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Prologo

La Orthopterists’ Society es el nuevo nombre que recibié la Panamerican Acridilogical
Society tras la memorable reunidn italiana de Siena (1986). Este cambio fue debido, en par-
te, a que América le venia pequena y el Viejo Mundo se ofrecia como un amplio campo en
el que desarrollar su juvenil e imparable actividad y que le pedia su inmediata coordinacién
con la serena y reposada marcha de lo que ocurria en la otra orilla del Gran Charco. a fin
de que, con la conjuncién de ambas energias, se afianzara y desarrollara cuanto sea perti-
nente a este grupo de insectos.

La Quinta Reuniéon de la Orthopterists’ Society tuvo lugar en los aledafios de la bella
sierra de Guadarrama, bajo la protectora sombra de ese gran maestro de la Ortopterologia
que fue don Ignacio Bolivar, gracias a los eficientes recursos que brind6 la Administracién
espanola —comprensiva y generosa— y con el concurso de una Naturaleza prodiga en temas
y materiales que en muy pocos lugares se muestran con tanta abundancia y diversidad. El
volumen que tienen en sus manos recoge las contribuciones del casi centenar de especialistas
de los cinco continentes que acudieron a la cita de Valsain (Segovia). Las cinco secciones en
que queda dividido corresponden a las que configuraron la Reunién, y ademas se incluye
una recopilacidn de los resiimenes de los trabajos que no se han desarrollado como articulos.

El primer apartado («Symposium») recoge los trabajos de prestigiosos especialistas que
se expusieron y discutieron en el «Symposium on locust control» organizado por el doctor
Pener. En ellos se plantean nuevos interrogantes sobre el«comportamiento inquietante» que
caracteriza a la naturaleza fésica de ciertas especies, las que el vulgo llama «langostas». cau-
santes de las asoladoras plagas de ese nombre y que producen cuantiosos gastos y danos a
las regiones y paises que las sufren. Ligado a esta seccion se encuentra el apartado dedicado
a «Control». Sus conclusiones tendran una buena acogida por los gestores de este problema.

Quizé con cierta logica la aportacion en la seccién de «Systematics and Evolution» es ma-
yoritaria en estos Proceedings. En esta ocasion, la clasica «sistematica» muestra su conocido
ropaje adornado con nuevas joyas que la actualizan, ya que no puede prescindir de los fa-
vores y consejos que, la tan hoy dia denostada y perenne dama sigue proporcionando a los
fundamentos y al imparable desarrolio de sus olvidados retofios que siempre, por esto o por
aquello, tendran que recurrir a apoyarse en ella. Menos mal, porque de no ser asi, no sa-
bremos qué disciplinas con base firme vamos a construir.

Los insectos descritos y nominados, es decir, los hoy en dia llamados «taxones», se com-
portan y distribuyen conforme a normas muy estrictas y diversas, que si son sobrepasadas
con viabilidad, pueden incidir sobre otros aspectos relacionados, por ejemplo, con su mor-
fologia. De tal forma que a veces uno tiene que olvidarse del propio insecto y verle tan sélo
como un elemento mas de un todo cambiante y factor importante de un comportamiento su-
mamente inquietante.

Todo cuanto le rodea se refleja en ellos, cualquier modificacion transitoria, estacional o
de otra naturaleza que actien donde es propio que vivan, es decir, en su «ecosistema», lo
recogen, sobre todo, las especies que mas dependen de él. De ahi que aquellos caracteres
limitantes puedan ser considerados como «indicadores biolégicos» que nos senalen con sus
oscilaciones numéricas, de comportamiento y distributivas el estado de conservacién o de-
sequilibrio de un determinado biotopo o incluso del ecosistema en su conjunto; sobre todo
de los enclavados de las tierras llamadas marginales y de alta montana. Asi se hace evidente
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nuestra preocupacion por el mejor estudio y conservacién de los taxones que en mayor me-
dida se vean afectados por estos aspectos. Todo ello fue parte importante de las contribu-
ciones de Bolivar y su escuela, que quedaron recogidas en numerosos estudios y pu-
blicaciones.

En este volumen los trabajos relacionados con dichos temas se recogen en la seccién «Eco-
logy and Behavior», donde el anélisis pormenorizado del intrigante y especifico canto de los
acrididos es parte sustancial.

Finalmente, en la seccién «Physiology and Genetics» se analiza la estructura genética de
algunas especies y queda de manifiesto el interés de estos estudios para mejor entender el
proceso de divergencia de especies y, en general, los mecanismos evolutivos de estos insectos.

Si la reunién de Valsain fue un verdadero éxito no sélo en su vertiente cientifica, sino
también por el entorno paisajistico, cultural y humano que todos pudimos disfrutar, yo es-
pero que este volumen también lo sea y su contenido auspicie la formacién de nuevos com-
paiieros en el estudio de los ortopteroidea.

Eugenio Morales Agacino
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Alocuciones de apertura / Welcoming Address

EUGENIO MORALES AGACINO

Comité Organizador

«Sr. Director de ICONA, Sr. Presidente y Sr. Secretario de la Orthopterists’ Society, sefio-
ras y sefores:

Tan s6lo quiero dirigirles dos palabras como pequeio comentario a las actividades que
se van a desarrollar en esta Quinta Reunion Internacional de la Sociedad Ortopteroldgica.
De hecho los que forman parte de la misma precisardan con sus intervenciones el contenido
y alcance de la misma.

En primer lugar, y como simple detalle histérico, debemos recordar que en la reunién
de Siena (Evolutionary Biology of Orthopteroid Insects, 1987) se acordé que la Panameri-
can Society of Acridology, que tenia un dmbito restringido a las Ameéricas, ampliara su mi-
sion para ser universal y se transformara en la Orthopterists’ Society.

Ahora debiera celebrarse la Quinta Reunién de la Panamerican, que en esencia es la Pri-
mera de la Orthopterists’ Society, y nuestros buenos amigos Stan (Gangwere), el Secretario
General que ha pasado largas temporadas en Espaiia, y muchos otros de Europa pensaron
que uno de los sitios ideales para la ortopterologia, por los problemas que tiene de tipo puro
y de tipo aplicado, es Espana. Por ello la primera reunién que se celebra en Europa, es en
Espana.

Todo el mundo sabe que en cuestién de Entomologia siempre los que han «mandado»
(pudiendo decirlo de esta manera un poco fuerte) han sido los de Coledptera y Lepiddptera,
que han tenido grandes plagas. Y nadie se ha acordado nunca de las plagas que causaban
los ortépteros. Pero, desgraciadamente o afortunadamente, estaba la langosta. Un problema
que nos ha condicionado en nuestro trabajo de dos maneras.

Porque no es sélo lo que se puede hacer en favor de la langosta con estudios basicos de
mayor o menor transcendencia. Es que nos encontramos con una nueva visién con la vigi-
lancia de muchas tierras marginales donde el ortdptero, sobre todo endémico, puede ser un
buen indicador biolégico que bien estudiado y seleccionado dé una guia o una orientacion a
la Administracién para las medidas que ha de tomar a posteriori.

Este planteamiento para nuestra investigacién puede constituir un pilar para el futuro y
son lineas de trabajo que no conviene olvidar.

Ademas, en esta reunion se estudiardn otros temas de tipo genético, sistematico o filo-
genético que son los que clasicamente se han abordado.

Yo tengo muy poco mds que decir y le ruego a nuestro Director General de ICONA,
cuya comprension por estos problemas ha permitido disponer de todas estas facilidades, que
nos dirija dos palabras que nos lleven a la apertura de esta Reuniéon. Muchas gracias.»
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SANTIAGO MARRACO SOLANA

Director. ICONA

«Sr. Presidente y Sr. Secretario de la Orthopterists’ Society, querido amigo y compariero Mo-
rales, sefioras y senores:

Quiero darles a todos ustedes la bienvenida en nombre de D. Carlos Romero (Ministro
de Agricultura Pesca y Alimentacion) y en nombre, también, de ICONA a estas instalacio-
nes de Valsain donde a lo largo de estos dias van a celebrar su Quinta Reunién Internacio-
nal. Esperamos que éste sea un ambiente propicio para la exposicion y dicusion de sus
trabajos.

Cuanto afecta a la Zoologia y a la Entomologia tiene un enorme interés para el Minis-
terio de Agricultura y, sobre todo, para ICONA. En este caso, los ortépteros, tal como aca-
ba de comentar Eugenio Morales, tienen un doble interés: por una parte, como grupo zoo- -
16gico y, por otra, por su incidencia econdmica. Si bien ha sido esta incidencia econémica
la que, historicamente, le ha dado mayor relevancia al grupo; desde ser un plaga biblica, e
incluso una de las interpretaciones de lo que pudo ser el mana, hasta su incidencia danina
como plaga en el rendimiento econdmico de diversas regiones.

Esta es, sin duda, una de sus caracteristicas més singulares y la que, en gran medida, ha
propiciado que se haya profundizado mas en el estudio de estos insectos. En este sentido,
me van a permitir que haga un par de resenas de trabajos cientificos, ya histdricos. En tiem-
pos de nuestro rey Felipe I1I, Juan de Quinones, alcalde de El Escorial, publicé su célebre
Tratado de las langostas, muy util y necesario (Madrid, 1620) donde, entre otras cosas, apa-
rece por primera vez un minucioso grabado que representa a una langosta depositando correc-
tamente su puesta, canuto u ooteca; pormenor bioldgico que muchos aifios mas tarde se da-
ria como nuevo, cuando ya habia sido descrito en estas fechas del inicio del siglo XVII.

Mas tarde, un paisano mio, el aragonés Ignacio de Asso publica en Amsterdam (1785)
un Discurso sobre la langosta que, junto con las paginas y dibujos que a ellas dedica en su
Introductio in Oryctgraphiam et Zoologiam Aragoniae, aporta datos muy valiosos, sistema-
ticos y bioldgicos, sobre las langostas que viven en las tierras del viejo Reino de Aragén. Y
a finales de la ilustracion, Guilermo Bowles, en su Introduccion a la Historia Natural y a la
Geografia Fisica de Espania (Madrid, 1782), dedica un largo capitulo a los danos de la lan-
gosta de 1754 a 1757 que asol6 diversas provincias espanolas.

Este interés histérico que tienen los ortdpteros, se une, en este momento, a otros refe-
ridos a las especies que pueden considerarse indicadores bioldgicos y a las que estan en pe-
ligro de extincion. Por ello la clasica division de los seres vivos, desde un punto de vista an-
tropocéntrico, en ttiles y perjudiciales ya no tiene valor. Ahora somos conscientes de que
esta simplificacion carece de sentido y la totalidad de los seres vivos tienen un enorme valor
como compaiieros del hombre, también especie bioldgica, en el espacio que todos compar-
timos: la biosfera. Por ello, estamos obligados a mantener el equilibrio ecolégico lo que exi-
ge asegurar también la diversidad bioldgica.

ICONA, que tiene entre sus obligaciones la conservacion de la fauna, publicé en su mo-
mento El libro rojo de los ortdpteros ibéricos, una monografia cuya finalidad era llamar la
atencion sobre estas especies que en este momento estan en peligro de extincion.

Esperamos de sus conclusiones todo aquéllo que pueda sernos ttil como elementos para
entender mejor el equilibrio biolégico y saber defender especies que deben tener su sitio en
la biosfera y cuya desaparicion seria una nueva seiial de alarma de que algo no esta funcio-
nando bien en el conjunto.

Agradezco, por tanto, su presencia y, en nombre del Ministro de Agricultura, abro esta
Quinta Reunién Internacional de la Sociedad Ortopterolégica y cedo la palabra al Dr. Vic-
kery, Presidente de la Orthopterists’ Society. Muchas gracias.»



BOL. SAN. VEG. PLAGAS (FUERA DE SERIE) 20, 1990 X1

V. R. VICKERY

President, Orthopterists’ Society

“Sres. Marraco, and Morales, distinguished members and guests of the Orthopterists’ So-
ciety, ladies and gentlemen, is for me a great pleasure to welcome all of you to this fine in-
stitution on this occasion. We hope that all that we do here will have a significant impact on
the world in general, that is, to assist the world in lessening starvation, which is our Society’s
general aim. Each of you here who is presenting a paper or simply attending the meeting
will no doubt agree.

1 do not intend to say very much this morning. My comments will be made later at the
Conference Dinner at Torrecaballeros. I just want to welcome you here and point out that
our hosts are in large measure responsible for this meeting, and without them it could not
have been done.

”Now I would like to introduce our Keynote Speaker, Dr. Nick Jago, a man who is truly
a world traveler. He tells me that he is no more African than English, but he spends most
of his time in Africa. I have no doubt that what he is going to say will bear on his work in
Africa at the same time as it addresses "The future of Orthopterology.’

I think that, with a man as well known as Nick Jago is, I should not need to say any-
thing else before giving the microphone to him. Thank you.”

S. K. GANGWERE

Executive Secretary and Meeting Organizer, Orthopterists’ Society

“President Vickery, Sres. Marraco, and Morales, distinguished members and guests of the
Orthopterists’ Society, ladies and gentlemen, I take immense pleasure in addressing you on
this auspicious occasion, the opening of the 5th International Meeting of the Orthopterists’
Society. Longer ago than I care to admit, I first came to Spain to work in the orthopterolog-
ical laboratories of Eugenio Morales Agacino, the same scientist who today is our host. Ri-
cardo Ronderos, Carlos Carbonell, Alejo Mesa, and other orthopterists who visited Euge-
nio’s laboratory at the same time and still others whom I met in my travels provided a series
of relationships that proved to be the genesis of the Pan American Acridological Society,
the precursor organization of the Orthopterists’ Society. PAAS ostensibly started in San Mar-
tin de los Andes, Argentina, in 1976 when a small group of orthopterists met and planned
the organization that took its formal inception in 1978 upon adoption of a Constitution and
By-Laws. However, we must look to earlier times in Madrid for PAAS’ real origin.

“"However modest my personal research contributions may be, I like to think that per-
haps some day my colleagues (some of whom I see in the audience today) and I who parti-
cipated in creation of the Society will be remembered for our foresight. How our organiza-
tion has burgeoned in numbers and stature! How bright and limitless is its future! I think it
especially appropriate, therefore, that this, the first meeting of our new global organization,
the Orthopterists’ Society, convenes in Spain.

I thank our hosts of the Spanish Government for excellent facilities provided. I thank
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Sres. Jaime Gosalvez and Carlos Garcia de la Vega and Sra. Carmen Lopez Fernandez, and
so many others of the Organizing Committee for their hard work on our behalf, work that
comes into fruition over the next few days. Above all, I thank my friend of so many years
and our host, Eugenio Morales.

“I wish us a successful meeting such as will strengthen relationships among us and furt-
her our discipline.”
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Reunion del Consejo de Direccion / Minutes of the Board
Meeting

Presiding Officer: V. R. VICKERY

Recording Secretary: S. K. GANGWERE

Present: T. J. COHN, S. K. GANGWERE, N. D. JAGO, W. P. KEMP (for J. E. HENRY),
D. A. NICKLE, and V. R. VICKERY

Absent with Notice: R. G. BLAND and D. OTTE

Absent: N. E. SANCHEZ

The meeting was called to order by President V. R. Vickery at 9:10 am (July 17). He
welcomed the officers with a few well-chosen remarks following which there was a motion
from the floor that business be handled informally, i.e., without formal recorded motions,
seconds, and votes, with only the result of the deliberations (approval/denial/tabling) recor-
ded. The following minutes are prepared accordingly.

Editor’s Report and Editorial Matters

Editor D. A. Nickle noted that Metaleptea Vol. XI, No. 2 is in press, having been comp-
leted but not run off in time for distribution to the Valsain participants. He mentioned the
delays experienced in printing and mailing the newsletter and discussed reasons for these de-
lays. He asked for the Board’s suggestions toward elimination of these problems. Following
extended discussion, it was decided that all Society notices, ballots, and billings should be
mailed separately from the newsletter mailings, making the Secretariat and the Editorial Of-
fice responsible each for its own mailings.

Editor Nickle’s report was accepted as read. Because of schedule conflicts, D. Otte was
unable to attend the meeting, but his motion was brought to the Board’s attention by S. K.
Gangwere. Otte recommends that the Board replace the infrequently issued Occasional Pa-
pers Series with a Bulletin Series to be issued regularly and that a Bulletin Editor and seve-
ral Regional Editors be named to prepare this projected high quality refereed publication.
There followed extended discussion of the motion, but action on it was tabled. It was decid-
ed that an ad hoc committee be constituted to investigate the matter further with particular
reference to whether the new journal is needed. This committee, consisting of N. D. Jago,
D. A. Nickle, and D. Otte, was directed to report back to the Board at its early convenience.

Secretary’s Report and Recommendations

Secretary S. K. Gangwere discussed the current financial state of the society. He describ-
ed it as generally satisfactory owing to the recently implemented dues increase to $15 (US
currency) per year for Active Members and $7 for Student Members. However, he caution-
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ed that this favorable status could change overnight if the society were to embark on any
overly ambitious programs involving accelerated expenditures. Questioned about the so-
ciety’s main areas of expense, he indicated they include mailing, publications, and meeting
costs and that the society’s main sources of revenue stem from dues, publications receipts,
and donations. For details, he referred the Board to the formal Financial Report issued each
year in Metaleptea.

The next item discussed was membership. Gangwere indicated that his staff updates the
membership rolls upon each mailing. The current, 40th List includes a total of 247 persons
from 36 countries, with the USA, Spain, Canada, and England, followed by the Federal Re-
public of Germany, Australia, and Italy, represented most fully. He reminded the Board of
the Society’s goal to represent orthopterists and orthopterological interests throughout the
world. If this objective, embodied in Article II of the Constitution, is to be met, new mem-
bership initiatives seem indicated. The last formal membership drive took place about four
years ago. Since then, the society has routinely enclosed membership applications with each
mailing in hopes that members will bring the organization to the attention of colleagues, stu-
dents, and others who, by virtue of their orthopterological interests, should be encouraged
to join. This word-of-mouth approach is insufficient. There is need for a formal membership
drive.

In response, the Board requested that strategically placed members from various regions
of the world be named to a Membership Committee to help with membership solicitation.
The identity of this committee is left to the President’s discretion though the names of N.
D. Jago (for Africa), S. Sakai (for Japan), R. A. Farrow and D. C. Rentz (for Australia
and southeast Asia), B. Baccetti (for Italy and western Europe) were suggested for the Pre-
sident’s consideration.

Gangwere discussed the Society’s two-part Training Program being readied for submis-
sion to FAO (United Nations) for possible support. The first part of the project involves pre-
paration of a field-guide to the locusts and grasshoppers of the world. This guide, under the
editorship of V. R. Vickery and for which Vickery has already received a grant of $45,000
(Canadian currency), is well underway. The second part, under Gangwere’s coordination,
consists of a course of field studies for would-be locust and grasshopper control officers. The
course is already in late stages of preparation by W. P. Kemp, of Bozeman, Montana, USA,
and A. B. Ewen, of Saskatoon, Saskatchewan, Canada. When questioned about the pro-
gram, Gangwere indicated that it had received Board approval and had been announced to
the membership in Metaleptea on at least two occasions and was going forward as an initia-
tive of the Vickery administration. However, the Otte administration is obliged to make its
own decision as to whether it should be continued in future years. A committee consisting
of A. B. Ewen, S. K. Gangwere, N. D. Jago, W. P. Kemp, J. Mark Ritchie, R. Skaf, and
V. R. Vickery was constituted to oversee the project and advise the President on matters
relative to it.

Gangwere announced the results of the Feb. 1, 1989, election as follows: proposed revi-
sions of the Constitution and By-Laws accepted; dues increase for Active and Student Mem-
bers approved; Reginald F. Chapman elected President-Elect for the 1989-1992 term; Bac-
cio Baccetti, Aola M. Richards, and A. B. Ewen elected Board Regional Representatives
for 1989-1992; and Drs. Baccio Baccetti, Felice Capra, Kurt Harz, and Eugenio Morales Aga-
cino approved for Honorary Membership. The Board certified these results.

Finally, Gangwere discussed the need for a thorough reevaluation of the Constitution and
By-Laws in light of the way in which they have served the Society since the last (1986) re-
vision when the Orthopterists’ Society was created. He mentioned the desirability of naming
an Executive Director in place of the Executive Secretary. This projected change of title ref-
lects the reality of the Secretariat’s operation and, if approved, promises to streamline the
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organization enabling the officer in question to handle his/her responsibilities more effi-
ciently. He also asked for needed revisions in the nominating mechanisms for President-Elect
and Regional Representatives and suggested the need for reexamination of the current stand-
ing committees.

Executive Secretary Gangwere’s report was accepted as read.

Amendments and Resolutions Committee

It was determined that the Society’s amendments and resolutions functions should be han-
dled by a single committee rather than by separate committees as has been the past practice.
President Vickery nominated the following individuals to serve on this dual committee: S.
K. Gangwere, Vicenta Llorente, J. Mark Ritchie, and D. R. Ragge (Chairperson). The
Board approved the nominations and asked the committee to begin its deliberations imme-
diately. Without discussion, the Board remanded to the committee’s attention a motion by
D. C. Rentz.

Other Business

There being no other business brought forward, the meeting adjourned at 9:45 am.
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Reunion de la Sociedad de Ortopterélogos / Minutes of the
Business Meeting

The Orthopterists’ Society

Presiding: V. R. VICKERY

Recording Secretary: S. K. GANGWERE

Present: L. L. BARRIENTOS, C. BONET BETORET, T. J. COHN, S. B. GAINES,

S. K. GANGWERE, M. J. GONZALEZ, J. GOSALVEZ, J. C. HARTLEY,

R. D. HAWKINS, T. L. HOPKINS, S. INGRISCH, N. D. JAGO,

D. K. KEVAN, V. LLORENTE, C. LOPEZ FERNANDEZ, D. OTTE,

B. NAGY, D. A. NICKLE, S. Y. PARANJAPE, F. PASCUAL, J. J. PRESA,

D. R. RAGGE, D. C. RENTZ, J. M. RITCHIE, R. SKAF, V. R. VICKERY, F. WILLEMSE
Guest: J. COHN

The meeting was called to order by President-Elect Otte (acting temporarily on behalf
of President Vickery) at 17:30 (July, 19). The agenda was as follows.

Editor’s Report and Editorial Matters

Editor D. A. Nickle noted that Vol. XI, No. 2, of Metaleptea will be mailed in August.
It will be the final issue in the old format. He discussed the new format to which incoming
President Otte and he have agreed. It will be such that it can be mailed Ist class rather than
3rd class, greatly accelerating receipt by the membership. The 5th Proceedings are under a
strict publication deadline of September 1989. They have to be edited and submitted almost
immediately, which will be done with the help of Secretary Gangwere. Nickle finished his
report with mention of the possibility of a peer reviewed Bulletin to be issued on a regular
basis. This journal remains under committee (N. D. Jago, D. A. Nickle, and D. Otte) con-
sideration, with a report to be issued to the Board in the near future.

Acceptance of Editor Nickle’s report was moved (T. J. Cohn), seconded (N. D. Jago),
and approved unanimously.

Secretary’s Report and Secretarial Matters

Secretary S. K. Gangwere read the report that he submitted earlier at the Board Meeting
(see Minutes of Board Meeting). Acceptance of his report was moved (N. D. Jago), second-
ed (T. J. Cohn), and approved unanimously.
Host’s Report

Host E. Morales Agacino was unavailable for the meeting. He asked S. K. Gangwere to
offer brief comments on his behalf. Morales’ main concern is length of meeting. Perhaps the
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Society should consider making the next meeting a five-day affair rather than the four-day
gathering that has been past practice. There was discussion as to whether this recommenda-
tion is sound or whether it might be best to schedule concurrent sessions and more poster
and in-title presentations such as might enable more effective use of the shorter (four-day)
time. The desirability of a questionnaire to participants was explored but then tabled with-
out recommendation. Inasmuch as no formal host report was submitted by Morales, formal
acceptance was ruled unnecessary.

Amendments and Resolutions Committee Report

D. R. Ragge read the report of the Amendments and Resolutions Committee consisting
of S. K. Gangwere, Vicenta Llorente, J. Mark Ritchie, and himself as Chairperson. He not-
ed that the “A & R Committee was asked to reexamine the Society’s Constitution and
By-Laws and did so at several sessions. The Committee felt, however, that in the time al-
lowed by its members’ commitments to conference activities, it was not possible to prepare
definitive recommendations to this meeting. The Committee asks, therefore, for approval to
continue its reexamination of the Constitution and By-Laws after the conference and to sub-
mit its recommendations to the Executive Secretary as soon as is reasonably possible.” Ac-
ceptance of this recommendation was moved (T. J. Cohn), seconded (N. D. Jago), and ap-
proved unanimously.

Chairperson Ragge then read the following resolutions:

Resolution 1. “The Meeting affirms the importance of Orthoptera in ecological, behavio-
ral, cytological, anatomical, and physiological research, and their increasing importance in
biodiversity studies, especially in the diminishing tropical forest ecosystems, and requests the
Governing Board to arrange for brief accounts of the significance of Orthoptera, suitable for
scientific and non-scientific audiences, to be sent to selected national and international spon-
soring agencies concerned with the biological sciences.”

T. J. Cohn questioned the agencies, institutions, and other groups to which Resolution
I might be directed, and Ragge indicated that, among others, IUBS, EEC, efc., are likely
recipients. D. Otte suggested the need that any resolution sent be accompanied by a strong
set of arguments presented in essay form by various specialists who know whereof they speak.
Only in this way, he argued, will it be possible to convince agencies, who usually regard such
proposals, with suspicion to change their practices. After additional discussion, acceptance
of Resolution I was moved (D. C. Rentz), seconded (D. A. Nickle), and approved
unanimously.

Ragge then read Resolution II:

“The Amendments and Resolutions Committee proposes a vote of thanks to the follow-
ing institutions and individuals:

1. To our hosts and sponsors, the Universidad Auténoma de Madrid, ICONA, and
especnally CENEAN, for the provision of excellent facilities at Valsain;

2. To Dr. E. Morales Agacino, Chairman of the Local Commlttee for the leading part
he played in making the local arrangements;

3. To the other members of the Organizing Committee: Dr. D. Cadahia (Editor of the
Boletin de Sanidad Vegetal, in which the 5th Proceedings will be published); Dr. J. M. Ruiz
Dana (Director of CENEAN at Valsain), Sr. J. Velasco Cabas, also of CENEAN Valsain,
Drs. C. Garcia de la Vega, J. Gosalvez, and C. Lopez Fernandez, of the Universidad Au-
ténoma de Madrid, and their excellent staff (Luis Cintas, Sofia Moro, Alicia Rodriguez, Ele-
na Rodriguez, Lourdes Serrano, and Patricia Vazquez) for the prominent part they played
in the arrangements;

4.  Drs. F. Pascual and J. J. Presa for arranging the post conference field excursion;

5. To the moderators of sessions (T. J. Cohn, S. K. Gangwere, J. Gosalvez, G. M.
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Hewitt, W. P. Kemp, E. Morales Agacino, B. Nagy, D. Otte, F. Pascual, M. P. Pener. D.
R. Ragge, R. Skaf);

6. To the city authorities of Segovia and La Granja and to all the staff concerned with
transport and the clerical, catering, and audiovisual facilities;

7. To Mrs. Muriel Vickery, who personally designed and embroidered the book marks
distributed to all participants; and finally

8. To our retiring President, Dr. V. R. Vickery, and to our hard-working Executive
Secretary, Dr. S. K. Gangwere, for their contributions to the meeting.”

Vicenta Llorente then read the Spanish-language version of Resolution II.

Acceptance of Resolution 11, the Resolution of Thanks, was moved (T. J. Cohn), se-
conded (D. A. Nickle), and approved unanimously.

Other Business

There being no other business brought to the floor, it was moved (N. D. Jago), seconded
(T. J. Cohn), and approved unanimously that the meeting be adjourned. Adjournment was
at 19:30 pm.
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Alocuciones de clausura / Presidential address

VERNON R. VICKERY

President, Orthopterists’ Society

Emeritus Curator, Lyman Entomological Museum and Research Laboratory, Macdonald College, McGill
University 21 111, Lakeshore Road, Ste-Anne-de-Bellevue, Quebec, CANADA, H9X 1C0.

Home Address: 102 Souvenir Drive, Pincourt, Quebec, CANADA, J7V 3N8.

Since the organization of this Society, each meeting has been held in a different country.
This meeting, our Sth, is in the S5th country and is the first meeting held outside the Ame-
ricas. This is indicative of our expanded role, and the setting in Spain is significant as it re-
presents a bridge between the Americas and Europe and also between Europe and Africa.
The original intention was to have triennial meetings but this has not been found to be prac-
tical. None of the meetings have been held three years after the preceding one. In fact, all
but one meeting has been held 4 years after the preceding one. This was because we did not
want to compete with an International Congress of Entomology, that could siphon off po-
tential delegates to our meeting. Few of us have sufficient funds to attend more than one
major meeting in a given year.

I wish to extend my thanks, personally and for all of you, to Eugenio Morales Agacino
and to his lovely wife for all they have done to make this meeting a success. I wish also to
thank the officials of the Spanish government for their interest, their active and financial sup-
port, and allowing us the use of the excellent facility in Valsain. Their efforts have resulted
in this most informative and highly enjoyable meeting.

Thanks are due to the people on the Local Arrangements Committee, chaired by Sr. Mo-
rales: Drs. C. Garcia de la Vega, J. Gosilvez, C. Ldopez Fernandez, V. Llorente, F. Pascual
and J.J. Presa. There are others too that have served us well, though their names do not
appear on the program. They are: Patricia Vazquez, Lourdes Serrano, Luis Cintas, Sofia
Moro, Alicia Rodriguez and Elena Rodriguez. If there are others whose names I do not
have, I thank them too. '

Our sincere thanks are due to Dr. N.D. Jago, our keynote speaker, whose talk set the
stage for our deliberations. Drs. David Ragge and Mark Ritchie are doing a masterful job
of amending our constitution to suit our greater role. My thanks too to Dr. Rafik Skaf, con-
sultant with FAO, Rome, for his participation in the planning session on training programs.
I wish to thank all those who acted as moderators at the scientific sessions. Their efforts ad-
ded much to the proceedings. Also, 1 want to offer my congratulations to the speakers for
the excellence of their presentations. Finally, I want to thank especially our untiring (but ti-
red) Executive Director, Dr. Stan Gangwere. Only those people who have worked closely
with him realize how much the Society owes him.

Many of you are attending our meeting for the first time, so for your information I will
outline briefly the purposes for which the Society was founded and the history of its progress.

In the beginning the Society was limited to the Americas. In December, 1976, a group
of about 50 dedicated orthopterists were invited to a meeting in San Martin de Los Andes,
Argentina. The founders were Dr. Stanley K. Gangwere, of the United States and Dr. Ri-
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cardo Ronderos of Argentina. The result of that very interesting meeting was the formation
of the Pan American Acridological Society (PAAS). The Constitution and By-Laws were
adopted in 1978. The Society was granted tax-exempt status as a non-profit organization in
the United States.

The stated purposes were, and still are, to facilitate communication between workers; to
encourage research, first in Acridoidea but now in all Orthopteroidea; and to disseminate
information in order to promote research and related activities. Training programs for worthy
candidates were organized, subsidized by a philanthropic organization, that enabled 17 in-
dividuals from South American countries to study at various research centres, including mu-
seums, in North America.

The second meeting of the PAAS was held in Bozeman, Montana, U.S.A. in 1979; the
third in Maracay, Venezuela in 1981; and the fourth in Saskatoon, Saskatchewan, Canada
in 1985. The proceedings of each of these meetings were published.

Dr. John Henry, my predecessor as President, suggested and laid the groundwork for ex-
panding the Society, as many orthopterists of note from other parts of the world were out-
side our sphere (as well as our hemisphere). It was agreed that global status, both geograph-
ic and systematic, was desirable and probably essential for the growth and usefulness of the
Society. The meeting in 1985 approved the necessary changes so that the Society is now open
to orthopterists of all countries working on any orthopteroid group. The name chosen for
the expanded Society is Orthopterists’ Society. As the reorganization progressed it turned
out that [ was not only the last President of the Pan American Acridological Society but also
the first President of the Orthopterists’ Society.

We live in a period of time in which the mission of orthopterological research has beco-
me not only important but urgent. The news media world-wide has reported on the dire ef-
fects of the locust hordes in Africa. It would appear, however, at this time, when additional
research is essential, that actual research is declining, at least in some areas.

During the past decade, a number of prominent orthopterists have died and others have
retired. Retirement has not always meant cessation of activity but inevitably a decrease of
activity occurs as the years go by. Some of the workers on Orthoptera and related Orders
were not replaced upon retirement or were replaced by persons whose orientation was not
on these insect orders. As a case in point, when Dr. Kevan and I retired in 1986, we were
replaced by a biotechnologist and one taxonomist, who specialized in Hymenoptera.

The research on Orthoptera by some organizations has declined. The former Anti-Lo-
cust Research Centre (ALRC), in London, England, became the Centre for Overseas Pest
Research (COPR), with a declining emphasis on orthopteroid insects as other pests came to
the fore. The name changed again to Tropical Development and Research Institute (TDRI),
with further erosion of activity on orthopteroids. Now it is Overseas Development Natural
Resources Institute (ODNRI), and has moved to Chatham, Kent. The work on orthopte-
roids has not come to a halt, as Dr. Jago is still working very intensively in Africa, but is
much less than when ALRC was active.

These facts indicate a decline in the active research on orthopteroids but the outlook is
not as bleak as it might appear to be. The CIRAD/GERDAT organization in Montpellier,
France, is very active and is doing excellent work in the fight against locust and grasshopper
problems in the Sahel region of Africa.

The very successful symposium organized by Professor Baccetti in Siena, Italy in 1986,
brought together orthopterists from all over the world. In addition to the programmed pa-
pers, 1 was able to chair a half-day session devoted to the Orthopterists’ Society. A sugges-
tion was made that the Society should undertake a project. I will have more to say on that
later.

There is another item that makes the situation appear brighter. At each of the last two
annual meetings of the Entomological Society of America, a full day session, organized by
some of our younger members, was devoted to orthopteroid insects. I managed to attend
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both of these “workshop” sessions, in Boston, Massachusetts in 1987, and in Louisville, Ken-
tucky, in 1988. The plans for a similar session at the ESA meeting in San Antonio, Texas,
are well underway. I am pleased to take this opportunity to congratulate Drs. Lockwood,
Kemp, and Bellinger, and others that assisted them, for their enthusiasm and excellence.
The younger scientists, with their ability and willingness to carry the load ensure a bright
future.

Now I want to turn to the role of our Society, what we have done, what we are doing
and what we hope to do.

First, we wanted to reinstate a training program. Funds from the Tucker Foundation, the
organization that had underwritten the PAAS training programs, were no longer available
to us. Dr. Gangwere and I came to a decision to discuss the problem with the locust control
people of the Food and Agriculture Organization (FAO) of the United Nations in Rome.
We travelled to Rome and met with Drs. Skaf, Roffey and Brader. We received much en-
couragement and advice from them as well as their tacit agreement to select and cover ex-
penses of prospective candidates to travel to North America for training. The training cour-
ses were to take place at research centres, specifically at government research centres at Bo-
zeman, Montana, U.S.A., and Saskatoon, Saskatchewan, Canada. Specialists at these cen-
tres have experience gained on several continents. Since that time we have taken steps to
organize the training programs in minute detail and hope and expect that this will be fina-
lized very soon.

Early in our planning we visualized the need for training literature. The original inten-
tion was to prepare something quickly to be used in conjunction with the training sessions.
It soon became apparent that preparation of a “Field Guide” would of necessity be more
comprehensive than a bulletin or pamphlet dealing with the problems of a particular region.
This, however, is precisely what is needed, not only for one region or continent but a series
to cover the entire globe. This has resulted in considerable expansion of the “Field Guide”
to the extent that publication of a single volume would be well beyond the concept of such
a guide. At present, we have outlined a series of papers: general topics; papers on specific
locust and grasshopper pests; and papers on the most serious pests of each region. I expect
a total of 32 to 36 papers. An outline of the series appeared in a recent issue of Metaleptea
(Volume 10, No. 1) but is now out of date.

As the size of the prospective completed work increased, it was decided to publish each
paper separately in a numbered series, each to be punched with three holes to fit in one (or
more) loose-leaf binders. This lessens the editorial chore by spreading the load over time;
publication can proceed without waiting for the last paper in the series; and there is an eco-
nomic advantage in that complete sets of papers will not be necessary for most people.

I have many of the papers on hand and I expect others very soon. The group in Mont-
pellier, France, have been very cooperative and several of the papers on hand have been
written by the workers at that institution. My thanks as well to all of the others who have
written or are writing papers for the series.

Those of you who attended the Orthopterists’ Workshop session in Louisville, Kentucky,
last December, will remember that I reported that I had obtained funds for publication. I
had hoped to show this gathering some of the published papers. Unfortunately, bureaucratic
bungling delayed receipt of the funds but I can now report that funds from the Canadian
International Development Agency are in an account for use by this project and publication
will begin soon. 1 have agreed to continue as coordinator of this project until it is completed.

I will conclude with a few remarks regarding some changes within the Society. The po-
sition of Secretary-Treasurer has been split. Dr. Roger Bland, Central Michigan University,
Mount Pleasant, Michigan, is now Treasurer. This was done to lessen the work load on Dr.
Gangwere. Dr. Gangwere has contributed more time and effort to this organization than any-
one else, much more than most of you realize. His title is now Executive Director, as this
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is, in fact, the capacity in which he serves. I extend my sincere thanks to him. He has carried
the load for me and for all of us.

I extend my thanks for the support of the governing board and committee members, par-
ticularly to Dr. David Nickle, our editor, who, with his committee, produced the Proceed-
ings of the Saskatoon meeting, and has prepared the issues of Metaleptea for the past few
years.

During my term of office, we found it necessary to increase membership dues. Much as
we disliked doing this, it was necessary to increase the annual dues of active members to
$15.00 and of student members to $7.50, U.S. funds. Because of the difficulty that prospec-
tive members in some countries have in paying this amount or of sending funds out of their
countries, a new class of membership was instituted, that of Sponsored Members. This has
been well accepted by the membership.

We have with us tonight only one Past-President, Dr. S. K. Gangwere, though that num-
ber will be increased to two very shortly.

There has been a change in selection of Honourary Members so that two eminent people
can be chosen every two years instead of in the former four year interval. We have with us
tonight only one of our Honourary Members, Dr. D. Keith McE. Kevan, and I ask that he
stand and be recognized.

The four individuals that we honour at this time were listed in a late issue of Metaleptea
(Volume 10, No. 2). They are Baccio Baccetti of Siena, Italy and Felice Capra of Genoa,
Italy, neither of whom is with us tonight. Their certificates will be forwarded to them. Kurt
Harz of Steinsfeld, West Germany, unfortunately was injured upon arrival in Spain and has
been unable to attend the meeting. Dr. Gangwere and I presented him with his certificate
in his hotel room this afternoon. The fourth recipient is our friend and benefactor, Sr. Don
Eugenio Morales Agacino, of Madrid, and I take pleasure in presenting his certificate.

Our new President, Dr. Otte, will be assisted by the newly elected President-Elect, Dr.
R.F. Chapman, and Regional Representatives Dr. B. Baccetti (Italy), Dr. A.M. Richards
(Australia) and Dr. A.B. Ewen (Canada). He will appoint other officers and committees as
he wishes.

Finally, I wish to thank the members of the Society for electing me to the office of Pre-
sident. It has been an honour to serve you.

Now it is my great pleasure to introduce to you a man who needs no introduction, our
‘new President, Dr. Daniel Otte. I have every confidence in the future of the Society under
his capable direction. I have no gavel to turn over to him but greet him with a handshake
and my word to support him in any way I can.

JULIO BLANCO

Director General de la Produccién Agraria, Ministerio de Agricultura, Pesca y Alimentaci6n.

«Distinguidos senores:

Es para mi un honor, pero sobre todo un gran placer, el clausurar esta Quinta Reunién
Internacional de la Sociedad Ortopterolégica que tan fecundos resultados ha tenido, como
en realidad era de esperar, dada la alta categoria cientifica y técnica de los ponentes y
conferenciantes.



BOL. SAN. VEG. PLAGAS (FUERA DE SERIE) 20, 1990 XXV

No voy a caer en la tentacién de intentar sintetizar todo lo discutido estos dias, porque
es labor, por cierto ardua y dificil, del Presidente de la Sociedad, pero no quiero dejar pasar
esta ocasion sin felicitarles por el alto nivel con el que se ha desarrollado toda la Reunion.

Todos los temas tratados: ecologia, evolucién, sistematica, fisiologia, genética, etc., han
sido muy utiles, pero hay uno, la langosta, que tanto por el cargo que ocupo, como por mis
aficiones personales me ha interesado mas que los demas.

No podemos olvidar que Espana es pais que, desde siempre, sufre plagas de langosta (Do-
ciostaurus maroccanus), como ya recordé en la inauguracion el director de ICONA, con tres
zonas endémicas en el Valle de la Serena (Extremadura), Valle de Alcudia (Ciudad Real)
y los Monegros (Aragoén), que nos obligan a realizar tratamientos anuales de unas 85.000
hectéreas, con una inversion, también anual, de 150 millones de pesetas (mas de un mill6n
de délares).

Por otra parte, Espana sigue muy de cerca la situacién de nuestra vecina Africa, con in-
tercambio constante de informacion tanto bilateral con los paises afectados, como a nivel su-
pranacional a través de FAO y otras instancias internacionales; también la CEE, a la cual
pertenecemos, ha colaborado en el combate de la explosion actual de langosta de modo que,
por medio de ella, y, sélo por parte espanola, se han enviado 300 millones de pesetas (cerca
de dos millones y medio de délares) en ayuda para aviacién y, 120 millones de pesetas (aproxi-
madamente un millén de délares) en productos fitosanitarios tanto en la zona del Magreb,
como al Sahel. Estas cifras nos dan un indice claro de la gran importancia econémica que
este grupo de insectos presenta en las economias agrarias de muchos paises del mundo.

No me queda nada mas que felicitar a todos los participantes y, en especial, al comité
organizador; esperar que su estancia en Espana haya sido tan agradable como fructifera, de-
sear que nos volvamos a encontrar en situaciones tan agradables como la presente, y darles
la més cordial despedida en mi nombre, en el de la administracion y, en definitiva, en el de
Espana, rogindoles sigan haciendo crecer la ciencia, como aqui, para bien de toda la
humanidad.»
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The present and future roles of the Orthopterist

N. D. JAGO

Natural Resources Institute (ODA), Chathman Maritime, Central Ave., Chatham, Kent,

ME4 4TB, UNITED KINGDOM.

ABSTRACT

The present and future roles of the Orthopterist.

1. The decline in orthopterology is linked to a decline in the credibility of
locust and grasshopper control, coupled with its very high cost.

2. The Orthopterists, Society derives strength from our common interest,
our educational role and the importance of practical and environmental aspects
of the subject. The educational role of the Society is in its infancy, but the So-
ciety can do much by encouraging Membership from developing countries.
Examples are given of orthopterological research important to environmental
and conservation programmes.

3. Examples are given of the cost of recent locust and grasshopper control
campaigns. The global expenditure of roughly US $200 million for the years
1986-1988 cannot be justified unless campaigns are proved to be more effective
relative to other investments for the same money (three are mentioned).

4. Crop protection and preventive control strategies (PCS) are not mutually
exclusive but are compared and contrasted. PCS is in practice rarely achieved
for many different reasons and may be applicable, in a species such as Locusta,
only in part of the area of distribution. Campaigns should finance parallel so-
cioeconomic studies to evaluate the effectiveness of PCS and crop protection ap-
proaches, the equipment used and the reduction in crop loss.

5. A brief review of the family economy of the Sahelian millet farmer shows
that he has little to invest in chemical pest control and that grasshoppers and lo-
custs are only one of the insect pests to be considered. The risk factor in Sahe-
lian agriculture makes chemical pest control a high risk investment. Other use
of farmer time, or investment in fertiliser or resistant millet varieties are strong
contenders for the resources available.

6. Seven main points are outlined, each covering a facet of orthopterology
which should be actively promoted by the Society.

Key words: locust, control, strategy, economics.

We are privileged to meet in Segovia counterparts with concepts such as ‘‘zero”.
p g g , P P

which marks the contact made historically
between the great cultures of Christianity
and Islam., Mathematicians tell us that
Islamic scholars amazed their Christian

Our Society brings together Orthopterists
from all over the World. We too started
from ‘““zero” in the beautiful surroundings
of Bariloche and since then we have held
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four Symposia. The paradox is that while
the Society has flourished orthopterology
has not. Our Society has spread rapidly
from a focus on the Americas to one with
a global perspective, while the number of
active orthoperists has diminished.

The success of orthopterology and partic-
ularly acridology in the fifties lay squarely
on the concensus that locusts represented
an economic problem meriting a large in-
vestment in research. Many of us at that
time received financial support at home and
overseas. Those days are past and it is per-
tinent to ask why acridology in particular
has been losing credibility over the past de-
cade. This decline is reflected in fewer
workers entering the field and less support
for operational or basic research. If the
trend continues there will be an inevitable
effect on the Society.

This having been said, among the Found-
ing Fathers of the Society we must thank
Dr. Stanley Gangwere for his persistence
and vision which inspired the first meeting
in Argentina and whose subsequent devo-
tion has been crucial to its success. I am
pleased to see that the Society now draws
members not only from the museum frater-
nity but increasingly from the unspeakable
ranks of applied acridology — locust and
grasshopper control in all its aspects.

It is the balance between theory, basic re-
search and application which I wish to ad-
dress today. If our Society gets this right it
will be the key to its future. At the same
time, I would like to address the current
credibility of orthopterology.

The Society derives its strength from
three influences:

1. a brotherhood in our particular and
peculiar specialism.

2. our educational role — our yearning
to share our specialist knowledge with
peoples world-wide.

3. our practical and, in popular current
parlance, our environmental
roles — where we use our knowledge in the
service of Mankind and the Earth we live
on.

These premises do not imply arrogance.
At bottom they demonstrate that we love

our subject and can see great good arising
from the understanding it reveals.

I have just arrived from my current host
country Mali in West Africa where we are
once again at the onset of another grasshop-
per campaign season. The confrontation
with the locusts and grasshoppers brings us
together round the camp fires and to the
homes of men and women in a very differ-
ent society from our own. Through the
commonly agreed aim of curbing the num-
bers of acridids which threaten food pro-
duction we discover common humanitarian
qualities in each other and gain a new re-
spect for the intelligence and tenacity of the
people who have worked those hard lands
down the millenia. It is this humanitarian
spirit which inspires loyalty among us in the
Orthopterists’Society.

The educational role of the Society is in
its infancy, but is of utmost importance.
Western technology owes much to a sense
of history and traditions which go back to
the sciences and mathematics of the Middle
East and Asia which have been passed on
to be nurtured by us. Scientific philosophy
in the west has been eager to absorb
enlightenment from whatever source; its
roots do not lie exclusively in western Eu-
rope. In turn the success of science has ge-
nerated the Learned Societies of which our
own is but one of the newest. One of their
functions is to act as places where dialogue
and praise can generate enthusiasm and
where new discoveries can be published. It
is often forgotten that Western Science is a
foreign import into many parts of the deve-
loping world and that it impinges on coun-
tries which are ready to accept the techno-
logy without the innovative thinking that
lies behind it. To encourage a more posi-
tive creative approach their graduates re-
quire their own Learned Societies which
can act as a mirror to their discoveries, but
these are as yet very rare. Our Orthopte-
rists’Society should consider ways in which
it can help initiate such Societies and a good
first step would be to encourage more mem-
bership among scientists from tropical re-
gions of the World, particularly Africa.
With the great renewed interest in locusts
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generated by the locusts themselves since
1986, this makes the present moment a
good time to act.

I have touched upon the usefulness of the
Society. This in turn depends on the utility
of studying the Orthoptera themselves. I do
not for one moment, for example, dismiss
the aesthetic importance and the beauty of
the arboreal fauna of South America as re-
vealed by members of this very Society.
This is a starting point for many of us.
There is immense intellectual satisfaction to
be derived from understanding such faunal
complexity, and its integration with floral
elements in space and time (Amedegnato
and Descamps, 1980a, b; Rowell, 1985a,
b). But add to this the importance of this
knowledge in our bid to conserve the
World’s most complex and threatened land
ecosystem, the tropical lowland rainforest,
and its importance takes on a new dimen-
sion. Such studies should also play an im-
portant role in managing tropical grassland
ecosystems where we are seeking to main-
tain maximum floral and faunal diversity.
Management of National Game Parks
(Harvey & Ritchie, in prep.), studies of the
use of pesticides to have minimal environ-
mental impact (Ottesen and Somme, 1987,
Mathys and Metzger, 1986) and monitoring
of the best use of fire in tropical grassland
ecosystems (Gillon, 1978; Le Pelley, 1952),
could also use Orthoptera as indicator spe-
cies. By encouraging our Members to take
up consultancies, the Orthopterists’Society
can play a part in promoting the importance
of Orthoptera in such programmes.

In the current climate of accountability
and shortage of financial and other re-
sources it is dismaying, but not surprising,
that we are being asked to justify our work
in the face of more and more stringent bud-
gets. The high cost of locust and grasshop-
per control is an immense burden for
“front-line”” Sahelian states with small
GNPs. Mali is typical of the Sahelian states
and in 1986 estimated US $150,000 would
be needed to scout and treat some 100,000
ha (Request for emergency aid Mali PP ser-
vice, O.P.S.R. Aug. 1986). The FAO do-
nors meeting (May 7 1986) estimated that

the nine Sahelian front-line countries (not
including Sudan or Ethiopia) would require
US $11,482,000 for the 1986 grasshopper
control campaign. The just completed 1988
campaign against Schistocerca gregaria
(FAO data 10.4.1989) used a total budget
of US $21.75 million to cover 19 countries.
Just over half this sum is pesticides and the
sum excludes capital equipment and de-
preciation.

Chemical control on this scale can be jus-
tified only if it can be demonstrated to be:

1. effective in achieving its avowed
aims. :

2. can be shown to have a priority over
other methods of crop protection and yield
improvement.

3. does not have a dangerous impact on
the parts of the ecosystem which come un-
der the category of non-target organisms.

Let us examine each of these three points
more closely.

EFFECTIVENESS

Effective treatment of locust and grass-
hopper populations can be achieved in two
ways:

1. the control is directed at protecting
crops against economically unacceptable
damage, or

2. a preventive control strategy (PCS)
is directed at globally reducing the popula-
tion of the pest species thereby preventing
major, economically unacceptable, out-
breaks.

In practice the first could be achieved
without resort to the latter. In fact, due to
limited resources, campaigns are usually
thought successful if they have achieved the
first objective. There has never been a care-
ful analysis of the economic success of a
campaign compared with all the different
alternative investments which might have
achieved similar if not better results.

We need well documented data to re-
place the often anecdotal estimates of eco-
nomic loss due to these insects. If this is not
done, investment in applied or basic or-
thopterological research will dwindle be-
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cause the claims for its utility to Mankind
will fall into disrepute. We must remember
that the great expansion of our knowledge
in orthopterology during the 1940s and
1950s was financed on the back of the gen-
erally accepted economic importance of the
locusts.

In the case of millet, the money might
have been better spent on distributing fast-
er developing varieties whose vulnerable
period did not coincide with the periods of
major attack by last generation grasshop-
pers (say Oedaleus senegalensis), or build-
ing anti-feedent qualities into the millet ge-
nome, or in providing road transport to
convey marketable grain from areas unaf-
fected by grasshopper attacks to those suf-
fering heavy loss in a given year. Econo-
mists would argue that this would also rein-
force the local agricultural economy. In
most years for example the areas suffering
major grasshopper attack are limited and
geographically near to areas capable of pro-
ducing excess grain to needs. This is true of
the clay plains areas of Nigeria’s Lake Chad
basin and the Kayes region of Mali as a po-
tential source of grain for rainfed areas of
N.W. Mali. The factors preventing this are
the frequent absence of effective roads or
commercial vehicles. While in some areas
grasshopper initiated crop losses are chron-
ic, in most of the millet growing areas a
crop loss of 70% and upwards caused by
these insects is experienced only once ev-
ery 4-5 years. Given minimal attack by
other pests this would allow for years of re-
covery and argue for investment in grain re-
distribution by commercial means rather
than mass spraying campaigns. In areas hit
more frequently this tactic would not work
and greater emphasis should continue to be
placed on grasshopper control.

The second aim is also rarely achieved.
Over 25 years of research into the African
Migratory locust, culminating in 7 years of
the O.I.C.M.A./UNDP research pro-
gramme in the Middle Niger Delta of Mali,
it has been shown that due to the special
needs of the insect that 2 of its 5 annual gen-
erations are restricted to limited eco-zones
in the Delta during the dry season. A light

scouting/chemical control system enables
these concentrated populations to be re-
duced at this ecological bottleneck to such
a degree that a true ‘‘preventive control
strategy’” (PCS) can be devised. One should
note, however, that Locusta in the Lake
Chad basin offers an entirely different
problem. Here PCS is unnecessary because
of the nature of the breeding area, which is
ecologically (area, latitude, nature of soils
and flood draw-down area, etc.) unlikely to
become a dangerous ‘‘outbreak area” like
the much larger Mali Niger floodplain.
Overwintering sites are such as to prevent
winter generations (Batten, 1974). Batten's
hypothesis about failure of winter breeding
in the Chad basin in outbreak years was
fully confirmed in 1981 when without any
effective chemical intervention the popula-
tions died out of their own accord at the re-
turn of the following spring rains. Here is
a case where had there been an all-out con-
trol campaign the decline would have been
attributed to intervention by man. It is also
evident that in the basin Locusta should be
tackled as a crop protection problem. The
Red Locust (Nomadacris septemfasciata) is
another pest species which can be con-
trolled by a PCS strategy, providing small
highly trained ground teams carry out dry
season scouting to discover the location of
the adults undergoing dry season adult dia-
pause.

On the other hand, there is little evidence
that the Desert Locust or the Senegalese
Locust (Oedaleus senegalensis) can be con-
trolled by a PCS using existing ULV chem-
ical methods once their breeding zones ex-
pand and conditions become really favour-
able (see analysis of effectiveness of control
at different stages in the upsurge and dec-
line of the 1967-69 plague by Bennett,
1976). The natural decline of the Schisto-
cerca gregaria populations and the effect of
natural genetic or parasite pressure is al-
most always underrated (see Bennett, 1976
p. 542 et seq.). A statement to the effect
that population expansion in Niger outran
all reasonable available aerial control ef-
forts was made recently by Duranton
(1987). He said that after October 1987,
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and in spite of a hitherto effective “PCS”
campaign in northern Niger. populations
outstripped the resources available and
many swarms escaped from northern Niger
into Mali, Mauritania and Morocco. More-
over, we can clearly see that once Schisto-
cerca gregaria gains the upper hand more
than 90% of the infested area consists, as
it did in 1988 in Mali, of solitariform insects
spread over thousands of square kilometers
which do not afford a viable target for
chemical spray methods. The failure of
chemical PCS in these cases is a strong ar-
gument for urging greater long-term invest-
ment in non-chemical control methods of
all kinds and in more economic and effec-
tive crop protection using currently accept-
able chemical pesticides. I urge the Orthop-
terist’s Society to champion this aspect of
orthopterology. Extended field trials over
the next decade will be required to prove
and perfect these techniques.

PRIORITY AND ECONOMICS

Finally I will turn to the Environment
and the Economics of pesticides. We have
already seen that the financial cost is great.
With the greater awareness of damage to
the environment by pesticide, there is a
strong argument for the chemical control to
be applied as accurately as possible to the
target crop or adjacent infested habitats. At
Koussi in Mali in 1987 I have seen consider-
able mortality to grasshoppers from ULV
aerial spraying (Fenitrothion 50), which
had been carried out the previous day 10
km west wind of the village. Topical ap-
plication will be best achieved by putting
the front-line effort into the hands of the
farmers themselves. The methods should be
simple, safe and cheap, so that as far as pos-
sible, the farmers or their low-budgetted
Plant Protection services, can support the
cost of the system themselves. This implies
much better study of the economics of the
farmer family economies in developing
countries and development of suitable
equipment. It implies in-depth study of
crop losses.

The Scale of Crop Losses and Attacks

The current Mali Millet Pest Control Pro-
ject operates in about 15,000 km? of N. W,
Mali, just below the frontier with Maureta-
nia. We are interested in methods of pest
control on a range of insects, among which
grasshoppers rank as number two. The
east-west line of greatest grasshopper infes-
tation changes seasonally and from year to
year. As a rough estimate, 10% of villages
within the high infestation belt lose be-
tween 70%-90% of the millet crop an-
nually. With the shift in the high infestation
belt, following the cycles of drought and
average to good rainfall, any particular vil-
lage in the Project area gets high crop loss
due to grasshoppers every 5-7 years.

In the west of our study area in 1988,
farmers in 10 villages lost millet and sor-
ghum to grasshoppers valued at between
£ 300 and £ 400 (US $450-US $600), which
is half to two thirds of an average family an-
nual income (Average family income US
$900 per annum or per capita US $60). In
1986 the farmers in 350 km? of Mourdiah
region lost 25% of planting area to early
season (July) grasshopper attack by bands
of Oedaleus at a density of 16/m*. By Au-
gust-September (Jago, 1986) an area of
1,450 km® between 14°30'N and 15°15'N
had been 20% decimated by late hopper in-
stars (50:50 Kraussaria/Oedaleus) at
10,000-50,000/ha and young adults at
10,000-30,000/ha. North of 15°15'N III-1V
hopper instars covering 800 km? had not yet
entered cultivations but were concentrating
along field margins. The limited aerial sup-
port which arrived on September 10 con-
centrated first on these populations. A mas-
sive southward movement of young adults
took place throughout September down to
the level of 13°50’N, leading to crop losses
on the ripening grain. This gives you a
quick picture of the scale of these massive
attacks.

THE CUSTOMER

Locust and grasshopper control in devel-
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oped countries will continue to be to the ad-
vantage of the big grower or government
projects where big investment has been
made. Thus the value of crops in the Souss
valley of Morocco is estimated at US $270
million (Magor, pers. comm.). However,
contrary to popular belief the longterm cus-
tomer in Sahelian Africa is not the big con-
trol campaign but the African farmer in one
guise or another. Malian farmers are my
example in this respect, because we are cur-
rently working there on millet crop protec-
tion. The problems are, however, typical of
the sub-Saharan belt. Methods must take
into account the risk factor in semi-arid
farming. In 1988, with average to better
than average rains, 87% of families in the
Mourdiah area produced sufficient for 12
months grain supply. In contrast, in 1987,
a poor rains year with an August drought,
65% produced less than 3 months supply
(Lock et al., unpublished).

The rainfed area in which we operate in
N. W. Mali contains about 151,000 inhabit-
ants (1983 census) in an area of 30,000 km?
(density 5/km?). A family in Mali might
consist of 15 people, requiring about 2,500
kgs of millet per annum. The farm will be
about 5 ha and an average yield in a bad
year between 300 and 500 kg/ha, while in a
wet year the yield (as in 1988) may be
300-940 kg/ha (average 650 kg/ha.). Large
families do better than small ones and in
poor rains years produce 3.2-4.4 months of
grain supply or nearly twice that of the
smaller ones. In good years the small fami-
lies produce 7.7 months of grain supply,
while the large families produce 8.6-11.2
months supply (Lock et al., unpublished).
Investment in their fields amounts to about
F.CFA500/year/ha, or US $1.5/year/ha.
This is, however, an average figure. In 1988
(Lock et al., unpublished) only 20% of the
cultivated area in 3 study villages was farm-
ed by families who invested more than F.C-
FA2500/ha. (US $7.5/ha), and 50% of fam-
ilies invested nothing except to purchase
sowing seed. The price of the crop varies
from 45F.CFA/kg-145F.CFA/kg during the
year, with a mean about 75F.CFA (15p or
US $0.23).

The most optimistic view in the drought
year of 1986 was that farmers using a ULV
treatment mainly against Heliocheilus albi-
punctella (millet head miner moth) won an
average improvement of 170 kg/ha with a
market value of 12,750F.CFA (£ 24 or US
$38). If a stringent 2:1 benefit/cost ratio is
applied, the maximum investment would be
say US $19 per ha. Note that the farmer
might still opt to spend the money on rock
phosphate (at a total cost of US $13/ha) or
resistant millet varieties (at a total cost of
US $3.25/ha) rather than purchase pesti-
cide. Just one treatment with ULV Cyper-
methrin costs (with labour, etc.) F.C-
FAS5,740/ha. (£ 11.50 or US $17.2). How-
ever, when using ULV Cypermethrin
against millet head miner in 1988, only 25%
of farmers reached or surpassed the 2:1 be-
nefit/cost threshold. This is because in good
rains years the improvement in yield due to
the treatment fell from 170 kg/ha to only
120 kg/ha, although average yields per non-
treated plot rose to about 650 kg/ha.

If pesticides were adopted we can assume
that, judging by our trials in 1985, a farmer
would be able to apply dust formulations
against about 10 ha/day, given that his
whole family cooperated. In bad grasshop-
per years he would have to repeat this sev-
eral times in July or early August. So even
if the dusts were free his valuable time
would be used. His choice would be to do
this or push on with ploughing and sowing
further fields. Later, usually at the end of
August and beginning of September (inci-
dentally the time to treat millet head miner
also) one ULV machine would treat about
30 ha/day (swath widths 10 meters). His
“time window” would be reduced because
of rainy periods, unfavourable wind, rest
for food, etc. Unfortunately late season
treatment probably requires at least 2 ap-
plications. This is not economically possible
unless a 1:1 benefit/cost ratio is accepted on
his investment.

Aerial application of pesticides against
millet pests must always be a last resort and
in the case of Sahelian Mali is neither eco-
nomically viable nor proven to be environ-
mentally safe. Aerial spraying of grasshop-
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per millet pests has, heretofore, been fund-
ed by outside agencies and realistically will
not be guaranteed from year to year. Like
other forms of chemical pest control on mil-
let it may still be advocated by Sahelian
governments as a means of reducing the
drift of rural communities to the towns or
for other political reasons relating to the
need to demonstrate regional inter-state
solidarity. Control of Schistocerca gregaria
often falls into this category.

CONCLUSIONS

The future customer for grasshopper and
locust pest control is not the traditional one
of the high budget locust control organisa-
tion. A new look needs to be taken at the
farmer customer, who has very little to in-
vest in chemical control. Chemical control
methods are currently inappropriate much
of the time and larger scale use must be ac-
companied by environmental studies.

There are seven main points I would like
to make in summary:

1. Orthopterology will survive in a
viable state by virtue of its demonstrable
success in applied areas such as pest con-
trol.

2. A radical rethink over control strate-
gy is required and claims for success need
to be backed by good positive evidence.

3. Better use of pesticides should be
promoted so that smaller quantities of ac-
tive material are directed more effectively

onto their target. This implies more farmer
participation in control and a choice be-
tween fixed wing aircraft or helicopters to
ensure environmental safety when aerial
application becomes essential.

4. The farmer customers should be of-
fered carefully researched techniques,
which are realistically sustainable within the
budgets of the family or groups of families
by accurate targetting.

5. Long term efforts should be support-
ed with great vigour to find alternative me-
thods to current chemical control.

6. Orthopterological research should be
a basic part of conservation and faunistic
studies, and should be properly budgetted
for. Terrestrial ecology in the tropics should
include support for orthopteran taxonomy.
This is particularly true of Tropical Central
and South America where so few groups
have had recent taxonomic treatment.

7. More long term environmental stu-
dies are required to study the effect of
chemical and other control methods against
Orthoptera. This implies longer periods of
study of the untreated populations so that
we understand the cycles of “natural’ po-
pulation fluctuation.

I respectfully request that our Society
takes a leading role in restoring the repu-
tation of orthopterology by enlarging Soci-
ety Membership and strengthening the lin-
es of communication between scientists and
technicians involved with the Orthoptera
throughout the World. In particular, it
should promote an emphasis on research di-
rected at the seven points I have listed.
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ABSTRACT

The 1985-1989 grasshopper/locust upsurge in sub-Saharan Africa; usage of
conventional pesticides and equipment.

1. A brief account is given of the upsurge in grasshopper and locust activity
in Africa north of the equator and south of the Sahara desert since 1984, with
special emphasis on species other than Schistocerca gregaria (for that species see
R. Skaf elsewhere in this symposium volume). A general ecological amelioration
seems to have occurred with regard to rainfall since 1984 throughout a belt from
Senegal to Ethiopia. The timing of different parts of the rainfall pattern has giv-
en a favourable sequence of habitats for successive generations of Schistocerca
gregaria.

2. The control of acridid pests is, in practice, largely a crop protection exer-
cise and involves stepped-up response as population pressure increases. At the
lowest level farmers apply dust formulation pesticides or baits to hopper stages
in the form of security belts around cultivation. When this begins to be inade-
quate hand-held ULV equipment is used to lay down wider swaths of liquid pes-
ticide. Plant Protection Services will be required to intervene with vehicle borne
ULV equipment. Later and finally aerial ULV methods are required using heli-
copters or fixed-wing aircraft.

With some species, such as Schistocerca gregaria, Locusta migratoria and No-
madacris septemfasciata control of populations remote from crops is part of a pre-
ventive control strategy. Decline in upsurges is often attributed to such strate-
gies without much supporting technical or economic evidence.

3. The conventional chemical methods and materials for control are briefly
outlined as a background to other Conference papers which describe biological
methodology. All chemical means have their advantages and disadvantages.
There is, moreover, a worrying lack of analysis of the environmental impact of
chemical campaigns and still less incentive to analyse the economics of acridid
control. The very large sums of money used annually for this chemical control
should be justified, given the need for development of roads, resistant crop va-
rieties and integrated pest management strategies involving biological control.
The «new generation» pesticides have not been in use long enough for us to be
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able to claim that they are environmentally safer. especially as they have to be
applied several times to counteract their short persistence. It is also unfortunate
that only a small part of large acridid populations afford practical targets for che-
mical methods and that global reduction of population as a strategy is rarely an

acceptable aim.

Key words: Sahel. grasshoppers. locuts. 1984-1989 outbreaks. chemical pes-

ticides. methodology.

INTRODUCTION

The current outbreak of both locusts and
grasshoppers has been one of the most dra-
matic within historical times, culminating in
enormous swarms of the Desert Locust
crossing the Atlantic from western Africa
and reaching the West Indies on a broad
front in three waves (Ritchie & Pedgley,
1989; L. McComie, eyewitness accounts,
unpubl., 1989). An outline of the current
plague to date is summarised succinctly in
Pedgley (1989). He traces the beginnings of
the current Schistocerca gregaria (S. g.)
outbreak to good winter rains from Novem-
ber 1985 to April 1986 on both sides of the
Red Sea but concedes that earlier breeding
in Chad, Niger, Mali and Mauritania may
have gone unreported. 1 will try to follow
the story with a Malian perspective, year by
year, to demonstrate that the upsurge was
due to a generalised improvement in the
levels and distribution of rainfall, not only
in the §. g. breeding area but in the Sahe-
lian zones to the south of it also. Good rains
in southern Africa have led to major out-
breaks of Locustana pardalina and Locusta
migratoria during the same period. 1 will
emphasise species other than Schistocerca
gregaria because this species is covered by
Skaf elsewhere in this volume.

1984

Having experienced the drought period
1981-1984 1 would set the break in the
drought at late in 1984. Various authors
have shown that Oedaleus senegalensis
(Oe. s.) egg pods are capable of accumulat-

ing unhatched in dry soils over drought pe-
riods (Cheke, Fishpool & Ritchie, 1980;
Cheke, Fishpool & Forrest, 1980; Fish-
pool & Cheke, 1983; Launois-Luong,
1980). There is little doubt that this
occurred over the drought period 1981-84
in Sahelian Mali. Heavy late rains fell at the
end of October so that high density eclo-
sion leading to marching bands of 1V and
V instar hoppers were observed in the first
week of November (area N and W of Dilli
in two areas of 4 km? and 20 km?). S. g.
was not reported.

1985

Rains (June-September) were locally
good though still below the long-term
monthly averages. The moisture caused
heavy hatching of Oe. s. so that by end Au-
gust millet was being invaded by marching
hopper bands over an area of 1,700 km? in
N.W. Mali alone. Emergency intervention
by aerial and terrestrial means in early Sep-
tember was inadequate and in Mali repre-
sented the swan song of OICMA. The In-
ter Tropical Convergence Zone (ITCZ or
in French literature the FIT) collapsed
rapidly southwards carrying enormous
numbers of young last generation adults as
deeply south as 13°50’ N (see migratory ca-
pacity of Oe. s. —Rainey, 1976; Ri-
ley & Reynolds, 1979; Riley & Reynolds,
1983; Reynolds & Riley, 1988; Lecoq,
1978; 1980). Massive egg fields were laid
throughout the zone between the Maurita-
nia border and 13°50" N.

Some breeding of the Desert Locust took
place prior to November leading to small
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swarms in Mauritania. The species was un-
der-recorded because regular scouting had
died with the financial collapse of the West
African regional locust control organisa-
tions.

1986

The monsoon was characterised by below
average but extensive rains. The rains of
August were weak, causing near drought in
many places, but rains started precociously
in an irregular patchwork. Mass hatching of
Oe. s. was caused at places near the Mau-
ritania border and as far south as 13°50’ N.
The seasonal unfolding of populations fol-
lowed the model of Launois (1976, 1977)
and the observations covered by Lecoq
(1978, 1980) like a textbook. A first
generation of young adults (Jago unpubl.
report Nov. 1986) moved northwards and
settled at roughly 14°30’ N during the first
week in July. Their laying coincided with
the hatching of immense numbers of pods
laid the previous year. Two waves of high
density populations were produced. In the
Mourdiah area alone we experienced
300 km? of hoppers at a density of 16/m?,
in a gregarised state, and they developed
from instar 1 to late V in an astonishing 15
days (normally 21 days). Their presence
had reduced the area under cultivation by
25% by damage to seedlings. Their march-
ing and colour indicated that Oe. s. is a true
locust. All adults of this generation were
miniaturised. By the end of July the entire
latitude at 14°30' N had emptied and the
two superimposed generations departed
northwards to 15°00’ N and into Mauri-
tania.

By the end of August a Project-launched
survey in N.W. Mali (Nara cercle) revealed
that another generation of hoppers and
adults had developed interspersed with V
instar hoppers and young adults of the uni-
voltine Kraussaria angulifera. South of
14°30" N fallow was moist enough for entry
to cultivation to be minimal. Between
14°30" N and 15°15’ N populations contain-

ed fewer adults (10-30,000 adults/ha;
10-50,000 hoppers/ha over 1,450 km?) and
had already entered fields causing some
20% of millet loss. North of 15°15' N the
populations were entirely hoppers (instars
III-IV dominant) massed along field mar-
gins over an area of 800 km?. By the end
of September young adults moved south by
night migration, but heavy rains at the end
of September kept the main populations
further north than in 1985. Areas in Mali
600 km further east, in ancient lake beds,
were nearly 1 month developmentally be-
hind the N.W. Mali populations. Drought
there in August and early September had
caused delay in hatching so that eclosions
occurred right through into October.

A report by Launois (1986) shows that
an analogous situation occurred in all the
Sahelian states from Senegal to Chad. Pop-
ulations in western Niger were more suc-
cessful than in the eastern half of the
country. In the east the southerly adult
movement took place after harvest and the
insects were badly affected by the August
drought.

During the summer rains breeding was
highly successful along the whole of the Sa-
hel. Solitariform S. g. were noted in north-
western Mali from time to time, but plant
protection services were totally preoccupi-
ed with Oe. 5., witness the Malian request
for aid 1986 (Aug.) which did not mention
S. g. Again the SAS 1986 Surveillance des
Acridiens au Sahel newsletter noted west-
ward movement of S. g. for the first time
in its 8 September issue, showing intrusion
and breeding in Central Sudan, northern
Chad, N.E. Niger, S. Algeria and N.E Ma-
li.

1987

As observed by us in Mali and as wit-
nessed by SAS newsletters between May
and September, Oe. s. met with mixed suc-
cess. In western Mauritania and Senegal for
example, dry intervals during the monsoon
held populations in check. No early season
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crop losses were noted south of 14°30" N in
N.W. Mali and the bulk of major popula-
tions developed at or about 15°15' N and
upwards. The ITCZ also remained at
northerly latitudes very late so that there
was no major end-of-season descent of
young adults. What Popov (1980, 1988) has
described as the centre of gravity of the late
season diapause egg-fields remained much
further north than in 1986, at or about
15° N. September populations in such
areas, however, caused major crop damage
and remained highly gregarised. IV and V
instars often marched in bands and young
adults often showed spontaneous low alti-
tude daytime flight activity for hours at a
time.

Excellent winter rains in the Red Sea
area led to the first Desert Locust swarms
crossing west into Sudan in May. Pedgley
cites swarms entering Niger by June. The
process of population build-up, which final-
ly overwhelmed the small antilocust teams
in Niger, is graphically described in an on-
the-spot report by Duranton (1987).

1988

The scale and distribution of generations
of Oe. s. was much as we had seen it in
1987. In N.W. Mali, for example, areas
north of 15° N were locally devastated by
last generation V hoppers and mobile
young adults in early September. Near the
latitude of the Mauritania border attack
and population density was higher than in
1987 and marching columns of gregarised
Oe. s. covered bigger surface areas in sa-
vanna and cultivation. The areas below
15° N received much less grasshopper
damage than in previous years and no early
season seedling damage at all. The rains in
1988 were at or above the average in prac-
tically every month, rainfall reaching levels
not seen throughout the whole course of
our Project since 1983. The ITCZ remain-
ed strongly north causing late rains to ex-
tend into southern Mauritania and prevent-
ing a heavy southward descent of young

adults. In most areas south of 15° N harvest
was completed before last generation adults
descended. The end of season centre of
gravity of egg-fields was further north than
in 1987, with alarming implications for crop
damage in 1989 on the latitude of the
southern Mauretania border and southern
Mauretania. However, local last generation
adults and V hoppers caused 70-90% crop
loss on headed millet and late planted sor-
ghum in villages principally north of 15° N.
This seems to have had serious short term
effects on family displacements in some
areas and will be dangerous if 1989 sees a
repeat of events. So far (up to first week of
August 1989) the Senegalese Locust has
demonstrated some first generation popu-
lations at or about 14°30" N which required
local control to protect young millet. The
scattered rains of July have given place to
heavy August rains, and more generalised
hatching of final generation Oedaleus sene-
galensis is expected at latitudes just below
and north of the Mauretania border.

Favourable monsoon rains led to reports
of enormous hopper bands of Schistocerca
in southern Mauritania in August-Septem-
ber. Good rains were general and a second
and third generation followed.

By September a westward movement of
swarms was in progress. In mid October
(Ritchie & Pedgley, 1989; McComie, 1989
pers. comm.) the now famous trans-Atlan-
tic movement took place and on a less dra-
matic scale S. g. also arrived in southern
England. End of November-December mi-
grations took swarms into the southern cir-
cuit down to Guinea and the Gambia, re-
turn movements up through Mali having
been reported recently. Other winter
swarms reached the Red Sea coast where
breeding started. Swarms from Central Sa-
haran Africa penetrated the Middle East,
reaching Syria and Turkey. The Adrar des
Iforas Mts. and Tamesna have had good
rains and successful breeding would be a
reasonable forecast (T. Diallo, SNPV Mali,
pers. comm.).

Overwintering adults on the ‘southern
circuit’ are still immature and moving N.E.
and E., but losing coherence (Popov, pers.
comm. June 1989).
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A disturbing feature of the S. g. popula-
tions in 1988 was the enormous population
of very low density solitariform adults,
which in N. W. Mali may have constituted
90% of the population. The gregarised ele-
ments of the population would have consti-
tuted only a small proportion of the total
biomass, and yet they were the only por-
tions which were appropriate targets for
chemical control. Most workers admit that
with the available resources and with the
environment in mind, that the campaign in
late 1988 became a crop protection exercise
and not one targetted at global reduction of
the S. g. population. Low density popula-
tions with solitary appearance (density
200/ha) have been noted recently (June
1989) over several areas of Mali north of
the inland Niger delta.

CHEMICAL METHODS OF CONTROL
CURRENTLY IN VOGUE

Control of grasshoppers and locusts tak-
es place at three different lavels.

1. Farmer level

Organised at village (ton villageois) or
family levels this takes different forms in a
scale of escalation:

A. Intervention against hatchlings and
small groups of hoppers in or along the
margins of fields. This is best achieved with
the dusting bag which is cheap, easy to use
and economical with dust formulation pes-
ticide. Normally about 1 kg of dust is re-
quired per ha of cultivated land. Hatchling
clusters within the field are killed indepen-
dently and a 5 m security belt created round
the field. Currently 5% Lindane dust is not
being used for environmental reasons. In
spite of claims for its efficacy based on re-
sidual properties, in practice heavy rains
nullify this advantage. Instead, for exam-
ple, 2% propoxur, 1% bendiocarb, 5%
choropyriphos or 5% fenitrothion dust are
being used.

The main problem with the dust formu-
lation is that stocks deteriorate in storage.
Experience with fenitrothion and propoxur
is that new stock should be acquired every
year. Once applied the active ingredients
(a.i.) break down within 3-5 days. This
means repeated applications. In June-July
this means diverting hands who might
otherwise be increasing the area under cul-
tivation. The method works in late August
against grasshoppers in wild vegetation and
fallow until the grasses are consumed or dry
out. Economically important older hopper
populations mixed with young alates then
everrun the security zones, so that a mo-
ment is always reached when dusting no
longer suffices. In August-September, how-
ever, pesticide application does not com-
pete dangerously with other farming ac-
tivity.

B. Use of ULV drift spraying. This is
the next step after dusting. Although now
not acceptable in Europe, e.g. Germany, at
farmer-level in Africa in areas of low rein-
fall and with lack of abundant water or
means for its transport to site, the method
is all we have at our disposal. The “Elec-
trodyn” type of equipment is impractical in
crops such as millet, so we must rely on
mainly electrically-operated or motor-oper-
ated back-pack sprayers. The swath width
is usually something in the order of 10 m.
Most machines, and especially motorised
knapsack types, appeared to have been
created for the “European market” and
field testing in the tropics by the manufac-
turers has been inadequate. In practice
dosage rates should be altered by changing
the speed of walking not by changing the
nozzles. This requires cooperation with the
pesticide manufacturers to adjust the
amount of a. i./litre so this can be achieved.
Each type of machine has its own particu-
lar hazards and disadvantages. Locally in
the Sahel and southern Sahara where treat-
ment is near bodies of clean standing wa-
ter, etc., Norwegian aid has advocated
pressurised back-pack sprayers and an
emulsifiable Codacide oil-based mixture.
This is said to be safer than other ULV con-
centrates, since it is supplied to the farmer
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as a 50/50 oil/pesticide mix which is then
further diluted by the farmer with water.
Containers wash out more easily. The
disadvantage will reside in the high cost of
the Codacide oil and the clumsy equipment.

The motor back-pack sprayers have tem-
peramental motors and a two-stroke mix-
ture must always be used. Even the best
machines have their Achilles heels, e. g.
rubber petrol feed pipes, etc., which break
or get cut. Some dual purpose machines,
which can be used as dusters, have reser-
voirs which leak their liquid contents into
the blower fan. They are all heavy and ex-
hausting to use at temperatures which of-
ten exceed 80° F and the shoulder harness
is bad over tropical weight shirts. They are
seldom strictly ULV and the droplet spec-
trum is often very wide (greater than
60-100 pm).

The electric spinning disc type suffers
from being fragile and uses say 8 standard
torch batteries every two days. We have
found no economic or technical advantage,
however, using solar rechargable batteries.
Standard machines carry their batteries in
the machine which makes it too heavy. A
small modification with a battery pack on
the shoulder is an enormous improvement.
Refilling the ULV bottle is a major hazard,
but can be overcome with some redesign.
The improved version (Shah, 1989, unpubl.
rep.) would be much better for European
markets also, but in Africa is essential. A
simple tool called a Vibratak is used to test
the disc speed and hence state of the bat-
teries. A single machine can treat about
30ha/day.

In practice farmers will treat throughout
all the daylight hours regardless of
temperature, so carrier oils must take this
fact into account. Only very high wind or
none at all, or rainstorms, will prevent
treatment. The usual precautions apply
with all machines regarding washing, ove-
ralls, face protection and time between
treatment and harvest.

It is essential that, as with treated seed,
all pesticides, including baits, be marked as
poisonous. Pest control must be accompa-
nied by study of the local people, whilst

agents give hands-on training. Thus, in the
south of our region, children were discover-
ed to be eating heading millet like sugar-
cane. This affected tactics regarding spray-
ing until residue analysis had confirmed
that health risks were negligible.

2. Ground based teams using ULV
man-carried and vehicle-borne equipment.

While farmers help in this the operatives
are professionals from the Plant Protection
services. The methodology has changed
little since the early post-war days. Equip-
ment reflects the urgency of the problem in
terms of the area infested:

A. Up to 1,000 ha. Man-carried ULV
equipment of the type used in 1B above.
The rotary atomiser type of equipment is
perfectly acceptable since the team can
work a staggered pattern with say 5 units to
a team. Each machine has roughly 11 litres
of ULV pesticide, enough for treating a
swath of 11 to 22 ha dependent on the pes-
ticide. A team of 5 could treat about 150 ha
a day. The motor knapsack sprayer will
treat about the same area per day but is
greedier on pesticide and there will be de-
lays due to refilling. A 10 m swath in open
country would be conservative; for S. g.
country 20 m might be nearer the figure.

B. 1,000 to 10,000 ha. The vehicle
mounted system is only appropriate to open
country. It is useful for early to middle sea-
son treatment of millet. There are two main
types:

1. Those without an autonomous motor
system like the famous exhaust nozzle
sprayer. This is still an excellent machine
but depends for its efficiency on the vehicle
engine and exhaust system being in good
condition. Its adverse effect on the engine
has been exaggerated. It requires a vehicle
heavier than a Landrover for maximum
confidence.

2. Those with an autonomous motor.

a) the simplest is the “Popov quinquire-
me” in which one or more operators sit in
the back of a Unimog and each aims his mo-
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tor knapsack sprayer at right angles to the
direction of travel of the vehicle but down-
wind. A small vehicle like a Landrover can
also take this system. Noise is a problem.

b) the Tifa type machine with its own
petrol driven system. These are essentially
foggers with an adaptor for “ULV”. In our
experience the machine suffers from fantas-
tic weight and excessive noise. It has to be
mounted on a heavy all-terrain vehicle since
Toyota or Landrover simply get bogged
down by the weight. The ULV droplet
spectrum is very poor. The good feature is
the direct aspiration from the chemical
drum so that no decanting is required. Fog-
ging is not effective against S. g. and other
grasshoppers and involves an immense
amount of drift.

c) light electrically-operated machines
with atomisation to give ULV using spin-
ning cages and discs. The best of these run
off the vehicle battery and are controllable
from within the vehicle cab. When empty
the reservoir and sprayer mast are light
enough to be lifted off the vehicle by two
men. Unfortunately all these machines suf-
fer from ‘“prototyposis” and 1989 models
will, we hope, have benefitted from tropi-
cal field trials.

All these machines give swath widths in
the order of 50 m under good spraying con-
ditions. In difficult bushy terrains and
around village cultivations it takes two,
driver and observer, to safely operate these
machines because of constant changes in
vehicle direction, changes in wind direc-
tion, presence of domestic animals etc.

3. Aerially applied systems
Above 10,000 ha

These are well known to most of us and
fall into two groups:

A. those driven by the airstream of the
aircraft.

B. those atomising pesticide using spin-
ning discs or cages driven by independent
electric motors.

The first in my opinion is most suitable

in open terrain like those occupied by S. g.
where marking the infested area is
relatively easy. Unfortunately Oe. s. and
other species living in more complex Sahe-
lian environments cannot be so easily trea-
ted. A helicopter has the advantage that it
can touch-down and the crew discuss in
some detail the area and terrain to be treat-
ed “‘surgically”’. The cost is often said to mi-
tigate against the helicopter, but the value
of working near to the bowser and better
contact with ground teams probably cancel
the time wasted with fixed wing aircraft get-
ting lost and not applying the ULV pesti-
cide on target.

PESTICIDES

Table 1 shows the results obtained from
the use of various pesticides with comments
on their effectiveness and any deleterious
side effects. Some idea of prices and
dosages is also instructive and these are list-
ed in Table 2.

CONCLUSIONS

Current chemical methods confront us
with a number of intractable contradictions.
In most cases, when the areas threatened
are favourable to massive upsurges the in-
tervention by chemical methods is insuffi-
cient to protect the crops. If sufficient
chemical was applied the damage to the
non-target organisms in the ecosystem
would be unacceptable. It is often the case
that dense populations which offer
acceptable targets represent only a small
proportion of the global population and the
low density majority population will be ea-
sily concentrated later in crop areas. The
current grasshopper and locust upsurge has
not finished. It was not foreseen and the re-
sponse by donors and plant protection ser-
vices in the first two years was slow and did
little to avert crop damage. The extent of
the damage and the sociological and
economic justification for the chemical pest
control has not been scientifically presen-
ted. Unbiased discussion is desperately
needed to decide on alternative ways or im-
proved ways of tackling the problem.
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Table 1.—Pesticides used for locust and grasshopper control with comments on performance based on Popov
(pers. comm. 1988-89 campaign) with some of my own notes.

Pesticide

Results

Observations

Sumithion super
100% + 5%
Esfenvalerate

Fenitrothion 96%

Fenitrothion 50%

Volaton 300

Volaton 930

Deltamethrin

Lamdacyhalothrin 10% (Ka-

rate)

Karate 8 g a.i./litre

Cypermethrin 12 g a.i./litre

Bendiocard
(Ficam) ULV 20%

Carbosulphan
(Dursban) 24%

90% Kkill after
6 hours

75% kill after 6 hours on S. g.;
0.251/ha 95% kill Oe. s. in 2
hours.

68% Kkill after 48 hrs to Oe. s us-
ing 0.251/ha. IV-V a few young
ads o 8-10/m? 6 ha treated.

85% kill S. g. after 24 hrs.

85% Kkill S. g. after 6 hrs.

95% Kkill S. g. after 20 mins. Low
toxicity to vertebrates.

90% kill S. g. after 6 hrs 10 g
a.i./ha

95 + % Kkill Oe. s. after 24 hrs.
IV-V hoppers o mean 27/m?
3.3 ha treated in 60 mins. start-
ing 1,700 hrs. Kills millet head
miner also.

90% kill in Oe. s. after 24 hours;
III-V hoppers a mean 29/m?.
5.2 ha treated in 60 mins starting
15:30 hrs; millet head miner also
killed.

95% kill in 10 mins. Persistent 1
week+ Aerial or ground use.
S. g. or Oe. s.

50% kill after 6 hrs. S. g.

Damages sorghum

Damages sorghum

Almost no damage to sor-
ghum. Old stock polymerises
blocking filters.

Rather slow

Not recommended due to
blockages.

Dermal irritation in humans.

Immediate knockout effect
on many nontarget insects,
e.g. ants. Oe. s. 90% Kkill in
1 hr.

Adults disperse to die in
shade down holes, etc.

Slow: skin irritant. Danages
Sorghum.
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Table 2.—1986-87 prices and dosages for some pesticides used in locust and grasshopper control.

Recommended dose

Price/litre:kg

Product (litres or (££ sterling;
kg/ha) $$ US)

Lindane dust 25% Ripcord 0.7-1.0 kg/ha 0.95 1.45
12 g a.i.
Nitre 3 litres/ha 2.12 3.18
Fenitrothion 500
g a.i./litre 0.5 litres/ha 8.16 12.25
Sumithion 500
(Fenitrothion) 0.5 litres/ha 4.56 6.84
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Microbial control of locusts and grasshoppers

in the semi-arid tropics
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ABSTRACT

Most of the attention on biological control of locusts has focused on patho-
gens. Several viral and protozoan pathogens have been identified for evaluation
as locust control agents. Furthermore, the demonstration of a lethal disease in
locusts by a lepidopteran nuclear polyhedrosis virus suggests the need for a more
comprehensive screening of insect pathogens against locusts. Certainly only a
small fraction of the acridid pathogens present in the environment have been iso-
lated and identified. Further exploration and screening must be conducted to pro-
vide additional pathogens for evaluation as potential biological control agents of

locusts.

Key words: Biological control, entomopathogens, Orthoptera, pathogens.

INTRODUCTION

During the latter part of the 19th centu-
ry and the first half of the 20th century, nu-
merous efforts were made to control locusts
and grasshoppers with microbial agents.
Most of the attempts were with the fungus
now known as Entomophaga grylli (Frese-
nius), but known then as Empusa grylli.
Among the earliest reports were those by
Kunckel d’Herculais and Langlois (1891)
and Brongniart (1891) on the effects of this
fungus on locusts. A few years later Eding-
ton (1848), in South Africa, and Bruner
(1901), in the United States, reported na-
tural epizootics among Acrididae. During
this same period, Kunckel d’Herculais
(1900) reported on the natural and artificial
propagation of fungi in Argentina. The ef-
forts, reported in a review by Charles

(1965), continued well into the present cen-
tury. However, the most interesting and
possibly the most controversial attempt to
achieve microbial control of Acrididae be-
gan with a report by d’Hérelle (1911) of an
epizootic among Acrididae in Mexico
caused by the bacterium then called Cocco-
bacillus acridiorum d’Hérelle. Later, d’'Hé-
relle (1914a, b) reported positive results
when he used the bacterium to kill locusts
and grasshoppers in Argentina and Africa.
Subsequently other workers in Africa,
particularly Sergent and L’Heritier (1914),
Béguet (1915, 1916), and Sergent (1916),
reported highly variable results and a lack
of effectiveness in some cases. The work on
C. acridiorum was virtually discontinued,
but investigations of other bacteria, and of
their potential applied use, have continued.

It now is apparent that early efforts to
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use bacteria and fungi for control of Acri-
didae failed because the microorganisms
generally require specific climatic condi-
tions, such as high humidity, for growth and
development. These microorganisms play a
significant role in regulating the densities of
Acrididae in the tropical and subtropical
parts of the world; however, because of de-
pendence on high humidity, they are not
sufficiently dependable in the arid and semi
arid regions of the world where grasshop-
pers and locusts are pests. Microorganisms
that are developed for applied use must be
infective under a variety of conditions.

Locusts and grasshoppers are hosts to nu-
merous microorganisms that are not re-
stricted to narrow temperature and mois-
ture regimes for growth and development.
Protozoa and viruses are particularly pro-
mising in this respect and, are therefore ex-
cellent prospects for applied use. There are
also some species of bacteria and fungi that
could be manipulated to minimize their de-
pendence on specific climatic conditions.
The following is a discussion of those
organisms that could be involved, either na-
turally or applied, in the regulation of lo-
custs and grasshoppers in the semi-arid
tropics.

BACTERIA

Bacillus thuringiensis Berliner: The com-
mercialization of various strains of B. thu-
ringiensis (Bt) as microbial insecticides
against Lepidoptera, Coleoptera, and Dip-
tera pests has provided justification to
search for strains that would be pathogenic
to Orthoptera. Many strains of Bt that have
been isolated from Lepidoptera and Co-
leoptera have been tested against grasshop-
pers; however, pathogenicity has never
been evident. Bt has also been isolated
from moribund and dead grasshoppers.
Some of these were pathogenic to nymphs,
but active dosages were in the range of 10"
spores per grasshopper (Henry, personal
communication). Because of these prohibi-
tively high dosages, very little research has
been conducted on Bt in Orthoptera.

It is likely that Br does occur extensively
in locusts and grasshoppers. Although the
natural isolates may not be sufficiently toxic
for immediate use against locusts, the
emerging technology for genetic engineer-
ing for enhancing virulence warrants a re-
consideration of the potential value of these
bacteria. Consequently, surveys for Bt iso-
lates should be conducted in locust and
grasshopper populations for the specific
purpose of developing an engineered mi-
crobial insecticide.

FUNGI

Beauvaria bassiana (Bals.): There have
been many instances of isolation of B. bas-
siana from locusts and grasshoppers, but
very few published reports. Efforts to arti-
ficially propagate the fungus in grasshop-
pers have largely been disappointing, un-
doubtedly because of moisture level
requirements. In recent years, however,
there has been renewed interest in B. bas-
siana. Several commercial firms in the U.S.
and Europe have developed improved cul-
ture techniques which have led to the selec-
tion of strains that are more active against
grasshoppers. These strains should be eva-
luated as microbial insecticides against lo-
cust bands.

Unidentified fungi. Henry et al. (1985b)
reported the isolation of a yeast-type fun-
gus from Oedaleus senegalensis (Krauss),
Aiolopus thalassinus (Fab.) and Anacri-
dium sp. from West Africa. The pathogen
was very similar to another fungus that had
been isolated from grasshoppers in the U.S.
and proved highly infective to grasshoppers
in the laboratory. These fungi are highly
pleiomorphic and very difficult to grow on
defined media; therefore, their taxonomic
status has not been fully determined. Ne-
vertheless, they should be tested against lo-
custs and grasshoppers.

PROTOZOA

Malameba locustae (King and Taylor):
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This amoeba infects the epithelia of the
malpighian tubules and midgut of a variety
of Orthoptera, including Acrididae, Tetti-
goniidae, and Gryllidae. It has also been re-
ported from silverfish (Thysanura) that in-
habited a room in which locusts were reared
(Larsson, 1976). M. locustae can be a very
serious pest in laboratory cultures of locusts
and grasshoppers (Henry, 1968; Donald-
son, 1971; Davies, 1973; Henry and Oma,
1975; Hanrahan, 1984; Braun et al. 1988.)

Very little information is available on the
natural occurrence of M. locustae in locusts
and grasshoppers. Lea (1958) reported a
high prevalence of infection in the brown
locust Locustana pardalina (Walker) in
South Africa, and Venter (1966) suggested
that the parasite prevented an outbreak of
this locust. Ernst and Baker (1982) report-
ed natural field infections in the Australian
grasshopper Pardillana limbata (Stal) and
cricket Pteronemobius sp. Henry et al.
(1985b) reported M. locustae infections in
O. senegalensis and Diabolocatantops axil-
laris (Thunberg) in West Africa.

M. locustae infects a wide range of hosts,
including the locusts Locusta migratoria mi-
gratorioides (Reiche and Fairmaire), Schis-
tocerca gregaria (Forsk.), L. pardalina, and
Nomadacris septemfasciata (Serville) and
causes debilitative infections that appear to
reduce fecundity. Venter’s (1966) sugges-
tion that the parasite was responsible for
preventing an outbreak of the brown locust
may indicate some applied potential. Aug-
mentative releases of cysts into solitary or
nonswarming hopper bands may prove ef-
fective in reducing gregarization.

Nosema locustae Canning: Canning
(1953) originally described N. locustae from
L. m. migratorioides and later (Canning,
1962a) extended the host range to include
S. gregaria. Henry (1969) reported that 58
species of Orthoptera were susceptible to
infection, including a gryllid and tetrigid.
Later, Henry et al. (1985a) reported infec-
tion of seven species of West African grass-
hoppers, including O. senegalensis and Oe-
daleus nigeriensis Uvarov. It now appears
that all species of Acrididae may be suscep-
tible to infection.

Nosema locustae has been registered for
applied use against grasshoppers in the
U.S. When N. locustae, a moderately viru-
lent pathogen, is applied in the field on
wheat bran it will cause significant mortali-
ty within four weeks of treatment and in-
fection among the surviving grasshoppers.
The infections cause reduced fecundity
(Ewen and Mukerji, 1980) and develop an
inoculum reservoir for infection of the sub-
sequent generation (Henry and Onsager,
1982).

Because of the moderate virulence of N.
locustae, and the resulting long lethal time,
its value against locusts has been consider-
ed as minimal. Although Canning (1962b)
was able to infect L. m. migratorioides ra-
ther easily, infection of S. gregaria was
more difficult. Also, by conjecture, it is
possible that N. locustae would not persist
in bands of migrating hoppers or adults be-
cause infected individuals probably would
be left behind. However, N. locustae might
be useful against these insects when they
are non-gregarized and restricted to localiz-
ed areas, such as to rainfall recession areas.
Certainly, N. locustae should be tested
against locusts in the field.

Other Microsporidia: Three other micro-
sporidia have been described from grass-
hoppers (Nosema acridophagus Henry, No-
sema cuneatum Henry, and Perezia dich-
roplusae Lange), and a number of other
probable species have been isolated. Nose-
ma acridophagus is the most virulent of the
described species (Henry et al., 1979) and
was described from Schistocerca americana
(Drury) (Henry, 1967). Consequently, this
species should be a promising candidate for
evaluation against African locusts. Nosema
cuneatum is moderately virulent and also
should be tested. Perezia dichroplusae in-
fects the malpighian tubules, causing debi-
litative affects, but usually not mortality
(Lange, 1987). Purrini (personal communi-
cation) has also reported the isolation of
microsporidia from locusts in Tanzania. Ac-
cordingly, there exist a number of described
and undescribed microsporidium species
for evaluation against locusts.
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VIRUSES

Entomopoxviruses: Henry and Jutila
(1966) first reported isolation of an inclu-
sion body virus from grasshoppers which
was later (Henry et al., 1969) characterized
as an entomopoxvirus. Since then, six other
entomopoxviruses, identified by restriction
enzyme (REN) analysis, have been disco-
vered in grasshoppers from the U.S., Afri-
ca, and Canada (Oma and Henry, 1986). In
addition, there have been entomopoxvirus-
es reported from a grasshopper in China
(Farrow, personal communication), among
S. gregaria and a Chortipes sp. from the Ye-
men Arab Republic (Purrini and Rohde,
1988), and among L. m. migratorioides
from Tanzania (Purrini ef al., 1988). It now
appears that entomopoxviruses are the pri-
mary viral group associated with Acrididae.

Generally, entomopoxviruses appear to
be moderately pathogenic to grasshoppers.
However, the host ranges of specific
isolates appear to be restricted to particu-
lar groups of grasshoppers. The limited host
ranges are not important in Africa where
outbreaks usually involve a single species.
However, development of these viruses as
microbial control agents of North Ameri-
can grasshoppers may be more challenging,
where outbreaks include complexes of
12-15 species.

Structurally, these viruses appear similar
to the poxviruses of vertebrates and are as-
signed to the same family, Poxviridae. Ne-
vertheless, DNA hybridization studies have
demonstrated no genetic relatedness be-
tween the grasshopper viruses and vaccinia
(see review by Streett, 1987). Safety tests
conducted according to the Environmental
Protection Agency Tier 1 requirements
have been completed for two of the viruses
without evidence of infectivity to non-tar-
get vertebrates and invertebrates.

Two of the six isolates that have been
characterized by REN analysis and DNA
hybridization came from African grasshop-
pers. The Oedaleus entomopoxvirus
(OsEPV) was isolated from O. senegalen-
sis, O. nigeriensis, and Kraussaria angulife-
ra (Krauss) while the Cataloipus entomo-

poxvirus (CcEPV) was isolated from Cara-
loipus cymbiferus (Krauss), Cataloipus fus-
cocoerulipes (Krauss), and Heteracris annu-
losus (Walker). OsEPV appears to have a
fairly wide host range, including a number
of grasshoppers in North America. In the
absence of molecular studies of the viruses
reported by Purrini and Rohde (1988) and
Purrini et al. (1988) it is impossible to eval-
uate their relatedness with the more fully
characterized viruses, including those from
the North American grasshoppers. Certain-
ly the viruses reported by Purrini and co-
workers need to be compared to these cha-
racterized viruses, primarily to prevent
duplication of effort on the same viruses.

In any event, the entomopoxviruses ap-
pear to be excellent prospects as microbial
control agents of locusts. Studies in North
America have demonstrated that they can
be mass produced in quantities sufficient
for field evaluations. They seem to have a
stable shelf life, indicating a potential for
prolonged storage. Pathogenically, they
cause three rather distinct symptomatic
processes; grasshoppers may become mori-
bund and subsequently die within eight
days of infection, may become stunted and
remain as second and third instar nymphs,
or may appear normal and become adults.
All of these processes are of value in a bio-
logical control program. Accordingly, re-
search directed at the eventual applied use
of these viruses should be given high prior-
ity.

Other viruses: Jutila et al. (1970) report-
ed isolation and characterization of a highly
virulent picornavirus from a grasshopper in
North America. The virus was infective to
various North American Schistocerca,
which indicates some potential use against
African locusts. However, because of simi-
larity to other picornaviruses, it must be
tested extensively for safety to non-target
animals before it could be evaluated as a
biological control agent.

Recently Bensimon et al. (1987) report-
ed experimental lethal infection of L. m.
migratorioides by a nuclear polyhedrosis vi-
rus (NPV) from the lepidopteran Spodop-
tera littoralis. This is a very interesting re-
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port simply because it suggests a need to
screen locusts against a wide variety of in-
sect pathogens.

RICKETTSIA

Vago and Meynadier (1965) first report-
ed isolation of Rickettsiella schistocercae
from the desert locust, S. gregaria, and
transmission to L. m. migratorioides. Prior
to that Martoja (1964) had transmitted Ri-
ckettsiella grylli to both species of locusts.
Henry et al. later (1985b) reported isolation
of a rickettsia from the African grasshop-
per Zonocerus variegatus (L.) which was
subsequently considered a strain of R. grylli
(Henry et al. 1986). Since the isolate nam-
ed R. schistocercae has been lost and be-
cause it was not characterized ultrastructu-
rally, its relationship to R. grylli remains
unknown. However, based on the
infectivity of the R. grylli isolate from Z.
variegatus for a wide range of grasshoppers,
as well as other insects and vertebrates, it
appears likely that R. schistocercae might
also be R. grylli.

While the rickettsia from Z. variegatus
was highly virulent to grasshoppers, the
possibility that it infects vertebrates would
preclude its use in grasshopper control.

CONCLUSION

A number of pathogenic microorganisms

are available for evaluation against grass-
hoppers and locusts in Africa. Priority
should be given to the entomopoxviruses,
because they appear to be moderately viru-
lent and are stable for prolonged periods of
storage and application. Two species of mi-
crosporidia, N. acridophagus and N. cunea-
tum, also appear potentially useful. Howe-
ver, priority should also be given to an ex-
tensive survey of grasshoppers and locusts
in Africa for other useful microbials. Pre-
vious efforts have demonstrated that these
insects serve as natural hosts to many pa-
thogenic organisms. Particular emphasis
should be placed on the isolation of Bacil-
lus thuringiensis strains which might be im-
proved genetically and used as microbial in-
secticides against gregarized locusts.

Concerned African countries and several
donor agencies have expressed interest in
the potential use of biological control stra-
tegies in recent years. The interest is pro-
bably an outcome of our inability to man-
age locusts with traditional chemical insec-
ticides and has prompted the initiation of
several projects to explore the potential
value of microbial organisms. Assuming
some degree of success with these current
efforts, it is quite likely that a very large
and intensive project for ultimately using
microbials against locusts and grasshoppers
in Africa will be underway within the next
2 to 3 years.
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ABSTRACT

Synthetic chemical pesticides are the basis of present Desert Locust control
measures. In order to reduce environmental damage caused by such chemicals it
is suggested to use locust pheromones as part of environmentally acceptable in-
tegrated locust pest management. Among the locust pheromones under discus-
sion those responsible for phase transition and oviposition seem to be suitable
candidates for future new locust control strategies. Thus studies of their biology
and chemistry should be given a high priority.
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INTRODUCTION

The current Desert Locust plague is the
worst in over 25 years. In 1985 Desert Lo-
cust swarms originating from small areas
near the Red Sea started to invade East and
West Africa as well as the Arabian penin-
sula. The Desert Locust has a vast invasion
area of some 29 million square kilometres,
affecting 57 countries. This is more than
20% of the total land surface of the world
inhabited by about a tenth of the world’s
population. Damage caused by locusts can
be very severe. Each one eats its own
weight of food (ca. 2 gm.) every day; and
a Desert Locust swarm can measure hun-
dreds of square kilometres and contain
thousands of millions of locusts. Analysis of
Desert Locust damage shows that hoppers
cause 8%, immature and maturing swarms
69% and mature swarms 23% of the da-
mage (Steedman, 1988). The recurring na-
ture of locust outbreaks, their devastating

effects on the economies of semi-arid
tropical and subtropical countries and their
psychological and socio-political impact on
the affected populations have stressed the
need for effective and acceptable methods
of managing this pest.

Existing control measures for Desert Lo-
custs rely heavily on chemical pesticides.
The most effective of these, dieldrin, is no
longer acceptable. Persistent organochlo-
rine insecticides are probably accumulated
in the environment and gradually absorbed
into the food chain. The replacement com-
pounds are non-persistent but also less ef-
fective and more expensive requiring mul-
tiple applications. There is an increasing
concern about the dangers of environmen-
tal pollution and the threat to wildlife and
man. The banning of persistent organo-
chlorine compounds may actually have in-
creased the threat of environmental da-
mage since larger quantities must be used.
In addition chemical pesticides are non-se-
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lective, leading to destruction of natural
enemies which probably hasten the decline
of plagues. It is therefore essential to pay
attention to more acceptable, non-chemical
alternatives.

Several years ago we have proposed a
new strategy based on the concept of pre-
venting or interfering with the formation of
locust swarms and with their reproduction
by using behaviour-modifiying chemicals.
The intention is to retain locust populations
within their primary breeding sites and to
suppress mass reproduction. Such chemi-
cals, called pheromones, are target-specific,
harmless to the environment and may form
an important component of a future inte-
grated locust management system. Howe-
ver, enthusiasm about the use of phero-
mones to control locust populations has
slowed down because very few studies on
pheromone-relevant and -dependent locust
behaviour and development exist until to-
day. A much more intensive effort is requir-
ed now in the areas of locust pheromone
biochemistry and neurobiology to solve
problems of their biosynthesis, perception,
transduction and metabolism. It is clearly
understood that much more of this and
other basic research has to be done before
pheromones can be used in the field for lo-
cust control.

LOCUSTS AND PHASE POLYMORPHISM

Locusts belong to the family of short-
horned grasshoppers (Orthoptera, Arcridi-
dae). They are defined as grasshoppers
which meet two criteria: (i) they can form
dense groups of hoppers (bands) or winged
adults (swarms) which migrate; (ii) they can
occur in two phases —solitaria and grega-
ria— which differ in morphology, colour,
ecology, physiology and behaviour. This
polymorphism in locusts was first described
by Uvarov (1921) and subsequently many
details have been added (reviews e.g., Uva-
rov 1966, 1977; Cassier, 1974; Pener, 1983;
Hardie and Lees, 1985).

In Africa there are mainly four Acridid
species of economical importance which
show this phase polymorphism very clearly:
the Desert Locust Schistocerca gregaria, the
Red Locust Nomadacris septemfasciata
(both of Cyrtacanthacridinae), the African
Migratory Locust Locusta migratoria (with
various subspecies) and the Brown Locust
Locustana pardalina (both of Oedipodi-

. nae). These locusts are not a significant pest

when occupying their semi-arid recession
areas where they exist as dispersed, solita-
rious individuals. The damage they can do
in this phase —if at all— is minimal. Very
probably locusts play a useful role in the de-
sert ecosystems and food chains as herbi-
vores. Favourable climatic factors, howe-
ver, induce increase in population size and
density. The sequences of rain in time and
space needed to initiate a plague are rare
and are somewhat different for each
plague. Solitarious animals generally adapt
to the colour of their surroundings, either
green or homochrome as in L. migratoria
or different yellow-brown or reddish co-
lours as in S. gregaria. In opposition to this
the colour of gregarious locusts seems to be
unrelated to that of their surroundings. This
phase polychromatism is influenced by high
population density, but also by temperature
and humidity (Dudley, 1964). Usually
homochrome adaptation is never total in
any large locust population. Various inter-
mediate colourations can be observed.
Uvarov (1966) also noticed differences in
morphometrics between solitarious and
gregarious phases. Measuring the length of
the hind femur (F) and the maximum width
of the head (C) it was found that the F/C
ratio is higher in the solitary phase (Dirsh,
1953).

Furthermore there are differences in the
reproductive potential between locust pha-
ses. Solitarious females esp. in L. migrato-
ria have more ovarioles, produce more eggs
per eggpod and deposit more eggpods
(Norris, 1952; Albrecht, et al. 1959; Inje-
yan and Tobe, 1981a). These differences
may be associated with titres and appea-
rance of juvenile hormone which regulates
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vitellogenesis (Injeyan and Tobe, 1981b).

Differences in behaviour and activity be-
tween the two phases are obvious. Grega-
rious locusts have a strong tendency for
group formation. Hoppers form bands that
march together and gregarious adult locusts
aggregate to a swarm and fly together. Ex-
perimental analysis of the aggregation be-
haviour clearly demonstrated that grega-
rious locusts actively aggregate while solita-
rious animals do not. However, when ex-
posed to gregarious ones, solitarious locusts
change their behaviour rather rapidly with-
in hours and days (Ellis, 1962, 1963; Gil-
lett, 1972, 1973).

LOCUSTS AND PHEROMONE BIOLOGY

There are indications that volatile chemi-
cal signals may be involved in induction and
promotion of phases and other aspects of
locust behaviour. Like many other insect
species locusts seem to communicate to a
large extent by the exchange of chemical
compounds termed ‘‘pheromones”. Phero-
mones are defined as substances produced
by one or several individuals of a species
which cause particular behavioural and/or
developmental reactions when received by
another individual of the same species.
They are species specific chemical messag-
es effective in minute amounts between ani-
mals in much the same way as hormones
within an individual. Thus in earlier litera-
ture they were usually referred to as “ecto-
hormones”. Since 1959 the more accurate
term ‘“pheromones’” has widely been adopt-
ed (Karlson and Luescher, 1959). Phero-
mones may be single compounds or
mixtures of compounds. The mode of inf-
luence can take either of two general forms
(Wilson, 1963): if the pheromone acts upon
the nervous system to evoke immediate and
reversible behaviour changes it is said to
have a releaser effect. Examples are alarm
and sex pheromones. If it causes more per-
manent physiological changes in the reci-
pient such as inhibition of gonad develop-

ment in worker bees by the queen sub-
stance it is called a primer pheromone. Phe-
romone compounds are usually transmitted
in the vapour phase as air-borne odours,
but some are transmitted directly, and are
then called surface or contact pheromones.
Many insect species have developed this
chemical communication system to a uni-
quely high level of sophistication and im-
portance, so that pheromones are involved
in many aspects of their life. Pheromonal
communication including sensory physiolo-
gy and behavioural mechanisms involved in
the responses have been studied most clo-
sely in moths. Despite the recent 30th an-
niversary of pheromone research for many
animal species including locusts the know-
ledge of chemical communication is still at
a rather early stage. However, a rapid so-
lution of many interesting problems can be
expected in the near future, since new sen-
sitive and sophisticated techniques in analy-
tical chemistry combined with perceptive
studies of animal behaviour are available
now.

Little progress in locust pheromone bio-
logy has been made since the sixties. The
reasons for this negligence seem to be re-
lated to the long-term recession of locust
outbreaks and subsequent lack of proper
funding for necessary expensive research.
Research on the physiology and behaviour
of locusts suggested that the following phe-
romones may occur: (i) Gregarisation phe-
romone is involved in gregarisation of soli-
tarious locust hoppers and probably
prepares them for aggregation and swarm-
ing in adult life; (ii) Solitarisation phero-
mone promotes some solitary characteris-
tics and may be useful for dispersing lo-
custs; (iii) Maturation pheromone accele-
rates and synchronizes sexual maturation in
both sexes; (iv) Oviposition pheromone ag-
gregates females of both phases to a com-
mon oviposition site and stimulates egg-la-
ying, or attracts females to substances pre-
viously used by egg-laying locusts.
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THE GREGARISATION AND
SOLITARISATION PHEROMONE

Several attempts to identify and charac-
terise the gregarisation pheromone system
have been reported, but, unfortunately,
none were based on analytically sound tech-
niques and interpreted with sufficient cau-
tion. A gregarisation pheromone was iden-
tified in locust larvae faeces and termed
“locustol”. Nolte and associates extracted
this locustol by steam distillation followed
by solvent extraction and purified it by thin
layer chromatography. The resulting major
component with reported biological activi-
ty was described as 5-ethyl-2-methoxy phe-
nol (Nolte et al. 1970, 1973; Nolte, 1976).
It was postulated that this and other phe-
nolic compounds were degradation pro-
ducts of lignin ingested in grass or shrubs.
However, Gillett (1983) has recently corro-
borated the basic observations concerning
the inductive effect of faeces, but was
unable to elicit similar effects with the syn-
thetic locustol. Most of the data published
by Nolte are unreliable or wrong because
of lack of suitable controls and/or poor sta-
tistical tests. In a recent study Fuzeau-
Braesch and associates (1988) have identi-
fied phenol, guaiacol and veratrole as olfac-
tory attractants in the air surrounding lo-
custs. Ongoing research studies do not fully
support these results (Applebaum and Fe-
renz, unpublished data). There are indica-
tions that volatile factors act in combination
with visual and tactile stimuli. The gregari-
sation pheromone seems to be perceived by
receptors at the antennae; amputation of
antennae had solitarizing effects (Mordue,
1977).

There is also experimental evidence for
a solitarizing pheromone excreted by gre-
garious adult locusts. This pheromone
seems to promote anti-social behaviour in
the immature stages of S. gregaria (Gillett
and Phillips, 1977; Gillett, 1983, 1988). The
existence of this solitarizing stimulus of the
adult faeces is supported by the observation
that adult gregarious locusts show lower le-
vels of grouping than do young gregarious

nymphs. However, then the question arises
which factors keep a locust swarm toge-
ther? It is clear that the identification of
pheromone(s) regulating gregarisation and
additional factors contributing to gregarisa-
tion must be carefully re-evaluated.

Little is known about perception and
transduction of this pheromonal informa-
tion. As mentioned the antennae are in-
volved in the perception of the gregarisa-
tion pheromone, but more research is ne-
cessary to support this finding and to un-
derstand the receptor system involved. The
importance of other sensorial information
for phase transition such as visual and tac-
tile stimuli needs further clarification, too.

The pheromonal information seems to be
translated into neurosecretory signals by
the locust brain. Since juvenile hormone
plays a dominant role in locust develop-
ment, reproduction and presumably also in
the regulation of some phase characteristics
the study of the control of juvenile hor-
mone biosynthesis by the brain appears to
be important. However, despite intensive
studies little is known about the regulation
of juvenile hormone biosynthesis (Feyerei-
sen, 1985). Juvenile hormone biosynthesis
in locusts is stimulated by a cerebral allato-
tropin, a peptide hormone transported to
and released from the neurohaemal corpo-
ra cardiaca (Ferenz, 1984; Gadot and
Applebaum, 1985). Currently this neuro-
peptide is further characterized and the
stage within the biosynthetic pathway iden-
tified where allatotropin exerts its stimulat-
ing effect. We suspect that one of the ef-
fects of the gregarisation pheromone on the
endocrine system could be to suppress pro-
duction and/or release of allatotropin. Un-
doubtedly juvenile hormone promotes soli-
tary phase characteristics: implantation of
active corpora allata or administration of
exogenous juvenile hormone cause green
colouration and solitary morphometrics in
L. migratoria; allatectomy results in oppo-
site effects. However, despite many experi-
ments it is not clear whether many phase
characteristics are solely related to juvenile
hormone. Pener (1983) admirably discuss-
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ed these endocrine aspects of phase poly-
morphism in a recent comprehensive re-
view (see also his contribution in this vo-
lume).

PHEROMONAL CONTROL
OF MATURATION

There are several reports proposing the
existence of a maturation pheromone which
hastens and synchronizes the maturation of
immature adult female S. gregaria. It is se-
creted by the epidermal cells of the grega-
rious male at maturity but not of solitary
males nor of either solitary or gregarious fe-
males. Epidermal cells are almost
completely absent in females or in solitary
males. In gregarious males they differen-
tiate in the pharate fifth instar and the first
two days of overt fifth instar in the presence
of ecdysone and absence of juvenile hormo-
ne. Initially these glands are inactive but
during maturation they acquire responsive-
ness to juvenile hormone and then produce
the pheromonal factor which regulates fe-
male sexual maturation. The persistence of
juvenile hormone in the critical period of
the fifth instar of solitarious S. gregaria de-
presses the differentiation and development
of these epidermal gland cells (Norris,
1954, 1962; Loher, 1960; Cassier and De-
lorme-Julie, 1976). Attempts to identify
chemically this volatile compound from ma-
ture male S. gregaria failed (Blight et al.,
1969).

OVIPOSITION PHEROMONE

The initiation of the gregarious phase of
locusts and subsequent swarming is depen-
dent on the population density of the hop-
pers. Usually each individual female locust
oviposits a batch of 50 to 80 eggs and if one
assumes that most of them hatch under op-
timal climatic conditions the number of re-
sulting hoppers within a grouping is initial-
ly dependent on the distribution of the egg-

pods in a given breeding area. In fact it was
repeatedly observed that the majority of
eggpods are clustered in a common egglay-
ing ground. Although the soil quality in-
fluences this distribution, it seems that en-
vironmental factors are not sufficient to ex-
plain the clustered distribution of eggpods
(Popov, 1958; Norris, 1970). Experiments
with sand in which locusts have laid eggs re-
peatedly show that this sand strongly at-
tracts mature females and these females
preferentially deposit their eggpods in it.
This sand has no effect if washed with de-
tergents and sulfuric acid (Lauga and Hat-
te, 1977, 1978). It is postulated that egglay-
ing locusts produce an oviposition phero-
mone attracting other gravid females to an
eggfield. This phenomenon could have di-
rect effects on the development of grega-
riousness in following generations.

LOCUST SEXUAL BEHAVIOUR
AND PHEROMONES

Insects communicate between sexes of
their own species prior to and during their
mating. Chemical communication involving
sex pheromones is vitally important for
many of them. Most insect sex pheromones
are secreted by females and act as odorous
stimuli for males. Receiving the message of
the presence of a female males are aroused,
locate the female by upwind orientation,
initiate a mating procedure and finally co-
pulate. Many sex pheromones have been
chemically identified and some of them are
already used as tools in integrated pest
management.

There is no clear evidence that locusts
use any sex pheromones for finding and sti-
mulating their sex partner. However, soli-
tary locusts are quite dispersed and it might
be a problem to a find a sex partner. Gre-
garious locusts probably would not need
such a long distance communication
system. Prior to copulation locusts exhibit
a more or less intensive courtship behaviour
(Uvarov, 1966). The males seem to be very
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excited, and show a lot of palpation when
close to the receptive female. This might in-
dicate a short distance chemical communi-
cation. However, nothing is known about
it. For several locust species it has been
shown that juvenile hormone can control
male sexual behaviour (Pener, 1974, 1976),
but the relationship between pheromones,
juvenile hormone and sexual behaviour is
not clear. Locusts also use audible acoustic
signals for communication. Sexually mature
males make use of such signals quite often.
These signals may be of importance for at-
tracting females over a longer distance. Ob-
viously more research is necessary to under-
stand the sexual behaviour of locusts. If sex
pheromones are present the possibility of
using them for disruption of mating beha-
viour or as attractants should be explored.

PROBLEMS IN LOCUST PHEROMONE
RESEARCH

Because of the extreme nature of the
crowding-induced behavioural and physio-
logical changes, the high mobility and the
deficient ecophysiological knowledge, lo-
custs are uniquely difficult to study. In the
laboratory it is not easy to breed truly sol-
itary locusts. Although locust pheromones
are only present in very small amounts tech-
niques like gas chromatography combined
with mass spectrometry have become avai-
lable over the past three decades to analyse
such compounds. Methods developed for
the study of pheromones in other insect
species can easily be adopted. The main
problem seems to be the development of
behaviourally interpretable laboratory as-
say methods for screening and identifying
pheromone compounds which influence the
behaviour or physiology. In particular the
identification of pheromones responsible
for phase transition may cause problems be-
cause the change of phase is a slow and mul-
tifactorial process. For future insights it will
be essential to possess assays and methods
of analysis which also allow the quantitative

assessment of the phase-status of indivi-
duals as indicated by their behavioural cha-
racteristics. Reliable screening of com-
pounds can be achieved only when the me-
thods used are based on the knowledge of
the insect’s behaviour. Such detailed know-
ledge is also essential for the design of fu-
ture field trials and for optimising the way
in which new pheromone based methods
are applied. Locust pheromone research is
a complex subject necessitating the coope-
ration of pheromone biochemists, insect
physiologist and experts on insect beha-
viour and ecology.

LOCUST CONTROL BY PHEROMONES

In recent years pheromones have become
very powerful tools to control pest insects.
They are used (i) to bait traps with attrac-
tants to trap pest insects and reduce their
population, (ii) to bait traps with sex-phe-
romones to remove one sex of the target in-
sect population, (iii) to bait traps with ag-
gregation pheromones (e.g., in the bark
beetle) and (iv) to disrupt mating commu-
nication in a population (e.g., in the pink
bollworm). More recent approaches ex-
plore the possibilities to use pheromones
for monitoring insect population densities
and for making baits containing toxic sub-
stances or pathogens more attractive.

In a similar way locust pheromone re-
search can help to develop methods of con-
trol which will reduce reliance on the use
of conventional insecticides, which are poi-
sonous and harmful to the environment.
The use of synthetic pheromones (and also
insect hormones) which influence develop-
ment, behaviour and phase transformation
is attractive, as such compounds are likely
to be specific to insects and perhaps selec-
tive between species. High priority should
be given to the question of whether mani-
pulation of the gregarisation process is pos-
sible. As stated earlier, the knowledge of
the physiological basis of phase transforma-
tion is deficient. The question of the feasi-
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bility of manipulating locust phase transfor-
mation should be answered in the course of
the studies. Preferably the locusts should be
retained in their solitary stage within their
primary breeding sites which are usually far
away from cultivated areas. Since juvenile
hormone plays an important role in phase
transition the additional application of ju-
venile hormone analogues may enhance the
development of solitary phase characteris-
tics, or, alternatively, anti-juvenile hor-
mones may interfere with the development
of some important phase characteristics.

Also the suspected oviposition phero-
mone might be a very good candidate for
controlling locust populations at an early
stage. With this pheromone aggregations of
gravid females on egg-fields can be generat-
ed which then could form targets for con-
trol measures. However, it seems that the
oviposition pheromone might act only over
a short distance. Hence, the degree to
which it will be able to attract and concen-
trate oviposition would depend on the
searching behaviour of the females before
selecting an oviposition site.

Present evidence suggests that the Desert
Locust and other locust species do not pos-
sess a volatile sex pheromone system to
which either sex responds at a distance.
Thus locust sex pheromones —if present—
will probably not be a powerful attractant
system as in some moth species. Future re-
search should answer the question whether
short range sex pheromones exist which
could be used to disrupt locust mating. Ma-
turation pheromones are also not promis-
ing candidates for locust control. Adult lo-
cust populations are highly mobile and thus
are unattractive targets for manipulation.
Since in general little is known about locust
pheromones only speculations about their
possible use can be made at present.

CONCLUSIONS

Synthetic chemical insecticides are the
basis of present Desert Locust control cam-
paigns and remain the only practical means
available today and in the near future.
There is limited data on the environmental
impact of these synthetic pesticides that
have been used for locust control under
tropical conditions, but the deleterious ef-
fects of these chemicals on the environ-
ment, wildlife and human health are ob-
vious. Thus their use should be minimized.
New technologies and methods have to be
developed to limit the environmental stress
and health hazards associated with pestici-
des. In addition pesticide control measures
have become very costly. Research activi-
ties to develop alternative control strategies
require a long term commitment of the in-
ternational community to finance the
necessary research and to support high qua-
lity professional scientific endeavours in de-
veloped and developing locust affected
countries. Although locust pheromone re-
search is at an early stage very interesting
results can be expected which will form an
important part of future integrated locust
management. It is assumed that
pheromones can efficiently help to retain
locusts in their solitary phase and in their
primary breeding sites or recession areas.
Thus research on pheromones regulating
phase transition and oviposition should be
given a high priority. However, future app-
lication of pheromones can only be success-
ful if locust ecology is much better under-
stood and logistics for field work in remote
desert areas are considerably improved.
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Endocrine effects on locust phase changes; basic and applied

aspects
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ABSTRACT

Locusts are short-horned grasshoppers which form, at irregular periods, dense
migrating groups, bands of hoppers and/or swarms of adults, and exhibit den-
sity-dependent phase polymorphism. They appear in two forms, or *‘phases™, gre-
garious and solitary, widely differing in many features collectively termed ‘‘phase
characteristics”. Density is the primary extrinsic factor that affects locust phase
change, but the intrinsic factors underlying the physiological/molecular basis of

- phase change are insufficiently known. Some authors claim that the corpora al-

lata (CA) and their product, the juvenile hormone (JH) constitute the primary
physiological causal factor in phase change, and specifically timed JH excess in-
duces the solitary phase. JH undoubtedly promotes many solitary characteristics,
the induction of the green solitary color being the most thoroughly demonstrat-
ed one. However, green color is not a necessary characteristic of the solitary
phase and color polymorphism characterized by absence or presence of the green
color is widespread in non-locust acridids. Some phase characteristics are not af-
fected by CA/JH and in some cases CA/JH promote gregarious characteristics.
In one instance the target organ responds differently to JH in crowded and iso-
lated locusts and this difference does not depend on previously experienced JH
titer. CA activity and JH titers seem to be higher in isolated than in crowded
locusts, but when such differences are clear and considerable, they may just ref-
lect differences in the rate of sexual maturation of isolated and crowded Locusta
adults. Probably, therefore, differences in CA activity and JH titers do not con-
stitute the primary physiological causal factor in phase change; these differences
may stand somewhere in the middle, but not in the beginning, of a complex chain
of physiological events leading to phase change.

Ecdysteroid titers are similar in crowded and isolated locusts. Therefore,
ecdysteroids do not seem to play a major role in locust phase transformation.
Some early reports on effects of the ventral glands (VG = prothoracic glands of
other insects, the source of ecdysteroids in hoppers) on phase are largely unexp-
lainable today and open to speculations.

Research has been neglected on possible role(s) of neurohormones and/or of
hormones originating from the corpora cardiaca (CC) in phase change. For
example, in spite of the vast literature on the adipokinetic hormones (AKH) that
mobilize lipids as necessary fuel for intense migratory flights in crowded (grega-
rious) locusts, there are no data whatsoever on AKH in solitary (isolated) lo-
custs. A chemically unidentified neurosecretory factor promotes the black pat-
terns characteristic to gregarious hoppers, but this factor may not be restricted
to locusts and their phase changes.

Further investigations are urgently needed from both basic and applied stand-
points. The subject has been rather neglected since it was realized over 30 years
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ago that phase change does not precede but follows changes in population den-
sity. Nevertheless, if present or future insect growth regulators (IGR), such as
hormone analogs and anti-hormonal agents, can prevent the change from solita-
1y to gregarious phase, especially the associated development of aggregation be-
havior, marching behavior of hoppers and/or swarming behavior of adults, lo-
custs would not aggregate actively and would not emigrate from localized areas.
Such locusts would be easy targets to limited conventional or integrated control

measures.

Key words: Locust phase changes, corpora allata, juvenile hormone, ventral
(=prothoracic) glands, ecdysteroids, neurohormones, aggregation behavior,
marching behavior, swarming behavior.

INTRODUCTION

The theory of locust phases was formed
by Uvarov (1921) in a taxonomic revision
of the genus Locusta. He concluded that L.
migratoria and L. danica, formerly regard-
ed as two distinct species, are respectively
the swarming and the solitary forms, or
“phases”’, of the same species. These forms
are capable of transforming into one ano-
ther and there are intermediates between
the two forms. The phase theory was soon
extended to other locusts, such as Locusta-
na pardalina, Schistocerca gregaria, Noma-
dacris septemfasciata and some further spe-
cies, for example, Dociostaurus marocca-
nus and Chortoicetes terminifera (for details
and vast literature, see Uvarov’s, 1966,
1977 and Albrecht’s, 1967, books).

I defined locusts as such short-horned
grasshoppers (Acrididae) *“...that meet two
criteria: 1) They form at some (rather irre-
gular) periods dense groups comprising
huge numbers, bands of hoppers and/or
swarms of winged adults which migrate;
and 2) they are polymorphic in the sense
that individuals living separately differ in
many characteristics from those living in
groups” (Pener, 1983, p. 379). Different

species of locusts belong to several different

subfamilies of acridids.

According to current views, typical locust
species show density-dependent phase poly-
morphism. A large number of characters,
collectively termed “phase characteristics”,
change with the change of the phase. Such
phase characteristics are found in morpho-
logy, morphometrics, anatomy, coloration,
reproduction, development, physiology,

biochemistry, molecular biology, cytology,
behavior, and ecology. The extreme phas-
es are usually termed ‘‘gregarious’” and *‘so-
litary” (or “‘solitarious”). Full scale phase
differences seem to be limited to the field.
In the laboratory, locusts kept under
crowding and in isolation respectively ap-
proach gregarious and solitary characteris-
tics. Locust phase polymorphism is
continuous and endless intermediates can
be found between the extreme gregarious
and extreme solitary phases. Moreover,
phase change itself is continuous and induc-
tion of phase change is not instar-specific.
Phase characteristics are shifted to either
(solitary or gregarious) direction and the di-
rection of the shift is reversible in any sta-
ge, all in response to appropriate changes
in density. Some phase characteristics, for
example certain behavioral patterns and
some components of adult coloration, re-
spond in the same instar to changes in den-
sity. Others, such as hopper coloration,
show changes in the next and/or subsequent
instars. Some phase characteristics of the
hatchlings are affected by parental density.
Phase transformation is cumulative, a shift
starting in an instar progresses in the next
instars and also in the next generation; a
full scale phase transformation may take se-
veral generations. Different locust species
may show somewhat different phase cha-
racteristics and the amplitude of the change
may be species-dependent and sometimes
even sex-dependent. Many density-depen-
dent phase characteristics, such as color and
morphometrics, are also affected by abiotic
environmental factors, especially by
humidity and temperature. Locust phase
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polymorphism, therefore, is an extremely
complex phenomenon. It is comprehen-
sively surveyed by Uvarov (1966, 1977)
and Albrecht (1967) and more recently,
though less comprehensively, by me (Pe-
ner, 1983).

The complexity of the phase characteris-
tics and their changes may constitute major
difficulties in evaluation of experimental re-
sults obtained from studies on endocrine ef-
fects on phase. An endocrine manipulation
may induce appreciable shifts in some
phase characteristics and leave others unaf-
fected. Change of one or of a few phase
characteristics does not necessarily mean
that phase transformation has been ac-
complished. Thus, extreme caution is need-
ed in the evaluation of the experimental
findings. This point is often neglected by in-
sect endocrinologists not having firm know-
ledge of locusts and the complexity of the
phase change. Such negligence leads to
oversimplification at best and to confusion
in worse instances. On the other hand, lack
of absolute correlation in the change of dif-
ferent phase characteristics may have
applied advantages. If an IGR is capable of
changing some phase characteristics that
are important from the practical stand-
point, lack of changes of some other phase
characteristics may be considered as unim-
portant. As a hypothetical example, an
IGR that would suppress active aggregation
behavior or swarming flight behavior of
gregarious locusts may have applied value,
even if it does not affect other phase cha-
racteristics such as morphometrics or co-
loration.

A comprehensive review of the phase
characteristics is outside of the scope of the
present article. Only those used as indica-
tors or parameters in experimental endo-
crine studies and those with apparent ap-
plied importance will be dealt with here.

THE CORPORA ALLATA (CA) AND
THE JUVENILE HORMONE (JH)

The CA/JH undoubtedly affect many
phase characteristics and so play a role in
locust phase change. Implantation of extra

CA or administration of JH or JH analogs
induces green color which is a solitary
characteristic (P. Joly and L. Joly, 1954; P.
Joly et al., 1956; L. Joly, 1960; Staal, 1961;
P. Joly, 1962; Novik and Ellis, 1967; P.
Joly and Meyer, 1970; Némec et al., 1970;
Roussel and Perron, 1974; Couillaud et al.,
1987; and many others). Solitary or isolat-
ed Schistocerca and Nomadacris usually un-
dergo one more hopper instar than conspe-
cific crowded locusts (Albrecht, 1955; re-
view: Uvarov, 1966); thus, the metamor-
phosis of the solitary phase may be regard-
ed as retarded. Lower values of the E/F
morphometric ratio are characteristic to so-
litary adults and P. Joly and L. Joly (1954)
and P. Joly (1956, 1962) reported that imp-
lantation of CA into crowded Locusta hop-
pers results in a decrease of the E/F ratio.
These authors even obtained ‘“‘hypersoli-
tary” values. The CA/JH control vitelloge-
nin synthesis in the fat body and vitelloge-
nic oocyte growth in adult females (L. Joly,
1960; Highnam et al., 1963; Pener, 1965,
1967; Girardie, 1966; Lazarovici and Pener,
1977; Chen et al., 1979; and many others)
and isolated locusts show higher fecundity
than crowded ones (Norris, 1950; Albrecht,
1959; Papillon, 1960; Cassier, 1965a, 1966a,
1966b).

Some of these early results led Kennedy
(1956, 1961, 1962) to assume that solitary
locusts are somewhat neotenous or juvenile
and the physiological mechanism underly-
ing locust phase differences and phase
change is based on more active CA, secret-
ing more JH, in isolated locusts. This view
is rather deeply rooted in the literature and
even a relatively recent review (Nijhout and
Wheeler, 1982) firmly holds it, claiming
that the solitary phase is induced by
specifically timed JH excess. The reason for
this situation may be related to the facts
that most of the cases in which CA/JH pro-
mote (or are assumed to promote) solitary
characteristics were discovered and recog-
nized earlier, received more attention, as
well as wider publication, than those cases
in which CA/JH promote (or are assumed
to promote) gregarious characteristics. Ho-
wever, almost three decades ago, P. Joly
(1962, p. 77) had already concluded that the
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**...problem of physiological determination
of locust phases cannot be explained on the
basis only of differential activity of the cor-
pora allata”. Rowell (1971) advocated a si-
milar conclusion.

The opinion that the CA/JH play an all-
encompassing role in locust phase determi-
nation was criticized by me (Pener, 1983).
Some other recent reviews (Hardie and
Lees, 1985; Dale and Tobe, in press) also
outlined the difficulties in accepting without
restrictions this presumably oversimplified
view. Table 1, summarizing investigated ef-
fects of CA/JH on phase characteristics
clearly reveals that CA/JH promote several
solitary characteristics, but some other
phase characteristics are not affected by
CA/JH and in some instances CA/JH pro-
mote gregarious characteristics. A full dis-
cussion of the data compiled in Table 1 is
impossible within the page limitations of
the present article. Here I limit myself to
deal with two points only, both related to
coloration: one is the green color inducing
effect of CA/JH in hoppers and the other
is the yellow color inducing effect of CA/JH
in adult males.

Many research articles have firmly
demonstrated that CA/JH promote the so-
litary green color (see some references abo-
ve). However, solitary hoppers and subse-
quent adults of Locusta and Locustana ex-
hibit the so-called green/brown color poly-
morphism (Faure, 1932; and many others;
reviews by Uvarov, 1966; Rowell, 1971; Pe-
ner, 1983; Fuzeau-Braesch, 1985). Under
high humidity the hoppers become green,
but under low humidity they show ‘ho-
mochromy”. Such non-green “homochro-
me”’ hoppers are often called the “brown”
form (the term ‘‘green/brown polymor-
phism” is derived from this usage), but ac-
tually the color is not restricted to brown
shades and the “brown” hoppers are ca-
pable of adjusting their color, whitish,
straw-yellow, beige, buff, brown, grey,
black, or almost any intermediate shade be-
tween these colors, to match the color of
the underlying background. The very exis-
tence of homochrome solitary locusts de-
monstrates that the green color is not a ne-
cessary characteristic of the solitary phase.

Injection of JH into isolated non-green (ho-
mochrome) Locusta hoppers induces green
color (Nicolas, 1977). On the other hand,
precocene-induced chemical allatectomy
(cf. Pener er al., 1978) of isolated Locusta
hoppers leads to disappearance of the green
color, but the resulting coloration is similar
to that of the “brown’ homochrome hop-
pers and so markedly different from the
gregarious color (Pener and De Wilde, un-
published). Therefore, in isolated Locusta
hoppers endocrine manipulations involving
the CA/JH just shift one solitary characte-
ristic to another (from homochrome to
green, or vice versa). Promotion of the
“brown’ homochrome color by experimen-
tally induced CA/JH excess in crowded
hoppers has never been observed (cf. Pe-
ner, 1976b).

On the other hand, green/brown color
polymorphism is not restricted to solitary
locusts and it occurs in many acridids that
show no density-dependent phase polymor-
phism (see Uvarov, 1966; Rowell, 1971).
The CA/JH promote green color also in
these species. Implantation of extra CA
into hoppers of Acrida turrita induced green
color (P. Joly, 1952) and similar treatment
led to similar results in Humbe tenuicornis,
Gastrimargus africanus and Acanthacris ru-
ficornis (Rowell, 1967). In A. ruficornis
even green adults were obtained, despite
the fact that such adult coloration has not
been observed in natural populations.
Moreover, CA/JH also promote green co-
lor in some non-acridid insects (review by
Raabe, 1983). In conclusion, the green co-
lor inducing effect of CA/JH is not specific
to locust phase transformation.

Phase polymorphism is much less fre-
quent in acridids than green/brown poly-
morphism and every major locust species is
taxonomically closely related to many acri-
dids which exhibit the latter. It is feasible
to hypothesize that some not necessa-
rily simple mechanism which controls
green/brown polymorphism by CA activity
and/or JH titers was “‘coapted” during evo-
lution to play a partial role in a more com-
plex locust phase polymorphism.

Gregarious adults of locusts, especially
the males, become yellow with sexual
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Table 1.—Effects of the CA and/or JH on locust phase characteristics. Phase characteristics for which no ex-
perimental findings nor circumstancial evidence are available in relation to an effect of CA/JH. are not inc-

luded in the table (modified after Pener. in press).

Phase . .

- In relation to the given phase Remarks. notes,
characteristic characteristic, the CA/TH"* References * doubts
investigated

(in parentheses:  Promote Promote Do not
difference solitary gregar- exert an
between feature(s) ious effect, or
phases*) feature(s) the effect
is not
clear
1. E/F mor- + 1,2, 3.4, Effect may be relat-
phometric ratio ed to disturbed me-
(higher in G). tamorphosis
2. F/C mor- +? +? 3,4 Different authors
phometric ratio draw somewhat dif-
(higher in S). ferent conclusions.
3. Shape of + 2,5
pronotum (con-
vex in S,
straight or con-
cave in G).
4. Sternal + 4 Effect may be relat-
hairs (longer in ed to disturbed me-
G). tamorphosis.
S. Thickness + 6,7 Effect may be relat-
and number of ed to disturbed me-
gland cells in tamorphosis.
epidermis of
adult male
(m o r e
numerous in
G).
6. Green color + 1,3,4,5,8,9, Greencolorisnota
(absent in G, 10, 11, 12, and necessary characte-
may be present many others; re-  ristic of the solitary
in S). view: 13 phase, effect is not
restricted to locust
phase polymor-
phism.
7. ‘“Homoch- + 14 CA/JH induce

rome’’ colora-
tion (absent in
G, may be pre-
sent in S).

green color in ho-
mochrome hop-
pers, thus shift one
solitary characteris-
tic to another.
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Phase . .
chasteric IR 0 e BN P erences ¢ Remats noes
investigated
(in parentheses:  Promote Promote Do not
difference solitary gregar- exert an
between feature(s) ious effect, or
phases*) feature(s) the effect
is not
clear
8. Black pat- +? 4 Effect may be due
terns in hoppers to green color in-
(present in G, duction, or due to
absent in S ex- interactions with a
cept in black ho- black color promot-
mochromy). ing neurosecretory
factor.
9. Yellow co- + 15, 16, 17 and Target organ (epi-
lor in adults many others dermis) of isolated
(present in G, and crowded adults
absent in S ex- reacts differently to
cept on hind CA/JH.
wings of Locus-
ta).
10. Intensity + 18 Target organ (ner-
of male sexual vous system?) of
behavior (more isolated and crowd-
intense in G). ed adults may react
differently
to CA/JH.
11. Fecundity +7? +? 19, 20, 21 Results are open to
of adult females different interpre-
(higher in S). tations.
12.  Adult life + 18, 19
span (longer in
S).
13. Adult re- +? 19, 20, 21, 22, Conclusion is open
production; ef- 23,24 to slight doubts;
fects “‘transmit- not all experimen-
ted”” to the pro- tal data support the
geny***, conclusion.
14. Number of +7? +? 25 The claim that

hopper instars
= number of
eye stripes in
some species
(higher in S of
some species).

CA/JH may induce
an extra hopper in-
star is entirely theo-
retical; some expe-
rimental data do
not support this
claim.
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Phase
characteristic
investigated
(in parentheses:
difference
between
phases*)

In relation to the given phase

characteristic, the CA/JJH** References

Remarks, notes,
doubts

15. Rate of O,
consumption
(higher in G).

16. Heartbeat
frequency (hi-
gher in S).

17. Fat con-
tent (higher in
G).

18. Isoenzy-
mes in hoppers
(some qualita-
tive and quanti-
tative differenc-
es between G
and S).

19. Adult
flight and/or
spontaneous lo-
comotor activity
(higher in G).

Promote Promote Do not
solitary gregar- exert an
feature(s) ious effect, or
feature(s) the effect
is not
clear
+7? +? 3, 26,27
+ 28, 29, 30
+? 31 as compared
to 32, 33.
+? 34
+? +? 35, 36, 37; re-

view on flight:
38

CA/JH do affect
heartbeat fre-
quency, but this ef-
fect is not respon-
sible for phase dif-
ferences.

Evidence is entirely
circumstantial.

JH treatment did
not induce in-
soenzymes which
were induced by
isolation; as a ‘“‘ne-
gative” result, it is
not entirely conclu-
sive.

Experimental data
and evidence are
not clear.

* G = gregarious or crowded locusts; S = solitary or isolated locusts.
** Although every effort was made to present an objective picture, this task is practically impossible when results are con-
flicting or open to different interpretations. Some other authors may prefer removal or insertion of a question mark
(which reflects some uncertainty) in relation to some effects.
*** These include: weight of hatchlings (higher in G), color of hatchlings (differences between G and S), number of ovariol-
es in female hatchlings (higher in S) and morphometrics of hatchlings (hatchlings of S are smaller and morphometrical
analyses show differences between G and S).
+References: 1. P. Joly and L. Joly, 1954; 2. P. Joly, 1956; 3. P. Joly, 1962; 4. Staal, 1961;5. P. Joly et al., 1956; 6. Cas-
sier and Delorme-Joulie, 1976; 7. Cassier, 1977; 8. P. Joly and Meyer, 1970; 9. Némec et al., 1970; 10. Couillaud et
al., 1987; 11. Novak and Ellis, 1967; 12. Roussel and Perron, 1974; 13. Rowell, 1971; 14. Nicolas, 1977; 15. Loher,
1961; 16. Pener, 1976b; 17. Pener and Lazarovigi, 1979; 18. Pener, 1976a; 19. Cassier, 1965a: 20. Cassier, 1966a;
21. Cassier, 1966b; 22. Lauga, 1976; 23. Lauga, 1977; 24. Cassier and Papillon, 1968; 25. Kennedy, 1956; 26. Roussel,
1963a; 27, Roussel, 1963b; 28. Roussel, 1975a; 29. Roussel, 1975b; 30. Roussel, 1975c; 31. Matthée, 1945; 32. Od-
hiambo, 1966a; 33. Strong, 1968; 34. Colgan, 1987, 35. Cassier, 1965b; 36. Odhiambo, 1965, 37. Odhiambo, 1966b;

38. Pener, 1985.
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maturation (see Uvarov, 1966: Pener,
1983). This yellowing absolutely depends
on the CA/JH. Allatectomy results in
~ complete absence of the yellow color, but
reimplantation of CA or administration of
JH restores yellowing (Loher, 1961; Pener,
1965, 1967; Girardie, 1966; Pener et al.,
1972; ‘Pener and Lazarovici, 1979; and
others). Isolated adult male locusts never
turn yellow, except on the hind wings of
Locusta. In this case, therefore, CA/JH
promote a gregarious characteristic. Were
these facts discovered and widely publiciz-
ed before the green color inducing effect of
CA/JH, the conclusion that crowded adult
males have more active CA or higher JH ti-
ters than isolated ones would have been ea-
sily reached. Such a conclusion, however,
is unjustified. I performed some compre-
hensive experiments on the subject (Pener,
1976b) and found that implantation of ex-
tra CA into isolated adult Locusta males
does not induce yellowing, whereas simple
transfer of the isolated adults to a newly
formed crowd does, even without implan-
tation of extra CA. Thus, although yellow-
ing is completely controlled by the CA/JH,
the competence of the integument of the
adult male to become yellow is governed by
some density-dependent unknown intrinsic
factor(s). The lack of response of the iso-
lated adult males to the yellow-color induc-
ing effect of the CA/JH cannot be explain-
ed by the assumption that the relevant com-
petence of the integument was already fix-
ed by JH titers (or other endocrine events)
experienced during previous hopper in-
stars, because simple transfer of the isolat-
ed adult males to a crowd changes the com-
petence and leads to yellowing. Thus, the
target organ (integument) responds diffe-
rently to JH in crowded and isolated adult
males.

JH biosynthetic activity of the CA of
crowded and isolated locusts was compar-
ed by radiochemical assay in vitro (for de-
tails and references in relation to the me-
thod, see Tobe and Stay, 1985) only in a
few studies. The major findings are summa-
rized in Table 2. The literature on
comparison of JH titers in crowded and iso-
lated locusts is also rather limited, and in-

vestigations were carried out only on Lo-
custa. These are summarized in Table 3.
Undoubtedly, JH biosynthetic activity of
the CA and JH titers were found to be
higher in isolated than in crowded adults of
Locusta. However, the relevant investiga-
tions of Dale and Tobe (1986) were carried
out only up to day 8 after fledging and so
it is difficult to decide whether the
differences reflect a genuinely higher gland
activity and JH titer, or just an earlier in-
crease associated with the shorter period of
sexual maturation of the isolated adults in
this species (cf. Norris. 1950). For a more
meaningful comparison of isolated and
crowded adults, CA activity and/or JH ti-
ters should be related not to chronological
age but to physiological events, such as per-
cent of increase in oocyte length during at
least the whole first gonotrophic cycle and
preferably during several consecutive
cycles, Unfortunately, no such reliable data
are available for Locusta. Neither the Gal-
leria bioassay used by L. Joly et al. (1977),
nor the radioimmunoassay employed by
Fuzeau-Braesch et al. (1982) may be
considered as completely reliable for JH ti-
ter determination.

In Schistocerca the period of sexual
maturation, i.e., the time elapsing between
fledging and first oviposition, is shorter in
crowded than in isolated adults (Norris,
1952; Papillon, 1968), a situation opposite
to that found in Locusta. Interestingly, in
Schistocerca the differences between CA
activity of crowded and isolated adult fe-
males were mostly temporal (Injeyan and
Tobe, 1981) and less marked than in Lo-
custa. The CA of isolated adult Schistocer-
ca females showed relatively higher rates of
JH biosynthesis earlier in the first gonotro-
phic cycle. This earlier activity correlated
well with a shorter period from fledging to
first appearance of vitellogenin in the
oocytes of the isolated locusts. However, in
spite of the initially higher CA activity and
earlier onset of vitellogenesis, vitellogenic
oocyte growth was slower in the isolated fe-
males and eventually the crowded females
completed the first gonotrophic cycle ear-
lier than the isolated ones. Were the CA/JH
the only factor involved, the initially higher
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Table 2.—JH biosynthetic activity of the CA in crowded and isolated locusts assessed by radiochemical assay

in vitro.
Species and instar Major finding(s) Reference Remarks
Schistocerca; last two Activity is higher in Injeyan and Tobe,
nympbhal-instar isolated than in 1981.
females. crowded hoppers.
Schistocerca; adult Activity is slightly Injeyan and Tobe,  The differe
females, first higher in isolated than  1981. activity are
gonotrophic cycle. in crowded females. temporal.
Locusta; adult No difference up to Dale and Tobe, Higher activity in
females, up to day 8. day 5-6; higher 1986. isolated females may
activity in isolated just reflect.earlier
females on day 8. activation of CA.

Table 3.—Comparison of JH titers in crowded and isolated Locusta.

Instar Major finding(s) Method Reference Remarks

Last two hopper  Higher titersinisola- Galleria Joly et al.,

instars. ted than in crowded biossay. 1977.
hoppers.

Adults. Higher titersinisola- Galleria Joly et al., Differences may just
ted than in crowded bioassay. 1977. reflect an earlier in-
adults. crease of titer in iso-

lated adults.

Last-instar hop- No clear cut differen- RIA*. Fuzeau-

pers and adults.  ces between isolated Braesch et
and crowded locusts. al, 1982.

1-day old and No differences in GC-MSM**., Dale and Differences may just

4-day old adult 1-day-old adult fema- Tobe, 1986. reflect an earlier in-

females. les. Higher titers in crease of titer in iso-
isolated than in crow- lated adults.
ded females on
day 4.

* RIA = Radioimmunoassay.
** GS-MSM = Gas chromatography-mass spectrometry.
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gland activity would have resulted in an ear-
lier completion of the cycle in the isolated
females. The fact that this did not occur
may indicate the existence of a density-de-
pendent factor that influences oocyte
growth beside the CA/JH.

In conclusion, it seems that there are
some differences in CA activity and JH ti-
ters between isolated and crowded locusts.
These differences, however, may just con-
stitute an additional physiological phase
characteristic, though at the same time
these differences may also cause appro-
priate changes in some but not in all phase
characteristics. If so, CA activity and JH ti-
ters do not constitute the primary
physiological causal factor in phase change
and they probably stand not at the begin-
ning, but somewhere in the middle of a
complex chain of physiological events and
causal factors leading to phase transforma-
tion. Thus, the hypothesis that the solitary
phase is just a neotenous form induced by
permanent or even specifically timed JH ex-
cess, seems to be at best an oversimp-
lification.

THE VENTRAL GLANDS (VG) AND
ECDYSTEROIDS

The VG of acridids are at least analogous
to the prothoracic glands of other insects;
they are located in the posterior part of the
head (P. Joly et al., 1956; Staal, 1961) and
they constitute the source of ecdysteroids
(molting hormone) in the hopper stages (cf.
Hirn et al., 1979; Reichhart and Charlet,
1986).

Solitarizing effects of the VG were advo-
cated by Ellis and Carlisle (1961) and Car-
lisle and Ellis (1962) who claimed to find a
positive correlation between the size of the
VG and the F/C morphometric ratio in
Schistocerca and reported that partial extir-
pation of the VG promotes gregarious co-
lor in Schistocerca, though not in Locusta.
The same authors (Carlisle and Ellis, 1963)
also reported reduced marching activity in
crowded Locusta hoppers after injection of
VG extracts, and Michel (1972) observed
that implantation of presumably active VG

decreased flight activity in Schistocerca
adults. On the other hand, Staal (1961)
found no appreciable effect of implanted
VG on color, nor on morphometric ratios
in Locusta, and Girardie and Joly (1968)
reached similar conclusions.

Later studies, carried out in several inde-
pendent laboratories, clearly demonstrated
that ecdysteroid titers are quite similar in
crowded and isolated Locusta (L. Joly et
al., 1977; Ismail et al., 1979; Fuzeau-
Braesch et al., 1982) and Schistocerca (Wil-
son and Morgan, 1978). Therefore, it seems
to be improbable that ecdysteroids play a
major causal role in locust phase transfor-
mation. This conclusion leaves the reports
of Ellis and Carlisle (1961), Carlisle and El-
lis (1962, 1963) and Michel (1972) unex-
plained and open to speculations. One line
of such speculation would be that the VG
produce some other hormone(s) beside
ecdysteroids (cf. L. Joly et al., 1969; Hoff-
mann and Weins, 1974; Charlet et al., 1988;
see also discussion by Wilson and Morgan,
1978).

Carlisle and Ellis (1959) reported that the
VG degenerate in crowded adults of Locus-
ta and Schistocerca, but persist in isolated
adults of these species. Later work some-
what modified this conclusion at least for
Locusta (Cassier and Fain-Maurel, 1968,
1969; Fain-Maurel and Cassier, 1969). In
isolated green adults kept under high humi-
dity the VG persist, but the glands
degenerate in non-green isolated adults
maintained under low humidity. Moreover,
under long days the VG degenerate but un-
der short days persist in crowded Locusta
adults. The persistence or degeneration of
the VG seems to be influenced, therefore,
by both density and abiotic factors and the
physiological importance of this phenome-
non and its relation to phase change is
unclear.

CORPORA CARDIACA (CC)
NEUROSECRETORY CELLS (NSC),
AND NEUROHORMONES

The activity of the CA is affected by neu-
rosecretory and nervous signals from the
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brain (reviews by Raabe, 1982; Tobe and
Stay, 1985) and an allatotropic neurohor-
mone was partially purified from brains of
Locusta (Gadot et al., 1987). The activity
of the prothoracic glands is also controlled
by the brain, primarily by the prothoracico-
tropic hormone(s) (reviews by Raabe,
1982; Bollenbacher and Granger, 1985),
and in accord with this concept, Reichhart
and Charlet (1986) have found that
brain-CC extracts exert a prothoracicotro-
pic effect on the VG of Locusta in vitro.
Thus, any effect on phase polymorphism
which may be related to differential activi-
ty of the CA and/or the VG in gregarious
and solitary locusts, may eventually be
governed by the regulatory effects of the
brain or brain and CC. Since neurohormo-
nes play a major role in the regulation of
CA and VG activity (see above), they may
be as much involved in the regulation of lo-
cust phase polymorphism as the CA or VG
themselves, though the effect(s) of such
neurohormones on phase may be consider-
ed as indirect. Possible phase related
differences in allatotropic, allatostatic,
and/or prothoracicotropic neurohormones
have never been investigated.

Extensive studies on locust adipokinetic
hormones (AKH) revealed that AKH, pro-
duced by the glandular lobes of the CC,
promote mobilization, transport and possi-
bly also utilization of lipids as necessary fuel
for sustained long-time migratory flights
characteristic to gregarious locusts (reviews
by Stone and Mordue, 1980; Goldsworthy,
1983; Beenakkers et al., 1985; Orchard,
1987). Locusts deprived of the glandular
lobes of the CC and of AKH are unable to
make long flights because of lack of ade-
quate fuel supply. Despite the extensive
studies and hundreds of research articles,
all AKH related investigations were carried
out on crowded locusts; there is not a single
publication devoted to AKH in isolated
ones! Nothing is known, therefore, on pos-
sible AKH related differences between gre-
garious and solitary locusts. These possible
differences may be qualitative (there are
two AKH in Locusta and also in Schisto-
cerca) and/or quantitative and should be
explored from various aspects, such as

AKH content of the CC, rate of release of
the AKH, and AKH titers. The adipokine-
tic responses, that is the responses of the
target systems to AKH, may also be quali-
tatively or quantitatively different between
gregarious and solitary locusts.

Staal (1961) obtained an increase of the
black patterns after implantation of extra
CC into hoppers of Locusta and this effect
was traced back to some NSC in the proto-
cerebrum (Girardie and Cazal, 1965; Girar-
die, 1974). However, this chemically yet
unidentified NSC-CC factor, or a factor of
similar origin, also promotes black color
(though in less defined patterns) in isolated
Locusta (Nicolas and Ismail, 1978), being
probably involved in the control of the
black homochrome response. Moreover, a
factor from the same organs is responsible
for the black homochrome response of Oe-
dipoda coerulescens (Moreteau, 1975)
which exhibit marked homochromy but nei-
ther green/brown, nor phase polymor-
phism. Thus, like the effect of JH on green
color (see above), the black-color-promot-
ing effect of this NSC-CC factor may not
be restricted to locusts or their phase poly-
morphism. Perhaps again an existing hor-
monal mechanism was “coapted” during
evolution to constitute a part of more
complex phase-controlling physiological
mechanisms. Possible effects of this
NSC-CC factor on other phase characteris-
tics remain to be investigated.

Bernays (1980) has suggested that a fac-
tor from the CC reduces locomotor activity
in crowded hoppers of Locusta. The role of
this putative factor in behavior related
phase differences has not been investigated,
though it may well be assumed, as a work-
ing hypothesis, that this factor promotes the
more sedentary solitary behavior.

The relationships, if any, between bioge-
nic amines which may function as neurohor-
mones and locust phase polymorphism is
unclear. Fuzeau-Braesch and David (1978),
Fuzeau-Braesch et al. (1979) and Benichou-
Redouane and Fuzeau-Braesch (1982) re-
ported that octopamine content of whole
heads and of various parts of the nervous
system is higher in isolated than in crowd-
ed Vth-instar hoppers and adults of Locus-
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ta. In contrast, Morton and Evans (1983)
obtained no differences in octopamine le-
vels of nervous tissue, muscles, or whole
heads between crowded and isolated Schis-
tocerca adults and strongly criticized the
work of Fuzeau-Braesch and David (1978)
and of Fuzeau-Braesch er al. (1979). In
conclusion, even if phase-dependent
differences exist in some biogenic amines,
their causal role and mode of involvement
in phase change remain to be clarified.

Yet unknown or unindicated neurohor-
mones may also be involved in locust phase
change. The search for such unknown hor-
mones is difficult because they cannot be
straightforwardly bioassayed. Nevertheless,
pilot experiments, aimed to reveal possible
existence of neurohormones affecting pha-
se, should be carried out.

APPLIED ASPECTS

According to present concepts, induction
of the gregarious phase is a result of in-
creased population-density. In other words,
phase change follows and does not precede
changes of density. Theoretically, strict
conventional control that prevents popula-
tion increase may be sufficient to prevent
locust outbreaks. However, the very exis-
tence of the current locust plague indicates
that such conventional methods are not al-
ways sufficient. The present broad-scale
application of toxic chemicals results in pol-
lution, endangers the fragile ecosystem of
semi-arid zones of the Old World and may
lead to unselective destruction of beneficial
insects, including natural enemies of other
pests. Thus, alternative non-conventional
or integrated locust pest management
should be sought.

If the change from the solitary to the gre-
garious phase, especially the appearance of
aggregation behavior of hoppers and
adults, marching behavior of hoppers
and/or swarming flight behavior of adults
can be prevented despite increase of densi-
ties over critical levels, the locusts may not
be able to escape from localized areas. Pre-
sent and future IGR, such as hormone ana-

logs and anti-hormonal agents seem to be
reasonable candidates for such prevention
of gregarization and gregarious behavior.
Locusts which would not aggregate actively
and would be unable to make large-scale
collective emigrations from localized areas,
would be easy targets to limited
conventional or integrated control measu-
res. Most of the locusts may meet death
even without any interference because of
starvation imposed by food limitations in
such localized areas. Moreover, if the ap-
propriate IGR are not toxic to Vertebrates,
the locusts may be used as food for domes-
tic animals or for human beings.

Keeping these points in mind, the follow-
ing subjects should be studied from the
applied standpoint.

1. Effects of JH. JH is probably not the
key factor that controls locust phase trans-
formation; nevertheless, it affects certain
phase characteristics (see above) and it may
affect aggregation behavior and/or march-
ing behavior of hoppers. These subjects
have not been explored at all. In regard to
the effect of CA/JH on flight activity of
crowded adults the data in the literature are
somewhat controversial (see Pener, 1985).
However, this controversy itself indicates
that CA/JH may not have a crucial effect
on migratory locust flights.

2. AKH. As already outlined, nothing
is known on AKH content and adipokine-
tic responses in solitary adults. Although
such solitary adults fly and even make lon-
ger night flights (see Uvarov, 1977), their
flight performance is much inferior to that
of gregarious adults. Knowledge and under-
standing of possible AKH-related diffe-
rences between gregarious and solitary
adults may yield novel applied approaches,
such as interference with AKH production
(synthesis and/or release) or with adipoki-
netic responses. Development of IGR with
anti-adipokinetic mode of action should
eventually be sought.

3. Endocrine effects on marching beha-
vior and/or on marching related fuel meta-
bolism in hoppers. Gregarious hopper
bands march intensely for long periods in
the field (see Uvarov, 1977). However, fuel
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mobilization and fuel metabolism, presum
ably necessary for the marching, and pos-
sible endocrine effects on marching
behavior or on marching related fuel meta-
bolism have not been explored despite the
fact that it was demonstrated over 40 years
ago that marching can be induced and stu-
died even in the laboratory (Ellis, 1951). It
is highly desirable to study the possible hor-
monal background of marching behavior
and of related fuel metabolism. If endo-
crine factor(s) turn(s) out to be involved in
the control of marching, development of
IGR with “anti-marching” effect should be
sought.

4. Possible roles of neurohormonal fac-
tors and of biogenic amines in phase trans-
formation and gregarious phase related be-
havior. As already outlined, investigations
aimed to explore possible roles of such fac-
tors in phase change and gregarious
behavior have been much neglected. It is
highly desirable to study possible roles of
known or indicated neurohormones (such
as allatotropine(s), allatostatin(s), the
NSC-CC black-pattern-promoting factor,
and the postulated ‘‘locomotor-depressing”
factor), as well as of yet unknown neuro-
hormones on phase characteristics, espe-
cially in relation to behavior. If a neurohor-
mone that plays a major role in these re-
spects is found, it may constitute the start-

ing point for the development of appro-
priate IGR.

5. Hormone-pheromone interrelations.
Gregarizing and solitarizing pheromones
seem to be involved in locust phase chang-
es (see Ferenz in this volume). Possible hor-
monal control of the production of these
pheromones has not been investigated,
though it is known that the production of a
maturation accelerating pheromone is con-
trolled by CA/JH (Loher, 1961). If the pro-
duction of a pheromone with major ef-
fect(s) on phase or on gregarious behavior
is controlled by endocrine factors, appro-
priate IGR to be developed may have con-
siderable applied value.

Among the relevant potential IGR pre-
sently known only JH analogs are produced
commercially and employed for practical
pest control. Anti juvenile agents are also
available (Staal, 1986), but the currently
known compounds do not seem to be
suitable for practical usage. IGR interfer-
ing with insect neurohormones (peptides)
are not yet available, but probably they will
become available in the near future because
many institutes, laboratories and commer-
cial firms are engaged in relevant applied
research. It may be estimated that such
IGR will be developed within a few years.
By this time locust biologists should be
ready to pinpoint the targets for these IGR.
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The development of a new plague of the Desert Locust
Schistocerca gregaria (Forskal) (Orthoptera; Acrididae)

1985-1989

R. SKAF

c/o FAO ECLO/AGPP, C-735, via delle Terme di Caracalla, 00100 Rome, ITALY.

1. There were good summer rains in the

ABSTRACT

The period summer 1985 to summer 1989 was marked by frequent and suc-
cessful breeding in the Central and Western Regions of the Desert Locust inva-
sion area. The plague developed because suitably timed rains fell in areas which
were reached rapidly by increasingly gregarious populations which in 1987-88 al-
lowed virtually continuos breeding in West and Northwest Africa. Due to the
inaccessibility of certain areas, the lack of adequate control measures in some
parts of the infested area and the use of non-persistent pesticides, the locust si-
tuation was not brought under full control in spite of very large scale operations.
However, the latter continued through 1988 and no winter-spring breeding
1988/89 occurred in West Africa. In 1989 there was a dramatic decline of the pla-
gue. Residual populations now (July 1989) exist in most Sahelian countries, and
if the 1989 summer rains are good, there could be a rapid resurgence of the pla-
gue. Otherwise there is a good chance to terminate the plague by the end of 1989.

Key words: Band, breeding, generation, gregarious, hopper, invasion, migra-
tion, swarm.

in early December patchy gregarious breed-

interior of Sudan and adjacent areas of
northern Ethiopia in summer 1985, which
resulted in a local upsurge of the Desert Lo-
cust in eastern Sudan. Day-flying adults
were seen from a fishing trawler 40 kilo-
metres west of Jizan in early November and

ing commenced in the Lith and Qunfidah
Tihamas of western Saudi Arabia. Breed-
ing also started on the Red Sea coast of Su-
dan in early November and in addition two
swarms from the interior reached the Red
Sea coast between Port Sudan and Tokar
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in early January 1986. Control operations
were mounted in Saudi Arabia, Sudan and
Egypt. Egypt was invaded in early February
but there were some escapes and swarms
and subsequently hopper infestations oc-
curred in the interior of Saudi Arabia be-
tween March and August 1986.

2. In early June there were reports of
swarms moving south in the Yemen Arab
Republic and later of gregarious breeding
in the People’s Democratic Republic of Ye-
men. There were also several reports of
adults in Oman, Pakistan and India indicat-
ing that at least some adults had moved
east.

3. Migration to the west was, however,
much more significant. A swarm was seen
at Musmar in the Red Sea Province in late
June and in early July 1986 an airborne ob-
server reported flying through locusts for 40
minutes between Mersa Teclai and Halibai
in northern Eritrea. Subsequently there
were numerous unconfirmed reports of
swarms in Eritrea and in late August fifth
instar hopper bands began to enter Sudan
east of Kassala. In the interior of Sudan,
where the main control efforts were con-
centrated on controlling grasshopper infes-
tations in the cultivated areas, the first ge-
neration of Desert Locust breeding to the
north of the cropping areas was virtually
missed until, in September, late instar hop-
per bands and swarms were found in a
broad belt extending from the Red Sea Pro-
vince to Northern Darfur. Aerial and
ground control operations were mounted
against these populations and against a
second generation of breeding but, again,
control was not sufficiently effective and
there were numerous reports of swarms in
November and December which were mov-
ing east and reached Red Sea coastal areas
of Sudan, Eritrea, Saudi Arabia and Ye-
men Arab Republic. Control operations in
Saudi Arabia completely controlled the in-
festations by the third instar in mid-Janua-
ry 1987. In Sudan control continued until
late April but in Eritrea breeding continu-
ed on the coast until July giving rise to
swarms which invaded the interior of Sudan
in late May and the highlands of northern
Ethiopia between May and July.

4. In Western Africa in 1985, adults
produced as a result of first generation sum-
mer breeding in Niger, Mali and Maurita-
nia increased rapidly in numbers in south-
west Mauritania in October 1985, and bred
giving rise to gregarising populations. Con-
trol was undertaken but some swarms were
produced. These subsequently scattered
but considerable numbers of adults over-
wintered in the southern Sahara; in Sep-
tember and October 1986 mixed popula-
tions of gregarised and partially gregarised
individuals were found in Niger, Mali and
later Mauritania on a scale which suggests
that the indigenous populations had been
augmented by large numbers of locusts
from the east. But, as in the Sudan, the pre-
sence of large-scale grasshopper infesta-
tions in the crop-growing areas meant that
the first-generation infestations in the
southern Sahara were not monitored or
controlled. Medium-scale control opera-
tions were mounted against the second ge-
neration and it seemed likely that no signi-
ficant gregarious populations survived at
the end of the 1986 summer breeding sea-
son in West Africa or western Sudan. Ho-
wever, in May 1987 swarms were seen in
Northern Darfur.

5. Unusually early rains in western Su-
dan and northeastern Chad at the end of
May 1987 provided excellent breeding con-
ditions for the onset of unusually early sum-
mer breeding and permitted two genera-
tions of summer breeding to occur. Aerial
and ground control operations were mount-
ed up to about 16° N but in the more nor-
thern areas no survey or control operations
were possible due to lack of security; in
view of subsequent developments it appears
that this breeding was on a very large sca-
le. In Darfur a number of swarms were pro-
duced in October and November and some
were controlled but the extent of the escap-
es is unknown. Breedind on a smaller scale
also occurred in Air in Niger.

6. In early October 1987 numerous
swarms from northeastern Chad moved ra-
pidly west and then northwest across nor-
thern Niger and the extreme south of Al-
geria, reaching Tindouf on 17 October and,
later, northern Mauritania, southeastern
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and southwestern Morocco. An intensive
aerial and ground control campaign was
mounted against them, particularly in Mo-
rocco where some 200,000 hectares were
treated, but some swarms laid in northern
Mauritania, which had received very heavy
rainfall in September. Other swarms laid in
southwest Morocco which also provided fa-
vourable conditions for breeding. Another
westward migration in October resulted in
swarms reaching northeast Mali and central
Mauritania, and breeding also commenced
in both areas.

7. Large-scale control operations were
mounted against all these infestations but
the total area treated, some 500,000
hectares, was certainly only a small propor-
tion of the total area actually infested be-
cause in late January 1988 new generation
swarms began to form. Some of these mov-
ed north and northeast into southern Mo-
rocco and later across northern-central Al-
geria reaching Tunisia and northwest Libya
in early March and Egypt in late April and
May. In Morocco the swarms remained
south of the Atlas. In Algeria most swarms
remained south of cultivated areas in wes-
tern and in central-eastern parts of the At-
las Saharien but in Tunisia some swarms did
reach cultivated areas. Very large scale ae-
rial and ground control operations were
launched against the swarms but many laid
and young hoppers started to appear in late
March. Further very large scale control
operations were mounted against the hop-
pers but new generation adults started to
appear in Morocco in early May. By mid-
June some 4,800,000 hectares of hopper
and adult infestations had been treated in
Morocco, Algeria, Tunisia, Libya and Mau-
ritania. In southeast Algeria and southwest
Libya there were several reports of swarms
and, later, breeding but its extent was
unknown.

8. Other swarms, however, remained to
breed again in southwest Morocco and
northern Mauritania and, although these
second generation hopper infestations were
partially controlled, new swarms began to
appear in the sub-region in mid-March. Un-
der the influence of an Azores anticyclone
these moved south and southwest to invade

southern Mauritania, Senegal and Cape
Verde, which was reached on 22 March,
and on the 26th flying locusts were seen
from a ship about 800 kilometres southwest
of the Cape Verde islands.

9. In early April 1988 the swarms
moved southeast, invading western Mali on
about 10 April, causing considerable local
damage, and Gambia in mid-April. These
were joined by other swarms moving south
through eastern Mauritania and by yet
others moving south across eastern Mali,
which reached the Gao area in mid-April.
By 28 April a number of swarms had coa-
lesced to form one reported to measure 120
km by 25-30 km near Niafunke. The
swarms continued to move south, invading
Guinea and Burkina Faso in early May. Yet
another wave of swarms reached western
Mauritania from the north in early May.

10. The invasion of the Western Sahel
from winter-spring breeding further north
on such a scale and so early is
unprecedented. After good rains in late
April and early May, there was a dry pe-
riod and the number of swarm reports dec-
lined, probably as the swarms split up prior
to laying.

11. Further east, Niger was invaded in
early April, when swarms were reported
from Air, but later there were several re-
ports from eastern oases, while other
swarms moved south towards Zinder and
Niamey. In late May swarms were report-
ed from Chad and western Sudan.

12. Western Egypt was invaded in late
April, and again in late May from the
southwest; these events raise the possibility
that very considerable numbers of adults
may have over-wintered in the Sahara.

13. There was rather widespread breed-
ing in western, central, and eastern Sudan
during the summer of 1988. This was par-
tially controlled but sufficient adults escap-
ed to commence winter breeding on the
Red Sea coast of Sudan and in southeastern
Egypt. This is again an area difficult of ac-
cess and the breeding was thought to be on
a rather small scale but in April 1988 seve-
ral swarms escaped to the southeastern De-
sert of Egypt and northern Saudi Arabia,
where they laid and were being controlled.
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14. The situation in the rest of the Near
East and Southwest Asia remained calm
until June 1988.

15. In July, swarms coming from West
Africa continued to move eastwards and in-
vaded northern Ethiopia and The Yemen
Arab Republic in late July. By August
Northwest Africa was finally clear of
swarms.

16. 1988 summer rains were heavy and
widespread throughout the Sahel from
Mauritania to Sudan. The swarms matured
rapidly and laid so that many bands were
present from July onwards in the west, and
from August onwards in the east. These in
turn produced swarms which matured with
great speed giving rise to a second genera-
tion of breeding in Mali, Niger and western
Chad during late September and early Oc-
tober. At that time some swarms from the
Sahel started to migrate northwards across
Algeria reaching Morocco by 10 October.
Immediately afterwards a much larger inva-
sion arrived from Mauritania. These neces-
sitated another very rigorous aerial and
ground campaign during which a further
1,700,000 hectares were controlled in Mo-
rocco including up to 100,000 hectares a day
in early November. In Algeria 150,000 hec-
tares were treated. Swarms from central
and western Sudan and from northern
Ethlopla moved first to the Red Sea plains
in late Sepfember and then across the Red
Sea to the Central Tihama of Saudi Arabia
where /a: large aerl"al and ground control
campa;igrr was meunted.

- Swarniis from western Sudan and
Chad and areas to 'the west moved west dur-
ing October 1988. Many continued to move
in that direction into the Atlantic Ocean so
that during mid October locusts crossed the
Altlantic and invaded the eastern Carib-
bean and northern coastal areas of South
America on a front of some 1,500 km. Such
a crossing is without known precedent. An
enormous number of locusts must have
perished. The locusts which reached the
Caribbean were reported to have died
quickly but there has been a recent report
ot hoppers in Dominica, which may be of
Desert Locusts. There were several other
unusual migrations out to sea during 1988

including invasions of Italy and Greece in
March and May. and of the British Isles in
October-November. It is not as yet known
whether these unusually frequent and lar-
ge-scale offshore movements were caused
by exceptional weather conditions or excep-
tional swarm flight behaviour.

18. Swarms continued to form in the
Sahel until late November and to migrate
from there to Northwest Africa. Swarms
also continued to move eastwards in Sudan
and across the Red Sea; some spread into
central Saudi Arabia with a few swarms
reaching southern Jordan and the eastern
coastal areas of the Arabian Peninsula,
southern Iraq, Kuwait and southwest Iran
in late October-early November. During
late November a small number of swarms
moved rapidly northwards across Chad and
Libya and then swung east across the Eas-
tern Mediterranean. As a result swarms
were reported in Libya, Egypt, the coast of
Syria and Lebanon, and for the first time
on record, in southwestern Turkey.

19. By the end of 1988 swarms were ef-
fectively restricted to four areas Northwest
Africa and especially Morocco; the Red Sea
coastal plains on both sides of the Red Sea
and the interior of Arabia; the southern Sa-
hara where breeding continued throughout
the winter in northwest Niger and northeast
Mali, and in southern Mali, Senegal and ex-
treme southern Mauritania. In West Africa
the swarms which moved south with the re-
treating Inter-Tropical Convercence Zone
(ITCZ) in late 1988 spread even further
south in early 1989, reaching Guinea Bis-
sau and Guinea during February and
March. There were confirmed reports of
swarms from southern Cameroon 300 kilo-
metres south of the limit of the invasion
areas known from previous plagues.

20. The winter and early spring of
1988-89 was, by contrast with 1987-88, ex-
ceptionally dry. A blocking high pressure
system over Southern Europe persisted
from December until late March forcing
rain-producing depressions to track north-
wards. Conditions were unfavourable for
breeding in Northwest Africa, on the Red
Sea coastal plains and in the northern inte-
rior of the Arabian Peninsula. Virtually no
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breeding occurred in those areas. The com-
bined effect of unfavourable conditions and
vigorous control campaigns rapidly reduc-
ed the locust populations although a few
swarms did reach the United Arab Emira-
tes, Qatar and Kuwait before being destro-
yed. By March no substantial infestations
were known to exist in Arabia. Heavy rain
occurred during late March and April in
Northeastern Africa and Arabia. The oc-
currence of some hopper bands in Djibouti
in late May, however, indicated that some
pockets of gregarious locusts persist in the
Central Region.

21. Since the end of January only a
small amount of control has been carried
out. The number of swarm reports remain-
ed low in April but in May there was a ra-
pid increase in the numbers of immature
swarms reported in southern Mali, Burkina
Faso and southwest Niger as the swarms be-
came active with the return of the ITCZ.
In June there were no more reports of
swarms but only of scattered populations.

22. The largest populations at present
are probably those recently reported in Ni-

ger, Mali, Burkina Faso and Mauritania.
These have two origins: those in southern
areas are the result of late 1988 summer
breeding in the western Sahel and those in
the north are the result of 1988-89 winter
and spring breeding in the southern Saha-
ra. Populations to the north of the ITCZ
are likely to continue to move
southwestwards and those to the south to
move eastwards, possibly reaching as far
east as western Sudan.

23. The main concern is now to be on
the alert for the start of a chain of events
which could, if unchecked, lead to the re-
surgence of the plague. Such a resurgence
will require substantial rain and consequent
successful breeding, in a sequence of areas
within the normally arid recession distribu-
tion area. Every past sequence has been dif-
ferent so it is not possible at present to pre-
dict where and when the next sequence will
occur. The main survey effort should be
concentrated in the southern fringes of the
Sahara and in the Sahel, the central belt in
Sudan, the southern parts of the Arabian
Peninsula and the Indo-Pakistan desert and
surrounding areas in the Eastern Region.
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Fig. 5.—Movements of swarms following 1st summer generation (June-Sept. 1988).

Fig. 6.—Movements of swarms following 2nd summer generation (Oct. 88-May 89).
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A hundred years of the Moroccan Locust, Dociostaurus
maroccanus Thunberg, in the Carpathian Basin

B. NAGY

Plant Protection Institute, Hungarian Acad. Sciences, H-1525 Budapest Pf. 102, HUNGARY.

ABSTRACT

The appearance of the Moroccan Locust, Dociostaurus maroccanus Thuh-

berg, was not detected before 1888 in the Carpathian Basin, but during a 60-year
period after this date six massive invasions developed mainly in the Great Hun-
garian Plain, each lasting 2-5 years. These populations have to be considered the
most northern ones in Europe.

Intervals between invasions lasted 8-13 years. During the last four decades
the Moroccan Locust has become a faunistic rarity in Hungary. Diminishing avai-
lability of alkaline steppe pastures and more intensive agriculture might be im-
portant factors in the disappearance or at least low population density of the Mo-
roccan Locust in Hungary and Northern Yugoslavia; however, the last century’s
climatic factors seem worth evaluation as well.

Key words: Dociostaurus maroccanus, Moroccan locust, Hungary, population
history, invasions, habitats.

INTRODUCTION

The Moroccan Locust, Dociostaurus ma-
roccanus Thunberg, is a characteristic pest
of the Old World, especially in the Medi-
terranean and MiddleAsian countries (Fig.
1). Outbreaks used to occur first of all in
three subdistricts: a) the Mediterranean
part of Europe, b) the Near East, c) Mid-
dle-Asia.

The economic importance of the Moroc-
can Locust has decreased in the last 3-4 de-
cades. This is clear in the summary of bib-
liographical items from the periodical Re-
view of Applied Entomology, dealing with
the Moroccan Locust (Fig. 2). This state-
ment is especially valid for the Carpathian
Basin, and on the occasion of the centen-

nial of the Moroccan Locust in this area, it
is appropriate to offer a short review and
evaluation of the correlating bioecological
events. Some important and detailed stu-
dies were already published earlier (Jablo-
nowski, 1926; Adamovic, 1959; Nagy,
1964).

FIRST APPEARANCE AND LATER
OCCURRENCES

The first appearance of the Moroccan
Locust in the Carpathian Basin was report-
ed by scientists at the Hungarian National
History Museum in 1888. At that time there
were no specimens of this locust originating
from the Carpathian Basn in the insect col-
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Figure. 1.—Dispersion area of the Moroccan Locust (modified from Uvarov, 1977).

lection of the Museum; assistance in the fi-
nal determination was given by C. Brunner
von Wattenwyl in Vienna, the well known
specialist of orthopteran insects.

The monograph of Frivaldszky (1867) on
the Hungarian Orthoptera (at that time
Hungary meant the entire Carpathian Ba-
sin) makes no mention of Dociostaurus
(Stauronotus) maroccanus: it does describe
and illustrate, however, the near relative
Stauronotus brevicollis Eversmann. The oc-
currence of D. maroccanus was reported
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Figure. 2.—Number of publications dealing with
Moroccan Locust based on data compiled from the
Review of Applied Entomology.

before 1888 in the Carpathian Basin only in
1862, just at the extreme south at the Ba-
sin’s border: at Bazids (today in Northern
Serbia, Yugoslavia), about 70 km east of
Belgrade (Fig. 3).

The appearance of the Moroccan Locust
in 1888 had two features making it hard to
observe: firstly, it began suddenly without
earlier precedents and, secondly, it hap-
pened in the very center of the Basin, only
a few kilometers east of Budapest (Moc-
sary, 1888; Saj6, 1889). This location was
at that time some hundred kilometers north
of the known distribution limit of the Mo-
roccan Locust.

After this time -- mainly between 1889
and 1950 -- a series of localities became in-
fested by the locust (Sajé, 1894; Jablonow-
ski, 1926; Kadocsa, 1952; Nagy, 1964). Un-
fortunately, the majority of the specimens
from these outbreaks was destroyed, partly
by the 2nd World War (in the Institute for
Plant Protection, Budapest) and partly at
the time of the popular uprising in 1956 (in
the Zoology Department of the Hungarian
National History Museum, Budapest).

Therefore, exact inquiry into the validity
of the earlier distinction between D. maroc-
canus and D. brevicollis is not possible to-
day. In connection with this problem, we
can mention the latest infestation in 1948,
when D. maroccanus (0.7 %) was outnum-
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Figure. 3.—Carpathian Basin area (f peripheral occurrences of Moroccan Locust ... boundary of the Panno-
nian Plain).

bered by D. brevicollis (48.3 %) (Nagy,
1951). Contemporary descriptions of the
flying habit of the locust itself provide un-
questionable evidence of the Moroccan Lo-
cust.

The number of swarms grew rapidly dur-
ing the next one or two decades after 1888,
restricted mostly to the deepest part of the
Pannonian Plain (i.e., the Great Hungarian
Plain, “Nagy-Alfold’") along the Tisza Riv-
er (Fig. 4).

Habitats of the Moroccan Locust in the
Mediterranean and Middle East region can
be found mostly in hilly, rocky areas
(Dempster, 1957; Uvarov, 1977), but this
habitat is not at all characteristic of the Car-
pathian Basin. The reasons for this are
partly climatic, partly pedologic, and partly
botanic. We were unable to make detailed
investigations due to the lack of material of
this species during the last three decades in
the Carpathian Basin.

Until now, of several hundred recorded

localities in the Carpathian Basin, only two
points lie in mountainous areas, namely,
Buda Mountain at Nagykovécsi and the
Biikk Mountain at Szentlélek (Nagy, 1964).
Both may be considered temporary fringe
settlements, because we have not found any
sign of the continued presence there of the
Moroccan Locust. Both are on the northern
boundary of the distribution area at this
geographical longitude.

The area and the occurrences inside it are
subject to continuous change, and this is
especially typical of the Moroccan Locust.
In spite of heavy outbreaks in Hortobégy-
puszta (today, Hortobagy National Park)
between 1903 and 1925, we found D. ma-
roccanus specimens only in scattered
samples taken between 1943-1944 and in
1948 (Nagy, 1944, 1964, 1983).

It is interesting that, at the start of the
1888-89 outbreaks at Pécel and Magléd, we
found only one male specimen in July,
1988, and none in June of 1989. We had
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Figure. 4.—Places of occurrences and expansion of
the Moroccan Locust in the Carpathian Basin and
years of the first discoveries (Nagy, 1964).

other similar experiences in Hungary indi-
cating that extensive areas infested earlier
by the Moroccan Locust were later free or
nearly free of it. Therefore, reports of pre-
vious occurrences need in every case to be
reconfirmed; in other words, an occurrence
does not always mean a permanent breed-
ing area.

HABITAT REQUIREMENTS

Short grasses and a low vegetational co-
ver on sodic soil are characteristic of the

most important habitats of the Moroccan
Locust in the Pannonian Plain; for examp-
le, the mosaic-complex of Achilleo-Festuce-
tum pseudovinae and Camphorosmetum an-
nuae in the middle of the Pannonian Plain,
serving usually as pasture for cattle and
sheep (Nagy, 1964). Adamovic (1959)
found also. a high probability of the occur-
rence of the Moroccan Locust in the Stati-
ceto-Artemisietum monoginae, Trifolietum
subterranei, Ranunculetum pedati, and Fes-
tucetum pseudovinae plant communities in
the southern part of the Pannonian Plain.
These statements are valid for non-swarm-
ing situations, but habitat-types were ex-
tended during outbreaks also to places co-
vered by weedy associations (Matricario-
Chenopodion albi, Consolido-Eragrosti-
dion poidis) and then stands of cereal crops
such as wheat and barley.

The occasional appearance of small gre-
garious adult-groups might lead to tempo-
rary persistence on atypical habitats, as was
the case at the most northern and highest
point of occurrence in the Carpathian Ba-
sin, an old clearing in a Carpineto-Fagetum
forest, really a pasture with a plant commu-
nity of Festucetum rubrae-Cynosuretum
(Nagy, 1964).

Important changes have occurred during
the last 3-4 decades with respect to the ex-
tension and nature of habitats discussed
above. Pastures on the sodic steppe soil
have diminished. The number of grazing
domestic animals has declined, and herds

Table 1.—Companion (*'constant*) species */ of Dociostaurus maroccanus in the Orthoptera assemblages in
the Pannonian Plain under non-gregarious conditions.

Middle (Nagy 1964)

South (Adamovic, 1959)

Dociostaurus maroccanus
Dociostaurus brevicollis
Glyptobothrus brunneus
Dirshius haemorrhoidalis
Chortippus albomarginatus
Stenobothrus stigmaticus
Aiolopus thalassinus
Oedaleus decorus
Oedipoda caerulescens
Celes variabilis

Dociostaurus maroccanus
Dociostaurus brevicollis
Calliptamus italicus
Oedaleus decorus
Oedipoda caerulescens

+/  Species comprising 66% or more of the samples studied.
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have become concentrated. These changes
had begun or intensified by the late 1940’s.
Since that time, outbreaks of D. marocca-
nus have rarely if ever occurred in the Pan-
nonian Plain; the connections among these
phenomena, however, are not clear.

GRASSHOPPER ASSEMBLAGES

Evaluation of grasshopper assemblages
containing D. maroccanus provides
valuable information concerning the speci-
fic composition, dominance relations, and
the possible indicator role of the insects. It
is a pity that we have so few evaluations of
grasshopper assemblages originating from
the “great, old swarms” in the Carpathian
Basin. Detailed studies relatig to grasshop-
per assemblages were mostly made after the
1940’s, when D. maroccanus had few con-
spicuous outbreaks (Nagy, 1944, 1951,
1964; Adamovic, 1959).

In the middle part of the Pannonian Plain
nine species have proven to be the most sig-
nificant and frequent companions of
D. maroccanus in those assemblages (Table
1).

The situation in the southern part of the
Pannonian Plain proved to be very similar
(Adamovic, 1959). One conspicuous
difference may be found in the more sou-
thern districts only, e.g., on the Dalmatian
coast, where Acrotylus patruelis Herrich-S-
chaeffer, Dociostaurus genei Ocskay, and
Aiolopus strepens Latreille are members of
the assemblage. These species are charac-
teristic to the Damatian coast (Adamovic,
1968).

POPULATION HISTORY 1888-1988

The chronology of the Moroccan Locust
swarms in the Carpathian Basin is relative-
ly well documented (Jablonowski, 1926;
Kadocsa, 1952; Nagy, 1964, 1988). The
mode and time of entry of the locust into
the Basin is disputable. The lack of data has
obscured the population history of the last
3-4 decades.

The main events may be summarized as
follows:

1862: only known occurrence at the sou-
thern edge of the Carpathian Basin at
Bazias (Frivaldszky, 1867, Fig. 5).

1888: sudden appearance in the middle of
the Carpathian Basin at Pécel (Sajod.
1889).

1888-91: heavy outbreaks in the middle of
the Pannonian Plain (Saj6, 1891, 1894).

1903-09: extensive outbreaks in the mid-
north of the Pannonian Plain (Jablo-
nowski, 1911, Fig. 6).

1918-25: extensive outbreaks in the mid-
north of the Pannonian Plain (Jablo-
nowski, 1930, Fig. 7).

1928: an isolated swarm in the southern
part of Transdanubia (the only known
gregarious occurrence in Transdanubia)
(Kadocsa, 1952).

1930-33: restricted outbreaks in North Yu-
goslavia, in the lower Tisza alluvial plain
(Kadocsa, 1952; Adamovic, 1959, Fig.8).

1938-40: small swarms along the northeas-
tern edge of the Pannonian Plain (Cze-
choslovakia and today USSR) (Kadocsa,
1952).

1948-49: restricted swarms mostly in the
northeastern (today, Rumania) and nor-
thern parts of the Pannonian Plain (Ka-
docsa, 1952; Nagy, 1951).

1951-57: sporadic increases mostly in the
eastern zone of the Pannonian Plain
(Manolache et al., 1949-1959).

1951-52-53-55-56-58-59: scattered speci-
mens occasionally in the Pannonian Plain
and in the peripheral mountain districts

(Grebenschikov, 1949; Likovic, 1959;

Nagy, 1964; Adamovic, 1971).

1988: one male specimen only, collected at
the location of the first appearance of the
Moroccan Locust in the Carpathian Ba-
sin (Nagy, 1988).

Many intensive collecting trips by the au-
thor at different places in the Carpathian
Basin between 1942 and 1989 produced ne-
gative results, also confirming the rarity of
the Moroccan Locust in this period.

Summarizing the centennial population
history of the Moroccan Locust in the Car-
pathian Basin, we can state that in the first
60 years it expanded nearly everywhere
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Figures. 5-8.—Outbreaks of the Moroccan Locust in the Carpathian Basin (Nagy, 1964).

throughout the Pannonian Plain, causing
three massive and five minor outbreaks
(Fig. 9). In the last three decades
(1958-1988), however, swarms have not oc-
curred, and only scattered specimens have
been detected.

DISCUSSION AND CONCLUSIONS

The alterations of the landsurface by man
in the Carpathian Basin has brought about
conspicuous changes in the population dy-
namics of two major orthopteran pest spe-
cies. The drainage of the Pannonian Plain
through the damming of rivers and other
waterways in the 19th century greatly re-
stricted the habitat of Locusta migratoria
Linné while, at the same time, expanding
habitats suitable for D. maroccanus.

There is an interesting but secondary
question: when and how did the Moroccan
Locust enter the Carpathian Basin? We

cannot, I believe, answer this question de-
finitively. Adamovic (1959) expressed the
view that the Moroccan Locust is an ancient
member of the Pannonian fauna, having ar-
rived in a warm period after the ice age
about 7500-9000 years ago. In fact, several
observations indicate the possibility of a la-
tent presence of this locust. On the other
hand, the possibility of a relatively late in-
vasion from the Balkans is also an accep-
table supposition. In both cases the drain-
age of the Pannonian Plain caused by flood
control work increased the extent of sui-
table habitats for the Moroccan Locust
about 100-150 years ago.

It is also important to analyze the dras-
tic, sudden retreat of the Moroccan Locust
population in the last three decades, halt-
ing the periodic threats to agriculture in the
Pannonian Plain. An exact evaluation of
this matter is lacking; I think, however, that
the regression of the locust population in
this case was mainly caused by more inten-
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I

Figure. 9.—The number of villages affected by the
Moroccan Locust in the Carpathian Basin in chro-
nological order (Nagy, 1964).
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sive agriculture, the decrease of seminatu-
ral sodic pastures with grazing animals, the
improvement of soil cultivation, the in-
creasing use of insecticides, etc.

A possible relationship between the con-
tinuing decrease of temperature in the Nor-
thern Hemisphere in the last four decades
(Miles, 1978) and the decreasing swarms of
the Moroccan Locust needs evaluation.

The centennial history of the Moroccan
Locust in Hungary is reflected in interest-
ing social relations as well. During the pe-
riods of the heavy outbreaks, mainly be-

tween 1888-1925, many thousands of agri-
cultural workers in Hungary and Yugosla-
via were forced into the control measures.
Over threehundred horsedrawn ‘‘locust-
killer machines” (developed by J. Jablo-
nowski) worked for years before the age of
organic insecticides, both in Hungary and
Yugoslavia (Fig. 9).

The heavy outbreaks of the Moroccan
Locust in 1888-89 forced the agricultural
leadership to establish the Royal Hungarian
Entomological Station at Budapest in 1890.
one of the oldest entomological institutions
in the World and the legal predecessor of
the Zoology Department of the Plant Pro-
tection Institute in Budapest.

Also noteworthy are the lively scientific
debates concerning the role of entomopha-
gous birds in controlling locust plagues.

The Moroccan Locust has become an in-
teresting and important landmark in the
history of plant protection in the Carpa-
thian Basin and especially in Hungary.
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Locust control in Africa

The new role of Malathion

L. E. K. PEDERSEN and K. LYSTABEK
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ABSTRACT

The 1988 locust control campaign has been based on large scale aerial and
ground application of insecticides. This effort has been largely successful in terms
of few reports of severe crop damage compared to the magnitude of the actual
Desert Locust plague. The choice of insecticides has changed compared to ear-
lier campaigns. The use of organochlorine compounds like Dieldrin has been re-
duced whereas organophosphorous compounds have continued to play a major
part in the campaign. Amongst the latter Malathion has become one of the most
important chemical control measures. The efficacy, availability, and toxicology
of this insecticide are discussed.

Key words: Desert Locust, Dieldrin, Malathion.

INTRODUCTION

Locust plagues have been a recurrent me-
nace to human welfare in Africa through
the history of civilisation (Gutsch, 1987).
Invasions by swarms of the Desert Locust
Schistocerca gregaria (Forskal, 1775) are
part of the ecology not only in the Sahara
zone but also in much wider areas. The in-
vasion area covers more than 20% of the to-
tal land surface of the globe (Steedman,
1988). A recent transatlantic flight to the
Caribbean Islands illustrates the extraordi-
nary migration power of the Desert Locust
(SAS, 1988). Evidently the potential for
crop destruction by the Desert Locust is
very substantial. Although hard data are
rare, estimates indicate that locust plagues
constitute a very serious threat to agricul-
ture in the affected areas (Skaf, 1986; Mu-
suna, 1988; Steedman, 1988).

THE PRESENT PLAGUE

Due to favorable climatic conditions
since late 1985 Desert Locust breeding in
the Red Sea area led to substantial swarm
formation and continued breeding across
Africa during 1987. In 1988 the situation
developed into a large scale infestation af-
fecting among others the Sahel and Magh-
reb regions. (Brader, 1988; SAS, 1989).
With regard to the outlook for 1989,
swarms have been detected in the Sahel,
Morocco, and Sudan. Despite the decreas-
ed intensity of locust attack, Schistocerca
gregaria is presently considered the major
pest in many African countries (CILSS,
1989).

In 1988 the plague attracted the attention
of the world community to an extent lead-
ing to an unprecedented pan-African con-
trol effort (Brader, 1988; SAS, 1989).
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CHEMICAL CONTROL

In areas plagued by locusts and grasshop-
pers chemical control is used frequently to
control the pest population. A variety of in-
secticides have been used with different
preferences in the different regions (Mc-
Ewen, 1982; Symmons, 1984; USDA, 1987;
Brader, 1988). Over the last decade or lon-
ger the general trend has been a shift away
from persistent organochlorine compounds
to less toxic and less persistent insecticides.
Several products are generally acceptable
for use in locust and grasshopper control
(Launois-Luong et al., 1988) and at irregu-
lar intervals FAO issues a list of products
in use in well organized control operations.
The insecticide Dieldrin has played a cen-
tral part in locust control over many years.
This insecticide has proven extremely effi-
cient in the barrier spraying techniques de-
veloped in the 1950’s for the control of hop-
per bands.

High toxicity to mammals, long persis-
tence in the environment, and a large po-
tential for bioaccumulation have led to an
almost general ban on Dieldrin, making it
unacceptable to the major donor agencies
during the 1988 campaign. The fact that a
limited initial outbreak had quickly deve-
loped into a more or less general pan-Afri-
can plague in 1988 has led to speculations
whether usage of Dieldrin could have
stopped the invasion in due time (Skaf,
1988a, 1988b). Other important elements
played their part in the initial control failu-
re: deterioration of the local locust control
organizations, inaccessibility of key areas
and civil war hampered the control effort
significantly (Brader, 1988).

During the 1988 control campaign, which
was heavily supported by the international
community, emphasis has been placed on
chemicals that degrade readily in the envi-
ronment (Brader, 1988). Among the insec-
ticides presently used, Malathion has gain-
ed a dominant role in African Desert Lo-
cust control (SAS, 1988; Pedersen, 1989).
This insecticide is relatively new in large
scale locust control in Africa. It is among
the very few insecticides registered for and
extensively used for control of grasshoppers

in the USA, where the product is well-
known for its efficacy (USDA, 1987). Ma-
lathion is now considered a standard insec-
ticide for use against grasshoppers as well
as locusts in Africa, (SAS, 1988; Launois-
Luong et al., 1988). Control practice in
Africa has proved that it is not only very
successful against the Senegalese grasshop-
per (Walsh, 1986a, 1986b), but also against
the Desert Locust. In the Maghreb coun-
tries in northwestern Africa the locust con-
trol campaign has been outstandingly well
organized (Lorelle, 1989). During the mas-
sive spring campaign of 1988 against the
Desert Locust in Morocco, Algeria, and
Tunisia, Malathion has become the prefer-
red insecticide (Pedersen, 1988). In this
area the spray operation has been particu-
larly successful: in spite of a very heavy lo-
cust infestation little crop damage has been
reported. In Mali and Senegal Malathion
spraying has also played a central part and
in these countries, the control effort has
been considered successful (CILSS, 1989).
According to the authorities in the affected
countries, the main reasons for the increa-
singly important role of Malathion among
several effective acridicides are:

1. The product has a very low mamma-
lian toxicity. This is very important in terms
of protecting the pest control operators in
large scale campaigns, where safety precau-
tions may not always be up to international
standards.

2. The product is inexpensive (despite
its being a highgrade technical chemical of
more than 96% purity) and is one of the
most widely used insecticides in agriculture
and public health and therefore readily
available from reliable sources.

Additionally, it is well known that Mala-
thion ULV formulations are easy to hand-
le, and that the product is a non-persistent,
non-bioaccumulating chemical. During the
control campaign in 1988, 14-15 million ha.
were sprayed with insecticides (SAS 1989).
This unprecedentedly large effort has rais-
ed the following key questions:

1. How do we prevent locust plagues?
How can locusts be controlled at an early
stage, before the situation develops into a
disaster?
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2. What is the impact of the anti-locust
chemical control measures on human health
and the environment?

The answer to the first question obvious-
ly is related to improved surveillance, early
warning, and international collaboration,
all based on strong and efficient local con-
trol organizations (Brader 1988, Steedman
1988). This is uncontroversial in theory but
very hard to practice continously in Africa.
A further discussion along these lines is be-
yond the scope of the present paper. Con-
cerning the second question, as a result of
the overwhelming toxicological and envi-
ronmental concern in the Western commu-
nity, pesticides have been subject to a very
thorough test scheme. This makes pesticid-
es one of the best scrutinized group of che-
micals - often more information is generat-
ed for pesticides than for cosmetics and
food additives (Cedar, 1987). Since Mala-
thion has been in use in crop protection and
public health for more than three decades,
a substantial amount of experience on the
safety of this product has accumulated.

To answer the question of the effects on
human health and the environment, the
properties of Malathion are reviewed below
in relation to locust and grasshopper con-
trol in general.

MAMMALIAN TOXICITY

As mentioned already, the acute oral and
dermal toxicity of insecticides plays a very
important part in the selection of products
for locust control. It appears from Table 1
that Malathion is among the safest insecti-
cides used in the 1988 campaign. In chro-
nic and subchronic studies where technical
grade Malathion was fed to rats for various
periods of time, no significant adverse ef-
fect on growth and food intake was observ-
ed at dose levels up to 4000 ppm in the feed
(EPA, 1975; FAO/WHO, 1967). In the
past, several chronic feeding studies in ro-
dents have been conducted to evaluate the
carcinogenic potential of Malathion. The
conclusion is that there is no evidence that
Malathion or its metabolite malaoxon are
causing cancer in experimental animals or

in the human population (Oshima, 1982;
WHO, 1983).

ENVIRONMENTAL EFFECTS

Evaluation of potential adverse effects on
non-target species caused by pesticide
usage is often accomplished by the use of la-
boratory data (McEwen, 1982). Although
application of these data to complex
ecosystems is basically questionable, labo-
ratory data offer the advantage of compa-
rability and reproducibility. For locust con-
trol insecticides relevant laboratory data on
soil degradation and acute toxicity to non-
target species have been compiled. From
Fig. 1 it appears that the persistence of Ma-
lathion in soil is very short (Rao and Da-
vidson, 1980). A quick disappearance from
the treated surfaces is a favorable quality in
terms of protecting non-target species. Also
the low octanol/water partition coefficient
for Malathion (781) strongly indicates that
Malathion has no significant potential for
bioaccumulation in the environment (Freed
et al., 1979). Summarizing acute toxicity
data on aquatic species, Table 2 indicates
that pyrethroids and to some extent Mala-
thion are toxic to fish and that insecticides
are toxic to aquatic invertebrates. For ob-
vious reasons the toxicity of insecticides to
aquatic species is not very relevant to locust
control in Africa. Of more relevance are
the bird toxicity data appearing in Table 3.
From the available data, it seems very un-
likely that Malathion presents any toxicolo-
gical risk to birds and mammals under nor-
mal spray conditions. A variety of species
belonging to various taxa of terrestrial or-
ganisms like plants, worms, snails, centi-
pedes, millipedes, soil mites and reptiles
are relatively tolerant to Malathion, whe-
reas insects and scorpions are sensitive. (Pi-
mentel, 1971; Mulla et al.,, 1981; Russel
and Clark, 1982). A review of the range-
land grasshopper management in the USA
concluded that repeated control activities
with Malathion might have local indirect
impacts on wildlife ,but most individual ani-
mals would not be seriously affected.
(USDA, 1987).
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Table 1.—Toxicity of insecticides used for locust control.

Oral LD50 Dermal LD50
rats rats
mg/kg mg/kg
Organophosphates
Malathion (FYFANON®) 5500 >2000
Fenitrothion 800 890-1200
Dichlorvos 56-108 75-210
Chlorpyrifos 160 2000
Diazinon 400 >2000
Carbamates
Carbaryl 850 >4000
Bendiocarb 40-156 566-600
Propoxur 90-128 800-1000
Pyrethroids
Deltamethrin 135-5000 >2000
Lambdacyhalothrin 56-477 632
Esfenvalerate 75 >2000 (rabbit)
Organochlorines

Dieldrin 37-87 60-90
Lindane 88-270 900-1000

(Kynoch, 1986; Worthing. 1987; Farm Chemicals, 1988)

Half-lives in soil (days).
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Table 2.—Toxicity (LC50 ng/1.96h) of insecticides to aquatic species.

79

Rainbow . .
trout Carp Bluegill Amphipod Stonefly
Sal Cypri (LCPO".“S- Gammayus (Ptheronar sp.)
(Salmo (Cyprinus sp.) macrochirus) lacustris) P
gairdneri)
Malathion 200 6,590 103 3.8a 10
Fenitrothion 2,400 12,000 3,800 4
Dichlorvos 869 0.5 0.1
Chlorpyrifos 7.1 2.4 0.1 10
Diazinon 90 7,600- 168 800a 25
23,400
Carbaryl 1,950 5,280 6,760 22 4.8
Bendiocarb 1,550
Propoxur 8,200 4,800
Deltamethrin 1-10
Lambdacyhalothrin 0.5
Esfenvalerate 3.6b
Dieldrin 1.2 31 1,400a 0.5
Lindane 27 90 68 88 4.5
a: 24h
b: Fenvalerate
(Pimentel, 1971; Johnson and Finley, 1980; USDA, 1987)
Table 3.—Bird Toxicity 5 days Diet test LCsoppm ai in diet and (Acute oral LDs, mg/kg).
Mallard Phesant Jagz‘ilr;ielse Bobwhite %ﬁgx&gﬁd
Anas Phasianus Coturni Colinus Agelai
platyrhynchos colchicus -oturnix virginianus gelatus
japonica phoeniceus
Malathion >5000 (1489) 2639 (167) 2962 3497 (400)
Fenitrothion 2482 (1190) 453 (56) 440 157 (25)
Diazinon 191 4) 244 “4) 47 245 3)
Chlorpyrifos 940  (112) 553 (18) 299 — (13)
Dichlorvos >5000 (8) 568 (11) 298 — (18)
Dieldrin 169 (381) 58 (79) 62 37 (18)

(Schafer 1972, Schafer et al. 1983, Hudson er al. 1984).

CONCLUSION

Locust and grasshopper infestations con-
stitute a tremendous problem for the wel-
fare of human beings in Africa. The envi-
ronmental effects of insecticide usage in
arid and semiarid zones have not been tho-

roughly investigated. However, judging
from the favorable general properties of
Malathion the possible ecological side ef-
fects of this insecticide are not at all likely
to match the potential impact of locust
swarms on the ecology of the semiarid
regions.
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ABSTRACT

Over the past decade, in Canada and the U.S.A., considerable research ef-

fort has been expended on examining the efficacy, cost, and environmental sa-
fety of dry, edible, bait formulations of insecticides for grasshopper pest mana-
gement. The chemicals tested have been selected from all three major groups of
insecticides: organophosphates, carbamates, and synthetic pyrethroids. Some or-
ganophosphate and carbamate insecticides have proven to be useful when for-
mulated as a bait. If efficacy of an insecticide can be defined as the reduction of
a pest-population to levels that are no longer economically important, then some
baits are as efficacious as the spray formulations. Because considerably less ac-
tive ingredient per unit area is needed as a bait compared with spray, to reduce
a grasshopper population to non-economic levels, baits are less expensive. And
because the insecticide is more closely targeted to the pest insect when formu-
lated as a bait, environmental hazards are reduced: there is little, if any, insec-
ticide drift; there is little, if any, insecticide residue on crops being attacked by
the pest. This paper summarizes previous work published on the subject and inc-
ludes results from 1986, 1987, and 1988 field evaluations of three additional che-
micals (fenitrothion, cloethocarb, and malathion) formulated as baits.

Key words: grasshoppers, control, insecticide baits.

INTRODUCTION

Although poison baits were used during
the 1930’s and 1940’s to protect crops from
grasshoppers (Paul, 1942; Shotwell, 1942),
their use was discontinued in North Ame-
rica following introduction of organochlor-
ine insecticides in the late 1940’s. Sprays
provided extremely effective grasshopper
control but were costly, both in terms of in-
vestment (ground or aerial application

equipment, cost of materials, etc.) and en-
vironmental risk. Environmental hazard, in
particular chemical residue in food and
fibre and toxicity to non-target organisms,
stimulated research into safer methods of
grasshopper population suppression. The
use of pathogenic organisms, particularly
Nosema locustae Canning, formulated as
edible baits, is one such method that has
been incorporated into grasshopper pest
management systems in the U.S.A. and
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Canada (Henry, 1971; Henry er al., 1973;
Ewen and Mukerji, 1980).

Edible bait is a selective method of ex-
posing grasshopper populations to patho-
gens or toxicants. However, not all
grasshopper species accept and feed upon
baits to the same degree. Two important
studies by Onsager ef al. (1980a,b) which
have tended to be overlooked by subse-
quent workers, demonstrated clearly that
grasshopper species differed markedly in
their acceptance of insecticidal bait, but
that mortality did not differ significantly
among individuals that consumed it. It
would appear that differences among gras-
shopper species in their response to insec-
ticidal bait are due to differential aczep-
tance of the bait itself and not due to diffe-
rential toxicity of the chemical. Fortuna-
tely, the most economically-important gras-
shopper species to cereal crop production
in Canada and the U.S.A. are all “accep-
tors” of baited bran; these include Mela-
noplus sanguinipes (F.), M. packardii Scud-
der, and M. bivittatus (Say), with M. infan-
talis Scudder and M. confusus Scudder of
lesser importance. Camnula pellucida Scud-
der also is an economically important spe-
cies but is a “‘rejector” of bran bait (Onsa-
ger et al., 1980a). This may explain why the
population reduction of C. pellucida was
significantly lower, compared with mela-
nopline species, in an evaluation study of
N. locustae in Canada (Ewen and Mukerji,
1980).

The purpose of this paper was to review
previous work which used dry, edible bait
for grasshopper population management
and to report the results of field tests using
fenitrothion, cloethocarb, and malathion
baits conducted during 1986 through 1988.

MATERIALS AND METHODS

Fenitrothion, Cloethocarb, Malathion.
Experimental methods, including design,
sampling procedures, and statistical analys-
es were as described by Mukerji et al.
(1981). The tests were conducted on short-

grass pasture at different locations in Sas-
katchewan. Three different locations, each
with at least two sites, each site with two
replicates (plots), were used for every do-
sage of the three insecticides. The plots,
each 100 by 100 m, were arranged in a ran-
domized block design. Treatments were
applied beyond the plot margins by at least
25 m on all sides. The grasshopper popula-
tions were predominantly in the third
nymphal instar when the applications were
made. Predominant among the species pre-
sent were M. sanguinipes, M. packardii,
and M. infantalis, with a few Aeropedellus
clavatus (Thomas), C. pellucida, M. confu-
sus, and other miscellaneous species. Only
the predominant species were included in
the data analyses.

The bait was prepared by applying five
different amounts of active ingredient (AI)
to 1.0-kg batches of dry, flaky wheat bran
with an aerosol jet spray. The bait was
broadcast at a rate of 3.0 kg per ha to the
experimental plots using a truck-mounted
spreader (Peacock Industries, Hague,
Sask.), to give final dosages as follows: for
fenitrothion (Technical), 50, 100, 150, 200,
and 280 g Al per ha; for cloethocarb (48%
flowable), 12.5, 25.0, 50.0, 70.0, and 100.0
g Al per ha; for malathion (50% E.C.)
(1988 only), 250, 400, 550, 700, and 850 g
Al per ha. Sprays of fenitrothion (50%
E.C.) were applied at five dosages (700,
560, 400, 280, and 200 g Al per ha) with a
boom sprayer fitted with 800067 nozzle tips
spaced to give 40 L per ha at 280 kPa. The
fenitrothion and cloethocarb studies were
conducted during 1986, 1987, and 1988;
malathion was tested only in 1988.

Sampling methods and sorting and count-
ing procedures were as described by Mu-
kerji et al. (1981) and all mortality estimat-
es were corrected for natural mortality us-
ing Abbott’s (1925) formula. There was no
appreciable natural mortality (less than
5%) within the 5-day sampling period nor
any significant difference (P = 0.05) (Dun-
can’s Multiple Range Test) in mortality es-
timates due to species, year, or site and so
these data were pooled to calculate mortal-
ities of the grasshopper populations.
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RESULTS AND DISCUSSION

Organophosphates. - Previous studies
showed that dimethoate bait was effective
in reducing third instar grasshopper popu-
lations (Mukerji et al., 1981). For example,
70 g AI per ha of dimethoate reduced the
population by 49% within the first 24 h, and
by 71% 5 days after application. Subse-
quent studies have shown that population
reduction in the range of 70 (Johnson and
Henry, 1987) to 80% (unpublished data)
could be expected within 4 days after ap-
plication of the bait at 80 or 70 g Al per ha,
respectively. These and other data showed
that between four and six times as much di-
methoate would be required as a liquid for-
mulation to reduce grasshopper popula-
tions by ca. 90% (420 g Al per ha) (Bur-
rage et al., 1976). It is doubtful that the in-
creased mortalities reported in the liquid
formulation studies are worth the cost of
the active ingredient needed. In most cases,
a population reduction of ca. 70% would
be sufficient to protect the crop. Dime-
thoate is registered for use in Canada
against grasshoppers at a recommended
spray rate of 210-490 g Al per ha and as a
bait at 110-165 g Al per ha.

The dosage of dimethoate needed to re-
duce an adult grasshopper population was
considerably higher than that needed to re-
duce a mainly third instar population to the
same level over the same period (Mukerji
et al., 1981). For example, 130 g Al per ha
was necessary to reduce an adult popula-
tion by 70% within 4 days after application.
Younger grasshoppers are more easily
killed than older ones with sprays of
dimethoate (McKinlay, 1974); a dosage of
140 g Al per ha killed 90% of second in-
star grasshoppers but only 14% of adult
males.

Pyridaphenthion also was tested as part
of the Mukerji et al. (1981) studies. At 6.5
g Al per ha, a rate selected from laborato-
ry LD9S determinations, pyridaphenthion
reduced third instar grasshopper popula-
tions by only 18% 24 h after application,
and by only 35% 5 days after application.
Obviously, not all organophosphate insec-

ticides are effective when formulated as
edible baits.

The results of the 1986 through 1988 field
trials with fenitrothion are shown in Table
1. The species complex and age distribu-
tions were similar in each of the 3 years,
and the pre-treatment population density
ranged from 15-38 grasshoppers per square
metre in each year. Within 2 days after ap-
plication even the lowest dosage of fenitro-
thion bait (50 g Al per ha) resulted in ca.
70% population reduction; mortalities in-
creased slightly over the next 3 days, to ca.
75-80% S days after application. Spray ap-
plication resulted in higher mortality 1 day
after application at 700, 560, and 280 g Al
per ha dosages as compared with the baits.
However, over the length of the experi-
ment, the two highest spray dosages result-
ed in somewhat higher mortalities, but not
markedly different from even the lowest
bait dosage.

The 1988 field trial results with malathion
bait are shown in Table 2. Although based
on only 1 year’s data, the results show that
malathion gave good control of a third-in-
star grasshopper population 1 day after
application even at the lowest dosage used.
At all five dosages, the malathion bait re-
sulted in at least 70% population reduction
5 days after application.

As with dimethoate (Mukerji et al.,
1981), the dosage of fenitrothion and mal-
athion required to reduce the grasshopper
populations to non-economic levels was
considerably lower when formulated as bait
than when used as a spray. The results show
that dosages of fenitrothion as low as 50 g
Al per ha reduced grasshopper populations
by ca. 70%, 3 days after application. For
most infestations, a 70% population reduc-
tion would be satisfactory for crop protec-
tion purposes. Fenitrothion is not regis-
tered for use against grasshoppers in Cana-
da but BASF Canada, Inc. suggested that
560 to 700 g Al per ha as a spray should be
efficacious in field trials. The results with
malathion bait, although encouraging, are
based on only 1 year’s data. Malathion is re-
gistered for use on grasshoppers in Canada
as a spray, at 850 g Al per ha.
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Table 1.—Mortality (percent) of third-instar grasshoppers at selected times after exposure to different dosag-
es of fenitrothion applied as a spray or as a bait in Saskatchewan, 1986 through 1988.

Spray Time (h) after application
g Al/ha 24 48 7 96 120
700 96 96 94 9 9
560 83 91 91 85 86
400 61 54 76 73 68
280 78 76 77 76 68
200 55 56 61 45 53

Bait Time (h) after application
g Alha 24 48 72 9 120
280 33 69 68 72 79
200 41 76 62 76 84
150 39 77 77 76 82
100 38 87 73 75 77
50 53 83 79 76 75

Table 2.—Mortality (percent) of third-instar grasshoppers at selected times after exposure to different dosag-
es of malathion applied as a bait in Saskatchewan, 1988.

Time (h) after application

g Al/ha 24 48 72 9 120
850 95 87 77 97 9%
700 93 86 95 95 9
550 84 90 86 93 84
400 82 S8 66 79 70
250 77 86 69 78 84

Table 3.—Mortality (percent) of third-instar grasshoppers at selected times after exposure to different dosag-
es of cloethocarb applied as a bait in Saskatchewan, 1986 through 1988.

Time (h) after application

g Al/ha 24 48 7 96 120
100.0 7) 70 82 81 81
70.0 78 81 85 76 81
50.0 76 80 83 74 76
25.0 54 54 54 45 77
12.5 73 73 34 81 77

Note: The same control plots were used for the cloethocarb and fenitrothion tests. At least two control plots, and usually
three, were used at each site and each year.
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Carbamates. - Field test results on bait
applications of propoxur (Mukerji et al.,
1981), carbofuran (Ewen and Mukerii,
1987), and carbaryl (Onsager et al.,
1980a,b; Mukerji and Ewen, 1984; Capine-
ra and Hibbard, 1987; Johnson and Henry,
1987; Quinn er al., 1989), have been pub-
lished.

Propoxur, a chemical which is not regis-
tered for use in Canada for grasshopper
control, provided a population reduction of
only ca. 40%, 5 days after application. The
dosage used, based on LD95 in 24 h studies
in the laboratory, was 8.0 g Al per ha.

Carbofuran is registered for use in Cana-
da at a recommended spray rate of 140.0 g
Al per ha. As a bait, field tests showed that
as little as 35.0 g Al per 3 kg bran per ha
would reduce grasshopper populations by
ca. 70%, 3 days after application. In the
2nd year of this study, the population re-
duction was somewhat lower in the first 3
days, perhaps due to lower daily maximum
temperatures that year, which resulted in
the grasshoppers feeding less than they
would at higher temperatures (Ewen and
Mukerji, 1987).

Field test results with carbaryl have been
variable. Onsager et al. (1980a,b) tested
carbaryl bait at three rates (1.96% at 0.58,
1.12 or 1.68 kg bran per ha) near Sheridan,
WY. Many of the grasshopper species in
their studies were those that are not gene-
rally considered as economically-important
to cereal crop production, but the melanop-
line species were reduced by ca. 66-75% by
the highest dosage of carbaryl bait. Muker-
ji and Ewen (1984) reported only limited
success, with a population reduction of only
ca. 46%, 5 days after application at the hi-
ghest dosage tested (200 g Al per ha). As
a spray, carbaryl reduced the grasshopper
population by over 90% during the same
time interval, at 700 g Al per ha; popula-
tion reduction was inconsistent at lower
spray dosages. Capinera and Hibbard
(1987) compared spray and bait formula-
tions of carbaryl on grasshoppers kept in
pens in Colorado. Both formulations were
prepared so that the final effective dosage
was 305 g Al per ha. In three separate

trials, the average corrected mortalities
were: spray, 83.8, 87.1, and 90.1%; wheat
bran bait, 54.4, 69.3, and 78.1%. on days
1 to 3 after treatment. Johnson and Henry
(1987) reported a 76% mortality with car-
baryl bait containing 4% (80 g) active in-
gredient per ha 4 days after treatment.
Quinn et al. (1989) tested carbaryl bait (5%
on 1.7 kg per ha) in South Dakota. They
found the densities of all grasshopper spe-
cies combined were reduced by ca. 47% by
the carbaryl bait treatment, but if they con-
sidered only the populations of “bran-ac-
ceptor” species, the reduction was ca. 65%.
Populations of ‘‘bran-rejector” species
were reduced by only ca. 9% in these stu-
dies. Their population reduction data were
collected 48 h after treatment. One possible
explanation for the differences in the recent
American and early Canadian data with
carbaryl bait may be that the American stu-
dies used a different formulation of the in-
secticide (Sevin XLR). The XLR formula-
tion is reported to be easier to mix and
apply to bran, and adheres better than does
the older, wettable powder formulation of
the insecticide. Carbaryl (XLR) is register-
ed for use in Canada as a spray for gras-
shopper control at a dosage of 550-1100 g
Al per ha.

Results from the 1986 through 1988 field
trials with cloethocarb are reported in
Table 3. The species complex, age distribu-
tions, and pre-treatment population densi-
ty were the same as for the fenitrothion
tests reported earlier. At the three highest
dosages, cloethocarb bait was very effec-
tive, reducing populations by at least 70%,
1 day after application increasing to over
80%, 3 days after application, and then dec-
lining somewhat over the next 2 days. At
the lowest two dosages, 12.5 and 25.0 g Al
per ha, the results showed population re-
ductions that were somewhat inconsistent
over time. Cloethocarb is not registered for
use against grasshoppers in Canada.

Synthetic pyrethroids. - Fenvalerate and
cypermethrin baits have been tested against
third instar grasshopper populations, pre-
dominantly melanopline species, in two se-
parate tests in Saskatchewan (Mukerji et
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al., 1981; Mukerji and Ewen, 1984). Fen-
valerate was applied at 10 g Al per ha
(LD95 in 24 h in lab bioassays) and cyper-
methrin was applied at five dosages, 4, 5,
8, 15, and 30 g Al per ha. Both synthetic
pyrethroids proved to be less effective in re-
ducing grasshopper populations over time
than most of the other insecticides that
were tested in the field. Approximately
55% mortality was attained at the highest
dosage of cypremethrin, 120 h after appli-
cation; at lower dosages, the time-response
data showed that mortality never reached
50%. The rates of mortality for fenvalerate
were similar to those for cypermethrin over
time.

CONCLUSIONS

Laboratory experiments at the Range-
land Insect Laboratory (USDA), Bozeman,
MT, in 1949 tested the response of the
adults of several grasshopper species to
wheat bran treated with chlordane or toxa-
phene (cited in Onsager et al., 1980a).
Among “bran acceptor’” species, mortality
ranged from 52-93%, 3 days after the
grasshoppers had been fed the treated bait.
These studies were unreported in the lite-
rature until 1980, but the results are in ge-
neral agreement with more recent work.
Collectively the studies show that some in-
secticidal baits are very effective in sup-
pressing grasshopper populations. Specifi-
cally, baits of dimethoate, fenitrothion, car-
bofuran, cloethocarb, and possibly carbaryl
reduce grasshopper populations equally as
well, or almost as well, over time as they

do when formulated as sprays. Based on
one test, malathion also may be effective as
a bait, but further field work is needed to
corroborate this conclusion.

Capinera and Hibbard (1987) have
shown that vegetation density has little ef-
fect on bait efficacy; bran baits were effec-
tive in suppressing grasshopper populations
in the presence of high or low levels of com-
peting vegetation.

There is considerable -benefit in using
dry, edible baits of insecticides, because sig-
nificantly less active ingredient is needed to
achieve a desired population reduction as
compared with their liquid formulations.
Environmental hazards from toxic crop re-
sidues, spray drift onto non-target areas,
mortalities among the natural predators of
grasshoppers, and mortalities among non-
target beneficial insects like leaf-cutter and
honey bees, is much reduced when the in-
secticides are applied as bait formulations.
Hazards to the applicator are minimized
with insecticidal baits.
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ABSTRACT

Hybridization experiments were carried out to test the validity of the subs-
pecies of Acanthacris ruficornis (F.) established by conventional morphological
taxonomy. Material of A. r. citrina from Mali was reciprocally crossed with A.
r. ruficornis from Kenya. Hybrid F, crosses and backcrosses to parent stocks sho-
wed that egg pod size, hatching success, egg viability, and homogeneity of sex
ratios were not adversely afected in any experimental hybrids. The morphome-
trics of F, hybrids were found to be intermediate between those of wild material
of the two parent subspecies and similar to those of material of A. ruficornis
from Ethiopia. It is concluded that the subspecies are valid and that the Ethio-
pian population may be of hybrid origin.

Key words: Acanthacris ruficornis, subspecies, hybridization, morphometrics.

INTRODUCTION

Uvarov (1924) recognised Acanthacris ci-
trina (Serville) as a subspecies of A. rufi-
cornis (Fabricius). Mungai (1987) showed
that the nominate race, A. r. ruficornis, oc-
curs along a thin coastal strip in West Afri-
ca but is found throughout eastern and
southern Africa from Eritrea to the Cape,
avoiding only the most arid areas.
Conversely A. r. citrina is largely restricted
to the Sudan savanna of West Africa, with
an isolated population in Morocco. The two
taxa appear therefore to be allopatric
throughout their range (Fig. 1).

In appearance the two races are strikingly
dissimilar (Plate 1). A. r. citrina is generally
light brown with the eyes pale and striped
and the hind tibia flushed with pink, where-
as A. r. ruficornis is dark brown with uni-

formly black eyes and its hind tibiae are
usually bluish or greyish. Total body length
in both sexes is larger on average (by about
7 mm) in citrina than in ruficornis and the
prozona of the pronotum is more arched in
the former than in the latter.

These striking superficial differences are
as great as or greater than those which serve
to separate many sibling species of grass-
hoppers but nonetheless Mungai (1987)
could find no significant differences in male
genital morphology between the two taxa
of the kind which clearly separate the four
recognised species in the genus. He there-
fore accepted Uvarov’s division of A. rufi-
cornis into two geographical subspecies.

Mungai noted the variability in some
populations of A. r. ruficornis and in parti-
cular the problem posed by material from
Ethiopia which had been described by Fi-
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not (1907) as a variety subimmaculata of A.
ruficornis and was later synonymised under
A. r. citrina by Uvarov (1924). He discussed
the colour patterns and pronotal
morphology of this population and trans-
ferred the variety subimmaculata from
synonymy under A. r. citrina to synonymy
under A. r. ruficornis.

The conflicting indications of systematic
status and affinity afforded by external
morphology and male genital structure did
not provide a satisfactory basis for a stable
taxonomy. Accordingly the opportunity
was taken during a study visit to Mali by
one of us (M.N.M.), to obtain live material
of A. r. citrina which could be crossed in
the laboratory with Kenyan material of A.
r. ruficornis. It was anticipated that hybri-
dization experiments might clarify the true
relationship between the two taxa as they
had so successfully done in the case of the
Schistocerca americana complex (Jago et
al., 1979; Harvey, 1979, 1982).

MATERIALS AND METHODS

The culture of A. ruficornis citrina (CIT)
was derived from adult specimens collected
at Bamako, Mali, in September 1983. The
culture of A. r. ruficornis (RUF) was
collected from the lower slopes of the Aber-
dare mountains in Kiambu District, Kenya.

The cultures were maintained at the Na-
tional Museum in Nairobi in standard 50 li-
tre aluminium locust cages (Hunter-Jones,
1966) heated by 60W electric light bulbs to
provide a daytime temperature of 28-34°.
At dusk the heating was switched off and
cage temperatures dropped to the ambient
night-time temperature. Humidity was in-
creased by providing a Petri dish with moist
cotton wool inside each cage. The insects
were maintained on fresh leaves of kale
(Brassica sp.) locally known as “Sukuma
Wiki”.

At the final nymphal instar males and fe-
males were separated to avoid any mating
by fledglings. Aluminium egg tubes filled
with moistened sterilised sand were
provided for laying females. These were
checked for laying daily and tubes with egg

pods were labelled and removed to an in-
cubator under the same temperature regi-
me as the cages. Egg tubes were checked
daily for hatching and hatchlings were
sexed and counted after anaesthetizing with
CO,. When hatching was complete the
pods were dissected to ascertain the num-
ber of unhatched eggs with embryos and the
number of non-viable eggs.

In cases where two pods had been laid in
one tube the resulting eggs and progeny
could not be used for comparing size of
pod, viability or hatching success of the in-
dividual pods. They were used however in
the analysis of sex ratio (Table 10). For this
reason the figures for total numbers of
hatchlings in this table do not match those
presented in the earlier tables.

RESULTS AND DISCUSSION

Observations of cultures

The incubation period of eggs of both
pure stocks and hybrids was very variable.
In A. r. ruficornis extremes of 25 and 93
days were recorded, the longer period
being associated with lower incubation tem-
perature. Nymphal colouration was found
to be similar in both pure stocks and in
hybrids. Newly hatched nymphs were green
with small dark rings all over the body.
From the third instar nymphs occurred in
green, yellow-green, pink and mottled
brown colour forms which persisted until
the final moult.

Cannibalism was prevalent in the
nymphal stages. Wounded individuals were
quickly attacked and eaten by other hop-
pers. It is possible that the diet of kale was
deficient in some way. Dense field popula-
tions of locust hoppers are known to engage
in similar behaviour when food and water
are scarce (Uvarov, 1977).

No special pre-mating behaviour was ob-
served. Males simply jumped onto females.
The female initially might attempt to dis-
lodge them by kicking before cooperating.
Once mounted on the back of the female
the male would bend the tip of his abdo-
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Figure 1.—Geographical distribution of Acanthacris ruficornis populations. Circles, A. r. ruficornis; squares,
A. r. citrina, diamonds, Ethiopian putative hybrid population.
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Plate 1. Top row, left, A. r. citrina; right A. r. ruficornis. Middle row, ruf X cit female hybrids,
left, striped eye, right, dark eye. Bottom row, left, cit X ruf female and citrina male in copula;
right, citrina female and ruficornis male in copula.
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men to grasp the female ovipositor. If the
female was unresponsive the male would
move its hind legs rapidly as if stridulating,
but without audible sound, until the female
presented the tip of her abdomen to him.

Particular females seemed to be more at-
tractive than others to males at certain
times. On several occasions three or four
males were seen trying to mount a female
which was already mating, despite the pre-
sence of other available females in the same
cage. From time to time females were ob-
served to evert the Comstock-Kellog gland.
This gland is said to play a part in attrac-
ting males (Hubbell & Cantrall, 1938;
Laub-Drost, 1959; Thomas, 1965). It was
observed that adults chewed each other’s
wings so that older individuals eventually
had only stubs of wings.

Two mature pairs each of A. r. ruficor-
nis and A. r. citrina were introduced into
the same cage and observed for two months
to establish whether males showed any pre-
ference for mates. Both species mated in-

discriminately with females of either sub-
species and no preference by males for fe-
males of either race was detected. Howe-
ver there was some indication that males of
A. r. ruficornis mated more frequently
than those of A. r. citrina. This might be be-
cause the latter subspecies was adversely af-
fected by being kept at temperatures rather
lower than those in its natural environment
in Mali.

Egg pod size

The number of eggs per pod in pure
stocks of A. r. ruficornis and A. r. citrina
and their reciprocal crosses, back crosses
and hybrid F, selfcrosses are shown in Ta-
ble 1. A single factor analysis of variance
for completely randomised designs (Bailey,
1959) was carried out on these data (Table
2). Mean egg pod sizes are ranked in ascen-
ding order of size with their standard errors
in Table 3. The difference (t) column in Ta-

Table 1. Egg pod size in pure stocks of A. r. ruficornis (RUF) and A. r. citrina (CIT) and their reciprocal
crosses, back crosses and hybrid - hybrid F, crosses.
No. of
Parents No. of eggs/pod egg Totals  Means
pods

RUF RUF 140, 161, 88, 151, 159, 109, 152, 18 2485 138.0556
145, 168, 127, 66, 180, 181, 38,
146, 173, 145, 156

CIT CIT 90, 164, 73, 115, 122, 140, 130, 9 1194  132.6667
181, 179

RUF CIT 162, 172, 243, 174, 222, 183,179, 10 1830  183.0000
155, 168, 172

CIT RUF 211, 205, 188, 227, 194, 159, 176, 14 2436  174.0000
133, 93, 176, 175, 163, 171, 165

(CITxRUF) (CITXRUF) 193, 191, 175, 182, 133, 148,162 7 1184  169.1429

(RUFxCIT) (RUFxCIT) 170, 175, 182, 173, 180, 180, 178, 11 1946  176.9091
176, 173, 176, 183

(CITxRUF) RUF 173, 156, 239, 121, 184, 156, 174 7 1203  171.8571

(RUFxCIT) CIT 173,179, 181, 180 4 713 178.2500

Totals: 80 12991  162.3875

(N) (G) (G/N)

Correction factor C= G¥N = 2109576.01
Sum of squares of deviation about general mean = 98896.9875
Sum [(total eggs/cross)’/no of pods]-C = 29016.6697
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Table 2.—Anaysis of Variance of Table 1 for completely randomised designs (Bailey, 1959) (k = number of

Crosses).

Observed
Source of Variation Sum of squares Degrees of freedom Mean squares Variance

ratio (F)
Between 29016.67 (k-1)=7 4145.24 4.27
crosses
Residual 69880.32 (N-k) =72 970.56 —
Total: 98896.99 (N-1) =79 — —

Minimun significant Variance ratio F test (2-tailed)
2% i.e. 1% table = 2.95

Table 3.—Mean egg pod sizes of Acanthacris crosses ranked in ascending order with their standard errors.

Significance

Parents Mean + S.E. Difference le'vel.nor.mal

(s = V'970.56 = 31.15) (in SDs) ‘t’  distribution

(2-tailed)
CIT CIT 132.67 + 10.38 — —
RUF RUF 138.06 + 7.34 0.42 NS
(CITxRUF) (CITxRUF) 169.14+ 11.78 2.24 10%

(CITxRUF) RUF 171.86 + 11.78 0.16 NS
CIT RUF 174.00 + 8.33 0.15 NS
(RUFXCIT) (RUFxCIT) 176.91 + 9.39 0.23 NS
(RUFxCIT) CIT 178.25 + 15.58 0.07 NS
RUF CIT 183.00 + 9.85 0.26 NS

ble 3 gives a measure of the difference
between the means of successive pairs in
standard deviations.

The Significance Level is the significance
of the difference between one mean and the
next. Thus all hybrid crosses produced sig-
nificantly more eggs than pure stocks at the
10% level. However this result is not shown
to be significant at the 2% level. Clearly
however there is certainly no decline in egg
number in F; hybrids, F, hybrids or back
crosses to parent stocks, and there is even
some suggestion of improved performance.

Since hybrid females are somewhat larger
than A. r. ruficornis females on average
(Fig. 2), it is probable that they have a
slightly larger number of ovarioles since
ovariole number is proportional to body
length in acridids (Waloff, 1954). The rela-

tively low numbers of eggs per pod in A. r.
citrina pure stocks may be attributable to
the insects’ health being adversely affected
either by the diet or by the lower tempera-
ture and humidity of the cages relative to
their normal tropical environment.

Hatching success

Hatching success for pure stocks and all
crosses is summarised in Table 4. An analy-
sis of variance is given for these data in Ta-
ble 5. The mean percentages of eggs
hatching per pod for all crosses are ranked
in ascending order with their standard
errors in Table 6. Since the variance ratio
(F) of between crosses variation and resi-
dual variation was not significant, no signi-
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Table 4.—Hatching sucess in pure stocks of A. r. ruficornis (RUF) and A. r. citrina (CIT) and their reciprocal

crosses, back crosses and hybrid x hybrid F, crosses.

Mean
No. of Total Yage
Parents egg % ages hatching

pods hatching per

pod
RUF RUF 18 1370.7 76.15
CIT CIT 9 539.8 59.98
RUF CIT 10 759.3 75.93
CIT RUF 14 946.4 67.60
(CITXRUF) (CITxRUF) 7 480.2 68.60
(RUFxXCIT) (RUFxCIT) 11 725.9 66.00
(CITxRUF) RUF 7 647.0 92.43
(RUFxCIT) CIT 4 214.2 53.55
Totals: 80 5683.7 71.05
(N) (G) (G/N)

C = G¥N = 403799.70
Sum of squares of deviation about general mean = 66666.70
Sum [(total eggs/cross)*/no of pods]-C = 6723.08

Table 5.—Anaysis of Variance of Table 4 for completely randomised designs (Bailey, 1959) (k = number of

Crosses).

Observed
Source of Variation Sum of squares Degrees of freedom Mean squares Variance

ratio (F)
Between 6723.08 (k-1) =7 960.44 1.15
Crosses
Residual 59943.62 (N-k) =72 832.55 —
Total: 66666.70 (N-1) =179 — —

Minimun significant Variance ratio F test (2-tailed)
2% i.e. 1% table = 2.95, therefore result not significant.

Table 6.—Mean percentage hatching sucess of Acanthacris crosses ranked in ascending order with their stan-
dard errors.

Parents Mean + S.E. (s = V/ 832.55 = 28.85) (Il)r:fgﬁg‘;;‘cf
(RUFXCIT) It 53.55 + 14.43 —
CIT IT 59.98 £ 9.62 0.37
(RUFXCIT)  (RUFXCIT) 66.00 £ 8.70 0.46
CIT RUF 67.60 £ 7.71 0.14
(CITXRUF)  (CITXRUF) 68.60 + 10.91 0.08
RUF CIT 75.93 £ 9.12 0.52
RUF RUF 76.15 + 6.80 0.02
(CITxRUF) RUF 92.43 + 10.91 1.27
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ficance levels have been established for the
differences between successive means. Hat-
ching success of pure stocks and crosses do
not differ significantly from each other.

Egg viability

Egg viability for pure stocks and all cros-
ses is summarised in Table 7. An analysis
of variance is given for these data in Table

8. Mean percentage viability figures for all
crosses are ranked in ascending order with
their standard errors in Table 9. Again
since the variance ratio was not significant,
no significance levels have been given for
the differences between successive means.
Mean viability of eggs of pure stocks and
all crosses do not differ significantly from
each other. Interestingly A. r. citrina pure
stock viability is about as high as that of A.
r. ruficornis, despite the somewhat lower
egg pod size noted above.

Table 7.—Viability of eggs in pure stocks of A. r. ruficornis (RUF) and A. r. citrina (CIT) and their recipro-
cal crosses, back crosses and hybrid X hybrid F, crosses.

Mean
No. of Total Joage
Parents egg Poages viable

pods viable per

pod
RUF RUF 18 1606.7 89.26
CIT CIT 9 799.6 88.85
RUF RUF 10 932.6 93.26
CIT RUF 14 1239.2 88.52
(CITXRUF) (CITxXRUF) 7 639.0 91.29
(RUFxCIT) (RUFxCIT) 11 977.1 88.83
(CITxRUF) RUF 7 687.8 98.26
(RUFxCIT) CIT 4 308.7 77.18
Totals: 80 7190.8 89.88
(N) (&) (GN)

C = G¥N = 646336.29

Sum of squares of deviation about general mean = 16179. 29

Sum [(total eggs/cross)*/no. od pods|-C = 1319.61

Table 8.—Analysis of Variance of Table 7 for completely randomised designes (Bailey, 1959) (k = number
of crosses).

Observed
Source of Variation Sum of squares Degrees of freedom Mean squares Variance
ratio (F)
Between 1319.61 k-1)=7 188.52 0.91
Crosses
Residual 14859.68 (N-k) =72 206.38 —
Total: 16179.29 (N-1) =179 — —

Minimun significant Variance ratio F test (2-tailed )
10% i.e. 5% table = 2.17, therefore result not significant.
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Table 9.—Mean percentage egg viability of Acathacris crosses ranked in ascending order with their standard

€rrors.
_ _ Difference
Parents Mean % S. (s = V 206.38 = 14.37) (in SDs) *t’
(RUFXxCIT) CIT 77.18 + 7.18 —
CIT RUF 88.52 + 3.84 1.39
(RUFxCIT) (RUFxCIT) 88.83 + 4.33 0.05
CIT CIT 88.85 £ 4.79 0.00
RUF RUF 89.26 * 3.39 0.07
(CITxRUF) (CITxRUF) 91.29 + 5.43 0.32
RUF CIT 93.26 + 4.54 0.28
(CITxRUF) RUF 98.26 + 5.43 0.71
Sex ratio paler tibiae. Out of 53 adult males exami-

The sex ratio of hatchlings derived from
pure stocks and the crosses is compared and
analysed for homogeneity in Table 10. Chi
square was calculated using Brandt & Sne-
decor’s formula (Bailey, 1959) and found to
be below the level of significance. The null
hypothesis, that the sex ratio of hatchlings
in all crosses is not significantly different
from 50:50, is therefore confirmed,
indicating that normal fertilisation is taking
place in all crosses.

Colouration and morphology

Adult F, hydrids were intermediate in co-
lour and size between the parent stocks
(Plate 1). RUFXCIT hybrids were slightly
paler than the reciprocal hybrid and had

ned 21 had pale striped eyes and 32 unico-
lourous dark brown eyes. CITXRUF
hybrids had darker colouration and out of
12 adult males examined 11 had dark brown
eyes. Adult F, hybrids of the
(RUFXCIT)x(RUFXCIT) cross were still
intermediate in size and colouration
between A. r. ruficornis and A. r. citrina,
with moderately raised pronotal crest and
pale tibiae.

Figure 2 shows the relative size of adults
of both sexes of the two races and the F,
hybrids using the proportions of the hind fe-
mur as an index of overall size. For compar-
ison measurements of six specimens from
southwestern Ethiopia (between Sodo and
Boreda; Awasa; Adis 'Alem) have been in-
cluded which are clearly similar to those of
the hybrids and intermediate between those
of the parent stocks. Tibial colour in this

Table 10.—Chi squared analysis of the sex ratio of hatchlings in pure stocks of A. r. ruficornis (RUF) and
A. r. citrina (CIT) and their reciprocal crosses, back crosses and hybrid X hybrid F, crosses (crosses number-
ed in order of listing as in Table 1).

Reference numbers of crosses

Sex of offspring Totals

1 2 3 4 5 6 7 8
Male 1493 368 1174 985 412 685 736 197 6050
Female 1299 334 1085 858 385 601 704 185 5451
Totals 2792 702 2259 1843 797 1286 1440 382 11501

k = 0.526 1-k =0.474 Chi’> = 3.6867 (NS)
Degrees of freedom = 7
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material also shows a tendency to be pur-
plish rather than clear blue as in pure rufi-
cornis specimens. Ethiopia has a large pro-
portion of grasshopper species of West
African faunal affinities (Jago, 1976). At
the present day there are no records of A.
r. citrina from any localities east of Lake

Chad. However it seems probable that ci-
trina from West Africa have reached Ethio-
pia during some past period when condi-
tions were more suitable in the intervening
area. Here they interbred with ruficornis,
producing a hybrid population which is to-
day probably largely isolated from pure ru-
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Figure 2.—Scatter diagram showing femur width plotted against femur length in Acanthacris ruficornis subs-
pecies and hybrids. Males, shaded symbols, females unshaded symbols; ruf, A. ruficornis; cit, A. citrina ruf
X cit, laboratory hybrids; Ethiopia, Ethiopian putative hybrid population.
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ficornis populations further south by the
desert of the Ogaden, northern Kenya and
Somalia.

Mayr (1963) asserted that ‘‘cross-fertility
does not prove conspecificity”. He argued
that sensory stimuli are a more important
factor in correct intraspecific mate selec-
tion. These laboratory studies of A. r. rufi-
cornis, A. r. citrina and their hybrids have
indicated that there is no detectable pre-
mating obstacle to interbreeding and there
is no post-mating obstacle to interbreeding.
It further appears likely that in one area at
least hybridization has occurred in the wild,
giving rise to a population of intermediate
characteristics. Where the two races have
broadly parapatric ranges, in West Africa,
they are perhaps prevented from
interbreeding by differences in the timing
of the onset of the rains. They may also be
segregated by their different ecological re-
quirement, ruficornis preferring shaded en-
vironments while citrina frequents more
open habitats.

Several recent studies (Jago et al., 1979;
Harvey, 1979, 1982; Jago & Grunshaw,
1987) have utilized hybridization experi-
ments as a tool to separate morphologically

indistinguishable sibling species. In the pre-
sent study the technique has demonstrated
that populations which appear distinct on
the basis of external morphology and
colouration are in fact members of the same
species. The result also enhances the
importance of critical examination of the
morphology of the male genitalia, which in
this case indicated that the populations
were conspecific (Mungai, 1987).
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Introduced grasshoppers and crickets in Micronesia
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Ste-Anne-de-Bellevue, Quebec, H9X ICO, CANADA.

1. Preamble

ABSTRACT

A recent synopsis of the saltatorial orthopteroid fauna of Micronesia (Kevan,
1987) lists about 90 species. Of these, some 20 or more have been introduced by
human agency, either into Micronesia or from one region within it to another.
Human-assisted dispersal may be considered in four arbitrary categories: (a)
early, by primitive means; (b) by sea during the “foreign trade and colonization”
period (up to the late 1930’s); (c) about the time of the Second World War and
shortly afterwards (mostly by sea, though possibly some by air); and (d) more
recently (post-1960; probably largely by air). It is also possible that one intro-
duced species of tettigonioid may have been spread from Micronesia to the Ha-
waiian Islands (rather than vice versa). The latter seem to have been the source
of several of the pre-1960 introductions, but direct importation from the Philip-
pines has probably been the more recent route. Guam appears to have been the
chief entry point from both directions, and several introduced species are not yet
known to have spread further afield. Of recently introduced species, certain acri-
doids alone give cause for concern as potential pests, but evidence from else-
where suggests than none presents a serious threat. The Philippine Taro gras-
shopper, Gesonula mundata zonocera (Navas), might possibly prove to be of
some local significance, but more than a dozen years after its first known occur-
rence in the Marianas, this has not happened.

Key words: Grasshoppers, crickets, Micronesia, introduced.

rectangle of the Pacific Ocean (Fig. 1). The
faunas of its different parts are more relat-

Micronesia constitutes a far-flung, rather
ill-defined, heterogeneous assemblage of
small islands and atolls scattered through-
out the western Pacific Ocean. It does not
form a discrete geographical, topographi-
cal, geological, biogeographical, ethnic, or
even administrative, entity. Indeed, “Mi-
cronesia” is but a term of convenience for
the islands falling within a particular near-

ed to those of less distant adjacent regions
than to those of more distant parts within
itself. For an extensive, entomologically
oriented account of Micronesia, see Gressitt
(1954). Esaki (1940, 1943), Oakley (1946),
Townes (1946) and Gressitt (1956) give
briefer summaries of Micronesian insects.
For an entomological bibliography, see
Esaki ef al. (1955). More recently, Kevan
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Table 1.—Systematic list and synoptic information on species of Tettigoniodea (Katydids and allies) intro-
duced into or spread within Micronesia by Human Agency.

Natural Actual or Earliest APB:::T?“
Species DISOIL':Z :gleon Usual Habitat Ef;f,g:::lc g:ggsﬁf:g: MicKrT)(r)stnian Introduction Remarks
Micronesia* Significance Recordt MO }}:‘Zal fan
Gryllacri-
doidea
Gryllacridi-
dae
Gryllacris Bismark Ar-  Miscella- None E. Carolines 29-1-1904  — Possibly native
appendicu-  chipelago neous shrubs  known. (Griffini, to E. Carolines.
latus Samoas & forbs 1908) Introduced sta-
Brunner |7Pohnpei tus for Mar-
v. W Marshals -XI-19 shalls suggested
(Griffini, by Schnee
1908) (1904). as
[Jaluit Atoll] Gryllacris n. sp.
Tettigonioi-
dea
Phaneropte-
ridae
Phaneropte-  Philippine Miscella- 7 Little, if ~ Marianas 1911 (Swe-  First record ~ Spread in Paci-
ra Is. only neous any, but will  (Guam. Sai- zey, 1946)  15-IV-1957 fic probably
furcifera shrubs, forbs feed onto-  pan, Tinian, [Guam) (Gurney, from Guam.
Stal & grasses bacco. egg-  Rota, Agi- 1958); well  Earlier misiden-
plant, pep-  guan) established tifed as Ph. bre-
pers, etc. Marshalls 31-X11-1952 & by vis (Audinet-
(Kwajalein,  23-X-1953  mid-1960's  Serville).
Lib.). Ph. gracilis Bur-
Volcano or  10-VI-1958 meister (7) pos-
Kazan Is. sibly native to
(Iwo Jima) Bonin or Oga-
E. Carolines sawara Is.
(Pohnpei) Recent§ .
Elimaea S.E. Asia*  Shrubs & Minor pest ~ Marianas 1950's Considerably Probably rea-
punctifera miscella- onbuds &  (Guam) (28-VI-195-) before 1882f ched Guam
(Walker) neous low  flow- (when al- from Hawai'ian
vegetation  ers of Hibis- ready com-  Is. rather than
cus, etc. mon{ directly from
S.E. Asia. Un-
kown if still
present.
Holochlora  Phillippine ~ Trees & None known Marianas 8-XI-19711  — Became esta-
fuscospinosa  Is. only shrubs (Guam) blished (records
Brunner to 10-X-1974
v. W, available).
H. nawae Ma-

tsumura & Shi-
raki occurs

(? naturally) in
Bonin (Ogasa-
wara) Is. H. ja-
ponica in Ha-
wai'ian Is.
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Table 1 (cont.).—Systematic list and synoptic information on species of Tettigoniodea (Katydids and allies)
introduced into or spread within Micronesia by Human Agency.

Natural Actual or Earliest Ap B;(:;n:fate
Speci Distribution Usual Habitat Potential Micronesian Known Introducti Remark
pecies Outside Sual Habita Economic Distribution Micronesian . " r}(; ucion emarks
Micronesia* Significance Recordt  M° I:‘;al fan
Mecopodi-
dae
Mecopoda  S.,S.E. &  Various trees None known Marianas 8-IV-1974  — Seems well esta-
elongata E. Asia* & shrubs (Guam) blished (records
(Linnaeus) to 28-X1-1984
available).
Meconema-
tidae
Xiphidiopsis ~ Polynesia Miscella- Insignifcant.  E. Carolines  V-1950 pre-1919t.  Conceivably na-
lita Hebard neous herb- (Pohnpei) tive to Microne-
age, flowers Banabaor  XII-1957 sia, but few
& grases, Ocean I. scattered re-
etc. cords suggest
introduction,
more probably
from Polynesia
than Hawaiian
Is.
Conocepha-
lidae
Conocepha-  Tropical Grasses &  Potential mi- 7 Wake 1. 8-XII-1958  Well establis- Establishment
lus (Anisop-  America low vegeta-  nor pestof  only (one re- hed by 1895; on Wake. I
tera) saltator tion miscellan- cord of im- widespread,  needs confirma-
(Saussure) eous herba-  mature speci- reaching tion. Presu-
ceous crops;  men) Midway I.  mably spread
occasionally from Hawa'ian
damages Is., whence it

young cereal
grains

also reached
Line Is. (Palmy-
1a) pre-1948
(Krauss, 1953,
confirmed by
Pitkin, 1980).
Also present in
Samoas & Cook
Is. (Pitkin,
1980), probably
from Hawai'ian
Is. via Eastern
(American) Sa-
moa.

* S.E. Asia includes the Philippine Is. whenever referred to.
t Date not previously recorded unless in, or deducable from, literature reference cited.

+ Based on Zimmerman (1948) unless indicated otherwise; his sources have been checked.

§ Based on information received from Dr. Ilse Schreiner, University of Guam (in litr., 1988).
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Table 2.—Systematic list and synoptic information on species of Gryllodea (Crickets) introduced into or spread
within Micronesia by Human Agency.

Natural Actual or Earliest Apgg(:tl?fale
. Distribution . Potential Micronesian Known .
Species Outside Usual Habitat Economic Distribution Micronesian . ]nlroduct!gn S
. - . into Hawai'ian
Micronesia Significance Recordt Is.t
Gryllotal-
poidea
Gryllotalpi-
ae
Gryllotalpa S.,SE & Subterranean Localized Marianas 1911 (Swe-  Common be- Long confused
orientallis E. Asia* root feeder pest of roots  (Guam, Sai-  zey. 1946) fore 18961 with G. africana
Burmeister of miscella-  pan, Tinian) EGuam] first found Palisot de B.
neous crops  Carolines 1& on Oahu, in- (see Kevan.
(Yap, Truk,  26-XII-1935 troduced 1987): also re-
Pohnpei) (C. Willem- from E. Asia corded from
se, 1951) Carolines as
}Truk G. formosana
Moen & Du- Shiraki (Wi-
blon)] llemse, 1951).
Conceivably in-
troduced into
Micronesia du-
ring early hu-
man migrations,
but Fossibly not
until much later
from Hawai'ian
Is. or elsewhe-
re.
Mogoplils-
toidea
Myrmecop-
hilidae
Myrmecop-  Solomon, Ant inquiline Nil Carolines Mid-1946. — Probably more
hilus Santa Cruz,  with Anoplo- (Truk) (Townes, widespread than
hebardi Fiji, Sa- lepis longipes 1946) indicated. Con-
Mann moan & So-  (Jerdon) ceivably long-
ciety Is. (en- standing human
demicity un- introduction
certain) with host ant
which is very
widely distribu-
ted in Pacific.
Other species
introduced into
Hawai'ian Is.
Grylloidea
s. str.
Gryllidae s.
str.
Teleogryllus ~ Widespread ~ Ground co-  Occasional Most islands  ? Early ? Very early  Formerly called
oceanicus in Pacific re-  ver, etc. minor pest of investigated.  1870s (earliest re-  G. innotabilis
(Le Gui- gion reaching miscella- (Schmeltz & cord by Walker. Pro-
llou) N. & neous herba- Pohl, 1877,  Saussure, bably widely
E. Australia ceous crops, “South-Sea  1877) transported on
etc. Is” which in- early human mi-
cluded Mi- grations. Origi-
cronesia?) nally described
from Pacific.
Modicogry- S. & E. Ground co-  Slight, if Widespread ~ 28-V-1936.  ca. 1901 Previously misi-
Hus Asia - Fiji. ver, etc. any, on her- Swezey, (Perkins, dentified as
sp. baceous 1946) 1910) Acheta or
crops [Guam] [as “Gryllus M. conspersus
sp.") (Schaum) from

southern Africa.
Townes’ (1946)
Micronesian re-
ference to a
“species of
Acheta, appa-
rently introdu-
ced”, presu-
mably same.
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Table 2 (cont.).—Systematic list and synoptic information on species of Gryllodea (Crickets) introduced into
or spread within Micronesia by Human Agency.

Natural Actual or Earliest Ap]g;(::l:}ate
. Distribution . Potential Micronesian Known .
Species Outside Usual Habitat Economic Distribution Micronesian i;ﬂ:rﬁi ‘::;;f;:n Remarks
Micronesia* Significance Recordt Ist

Gryllodes ?S..S.E. & Synanthro- Occasionally Marianas Alredy com- Pre-1894. Reached Phoe-
supplicans E. Asia* pic. usually  damaging (Guam) mon nix Is. (Can-
(Walker) (now cosmo-  associated plant shoots, 7-VII-1936 ton 1.), ? from
f. sigillatus politan, with build- but mainly a (Swezey, Hawai'ian Is.,
(Walker) mainly tropi-  ings househol 1946) by early 1940’s
cal and sub- nuisance Marshalls Mid-1946 (Van Zwalu-
tropical) (Townes, wenbrg, 1943).
1946) Macropterous
(“typical” form
known from
Ryu-Kyu. Is.
(Oshiro, 1986),
but not yet
elsewhere in the
Pacific.
Eneopter-
idae
s. str.
Cardio- S.E. Asia*® Bushes None known Belaus ? Early — Schmeltz &
dactylus to New 1870's Pohl (1877) list
novaegui- Guinea & (Schmeltz & species as Platy-
neae N. Australia Pohl, 1877; actylus [ho-
(Haan) Saussure, monym| mar-
1878). moratus
E. Caro- Mid-1946 (Haan). Pro-
lines (?) (Townes, bably native to
(Pohnpei, 1946) Belaus, but
Kosrae) Holdhaus
(1908) suggests
introduction;
probably intro-
duced in E. Ca-
rolines though
Townes (1956)
queries species,
Needs checking.
Podoscirti-
dae
Euscyrtus S.E. Asia* Shrubs & tall None known Marianas 24-111-1976. — Apparently well
hemelytrus to N. Aus- herbaceous (Guam) established;
(Haan) tralia plants could concei-
vably be present
naturally though
unlikely; not
previously re-
corded for Mi-
cronesia, even
by Kevan
(1987); distribu-
tion there not
fully investiga-
ted.

‘(j)ecamhi-
ae
Oecanthus S. & S.E. Shrubs & tall None known Marianas 8-1-1985 e Identification
rufescens Asia* & ap-  herbaccous (Tinian only) needs cauttion
Audinet- arently to plants (?). but seems
Serville IE‘iji. New correct. Distri-
Caledonia & bution not fully
N. Australia investigated;
seems to be es-
tablished.

* S.E. Asia includes the Philippine Is. whenever referred to.
+ Dates without literature references given here for first time.
+ Based on Zimmerman (1948) whose sources have been checked.
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Table 3.—Systematic list and synoptic information on species of Acridodea (Grasshoppers. etc.) introduced
into or spread within Micronesia by Human Agency.

Natural Actual or Earliest ApBg:'g}ale
. Distribution . Potential Micronesian Known . )
Species Outside Usual Habitat Economic Distribution Micronesian . ]P"ad uction Remarks
Micronesia* Significance Recordt "™ I:‘Za' an
Acridoidea
Tgomor-
gﬁi ae
Atracto- S.E. Asia*.  Low vegeta- Occasional ~ Marianas 18-VI-1968 — Well established
morpha tion & minor injury  (Guam) on Guam (re-
psittacing shrubs to vegeta- cords to
psittacina ble & other 22-1-1981 availa-
(Haan) crops ble). but so far
not known el-
sewhere in Mi-
cronesia. For
ambiguous lite-
rature referen-
ces to A. sinen-
sis sinensis Boli-
var, introduced
into Hawai'ian
Is. & Line Is.,
see text.
Acrididae
Oxyahyla  S.,SE.&  Lowvegeta- Pest of Belaus. Early 1860’s — Presumably na-
intricata E. Asia* tion in dam-  rice & some Schmeltz & tive to Belaus
(Stal) per situations other crops ohl, 1869) and probably to
The Smaller W. & C. 6-VII-1905 Carolines, but
ice Grass-  Carolines. Yap} transported
hopper) E. Carolines  4-11-1936 (cf. eastwards to
(Pohnpei) C. Willemse, Marshalls du-
1951, date ring World
omitted) War IL.
(Kosrae) 19-VIII-1946.
Marshalls 23-VIIT|1946.
(Jaluit) Townes,
946)
Oxya S.,SE.&  Lowvegeta- Pestofrice, Belaus 8-1V-1936  Pre-1892 Probably native
Japonica E. Asia* tion in rather sugar-cane & (C. Willem-  (Zimmer- to Belaus where
Japonica damp situa-  other crops. se, 1951) man, 1948) first record was
(Thunberg) tions The Lesser ~ Marianas as 0. gavisa
addy Grass- Saipan; 10-X1-1971 gWalke?.
hopper) Tinian 22-X11-1984 read from
not yet awai'ian Is. to
nown from Line Is. (Palmy-
Guam| ra) prior to

1948 (Krauss,
1953). Spread
to Marianas
probably from
the Philippines
or possibly Ha-
war'ian Is.,
rather than
from Belaus.
Apparent ab-
sence from
Guam is nota-
ble.
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Table 3 (cont.).—Systematic list and synoptic information on species of Acridodea (Grasshoppers, etc.) in-
troduced into or spread within Micronesia by Human Agency.

Natural Actual or Earliest ApBr(:nmfale
Species Distribution (o Potential  Micronesian Known | o on Remarks
pe Outside Economic Distribution Micronesian into Hawai‘ian
Micronesia* Significance Record* Io.t
Gesonula Philippines  Lush vegeta- Can cause Marianas &III-1971 — Was established
mundata — Taiwan tion in wet  damage to (Guam) (records to
zonocera localities. es-  Calocasia es- IV-1979 availa-
(Navas) pecially on culenta (Lin- ble ) in Guam,
Calocasia naeus) (The where introdu-
spp. Taro Grass- ced presumably
hopper) from the Philip-
ines. Record
rom Ryu-Kyu
Is. seems to re-
fer to G. puncti-
frons (Stal).
Stenocatan-  S.E. Mesophilic ~ Occasional ~ Marianas 15-v-1984  — Said to be now
tops Asia*—Kai  low vegeta-  minor dama- (Guam) the commonest
splendens Is. & ? tion ge to various acridid on
(q'hunberg) N. New Gui- crops Guam (Dr. L.
nea. élntro- Schreiner in
duced in So- lier., 8-1X-1986);
lomon Is.) presumed
source the Phi-
lipphines.
Locusta S..S.E.&  Mesophilic, Inswarming Bonin or Pre-1905 — Earlier records
migratoria E. Asia* mostly gra-  phase can be Ogasawara  (Kuwana, use name
manilensis minaceous,  major crop  Is. 1905) Pachytilus dani-
(Meyen) vegetation pest, espe- cus. Swarms in
cially of Gra- Volcano or  XII-1945 Micronesia
minaceae, Kazan Is. [Iwo Jima] seem to be rare
over much of Marianas 1911 (Swe- and restricrted
range; can Belaus zey, 1946) to N.W. (Bo-
also be mi- ~ W. Carolines [Guam nins), ? coming
nor pest in -IV-1936 from E. Asia.
solitary pha- (C. Willem- The Microne-
se (The se, 1951) sian distribution
Oriental Mi- 12-1X-1939 appears natural
gratory Lo-  C. Carolines [Yap] X.1952 except for
cust) Truk E. Carolines
Moen not known
Marshalls 16 & gll z(md Marsha)lls.
(Kwaja- 111-1946 whither carried
lein & Maju-  (Townes, about time of
10). 1946) World War I1
and now esta-
blished (records
to 8-XII-1972
available).
Trilophidia  S., S.E. Open, drier  None known Marianas 10-X1-1945 — Became esta-
annulata & E. Asia*  ground with (Guam) blished on
{Thunberg) sparse vege- Guam only;
tation may not have

persisted as no
record available
after X-1952.

* S.E. Asia includes the Philippine Is. whenever referred to.
+ Date not previously recorded unless in, or deducible from, literature reference cited.
i Not yet found again though sought (Dr. Ilse Schreiner, University of Guam, in litt., 1988).
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(1987) has included a short introduction to
Micronesia and its insects in his synopsis of
the saltatorial orthopteran fauna. He esti-
mates that half of the 90 or so species are
endemic to the region. Of the remaining 45
or so more widely distributed species, about
a score are introductions or have been
spread by human agency within Microne-
sia. The relevant species are listed in Tabl-
es 1-3, though there will doubtless be others
to add in future. Identification of certain
Micronesian taxa can be difficult because of
errors in the literature, but those given here
are the best possible at this stage. Many of
the Micronesian species, or their close re-
latives, known from the Ryu-Kyu Islands,
are well illlustrated in colour by Oshiro
(1986).

Human activity may cause the dispersal
and introduction of animal species, and of
insects in particular, from one part of the
world to another in a number of different
ways. All introductions, however, fall into
one or other of two broad classes: delibe-
rate, or accidental.

Deliberate introductions may be made
for either utilitarian or aesthetic purposes,
but I can think of no instance of an insect
introduction into any part of Micronesia for
the latter reason. Utilitarian introductions
into the region have not been numerous,
and, so far as I am aware, have been limit-
ed to biological control objectives, i.e., at-
tempts to regulate the size of populations
of other invertebrate species (mainly other
insects) or of weeds.

Among orthopteroid insects known to
have been introduced into Micronesia, and
sometimes transported from one island or
island group to another within it, are a few
species of mantids. Of these, Orthodera
burmeisteri Wood-Mason (from New Gui-
nea) and Tenodera aridifolia sinensis Saus-
sure and T. australasiae (Leach) (originally
from eastern Asia and other Pacific re-
gions) are most probably deliberate intro-
ductions of relatively long standing, as they
are recorded by Gressitt (1954) and Beier
(1972). Other mantids deliberately intro-
duced quite recently into Guam are the
Oriental Tenodera angustipennis Saussure
and the African Polyspilota aeruginosa

(Goeze) and Sibylla pretiosa Stal. The ar-
rival on Guam of Statilia pallida Werner (of
Philippine origin), however, is more likely
to have been accidental. There is only one,
small, apparently endemic Micronesian
mantid species, Acromantis palauana
Beier, restricted to the Belau Islands in the
southwestern sector (Beier, 1972).

Accidental introductions into Micronesia
may be divided arbitrarily into four catego-
ries: (a) those of long standing that have de-
pended upon early, primitive means of
transportation (canoes and smaller sailing
vessels); (b) those assumed to have taken
place by sea with the expansion of foreign
(European, American and Japanese)
“trade and colonization” (under whatever
guise), but prior to World War II; (c) those
that occurred just before, during, or within
a decade after World War 11, mostly by way
of Japanese and then American military sea
transports, though perhaps also, to some
extent, as a result of early, more general
use of aircraft; and (d) those of more re-
cent initiation (post 1950’s) resulting from
a combination of military and commercial
transportation, with great increase in the
use (and size) of cargo-carrying aircraft, to-
gether with intangible factors such as the
growth of “‘economic’ and ‘“‘cultural aid”
programs, as well as political and strategic
exploitation by the United States of Ame-
rica.

2. Early Introductions

It is very difficult to assess how and when
some early dispersals from one part of the
world to another may have occurred, but
there are certain insect species, widely di-
stributed in the Pacific region, that may
well owe their initial presence in Microne-
sia (or parts of it) to early human migra-
tions. Among orthopteroids other than
grasshoppers and crickets, it may be sug-
gested with some confidence that this could
apply to certain nearly cosmopolitan ear-
wigs, such as Chelisoches morio (F.), origi-
nally described from the South Pacific,
quite probably Euborellia annulipes (Lu-
cas) and Anisolabis maritima (Bonelli), and
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possibly others (see Brindle, 1972, for can-
didates). Several species of widely distribut-
ed Oceanian cockroaches, such as Ony-
chostylus (or Luppova) notulatus (Stal) and
Melanozostera nitida (Brunner von Wat-
tenwyl), or termites, such as Cryptotermes
domesticus (Haviland), surely fall into this
category also. It likewise may be suspected
that some stick insects, such as Megacrania
batesi Kirby, were included among early
human-assisted travellers. Such insects of-
ten have the appearance of being bona fide
natives of the islands which they inhabit,
when they may be really nothing of the
kind.

Among crickets, a very likely candidate
for inclusion in this category is the very
widely distributed grylline, Teleogryllus
oceanicus (Le Guillou), a species that
would easily have been carried about the
Pacific at an early date with soil around
planting material and with other chattels,
both from outside and within Micronesia.
Other companions of early human migrants
may well have included the Oriental mole
cricket, Gryllotalpa orientalis Burmeister
(presumably the same species as occurs in
the Hawaiian Islands and long misidentifi-
ed as G. africana Palisot de Beauvois - see
Kevan, 1987), and the ant-guest cricket,
Myrmecophilus hebardi Mann. The former
is known from a rather scattered range of
Micronesian islands in the Marianas
(Guam, Saipan, Tinian) and the Caroline
Islands (Yap, Truk, Pohnpei), to which I
do not believe it to be native. It may have
been present for a long time and over a wi-
der area without being discovered. Myrme-
cophilus hebardi, known to me otherwise
only from Fiji and the Solomon Islands,
may also be an early introduction into Mi-
cronesia, presuming (as is quite likely) that
its very widely distributed host, the long-
legged ant, Anoplolepis longipes (Jerdon),
has been dispersed by human agency. This
ant-guest cricket is known in Micronesia, so
far, only from Truk in the central Carolin-
es (Townes, 1946). With a more conspi-
cuous insect, this might indicate more re-
cent introduction, but myrmecophilines,
being tiny and obscure, could easily have
been overlooked by collectors.

3. Introductions During the Period of
Foreign ‘‘Trade and Colonization’’

Among non-saltatorial orthopteroids,
there have been some obvious introduc-
tions dating from this period. They include
truly cosmopolitan (rather than widely di-
spersed Pacific Island) cockroaches, such as
Periplaneta americana (L.), P. australasiae
(E.), Pycnoscelus surinamensis (L.) and Su-
pella longipalpa (F.). There have also been
introductions of less obviously alien species
belonging to different groups, not only into
Micronesia, but also between its different
sectors.

The earliest direct reference in the liter-
ature to a presumably introduced species of
saltatorial orthopteroid in Micronesia is to
one of the latter, though the author
(Schnee, 1904) probably thought that the
species in question, Gryllacris appendicula-
tus Brunner von Wattenwyl, had come from
outside the region. Clearer examples of
other species that have been introduced
into, and dispersed within, Micronesia by
human agency are the leaf-katydid, Phaner-
optera furcifera Stal, and a species of the
cricket genus Modicogryllus, previously
misidentified as M. conspersus (Schaum),
as well as the Tropical house cricket,
Gryllodes supplicans (Walker) f. sigillatus
(Walker).

A summary of the known and possible
Micronesian introductions of the “trade
and colonization” period is as follows:

Gryllacris appendiculatus (Gryllacridi-
dae). This is known from the Samoas and
Bismarck Archipelago, and, in Micronesia,
from the eastern Caroline Islands and the
Marshall Islands.

Schnee (1904) reported that the species
(“Gryllacris n. sp.”) had been introduced
into the Marshalls “‘recently” (i.e., about
the turn of the century) and that it had not
then reached all of the [main] islands of the
group, being absent, for example, from
Ujelang [or Providence] Island. The author
(an observant medical officer) commented
that a large proportion of the Marshall Is-
land flora consisted of introduced weeds,
which would have alerted him to the pro-
bability that some of the fauna had also
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been introduced. Schnee lived for several
years in the Marshall Islands and therefore
had time to observe and reflect on such
matters. His conclusions thus have credibi-
lity, even if they are debatable. Without his
observation, it might appear that the Mar-
shall Islands form a natural eastward exten-
sion of the species’ range from the Caroline
Islands. Now it is not certain that extension,
as an introduced species, might not have
proceeded in the opposite direction! The
earliest Micronesian specimens known to
me are, indeed, from the Marshalls (Jaluit
[Atoll], 7.X1.1900)".

Phaneroptera furcifera Stal (Phaneropte-
ridae). This is a native of the Philippine Is-
lands. Ragge (1956), in his revision of the
genus Phaneroptera, recorded it elsewhere
only from Guam in the Marianas, and sug-
gested it may have been introduced by sea
(the specimen was not of recent date). Pre-
viously, however, several authors had al-
ready recorded it from the Marianas. Swe-
zey (1946; cf. also Gurney, 1958), followed
by Beller (1948), reported it from Guam as
another species, P. brevis Audinet-Serville.
Under its correct name, Townes (1946) re-
corded it from the Marianas, on grass and
tobacco, as did Oakley (1953) on peppers
and egg-plant (on Rota, Saipan, and Tinian
Islands) and Dumbleton (1954) on egg-
plant. Swezey (1946) had indicated that
D.T. Fullaway collected “P. brevis” on
Guam as long ago as 1911, and I have seen
a corroborative specimen, though it bears
no date, only a reference number, on the la-
bel. Otherwise the earliest-collected Micro-
nesian specimen known to me (also from
Guam) is dated 1923. From other islands in
the Marianas, the earliest dates are: Rota,
1926, and Saipan, 1937 (and 1939). There
may have been some extension of the range
during World War 11, as records from Ti-
nian are no earlier than 1945, and from Agi-
guan, not until 1952. Wartime transport is
also almost certainly the explanation of the

first known occurrence in the Marshall Is-
lands about the same time (Kwajalein,
31.XI11.1952; Lib, 23.X.1953), though there
is no record in the literature earlier than
1965-1969 (Sugerman, 1972). Phaneroptera
furcifera seems to have “leapfrogged” over
the Caroline Islands, though there is now a
recent record from Pohnpei in the eastern
part of the archipelago (Dr. Ilsa Schreiner,
University of Guam, in litt., 1988), conceiv-
ably as a result of “backtracking’ from the
Marshalls.

Phaneroptera furcifera has also spread
northwards, presumably from the Maria-
nas, and has now been reported from the
Volcano (or Kazan) Islands (Kevan, 1987),
specifically from Iwo Jima, for 10.VI.1958,
the initial introduction doubtless having oc-
curred considerably earlier than that. As
there were extraordinarily heavy military
operations on this island toward the end of
World War 11, it may be assumed that the
species was transported from the Marianas
to Iwo Jima either by retreating Japanese
or by advancing American vessels at that
time or, as the species is not recorded for
Iwo Jima by Van Zwaluwenburg (1947),
more probably by the latter shortly after-
wards. A species of Phaneroptera is also
known to occur further north still, in the
Bonin (or Ogasawara) Islands, but only
from a single nymph, probably of P. graci-
lis Burmeister and quite possibly native. It
is probable that the initial introduction of
P. furcifera into Micronesia was directly to
Guam from the Philippines, as suggested by
Ragge (1956). Subsequent introduction into
the Hawaiian Islands (first record from
Oahu, 15.1X.1957 [Gurney, 1958]; common
by 1966) may have been from Guam (or
from some other Micronesian island),
though perhaps directly from the Philippi-
nes; I have no way of assessing this.

Gryllotalpa orientalis (Gryllotalpidae).
There is a distinct possibility that this is an
introduction into Micronesia of very long

! In the Humboldt University Zoological Museum, East Berlin: 2 males, 2 females, 2 immatures, collec-
ted by a Dr. Bartels; see also Griffini (1908), who recorded 3 males and 4 females, presumably retaining 1
male for the Turin Museum and regarding the immatures as females. In the Natural History Museum, Vien-
na, there is also 1 female collected by Schnee himself, but without closer locality than Mars(c)hall Islands
and without date (see also Griffini, 1914: as “Gr/[yllacris] spec.”).
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standing. If it is a more recent arrival, its
occurrence certainly dates from before
World War I, as Swezey (1946) indicated
that D.T. Fullaway collected it on Guam in
1911. The same species, presumably, was
already common in the Hawaiian Islands
before 1896 (see Zimmerman, 1948). If in-
troduction into Micronesia occurred during
the “‘trade and colonization” period, it
would seem probable that this was first to
Guam from Oahu (Honolulu) because of
the United States connection between
them.

Modicogryllus sp. (Gryllidae). What mis-
takenly has been called M. conspersus
(Schaum), a species confined to southern
Africa (Otte and Cade, 1984), has been re-
corded widely in southern and eastern Asia.
Presumably from the latter, it was introduc-
ed into the Hawaiian Islands, where it was
first recorded in the late 19th century (Zim-
merman, 1948) The Modicogryllus species
known from both the Hawaiian and Fiji Is-
lands remains undetermined (Otte and
Cade, 1984), but it is probably safe to as-
sume that the one found in Micronesia is
the same, not M. conspersus as in Kevan
(1987). Hitherto, the earliest Micronesian
record that I have is from Guam, Marianas,
28.V.1936 (see also Swezey, 1946), though
I have not undertaken a proper investiga-
tion. Townes (1946) refers to a ‘‘species of
Acheta, apparently introduced” as being
widespread in Micronesia (no specific is-
land named), and it is likely that he refer-
red to Modicogryllus. Species of that genus,
like Teleogryllus, including T. oceanicus,
were formerly assigned to Acheta, for
example, as in Zimmerman (1948). Had
Townes meant oceanicus, he would doubt-
less have used that name, for he was fami-
liar with that species, which in any event,
does not usually give the impression of
being introduced where it occurs.

Gryllodes supplicans f. sigillatus. The
Tropical or Decorated, house cricket is a
cosmopolitan species of unknown (probab-
ly S.E. Asian) origin. It is widely distribut-
ed throughout the Pacific region, having
reached the Hawaiian Islands well before
1895 (Zimmerman, 1948). The species nor-
mally occurs only in the brachypterous (or

micropterous) form indicated (see Kevan,
1980 and elsewhere in preparation), most
authors having used this as the species
name. The macropterous (“‘typical’) form
is, so far unknown from Micronesia, though
Oshiro (1986) illustrates it as occurring in
the Ryu-Kyu Islands. Despite the facility
with which it accompanies humans, there
seems to be no authenticated Micronesian
record of it prior to that for Guam in 1936
(Swezey, 1946), though it was then already
widespread and abundant, particularly in
buildings. It was not recorded from beyond
the Marianas in Micronesia until Townes
(1946) noted its occurrence in the Marshall
Islands a decade later. It had, however,
reached the remote Phoenix Islands (speci-
fically Canton Island), beyond the bounds
of Micronesia, by the early 1940’s at latest,
by which time an air base (in addition to
the earlier British Cable and Wireless sta-
tion) had been established there (Van Zwa-
luwenburg, 1943).

Cardiodactylus sp.?7C. novaeguineae,
(Haan) (Eneopteridae). C. novaeguineae
appears to be but one of a complex of spe-
cies widely distributed from southeastern
Asia to New Guinea and Melanesia gene-
rally, as well as to northern Australia. That
Cardiodactylus can be transported by hu-
man agency is indicated by its occurrence
in the Marquesas. Long ago, Holdhaus
(1908) suggested that C. novaeguineae had
been introduced into the Belau Islands,
though, in view of its allegedly wide natu-
ral distribution, it could be native there.
Otte ef al. (1987) mentioned the genus (but
no species) from the “Western Carolines™’;
they presumably meant the same group.
The status of Cardiodactylus in other parts
of Micronesia would also bear investiga-
tion, as the genus is known also from the
eastern Caroline Islands (Pohnpei and Kos-
rae) - see Townes (1946), who believed that
species found there were endemic.

4. Introductions about the Time of World
War 11

A number of species introduced earlier,
and noted already, almost certainly availed
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themselves of the increased human activity
during wartime operations to expand their
areas of dispersal in Micronesia. Besides
some of the less generally abundant cricket
species, Phaneroptera furcifera, Gryllodes
supplicans f. sigillatus, and probably Modi-
cogryllus sp., may be cited as examples.
Some species native to one or another part
of Micronesia, such as the Smaller Rice
grasshopper, Oxya hyla intricata (Stal), and
the Oriental Migratory locust, Locusta mi-
gratoria manilensis (Meyen), also appear to
have extended their ranges with human as-
sistance during this period. “New” aliens to
come in included a grasshopper, Trilophi-
dia annulata (Thunberg), though whether
this survived for more than a year or two is
uncertain.

Elimaea punctifera (Walker) (Phanerop-
teridae). This slender leaf-katydid is native
to southeastern Asia. It was introduced into
the Hawaiian Islands, perhaps shortly after
the middle of the 19th century; its occur-
rence there was published as early as 1882
(see Zimmerman, 1948). The first known
Micronesian record (Kevan, 1987) is from
Guam in the 1950’s (*28.VII.195-" on la-
bel). The introduction may well have been
from Hawaii, rather than directly from
Asia. It is not known to me from other Mi-
cronesian Islands, nor whether it has be-
come established on Guam.

Xiphidiopsis lita Hebard (Meconemati-
dae). Xiphidiopsis is badly in need of revi-
sion, as it encompasses species that should
be transferred into several genera, but the
present species is apparently endemic to
Polynesia, where it is widely distributed. It
is interesting in that it seems to be parthe-
nogenetic (Zimmerman, 1948), which
would be advantageous in establishing the
species amongst widely scattered islands
and would readily make for establishment
by human agency. Xiphidiopsis lita has
been introduced into the Hawaiian Islands,
though records go back no further than
1919. As it is known in Micronesia (Kevan,
1987) from only two widely separated is-
lands, introduced status is suggested. The
islands are Pohnpei, in the eastern Caroline
Islands, and the isolated Banaba (or
Ocean) Island, in the southeast. Records

date from May to October, 1950, for the
former, suggesting a wartime introduction.
For the latter, the date of the single speci-
men is December, 1957. While the species
could have reached Micronesia from the
Hawaiian Islands, direct Polynesian sources
seem more probable in this instance.

Conocephalus (Anisoptera) saltator
(Saussure) (Conocephalidae). This small,
cone-headed katydid is of tropical Ameri-
can origin. It was carried to the Hawaiian
Islands before 1890 and was well establish-
ed there prior to 1895 (Zimmerman, 1948;
Pitkin, 1980). It has been a successful colo-
nizer and occurs throughout these islands,
being established even on Midway Island
(Zimmerman, 1948). From the Hawaiian
Islands, presumably, it has also been trans-
ported by man to the Line Islands, and be-
came established on Palmyra Atoll before
1948 (Krauss, 1953; identification confirm-
ed by Pitkin, 1980). It is also present in the
Samoas and in the Cook' Islands. Pitkin
(1980) considered that it arrived there from
the Hawaiian Islands. If so, it probably
came first to eastern (American) Samoa. It
is not certain that C. saltator is indeed es-
tablished as an introduced species in Micro-
nesia (Kevan, 1987), for the only evidence
is a nymph (almost certainly of this species)
from Wake Island, taken 8.X11.1958. Fairly
early post-war naval or air transport from
Hawaii would be presumed in the event of
verification.

Oxya hyla intricata (Stal) (Acrididae).
The Smaller Rice grasshopper is widely di-
stributed in southeastern Asia, including
the Philippine Islands, though it has not yet
been recorded from the Hawaiian Islands.
In Micronesia, it occurs throughout much
of the Belau and Caroline Islands proper,
where, for want of contrary evidence, it
may be deemed to be native. Its presence
as far east as the Marshall Islands (Kevan,
1986), however, probably does not date
from much, if at all, before World War II.
Townes (1946) noted that, when he took
the species on Jaluit Atoll (specimens seen
by me date from 23.VIII.1946), it was li-
mited to the area around the former Japa-
nese base, indicating that it had probably
been introduced there during the war by the
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Japanese. It may well be that it did not
reach Kosrae in the eastern Caroline Is-
lands until about the same time, as the ear-
liest specimen I have seen from there is dat-
ed 19.VII1.1946. This species may be a mi-
nor pest, particularly of rice, so that its
spread may be of some economic concern.

Locusta migratoria manilensis. The
Oriental Migratory locust, or a form close
to that subspecies, is widely distributed
throughout the whole of western Microne-
sia from the Bonin (or Ogasawara) Islands
to the Belau Islands. It is naturally distri-
buted, and presumably resident, as far east
as the central Caroline Islands. Despite its
powers of dispersal, however, the species
does not seem to have extended its range
naturally any further eastwards in Microne-
sia, for there is a gap in its distribution be-
tween Truk (central Carolines) and the
Marshall Islands. Townes (1946; see also
Gressitt, 1954), maintained that this locust
was accidentally introduced into the latter
(Kwajalein and Majuro Atolls) during
World War II - probably under similar cir-
cumstances to those for the previous spe-
cies. There is certainly no evidence of the
presence of locusts in the Marshall Islands
at an earlier date. The earliest Marshall Is-
lands specimens known to me were collect-
ed 16.VIII.1946 (Kwajalein) and
27.VII1.1946 (Majuro)?. It is, of course,
possible that the populations from which
these specimens came were residual proge-
ny of natural migrants, but the absence of
any evidence of the presence of the species
in the eastern Carolines at any time, and
the proximity of the early Marshall Islands
specimens to past human activity (Townes,
1946), are against this. That the species sub-
sequently established itself further afield in
the Marshall Islands is evidenced by various
later specimens (up to 1972 examined). Al-
though, in its “solitary’’ phase, the Orien-
tal Migratory locust is not a devastating
pest, its potential as an injurious species
should not be disregarded.

Trilophidia annulata (Thunberg) (Acridi-
dae). This small, locustine (oedipodine)
grasshopper is another species that is wide-
ly distributed in southeastern Asia and
common in the Philippines as well as else-
where. Like the two previous species it is
unknown in the Hawaiian Islands. In Mi-
cronesia, it has been found only on Guam
in the southern Marianas (Kevan, 1987),
where it must have been a wartime intro-
duction, the earliest known specimen being
dated 10.XI1.1945. As it cannot have been
introduced from the Hawaiian Islands, it
probably came to Guam from the Philippi-
nes. Although ecologically a rather tolerant
species favouring drier situations, it has not
spread to other islands, so far as is known.
Indeed there is lack of confirmation of its
persistence even on Guam (Dr. 1. Schrei-
ner, University of Guam, in litt., 1986). The
last record available to me dates from as
long ago as October, 1952, though speci-
mens collected later may exist.

5. Introductions in Recent Years

It seems that, in spite of plant quaranti-
ne measures, numerous species of insects
have been introduced accidentally into Mi-
cronesia during recent years. Not only has
Oxya japonica (Thunberg) spread its range
within Micronesia in these later times, but
a fair number of orthopteroid species have
been encountered for the first time in the
region only quite recently. Several such
species were indicated by Kevan (1987) as
being recently introduced, but only the Ma-
rianas (mainly Guam) were involved. All of
the species, too, occur naturally in the Phi-
lippine Islands. Although all but one of the
species are known to occur elsewhere also,
the implication is that there has been a con-
siderable immigration by air transport into
Micronesia from the Philippines. This ap-
plies not only to saltatorial orthopteroids,
the mantid Statilia pallida, already mentio-

2 Schnee (1904) reported *“Locustina” (not identified further) from the Marshall Islands, but with the usage
of the time, this meant Tettigonioidea, almost certainly a native species, as it had a Micronesian name, and

probably Conocephalus (Anisoptera) longipennis (Haan).
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ned, being but one other example. The ma-
jor staging point for introduction into Mi-
cronesia was probably Manila (Luzon) and
the main point of entry, though evidence is
lacking for certain species, was apparently
Guam. An exception is the relatively large,
more or less cosmopolitan Cinereous cock-
roach, Nauphoeta cinerea (Olivier), taken
first in the Belau Islands (‘“‘Palau Airport
9-8 867, presumably meaning near Airai,
Babelthuap Island (8.1X.1986). The more
spectacular species recently introduced into
Micronesia are two large katydids, Holoch-
lora fuscospinosa Brunner von Wattenwyl
and Mecopoda elongata (L.). The small
cricket, Euscyrtus hemelytrus (Haan), is an
undoubted recent introduction into Guam.
It has not hitherto been reported from Mi-
cronesia. The bush-hopper Atractomorpha
psittacina (Haan), the large, brown grass-
hopper Stenocatantops splendens (Thun-
berg) and the Philippine Taro grasshopper,
Gesonula undata zonocera may have some
potential as crop pests. The following spe-
cies are recent introductions:

Holochlora fuscospinosa (Phaneropteri-
dae). This large leaf-katydid was previously
known only from the Philippines until Ke-
van (1987) noted its occurrence in the Ma-
rianas (Guam). On account of its size, it is
unlikely that it was overlooked in the past.
The earliest Guam specimen known to me
is dated 8.X1.1971. I have seen others only
up to 10.X.1974, but I have no doubt that
it is established on the island. It may also
be noted that H. nawae Matsumura and
Shiraki is also found in Micronesia, oc-
curring, probably naturally, in the Bonin
(or Ogasawara) Islands, where it was first
recorded in 1915. The Hawaiian Islands
also have their (introduced) species of the
genus, H. japonica Brunner von Wat-
tenwyl, imported from eastern Asia prior
to 1896 (Zimmerman, 1948).

Mecopoda elongata (Mecopodidae). This
is another large katydid which is not likely
to have been overlooked in the past. It is
the kutsuwa mushi, in Japanese, and famed
in the Orient for its song. It is very widely
distributed in southern and eastern Asia,
but was first recorded for Micronesia (Ma-
rianas) only very recently (Kevan, 1987).

The Philippine Islands were, again, the
most probable source of introduction. So
far, there is no evidence to indicate that it
has gained a foothold other than on Guam.
The earliest known specimen from there is
dated 8.1X.1974. The latest that I have seen
was collected on 28.X1.1984, so that the
species seems to be well established and
thriving. It has not yet been reported from
the Hawaiian Islands.

Pteronemobius spp. (Trigonidiidae, Ne-
mobiinae). No nemobiine cricket, other
than the shore-dwelling ‘‘sand-cricket,” Ta-
hitinemobius (formerly Speonemobius) ti-
grinus (Saussure), has been certainly recor-
ded from Micronesia, though Townes
(1946) indicated that unnamed species of
Nemobiinae (implicitly differing from what
was undoubtedly the widespread T. tigri-
nus) had been seen on Yap and Pohnpei.
If these were not T. tigrinus - and the small,
brachypterous “Pteronemobius” recorded
for the latter by Kevan (1987: 309n) seems
to be this-Townes may have referred to
small landrevine (pteroplistine) Gryllidae
(possibly Neova bodamensis Otte) and not
to nemobiines. What is tentatively identi-
fied as Pteronemobius taprobanensis (Wal-
ker) and a species closely resembling
P. concolor (Walker), however, are both
known to me from Guam (1.XI1.1968 and
5.1.198S, respectively; new records, not gi-
ven in Kevan, 1987). These species are very
widely distributed in southern Asia and
parts of the eastern Pacific, if determina-
tions are correct (and ‘‘Pteronemobius” is
much in need of revision). The absence of
earlier Micronesian records is at least sug-
gestive of recently introduced status for the
two species referred to. They are not listed
in Table 2, however, in view of the various
uncertainties involved.

Euscyrtus hemelytrus (Podoscirtidae).
This small, slender, flightless cricket is
widely distributed from southeastern Asia
(including the Philippine Islands) to nort-
hern Australia. It is so far known in Micro-
nesia only from Guam. The earliest record
known to me is for 24.111.1976. It is clearly
established on the island, though I have not
yet examined material captured later than
15.1V.1979. The species was not noted in
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Kevan (1987), who was not at the time
aware of its existence on Guam. Otte er al.
(1987) note that Euscirtinae in general are
unknown from the Caroline Islands.

Oecanthus rufescens Audinet-Serville
{Oecanthidae). Identification of the pale
“tree” crickets of the genus Oecanthus re-
quires caution, but my determination is as
close as possible at present. Oecanthus ru-
fescens is said to have a very wide distribu-
tion in southern and southeastern Asia, ex-
tending eastwards to Fiji, New Caledonia
and northern Australia, though it might be
questioned whether the last two, at least,
of these harbour the same species. In any
event (though I have not fully looked into
the matter), it seems that the present spe-
cies has been introduced into the Marianas
quite recently (Kevan, 1987) as the only re-
cords I have are for the island of Tinian,
8&12.V.&13.1.1985. The species is not recor-
ded from the Hawaiian Islands. No oecant-
hid is known from the Caroline Islands, in-
cluding the Belau Islands (Otte et al.,
1987).

Atractomorpha psittacina psittacina
(Pyrgomorphidae). This elongate pyrgo-
morphid bush-hopper is common in south-
eastern Asia, including the Philippines. Its
introduction into Micronesia seems to be of
about 20 years’ standing, though the first
report of its occurrence (in the Marianas)
is only very recent (Kevan, 1987). Prior to
this there was an ambiguous reference by
Owen (1971) to the occurrence of A. sinen-
sis [sinensis] Bolivar [“Locustidae” (sic)]
from the [United States’] “Trust Territory
of the Pacific Islands”. The species was lis-
ted as a pest of sugar-cane. This record is

followed (with an incorrect source referen-
ce) in C.O.P.R. (1982), which, without jus-
tification, gives the distribution as ... in-
troduced in (? Caroline Is.), Line Is., Ma-
riana Is., Marshall Is.”. In fact, it seems
that both Owen (1971) and C.O.P.R.
(1982) refer only to the occurrence of A. s.
sinensis in the Line Islands, not in Micro-
nesia, the original source being attributable
to Krauss (1953) who reported the species
on sugar-cane, under the synonym A. am-
bigua Bolivar, for Palmyra Atoll in Fe-
bruary, 1948%. There is no tangible
evidence that A. s. sinensis has ever been
found in Micronesia, though its potential
for human introduction is quite high. All
Micronesian specimens of A. p. psittacina
known to me are from Guam, the earliest
and latest dates being 18.VI.1968 and
2.1.1981, respectively. As the species now
seems to be relatively common, it could
probably spread to other islands, though
there is, as yet, no evidence that it has done
so. It has the potential of being injurious to
various crops, but it is not known to be of
much economic importance elsewhere
(C.O.P.R., 1982).

Oxya japonica japonica (Thunberg)
(Acrididae). The Lesser Paddy grasshopper
was long confused with O. chinensis (Thun-
berg) - see Kevan (1986) for a summary of
the history of this confusion, etc. It is wide-
ly distributed in southeastern Asia, inclu-
ding the Philippine Islands. Prior to 1892,
it was introduced into the Hawaiian Islands
(Zimmerman, 1948) and, presumably from
there, it made its way to the Line Islands,
where it had become established on Palmy-
ra Atoll before 1948 (Krauss, 1953). In Mi-

3 Although Paimyra Atoll is a United States Pacific island naval station, it was not part of the “Trust Terri-
tory of the Pacific Islands”. The term, at the time, referred to the Mariana Islands (strictly excluding Guam),
the Caroline Islands (including the Palau, now Belau, Islands) and the Marshall Islands, but it could be that
Owen’s (1971) report covered Pacific islands not indicated in his title. C.O.P.R. (1982), it would seem, mere-
ly assumed that Owen meant what he said and then presumed that all of the “trust Territory” archipelagos
(as well as the Line Islands) harboured A. sinensis, through why the Caroline Islands should be singled out
as the only area of possible introduction is inexplicable, except as a result of faulty editing; the source refe-
rence number erroneously indicated Swezey (1907) as the author concerned! This author did, in fact, publish
notes on A. sinensis, misidentified as A. crenaticeps (Blanchard), shortly after its introduction into the Ha-
waiian Islands (Oahu), which occurred shortly before 1900 (Zimmerman, 1948). He also suggested that it had
been introduced from Australia (where A. crenaticeps does not occur), though he did also mention New Gui-

nea (where it does occur; A. sinensis is found in neither).
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cronesia, Q. j. japonica occurs in the Belau
Islands, quite probably as a natural exten-
sion of its range eastwards from the Philip-
pines, though it could perhaps have been
an early introduction. Only fairly recently
has it appeared elsewhere in Micronesia,
namely, in the Marianas, where it has been
introduced (Kevan, 1987). The earliest Ma-
riana record that I have is from Saipan
(10.X1.1971); for Tinian I have seen no-
thing earlier than 22.11.1984. Strangely
enough, the species is still unrecorded from
Guam, though it has been sought (Dr. llsa
Schreiner, University of Guam, in lit.,
1988). One might have expected it to have
been found there first, as an introduction
either from the Hawaiin Islands or from the
Philippines, rather than from the nearer
Belau Islands. As the species can be a crop
pest (particularly of rice), there may be
some reason for concern at its arrival in the
Marianas.

Gesonula mundata zonocera (Acrididae).
The Taro grasshopper, G. mundata (Wal-
ker), which is injurious to Calocasia escu-
lenta (L.) in some regions, is discussed by
Kevan (1986) with particular reference to
the Philippine subspecies, zonocera. This
subspecies also seems to be the one present
in Taiwan. The species of Gesonula oc-
curring in the Ryu-Kyu Islands has been
identified (and figured) as G. punctifrons
(Stal) (Oshiro, 1986). It was not until very
recently that G. mundata was reported
from Micronesia (Kevan, 1987); its oc-
currence there was not noted earlier by Ke-
van (1986), where it is still known only from
Guam. The earliest record now known to
me from Guam is for 8.1I1.1971 (other spe-
cimens that I have seen were collected up
to 11.IV.1979). The species was presu-

mably introduced directly on to Guam from
the Philippines rather than from elsewhere.
It has not been found in the Hawaiian Is-
lands. In view of its pest status (even if not
major), its introduction into Micronesia
might give cause for concern. Nevertheless,
although it has been sought, no specimen
has been taken recently (Dr. Ilsa Schreiner,
University of Guam, in litt. 13.V1.1988).

Stenocatantops splendens (Acrididae).
The last species to be considered here, a
rather large, brown, catantopine grasshop-
per, seems also to be the most recent im-
migrant into Micronesia, whence it was first
recorded by Kevan (1987). In view of its
size, it is not likely to have been overlook-
ed earlier. It is a native of much of south-
eastern Asia, including Taiwan and the Phi-
lippine Islands, and its natural range ex-
tends eastwards to the Kai Islands and quite
possibly to northern New Guinea. F. Wil-
lemse (1968), who gave the known distri-
bution, also recorded the species from Bou-
gainville Island in the Solomons, where he
believed it had been introduced. There
would thus seem to be a precedent for its
introduction into Micronesia®. So far, it has
been found in the latter only on Guam. It
was apparently not known there prior to
1984 (earliest record 15.V.1984), but it is
now said to be the commonest grasshopper
on the island, according to Dr. Ilse Schrei-
ner of the University of Guam (in litt.,
8.1X.1986), to whom I am most grateful for
much of my recent information on the or-
thopteroid insects of the Marianas.
S. splendens, in countries where it occurs
naturally, can be a minor pest of different
crops (F. Willemse, 1968; C.O.P.R., 1982),
so that it could give some cause for concern
in a new environment, even though it is not
considered to be very important elsewhere.

4 In C.O.P.R. (1982), it is indicated that the Solomon Islands species, like that in New Guinea, requires
checking, but F. Willemse (1968) seemed quite confident of his identification.
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Distribution and incidence of grasshoppers (Acrididae) of Sind

M.S. WAGAN and S.M. SOLANGI

Department of Zoology, University of Sind, Jamshoro, PAKISTAN.

ABSTRACT

A total of 42 species of grasshoppers was collected from Sind during 1983-85.
Of these, nine species are recorded for the first time from this area: namely De-
ricorys tibialis (Pallas.), Mioscritus wagneri rogenhoferi Saussure, Scintharista no-
tabilis (Walker), Singoderus carinatus (Saussure), Gelastorhinus semipictus (Wal-
ker), Oxya fuscovittata (Marschall), Oxya bidentata (Willemse), Choroedocus il-
lustris (Walker) and Tropidopola longicornis longicornis (Fieber). The species’
distributions and incidence at the district level are also considered.

Key words: Acrididae, Sind, distribution

INTRODUCTION

Sind Province is located in the southeast
region of Pakistan and lies between 23° and
29°N latitude and 67° and 71°E longitude.
It is about 360 miles long from north to
south and nearly 275 miles in its greatest
breadth (175 miles average), covering
nearly 52,994 miles®>. Until now a detailed
survey of the grasshopper fauna of Sind has
not been attempted, although several pa-
pers have made casual reference to it
(Kirby,1914; Bei-Bienko and Mishchenko,
1951a,b; Moeed, 1966, 1971, 1976; Hollis,
1968, 1971, 1975; Jago, 1967, 1977; Ahmad,
1980; Perwin et al., 1983).

To the west of Sind are the Kirthar
Mountains and northwestern areas adjoin-
ing the Kalat Division. These are dry and
arid, with Palaearctic topography. The eas-
tern region consists of the sand belt stretch-
ing from the borders of Bahawalpur (Pun-
jab) to the Runn of Kutch and is part of
the Rajistan Desert, called Thar. West of
Thar lies the Deltaic area, with rich alluvial
soil crossed by numerous river channels.

The following study was carried out on
the distribution, incidence, and important
host plants in order to bring the knowledge
of Acrididae of Sind up to date.

MATERIALS AND METHODS

This survey of Sind was carried out from
October, 1983, to April, 1985. During this
period six trips were made on different dat-
es in the various districts.

The species incidence was determined by
taking about 400 sweeps throughout each
area of Sind (an average of 30 sweeps in
each district during each trip) with an in-
sect collecting hand net of 8” diameter and
20” depth.

The collected material was preserved by
conventional methods and deposited in the
Department of Zoology Museum, Univer-
sity of Sind. The system of classification fol-
lowed is that of Uvarov (1966). The names
recently proposed by Vickery and Kevan
(1983) for the subfamilies Calliptaminae,
Hemiacridinae, and Oedipodinae are used.
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Table 1.—Total numbers of Adults collected in a average of 2400 sweeps

DISTRICTS
Group and species Karachi Thatta Dadu Hydera- Badin  Thar- Sanghar Nawab- Khair- Sukkur Shikar- Jacoba- Larkana
bad parkar shah pur pur bad
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Dericorythinae
Dericorys tibialis
(Pallas) 1 - 9 - - - — - - - - — =
Oxyinae '
Oxya hyla hyla Au-
dinet-Serville — 14 8 2 7 1 — 1 — 2 18 271 183
O. fuscovittata
(Marschall) - 2 — — 4 1 — — — 1 2 2 2
O. bidentata (Wil-
lemse) -1 -1 - - - —- - — — — 4
O. velox (F.) -1 - - - - - - — — 1 — 2
Euthyminae (= He-
miacridinae)
Spathosternum pra-
siniferum (Walker) 1 5 10 21 16 14 10 5 9 16 2 2 23
Tropidopolinae
Tropidopola longi-
cornis longicornis
(Fieber) —- (- - - 1 - - - - 1 - - 2
Cyrtacanthacridine
Schistocerca gregaria
(Forskal) e
Anacridium aegyp-
tium rubrispinum
B. Bienko - (— 4 - - - - - = = = = —
Calopteninae (=Cal-
liptaminae)
Acoryha glaucopsis
(Walker) - - 4 - - - - — - - - — —
Eyprepocnemidinae
Eyprepocnemis ala-
cris alacris (Audi-
net-Seville) — — 1 1 5 - - - — — 1 - 7
Choroedocus’ illu-
stris (Walker) - V-1 - = = = - = - - — 1
Ch. robustus’ (Au-
dinet-Serville) - — 5 7 2 - - 2 - - - - —
Ch. capensis’
(Thunberg) - - 12 - - 1 - 2 - - — - —
Heteracris (s. str.)
adspersa (Redtenba-

cher) - = = = - 2 = — - 1 1
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Table 1 (Contd.).—Total numbers of Adults collected in a average of 2400 sweeps

DISTRICTS
Group and species Karachi Thatta Dadu Hydera- Badin  Thar- Sanghar Nawab- Khair- Sukkur Shikar- Jacoba- Larkana
bad parkar shah  pur pur bad
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Catantopinae
Catantops pinguis
innotabilis (Walker) — — 2 @ — — — — — — - — — —
Locustinae (= Oedi-
podinae)
Hilethera aeolopoid-
es (Uvarov) — — 1 1T - — — 2 4 - — — —
Aiolopus thalassinus
(F.) 34 8 33 20 19 17 30 20 4 21 10 2 108
A. thalassinus tamu-
lus (F.) 21 2 9 5 6 6 8 4 3 3 1 — 4
Trilophidia annulata
(Thunberg) 1 12 9 18 12 3 9 1 6 14 2 3 19
Locusta migratoria
L. - (- 4 - - - - - - — - — 8
Oedaleus rosescens
Uvarov _ =1 5§ - - - - - - - - —
Scintharista notabilis
(Walker) - Y1 - - - = = = = = = —
Mioscirtus wagneri
rogenhoferi (Saussu-
re) —_ - 6 3 - 7 - - - — - - —
Acrotylus humber-
tianus (Saussure) -2 19 — — 6 5 1 2 2 - — 1
A. longipes Char-
pentier - 2 19 — — 6 5 1 2 2 - — 1
A. longipes subfas-
ciatus B. Bienko _ = 7 = = = = = = = = - -
*Sphingoderus cari-
natus (Saussure) = T
Sphingonotus sa-
vignyi (Saussure) 8 59 - - - - - - - - - —
S. rubescens rubes-
cens (Walker) — 6 S5 - - - - - - - - - —
*Sphingonotussp. @ — — 4 — — — - — — 1 — — —
Truxalinae
Truxalis eximia exi-
mia Eichwald — 1 2 1 - - - - 1 - — — 1
T. grandis fitzgeraldi
Dirsh _ 1 - = - 2 2 - - - — — 1
Acridinae
*Gelastorhinus semi-

pictus (Walker) _ - - 7 - - 2 1 - — - - —
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Table 1 (Contd.).—Total numbers of Adults collected in a average of 2400 sweeps

DISTRICTS

Group and species Karachi Thatta  Dadu Hvdera-

bad

Badin

Sukkur Shikar-
pur

Jacoba- Larkana
bad

Thar- Sanghar Nawab- Khair-
parkar shah pur

1 2 3 4 5

6

7 8 9 10 11 12 13 14

Acrida exaltata
(Walker) 4
Oxypterna afghana
Ramme

O. akbarii Moeed
Phlaeoba tenebrosa
Walker

Duroniella laticornis
(Krauss) 4

Gomphocerinae
Ochrilidia geniculata
(Bolivar)

O. gracilis gracilis
(Krauss)

Aulacobothrus lu-
teipes (Walker) 1 6

17 10 32

15

37

— 2 3

15

22

14 20 18 3 7 S 3 27

=N
(=)}
(98]
oo
—

35

(1, 2, 3 earlier named as Heteracris illustris).

(H. robustus and H. capensis respectively, as reported in personal communication by Kevan in 1986).

RESULTS AND DISCUSSION

A total of 42 species of grasshoppers
were collected, and their distributions at
district level are shown in Table 1. The spe-
cies Acrida exaltata (Walker), Duroniella
laticornis K., Aiolopus thalassinus (F.), Tri-
lophidia annulata (Thunberg), and Spathos-
ternum prasiniferum (Walker) occur in all
the districts, while the majority of the other
species is restricted to their respective dis-
tricts.

Most of the species were collected from
grasses, herbs, and shrubs. However, some
species, e.g., Acrida exaltata, Aiolopus tha-
lassinus thalassinus, A. thalassinus tamulus
(E.), Oxya hyla hyla Serville, O. velox (F.),
O. fuscovittata (Marsch.), O. bidentata Wil-
lemse, Ochrilidia gracilis gracilis (Krauss),
Eyprepocnemis alacris alacris (Serville),
and Choroedocus robustus (Serville) [ear-
lier named Heteracris robustus, as reported

in a personal communication by Kevan in
1986] were collected from cultivated rice,
sugar cane, maize, jowar, and wheat fields,
where they are regarded as a minor pest.

Table 1 also shows the incidence of adult
grasshopper species in the various districts
of Sind during 1983-85. The most abundant
species was Aiolopus thalassinus, forming
more than 20% of the total number of all
the grasshopper species collected, followed
by Duroniella laticornis (19.62%), Oxya
hyla hyla (13.8%), and Acrida exaltata
(9.54%), while the single collected indivi-
duals of Scintharista notabilis (Walker),
Sphingoderus carinatus (Saussure), and
Sphingonotus spp. were considered rare.

Moeed (1966, 1971) collected a single fe-
mal of Phlaeoba tenebrosa (Walker) from
Hyderabad District. We have collected a
fair number of this species from the other
districts of Sind and thus confirm its pre-
sence. The distribution of Oxypterna ear-
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lier reported from Hyderabad only by
Moeed (1966, 1976) and Ahmad (1980), has
been extended to Tharparkar, Sanghar, Na-
wab Shah, Khairpur, and Jacobabad Di-
strict of Sind. In addition, the distributions
of many of the previously recorded species
have been extended.

Species recorded for the first time from
this area are Dericorys tibialis (Pall.), Mios-
cirtus wagneri rogenhoferi (Saussure), Scin-
tharista notabilis (Walker), Sphingoderus
carinatus (Saussure), Sphingonotus sp., Ge-
lastorhinus semipictus (Walker), Oxya fus-
covittata (Marschall), O. bidentata Willem-
se, Choroedocus illustris (Walker), and
Tropidopola longicornis longicornis (Fie-
ber).
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Aportacion al conocimiento de la fauna de ortopteros,
mantidos y fasmidos de la zona occidental de la provincia de
Guadalajara (Espana)

M.V. PEINADO, J MATEOS, y J.J REY
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RESUMEN

Los ortopteroides de la provincia de Guadalajara han sido muy poco mues-
treados, sobre todo en esta zona, que incluye la reserva natural del rio Sonsaz
y estd préxima al gran nucleo de presién urbana de Madrid. Aparecen citas dis-
persas y escasas en la bibliografia (Navas, 1902; Harz, 1969; Gangwere and Mo-
rales 1970; Presa, 1976; Herrera, 1982; y Llorente, 1983). El trabajo recoge los’
resultados de muestreos en 20 puntos aleatorios realizados desde los meses de
Mayo a Octubre de los afios 1985 y 1986.

Palabras clave: Orthoptera, Mantodea, Phasmatodea, biogeografia, Guada-
lajara, Espana.

ABSTRACT

Despite this area’s proximity to Madrid, including the natural reserve of Son-
saz river, there is a poor knowledge of it, due perhaps to difficulties of transport.
There are only a few literature records (Navés, 1902; Harz, 1969; Gangwere and
Morales, 1970; Presa, 1976; Herrera, 1982; and Llorente, 1983). This paper shows
the results of samples taken from over 20 randomly chosen sites from May to
October during the years 1985 and 1986.

Key words: Orthoptera, Mantodea, Phasmatodea, biogeography, Guadalaja-
ra, Spain.

INTRODUCCION cientes todos ellos a la dltima provincia ci-

tada (Mapa 2), contabilizando mas de 300

Durante los anos 1985 y 1986 se realiza-
ron campanas de muestreo en el macizo
oriental del Sistema Central, entre los me-
ridianos U.T.M. 30TVLS y 30TWLO y los
paralelos 30TVL2 y 30TVL7, un cuadrado
de 50 km de lado (Mapa 1). Se escogieron,
mediante un programa de ordenador, 40
puntos aleatorios de muestreo en esa zona,
que comprende parte de las provincias de
Madrid, Segovia, y Guadalajara. Este tra-
bajo aporta los resultados de los primeros
20 puntos de muestreo estudiados, pertene-

ejemplares adultos capturados. Se han
identificado 8 especies de Tettigonoidea, 2
de Grylloidea, 12 de Acridoidea, 1 de Man-
todea y 2 de Phasmatoptera. Salvo aquel-
los casos en los que se indique lo contrario,
todos los ejemplares han sido recolectados
por J. Mateos.

Para la determinacién de los ejemplares
se han utilizado las claves de Bolivar
(1898), Harz (1969, 1975, 1976), Clemente,
Garcia y Presa (1973), de la Cuadra (1973),
Presa (1977), Soltani (1978), Llorente
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(1983). Bermejo. de la Fuente y Peris
(1974), Pinedo (1984). Peinado (1984.
1985).

RELACION DE ESPECIES

Mantodea: Mantinae
Ameles spallanzania (Rossi, 1792)
Localidad 17. Mes: 8.

Phasmatoptera: Pachymorphinae

Leptynia (Lyptynia) hispanica (Bolivar,
1878)
Localidade