first step was the enforced cleaning of godownst.’ccz‘:;éseﬂg
measures taken ncluded the use of BHC smoke candles in reasonably gastig}
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godowns, spraying as high as a man can reach with DDT, inspection at intake
godowns, and dusting of bags with BHC powder in diatomaceous earth before
stacking. These measures had been applied in Tanganyika over one whole crop,
and the results had surpassed expectation. The spreading power of diatomaceous
earth was 3—4 times that of other diluents for BHC. It would be preferable to cut
down the use of insecticides by ensuring that the grain reaching the godown was
dry and free from infestation. " A complete plan for the protection of grain would
~include the installation of grain dryers to reduce the water content from 15 1o
10 per cent., heat treatment, and storage in insulated draught-proof {not airtight}
godowns, which prevented any important rise in moisture content, even during
the wet season, if the godown was not opened. The use of -5 per cent. BHC
dust would be continued, as it was a single measure that was first class. So far
it had killed no one and had had nd effect on the health of workers.

! Dr. D. MiLLFr pointed out the need for suitable workers to carry out research
in a monastic atmosphere, wherd they were not required to produce immeadiate
results and where the problem and not man would be allowed to set.the pace.
Workers in New Zealand had been faced with a problem of controlling mites
in cheese during the war, and had had to attack it blindly with fumigants, They
did not know with what mite they were dealing When they studied the
systematics, they found that they had a complex of species following a sequence,
each with its own reaction not only to physical conditions but also to the
fumigants.

Mr. H. T PAGDEN satd that in experiments with DDT-treated sacks in Malaya,
in which sacks of infested and uninfested grain were kept alongside one another
for six months, msects did not spread from infested to uninfested grain if the
sack containing either had been treated. He also described treatment of one
bay in a large godown of which the rest contained material of various kinds
in very bad condition The bay was cleaned out and the floor, sacking and
each layer of the sacked paddy that was stored in it was dusted with 5 per
cent. DDT in tale. The result was an almost complete absence of Calandra.
Badly stacked leaking army bags of flour in another part had plenty of Tribolitm.
but rice polishings, which are generally highly infested, in the same bay as the
paddy were practically free from Tribolum. The mill manager asked for supplies
to treat all godowns under his care, and osses that year were infinitesimal. The
grain was in the husk so the DDT hazard was small. A heavy deposit (130
and 350 cc. per sq. m) of 5 per cent. DDT on sacks of rice without the husk
gave a concentration of 10 parts per million in the gramn. As 35 cc. per sq. m.
gives complete coverage, the health hazard would appear to be low.

Dr. D. W. WiLLlams said that in Britain the cereal industry had become
increasingly interested 1n pest control during the last five years. Requests received
from firms for services were so frequent and persistent that there was a great
danger that some of them would not be met. He hoped that the use of DDT
and BHC would not be too much restricted by the possible risk to health.
‘There was a need for more entomologists, more information on insecticides and
fungicides, and more work on the health hazard.

Mr. D. J. ATKINSON said that the co-operation of entomologists was seldom
asked for by the timber trade because there was no pressure from the consuming
end At the Fifth Empire Forestry Conference last year, one of the most important
resolutions emphasised the importance of the most economical utilisation of forest
products, and another the need for exploitation of secondary timbers. He believed
that we were entering an age in which the uses of wood and its processed
forms would be greatly increased. The recently developed systemic insecticides
that are absorbed by sap and render it toxic to sucking insects might also have
an application agamst Scolytids and other insects that infest timber in the green
log.
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Dr. R. H,'Lr Priiry suggested search for means of removing BHC or DDT
from grain. . R

Dr. E. E. TURTLE. considered that certain resolutions on the subject discussed
were desirable.

" The CHAIRMAN suggested that he should ask Dr. Gimingham to submit such
resolutions* to the Business Committee, for consideration with a view to laying
them before the Conference. ‘ B

Chairman: Mr. C. B. Symes, O.BE.

Discussion: Tsetse Research and Control
The CHaRMAN called on Dr. T. A M Nash, O.B.E , to intreduce the discussion.

Dr. Nastt: In spite of the large amount of work that has already been carried
out on the tsetse problem, there 1s sull great need for further research, because the
problem is of such wvital importance to the Afncan I huge tracts of Africa
the presence of tsetse prevents the hecpmg of cattle. A primutive form of agri-
culture, combined with dietary deficiency. is to be expected from people who are
denied the benefits of manure, draft oxen, meat and milk. Despite large-scale
medical surveys and treatment, sleeping sickness still produces much ll-health and,
if viglance 1s relaxed, causes death and depopulation T feel that the best use
1 tan make of the liauted time at my disposal 15 to indicate briefly the main
lines which tsetse research has hitherto been following In the ensuing dis-
cussion, I hope that workers from other fields will suggest new lines for fature
research, based on parallels from their own work ~

The study of the tsetse presents great difficulues. There are twenty different
species of Glossing, seven of which are of sufficient economyc importance to
warrant research  Each species has its own 1 and climatic i
its own host preferences, and its own characteristic behaviour  But this i
all, for in one and the same species the 1 and chmatic ditions,
as welt as the flies’ behaviour, can vary enormously throughout its range, An
entomologist with much expertence at one end of the species” range, cap find
himself quite at sea at the opposite end. Take the case of G. palpalis in West
Africa where it ranges from the coastal, mangrove swamps, northwards.-through
the forest belt and fac up into the savannah zone The annual rainfall may
vary from 200 inches down to 45 inches In the wetter arcas the fly may be
ubiquitous, entering villages and native huts, in the drier areas it 15 purely a stream-
bed tsetse, which can only contact man when the faiter comes to the water-hole,

not

Glossina 1s not an asy genus to study under natural conditions T
rarely sees the fly unless 1t has come to feed off him. or 1s looking fl:' :bs;:!:{-
what 1t does with the rest of its tune is unknown. Some spectes present even
Sreater &ifficullies because the females rarely come to man. [n others, such an
pallidipes and austeni, both sexes find man 50 unantractive that an cxi;en'mcg;
entomologist may farl 1o detect therr existence unless he uses bau oken Tn the
;ca!se“of the fesca group of tsetse w is often easier to find the pupae than th:

ults.

~ See Resolutions 29 and 30, p 12
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, We are handicapped in the control of tsetse by the fact that there is no
vulnerable egg or larval stage, both the egg and larva being carried within the
- mother. We have therefore to concentrate on the adults, ot on the buried pupa,
which are often widely scattered throughout the soil. Another difficulty 1s that
a tsetse population has,greqt powers of recovery. Even though a reduction of
+95—98 per cent. of the original population is achieved, the lation will soon
~recover after .the relaxation of ‘the control measure. Nothing but complete
extermination is of any lasting value. N s N

Twenty-one years ago when I first landed in Africa, I remember asking the late
Mr. Swynnerton, the father of tsetse research, such simple questions as “ At whay
time of year are tsetse most'nurnerous? ” He replied “ We da not know . Since
those days we have made great advances in our basic knowledge.”

One of the earliest and most p ive of techniques was the establishmzit of -
the fly-round, At regular interyals, over som> years, a fixed number of catchers
traverse a Toute laid out through different vepetation types. From the data
collected, valuable information can be obtained as to seasonal abundance, vegeta.
tional preferc‘nccs‘ ete. By setting up meteorological stations these results can be
correlated with the climate. By catching, marking, and then liberating Ries,
much can be fearnt about fly movement and longevity, A greas advance was made
by Jacksqn when he evolved a statistical method, based on the recapture of
marked flies, from which an estimate can be made of the actual tsetse population
in a given area. Recently Vanderplank has evolved a formula for estimating the
population of the riverine species, which have a linear distribution. In Nigeria,
Johnson & Lloyd worked out techniques for ascertaining the trypanosome infec-
tion rates in tsetse, and obtained information as to their natural hosts by measur-
ing the erythrogytes found in the guts of wild flies.- In 1933, Buxton & Lewis
demonstrated the value of the laboratory approach, and of studying tsetse physi-
ology. Similar work was then carried out in Tanganyika, and by Jack in Rhodesia.

In early experiments on the application of research to cradication of tsetse,
Swynnerton tried to drive out tsetse from large areas by inducing very severe grass
fires, after several years of fire exclusion. Later, an attempt was made to upset the

ical i Tuding fire and so allowi:ng the vegetation to become

M. il

- abnormally thick. was y Harris® in
Zululand to the possibilities of traps. The trouble with all these methods was
that, although fiy density was greatly reduced, extermination was never effected.

Work was carried out on biological control using the African Hymenopterous
“pupal parasite, Syntonosphyrum glossinae, which can be reared easily in captivity
on blowfly pupae. Lamborn tried a small experiment in Nyasaland, and Lloyd &
Johnson tried to introduce this parasite in Northern Nigeria. In Tanganyika, the
speaker bred and liberated neatly 14 millions of 5. glossinae in the breeding grounds
of G. morsitans, but he only managed to raise the general level of parasitisation
from 0'2 to 11 per cent. The failure of the parasite was attributed to its inability
to penetrate sandy soils. Lloyd repeated this work against G. palpalis, which was
breeding in humus or an island in Lake Victoria, but had no success; he attributed
the fajlure to excessive humidity in the humus. A pupal parasite could not
eradicate tsetse, unless it was able to burrow through sand and humus to a depth
of at least 3 inches and, haviag reduced the tsetse deasity to a very low Tevel, was
still capable of finding the occasional pupa,

Much work has been done on the subject of clearing, by which is meant the
felling of the vegetation, The earliest workers observed that whére there were -
16 trees there were no tsetse: and found that by felling all the trees. they could
exterminate she fly; this is known as total or ruthless clearing. Bax and others
tried to cheapen the method by using plant poisons, such as arsenious oxide,
but the poisons were too selective in their action. Later on, with an improved
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“knowledge of the climatic and_ vegetational requirements of the different species

of tsetse, doubts arose as 1o the necessity for such wtter ruthlessness, and from
these doubts has arisen the present technique of partial clearing, which covers
the terms discriminative and selective clearing.

In the arid north of Nigeria, I studied for some years the _ccodimatcs and
microclimates in the habitats of G. morsitans and G. tachinoides; the results
suggested that at one season the tsetse were living so near to their hot. dry fatal
limis that only 2 slight modification of the forest might destroy them. An
experiment showed that the removal of thicket and all trees less than 8 feet
in height could exterminate G. tachinoides but did not affect G. morsitans, This
method, modified ta suit the milder climate, was tried out on a large scale
at Anchau, where G. tachinoides and G. palpalis were exterminated from 530 miles

of stream. .

Stewart in the Gold Coast, whilst safeguarding his veterinary station, had
also found that it was unnecessary fo fell the larger trees. Then Morris, also
in the Gold Coast, devised his seléctive method by which only certain species of
the vegetation are temoved. these comprising in general the creepers, thickets and
low-branchung trees. In both cases eradication was achieved.

Discriminative clearing has been used in Tanganyika against the woodland
tsetse, G. swynnertoni, which has been greatly reduced in numbers by clearing
one vegetation association which occupies only S—10 per cent. of the area. When
followed by setflement, Bax has found this method to be completely successful.
A method, similar in principle, has been employed wath complete success against
G. morsitans at Abercorn, in Northern Rhodesia, and G pallidipes has been
elminated from a small area sn Tanganyika by mntensive partial clearing.

In all these clearing methods regrowth from the swmps has to be slashed
once a year until such time as the stumps are exhausted; alternatively, the clearing
can be ‘stumped at considerable expense, and at the risk of producing erosion.

“Two successful methods of fly eradication have been evolved in which the
vegetation is not cleared. Jack m Southern Rhodesta showed conclusively that -
G. morsitans could be driven out of large areas by game destruction. Symes in
Kenya showed that G palpalts could be eradicated by hand-catching from blocks
of forest that had been isolated by means of barrier cicarings, but I doubt whether
this method could be employed in places where tsetse can be readily carried
across narrow watersheds, and thus reinfest a river system that has been freed
by band-catching.

More recently, Vanderplank found that in the laboratory certamn closely related ~
species of tsetse would sntermate at random with resultant sterilisation, From
these observations he concerved the idea that, having reduced fly density by.a
cheap method, 1t myght be possible to exterminate the survivors by introducing
males of an alien species. The first pl p , 1 which it
was introduced 1nto swynnertoni country, gave disappointing results, but the method
i3 to be given a furiher trial. v

" Working under the Colonial Insecticides Commuttee, a special team has recently
started 1nvestigations i East Africa with DDT and BHC. Their preliminary
trals have shown that, in certain formulations with oils, both these insecticides
are 10xic to tsetse when applied to vegetation, but that there is excessive loss
due to absorption by the leaves. The work 1s in sts infancy bus shows muck
promise. I Zululand, a practcal expenment on the usé of DDT apainst
G _pallidipes has recently been carned out in an area of about 100 square miles, *
DDT 1n the form of smoke was distributed by air over the whole of this ares

on six and areas was DDT
oy Y Smol
generators. The flies were not eradicated, but the number ﬂmy survived v::
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It will have been noticed that many methods have failed to produce complete
cradication, with the result that as soon as the control measure is relaxed tha
fly density starts to increase, Apart from the eradication of G. morsitans by game
destruction, all the large-scale successful methods employed against various species
of tsetse have been those in which the tsctse environmient has been permanzntly
altered, either by the ruthless removal of vegetation or by the newer and cheaper ¢
methads of partial clearing. When the v ion is left unaltered such
as insecticides and hand-catching will remain a perpetual commitment, unless
they can achieve complete eradication of the fly; even then, unless the areas are
most effectively isolated by barrier clearings, any flies that are carried or wander °
 are liable to re-establish infestation.

Advances in other branches of science are opening new fields for tsetse
rese;irch._ For instance, by liberating tsetse that have fed on animals containing
radio-active salts and using the Geiger-Miller counter, it may be possible to
locate inactive tsetse i the field, and to discover new pupal sites if the radio-
activity extends to the offspring  The discovery of new plant poisens such as
2,4-D (2,4-dichlorophenoxyacetic acid) may lead to a great reduction in the
cost and maintenance of clearings.

. Now that you have some 1dea of the problem confronting us, I hope that you
will be good enough to suggest 1n the discussion, further lines that we can follow up.

The CharmaN called on Dr. K. R. S. Morris to make a contribution.

Dr. Morris said that outstanding features affecting the control of tsetse in
West Africa were the huge size of the problem, especially that of sleeping sickness,
and the fact that the vectors are almost exclusively riverine. The Gold Coast
is a small corner of a sleeping-sickness area with high infection rates covering
90,000 square mules of the Gold Coast and French West Africa, and other areas
in Nigeria, the Congo and the Cameroons are probably bigger. The agricultural
and economic aspects may be even miore important than the medical one. The
main vectors are Glossina palpalis and G. fachinoides, which inhabit narrow forest
fringing permanent water This water is essential for the human population, sc
that there is inescapable contact between the fly and the people in the savannah.
1t is here that the most severe outbreaks of sleeping sichness occur.  As the same
species of Glossing transmit animal trypanosomiasis., the waterways are extremely
dangerous for stoch also. The contest between man and the fly depopulated the
rivers: before sleeping sickness killed the whole population. The people went to
hilly country and erosion and soil exhaustion resulted, so that the final position
was more serious than the initial sleeping sickness. However, in soms places
man had won and maintained fly-frec land for himself. This pointed to the
possibility of permanent reclamation. -

The size of the problem necessitates control measures that are simple to carry
out and cheap in mai Mass of the pop ion had_reduced
sleeping sickness to a low rate, but could not eradicate the trypanosome. Diagnosis
was never complete, a few cases were missed, and the fly was left to carry the
disease if any ined or if it was rei Con ly, the big and
costly mass {reatment organisations of the French, Belglqns and British landed
them in a dilemma; low incidence cannot justify expensive mc}hods, yet thesc
cannot be relaxed for fear of renewed outbreaks. Entomologists were called
in. In the Gold Coast, work started late (1937) and profited by expcrience
elsewhere. Because of the size of the problem, eradication of the fly was always
in mind, and, if possible, stable eradication  Selective clearing has effected er.adlca-
tion. It arose through research for indicators of the presence of G. palpalis and
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G. tachinoides. These were found. Their subséquent removal throughout a
‘ whole river made the, Tiver-side untenable for the fly, which usually disappeaged
+ within & year. In the rainy season, in three months, the fly may spread 10 miles
along open river and often spreads 4—5 mules. The first experiment was mads
- over 1,000 square miles and led to 2 reduction of 98 per cent. in steeping sickness
as compared with 1938, the year before the experiment was begun. ‘The operation
is being extended, and eventually the disease is bound to disappear. The fact
that tsetse conld be removed by the elmmnation of certain plani species only,
suggested the eradication of their habitat over whole districts. Maintenance 1s
trivial; weeding every third year as a precaution takes 2—4 man-days per square
mile per year, if the area is divided into three, and a part done each year. The
task is easy with a papulation of 20 per square mile. At lower population densitics,
serious trypanosomiasis does not occur. In this way, the natives are being enabled
to occupy the miver banks, farm them and graze them, and they will thus cut a
great deal more than is necessary and ensure stabilisation and consolidation of
the entomologists’ gains

Mr. F. N RatcLIEFE thought the co-operation of plant ecologists might be
valuable Might not Dr Morns be staring an unwanted long term change in
that the regeneration of tugh trecs might be prevented”

- Dr. Moris rephied that local agricultural officers had studied the changes
and were satisfied that the grass cover that replaced closed bush was an
improvement  Closed bush had a bare forest floor hable to constant eroston,
when this was veplaced by grass cover, the soil by the river bank was stabilised.
The use of the ground :n co-operatton with the Agricultural Service would ensure
an eventual state better than the imitial one. .

Dr. W F. JIpson said that permanence depended on an active policy of setile-
ment, and ashed how the cost of mamtenance could be cut down.

Dr. Morgis said that as sleeping sichness was not serious with a population
below 20 per square mile, 1t was possible to conceantrate the work on sleeping-
sickness areas Settlemem was being encouraged, and vnil the strips were
populated government Jabour was used .

Dr. Jepson asked whether there was no risk of the mtroduction of Anophelas
gambige n the cleared arcas.

Dr. Morris replied there was no evidence of this. but 1t was a long-term
problem that reeded study.

Mr. M. C Mossoe sard that Southern Rhodesia had effected the greatest
reclamations from tsetse m all Africa. The work was started by Jack and con-
tinved by Chorley. The species was G. morsitans, which had become almost extinct
in 1896 through reduction of game by rinderpest. It recovered, occupied a belt
and was returning to the rest of its previous haunts This was m the northern part
of the country only, though there was game n the whole country. }t became
necessary to protect farms from nagana, there was no sleeping sickness 1o speak of
They‘had to have a prompt and sure method, they chose reduction of game by
shooting between fences 10 mules apart  The process was graduak the supply of
ammunitron was restricted so that all game ammals shot were used for food. and
some were not shot, but driven away. Elephaat, hippo, rhino, giraffe and other
speetes that might have been extzrminated were spared whenever possible. Once

. - game was reduced sufficiently. another strip was taken mn, and game allowed to
imcrease behind the Iines  In 25 years. 10,000 squars mules had been reclaimed
Tertflory was reclaimed only as fequired by the government Complete eradication
had not yet been attempted. Other species (G pailidipes and G. brevipalpis)
occurred on the eastern border and across it i Portuguese East Africa. These
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were thicket-inhabiting species against which game reduction was not adequate,

‘A barrier clearing 40 miles long and a half to two miles wide had been made and

was reasonably adequate, but it was very expensive to keep clear and flies crossed

it occasionally, ‘ .
" Dr. Al E. CaMERON asked whether the process of selective clearing was a

. Mechanical one. When certain bushes and trees had been associated with tsetse,
did the question resolve itself_into training native teams to recognise them and
eradicate them or might the  species under different conditions have different
forms of growth? R

For Dr. Morris it was said that natives were taught to identify the species,
but that observation must be maintained. A
+ Dr. Morris added that, before embarking on a dangerous experiment, they
had-the example of prosperous areas that had been occupied before sleeping”
sickness became serious (almost at the beginning of this century) and in which the
people themselves had cleared every swamp and river in order to provide farm
land and building poles. N R

Dr. D. L. GunN asked whether Dr. Nash could foresee any large-scale use
for insecticides against tsetse. He also asked whether it was likely to be possible
to set up absolute barriers and prevent re-colonisation.

Professor §. W. MUNRO suggested the need for study of the problem by forest
departments in Africa. -

The CHAIRMAN said all agreed that entomologists had not made sufficient use
of forestry people, but that was not entirely the entomologists’ fault. Perhaps
forestry people were too busy. Closer co-operation was needed on this tremendous

problem, which was largely ecological.

Mr. J. W. McHarDY asked whether any association between certain species
of vegetation and tsetses had been observed m the morsitans-swynnertoni areas in
savannah.” - -

Dr. J. S. KENNEDY recommended a concerted study of behaviour of Glossina
and made comparison with Muirhead Thomson’s work on mosquitos. He thought
more knowledge of behaviour would improve the background of control workers,
and suggested concentration on the problem of larviposition sites. Laboratory
study needed development. He wenvisaged work in large cages under semi-field
conditions, where vegetation could be modified and very large numbers of flies
used. .

Mr. P. F. MATTINGLY thought selective destruction of vegetation was less likely
to promote breeding of Anopheles gambiae than indiscriminate clearing, which
would expose ground to sun. In relation to the absorption by vegetation of
- DDT applied from the air, he mentioned the Alaska project—the extermination

of mosquitos breeding in temporary pools formed by melting snow, by spraying
from the air before the snow melted. ~ In Northern Nigeria and the northern Gold
Coast, vegetation died down in the dry season, and A. gambiae was then almost
absent. It was not known whether repopulation was by hatching of drought-
resistant eggs or immigration. Spraying before the rains began would catch gambiae
when it was numerically weakest and interference from vegetation was least. |
‘Would this apply also to tsetse contrel?

The CHAIRMAN said they were trying to arrive at a method of spraying vegeta-
tion against tsctses. With the formulations available, serious loss of insecticide
occurred through absorption by vegetation. This was particularly so with ofl
solutions.

Professor T. W. KIRKPATRICK stressed the absolute necessity for a sound,
planned scheme for the settlement and utilisation of reclaimed land. The tsetse
was efficient in p: ing erosion. At Shi land recl. d by Swynnerton

was overstocked and becoming badly eroded.
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Me. E. F. Waimesinr said that Ford was undertaking the study of tsetses
where they now occupied country formerty occupied by man.  Tsetse 0ok posses.
sion because of some change, probably brought about throngh the armwval of
Enrepeans, that should perhaps be reversed,

D:. Nasit, commenting on vasous points raised, said that, with regard to
insecticides, the Chairman had referred to the preliminary problem of ab

- To be eflective against Glossing, an insccticide would have to leave a deposit

lasting 5O days to kill adults emerging {rom pupaze. The arcas involved were
colossal,-and the cost of sepeated applicanons prohibitive, but they were trying in
.Uganda to find 2 lasting insecticide. The amount of clearing necessary for barriers
varied enormously. . In Northern Nigena, one mile of ruthless clearing on a2
stream would prevent fsetse coting vp, but on o river three or four miles were
required.  The grass met aver a stream, but one bonk of a river afforded the
fiy shadow in the motmng and the other in the evemng. Clearings one mile
.wide at Jeast were needed for savannah species, and it was necessary to cut down
large trees, whnch provided stepping stones. It was maportant to get the co-opera-
tion of sylvicultunists; bush was valuable Expenicace in Migesia indiwcated
that a study of the effect of plamtagons was needed.  Extensive tea plantations
were fiee {tom palpalis  In tugh forest, palpafis frequented vivers, but if the
forest was broken up by fire or man. it occurred by the streams. A continuous
forest belt was effective protechion.  These subjects required study by somzone
with knowledge of forestry One did get an association of flora with species such
as swynnerront  With regard to setilement, n Nigena tsetse had been eradicated
from 600 square msles and new vitlages had been maved in to make the populatios
Targer than the 70 per square mie necded w0 heep regeneration down, At Anchau,
they benefited from agrienlturaf and foreswry officers  The whole poly was being
plagned, farming up fo the sueams was bemg enforced, with efforts to increase
livestock and reduce grazmg on the slopes of the hills

Though Dr. Motns had smd that mass treatment of sieeping-sikness was
unsatgsfactory, there mught be a great future for mass prophylaxis giving siv months
pratection  The question of fadure to dagaose i g few cases would not then
arise. Withs regard to 4. gambue breedmg along cleared streams, 1t was difficult,
as Mr. Mattingly had said, to-ind n i the dry season. 1a the Anchau zrea. there
were still borrow pits an the cleared areas and the condiions were so bad that
they could not be made much worse.

Mervg: Tuesday, 27th July, 230 pm
Chairman: Dr H B Storey, CMG.. FRS.

Discussion : The Need for Plant Quarantine an 2 Confinental Basis,
with special Reference to Afrien

The Cuarrman said that plast ymport control was an old subject at Can-
ferences. The Conunanwealth countries had put thesr house m reasonable order,
but apreement on & contmental basis, 23 a fiest step for Afnica, was row suggested.
A Conference of representatives of Powers wath interests 1n Africa was to be held
early in August, and the present Conference was wvited to submit resolutions to
it Benvited Mr. G F. Clay, CM.G. OBE. MT, Agmeultural Adviser 1o the
Secrefary of State for the Colonies, who had been at 3 conference of colonial
experts recently held in Brussels, to give the background
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Mr. Cay: T do not think there is much that ¥ need say with respect to the *
Conference. You have the resolutions adopted at the Brussels Conference, draf
sesqluuons pregar'ed_ by the Directors of the Entomological and Mycological

to the two C wealth Conferences, and the resolutions
recently approved at the C vealth Mycological Conf

I also do not think there is any point in my attempting to argue the cass for
the conception of co-ordinated action to prevent the importation into the regions
stated of pests or diseases inimical to agricultural development. One could only
wish that this could havé been possible in the days when these bachward areas
and lands were being developed; then some of the difficulties that have resulted
from the lack of international control in the spread and distribution of plant
material might not have arisen. But I do wish to draw your attention to one
aspect that is not so obvious to delegates, We in the Commonwealth have some
of the machinery necessary for co-ordinated action. We have a permanent centre
of information, and, in most areas, there is some observation centre in operation
through which thg:re is an exchange of information on pests and diseases. More-
over, though ! quarantine is probably a new concept, regional umiformity
1n regulating the introduction and distribution of plant material is well established
in southern Africa by agreement between the Union of South Africa, Southern
and Northern Rhodesia, Nyasaland and the Belgian Congo, and similar arrange-
ments for East Africa (Kenya, Uganda, Tanganyika and Zanzibar) were agreed
at a conference in 1934 and are working well.

As you all know, there is no permanent centre of information outside the
Commonwealth and not very many facilities, such as we have, for action against
pests and diseases. The rubber industry in south-eastern Asia is alarmed at the
risk of entry of South American leaf disease; Malaya and the Dutch and Frerch
rubber-producing countries in that area are all vull le and at present
for safety on mdependent action by each one. Furthermore if, as has been sug-
gested, cocoa cultivation is extended to that region, it will be necessary to prevent
the uncontrolled importation of bud-wood from countries where disease occurs.
It was suggested by the French at the Brussels Conference, and warmly supported
by the Belgians, that the two Commonwealth Institutes should be centres of
information for the world It 1s now hoped that joint resclutions from ths Entomo-
logical and Mycological Conferences can be put before the Conference to be
held early in August as an ndication of the willingness of the Commonwealth
to co-operate.

At the suggestion of the CHAIRMAN, the discussion that ensued largely followed
the lines of a business meetng. The R i Mycological C
served as the mam text, and detaled consideration of.a variety of questions led
to the adoption of the resolutions given elsewhere (Nos. 24-28, pp. 11-12). The
proposal was that an African Phytosanitary Convention should initially embrace alf
the territories south of the Sahara, including the Anglo-Egyptian Sudan, Ethiopia
and Eritrea: and a suggestion (also implizd in the Directors’ draft resolutions) that
an immediate extension of its scope to include Africa rorth of the Sahara should
be recommended was not adopted, becauss it was held that, as regards both
fauna and trade, northern Africa is better considered 1o be part of the Mediter-
ranean Basm, the Sahara being a greater barrier than ll:le Mediterranean Sea.
Attention was drawn to admnistrative difficulties in applying the proposed Con-
vention to the Anglo-Egyptian Sudan. The division into regions of the area covered
by the Convention was considered of the utmost importance, since it was essential
that the regulations applied to the whole area should be as few and SImPIe as
possible and should therefore be designed to exclude only }hose_ pests a_md diseases
that were a risk to the whole area. This would be possible if the risks specific
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to & particular region could be met by regional arrangements. ln this connection,
the Chairman ashed delepates from southern, East and West Africa 1o outline®
the present position in these regions. . .

Ar. M. C. Mossop said that agreement for uniform regulations and certificates
in the countrics wa southern Africa wasTmade at a conference in Salisbury, Southern
Rhodesia, in 1931, The countrics were to notify cach otker of the appearance of
Jangerous pests or diseases within their borders, The Umion of South Africa hod
an organisation for inspection of nursesy stock, of which it cxporied considerable
quanuties, and the products of reputable nurseries were therefore allowed to
enter other countnes in the fegion without special treatment, unless a special
pest that it was desired to exclude was known to be present  Each country had
tts own regulations, but there were, in effect, common nunima for the region.

~Dr. R. H. Lr Preery sad that co-operatton between the East Affrican terri-

tories was close, and legrslation an the main umform. Conferences 1o serde palicy
were held periodically. Restrictions bemween terntories were, however, maintamed,
as some important pests occurted 1n onte and nok w others.

Mz, 3. T. Davey sasd that shere was no jomg policy i West Afnca Ia
Nigeria, plant umposts were not subject to certification or exammnation, though
there were & few cectificates for exponts

Mesting: Thursday, 29¢h July 230 pm
Charrman. Mr H G Crawfard
istory of the Burean of Biological Control

The Crairyian smd that. before proceedwz to the discussion on locusts and
prasshoppers, he would ask Sir Herbert Howard to explam the wmphcations of
the separation of the Rurcau «of Biologwal Control from the fnsbiute of
Entomology. as he thought many delegates dud not appreciate the reasons for it
Biological control was of paramount mportance to all econontc entomologists.
1t was hoped 10 mamtam hason so that nether organnaton would lose power
beeause the two were separate bodes,

Sir Herbert Howaro: The Charman has told me that the complete separation
of the Burcan of Brological Controf from the Instiuie of Entomalogy has left
some delegates uncertam of the exisung orgamsation and finance  He bag ashed
me 1o give you shorily the salient pots  He added that st would be interesting
if delegates’ could also be told somethung of the methed of financing the whole
bureaux argamsation

Farcham House Laboratory was started an 1927 from a grant made by the
Empire Markeung Board. The Board gave £15,000 for capual expenduure plus
a grant for mamtenance for a period of five years

in 1929 the New Zealand Government made a specral grant so that Farnhars
House conld take over the Europesn end of work on the msect enemics of New
Zeatand weeds, | mention that kere becausz 1t appears to be the first example
of a special project  Farpham Houss, though zlways a scparate entity, was
admesteatively part of the Institute and sts functions were withm thoss of the
Instaute The Dorector of the Insutute had sdmimsirauve charpe of Fargham
House, the Supenmtendents of whieh (Dr. Neave for the first year and then
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Dr. Thompson) were -Assistant Dircctors of the Institute of Entomology, or

Bureau of Entomology as it was then called. "The funds of Farnham Honse were
always distinct from those of the Institute. From 1926-27 to 1932-33 Farnham
House existed on the original capital grant of £15,000 from the Empire Marketing . *
Board, the £20,000 also granted by the Empire Marketing Board for five years,
two subsequent grants of £5,000, each from the EM.B., and a further grant of .
£4,000 from the EM.B. in 1932-33 with a grant of £600 from the Canadian
Government for work on projects. The E.M.B. ceased in 1932 and for some
time the future of Farnham House Laboratory was in doubt. Eventually, how-

ical Conferénce of

. ever, as a result of the d: of the E )

1935, followed by the recommendations of the British Commonwealth Scientific
Conference of 1936, Farnham House Laboratory was continued on an intra-
imperial basis with a definite anoual grant of £5,025 per year from Ist-April, _
1937. This sum was to provide the basic expenditure necessary, and any special _
work asked for by any government was to be charged separately, The govern-
ments contributing to this sum were UK., Canada, Australia, Union of South
Africa, India and the Colonial Empire. Canada was much the largest single
contributor. - .

The Laboratory continued at Farnham House, with sub-stations in Europe
for the collection of parasites.

When war broke out in Europe 1n 1939, Farnham House was cut off from its
collecting grounds, and eventually 1 1940 the whole laboratory was transfersed
to Canada, where the Canadian Government provided room for it in the Dominion’s
Parasite Laboratory at Belleville. From there the work was again built up so that
at the time of the Review Conference of the Imperial Agricultural Bureaux in 1946
there were, in addition to the h ters at three sub-stations in widely
differing climatic condittons—one at Riverside i California, another in Argentina
and a third in the West Indies. This year a fourth sub-station was established _in
Zurich.

After its removal to Belleville in 1940, the Parasite Service, as it was then
called, was only nominally part of the Institute of Entomology.

The Review Conference of 1946 considered the whole question of the Parasite

- Service. It thought that from Belleville its services covered a wider range of

climatic and ecological conditions than was ever possible when the work was
confined to Europe, although it thought that a European sub-station was still
required. ded that the | ters should cont to
be at Belleville, at least until the next Review Conference. It also decided that,
as it was jn fact now an organisation completely separate from the Institute
of Entomology, and as its work and staff had expanded considerably and was
to be further expanded, it should take its definite place in the Commonwealth
Agrcultural Bureaux ion as the Common Ith Bureau of
Control. This proposal was accepted by contributing governments so that from
the start of the present Review Conference period, Ist April, 1947, the Bureau
of Biological Control has been completely separate from the Institute of
Entomology and is now under the direct administration and financial control of
the Executive Council in exactly the same way as is each of the other bureauz(. -
The Executive Council has created a Canadian Advisory Commiitec to act as
Council's ive on the spot, a war time set up
when the bureau moved to Canada.
Summing this up therefore it 15 seen that
* (1) The present Bureau of Biological Control began as the Farnham House
L: y under the ini ive charge of the Institute of Emcfnology.
(2) Tts funds were separate from the Institute Funds and were provided by
the Empire Marketing Board.
ST,
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{3) When the ¥nstitute came under the Executive Counc of the Agxicyhuml
Boreaux in 1933, Famham House Laboratory also came under it, but
was stll regarded as an adjunct of the Institute of Entomolegy.

(4) After 1935 its funds were provided by certain countsies of the Common-
wealth on vo set wheme, - The fund was kept separase from the Institute
fund, - .

) In 1940°i¢ went-to Bellevilfe, Canada. its funds were still a separate
fund. 1t was still nominally an adjunct of the Institwie of Entomology.

(6) In 1936 it became an entirely separate burcau under the Executive
Council.  Its funds, ke alt the others, were contributed by ali countries
on the same basic seale of units as afl the other activities wnder the
Council.

. The Executive Council has five separate activities under its control, namely—

The Institute of Entomology,

The Burean of Biological Contrel,

The Mycological Institute,

The ten Agriculiural Bureaux, and

The Commonwealth Potato Collection.
Each actwvity has sts separate fund and always has had  The contributions to
the bureaux fund were always based on a certan recogmsed system of uauts. The
contnibutions to_the other four funds were not on any recognised system, but
since the 1946 Review Conference each of these funds has been contnbuoted to
by all countries on the some unit basis as the bureaux fund.

In calculating the contributions for all of these separate funds, the system
is Birst o estmate the annuat expenditure for the comng five years. The expected
receipts fram prnting, wterest and sundry ilems are then deducted from the
estimated  expendrture The balance remawmng is divided among the con-
tbuting countties w the proportion of the number of units for which each is
responsible, and thes is the sum which 15 contnbuted to each of these separate
funds each year. It will be noticed that contnbutions do not cover the fult

vut only the > after deductions of the expected receipts.
For practical purposes, the only receipts worth consderation are receipts from
the sales of publcations  This is why the Commonwealth Instsutes and
Agricultural Bureaux have to restrict the number of free copies gragted. These
receipts have already been d ¢ m

During the present five-year Review period the total anaual contributions
required cate 1o £127,160, dustribated as follows:

The Iostitate of Entomology . .. 20:‘:740
‘The Bareau of Biological Control ... . N 12,750
‘The Mycological fastitute .. . .. B 12,750
The ten bureaux . N 4

The Commonwealth Potato Collection 8.340

1 trust this gives approximately the mformation that you and the Chairman
require.

The Chatrstax thanked Sir Herbert for hus cnisp, brief and complete summary,
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Discussion: Locusts and Grasshoppers .

Tl}e CiialrMaN called on Dr. B. P. Uvarov, CM.G., to open the discussion.

Dr, Uvarov: The problem of Jocusts and érasshoppers as agricultural pests
has three main features:— . .
1. Irregular periodicity of the plagues, due to violent population changes.
- In grasshoppers the changes are quantitative only, but in locusts there
. are also striking qualitative differences between the swarming and non-
swarming phases of the same species, . -
2. The plagues are seldom local, but useally cover vast territories, over-
stepping administrative and national boundaries. In the case of locusts,
an 1nvasion area may even exceed the limits of a continent,
3. Wide schemes of agricultural development, as a rule, favour the plagues,
particularly in the case of grasshoppers.
These features affect the relative merits of the three approaches to the solution
of the problem, direct defence, outbreak suppression, and prevention of swarming,
which are discussed below.

Drrrer DeFENcE

Owing to the relatively simple life-history and open feeding habits of Acridids,
their direct control, either by stomach or by contact insecticides, presents a rela-
tively simple technical problem. The recent introduction of such insecticides as
benzene hexachloride has made it possible to protect standing crops at a reason-
. able cost, without any risk to livestock or plants. The consequence has been 2
tremendous expansion 1n the use of i icides and the devel of ground
and air machinery for their distribution on an ever increasing scale. /_Annquated
contro] methods are everywhere being replaced by the use of insecticides. The
immediate results are almost invariably excellent, but the interterritorial character
of the plagues very often reduces the value of a Iogal success, or even nulliﬁ_es
it, when an area cleared from the pest by insecticides becomes invaded again

from outside. .
‘Therefore, an essential condition for effective control by imsecticides is the
co-ordination of a campaign over the whole infesged area. In most countries
subject to grassh plagues, this dition is difficult fo fulfil, as there are
no means of ensuring synchronised and equally efficient control by numerous
- landowners. In the case of locusts, control campaigns have to be planned and
‘exccuted on an international scale, which it is even more difficult to achieve.
In fact, ‘the campaign of 1943—47 against the desert locust (Schistocerca gregaria).
in the Middle East and East Africa provides the only example of effective inter-

national co-operation, and this became possible owing to unique war-time-political
conditi Th i

c costs ged over £1 million per year, an expenditure
that was justified by the saving of crops but might well be impracticable in normat
times.
Tt is largely because of the impossibility in practice of achieving effective
ination of control between individuals, territories, or states, ll.m(
insecticide control of locusts and h can never be 1 as anything
more than a palliative, and it promises no hope of a solution of the problem.
Ore can go farther. however, and assert that insecticide control is bcund'to
remain s palliative, even with the best co-ordination of effort. An outstanding
example is offered by the United States of America, where an efficient Division

of Grasshopper COW e -maximum possible effort by all concemed.
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The result is that each year’s standing crops are largely saved; but at an average
annual cost of over half a million pounds, and, after many years of organused
control, there 15 no .in the i i The problem
remains as acute as ever and expenditure on control must go on indefinitely.
The situation in which grasshoppers are regarded as™an inevitable ewil and their
control as a routine anmnual agricultural practice can, but hardly should, be
considered normal. It is a defeatist attitude when cntomologists are content
permanently * to live with the grasshopper,” without aspiring to a radical solution
of the problem. -

QUIBREAK SUPPRESSION -

‘An outstanding result of the locust investigations of the last 20 years is to be
seen in the firm establishment of the principle of outbreak areas, topographically
and ecologically limited, where the mitial transformation of the solitary phase into
the greganious phase occurs and the first swarms of a plague cycle are formed.
The outbreak areas of two out of the three tropical African locusts, the migratory
focust (Locusta migratoria migratorioides) and the red locust (Nomadacris

iala) ate already defined to permt the organisation of suppres-
sive control. This consists in a permanent supervision of the outbreak areas and
the suppression of the small initial concentrations of locusts that might result ia
swarm formation. The International Red Locust Control Service in Central Africa
and the French Migratory Locust Service on the river Niger have both proved; by
the discovery of mcipient swarms and their timely exterrmnation, that suppressive
control js a practical proposition. In order to be efficient, however, organisations
for such control must be technically competent and well provided with personnel
and transport This makes them too costly {or any one state and their inter-
national financing ss essential, contributions to their upheep being in the nature
of an insurance premium agamst locust damage.

In the case of grasshoppers, there s also some evidence that plagues originate
within certam relatively restricted areas and gradually spread outwards, Some
attempts at suppressive control mn the outbreak areas of Camnula pellucida have
been made in British Columbia with considerable success, but the scale of these
attempts has been purely local and their value 1s difficult to estimate

Suppressive control of locusts suffers from the same disadvantage as defensive
control—it must go on indefinitely and must never be relaxed. While, therefore,
it provides a guarantee agamst widespread plagues, it cannot achieve a final
solution of the problem,

PREVENTION OF SWARMING

Such a final solution can only be achieved by making mpossible the nitial
phase transformation in outbreak areas. These areas must possess special ecolo-
gical conditions that favour gregansation of soltary locusts, and once these
conditions “are known, it should not be impossible to alter them in the direction
preventing phase transformation. These conditions may be different in the case
of each locust, and thorough research in each outbreak area will be necessary
before they are fully understood. Locust entomologists, preoccupied with control
campaigns, have had neither tume nor facihties for such research, but its orgamisa-
tion on a broad and thorough scientific basis can no tonger be delayed. Agricultural
development of subtropical and tropical countries 1s proceeding rapidly. More
crops of greater value are being produced and exposed to locust attack. Their
protection by defensive, or even by suppressive, control is threatenmg to become
too costly in relation to their value, and the prevention of Jocust swarming should
be an essential component of planned development.

With regard to grasshoppers, 1t must he stressed that agricultural development

of new countries almost inevitably favours a number of local grasshopper species,
which rapidly acquire the status of major pests This has happened 1n North and

63304



South America, in Siberia and Australia, and is happening in Africa, where

mechanised crop production on a large scale may, at least in some areas, come

under a_ serious threat from native grasshoppers. The study of grasshopper

ecology is in its infancy, and in the tropics even their taxonomy is inadequately

known, The effects of mechanised cultivation on the local grasshopper:fauna -

must be studied in advance wherever ]ar§e scale development is contemplated, so
s

as to avoid the iques favouring

CONCLUSIONS - .
To sum up: glefeslsive and suppressive ‘control of locusts and grasshoppers have
progr i ly lg‘aﬂord a ical measure of crop protection, but they
require perennizl exp on an ever ing scale. A radical solution of

the problem must be sought in prevention of swarming, which requires more funda--
mental rescarch, particularly in the ecology of populations and of phase tranms-
formation. Applied acridology during the two last decades has made great
strides in discovering and applying very effective palliatives, and thess will serve
for a time, but this time must be used for finding a radical solution of the problem

by intensive research in permanent prevention of swarming. -

The CHAIRMAN thanked Dr. Uvarov and, said that with such a provocan'vé
opening, they should have a profitable discussion. «
t

Dr. A. J. NicnoLsoN then made the followmg statement:—

T agree heartily with Dr. Uvarov’s contention that the aim of locust research
should be the prevention of outbreaks rather than the control of outbreaks when
they occur. I also agree that this aim 15 most likely to be achieved by intensive
study of the biology and ecology of locusts, and particularly of those factors that
cause swarm formation, Practically all of the investigations carried out by
our locust team in the Australian Council for Scientific and Industrial Research
during the past fifteen years or so have been of this kind, and we still adhere to
this principle, although I regret to say that we no longer feel sanguine about the
possibility of finding a really satisfactory practical means of preventing outbreaks.
The studies already made have been very extensive, and what appears to be a
fairly complete knowledge of the biology and ecology of Chortoicetes terminifera
has been achieved: we know what factors lead to outbreaks, and we know that
certain i i of the i would go far towards preventing out-
breaks. The trouble is that the necessary changes in the environment cannot be
made economically, which is largely due to the fact that the outbreak areas occur
in regions of comparatively low rainfall. In such regions it is notoriously difficult
to make any change in the vegetation. However, the ecological investigations are
being continued in the hope that some means of changing the environment may
be revealed, or that some new factor may be found that can be used in the
prevention of outbreaks, but the studies .'ﬂteady made are so extensive that we

now doubt if it wilt ever prove Practi to prevent outbrzaks by
ecological means. That some smprovement in the present situation is possible by
using such means has, however, been already demonstrated, notably in the reclama-
tion of certain types of bare areas.

In the course of their work, our investigators have become somewhat critical
of certain generally accepted ideas about the phase theory, for they do not accord
well with observed facts concerning the ecology of Chortoicetes terminifera. 1 have
with me 2 written statement by Dr. Key, which is unfortunately too Jong to be
read in full now, but T will read the portion bearing specifically on thc phase

theory.
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“The distinctness of the habitats (of C. terminifera) opumal for the egg slage
and the active stages respectively suggests that the most favourable over-ail fiving
conditions would be realised in’ arcas where both habitats are present within the
range of normal dispersal of the non-swarming locusts, and this is precisely what
we find in the soil mosaic of the outbreak areas. Another advantage of the patchy
environment from the point of view of survival and multiplication is that 1t 1s to
a large extent buffered against changes due to weather fluctuations. This charac-
teristic of an outbreak arca was emphasised by Kennedy in relation to its
effect in “trappig ** and holding locusts; he does not appear to have realised

* its implications 1n regard to survival and multiplication.

“The generally accepted interpretation of the role of locust outbreak arcas is
that they provide the conditions under which a concentranon of non-swarming
focusts is brought about, thus sctting in train the complex series of changes usually
referred to as “phase transformation™ They have not been regarded as areas

i 1 to iplication of locusts, although it has been recognised
that multiplication, resulting from & period of favourable weather, must precede
concentration. Several leading Jocust workers have. in fact, put forward the
contrary view—that the outbreak areas are regions of precarious existence for the
species, sitnated on the fringes of its range of distribution.

*Workers on Chortoicetes have indeed demonstrated the concentrating role of
the outbreak area environment, which is most strongly expressed in the outbreak
centres. The concentration is brought about as a result of the constant fluctuation
in the proportions of the twa habitats already mentioned, according to the nature
of the season and other factors. However, Key, in partcular, mamtains that the
more important role of the outbreak area 1s in relation to multiplication, and that
the same patchiness of the environment that causes concentrauon in Chortoicetes
and other locusts, is particwlarly (@ ourable to their mudtiptication, owing to the
existence of marked differences in the optimal habitats for the different stages
of the life-cycle and to the buffermg effect already mentioned. On this view, the

- pre-aceupation of most locust workers with the question of behaviour, particularly
in relation to phase transformation, and the evident importance of a patchy environ-
ment in that connection, has resulted n a falure to 3ppreciate the more funda-
mental tole of the outbreak area, which ts 1 relatton to multiplication.

“The Australian focust workers have been very cautious in their atutude
to the Phase Theory. Broadly speahing, their view. which 1s bemg elaborated
by Key in a2 paper to be published shortly, 1s that this theory has been extended
1o cover such a wide range of phenomena that it 15 extremely difficult to form
any clear idea of precisely what propositions are really distnctive of it. In the
coutse of its spread it has taken under s banmer, so to speak, fields of enquiry
that have Intle relation to the original ideas that gave burth to it. Moreover, so
many of the concepts and 1erms o{ the Phase Theory are so Jacking i any prease

¢ n, that it scems in dealing with to which a phase
Interpretation can be applied. to use rather more words to describe precisely what
is happening, than to apply the phase termsnology.
. “Tt will not be possible for me o go mto this subject 10 detanl here, but a single
illustration may perhaps help to clanfy my meaning In describing what Kennedy
has called the “outbreak process,” it 1s customary to designate the crucial
h as * phase S or ¢ f mto the greganous
phase.” The term “ phase ” implies a complex of physical, biological and behaviour
characteristcs, any of which may. in fact. be lacking in the particular case under
consideration. Some of these. such as g i . are more in the,
definition of the concept, while others, such as the physical characters, are chiefly
used in diagnosis, But the process with which we are mmmediately concerned
is that of swarm formation. and all ambiguity 1 removed if we substitute that

- a7
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expression for “ phase transformation.” From the point of view of Jocust epidemio-
logy it ‘matters little whether the swarms are composed of individuals with the
typical phase gregaria structure and coloration, or whether, like one reported by
Kennedy, they are indistinguishable from non- ming locusts. . ;
“ Thus, although the Australian workers have necessarily been concerned with
many aspects of the biology and epidemiology of Chortoicetes that would be
characterised as phase phenomenz, they have avoided the use of the phase termi-
nology, and believe that they have lost nothing thereby.” -

Dr. J. 5. KENNEDY said that the economic importance of phase phenomena
would doubtless be found to vary considerably from species to specics among the
locusts, but that it was impossible to do what Dr. Key’s statement demanded,
assess the importance of phase in a particular species, when there were no phase
studies available on it—and that "was the present position with Chortoicetes
terminifera. T

Chortoicetes, like most of the Old-World locusts, became an important pest
only when it launched on mass migrations. In other species, mass migration
{or " swarming ” to use Key’s less precise term) was known to arise out of phase~
change. Mass migration was not closely correlated with the morphological
features customarily used for phase diagnosis, but it was nevertheless a phase
character, and a2 much more impertant one, in practice, than morphology. To
ignore phase change, which was so indispensable a link in the chain of events
leading to important crop damage by these insects, would, sooner or later, cripple

efforts to deal with the pest. -
In particular, neglect of phase change blurred thought about control stratepy.
1t blurred the disti between 1 ion which was already p\:nctiscd

on several species, and outbreak presention which, as Dr. Uvaroy had just insisted
and Dr. Nicholson had agreed, must be the ultimate aim.

Qutbreaks—ready-made swarms—could be suppressed without an ueder-
standing of phase change in the field, but this was an uncertam, costly and -
temporary solution at best In order to preven! outbreaks it was essential to
understand and’ prevent phase change, for that is what finally engendered mass
migration and the act of lterally * breaking-out” of the outbreak arcas: To
do that, it might not be necessary to prevent multiplication. This was the crux
of the matter: multiplication and phase change were often successive but obviously
different processes, actuated by different aspects of the same habitats. Pessimism
regarding the prospects of outbreak prevention seemed hardly justified-until every
hink in the whole chamn that makes up the outbreak process had been examined,
and this ¢xamination was what Dr. Key seemed reluctant to make.

Mr. J. W. Cowranp sard that Mr. R. J. V. Joyce, working on grasshoppers
of several species in areas in the Sudan in which dura sorghum is under
mechanical cultivation, thinks that opening the land in the year before sowing,

“ instead of i the same year, is & possible means of avoiding damage to seedlings.

Dr."Hem Singh PrutHr agreed with Dr. Uvarov that modification of habitat
was the most effective remedy, but he failed to sec how the habitat of the desert
locust conld be changed over the whole vast desert area in India, which was one
of the breeding grounds. The stage at which the desert.locust could be most
casily controlled was the incipient swarm, and he thought what was really
necessary was to have an organisation in existence before the swarms formed. A
permanent locust organisation was established for India in 19'39, and, when swarms
appeared in 1941-42 it was ready and only needed expansion. The result was

- that though the belt of the desert locust extended from India to Africa, there had

98



been no,swarms and no reports of appreciable injury in any part of India during
the fast three years. The organisation not only forms people how to act and
when, but also where. He considered this a practical ides, and thought that
esery country where focusts breed should have such an organisation.

Mr. J. T. DaveY sqid that there was a permanent organisation in Nigeria,
too, but they were very dependent on the vigilance of the local populations,
The Government employed ten scouts, but they could not cover 1 per cent. of
the small areas that comprise the incipient breeding grounds of the migratory
Jocust. He thovght that there was peed for more propaganda smong the natives,
10 induce them to scout for themselves, and gave an example of a casc in which
the local people discovered, reported and dealt with an outbreak, with complete
success.  He agreed with Dr. Pruthi zbout the valuz of an organisation, but
thought it most important 1o advise the pative population of the situation and
get them 10 help. N

Dr. R, A, E. GaLLLY suggested that control by modification of the breedimg
areas 1o prevent swarming might not be so superior (o control by suppression
of incipient outbreaks in them as Dr. Uvarov thought. Might at not be impossible
to carry out habitat afterations over sufficiently large arcas. and might not this
method be as costly as the use of msecticides? “The cxact afteration of vegetation
required would have to be studied.

Dr. R. H. LE Preiry said that Kenya was very much concerncd with preventing
outbreaks, as, though there were no known outbresh centres in the country, three
species of lncusts entered it. The excellent work done 1n suppressng outbreaks of
the migratory and red locusts was appreciated there, and any well-conceived
measures against the desert locust would be supported

Mr. A, R WATrRsTON said that msecucides might be the answer to the Jocust
problem as Dr Galley suggested, but entomologists could not agree until other
mathods had been proved to be useless, The dynamics of outbreaks and the
new science of outbreak prevention must be nvestigated.

Mr. P, R. STEPHINSON said that they had heard from Dr Nycholson that
outbreak areas in Australia might be man-made  That mught b2 so m other
places. Tt was important to understand the whole process of phase change, and
1o heep an eye on changes taking place Jest new outbreak areas be made.

The Cramsan thea called upon Mr. A B. Bawrd to discuss the grasshopper
problem.

Mr. Bugp said that so far locusts, not grasshoppers, had been stressed, but
there were only grasshoppers in Canada, where imestigations on biological factors
in control had been carried out in close assoctation with the United States  For
fen years, a detailed study of natural factors reg grasshopp i
n certain areas had been made, and 1t had been found that parasites were of
greater importance than had been anticipated  Many parasites, including Tachinids,
Sarcophagds, Nemestrinids, Sceliomds and Bombylnds, were encountered, and the
number of species and extent of work on studymng them more closely was expanding.
Through 1he Bureau of Biological Control, a smmtar study was bang made in
South America, with a view to finding whether the transference of parasites. disease
Organisms and other control factors could do samcthung to prevent outbreaks.
He thought this represented the best possible form of future control.
The Cramman called on Dr Uvarov to commens on the discussion,
Dr. Uvarov said that the ma line of divergence betwcen his views and those
of Dr. Key, as outlined by Dr Ni d phase . which in
J-Praglice were an imporeant part of control Dr Key would concentrate attention
on the process of swarming and ot on phase transformation, but the speaker could
n0t se¢ how there could be concentration of swarms without early gregariousness.
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Though the phases were probably less definite in Chortoicetes than in other locusts,
he thought it to d a; h as to do so would be
1o jgnore part of a dynamic process: With regard to Dr, Pruthi’s opinion that
there was little hope of preventing outbreaks of the desert locust, he pointed out
that, though the swarms occur over vast areas, the formation of incipient swarms
appeared to be confined to only some parts, mostly coastal, which were beginning
to be known. If they were studied and found, he believed they would prove
to be less vast than they were thought 1o be. Suppression methods must be
utilised, but they were still only temporary, and a knowledge of causes might
provide something more substantial and -lasting. With regard to Dr. Galley's
suggestion that insecticides might be no more costly than ecological methods,
he said that chemicals were known.to be expensive; the other method might prove
not 10 be, and it offered more hope. He knew of the work on control by parasites
and predators referred to by Dr. Baird and thought it was going well, but con-
sidered that a great deal more knowledge of all the factors concerned in the
fluctuations of locust populations should be obtained before one, to the exclusion
of others, was selected for study. He concluded by saying, that he was pleased
to have received sharp criticism, as he regarded that as the purpose of the
Conference. .

Chairman; ' Mr. F. N. Ratcliffe -
Discussion: Termites R

Prior to this discussion, the delegates had received a summary of information
on termites and a memorandum on it, both of which are reproduced below, and
also the ions of a i i y them, which were sub-
stantially the same as Conference Resolutions Nos. 16 and 17 (see p. 10).

SUMMARY OF INFORMATION ON TERMITLS

At the Fourth Imperial Entomological Conference, 1935, the importance of
termites in the countries of the British Commonwealth was stressed and, after
discussion, a recommendation was made that detailed information should be
collected from all countries concerned with a view to deciding what steps, if any,
should be taken to reduce the damage done by these pests. To this end, a
questionnaire was prepared by the Imperial (now Commonwealth) Institute of
E logy and ci d to all Ith countries. Replies were received
from 36 countries* in due course, mostly in 1939, but the outbreak of war pre-
vented any further action being taken. )

The information contamed in these 36 reports bas been condensed in the
form of a §ynopsis, so that_del to the Fifth C 1th logi 1
Conference, 1948, can obtain a picture of the problem as a whole and consider
whether further action 1s now necessary.

+ Antigua, Australia, Bahamas, Barbados, Basutoland, Bermuda, Brtsh Guiana, British
Honduras, Ceylon, Cyprus, Dominica, Fiji, Gambia, Gibraltar, Gilbert and Ellice, Gold Coast,
Grenada, Hong Kong, Jamaica, Malayas, Mauntius, Montserrat, Nigeria, Northern Rhodesia,
Nyasaland, St. Helena, St. Kitts and Nevis, St. Luca, Sarawak, Sierra Leone, Solomon Islands, .

Té il Jordan, Trinidad and Zanzibar. The remaining Commonwealth
countries had not compicted their replies prior to the outbreak of war and were unable to do so
subsequently, .
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While much infarmation was provided vnder some of the headngs of the
questionsaire, sery fittle iy avadable under others. Most countries have had
eccasion 1o devote sofi¢ attention o termiles as pests of structuraf timbers fn
buildings, and in some tesritories much detailed work has been done on this
one aspect of the problem, but almost nothing is known about their attacks on
homus or the effects on the soil of their presence in it, while information on theic
statws as pests of growing crops is scanty and vague. Thus, the summary of
ihe problem as a whole provided by.the answers to the questionnaire Is un-,
balanced and is to be reparded not only as an account of work done but ako
as 2 statement of {sck of knowledpe and need for rescarch.

The lack of knowledge on many aspects of the activities of termites is not in
the least surprising. The problem is so vast that unless at least one eatomolopist
in each territory can concentrate on it alone for several years little propress can
be made, and the staff avaifable in most territories, especially in the teapics, has
seldom sufficed for this. Mareover, in some countries, f not in all, the study
of termites in the field would be a matter not for an entomclogist alone but
also for & chemist and perhaps a physiologist, The large amount of work done
on particular aspects of the problem in certamn countties has usually been due
to the initiatise and interest of individual entomologists rather than fo’ recognition
by Governments of the meed for the work.

The identity of most of the economically important species is now knawn
for most countries, and the need to separate the species, for practical purposes,
info two major groups, the subterrancan and the dry-weood termites, is generally

ised. N any ressarch 10 the Commonweaith generally
on their importance in relation to agriculture, farestry and buildings would require
the services of a taxonomic specialist 1f the sork were to be on & sound foundation.

¥t may be considered whar the problem differs so much 1 diferent pans of
the world and is 5o bound up with local condiions that it would be difficult to
devise 2 general scheme of rescarch that would prove adequate.

‘The synopsis which follows of the rephes to the questionnaire ncludes only
the information contained thesein, since this ts sts sole object, No attempt has
been made in it fo review work done i foreign counmes or work done simce
1539 in countnes of the Brytish Commensealth In arder 1o faqilitate reference,
the questions that were circulated in the questsonnatee are used as headings and

are indicated by italics.

L. A Byt of all the species of termites Anown 1o ocour m the country, with wi
indication of thase species that are impurious and their reative waperince
{miror, medium or major pest}

The completeness of the hst of determned species provided by any one country
naturally depends mainly on whether, by chance, an entomologist mitrested in
the collecting and the systematcs of termites has happened to hve there. “Thus,
the tesmite fauna of Austrafia, Bunsh Gmana, Ceslon, the Gold Coast, Malaya,
Tanganyika and Trinided may be said to be pretty well known as regards species

. Dresent in each, the number of species recorded m these countries varying from

52 in Trinidad to 154 in Austraba. In certain small countnes, vsually jstands,

such as Jamaica and Maunnws, very few specics are present and these ace named,

Several of the countnes that have provided comprehensive Lists have classified

their species in families and subfamlies.

Indications as to the status, as a pest, of each spemes have been sttempted by
several territories, bul this 15 cleasdy largely gqcss\-mrk. m the present state of
knowledge, except m the case of certain outsiandingly harmdul species that damage
buildings and are well known for that reason
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The names of the species known to be harmful are not given in this summary .
as these necessarily vary from country to country, but complete lists of all the
species known in each ferritory, as well as the names of those that are harmful,
are available for reference if required. - : *

2. Nature of damage to the following, with the names of the termites responsible,
where known, or specimens of the insects, and an approximate estimare of
the annual damage done B . D
. (@) Humus in soit.  Extremely little is known about this probably very
important subject. In many countries ifs importance is recognised, but no research
has been conducted except in Australia. The general tendency is to assume that
termites are harmful because they devour dead vegetation on the surface of the
soil, but in a few replies to the questionnaire, potzbly those fzom Australia, British
Honduras, Sarawak, Somaliland, Tanganyika and Triridad, there are indications,
and in some cases definite statements, that the attack on humus is befieficial, at
Teast in certain circumstances The possibility that the insects are beneficial by
breaking down fellings and leaf litter jn forests is recognised in British Honduras
and Sarawak. In Australia, certain species are definitely considered to be bene-
ficial because much organic material is taken into their underground galleries.
An interesting observation in Somaliland is that “ ant hills ” are numerous where -
grazing is good, but no opinion is expressed as to whether the converse applies.

The part played by termites in acrating the soil and influencing its chemical
composition in areas where the nests of subterranean specics are abundant as in
parts of Africa and Australia is almost unknown. All that can be said at present
is that 1t is rash to assume that termites are harmful because they devour humus.

(b} Growing Crops. Many different opinions are given uader this heading.
In Nyasaland, Nigeria and Tanganyika, growing plants of various annual crops
are damaged, but only sporadically so that the total damage is not serious. A
note to the effect that damage to crops is not serious if the soil is well tilled comes
from Somaliland. In Malaya there are numerous solated records of damage to
many annual and permanent crops, but this is secondary, following injury or adverse
conditions: a similar state of affairs is recorded in the Gold Coast. Seedlings of
oil palm, coconut, citrus, etc, m nursery beds are badly attacked in Sierra Leons,
mainly after transplanting (which suggests temporary lack of vigour in the plants),
and rice and groundnuts are stated 1o be sometimes seriously damaged in the
field there. Clove and coconut estates in Zanzibar suffer 50 per cent, loss of
seedlings after transplanting. Sugar-cane is damaged, though negligibly on the
whole, 1 Australia, but in some sugar-growing islands of the West Indies, notably-
Barbados (and not Trinidad or Jamaica), damage to this crop is certainly not
negligible and 1s sufficient to cause planters to destroy the nests regularly. The only
country to record serious damage to a particular_crop is Ceylon. where tea is
s0 badly attacked locally, mainly by dry-wood species of termites, that the bushes”
are eventually hilled and at least one estate had to be abandoned while another
reported 80 per cent. of the bushes attacked; there is no evidence that damage to
tea is secondary. Rubber also is damaged in Ceylon, and also in Sarawak, but
in these cases the attack is secondary, followirg wounds, though attacked trees
are otherwise healthy.

In general, it may be concluded that damage to growing crops is not serious,
provided the plants are healthy and vigorous. though there are apparently a few
exceptions to this

In no instance was it possible to give an estimate of the annual cost of the

damage done.
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(c) Forest tress. Most countries have little or nothing to contribute under this

- heading, but Ewcalyptus forests arc seriously damaged by several species in Aus-

tralia, Northern Rhodesia, Nyasaland and Sierra Leone record that damage to

growing, indigenous trees is rare and only secondary, but in the first two of these

countries, introduced trees, especially Eucalypius spp., are susceptible, and in

Nyasaland, Eucalypts are so severely attacked that afforestation is seldom

attempted in termute areas, and this is a serious disadvantage. In British Hon-

. duras, termites are 2 major pest of mahogany and pine. the former being damaged

1o an extent estimated at more than 4 per cent. by value: pine 15 attacked after
damage by fire and these two factors together cause an annual loss in pine of -

Several countries admit lack of adequate observations on the activities of ter~
mites in indigenous trees, so that lack of records does not necessarily mean that
10 damage is done. Nevertheless, it is fairly certain that indigenous trees, if

. healthy, suffer little damage in the.Commonwealth as a whole. ~ .

(d) Stored timber. " Stored timber is severely damaged in most countries if in
contact with the ground, badly stacked, badly ventilated or stored for abnormally
long periods. In practice, however, httle damage is done because the need for
proper storage, rot only as an anti-termite measure, but also to guard against
rot and for seasoning purposes, is generally recognised. and also because, in most
termjte-ridden countries. stocks of timber, especially imported timber which is

- usually susceptible, are quickly used and replaced. Tn several tropical countres,

. the only timber stored for any length of time s resistant indigenous timber; thus,

in 'Nyaszlgnd, where there are few stores in any case, the stored timber is mainly
Widdringtonia which is highly resistant.

(e) Telegraph poles and fencing. Wooden poles and fencing posts. except those
of resistant timbers, are everywhere destroyed below ground level unless imprez-
nated with a suitable preservative. In most countries, however, the difficulty is
overcome, not by impregnation. but by using metal or concrete posts instead
of wooden ones, or by using resistant timbers n cases where the cost of meta)
or concrete posts is profubitive. Selected resistant mdigenous timbers are reported

. 10 be fairy satisfactory for this purpose in Austrahia, Somalfand, Sarawak and
the Gold Coast; in the Tast-named country, wooden posts, if used at all, are of
Borassus palm, which is very highly resistant

. (0) Government buildings, Damage to buildings 15 severe everywhere unless
brecautions are taken. Both dry-wood and subterranean species are concerned
and the indications are that on the whole the latter are the more destructive, but
in the West Indies the former, bemg more widespread, probably do more damage,
though subterranean species cause greater and more rapid desiruction where they

-occur. All timber in buildings 15 hable to be attacked, as the subterranean species
as well as the others make their way to roof timbers ard do not confire them-
selves to the foundations and floor timbers Woodzn furmture also is attacked
almost everywhere in old houses not built to exclude termites.
. ;VI%S( countries are unable to estimate the annual financial loss due to termites
In bujldings, and none can give a really accurate estimate becaunse no separate
records are kept of repairs necessttated by termutes afone, nor is this possible

l‘:lofkr?cnc& The figures piven below as examples are admittedly marmly guess-

Malaya —$350,000 (presumably per annum), or 25 per cent. of the total cost
of all repairs,

Jamaica.—80—90 per cent of the total marntenance costs.

N).a:a'land -£400 per annum.

Nigeria—£4,500 annually in the Lagos area alone.

~ N. Rhodesia—A house worth £1,000 costs £30 per anpum for repairs to

woodwork damaged by termites.
Zanzibar—£1,000 per annum:. 103 -




(g) Private buildings. No definite information is available, but it is generally
concluded that damage to private buildings is greater than that to Government
buildings, because private buildings are usually less well protected. It is estimated
that 80 or 90 per cent. of all buildings in Ceylon are infested and the British
Guiana report includes a remark to the effect that Georgetown is “one large
termite mound.” 1If, under “private buildings,” one includes the innumerable
little *“ native > houses that are scattered over tropical countries and are constructed”
solely of materials that are susceptible to fermite attack, then the annual Joss
is enormous and incalculable. Further, the massing of large native populations
in towns in wooden buildings built_without supervision creates conditions ideal
for termites and greatly increases the damage done. This aspect of the problem
has received special aftention in Jamaica, where need for education, supervision
and regulations 1s strongly stressed by the Government Entomologist.

3. Methods of Protection N -
(a) F ion of build against sub termites, with a definite state- .
ment as to how far each method adopted is letely efficacious, a i

nd a comp
of the lasting value of concrete as against a termite-proof metal course over the
whole foundations.

(b) Protection of buildings against dry-wood termites.

These two headings are best considered together, as few countrics separate -
!}éa two classes of termites in describing the methods of protection that they
adopt. .

The protection of buildings occupies the greater part of all the replies to the
questionnaire, this aspect of the termite problem being the only one that has
been intensively studied. This was to be expected, since it is as pests of buildings
that termites most directly and obviously affect the affairs of man. In all countries,
investigations have been directed rather to the construction of buildings in such
a way that termites cannot gain access to the woodwork in them than to the
control of the insects themselves, which, it 1s obviously generally felt, is an
wmpossible proposition.

The general tendency everywhere is to substitute concrete for wood in founda-
tions and ground floors and metal for wood in window-frames, doors and other
similar structures. There is, however, still no substitute for wood for the sup-
porting structures of roofs, ceilings, and upper floors of certain types of buildings.
notably private houses, and for these purposes selected resistant timber subjected
o chemical is used wh ssible. The treatment and selection
of timbers will be dealt with under Sections 3 (d) and () of this summary.

Two forms of concrete foundations are prevalent. One consists of piles or
pillars on which the building 1s wholly supported and the other consists of a
continuous concrete wall or course, all over the ground plan of the building.
and concrete ground floors, The former is preferable from the point of view
of ease of inspection, but the latter is becoming increasingly favoured for aesthetic
reasons. Both are effective provided the foundations are frequently and regularly
inspected so that any termite runways can be removed and nests located and
treated and any cracks in the concrete filled in, but in, practice concrete founda-
tions, though good, are often not completely effective because the human element,
in so far as thorough inspection is concerned, is a limiting factor. It can, however,
be claimed that both methods are completely efective if proper attention is devoted
to the foundations periodically. The most difficult cases to deal with are those
in which internal cracks develop in concrete walls so that termites can ascend
unseen above the foundations. In such cases, they may not be detected until
after they have established themselves in structural timber or in furniture against

the walls.
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Experience in Australia and Sierra Leore, in panticular, indicates that concrete
foundations are, in themsehes, ineflective, and 1t appears from evperience else-
where that conerete floors are an essectial adjunct of this method 15 adoptad at all.
The idzal arvanzement, as advocated in Ceylon and the Gold Coast, appsars
to be a contimuons conerets course at Jeast 3 ins. thick all over the foundation walls
and projecting 3 ins. both inside and outside the walls; cement floors are join=d
1o this course and since the juncticn is away from the wall repairs can be efiected
easily if sermites gain access throvgh faults at the junction.

Ocly a few of the countries concerned have used metal courses in the founda-
tions, and those that Bave testzd them are not satisfied with them as anti-termite
measures becanse it is difficult in practice to_ensurc permanently satisfactory
joints in the metal and around bolts or other items that must pass through it.
There seems ro doubt that continuous metal courses are inferior to concrte
ones, with or without comcrete floors. It is pointéd out in Jamawca, however,
that though 3 proper concrsts courss s effectne against termites 1t does not
prevent the transfer of moisture from the soil to woodwork when woodwork
s in contact with the concrets, and that in structures of this hnd the mclusion
gl a metal course is desirabls as 2 method of preventing decay resulung from

amp.

While metal termite-proof courses over continuous foundations are DOt gener-
ally favoursd, metal (useally zinc) caps oa concrete pues, where the latter are
adopted for foundations, are usvally, though not invanably, recommended. In
Australia, metal caps ars placed on the pillars of frame buildings, whether the
pillars are of concrete, brick or timber, and this 1s general practice and 15 satisfactory
if subjected to inspection.

 The very detailed report received from Jamawca ucluded full accounts,

diagrams, of anti-termite methods of construction of the foundations of buil

with special reference to methods of setirag wood beams 1n concrete and joining

wooden sills to concrete. The valuable work done i Jamaica cannot be detarled

here, but the report should be consulted, together with that from Ceylon, by all
with the ion of buildings m the ropics.

with
gs.

‘The necessity for treating new building sites (o froc them from sublerraacsh

termites ard to keep them free as Jong as possible is emphasised i saveral

countries. The destraxction of nests (sce Section 5) is an obvious precaution. thoveh

often very difficelr. In addition, mmpregnatmg the soil with sodwm arsenite was

bems tesied in Malaya in $939, and n Nyasaland the foundation tenches of sew

boildines sere impregnated with “ Atlas A~ solution, but this also was then
imental,

experimental

(<) Protection of stored fimber. Timber 1s always badiy attacked of stored ia
coztact with the gx’mmd. but the peed for proper storase is generally recognissd
fsez Section 2 (d)), The widespread use of concrete fioors for timber stores is a
valuable protective measure, and this, together with proper stacking on racks to
ensure yentifation, usually prevents damaze bemng done in the comparatively short
‘periods during which timber is normally stored io the countrics in question. On
the whole, the protection of timber 1 store i obviomsly rot a serious problem.
but in Jamaica, where imported timbet iS stated to be frequently stored in contact
S e e T em of an snferior qualiis and Bigbly suseeptible, infesta
tion often begins in stores so that tmber used for rew buildings is sometimes
infested at the outset, The urgent oeed for control by Gorernment of the grade

i . imber trade generally is stressed in this instance,
2nd it is also felt that more consideration shonld be given by the Putlic Works
+ Department to the termite menace.
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(d) Termite-proofing of timber, giving an account of all the chemicals or pro-
cesses that have been submitted to a thorough test, with the results obtained, and if
possible the names of the termites used.

All “countries have had some experience of the treatment of timber with~
preservatives, but only a few have conducted adequate experiments and in several
of th§se the experiments had not been long enough in progress in 1939, when the
ire was circul to yield Tusive results,

The simplest and commonest treatment, and the least satisfactory, is to apply
one of several well known preservatives, such as creosote, Solignum or Atlas A,
with a brush. Many countries report this as normal practice. One coat is almost
useless, but two or three coats give some protection to otherwise susceptible timber
m the ground for periods varying up to three years. Brush treatment does not
give any appreciable impregnation, and a much more satisfactory treatment, using
the same or similar materials, is immersion in hot preservative for 24 hours,
followed by cooling in the preservative, or, better still, alternate heating and
cooling. A mixture of creosote and diesel oil, impregnated into the wood by
this methed, is favoured in Trinidad and Jamaica, and wood tar from the local
gas producer plant heated with half its volume of crude diesel oil gave complete
protection for 15 months, and probably much Jonger, in Mauritius. This hot-
and-cold open-tank method gives penetration in soft woods up to } in.~ Even
this treatment, however, cannot be relied upon to give protection to timber in the
ground for more than about 10 years in most conditions, though in Malaya the
life of railway sleepers thus treated 1s claimed to be about 14 years. It is
generally considered that treatment under pressure is the only satisfactory solution,
but this is seldom practised, presumably because of lack of suitable equipment.

Arsenicals (other than proprietary products) do not appear to have been widely
tested, but reports from Australia and Northern Rhodesia indicate that they are
far more promising than any other matenals if impregnated to an appreciable
depth. In a “grave-yard ” test in N. Rhodesia with a variety of timbers and
chemicals, only arsenicals (arsenious oxide and sodium arsenate) were completely
successful. Wolman salts (Tanalith) proved the best of several treatments (includ-
ing creosote, alone and with diesel oil) applied by the open-tank method in t=sts
in Nigeria. Zinc chloride is considered good in Nigeria, but only for use indoors;
it is useless in the open because of 1ts solubility. .

At the time when replies to the questionnaire were written important “ grave-
yard ™ and other tests were in progress m Australia, the Gold Coast, Jamaica,
Malaya, Nigeria, Tanganyika and Trinidad. The results of these may now be
available and should be obtained -

It is mmportant that timber should be well seasoned before impregnation;
atherwise cracks will develop and permit the entry of termites despite the treat-
ment. Moreover, the timber should be seasoned in the area in which 1t is to be
used so as to rgduce the chance of subsequent cracking through changes in
climate. 1t is also obviously desirable that timber to be used for building purposes
should be cut, shaped, bored and otherwise finished to its final form before

treatment with preservatives.

(©) Names of indigenous timbers that have been found to be resistant 10 attacks

of termites. .

Resistant timbers are pres@nl m most countries, but none is ‘complclely
resistant. Resistance varies within one species of timber, and some timbers that
are resistant to certain species of termites are susceptible to others. The supply
'of indigenous timbers is usually lmited.
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Ia their replies to the questioanaite, most countries listed timbers hoown to be
mote or less resistant, but in most cases these are of only local interest: the lists
arc available if requiced: Australia lists 24 species, mostly Ewcalyprus, that have
{airly high resistance to Australian termites. Trmidad claims that five local
timbers are highly resistant and are extensively used in consequence, and experi-
menfs were in progress there to provide data on the relative susceptibility of afl
local timbers. Of the severai species recognised. as resistant in Nyasafand,
Widdringronia is outstanding and in general use; so much so that the imponance
of preservatives and the danger of damage to \imber in stoces are reduced. Two
focal trees are used for poles without in il The high resi
of the Borassus palm in the Gold Coast has already becen referred to, but the supply
1 presumably very limited: its resistance is no doubt well known in other African
countries also. riigeria lists 14 resistant timbers, including the well known
Chiorophora excelsa, that can be used untreated for sieepers and poles embedded
in the ground. Mahogany and teal are faitly resistant. The so-called resistant
timbers are only resistant when properly seasoned and free from sapwood. The
degree of hardness appears to be the principal factor conferring resistance, but this
is a point that requires investigation.

4. Mezhpd: of repairing damage done by feymites to buildings, and an indication of
sheir efficacy, in the case of :

(Y Subterranean termites.
{b) Dry-wood termites.

The nghes received under these two headings are best considered together,
a5, except in destruction of nests (sec Section 5} which is a nccessary preliminaty
1o sepairs, distinction between the two classes of termutes is seidom made in
connection with repairs, though actually the destruction wrought by dry-wood
species is much more insidious and more dillicult to detect and repair than that
due to subterranean species. N

The methods to be adopted n repairing damage are mawmly a moafter of
pplyng common sense to each individual case 1o goncral, the repairs consist
in xeplacing damaged woodwork with resistant wood of wood thoroughly treated
With preservative, after the destruction of runways and nests.  The location of
the exact site and extent of the bomngs of the asects is often facilitated by
observing the position of the excrement that falls fzom them and by tapping the
outside of the wood. In some cases it s diflicult or undesirable to remove the
demazed wood; the best procedure thea 15 1o dnll holes almost through
the infested wood and pour in as much preservatrve, with the aid of funne), g5
e wood will hold, or alternatively low m Pans green with anhordma,y dust
EUR or fumigate the wood through the hole wuh fomes of sulphur and y bty
arsenic, Any of these methods 15 kable to need repeatns, and 1?§pccllon from
time to time is necessary. Full detasls of these and other methods o lmp'regnaﬂ'ﬂg,
injecting and fumigating wood in situ_are given i the hrepm;t ecsivey from
Jamaica; but it is poinfed out there and clscwhere Wt Whete IS 80 complergr,
; § § for dzalmg with dry-wood gapn
s, thouigh the INSecl can for S
trolled 10 the extent that the Lfe of a buildmg s ot ?‘é?:cs“(y';‘cd"m’- oo
€ase of sybterranean species i 15 NECESSATY ta locate an‘ma o utl e Bole o  the
through which the maccts entered, after sunable LICADE OF the 5oy pop oo o
i, the procedure advocated in Ceylop 15 10 pourd lown pots o7 o ath
cieosote at the point of entry and fill with hiquy - Bm“, me :
tnder wooden floors and in roofs 1 regarded as ot portant subsjg,y
i Hong Kong and elsewhere.

¥ measure

107



5 Destruction of Nesty an et

‘The destruction of nests is usually-difficult and often impossible, and even ti:e'

locating of them, especially those of non-mound-forming subterranean species, is
sometimes impossible.” '

. P '3 !
In many countries it is believed that subterranean nests can be completely

destroyed ~if they are opened up and the queen is located and killed. This is
temporarily effective, but is usually not permanently so because subsidiary queens
deve}op_and the nest is restored. Much better methods for subterrancan nests are
fumigation with petrol, carbon bisulphide, arsenic and sulphur, or Cyanogas, or
injection of Parts green, white arsenic or calomel. When carbon’ bisulphide
is used, orthodichlorbenzene or chlorinated naphthalene dissolved in it gives a
more Jasting result, judging from experience in Jamaica. Opinions vary greatly
as to the relative efficiency of these various but all i

completely effective, and the general consensus of opinion seems to be that petrol
15 the best. Austrahian experience is, however, that arsenical powders are the
only letel. f: y tr Repetition of is often
necessary, regardless of the chemical ysed. Carbon bisulphide is said to be very
effective agamst mound-forming species in Sierra Leone, but neither this nor
Paris green was permanently satisfactory against others. In Barbados, an oil
known locally as *sanitary o1l ™ is poured mto the nests and is eflective, and is
preferred to petrol by planters because 1t 15 cheaper and safer, though petrol is
admitted to be more reliable. The most reliable of all methods, but one of
obviously limited application, is the blowing up of nests with gelignite or dyna-
mite: For the general destruction of scattered nests, and the prevention of

reinfestation, over a limited area such as a new building site, an arsenical or*

cyamde dressing over the whole area after breaking up of the soil is recommendad.
Subterranean nests that are inaccessible can often be dealt with indirectly by
injecting Paris green, white arsenic or calomel into the runways in buildings.
but repetition of the treatment is often necessary before control is achieved; “ back
poisoning * results from ths method, the insects killed being devoured by others
so that the poison is spread through the colony. The same principle is applied
to species nesting in wood and others in trees, and the treatment is said to be
more effective if a few crushed termites are mixed with the powder and introduced
into the nests at the outset. Sodium fluosilicate applied by this method was
tested in Australia, but was less satisfactory than arsenicals. A method known
as the Thomas Cowan process was used with great success against both wood-
dwelling and earth-dwelling spectes in Maurititls; the composition of the powder
used is unknown, but it 1s believed to include finely divided silica.

In the special case of the termites that nest in and destroy tea bushes in
Ceylon, satisfactory contro! 1s obtained by injecting Paris green into the infested
branches at the low rate of ! Ib. per 3,000 bushes.

1t is generally agreed that there is no means of controlling termites completely
over a wide area of country. Even the mound-forming species, which are the
most easily treated, cannot be eradicated on a large scale except at a prohibitive
cost. The methods so far employed are directed only against particufar nests
or groups of nests that are 1all; in or near or on limited
ateas of land

6. Legislation . .

Very few countries have any legislation relating to termites. Tn the Gold
Coast, building regulations require that timber posts must 'be supported on concrete
blocks at least 6 ins. clear of the ground, and in Tanganylk_a. a damp-proof course
must be incorporated and this is r:gaxdcq as ap anti-termiite measure als_o. New
building regulations that were proposed in Zanzibar in 1939 required either the
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jnciusios of “ant ».proof courses in all new buildings or an undertaking that
structural timber to be used in new buildings shall be cither resistant or switably
treated with a preservative, Countries such as C;ylon_ and Jamaica that sut}cr
particularly severely from the mavages of termites in buildings have no Tegislation
concerning them, and the Government Entomologist in Jamaica stresses the
urgent need for such Jegislation there.

MEMORANDUM ON THE SUMMARY OF INFORMATION ON TERMITES e

The following notes were prepared by an Australian_delegate who has been
actively associated with termite research, in consultation with the Officer-in-Charge
of the Entomology Section of the D.S.LR, Forest Products Research Laboratory.
which was given the responsibility. by the recent Empire Forestry Conference, of
collecting and disseminating information on termites and termite control. It is
hoped that they will be useful as a basis of discussion should the Conference
decide 1o set up a Committee 10 consider the “ Summary of Information on
Termites * that has been circulated to delegates.

1. The Need for a Specialist in Termite 'Taxonvmy

There is, in the British Commonwealth, no specialist in the Isoptera capable
of dealicg with the group as 2 whole; and the nature and extent of the attention
given by entomologists 10 termites feflects this lack. Work at all levels suffers
when 3 ificati and general ic guidance, are not avail-
able in 2 group of insects. The collection and recording of data on the distribution,
habits, and ecology of species. and the undertaking of eritical experimental work,
are aged. | As 2 result, logists too often remain ill-equipped to give
nwe‘é:;is ai;"ds\‘l;‘:r?(‘:%:l‘;‘ ;d\;cc o]ndmmeng relating to termites, or to maintain the
y 1ty, in knowledge and prestige, ient -
experts in termite control and tc%mile logc. ge, over unscintific and self sed

1t the Conference is of opmion that stej i

e b ps should be taken to make good this
ll::k i(v‘::‘:h cm; only be done by trainiog up a suitable man), considcra\igon might
h'g e o making provision for the appointee, after a short period of apprentice-
ship, to work or travel overseas for about twelve months, i
simular opportunities at intervals of, say,

and perhaps be given
seven years thereafter.

Unless some such provision i i i
existing gap will ever & oﬁvillsc‘c(lm is made. 1t is very doubtful indced whether the

The termites are probabl i i i
e € y unique among economically important groups in
;‘;‘3"‘“‘;“5 taxonomic difficulty with a distribution vittually confined to l%\e u%spics
o sub-tropics and great biological interest, due to their social organisation
nd the variety of thew nesting and feeding habits Taxonomically the Isoptera
?re difficult and unrewarding partly becausc they are, intrinstcally, rather unsatis-
actory material, and partly because the material available for study js too often
defective. (Critical taxonomic work demands full series, which are n:}iy obtained
by thorough, knowledgeable, and ucky collecting? lucky because winged reproduc-
tives—often necessary for the determination and ‘delimutation of species—are only
present in the colonies for a short tme m the year )

No taxonomist looking forward to a sausfymng and interesting lfe's work
could be expected to confine his attention to the lsoptera-——to deal adequately
with which would be a full-tme job—if he were condemned to know them only
as spint i e 4 should go a long way to insure
that the appointee retawed his desire to specialise in the group: and by broadening
the basis of Ius knowledge, and giving hum the opportusmuty for personal contact
with Colonial Entomologists {whose interest in termites fe could be expected
to stimulate) it would greatly enhance tus value as an authority and teferee. The
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S Destruction of Nests [RES .

I . . . ‘
Lhe destruction of nests is usually difficult and often impossible, and even the”

I'ocal'u}g of them, especially those of non-mound-forming subterrancan species, is
sometimes impossible.” .
. o . !
In many countries it is believed that subterranean nests can be completely
destroyed -if they are opened up and the queen is located and killed. This is
temporarily effective, but is usually not permanently so because subsidiary queens

develop and the nest is restored. Much better methods for subterranean nests are .

fumigation with petrol, carbon bisulphide, arsenic and sulphur, or Cyanogas, or
injection of Paris green, white arsenic or calomel. When carbon bisulphide
is used, orthodichlorbenzene or chlorinated naphthalene dissolved in it gives a
more lasting result, judging from experience in Jamaica. Opinions vary greatly
as to the relative efficiency of these various but all are i

completely effective, and the general consensus of opinion seems to be that petrol
is the best. Australian experience is, however, that arsenical powders are the
only completely satisfactory treatment. Repetition of the treatment is often
necessary, regardless of the chemical used. Carbon bisulphide is said to be very
effective against mound-forming species in Sierra Leone, but neither this nor
Paris green was permanently satisfactory against others. In Barbados, an oil
known locally as “sanitary o1l " is poured into the nests and is effective, and is
preferred to petrol by planters because 1t is cheaper and safer, though petrol is
admitted to be more reliable. The most reliable of all methods, but one of
obviously limited application, is the blowing up of nests with gelignite or dyna-
mite: For the general destruction of scattered nests, and the prevention of

reinfestation, over a limited area such as a new building site, an arsenical or *

cyanide dressing over the whole area after breaking up of the soil is recommend=d.
Subterranean nests that are inaccessible can often be dealt with indirectly by
injecting Paris green, white arsenic or calomel into the runways in buildings,
but repetition of the treatment is often necessary before control is achieved; ** back
poisoning > results from this method, the insects killed being devoured by others
so that the poison is spread through the colony. The same principle is applied
to species nesting in wood and others in trees, and the treatment is said to be
more effective if a few crushed termites are mixed with the powder and introduced
into the nests at the outset. Sodium fluosilicate applied by this method was
tested in Australia, but was less satisfactory than arsemicals. A method known
as the Thomas Cowan process was used with great success against both wood-
dwelling and earth-dwelling species in Mauritius; the composition of the powder
used is unknown, but it is believed to include finely divided silica.

In the special case of the termites that nest in and destroy tea bushes in
Ceylon, satisfactory control 1s obtained by injecting Paris green into the infested
branches at the low rate of 1 Ib. per 3,000 bushes.

1t is generally agreed that there is no means of controlling termites completely
over a wide area of country. Even the mound-forming species, which are the
most easily treated, cannot be eradicated on a large scale except at a_prohibitive
cost. The methods so far employed are directed only against particular nests
or groups of nests that are 11 bl in or near buildings or on limited
ateas of land

6. Legislation

Very few countries have any legislation relating to termites. In the Gold
Coast, building regulations require that timber posts must be supported on concrete
blocks at least 6 ins. clear of the ground, and in Tanganyika, a damp-proof course
must be incorporated and this is regardeq as an anti-termite measure also. New
building regulations that were proposed in Zanzibar in 1939 required either the
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inclusion of “ant "-proof courses in all new buildings or an undertaking that
structural timber to be used in new buildings shall be either resistant or suitably
treated with a preservative, Countries such as Ceylon and Jamaica that suffer-
particularly severely from the ravages of termites in buildings have no Tegislation
concerning them, and the Government Entomologist in Jamaica stresses the
urgent need for such legislation there. .

MEMORANDUM ON THE SUMMARY OF INFORMATION ON TeRMITES

The following notes were prepared by an’Australian delegate who has been ~
actively associated with termite research, in consultation with the Officer-in-Charge
of the Entomology Section of the D.S.L.R. Forest Products Research Laboratory,
which was given the responsibility, by the recent Empire Forestry Conference. of
collecting and disseminating information on termites and termite control. It is
hoped that they will be useful as a basis of discusston should the Conference
decide to set up a Committee to consider the * Summary of Information on
Termites ™ that has been circulated to delegates.

1. The Need for a Specialist in Termite YTaxonumy

‘There is, in the Brtish Commonwealth, no specialist 1n the Isoptera capable
of dealing with the group as a whole; and the nature and extent of the attention
given by entomologists to termutes reflects this lack. Work at all levels suffers
when authoritative identifications, and general taxonomic guidance, are not avail
ab]; in a group of insects. The collection and recording of data on the distribution,
habnﬁs, and ecology of species, and the undertaking of critical experimental work,
are As a result, ) too often remain ill-equipped to give
sound and inteltigent advice on matters relating to termutes, or to maintain the
necessary superiority, in knowledge and prestige, over unscientific and self-styled
expeits in termite control and termite lore

If the Conference is of opimion that steps should be taken to make good this
lack (which can only be done by training up a suitable man), consideration might
be given to making provision for the appointee, after a short period of apprentice-
ship, to work or travel overseas for about twelve months, and perhaps be given
similar opportunities at intervals of, say, seven years thereafter.

Unless some such provision 1s made, it is very doubtful indeed whether the
existing gap will ever be filled.

The termites are probably umque among econommucally important groups in
combining taxonomic difficulty with a distribution virtually confined to the tropics
and sub-tropics and great biologteal interest, due to therr social organisation
and the vanety of ther nesting and feeding habits Taxonomically the Isoptera
?re difficult and unrewarding partly because they are, mtrinsecally, rather unsatis-
da:ftory malerxalt and partly because the material avalable for study js too often
: ective.  (Crtical taxonomic work demands full series, which are only obtained

¥ thorough, knowledgeable, and lacky collecting: lucky because winged reproduc-
Lves—often necessary for the ination and itation of speci only
present in the colones for a shdrt time m the year.)

No_taxonomist looking forward to a satisfymng and interesting Lfe’s work
could be expected to confine bis attenton to t{:eng Isoptera—to deil adequately
with which would be a full-time job—if he were condemned to know them only
:‘: spint The should go a long way to insure
lhal the appomtee retained hrs desire to specialise in the group; and by broadening

e basis of his knowledge, and giving him the opportumity for personal contact
:Vllh.Colomal Entomologists (whose interest in termites he could be expected
o stimulate) 1t would greatly enhance his value as an authonity and referee. The
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location of the taxonomist at a research institute in one of the Coionies Wwol
 overcome one of the difficulties referred to above; “but the almost inevita‘l‘;ll‘:
tendency to concentrate too heavily on the local termite fauna, and particularly
the isolation from other workers dealing with insect groups on a world-wide basis,
would probably igh this ad . )

ge.
2. The Need 1o Exploit Existing Knowledge in the Prevention of Termite Attach
Although there is a great deal still to be learned about termites the general
pattern of behaviour common to the soil-dwelling (“ subterranean ) species attack-
- g timber in buildings is well known. So are certain constructional practices
or precautions that prevent, or minimise the danger of, this pattern of attack.
No one with first-hand experience of termites, and acquainted with the literature,
could seriously doubt that ** termite-proof * construction is not as efficiently carried
out, nor as widely adopted, as it should and could be, N
Individual eatomologists in certain Colonies have paid attention to this
problem, and seem to have achieved fair success, and it has been tackled to
some extent in those Dominions in which termites are prevalent. However, it
would be as well to J4 that the logical service and set-up in the
Commonwealth as a whole is not really adapted to deal with the problem

effectively.  Your ordinary entomologist {who is usually an agricultural

entomologist), even if he happens to be mterested in and adequately knowledgeable
about termites, rarely has the time or what might be termed the strategic position
to-embark on and persist i a campaign for improved constructional practice.
It would be unrealistic, in fact, to expect any marked or speedy improvement in
the position as a result of advice tendered to works and building authorities by

local entomologists

Efficient termute-proof constructton depends ultimately on an understanding, *

by those who design and those who supervise the construction of buildings, of
the habits of the insects The understanding can be general and rather elementary,
and still be sound and adequate. The necessary information could be provided
1 a simple manual which combined the essential biological facts with descriptions
or specifications of the features involved in termite-proof construction and ancillary
precautions.  No such publication 1s known to exist at present.

The prevention of the invasion of buildings by soil-dwelling termites (protection
from dry-wood termutes, which are generally much} less important, demands
different techniques) nught be defined as 10 per cent. simple entomological know-
ledge and 90 per cent. common sense, faithful adherence to principles and attention
10 detail. Until the basic biological facts are made generally available in simple
and suitable form, )l called on by ci to expound them,
will remain liable to become involved in the 90 per cent. of the prescription which

should not be their concern. -

DiscussioN

The CHAIRMAN said that the termite problem had received much attention at
al Entomological Conference and, as a result, a questionnaire

the Fourth Imperu; 1 1e8
had been circulated. As the replies were Jong and specialised, a summary of
them and a dum on it [both reproduced above].had been prepared for

rence, and the latter had appointed a committee

the delegates to the present Confe!

of those specially interested to study lhe_i_n[;

ittee had now been d 1

;’::;\)Trled by himsclf, was the basis of its discussions. It had stressed the need

for taxonomic work, and the lack of anyone in the .Commoqwcallh qualified for

it. He theught it would be practical to start with Alfrican species. Both taxonomy
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and biology must be studied; (axonomy was useless without knowledge of biology
an fcultural i he secon ion had been proposed because
it was thought that practical information about the protection of buildings would
be valuable, The committec was set up at the beginning.of the Conference,
when it was not known who would be iterested; other people might therefore
like to speak about termite work or suggest other recommendafions. He knew
that Dr. E. McC. Callan would like to and called upon him. "

Dr. CALLAR wished to stress another aspect of termite research, and said that
universities and other research centres should be interested in it. There were a
few places in England at which temmite colonies were maintained, but no active
work was going on, and there should be a laboratory for it. Termites and Jocusts
were both 1mportant, but there had been much work on locusts in the laboratory
and Jittle on termites. Loscher of the Swiss Tropical Institute at ‘Basle formerly
worhed with Dr. Wigglesworth at Cambridge and is now at Professor Grassé’s
laboratory at the Sorbonne. The work was with the two European species, and
the method for culturing ther in the laboratory was a modification of the method
of Professor Adamson of Trinidad: The incipient colonies were hept between
sheets of glass, enclosed completely by paraffin wax for safety and having a glass
wool plug. He suggested that research stations in Great Britain should be interested
in tropical species, which could be maintained and studied in conditions in which
they Ined naturally. In view of the importance of termites, it was surprising
that there was no laboratory for their study in the Commonwealth,

Professor J. W. MuNro asked whether Dr, Callan’s proposal was in substitution
for the proposals of the committee or additional to them. -

¢ Dr. Catzan said it was additional to the first proposal and perbaps less
important.

. “The CHARMAN considered it a possible way by which the studies recommended
in that proposal could be carried out.

Dr. R. C. FrsuEr said that a considerable amount of work on the two
European species had been done in Berlin durning the war and results had been
published. . They were of vital interest to other European countries. At the
Commonwealth Forestry Conference last year, the subject was brought up by
an Australian delegate. It was considered that standard tests of preservatives
for tmber against termites, on the lines of those against fungi, should be carried
out. Africa had similar_views. He egreed with Dr. Callan that termutes could
be Studied in temperate ‘countries, as locusts had been,

@ Dr. D.‘Mff.I_IER asked what was the implication of the words * especially in
e Colonies,” in the first of the committee’s proposals, There were termite
problems in Australia and New Zealand.

. lThe‘ CHamvan said the wording was deliberate, they had i mund the
tl: rm};]y small amount of work that had been done mn the Colonies, whereas
ere had been quite a fair amount in South Africa and Australia

Professor MUNRo said that the Colomes were stressed because work in them
was badly needed and there was reason to hope that funds would be made
available of they were referred to specifically

w W;‘r- . ). GoiLroee said that experience m work for Marconi during the
u =l'l 2d shown the importance of termite attack on goods n transit by air. In
Elﬂs © areas, aeroplanes, spare parts and expensive electronic equipment had been
o?ﬁ%}ﬁd DVCrmight, Their protection would be much more dsfficult than that
b Ings ot forest trees, and he suggested that the problem should be i

in the present resolutions. e inctuded
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Professor MuNRO said that the Colonial Office Agricultur:
Committec dealt with stored-product entomology and this included
raised. He doubted whether much headway could be made, nnle:
and biology were catried on with. He was interested in Dr. Callan’s
but knew ihat some forest workers had thought serious jnvestigation
impracticable in' Britain. He would like to hear the views of ofl
question.

Dr. FisHIR said that a considerable amount of information on di
of termites attacking goods in transit had been collected during the wa
be summarised in the proposed manual. In reply to Professor Mu
that the Forest Products Research Laboratory was very much interesit
termites. Two years ago, they had attempted to introduce them, |
had been held up by lack of staff. When staff was available, the wo
continued,

The CHaRMAN asked whether the delegates desired any recomment
termite damage to goods n transit to be included in the resolutio
opposed this, as the prime object was basic research for fundamental
which should net i the first instance be complicated by ad hoc it
He found that the meeting was in favour of leaving the resolutions a¢
He then said that he must correct one misapprehension of Dr. Call
was one termite tesearch centre in the Commonwealth, in Canada.
know how many termites were there, but a guarter of a million wers
time a test was made, and quite useful expetience was gained from
of termites in the laboratory. He was not sure whether keeping col
for study would be profitable.






