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MEETING INFORMATION 

1 I 6TH INTERNATIONAL MEETING OF 
THE ORTHOPTERISTS ' SOCIETY 

Hilo, Hawaii, USA, 1993 

S. K. Gangwere, Organizer 

The Organizational Committee of the Orthoptaists' Society pmudl pe~aru iw 6th hanational Meetin . conv- 81 h e  d ~ e g a  of Contin- 
uing Education and Community Service. University of Hawaii. Hilo. Aawaii (967204091). UHH canpus 8entu. Augua26.1993. 

SPONSORSHIP 

The 6th Intanstional Meeting of the Onhopterists' Society is m-sponsored with thc Univmity of Hawaii/Hiio Conferaxe Contor. the Dqmi 
ment of Biology of the University of Hawaii/Hilo. Hawaii Community College Genenl Educuion Division. Univaxity of Hawaii at Hilo Co l l ?~  
of Agriculture, the D e p m e n t  of Entomology of the Bishop Museum of Honolulu, Oahu. and thc Dcpammt of Enmnobgy of the Univcmty 
of Hawaii/Manoa 

SECTIONS 

Meeting seniona, each consisting of a symposium and wnuibuted papers, are organized withii the following dii iplies,  along with in-title 
p ~ t a t i o n s  and poster sessions: 

Section 1: Bio~mics.  Conml. and Ecology (BCE) 
Section 2: Physiology. Morphology, and Behavior (PMB) 
Section 3: Systematics. Biogeography, and Evolution (SBE) 

ORGANIZATIONAL COMMITTEE 
Local Arrangements Chairperson: 

Fred D. Smne. General Education Division. Hawaii Community College. Hilo. HI 96720. USA 
Scott Milla. Bishop Museum P. 0. Box 19000-A, Honolulu. HI 96817. USA 
DeLnrah Ward. Hawaii Institute for Tropical Agriculture and Humw Resources. 875 Komohana St.. Hilo. HI 96720 

Committee Members: 
Janet Babb. General Education Division. Hawaii Community College, Hilo, HI 96720. USA 
Godm K~hida. Depamnmt of Entomology, Bishop Museum. P. 0. Box 19000-A. Honolulu. HI 96817. USA 

Conference Admfnlstration: 
Judith Fox-Goldstein and Karen S. Niggle. University of Hawaiiiilo Conference Center, Hilo. HI 96720.4091, USA. (808) P33-3555; FAX 

(808) 933-3684 

Meeting Organizer: 
S. K. Gangwere. D e p m e n t  of Biological Sciences. Wayne State University. Debit, MI 48202. USA 

Rcsldent: 
Dwiel One. Depanmmt of Entomology, Academy of N a t d  Sciences, 19th a d  the Pukway. Philadelphia, PA 19103, USA 

REGISTRATION 

Registration, check-in tables. packet pickup. and tickets for optional activities/meals are at the lanai of the Camps Center Building. All 
cipants including symposium speakers me required to re ister formally. hut aceom anyin dqcndents register only for me& and lodging. 

~ s t r a t i o n s .  confirmations. and refunds are the responsibifity of the Univad of fiawaiiiilo Conference Center, College of Continuiing 
Education and Community Savice. Hilo, HI 96720-4091. tel. (808) 933-3555. (808) 933-3684. The regismation fee is $125 p a  person, 
except for students. whose regismation is $75 each. A $25 late fee is usessed each participant whose registration form is post-mked dtu July 1. 
1993. All costs are in dollars (US currency). Those staying in cmlpur housing m y  p r o d  dtaCt1y to thc facility Olu the Confame Centa has 
designated for them. 

MEETING ROOMS 

Meeting moms 301.306.313. and 316 Cam s Center. each with overhead- and 35-mm pojst ion eqnipmenk are to be used for thc scientifii 
sessions; the r h i  floor lobby of the Campus P" enter for poster sessions; room 313. Campus Ccntu. for the &v@g Bosrd,mesting; mom 306. 
Campus Center, for the sociery business meeting; and the 3rd floor of the Camps Cater for regismuon. The opaung rexpuon a d  thc bmqbsuluet/ 
closhg ceremony are scheduled for room 301 of the Campus Center and the Campus Center Cafeteria respectively. The University of HawW 
Hilo Center reserves the right to relocate any of the above io an alternate. appmpriate facility. 

ROOM AND BOARD COSTS 

The Ornanizinn Committee recommends that omticioanw use miversitv accommodations because they are less exw31sive than I d  hot&. 
and they me mor~con~enient to the meeting site.' ~ o s i  at the University df HawaiiIHilo Conference ~ e n k  f a  8 c 
per da are $270 pn penon. Suites have two separate bedrooms (single beis), with a connecting balh for 8 told 
suite. &c cost of a private bedroom ~ i t h  shared bath is 5430 per pcnon. Subject to availability. dormitory housing. 
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is available at a cost of $210 per perm. The mst is $300 pa person for a private dorm room. Domu include two bsdr. with rhned b.thrc.m~ 
down the hall. 
Check in is on Sunday. August 1 or later, and depuhuo is on Sahuday. August 7 or earlier. Cunpu  housing for rhorrar piodd of time is of- 

f e d  on a space-available basis after July I. Costs for iho l a m ,  increw dcpading on the number of empty beds in the - or uniL H d h g  
costs inch& neithez the optional opening reccpdion nn the optional c W i  bfaquat. Meah are 8I the Hale Kehau Cafelam or a the Camp 
Cawr Cafeteria both conveniently located to the meeting spme. Thm are no restaurants within walking disvm~ of cunpu, so spm3.l hutch- 
only md lunchldinner pas~a are provided for those residii off camps. The lunch only par& valid August 26 ,  wsts $40; chs l u n c h l ~  pars. 
valid for lunch during August 2-6 and for dimex ~ugusl2-Jf msts 368. AU meals nrc m e d  "buffetatyk" on an "all you can eat bum", anth rsc- 
oa6 allowed. Vegetarian selections are available. 

RECEPTIONS 

The o p i n g  and closing receptions an listed as optional on the regishation form. The oping reccptionlmixa, m Maday, Aupst 2, costs 
$20 per parson. The Ridfy. August 6 conference, banquet and closing ceremony, with m w  and alcoholic d nonalmholic refreahmu costs 
$25 per pason (all costs m dollars. US currency). 

PRESENTATIONS 

Spsalrm are ta use sunded 35 nun slides a overhcad projectors. Thce who r uire rpsial ent must psVi0uly have mde thii Ileeb 
b w n  at the time of submission of absaacts. Poster contributions are encouraked9%ostus s h o u m e x e c e d  s m d d  dimensions (110 x l l O m  
rq) and are to be h w  by thunlb lacks or staples. They should include poster iltle. author nmels, irutitulinJs. city. and country. The text should 
be succincL undenLandable w~thout accompnymg oral explanation. and readable within a distance of 2 m. Presentations may .Iso be r e d  in title 
if the authorh are unable to or do not wish to deliver them pasonally. 

PUBLICATION OF MANUSCRIPTS 

All invited and mhibuted papas written in on of the ha off~irial lanpua a (English French Spanish) will be pesr mviewd ad amaid- 
end for publication in their entire1 in the 6th Proec6din8s a the J ~ ~ M I  of 8rr u a  Rwaonh. They will qualify f a  p u b l h t h  at the ex- 
pense of the authorhlhors (L) if k authorls is/are members of the Onhopterisu' 9' &sty. (2) if mxived 81 the Diieuuue within the July 1. 
1993, deadline. (3) if accompanied by an abst racthem in m ortcial language. (4) if in com limes with h e  Scciay's format, Md 
(5) if they plss strict ediuninl review by specialists in the Rcld in question. Papm read in ti& also qualify for pub m in full upon s ~ f n c -  
tion of thue criteria P which do not satisfy the a i la ia  are to be published in sbsoaa form on1 All pbliutiona. inclulhg I ab 
sham. PE subject to a g r - p a g e  charge due with reprint order. and I page abstracu will k charged $e minunalS20 page charge. A$&u . . . . . . - - - 
PE in Qllm (US cwrency); 

CONFERENCE AND POST-CONFERENCE FIELD TRIPS 

Several mnfaencc field trip aganized by Local Amnganenls Chkpuwn hcd Stone and his canmius* mordhutsd by the Univaisy of Ha- 
waiiMilo Conf~enca Center. ae aanged f a  h e  afkmon end evening of Wednesday. Aug. 4. See anadunents Wl- W. PPlicipants me rrquLed to 
sign 8 lidili waiva. The Local Anan nvnts Ccinmittee has also or mired sevenl p t d e r c n c e  field lrip designed to swcy the W or- 
mopleroid h&W. see anachmenrs PI - & Tor the Sansday trip ipa md4!01 Ihe Sunday/Morday/rwsday hip. As Won. 8 liability w i v e  is q u i d ,  

ACCOMPANYING PERSONS PROGRAM 

Spouses and othw family members are cordially invited to accompm pmticipants on the above trip, subje~t to avdnbility of ip .~o.  There an 
many other interesting things to do and fsrcinatin laeas m visit. S i i a t x b g  tours IO the island and its vokmmu, as well as rhoppine corns. 
have ken manned bv the Universitv of ~ a w a d f o  Conference Center in collaborltion with the O n h o m  Societv'r Lwl Arrmanents 

HEALTH AND ACCIDENT INSURANCE 

Par t ic i i t s  n not provided health insurance coverage but may wish to mange for an inexpensive prsorul policy to meet any unexpected 
medical emergencies. 

TRAVEL INFORMATION 

Conference Site 
The 6th Inmmional Meetin is being held a~ the University of Hawaiiiilo (UHH) c a m p  on the island of Haw& ths "Big Island," with 

318 miles of coastline and 4.03tsquare miles of varied topography and climate. The island indudem desm bog. nin f- montane (over 13.W 
feet), end coastal eco stems The city of Hilo is a $iet place, with a population of about 35.000 inhabitants. It is located on the island's wind- 
wnd side in easy reae? of rai;~ forest and volcano b d nip sites. The island feanues a m i x l w  of eastem westan, and native Hawiian culauss. 
Tho UHH Conference Cater will gladly provida a list of selected Big Island hotels and other facilitk should you wish to extend your trip for va- 
cation purposes. 

United Airlines has been chosen by the Onhoptsirts' Societ) to sane as official canier for the 6th International Meeting. At its Meew Rcrcr- 
vation Canter. Unitcd has dedicated roscrvationists on duty 7 days s weel; from 7:W un to l:W am EST. Your uavel ant a y w  ibould call 
United st tel. 1 (8W) 5214041 and provide the resewationist the Meeting ID Number 529QA which assured the society 3rsceiving the most fa- 
vorable possible rates and sewic8. Your fiinl destination should be Hilo Airport rather Uun Keahole (Kona)  air^ louted 2 how from Hilo by 
car. Both Hilo and Kona are accessible by interisland air carhers. No mainland cawias fly directly to Hilo. bui United Airlines provides inmi& 
land service to Kons, plus direct flights from the mainland. Hilo A k t  is served by Aloha Airlines and Hawaiian Airlines. with cnvlgtionr to/ 
from dl the major Hawaiian islands. 



MEETING INFORMATION 

BAGGAGE HANDLING 

Route your luggage from the point of departure to Hilo unless you are staying ovemight in Honolulu: otherarise you must retrieve yow lug- 
age at the main terminal in Honolulu, cany it on the shuttle bus to our intaisland tmnkal. and recheck it with the interisland cwier. Airport 

%aggrge tags should list the fmal destination as Ito (Hdo). Travelers zom outside the United States musrreceive their bags in Honolulu fm a GUS- 
toms check prior to flying to Hilo. 

AIRPORT TRANSFER 

Allow at least 1 hour between fli hts to change terminals in Honolulu if you are flying through that city to Hilo. Exit the main Honolulu ter- 
minal and wait at one of the ~ i i - g i k i  stops for a shuttle bus. free of charge. Buses leave at 15-minute intervals for the interisland terminals. 
There is a m i  telephone stand at Hilo A i i ~  

REhTAL CARS 

Public transport is limited. Taxis are available by tel hone. but you may wish to rant a car while on theBig Island. giving you the additional 
mobility needed to see other parts of the island. A rentTcar is, however. a necessity only if you elect to live or eat off campus. Owing to otha 
conferences underway at the same time as the 6th Meeting, and to numerous vacationers. rental cars are often difficult to obtain, The several cmn- 
psnies listed below may be wntacted for M e r  information. The United Airlines Meeting Reservations Center can provide a~special Hem rate 
for participants making reservations through Meeting ID Number 529QA. 

Rental Agency Hllo phone # Kona phone # US or Worldwide phone # 

Alamo 
Avis 
Budget 
Dollar 
Hem 
National 
Sunshine 
Phillips 
Tropical 

PACKING 

The Big Island embraw over 20 different climatic zones ranging from tropical rain forest to alpine slope and from desert to bog. The two main 
volcanoes reach nearly 14.000 feeL Pack clorhing accordingly. The average high temperamre in Hilo is in the low 80's and the avaage low is 
70". Regular 10-15 mph trade winds and cool ovemight temperatures make air conditioning optional. Most homes. restauranu, and the campus 
residence halls are not air conditioned. Hilo, with an average rainfall of 150 inches per year, enjoys the distinction of being the rainiest city in the 
United States. Fortunately, mosr of this precipitation occurs at night, but visitors should include umbrellas and raincoats. 

RECREATIONAL OPPORTUNTITES 

Tours are available to exolore the Bie Island's black. white. and ereen beaches. sea cliffs. volcanoes. and even snow fields. The d e a  sea fuhhn 
and snorkeling are fantastii. ~umerous"historical sites, relics; andhd towns can be seen. The local economy includas madamia  nut 
orchid anthunwn. tropical h i t ,  sugar cane, and coffee production, and cattle ranching. all of which can be visited. 

CAMPUS FOOD SERVICE 

There are m offcampus restaurants within walking distance of campus, so plan to buy a campus meal package (see above) if you do not rent a 
car. 

METHODS OF PAYMENT 

Advance notice and payment in dollars (US currency) are required for housing/meals/optional activities. You may ay by personal check. cash- P ier check. money order, travclcr check, or purchse order, bul no1 by credit card. Make checks ayablc to: Research orporation of the U~versity 
of Hawaii. in care ofi 6th lnrcrnational hlecting of the Orthopterists' Societ). UHH-CCECS. d lo ,  HI 967204091. Registration s.lmowledgrnent 
is the responsibility of the UHH Conference Center. 

REFUND POLICY 

Refunds will be issued by the UHH-CCECS Conference Center, Hilo, HI 96720-4091. within a reasonable period following the conference. Re- 
funds are not issued for missed meals of a meal package where registration is not formally canceled. for optional activities where registration is 
notcanceled, or when cancellation is given with insufficient time to negate the cost. No cash r e h d s  are generated. There is a $25 charge fm ca?- 
ceuation I5 a more days prior to the conference, a $50 charge for cancellation 8 to 14 days pior to the wnference, and no refund is made withm 
7 days of the conference. 

FURTHER INFORMATION 

Contact Karen Niggle. UHH-CCECS Confercncz Ccnter. Hilo. HI 967204091. tcl. (808) 933-3555. FAX (808) 933-3684. for additional infor- 
maion on (1) Hilo hotcls. (2) cnmpui llodcing lor additional nights prlor lo and following the conference, and (3) spouse/family tours. 



PROGRAM 
Sunday, August 1. 

Arrival 27. A. V. Latchininsky 
28. 0. L Baker and R. Pigott 
29. A. V. Latchininsky 

Monday, Augost 2. BREAK 
8:00 - 1010. Attendee registration (mom 301. Campus Cater) 30. L.Barrimm 
9 0 0  - 10:30. Board mecling (mom 313. Campus Centa) 3 1. A. Fard and M. Esmaili 

Residii: OS Residuu D. Oue 19:W - 21:00. Society busimss meatin (mom 306, Campus C W )  
1030 - 12:M). Opening session (mom 306. Cunpua Colter) Residmg: os Resident b OW 

Moderaun: OS Executive Director S. K. (I8ngwere 
Wednesday, August 4. 

Welcoming m.rlrs: OS Resident D. Ouc 
Wekomin maks: UHH Chancellor E. I. Kormondy 
~ ~ y n o l a  &Iress: F. 0. Howuth 

1. C. Santia o-Alvaru 
2 W. D. ~afovage 
3. Prnel discussion 
BREAK 

18:M). BionomicsEControVEeo1ogy 
Modentor: A. Joan 

R. Fanow 
M. M. C i a o  el d. 
1. A. onsager 
1. A. Lackwood 
Panel discussion 

Symposium, oont 

1900 - 21:00. Reception and mixer (mom 301. C a m p  Colter) 

In-title presentations (3rd floor lobby, Campus Center) 
9. J. L. Castner 

10. S. K. Can wae  and D. 0. Spiller 
11.Bamaba.s k agy 
12. M. S. Wagan er a/. 
13. M. H. h o b - h m g  

Postera (3rd floor lobby, Campus Center) 
14. S. Sakai 
15. F. D. Stone. F. Howanh P. P. Aye. and 0. Nakasato 

Tuesday, August 3. 
Bionomics/ControVEcology Symposium, continued 

900  - 11:W. Modexator: 1. A. Lockwood 
16. M. P. Penu 
17. M. Harb 
18. A. Ioem 
19. M. Baumger 
BREAK 

11:00 - 1230. BionomicsKonuoVecalogy Symposium. mnr 
Moderator: A. Jwn 
20. H. 1. F e r n  
21. 0. cunn&ham 

23. 22. Panel H.w$ lseuss~on . 
1400 - 17:OO. Contributed p a p  

Moderator: T. 1. Cohn 
24. A. V. Latchininsky 
25. A. Ferd 
16. M. 1. Samways 
BREAK 

900 - 12:M). Physiology/Ocnetic6/Behavior S ium 
Organizers: R. F. Chapman and R. G. ~lrndmPOl 
Modmaror: T. I. Cohn 
32. W. I. Bailey 
33. D.T. Gwyrme 
34. T. Zera 
35. R. G. Bland 

14:M). Afternoon field rrip 

Thursday, August 5. 

900  - 1230. Contributed papers 
Moderator: W. 1. Bailey 
36. A. Ayali er a/. 
37. E.-B. Ma ef d. 
38. S. Masaki 
BREAK 

39. A. M. Munay and W. H. C d c  
40. T. L. Hopkins 
41. D. A. Nickle and 1. L. Casmcr 
BREAK 

42. L. W. Simmons 
43. J. D. S oner 
44. D. C. r ~ a t z  
45. T. E. Shelly 
46. M. Niedzlek-Fcaver 

1400 - 17:OO. Systematics/BiogeogrlphylEvolution Symposium 
O l ~ a n i Z ~ :  D. C. F. RmIZ 

47. L. H. Field 
48. D. Ouc 
49. L. L. Lowe 
BREAK 

SO. S. Ingrisch 
51. I. Kukdova-Peck and D. C. F. R a t z  
52. 0. Cassis 

Friday, August 6. 

900 - 1200. Contributed papas 
Modentor: D. C. P. Rcntz 

53. L. Amaral de GambPdcUa 
54. M. G. Sergeev 
55. L. DeSunaGrmdcolas 
BREAK 
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59. M. 0. Sergeev 
60. C. C. Hsiung 
61. S. B. Peck 

1930 - 21:30. Corlferam dimrr and clos'i cerenumy 
(Campus Cwua  Cafeteria). 
Modator: OS Executive Direcm S. K. 0- 

9 0 0  - 12:oO. Conaibufedpapers R m m k s  OS Resident D. Oue 
Modeattor: D. C. F. Rentz Rentz and Recognition Awards, d m d  by D. Olra 

62. N. Ueshima and D. B. Weissman Residential address: OS incoming President D. C. F. R a b  
63. P. M. Johns Conference closure 
64. M. G. Sergeev 
BREAK Saturday, August 7. 

65. T. Wang tkp~we/Optional  FieId T r i p  
66. A. L. Bmtos-Pereira and E. Loria 
67. K. L. Shaw Aloha! 

CONFERENCE PARTICIPANTS 
T h  following L o  litr of confuence pwtici mus and the sectionr. Tony, in which are xheduld forpraenmionr. B C E p u t a i ~  to the Bio- 
Mnics, Confrol, and Ecdogy Section; P C i  the ~hyriology. G~MI ICS,  and Behrrvzecfion; SBB th. S y ~ i c s ,  Biopeo#raphy, and E d d n  
Sation: 1 indicates inritIepreseMoTionr: and P indicatespanns. 

Johns. P. M. NEW ZEALAND. SBE 
Agspova. 0. A. See S a  eev ~a l&s .  T. M. Sec Ciliano 
c mad de Gambardellh$reley. URUGUAY. SBE Kazakova, I. G. See Sageev 
Ayali Amir. E. Golmsa. and M. P. Pmer. ISRAEL. PCB Kern". W. P. See Cinlinm 

Bailev. W. 1. AUSTRALIA. PGB 

r .  ' . -  - - --- -- 
~ o - i o n d ~ ,  E. J. USA. Opening Session 
Kukalova-Peck, J m i l q  and D. C. F. R e n ~  CANADA and 

AUSTRALIA. SBE 

Latchininsky, Alexandrs V. RUSSIA. BCE 
Launois-Luo M. H. FRANCE. I L i i  GeQiu. CHINA 
Lockwood, J%ey A. USA. BCE 
L a i a ,  Esbellita. See Bmtos-Pereira 
Lowe, Lynette L. M. AUSTRALIA. SBE 

Cads William H. See Murray M h  En-Bo. Ya-FSn Guo. and Zhe-Min Zheng. CHINA. PGB 
c a ~ ~ i s .  G. AUSTRALIA. SBE  MU*^ sinto. JA~AN.  PGB 
Castner. James L. USA. I: also see Nickle Mumy. A. M.. and W. H. Cad.. CANADA. PGB 
Cigliano, M. M., W. P. Kemp, and T. M. Kalaris. ARGENTINA and 

USA. BCE Nagy. B. HUNGARY. I 
Ciiano.  M. M.. R. A. Rondems, and W. P. Kemp. ARGENTINA and Nakuou, Onr See S m e  

USA. SBE N a h  Susanu See H.ldar 
Cohn. Theodore 1. USA Nickle, David A.. and lama L. Castnu. USA. PGB 
Chmh&m, Gary L. USA. BCE Niedzlek-Feavu. Mar ime  W. USA. PGB 

DeSuuer-Gmndolas. Lawe. FRANCE. SBE 

h a i l i .  Mnteza See Fard 

Fard Parvaneh h y e h .  IRAN. BCE 
Fard Parvaneh. Avn, eh and Moneza h a i l i .  IRAN. BCE 
F-W. A. AYSTRALIA. BCE 
Faenz, Hans 1. GERMANY. BCE 
Field, Larry H. NEW ZEALAND. SBE 

Gangwere, S. K.. and D. 0. Spilla. USA. 1 
Oolenser, E. See Ayali 
Grandwlas, Philippe. FRANCE. SBE 
Guo. Ya-Pig. See Ma 
Gusachenko, A.M. See Sageev 
Gwynne, Darryl T. CANADA. PCB 

Haldar, P.. and Susanta Nath. INDIA. I 
Hmb, M. EGYPT. BCE 
Hopkins. Theodore L. USA. PCB 
Howanh. Francis. USA. Keynote; also see Stone 
Hsiung. Chia-Chi. CANADA. SBE 

Ingrixh. Sigrid. SWl'EERLAND. SRE 

Jin. Xing-Bao X.-B. CHINA. SBE 
Joem. A. USA. BCE 

Onraga, 1. A. USA. BCE 
Oshim. YaPuhho. JAPAN 
Otte. Daniel and Kenneth C. Shaw. SEE 

Peck. StewartB. CANADA. SEE 
Pener, M. P. ISRAEL. BCE; also ree Ayali 
Pigou. R. See B d e r  

Rentz. D. C. F. AUSTRALIA. POB; also ree Kuhlova-Peck 
Ronderos, R. A. See Cigl im 

Sakai. Seiroku. JAPAN. P 
Samways. Michael J. SOUTH AFRICA. BCE 
Santiago-Alvarez Candido. SPAIN. BCE 
Sergeev. Michael G. RUSSIA. SBE 
Sageev, M. G., L. V. Vysortkaya, A. G. Bugrov. 0. & A  

A. M. Gusachenko. and I. 0. Kazakove RUSSIA. S % T a  
Shaw. Kary L. USA. SBE. 
Shelly. Todd E. USA. FGB 
Simmons. Le' h W. UK. PCB 
Soomm. M. 2 see wagan 
Soomm. N. M. See Wagan 
Spooner, John D. USA. FGB 
Stone, Fred D.. Francis Howmh, Pyone Pym Aye. 

and Ona Nakasota. USA. P 

Ueshima. Norihiro, Md David B. Weissman JAPAN and USA. SBB 
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Vdovage. W. D. USA. BCE 
V i .  Vamn R. CANADA 

Weissmah David B. See Uedhima 
W i b .  H. GERMANY. BCE 

V p & y 4  L V. See Sugeev 
Yamasalti Tsukanc. JAPAN 

Wag- Muhmvnad Saeed. N. M. Soomro, and M. H. Swmro. 
PAKISTAN. I Zers. Tony. USA. PCB 

Wmg. Tisnqi CHINA. SBE Zheng. Zhe-Mm. See Ma 

ORTHOPTERISTS' SOCIETY MEETING FIELD TRIPS 
The Bi Isbnd of Hawui with its wide range of t o p o m  and climates, is home lo diverse endunic inse~s, includi! Tho W 
hips have been planned lo vide maximum exposun to &diversity. ~ i t h o u ~ h ~ o u  will be able lo see and hem native colktin# b dk- 
mrtced unlars it is out ogresearch moiect that does not imact  the native smres  and ecosvs(anr. C o U e c h  is notwmiaed in HMVUI Vol- - 

National ~arlr'or Natural Area k e s k e s  without a special pumit hom the agency &ed. 

Hm. sun lmsed, and sun screen are advised for all outdoor activities in Hawaii Rain gear is recommended fa dl fuld . Prticpno rhDvld 
C W  &g water. warm clolhig, such 8s a sweata or jacket is advised for trip to shes at &vations of mars than 3' m. F-CI rhouldbs 
appropriate for hiking over rough, tineven andlor muddy main. 

WEDNESDAY, AUGUST 4,1993 - Afternoon and AfternooniEvenln~ meld Trips 

Cost: $20.00 (includes transportnrion and s m k j  

These f i l d  trips, which are or co@rencrp&ic' anfs only, are limifed to I5 persons each. Trips will befilkd on afirst-~(IOU, st served bo 
sis soplease rndimr yourjfvst, second, and rhirfChoicCS offield trips on the re8inrmkm billing form. ~ e t u r f ~  UM f(IIm adfir trp fu wilh 
your conferencepaymmt. 

I!?: 

W1. HAWAII VOLCANOES NATIONAL PARK. Focus on conservation biobky of native insects in HVNP dong &ails in the Olaa md M u  
(Bird Park) rainforests. Lsadsr: David Fook enlomobgist wilh the reswch divsion of Hawaii Volcanoes Nuanal P8k. Elevslion: IUW) m. 

W2. KAUMANA CAVE. Focus on cave adapted s p i e d  of Nemobiine crickets in h a n a  Cave and olhu auiunic ' in rainforssl mean 
along the Saddle Road Recommended mire is kmgpan~s. Hcbuts,/loshli~htsS a d  somc hcodlights will b c p r 0 v i d e d . z :  hank How& 
entomologist with tha Bishop Museum in Honolulu. md Fred Stone. Hawui Community College. Ekvawn: 270-1200 m. 

W3. VOLCANO RAINFOREST. Focus on native species of plank mvawbrates. and birds in rainforest areas n u r  tha vilhge of Volcwo. Lad- 
n: W. P. (Bill) Mull, noted photographer of insects and spiders. rainforest naturalist and research associate in enmology with the Bishop Mu- 
seum in Honolulu. Elevation: IOOO m. 

W4. PUU MAKAALA RAINFOREST. Focus on native insects in Puu M h d a  rainfnul along he Slninback Highway. Lads: David Redton 
entomologist wilh tha Bishop Museum in Honolulu. Elevation: 780-1ZKl m. 

W5. U.S. DEPARTMENT OF AGRICULTURE RESEARCH STATIONS. lncludes lours of the Tropical h i t  and Ve etahle Resexch Lmborato- 
ry. which focuses on the~ew!ogy.phy?iology, behavior. aturtants. and munl enemies of fruit fly pests; the National &m Plasm Clonal Reps- 
~tny, which mlleck munuuns. and d s m ~ n a t e s  14 varieties of h i t  and nut crops; and the Waiakea Experimental Farm, which -ducts experi- 
ments on pests of uopical plants n d  flowus. Leaders: Nick Liquido. Francis Zee, and Arnold Hara, with the respective research stations. 
Elevation: 210 m. 

W6. HAMAKUA COAST. Focus on native crickets in rainforests along the H m n h  Coast including Akaka Fdlp and Kalop Stak Park area. 
Leader: Dan Otle. Academy of Nuural Sciences in Philadelphia. Elevation: 0-300 m. 

W7. SADDLE ROAD. Focus on dynamic processes in biotic mmmtmity development in kipkns ckeu of native rainforat that survived re- 
cent lava flows) along Saddle Road, h w c m  Mauna Loa and Mauna Kea volcanoes. Leader: Lani p t e m m m .  botanist with Hawaii Communi- 
ty College. Elevation: 2000 m. 

FAMlLYlCUEST TOURS 

TUESDAY, AUGUST 3,1993 8:45a.m. - 3 0 0  p.m. 

Fl. HlSORIC HILO. A lour of the Lyman H o w  Museum and Mission Hwse provided insight to tha ethnic diversity of Hawaii md tells the am- 
ry of he lives and impact of emly missionariu on tha Bi4 Island Hilo's tsunami @opllmly h o r n  m "tidal waved") hhxy  u e x p b d  kough 

to dsplays and a visit to the tsunami manorial at Walloa Center. Enpy magnificent views of Hilo Bay ud Mama Ku m you walk h u g h  g ' .  
luoknlau Cardas one of h e  largest Japanese gardens outside of lapan. Also mcluded is h e  lo sml l  along the suemu of downtown Hilo 

where ou can shop and eat lunch and a visit to "the biilhplacc of all rainbows'' - Rainbow Falls. Sunscreen-& umbnUls arc ~ n r m m d e d  
Cost: d0.00 (Includes aansportation and admission fees. Does nut include lunch.) 



MEETING INFORMATION 

WEDNESDAY, AUGUST 4,1993 8:W am. - 4:30 p.m. 

EL SUNNY WEST HAWAII. Drive through Hawaii's paninlo (mwboy) mmky on your way to muhhe, spectacular blue-mwaW md ths 6nc 
while smd of Hlpma Beach Slate Park. Con& Nast Travel Magazine m e d  Hapnu Beach one of the top ten beach= in the USA. On Ur way lo 
nnmy wcrrt Hawaii. you will stop at Akaka Falls, whm a d e ~ 3 0 m i m t c e  walk through lush tropical plants md &was will to Ur bng- 
est sheer drop waterfall (420 feet) in the state. Slmsfceen is essential1 B h g  yow swimsuit and toweL Cost $25.00 (Jncluded Irmpmuaon md lunch.) 

THURSDAY, AUGUST 5,1993 8:00 a.m. - 4:30 pm. 

F3. HAWAII VOLCANOES NATIONAL PARK. Views of steaming craters, lava-covered landscape, md native &aM arc +c highlights 
of your Crater Rim drive at the summit of Kilauea. one of the world's most active volcames. The tow includes aops at the park v s i w  -, Ihc 
Thomas. A, Jaggar Museum ovalooking Halemaumau Crater-Kilauea's 400 feet deep summit cnm. md sha t  walks along Devastation Tnil-- 
an area covered by cinder during the 1960 auplion of Kilauea Iki. and through Thurston Lava Tube. Clhs tom does not include the 3 4  how trip 
to the lava-viewing area at the wlsr) Wear c6mfortable walking shoes and k g  swvsrren. The weathex c m  be cool and rainy at the summit m 
a sweata andlor riin jacket are also remmmended. 

- - 
NMC: Pregwu wonw~ andpersons with heart andlor respiratory ailnmushould avoid the sufwic fumes at Hakmaumau crafer. 
Cost: $25.00 (Includes tramportation, admission fee and lunch.) 

FRIDAY, AUGUST 6,1993 8:W am. - 12:W p.m. 

F4. A TASTE OF AUIHA. Eniov a narrated walkinn tom lhrounh Nani Mau Garden. a larne cultivated trodcal nuden fsuurina dmta  md flm- ~~,~ ~ . ~ ~ ~~~ 

ers from various climatic zones. Sample chocolaks &d nuts ihiye cnjoyiig a &lf-guhed low of the Mauna ~ o a k a c d u n i a ~ i i i i i ~ t h e  
la&stproducer of macadamia nuts in the world. Conclude the morning by panic iphg in a lesson in thc art of Haw8iik.n hula (*)I ur 
mmfomble walking shoes. Cost: 520.00 (Includes uwrpomtion and admiision fees.) 

BONUS! BONUS! BONUSI BONUS! BONUS! 

During the conference Hilo professor Fred Stone will lead walks to the campus organic gardm to view introduced ortbopteran species. 

POST CONFERENCE FIELD TRIPS 

Pas cotferenccfieki trips are availabk ro conference participanfs. Gvwts will be m c d e d  on a space avoitable bark. Euch lrip b 
limited to 2Opersanr. 

SATURDAY, AUGUST 7,1993 -One Day Fleld Trlps 

Cost: W.OO (includes transportation, admirrionfies and lunch) 

PI. MAUNA KEA. Travel via four-wheel drive vehicles to the summit of Mnuna Kea, one of the premia .smnomicnl observatory sit- in the 
world. The hi0 will include several stoos at & u h  donc Saddle Road u, exalore native rainforesu for invertebrates md a s t o ~  al the Onizuka ~~~ ~~~ .....-.-.. ..-.. ~- r. -~ ~~r~~ ~- - ~ - ~ ~ e  ----.- .. ~ . .  r ~ . . ~ ~ ~ - ~ ~  ~ ~ ~~~ -~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ -  ~ ~~~ 

Cenm for ~ntknational Astmnomy visitor emm (2800 m elevaion) to acclimatize before ascmding to an elcvuim of nsul h200rn At the 
summit you will tour the University of Hawaii asmnomical fncilily and observe high altirude plant and inscn life on thc s(aX volcanic landscape. 
Lrader Fled Stone Hawaii firnrnamiiw Cnllcoc in Hilo - - - - . . - - - - - -. . ., . . - -.. - - . . - . . - .. ., - -. .- P- -. Note: Due to the atreme dmospherv condrtwm, children under the age of 16, prcgwu wmun.  a n d p s o m  with hem, cwcuLUory. cn 

respiralor) aiImenfs, or who arc smacly overweight, are prohibitedfrm traveling to t k  summil of Mauna Kea. Harsh wedher condi- 
rionr. such as high winds,fieezing fog, and101 SMW can ocrw a the swnmir even in simmer, w warm cbthlng is essemial for this trip 

PZ. HAMAKUA COAST. Explore rainforests along the Hamakua Coast for crickets md otha native invertebrates. Possible dsscirutionr include 
an ohia forest in K h  Stace Recreation Area and the lush Waivio Valley. Trails will be wet and muddy. Leader: Dan Otu. Audany of N.p1Id 
Sciences in Philadelphia. Elevation: 0 - 350 m. 

P3. HAWAII VOLCANOES NATIONAL PARK. Exalore Kilnuea and Mauna Loa volcanoes for native crickets at sites h a  the CrUa Rim ~~~~~ - r ~ - ~ ~  ~~~~~~ -~ ~~ ~~~~~ ~ ~~~ ~~ 

Road. the chain of Craters Road. and the ~ a u n a  Loa Strip Road in HVNP. Possible slops include the Visitor C a m .  Jaggar fiuxum, H~CIIIPI- 
mau cram. Thurston lava Nbe, and native rainforest areas. If conditions permil. pticipanla may be able to wimus d v e  h a  now8 8l the mML 
Leader: Frank Howmth. Bishop Museum in Honolulu. Elevation: 0 - l200m. 

Nofe: Pregnanl women and personr with heart or respiratory ailmenfs should avoid mg (sulfiric gases) and hw (Sewn c / d  Con- 
taining hydrochloric acid droplets produced by the inferaction of lava and seawater) prescnl af HaLmawmu crater and along coasrd 
areas where lava isflowing inlo the ocean. 

SUNDAYIMONDAYrPUESDAY, AUGUST &10,1993 

Cost: $200.00 (Includes oirfucfrom the Big Island of tlmuaii to the Island of Maui. tr~sporfntrim and ho~uing on Maui, and air farcfrMI 
Maui to O h .  Does nar m l d c  meals. Does no! include tronsportalion or a c c o d a f i o m  on Oahu.) 

P4. MAWOAHU. Ry to Maui Sunday morning with licld oip leaders Dan Oue. Academy o f N m a l  Sciences of Philadelphia. md Frmk How- 
anh Bishop Museum in Honolulu. Spend Sunday af temm and Monday exploring for native inwcts in a v a r i q  of habitats a Maui d h ~  feld 
excursions to sites along the Hana Road, on Halcakala, and in lao Valley (elevalions range horn 0 to 3000 m). On Tuesday, fly to Oahu where you 
make yow o m  anangemcnls for field excursions or work in Bishop Museum. 

Nole: You must make your own arrangcmenfs for transportafion and housing whik on Oahu. Yow travel agem or lhc UHH Csferc~(cc 
c r m a  con asskt you, 
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Hilo, Hawaii HotelslMotels I 
ARNOTTS LOME98 Aprpma Road Hilo. Hawaii 96720 

L o 4  apaox. 1 1R milea from the Banym h i v e  hotels. about one block off Khnimmle SmcL T&a K a h i ~ ~ b  S W  a Kcolrarlrar 
Loop m Apapane Road. ?his is a "no frills" hostel-style facility inn wnvensd .p.r(mencWding. Than is a common living morn ad htch- 
en shand by several units. One ba thom per unit. Bvnkr $15/ni ht (4 or mnl bunk perman); upgr* "doublca" twp people 536highC 

(808) 969-7097. 
4 .I, private rooms (one person) $26/nighC two bedroom apsrbnent dotnight (sleep 4 or mars). pay for 6 mghU and the th IS fiaa elcphrmc 

COUNTRY CLUB HOTEL 121 Bunyan Drive, Hilo. Hawaii 96720 
145 mithotel wirh restaurant and cocktail lounge. Locatedon Hilo Bay shorclinc within walking distance of N d a C o u n b y  Club e course. Coarnut Islmd. Liliwkalani Pak, Suuan Fish Auflion, md otha Banyan W e  hotels and reatamants. 1992 rmm ntcs n 9$49 
s i q b  or double (2 double beds). All have air conditioning; some haven :  m e  have k i t cha~ua .  With advmea a p p h h  a d d q m i t  
c m  get monthly nts of 5400. Telephone (808) 935-7171. 

WLPHIN BAY HOTEL 333 Iliahi Street Hilo, Hawaii 96720 
An 18 unit hotel located in an old residential ma fow bloclu from domuom and thrw blodrr &om Hilo Bay. No TV. rir codWmmy),  
in-mom telephones, but all have kitchmeaes and are spacious and clean. Sin4le or double O O N ~ M ~ ~  ntea m 536-596 s m d d  (twm 
S4bS57 superior (queen and twin bed). $67 onc W o o m  apMment (queen s l u  in bedmom and twuu in living momh 577 two bsmwm 
apartment (double bad in each bedroom and twin beds in living room). Telephone (808)935-1466. 

HAWAII NANILOA HOTEL 93 Burvan lkivr Hilo. Hawaii 96720 .... ................ ,-. ..................... 
400 unit tower located on Hilo Bay shoreline within walking distance of Naniloa Counuy Club golf mime. Cormut L h d .  L i l iwkdd  
Park. Suisan Fish Auction, md otha Banyan Drive hotels and restawnnu. Spacious mans. u conditioning. TV. RutawanU and loun$eh 
tennis couns. Rated for single or double occupmxy a c  $96 standard. 51 19 oxshnt, 5154 deluxe. Add 515 for roan and c u  pckagm Tcl- 
*one (808) 969-3333: 1-800-367-5360. 

HIM BAY UNCLEBILLY'S 87 Banyan Drive, Hilo. Hawaii96720 
130 unit hotel located on Hilo Bay shoreline within walking d i c e  of Naniloa Country Club ~ l f  course, Coconut Ialmd, L i l i w W  
Park, Suisan Fish Auction, and otha Banyan hive hotels and restauranu. All rooms air mndiuoned with TV: RcsUurmt axh3 loungz 

iR shops, wpiul gardens. daily hula rhws. Sin le or double oesupnncy rooms llre $59 standard, $64 ru or, $69 579 aam 
!ON. Room and car packages begin at $74. ~ele~kne(808)9615818; 1 ~ 2 - 5 8 4 1 :  Alaska 1-800-36Pf1;;02; C m d .  1-8W-423-8733. 

HIU) HAWAIIAN HOTEL 71 Banvsn I)rive. Hilo. Hawaii 96720 
~~ ,,-. ............. ... 

290 man hotel on Hilo Bay belund Coconut I s l d  and within waking distance of Naniloa C o n  Club golf come, L i l i  % ' PEk. Sui- 
sm Fish Auction. ud other Banyan Drive hotels ud restatrank S iow rooms, air conditioned . RaUlmnt cocktail b 
1992 ratu for siqlddouble occupancy re $99 Banym view; 5lZm view as a special pornotion inchdin# c u r d .  ~d"S:d 5 z q h d -  
itiond person with existing be& ormllaway.Telephone (808) 935-9361: 1-800-367-W, 1-800-272-5275. 

HIU) HOTEL W Box 726,142 Kinoole Street, Hiio. Hawaii 96720 
29 room hotel in dommwn Hilo acms from Kalakaus Park and in walking distance of Lyman House Muacum Hilo Bey, and downtown w. Spacious and clean rooms with simple hrmishings. Japanese mtauran~ Room r l t a  an $39 single or double -. without W, 

wlthTV. Room/car pckagu avpilablc. Also have a suite with2 bedroom (OM w i h  1 double and 1 single bcd, second w~th 2 single 
beds). 2 bathr. living room & kitehcmtte at $115. All rooms have frid e, air mnditioning md phone. Complinunmy coKw and weel mh 
served from 7-9am. $8.00 for cash add. p a ~ o n  in mom. Telephone (d88) 961-3733. 

HILO SEASIDE 126 Ranvw Drive. Hila. Hawaii 96720 
~ - . . -. - - - . -. - -. , ............. ..... 

145 d l  hotel just o sits Reeds Bay. S l w d d  but clan rwms with TV but no air conditionin& Rcstarnant and codndl lounge. Of h e  
Banyan Drive hotclsTted. this one is the fanhest horn Coconut Island Liliuokdmi Park and Suuan Fish Auction but thcsitcd u e  dl in 
walkin distmce. Single or double occupancy moms are $47-S52. Rwm md car packaged s m  at $60. Telephone (808) 935-0821: 1-800- 
367-7&, Canada 1-800-6547020. 



ABSTRACTS 

ABSTRACTS OF THE MEETING 
IN CHRONOLOGlCAL ORDER 

Monday, August 2 

1. THE MOROCCAN LKICUST. 
DOCIOSTAURUS MOROCCANUS. AND 

ITS BIOUXilCAL CONTROL 
BY MEANS OF ENTOMOPATHOGENS 

C. Santiagh4lvarez (SPAIN) 

2 THE USE OF ENTOMOPATHIC 
FUNGI IN RANGELAND 

GRASSHOPPER MANAGEMENT 

W. D. Valovage (USA) 

3. Panel Discussion 

4. CURRPNT STATUS OF LOCUSTS 
IN AUSTRALIA: CHANGING 
CLIMATES AND CONTROLT 

R. Farrow (AUSTRALIA) 

5. SPATTOTEMPORAL CHARACTERIS- 
ncs OF RANGELAND GRASSHOPPER 

(0RTHOFTERA:ACRIDIDAEI REGIONAL 

2 MI& Marta ~ i ~ l i a n o ~ .  Wil l iy  P. Kemp . 
and Thomas Kalans 

1 CONICET. Departamento Entomologia 
Museo de La Plata 

1900 La mars. ARGENTINA 
2 ~ ~ ~ A , / A R ~ .  Rangeland Insect Laboratory. 

Montwa State University 
Bornan,  MT 597174366 USA 

A study was conducted to examine the spa- 
tiotempral characteristics of two rangeland 
grasshopper regional outbreaks in the state of 
Montana. Two periods were selected for 
sNdy (1959-1966. 1984-1992). corresponding 
with the two intavals ova  which the highest 
regional densities have bem recorded in the 
state. Ownatistical methods and geographic 
information system (GIs) techniqua were 
used to genente coverages of estimated 
grasshopper densities and to study spatial and 
temporal patterns. To evaluate the temporal 
relationship of grasshopper abundance to veg- 
etaion types and to determine types prone to 
high densities, a climax vegetation coverage 
was also used in the analysis. Results showed 
thu grasshoppn outkeaks (29.6 grasshop 
pers per square meter) in Montana at the rc- 
gional level can be characterized by the 
following interrelated characteristics: (1) 
Outbreaks are irregular and short-lived. 

(2) Over the long-term, the e X M  of the area 
exhibiting high densities tlucntates to the ex- 
Uemes. (3) Areas of high densities are 
present every year, although they may be 
geographically resricted. (4) Densities gcna- 
ally vary inversely with distance away fmm 
Ute perimeter of an area exhibiting high den- 
sities. 5. New areas of high denrities do not 
appear to be the rault of grasshoppu idlux 
hom other are=, although migration may oc- 
cur. (6) Although no chronically high density 
areas could be detected. some vegetation 
types appear to be more prone to high densi- 
ties. (7) Densities can arise s i m u l ~ 1 y  
over w* areas. (8) Areas of high dauitiea 
once initiated can decline, expand. or ml- 
lapse. (9) If rhe areas exhibiting high densi- 
ties expand, the extension of the boundaries 
or the appearance of separate new high densi- 
ty areas beyond thox boundaries do not fol- 
low any specific pattern (i.e., prevailing 
winds). (10) Outbreaks at the scale and m the 
vegetation types studied in Montaru appeared 
not to be self-perpetuating, but seruitive lo 
extemal environmental variations. 

Fmthennore, in terms of the prevailing hy- 
potheses concerning insect outbreaks (Berry- 
man 1987). the geographical behavior of high 
density areas prevented Wu being classified 
as either gradient or eruptive; they appeared 
to exhibit behaviors of both. Our rcsulLI sug- 
gest that there is a need for an extension of 
the existing paradigm concming inwn oul- 
breaks. 

6. PARTITIONING GRASSHOPPER LIFE 
TABLES TO ISOLATE MORTALITY DUE 

TO PARASITISM 

J. Onsager (USA) 

7. OLrmREAK DYNAMICS OF RANGE- 
LAND GRASSHOPPERS: ERUPTIVE. 
CKADIENT. BOTH. OR NEITHER? 

I. Lockwood (USA) 

8. Panel Discussion 

PAPERS PRESSTED IN TITLE AND 
PAPERSPRESENTEDASPOSTERS 

(3rd floor lobby, Campus Center): 

9. OBSERVATIONS ON THE BEHAVIOR 
AND BIOLOGY OF LEAF-MIMICKING 

KATYDIDS (ORTHOlTERA: 
TE~TGoNIIDAE: PTEROCHROZINI) 

James L Casmn 

Department of Entomology & Nematology 
University of Florida 

Gninesville. FL 3361 1 USA 
Notes on the behavior and biology of the 

true leaf-mimicking katydids @dophyUi- 
nu: Ptcrochmzini) a c  reuoncd b a d  on 
both tield and M&my i b a t i o n s .  Piold 
sites were locued in lowImd Amaum mido. 
rwts in Rnthersl Pem near the city of Iqui- 
tos. Data are presented regarding color poly- 
-, sexual dimorphirm. devebpmar- 
ul biology, mating, defence mechnianr nd 
speci.lized adaptive behaviors. ad diumal 
roost siIe selaction 

10. FOOD SELXITON AND FEEDING 
BEHAVIOR IN SEL- 

ORTHOPTERA SENS. L4T. OF THE - 
BALEARIC ISLANDS, SPAIN 

S. K. Gangwwe and D. 0. Spiller 

Devartment of Biolo.icd Sciances 
wayne suo ul;ivmity. 
Dewit MI 48202 USA 

Little. is h o r n  of fwd selection and feed- 
ing behavior in the Onhaptera s ~ .  Iur. of 
the Bdearic Islands. S p a h  hence tho pemt 
investigation. The study began with a tield 
s w e y  of Msnmu md IMu IsW, leading 
to s=Iection of stations in the Santo Tonm 
area, r e p d v e  of Menorcan xublitloral 
grassland and lcruh and the N1 Xvnau 
are4 rep~mta t ivc  of Ibizan muul moun- 
tains and foothius. Following habitat d y -  
sis. IS species of Orthopten were invetigat- 
ed m detail by field obswation of behavior. 
light microscape and SEM study of mandibu- 
Inr adaptation and fecal rrmcmre, and use of 
differential feeding tests. Six additional spe- 
cies were sndied m less by d y s i s  of 
mandibular adaptation a n d ~ m p  mntau. The 
investigation disclosed that (1) the spcias of 
the two major stations have essentially simi- 
lar food habits notwithstlmding the h d a r  
~ 6 0 n  and d k p d t i ~  OUdbUbb to l0cd 
host plant availability, and (2) the insecll' 
feeding is gemnlly consinant with thu of 
their taxonomic goup elsewhere in the Medi- 
terranean region and in the adjacent Atlantic 
Islands. 

11. ARE LOCUST OUTBREAKS REAL 
DANGERS W THE CARPATHIAN BASIN 

IN THE NEAR FUTURE? 

B. N.gy (HUNGARY) 

12. Wonnation not Avaaabk- 4.1 
Wagen el al.. 



l3. LA MODELISATION DU CRIQUET 
PELBRIN SCHISI'OCERCA GREGARIA 
( r o ~ s a  ms) SUR L'ENSHMBLE 

DE SON AlRE D'HABlTAT: 
LB BIOMODELE SOR 

. . 
GERDAT 

The Desat Locust inhabits an area of near- 
l y 3 0 m ~ i k m ~ w d r e ~  tovmymmote 
arid ZON. dmiq recession periods. In some 
ysan gegarization and outbreaks ocnn be- 
fore the locusts begin to invade dozens of 
c o m i e s  as they advance to occupy their en- 
Lire range. Since the only effective s w w  is 
to intmene orre the locusts begin mngregu- 
ing. locust surveys must be canied olu regu- 
larly. Unformnately, locust targets are o h  
not reached in time due to difficulties in ob- 
taining, uansmitting and veritjing field data. 
A k t  Locust biomodel has thus been de- 
signed to pmnanently monitor these locusts 
and to foresast hi* risk situations. 

The SGR biomodel, specific to the Desert 
Locvst Schiamerco gregorio (porsLB1 
1775) for its entire distribution area. is pro- 
vided with mumrological data from a world 
digiul model operated by the European Cen- 
m for Medim Range Weather Forecasts. 
The biomodel is composed of sub-models 

to monitor v a r i h  in the locust environ- 
ment, locust development, and m e n t  lonrsl 
Mi per unit area. which can be conela- 
ed with phase changes. The prim objective 
is to pmnanently monitor the locust situa- 
tion, determine potential outbreak zones. fol- 
low the development of locust oulbreakr and 
to assist in sclecring appropriate Laust con- 
trol strategies for Jpeeific situations. Within 
the accepted margins of enor. the SGR bio- 
model also d o w s  operauna to reamsuuct the 
recent past, test hypothetical scmarios by 
simulations, and to make short-term (two 10- 
day periods). medium-term (two months) and 
long-term (one year) forecasts. in the light of 
the locust situation conccmcd. 

14. BIOECOUXiY AND REVISIONAL 
COMMENTS ON THE CLASSIFICATION 

OF DERMAPTERA 

Seuoku Sakai 

Institute of Biology & Life Sciences 
Daito Blmka Univasity 

Nr.2-26-12 Sendagi. Bunkyo 
Tokyo 113. JAPAN 

S&ai (1970-1992: DmMpfCrorum Cd& 
gw: I-XXIV. 8.651 pp.) haa canpiled much 
of the relevant taxonmnic infomu(ion and 
references on waldwide valid and i n v d i  
Demuptmm taxa sinca Linnaaus (1758). 
Global biodiversity of Dennapma is recog- 
nized in 4 Subardcn. 6 Su@uniliu. 11 
Families. 55 Subfamilies. 2M Oenen. 1.529 
Species, 34 Subspecies. 37 Vaietied. d 9 
forms. It is interesting to analyze why the ex- 
ternal fealures of D8maplera seem to central- 
izc to the biodiversity to the male forceps. 
pygidium, manubrim, and genitalia, includ- 
ing the shape of virga and parsmae on Der- 
mapleran polymorphiom. The citations of 
Steinmann'r Cdologue (1989) and Dm Tkr- 
ruclr 0986,1989) on Damaptera have some- 
times overlooked hportmt taxonomic refer- 
ares. The sumantmeric names as subfamily 
level by ~tei&& (1989) are incorrect, such 
as ICarcinonhoridael for Anisolabididae and 
[Labiidae] ior Spon;iphoridae. Many incor- 
rect synonyms are cited in Steinmads World 
CaoIogue and Dar Tierreich as Sakai (1990) 
has pointed out. Howeva. Steinmum's Cdo- 
/ague and D m  Tierreich me useful but have 
several diKaent appuaches from Salori's Ca- 
mhgw and other references. A new genus. 
Pamlobelka, elected by Steimnann (1989) on 
the basis of paramere shap of the male geni- 
talia is a sample of the excellent mahnent of 
Dennapteran classification by Steinmm 
(1989). 

Some species complexes, including Eubo- 
rellia. Anisolobir, W w o ,  Anechuro, and 
Fofido, are considered with respect to Ldi- 
vidual variation and biogeographical upsu. 

Dennaperan insects occur principally in 
tropical and temperate regions. although 
some species are found in m l e r  regions. 
Dermaptera frequent crevices undn the bark 
of trees and in fallen logs. and crawl beneath 
debris on the ground. Their focd includes a 
wide range of living and deld plant and mi- 
ma1 matters. They are thigmoractic. nocau- 
nal. and are attracted to light. Damaptera 
damage has been repofled to bean, potato, 
beet cabbage, cauliflower, pea, carrot, cu- 
cumber. dahlia. zinnia. sweet-willism. berry. 
radish. strawbeny. apple. apricot, peach, 
F, plum. and gnpe. 

The life hislnies of about 18 species are 
b w n  as follows: Diplafys gerslaeckeri, Eu- 
boreuk d i p e ~ ,  E. pkbc~u E. philippinen- 
sit. Gonolobis morginolir, Anisolobir rmyiti- 
mo. A. linoreu Nolo Iividipes, Lubiduro 
ripuiu Labio minor. Cheliwches morio. Mo- 
ravo woehidis, Proreus simukm. Timome- 
nus aeris. Anechwa hormondi, Doru aculco- 
rum. CheIdrvrIlo ocwhopygiu wd 
Fofiulo onricukwio. %e me w a l l y  4 M 

5 instars but occasionally 6 or more. The fe- 

m a l c s u a k n o w n t o p r o v i d c ~ c n s f M  
eggs and nymphs. 

Some species such as LQbidwa riporio, 
EvbordGo annutigar, E. d a l ~  E. philip- 
pincmis, Noh lividipes, and Prorw sinur- 
~ ~ e e f f c ~ l i V ~ p I U h k X 3  on the h c 0 m  

brier, Oshinofw~~ol i r .  The mass relking 
of EubweIGo was of &htly groats m o m -  
ic wst rhm calender s p y i n g  with chlolpyri- 
fos ethyl in the Philippines. 

T l o a e r o m w 0 f ~ 0 ~ ~  
discussed regarding biogeogqhial dirthi- 
tion 

1s. 
ADAPTIVE SHUT AND 

CHROMOSOMAL VARUTION m 
HAWAMN CACONEUOBIUS 
( O R T H O m  GRYLLDAE) 

F d  D. Stone'. Rancis H o w 4  
Pyone Pym Aye3, d Qu Nakmb4 

'Hawaii Community College 
Hilo. HI USA 

%.P. Bishop Museum 
Honolulu. HI USA 

3Univaaity of Hawaii 
Honolulu. HI USA 

4University of Hawaii 
Hilo, HI USA 

In Hawaii. crickets in the genus 
C o e o ~ i u s  have adapted to a variety of 
bare-rock habitats. The pssumed anccptral 
species, C-ius ap. C, is a scavenger 
in the wave splash 4 a n d e  zones of all 
the main Hawaiian islands. It b an W O  
sex deemihg mshwism and a diploid num- 
ber of 12 chmmo-. 3 large mewemtic 
pin and 2 Pnan pin. C o c d i w  fori 
scavenges on recent lava flows and has a kar- 
yolype v a y  similar to that of C. sp. C. A 
protable hybrid urn OCM. nm the OD&, 

where the m g e a  of C. fori and C. sp. C over- 
lap. Caofwnobk v m ' u  is folmd in avea 
and mesocaverns (cracks and othu medium- 
s t cd  voids) on the island of Haw& i t  haa 
XXIXOacxd&amhhgclnomomnas.~Q 
loid number of 10 acmcmuic d v a n m  
and 1 or more SupemumeSPy chmnonmrr. 
Coeonernobiw sp. B occvn in caves md 
mesocavm paraptrically with C-i- 
ur vruius. However, it has an XXY sex deter- 
mining mechanism and a diploid number of 
8. C. howorfhi, an independently evolved 
cave species on the island of Maui ha8 an 
XXKO sex mechanism and a diploid number 
of 18. 
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Tuesday, August 3 pcnd on the mode and timing of adminisha- Grasshopper Integnrted Pest 
tion. Pynproxyfen is the frst JHA capable of ~ a . e m e n t  Aoject 

16. ENDOCRINOUXjICAL TOOLS inducing perfect supernumerary nymphs even U.S. Depnrtment of Agriculture 
AND THEIR POTENTIAL FOR in S. gregaria. Moreover. some new yet con- ~ n i m a l  and plant ~ & t h  -tion ssvice 

NONCONVENTIONAL ACRlDID fidential JHAs, presently tested on Locma. Boise. ID 83706 USA 
PEST MANAGEMENT seem to be m to a few hundreds times more 

M. P. Pena 

Department of Cell and Animal Biology 
The Hebrew University of Jerusalem 

Jerusalem, 91904. ISRAEL 

Interference with the endonine system of 
insects has long been wnsidaed as a sound 
approach to developnent of mnconventional 
pest management. This wnsideration led to 
intensive research on insect growth regulators 
(IGRs) which act as hormone analogs or anti- 
hormones inducing symptoms of hormones 
excess or hormone deficiency. respectively. 
Major applied success has been achieved by 
disiubing metamorphosis with juvenile hor- 
mone analogs (JHA). As early as tha 197Ws. 
methopene ("Altosid" formulation), a potent 
JHA, was developed by Z o w n  Corporation 
(now Sandoz Crop Roteclron) as a noncon- 
ventional insecticide. especially effective 
against mosquitoes and some other dipterans. 

Adminishation of effective JHAs to penul- 
timate or very early last instar hoppers of 
acridids results in a supernumerary ("exoa") 
hopper instar and the creatures so produced 
are named "adultoids". These represent meta- 
thetely (= inhibition of adult morphogenesis) 
and are unable to reproduce. In all acndids 
investigated to date. such sdultoids die in the 
course of an "exha" molt, being unable to 
shed the exuviae. It JHA treatment is less ef- 
fective (mildly active analog, low doses. 
etc.). imperfect adults with shortened and 
cnvnpled wings are obtained. These are una- 
ble to fly or their night performance is much 
reduced. 

Methoprene and some other early JHAs af- 
fect some acridids, but effective doses are 
much too high for epplied usage against 
acridid pests and some species, including the 
notorious desat locust Schiskxerca gregrura 
(Forsku), are not ;u all or only mildly sus- 
ceptible to methoprene. More recently, how- 
ever, additional JHAs, such as fenoxycarb 
(Ro 13-5223, 'Insegar" formulation) of Dr. 
R. Maag Ltd.. Switzerland, or pyriproxyfen 
(S-3 1183. "Sumilarv" formulation) of Sumi- 
tomo, Japan. have become available. Screen- 
ing these compounds we revealed that Locus- 
fa rnigrdoria (L.) is highly susceptible to 
pyriproxyfen; 0 . 2 ~  g (= 0 . 8 ~  (gr g fresh 
weight) injected in olive 011 to early penultl- 
mate hoppas is about the ED50 to induce 
adultoids, though effective doses much de- 

effective pyriproxyfen. 
Because of the narrow gate of physiofogi- 

cal susceptibility to disturbances of meramor- 
phosis by JHAs (late penultimate and/or very 
early last instar hoppers) and asynchronous 
development in field populations, stability of 
JHAs in the field and in the insect body are 
crucial factors. Slow release of JHAs often 
leads to much improved effects. Oral applica- 
tion of JHAs to aaldids by bait technique 
may enhance the effect of topical application 
(spraying) and/or extend the period of effec- 
tiveness. In less successful instances. wing 
deformations in imperfect adults should af- 
fect migratory abilities. JHAs may also affect 
locust phases and perhaps the fecundity of 
adult females. All these subjects should be 
adequately explored for achieving wnhol of 
anidid pests by JHAs. 

17. EFFECT OF ANTENNECTOMY OF 
THE DEVELOPMENT AND SEXUAL 

MATURATION OF THE GREGARIOUS 
PHASEOFTHEDESERTLOCUST 

M. Harb (EGYPT) 

18. WHAT GRASSHOPPERS EAT AND 
WHY [tentative title- ed.] 

A. Joem (USA) 

19. EFFECTS OF NEEM (AZ4L)IRACHTA 
INDICA L.) PRODUCTS ON FEEDING. 

METAMORPHOSIS. MORTALITY, 
AND BEHAVIOR ON THE 

VARIEGATED GRASSHOPPER. 
WNOCERUS VARIEGATUS (L.) 

(ORTHOPTERA: PYRGOMORPHIDAE) 

M. Baumgart (GERMANY) 

20. RECENT PROGRESS IN LOCUST 
PHEROMONE RESEARCH: FACTS AND 

FICTION 

H. J. Ferenz (GERMANY) 

21. INTEGRATED PEST MANAGEMENT: 
THE PREFERRED APPROACH FOR 

COOPERATIVE RANGELAND 
GRASSHOPPER PROGRAMS 

M THE UNITED STATES 

Gary L. Cunningham 

The U.S. Department of Agriculhue 
(USDA) organized the Grasshopper h e p a t -  
ed Pest Management (GHIPM) Roject in 
1987 to develop and integrate g~asshopper 
c o r n 1  strategies into a total system for use 
by managers of public and private rangeland. 
Two areas in Idaho and North Dakota save 
as integrated pest management (IPM) demon- 
station sites. Management studies on the 
sltes include population dynamics, emnom- 
ics, environmental consequences, bait appli- 
cations, and biological controls. The ovsall 
goal of the project during its fmal phase 
(1992-1994) is to transfer grasshoppa man- 
agement research into practical application. 
Tangible products already developed as r di- 
rect result of the project include. HOPPER, a 
decision-support software system; Pfadladls 
"Field Guide to Common Western Orasshop 
pers;" and a GHIPM Urn  Handbook sum- 
marizing IPM practices and recommenda- 
tions. The GHIPM Project is a cooperative 
effort managed by the USDA's Animal and 
Plant Health Inspection Service in association 
with other Federal agencies. state universi 
zone between the plateau and the steppe 
among foohlls or in regions of great topo- 
graphical diversity at altitudes from 150 to 
I200 m, mean annual precipitation between 
270 and 400 mm. the mean armual tempera- 
ture for the month preceding hatching and 
the two months following which include the 
nymphal and the adult life appears to be a p  
proximately 20 . Dismbution. climate. vege- 
tation, the locauon and development of the 
last outbreak in five districts are investigated 

22. ECOLOGICALLY-SOUND METHODS 
OF LOCUST CONTROL IN THE 

SOUTHERN SAHARA 

H. Wilps (GERMANY) 

23. Panel Discussion 

24. SURVIVAL STRATEGIES OF 
MOROCCAN LOCUST DOCIOSTAURUS 
MAROCCANUS (I'HUNBERG, 1815) IN 
DIFFERENT PARTS OF ITS RANGE: 

AN ECOTONAL ASPECT 

A. V. Latchininsky 

(Vim. RUSSIA) 
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The distribution area of the Mnocclm Lo- 
cust which lied in the hieditarmen zone 
(suuu &o of term) is charmeistically dis- 
m ~ u o u s ,  many local populations being 
clearly isolated. The ecological requirements 
of the species are very nmow. particular- 
ly for oviposition. Biotopes are restricted to 
the eatcaul zone of transition between fmt- 
hills (up a 2000 m) and plains. Vegetation is 
rrprrscnnd by dry-steppa oa semidesen as- 
sociatima with Jping ephemerals (h bul- 
ha, Cara pahysfyllir. Mrdicago minim. 
etc.) distributed in mosaic with patches of 
bare ground. This type of vegetation can be 
either nstural or of secondary origin resulting 

frcin ovagrazing. Cultivation makes the 
land unacceptable for oviposition so the main 
limiting factor of the distribution of the Mo- 

roccan Locust is the human activities. Thus, 
land usage can create favorable conditions for 
the locust as well as destroy its habitats. This 
duality lea& sometimes to quite unforeseen 
wusequences of land development either a o -  
voking the heavy outbreaks of D. marocca- 
w (Uzbekistan. Tadjikistan) or suppwing 
them (Southem Rance). or even totally elim- 
inating the possibility of their occurrence 
(Cennal Europe, Crimes, Northern Cauca- 
sus). The survival strategies of the species 
under the effect of anthropogmic influence 
in different geographical zones of its range 
are discussed. 

25. AN INVESTIGATION ON THE 
BIOLOGY AND ECONOMIC 

IMPORTANCE OF DOCIOSTAURUS 
CRASSIUSCULUS KRAUSSI (INGENT.) 

IN IRAN 

Parvaneh Azmayesh Fard 

University of Tehran 
Faculty of Agriculme 

Karaj, IRAN 

Daioslaurus crassirrrculrrr kaussi an- 
gent.) is distributed in many Pans of Iran, 
and is gaining m a n i c  impmtancc under 
Khorasan and Behbahw ecological condi- 
tions. Thir insect is usually scattered in habi- 
tau with elevations of about 3OC-900 meters 
and annual precipitation of about 200-3M) 
mm. Thuc insects feed on grasses such as 
Poa Rubia. Stipa Seraria and Festuca, due 
to excessive grazing of natural pastures and 
certain ecological changes particular hot and 
dry weather conditions. This species is being 
replaced by Dociosraurus maroccanus 
(Thlhunb.) as an important cereal pest. Their 
third a fifth nymphal stages migrate in dry 
and inigated cereal fields and cause serious 
damage. 

D. cr(usiusculus is a u n i v o l h  species. Its 
biological cycle is chaactaized by a 10 
months long diapause of emtnyo. h a t i o n  of 
active life of hoppers (5 instars) and adults 
is from 1 If2 to 2 1R months, it varies ac- 
cording to biotopes and from one year to an- 
other depending on climatic conditions and 
the development of vegetation. 

26. &ohat ion not Available- ed] 
M. J. Samways 

27. GRASSHOPPER PROBLEM IN 
YACUTIA (EASTERN SIBERIA. RUSSIA) 

GRASSLANDS 

A.v. Latchininsky 
(Viu. Russia) 

Natural Yacutin grasslsnds are situated be- 
tween 60-65ON and 130-135°E. Climate is 
exuemely mtinentnl: mperatme varies 
from -60°C in winter to +35T in summer. 
Grassland vegetation of the steppe lype. 
unique for his boreal mne, occupies the 
glades in the coniferous fores[(laiga). Glades 
varying in size from 2 to 3,000 ha are uti- 
lized as pastures for horses and wws. The 
number of grasshopper species inhabiting 
these glades is over 30 but only 2-3 of them 
(Chorthippus albomarginarus (De Geer. 
1773). Aeropus sibiricus (Lirmaeus, 1767). 
Omoeestus haemorrhoidolis (Charpentier. 
1825)) are of real economical importance. 
In draught y u n .  hoppa density rises to w- 
e d  hlmdred pa mZ. and if dry seasons occur 
in close sucassion, an outbreak occurs re- 
sulting in serious damages or nearly toul 
elimination of grassland vegetation Annual 
chemical treatments are executed on 50,000 
ha and more. Last outbreaks took place in 
1986-87 and 1992. The consequences of in- 
secticide pressure on fragile permafrost soil 
are disastrous. Possible methods of solving 
the grsvhoppn problem in Yacutia are pro- 
posed: including reasonable grassland man- 
agement, search for alternative contml 
agents. and effective utilization of appropri- 
ate chemical measures on limited areas based 
on phenology forecast. 

28. THE IMPACT OF BIOTIC FACIDRS 

%SW Agriculture, P.05on 865, Dubbo 
NSW 2830, AUSTRALIA 

The population dynamics of Australian 
plague locust. Chortoicetes terminifera 
(Walks). in the semi-.rid intaio~ u ~ c e  are- 
as. is driven by abiotic factom. principlly 
rainfall. However. with the pauibla excep- 
tion of southem mvlsion arm which r d v e  
low summa ninW1, in wurhslstan mabk 
invasion areas, biotic f.cMIJ. acpecially la- 
chinid sarcophagii nemuuinid and ma- 
milhid nematode pmasiaids b m e  incrru- 
mgly more i m p o ~ n t  in d u d i  m i v d  m 
successive g m d o n s  whilst the abiotic fac- 
ton assume M indirect role IJIIUU@I their in- 
fluence on the biotic f r u m  

The parasitoids lws a mluively SW 
populuion of alumuivs acridid hosa, princi- 
pally O&us d d i s  Saw- nd Aur- 
Iroicefes vdgaru Sjasvdt on h e  weaem 
plain and 0. australis a d  Pkurkridium vit- 
Mm (Sjastedt) on the westan al- n d  
tableluds because of the high summer rain- 
fall in these invasion was .  E.ch host- 
parasitoid reluiomhip diners d the f m  of 
the relationship may also exhibit m p a a l  
variation. For example. the outbeak phase of 
C. tenninfera is invenely density-dependent 
in both the we-influx population of alema- 
tive hosrs and the first generation of C. krmi- 
nifero immigrants, and density deptndent in 
the subsequmt g a ~ l a d o n s  &clining as r re- 
sult of emigration and mnkol. However, the 
qmductive capacity of the parasitoids is 
only fully realized in the post-influx stage 
due to the unlimited availability of hosk and 
the subsmtial increase in their absolute num- 
bers. 

In the future. parasitoid induced recessions 
may be initiated at an earlier stage in the out- 
beak cycle because of the increasingly more 
efficient contml of C. teninifera in the 
semi-arid interior source areas and reduction 
in the density of populations invading the 
southeast. However, parasiloid a~cmnmodat- 
ing control strategies, including the demarca- 
tion of disuicts in which under specific sea- 
sonal conditions. a "& nothing" slmtegy 
would be appropriw, need to be adopted in 
order to maximize the supplanauuy contlol 
of C. rermhifera afforded by parasitoids in 
invasion mas. 

ON CHORTOICETES TERMINIFERA 
(WALKER) IN INVASION AREAS OF 29. ADVANCES IN UTILUATlON OF 

SOUTHEASTERN AUSTRALIA MlCROBlOUXiICAL AGENTS FOR 
GRASSHOPPER CONTROL IN RUSSIA 

0.1. Baker' And R Pigott2 
A. v. IAchmdy 

. . 
tBiological and Chemical Research Institute, 
NSW Agriculnue. P.M.B. 10. Rydalmere (Vim. RUSSIA) 

NSW 2116, AUSTRALIA 
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Possible vtilization of nanud miaobiologi- Although climatic wnditionr play an h- temperanue for the month preceding h.tchine 
cal enemies is regarded as a perspeaive aka- patant role in locust outbreaks the main fac- and the two monthr following. which indude 
native in grasshoppr control in ex-USSR tors that have led to this problem in Brazil the nymphal and the dult life. rppcan to be 
where smfaces keated annually against h s e  are related to changes in land man-agement approximately 20°C. Distribution. climate. 
pests exceeded 3 or 4 million ha in late deforestation, intmduction of new ~ m p s  md vegetation, and the location. and development 
1980's - early 1990's. Screening has proved to some extent the lack of monitoring and of the last o u k d .  in five dieicts are inves- 
high pathogenic properties in about 10 sps- vigilance once the outbreaks are suppressed. tigated. 
cies of fungi. 1 s p i e s  of bacteria, 2 spefies As a result of the i m d e m d o n  of the lo- 
of protozob md 4 species of nemuoda. cusllgrasshopper conuol cmpaipu in Mato W e d n g d a ~ ,  August 4 
Appliation of the spores of Buurwrio tenella Grosso (1984-1988) and Rio Gnn& do Sul - - 

(Siem.) Delaer. on the surface of 0 5  ha has 
reduced Ihe initial population of Dociosraur- 
lu WoCemvrr (lhmberg, 1815) up to 60%. 
Application of a formulation b a d  on Benu- 
vaia bassiam (Bals.) Vuill. on the surface of 
2 ha resulted in 47.2-84.8s mortality of the 
tested numbm of non-swarming grasshop- 
pers in cages placed in the field conditions. 
Mortality of Callipfama iralicu (Linnaeus. 
1758) hoppers a he level of 72.5% was ob- 
raved in the Uiala with their contamination 
by Mamhiziwn unisopliae (Melsch.) Somk. 
The microsporidian Nosema maroccanus 
Krylova and Nurzhanov was applied against 
C a l l i p f ~ u u  italicus (Linnaeus. 1758) Ixing- 
ing about the death of 100% of the h e a s  
tested. The nemuodes Steinernem spp. 
killed up lo 90% of h- of Chorthippus 
albomarginarus (De Geer. 1773) on the third 
day after application. The maprity of these 
promising results were obtained in laboratory 
trials or in field experiments in limited areas. 
Resmt state-of-the-art and possible funue di- 
rections of research are described. 

30. THE PRESENT STATE OF THE 
LOCUST AND GRASSHOPPER 

PROBLEM IN BRAZIL 

FAO-UN locust consultant 
Puerto de Bagdad No. 256 Fracc. Industrial 

C d  Victoria. Tam.. MEXICO 87 010 

F a  the past ten-fifteen years Brazil has un- 
dergone wide-ranging outbreaks of locusts 

(1991-1992) it &e evident that the lo- 
curI/grasshappa problem in Brazil needs a 
dierent approach. 

To deal properly with the situation the 
Government nee& lo establish an integrated 
locusI/gashopper conkol programme. But 
lisle is known on alternative control methodr 
and in some cases on the b i m l o g y  of the 
species concerned. Reliminary studied on bi- 
ological conuol and bioecology of several 
species involved are being c d e d  out a 
present in Brazil. The aim is to u n d d e  a 
long term project to establish an integrated 
locusr/gnsshopper wnuul programme. 

Thii paper outlines the present situetion of 
the locust and grasshopper problem in B d .  
Providing up to date information on the most 
recent outbreh and analyzing those factors 
that may have caused an increase in locust1 
grasshopper populations in several States. 

The limitations and implications of under- 
laking wnuol campigns are discussed and 
the need to establish an integrated wnuol 
programme is suessed. 

31. SITUATION OF THE 
MOROCCAN LOCUST IN lRAN 

P. Azmayesh Fard and M. Esmaili 

University of Tehran 
Faculty of Agriculture 

Karaj. IRAN 

There are ton regions in Iran under severe 
outbreslt of Dociosratuu m a r c c c ~ u s  Thunb. 
In each repion there mav be more than one 

and grasshoppas. R k o c e r u s  schiaau- outbreak &a and these may vary in size md 
coidu in Uu State of Muo ~ / C e n u e  West sonomic immmana. At least 100.000 ha of 
region (1984-8811991-92); ~chbfocerca pal- 
lens and Stphta robusfa m Panambuw, Par- 
siba, Raui. and Rio Grande & Nortel 
Northeastern region (1984-8611991-92); 
Rhommmocerur cmpersus,  R. pictus, and 
SfaurorhLerus longicornis in Rio Grande do 
SuVSouthm region (1989-1992). This is just 
to mention some of the species that have bc- 
come major pests. 

At present there .re locust/grashoppa out- 
breaks in at least five States of the country; 
amongst o h m  Mato Ororso. Paraiba. Rio 
Grande & Norte and Pemambuco. 

cereal crops'and pastures are t& with 
pesticides against a serious pest. Outbreak 
are= in the west of Iran are in a belt nmning 
up the outa edge of the Zagros mountains 
and extending into northern Iraq. and out- 
break centers of Northern Iran which lie for 
the most part in the U.S.S.R. 

We remarked hat the outbresk areas are in 
the border zone between the plateau and the 
steppe among foolhills M in regiorm of great 
topogaphical diversity at altiludes from 150 
to 1200 rn, mean annual precipitation ba 
tween 270 and 400 mm. The mean annual 

32. M E A S W O  THE COSTS OF 
CALLING AND hXATINO IN 

TE'lTIGoms 

Winston J. Bailey 

Deplomrmt of Zmlogy 
University of Westam AusU.l* 

Nedlands, W.A. 6005. AUSTRALIA 

Where acoustical sip& are used in mats 
attraction. they may be expected to be under 
smng evolutionoy selection. Although m u -  
al selection must play a significm mk in 
shaping the signal. either h u g h  f d  
choice a in the use of me signd in inua- 
sexual wmpetition. s i & s ~ t  prrraves will 
also mme from nahkal selection: the insect 
must survive to pmduce. Selection for sur- 
vival will wme fmm at l a  two sources: ob- 
mining sufficient nmislts, either as a larva 
or adult to achieve mating, and an u p o w e  
to natural enemies. Where food ia limited, or 
where nutriaus have to be partitioned as pa- 
taal invednnen~ the ability to s i g d  can be 
seen as a w s t  A mxmd cost will come fmm 
an exposure to predation. for the productim 
of the signal not only attracts muks but also 
natural enemies. There is a third cost in pro- 
ducing a signal. that of the deve lopa t  of 
srmchves for both signal prcduction and its 
reception 

Sound prcduction in in- hu the reputa- 
tion of b a i  extremely ineffiknc there is a 
poor conversion of m w l e  to afourtic power. 
I enumerate was of sound prodllftion n d  
mate loention in some species of the Teuigo- 
niidaa. I spgulats on pcesss of selection 
on sound receiving systems, where thcre is a 
confiict between the rewgnitim and dew- 
tion of the wnspecific's call, and the detec- 
tion of pdauns .  The metabolic core of 
sound praluction may bs such as to diven 
energy from one mating fimction to another. 
For example. male tet t igdds not only are 
the predominant acoustical sex. but they aLw 
contribute a siflcant protein gift to the 
mated female, the spamatnphylax. The po-  
dunion of such a spennaIqkme constitutes. 
in p a  mating effort and in part parental in- 
vestment. Evolutiowy theory would predict 
a uadeoff between mating effm and pmn- 
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ul investment. A wmponent of mating effort 
is the metabolic wsts of mud production. 
aid where the spmatophyhx is r q l a x d  by 
the male following copulation them will be 
an inevitable conflict between diverling nu- 
uients to ea l l i i  or to lhe pmduaion of a 
new spennatophylax. I discuss experiments 
where thesa wsts have been measured aud 
mmipulatod Rcdictably malm r d  on 
low-nutrient diets will delay d i n g  until the 
spermamphylax is of suffxient size to protect 
the ejaculate. 

If charmsling metabolic pmducts a s o d  
production is one cost to ths male a second is 
pedalion. There is suficient avidma fiom 
both hogs and crickets, to suggest that pro- 
dwing m amustic signal incws risks of pre- 
dation. Predation of tettigoniids is from at 
least two sources. taehmid flies and bats. I 
describe current wmk by colleagues on pre- 
dation by a tachmid Honwtrk  of an endem- 
ic sagine in Wcstrm Australia, md I spcu- 
late on ways by which males can avoid such 
exposure. I also discuss experiments conduct- 
ed in Perth where we examine the relation- 
ship between cPUing and bat @ation. where 
not only me likely predators i W ~ e d  but 
sxpaiments are conducted to test R.D. Alex- 
udcr's pedictions that calling in aggrega- 
tions. either as part of a chow or in altema- 
tion with neighboring males can afford a 
degree of protection to the caller. 

33. SPERMATOPHORE MEALS AND 
MATING IN CRICKETS, KATYDIDS. 

AND THEIR KIN 
(ORTHOPTERA: ENSIFERA) 

Darryl T. Gwyrme 

D w m e n t  of Zoology. Erindale College, 
University of Toronto. CANADA 

Males of a number of different arthropods 
invest by feedmg their mates. I will discuss 
the evolution of mate feeding in ensiferan or- 
thoptentns md focus On spematophme a t -  
ing. To examine the diversity of mate feed- 
ing I produced a phylogeny (cladogram) of 
the 9 extant families (katydids, wetar, aud the 
humped-backed, wood Jerusalem, mole, 
cave, camel as well as tree and otha me 
crickets). The cladogram, based on morpho- 
logical and anatomical characters. divide En- 
s i f m  into two monophyletic groups. The 
wmplex spermatophne or tettigoniids and 
related families has evolved from a simple 
sperm container in the ancestral Ensiferan. 
Spamalophore mmplexity is s e a  in the evo- 
lution of two sperm pouches and the addition 
of a spermalophylax. a spem-free mass 
forming the courtship meal. The sperrnato- 

phyla is present in six familics md has 
evolved at least twice. The distribution of 
both spermwphm chsranerp aaoss uxa is 
conguent with the phylogmetic division 
within the Emifera. 
Experimental evidence indicates that the 

original funclion of Ute sprmalophylu fwd 
gift was to obtain fenilizalions. As in other 
"wunship-feeding" insects, males in two let- 
tigoniii and one gryllid thu provide snun- 
a-than-average meals transfer few= q m n  
bxause insemiition is terminated early by 
the females receiving the underrivd meals. 
In another teuigoniid. howeva. the "selective 
mainmmce" of the lpmutophyla a p p a r  
lo be more wmplex. Sndies of sperm m a r -  
f a  and patrmity ('sperm wmpaition') in 
Requena vaticab suggest that the spennato- 
phore meal functiom to mhance offspring 
quality in marings with virgin females but 
serves also to maximize fertilizations in wpu- 
lations with non-virgin% a case in which the 
average expected paternity is low. 

Finally, a ansequence of the large male 
investment in several tenigoniid species is a 
m m a l  in the m i d  ''wURshiv roles." 
When populations i e  fwd-stressed the high 
cost of male warlation limits the numbers of 
males available' for mating and causes fe- 
males to compete aggressively for access to 
males. 

34. [Information not Available- ed.] 
T. Zen 

35. EXTERNAL MORPHOLOCY AND 
ABUNDANCE OF ANTENNAL SENSlLLA 

IN AUSTRALIAN GRYLLACRJDIDAE 

R. G. Bland 

Biology Department 
Cenual Michigan Univmity 
ML PleasanL M I  48859 USA 

The exemal morphology of sense orgar  
(sensilla) on the an- of Ausurlim Gryl- 
lacrididat is described for the first lime. The 
species studied were Ametris tibialis and 
Bothriogryllacris pinguipw. Antennae were 
placed in a solution of pancreatic protease. 
followed by funlion in 2% gluraraldehyde. 
and then observed with a scanning electron 
microscope. 

Amefris tibiulis males had approximately 
26.000 sensilla on a 65 rnm-long antenna that 
consisted of 171 segments (154 sensilla per 
segment). Females had 22,300 sensilla on a 
49 mrn-long antenna formed from 111 wg- 
ments (200 sensilla per segment). Long tri- 
choid sensilla comprised 96 to 99% of the re- 
ceptors. Males had about 700 and females 76 

shmt trichoid m i l l a ,  each with a flaf longi- 
tudirul ridge bordered by a de8p gmove on 
each side. Both s e w  had shot?, mukipow 
basiconic semilh (males 90. f d c s  2). 
Males M 100 coelownio sensilk %altered 
among most segments: fanalcs had only 16 
ud they were dishibuted in the distal 12% of 
the mtumk Three & MgmS. which 
wem clustm of alt*ular plated in Q imp- 
kr cailmle* mmgmcN oaun#i in the 
proximal half of the male's mtcnu. 

Bothrwgrylbb pingnipes males had a p  
proximately 25,300 m i l l a  on a 60 mm-long 
mtana  that co~uisted of 207 segments (129 
m i l l a  pr segment). Fenula had 30,400 
sensilla m a 93 mm-long antam8 formcd 
from 402 segmenU (79 sa ts i b  pst scgnent). 
Long e*hoid m i l l 1  f d  94 to 95 % of 
the receptap in both sexes. Males had m e  
short trichoid sensilla (902) lhan females 
(850). but females had mne multiporous hr- 
iconic sensilla (438 vs. 378 for males) aud 
weloconic sensilla (234 vs. 184 for males). 
Five antenna1 o r g m  occurred on males and 
two on fenulw. 

Both spcicc had an extremely large toul 
number of sensilla B a k r ~ r y ~ p ~ ~  
amenme wntainal more short bicho'd basi- 
Mnic a d  ndlownic s d l a  md more m- 
tmnal organs lhan those of A. tibialis. The 
preponderance of long trichoid sensilla and 
the low divmity and number of remaining 
sensilla indicate thu the mknna's primuy 
mle is as a mcchmmecepm. Thc low diver- 
sity of sensilla contrasts sspec*lly with the 
large diversity of sensilla on tha mouthpart 
pdpi of both species. 

THURSDAY, AUGUST 5 

36. PHASE-DEPENDE.NT DIFFERENCES 
IN FLIGHT FUEL MOBILIZATION IN 

LOCUSTA MIGRATORIA 

A. Ayali. E. Oolaua, and M. P. P m a  

Department of Cell and Animal Biology 
The Hekew Univasity of Jwusllem 

Jerusalem 91904, ISRAEL 

Locusts exhibit density-dependcnt phase 
polymorphism. Under crowding M under iso- 
lation they respectively develop "gregarious" 
or "solitary" phase characteristics. Loeust 
phase polymnphism is w b u s  aud inter- 
mediates exist between the extreme gregari- 
ous and extreme solituy p k .  Extensive 
studies, csrried out for o v a  two decdes in 
many laboratories, drmonsuated &at during 
the fust 10-15 min of flight locu8ts utilize 
carbohydraws as flight bl, bur this initial 
flight induces release of adipokinetic hor- 
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mones (AKHs) from the capon 4i.u 
(CC). ?he AKHs then induce mobilization 
and release of lipids mostly diacylglycerols, 
bom the fat body and these s w e  a the ma- 
& fuel for sustained migntoxy flight. AKHs 
uc a h  rrspohsible for rurr- of cas- 
lia lipopmkina (lipophoains) in the hano- 
lymph mdthg in an h i p ~ v e d  lipid Irm- 
port (from the fat body to the ILight muscles 
h g h  the hanolymph). However, all the 
relevant research was d e d  out exclusively 
on crowicd (gzegarious) bcusts. In the t a t  
three yeara we made an effort to reveal AKH- 
related phasbdependent diffemces in locusts. 

Graded doses of CC extracts, or of synthet- 
ic AKH-I or of synthetic AKH-II of Locusfa 
(Lmn-AKH-II) were injected into younger 
(10-19 days afkr fledging) or older (2030 
days after fledging) isolated (solitary) or 
crowded (gregarious) adult males of Locuaa 
mirllloria mkraforioides (R. & F.). Lipid 
levels in the hemoiymph were measued just 
before md 90-100 min after injection The 
resting lipid levels (before injection) wen 
markedly lower in isolated than in cmwded 
locusts. The increase of hemolymph lipids, 
after injection of CC extracts, or of AKH-I. 
ar of Lom-AKH-II, was again markedly low- 
er in isolated locusts. Both of these trends 
were already clearly observed in the first gen- 
eration of isolated locus& and even when 
crowded hoppers were irolated within 24 h 
after fledging. No marked differences were 
found in hemolymph carbohydrate levels be- 
tween isolated and cmwded locusts and dur- 
ing the fnst 30 min of (talmed) flight the 
decrease of hemolymph carbohydrate8 was 
about 50% in both. Om fiidings indicate that 
long-range flight ability of solitary locusts 
may be hferi01 to that of grrgarious ones. 

37. CYTOTAXONOMIC STUDY 
OF OXYA IN CHINA 

(0RTHOmRA:ACRIDIDAE) 

En-bo Mat. Ya-ping Guo' 
and Zhe-min 2hen2 

'Depmtment of Biology 
S h m i  university 

Taiyuan, P. R. CHINA 
ZInstitute of Zwloav 

Shaanxi Normal university 
Xi'an. P. R. CHINA 

The chromosomal conventional karyotype 
and C-banding karyotypa of eight species of 
the genus Oxya (Catanlopidea) have been an- 
alyzed in the present paper. It shows that 0. 
chincnrb. 0. shanghaiensis, and 0. adenrafa 
all have similar C-banding distribution, but 
the model of the chromosomal group, data on 

chiasma localization, and the THC value are 110, and >I50 days. In the nondiapause se- 
different. Oxya agavisa has its o m  C. lection ( ~ 2 0  days), the incidence of diapause 
bandlng feature and is distinguished from deneased to an almost negligible level but 
other species in this genus. Oxyo bicingnla did not wmplekly disappear even pft.r 30 
spa is similar to both 0, chinemir p u p  generations of seleclion In the threa rbctan 
and 0. ogovisa in chromosomal m m b  and for diapaw, the pmenfage di8p.ups 
morphological characters. This shows that increased gradually. and the mean d u I t i m  
these species had some relaionship during of diapause eggs app& tho ~lection 
lhe evolutionary process. Hyla innicgla is a goals after seven1 generatim of s e l t c l h  
"sibling sp~cies group". regarding variation although he variances were large in all the 
of molphological features and diversity in cy- dippause-selected lines. The maximum length 
totaxonomic marks It seems that this group of diapavrrc at 25.C befm Kkaion was lrar 
has higher differmtational speed and more thm 100 days but sxceeded this limit in the 
active speciational evolution in recent limes. 103- md 150-d.y islootion linu md in- 
In this group. 0. apicmkgula n. sp. and 0. CIeaKd to mom thm 7.00 byl in ths IM&y 
flavefemura n. sp. are more specidid than i"e.  mu^, the d i a P u ~  c h ~ l e t e r  has been 
the other ppulations which have liPle termi- chmged from the ~ubbUpk.l oppommirtic 
nal C-banding in the genome. t y p e i n t o a m m s t a b l e ~ a m t y p e t h a t i s  

In conclusion, we m i d e r  that the evolu- U S U ~ Y  e~pre8sed at 25'C as in the c l o ~ l y  
tionmy rate of the species in the genus 0.y related northern D. ~ Q r o f ( ~ c a ~ .  
is unbalanced, with regard to both hereditary However, the of d i u r  did 
factors and environmenral mnditions between reach 100% Wen after 10-20 genentiw of 
the different species. selection in any d i w a e l e c t e d  Gne, so 

that the involvement of a polyganic systan is 
i n i e n e d . T h i s i n f e r e n r i s ~ b y r h e  

38. RESPONSE TO DIAPAUSE results of crossing experiments between d~ 
SELFXXION IN THE SUBTROPICAL different selection ~inw. TheK fdingr sug- 

GROUND CRICKET gest that diapuse is a physiological uait of 
DIANEMOBIUS FASCIPES high evolutionary potential and c m  be easily 

(ORTHOITERA: GRYLLIDAE: modified through climatic selection 
NEMOBUNAE) 

39. DIFFERENCES IN AGE DYNAMICS 
Sinm Masaki AMONGST POPULATIONS OF 

FIELD CRICKETS 
Laboratory of Entomology. (0RTHOPTERA:GRnLIDAE) 

Faculty of Agriculture. Hirosaki University. 
Himsaki 036. JAPAN A. M. Munay and W. H. Cade 

Dcpt BioL Sci., Brook University 
In crickets. three different patans of egg S t  Catharines, 

development can be recognized. ~ n e q m n d -  Ontario, CANADA 
ing to different climatic conditions of their 
habitats: stable diapause in the temperate re- A howledge of the age S ~ c ~ e  of POP- 
+,,. diapausa in s u b p i e s  lations is imponant in undersmding the evo- 
and virtual absence of diapause in the topics. lution of life-history tactics. Three different 
In some univolline temperate species, there is species of Gf"llur, from different habita(s. 
a ~linal  vmiation in the inmi ty  of egg din- were examined to explore intn-specific a d  
pause in parallel with the latitudinal tempera- inter-sexual diffmences in age dylumics. 
ture gradient. To test the possibility that such Field capfllled crickeu w a e  aged by count- 
variation in diapause can be established by ing daily incleIImU6 of chitin in CIUSS- 

selection drning the expicnsion of p i e s  sections of tibiae. Lsboratoryumtrolled ag- 
ranges over various climatic arcas, selection ing e x p a h a t s  A~owed a high Mmelation 
of strains with different incidenew and inten- between number of chitin rings and aaual 
sitios of diapause was attempted in a subtrop- %@ in days for all kee spsies studied, vali- 
ical populatton of D i a m b i u r  foscipes orig- dating the m ~ ~ l O 8 Y .  
inatlng from Ishi~aki Island (about 2A0N) Both field crickets from mlhan -4 
near the southem end of the Ryukyu Arc. G. veldis and G. PW9-us* 
~n the  found.^ stock at a 12-IU photopiod ~imaar se=oll.l m d s  in w 

and 25OC. only about 10% of the eggs usual-  mi-^^. In mnkast. Texas field d&et 
ly enter diapause because of h e  o p ~ n i s t i c  G. acger,  exhibited a v v  diffaoll paaan. 
character of diapause under & same These variations are discussed with r e w t  to 
thermal conditions. 1 selected four different the selective form exated on G. he8er  by 
lengths of thc egg stage. a. 51-60. 100- the sx-bias* predation of an mstically- 
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orisntating parssitoid Orm'o ochrmea (Dip lied for the rust time for the entire tenigoniid and mpodustivo f i r n u o f  &It Rc- 
era: Tachinidae). fauna in a wo~ropioal rainforest habitat. quena wlicalia md b b y  be a causal 

Of the 378 species. 72.2% exhibited color agent in the of roles in this 
40. GRASSHOPPER CUTICLE: garrslism (208 flee% 46 brown, and 19 spciek 

BIOCHEMICAL ASPECTS OF with both peen and bmwn morphs). 15.7% 
SCLER(YI'IZATI0N AND showed a more refined level of camouflage 43. A NEW PAIR-~RMING SIlUTEOY 

PIGh4Em'ATION (2 wasp mimics, 5 bark mimics, 13  wig OF P H A N E R O ~ ~ U N E  ~CM'~'DIDS 
mimics. 29 leaf mimics. 4 lichen mimics). ~ 0 0 N r n ) ~  PHANERO-AE) 

nKodorsHoplrinr 4.8% were hidden from view during the day 
by concealing themselves within vegemh.  John D. Spooner 

Dcpnrbnent of Entomology debris, etc., and 7.3% wuld not b categol- 
Kanras Sutc University ized hocsuse of lack of sufficient data based ~ i ~ b ~  menf univcnity of south 

Manhattan KS 66541 USA either on obrwvations or reluianship with C a m h  at Ailren 
similar s p i e s  that had been observed. Most Aikm. SC 29803 USA 

Bsdoppr &1e of M c h p L u  w!guLtiper spefies with generalized wlm pallems were 
&goes stiff* and pigmentation d t u  phwnoptninea; most rpch with more spe- species of -6- f- 
eulysis, a process that utilizes cBteChola- cialized primary defenses of mimicry md D& rn a r a t ~  of males fan& 
mi= u precwson for stabilization and pol- concealment wac either phm~optaines or moving toward sounds produced by tha -- 
rmerization reactions. The mechanism of pseudophyllines: while those with specialized s i e  wx. Reviour remru &crib three dif- 
these processes will be discussed as well as 
the wigins of wing pigments in the Cedopod- 
inae. 

41. STRATEGIES VIILIZU) BY 
KATYDIDS ( O R m O m R A :  

TETTIGONIIDAE~ AGAINST DIURNAL 
PREDATORS TN RAINFORESTS OF 

NORTHEASTERN PERU 

David A. Nicklet and James L. C a s m d  

lSystuWic Entomology L ~ ~ I ~ I O I Y ,  USDA 
C/O U.S. N ~ L  Mus. of Nat.  his^ 

Smithsonian hISti~ti0n NHB 168 
Washington. D. C. 20560 USA 

%pL Entomology & Nematology 
University of Florida 
Hull Road Box 970 

GainesviUe, EL 32611-0740 USA 

M m  than 370 species of katydids have 
ken identified and many of them obsaved 
over extmded periods of lime at b e e  wl- 
lecting sites in Lcrcto Province, Peru (40-160 
Ian NW Iquitos). Defensive adaptations 
against diurnally active predators are repotted 
in detail in this paper. Strategies include (I) 
primary defenses or adaptations to avoid con- 
tact with predators, including camouflage 
(e.8.. grem and bown wlor gemalist, and 
bark-. twig-, lichen-. and leaf mimicry), con- 
cealment within leaf pans or forest debris. 
and tsnitoriality in the form of defending 
roosting sites against other wmpning katy- 
dids. and (2) sewndmy defenses a dapia- 
tiom used when mnuct is made with peda- 
tors, including wlnful displays by distasteful 
species, various forms of aggressive counter- 
afllCLs aposematic wasp mimicry, and visual 
md/or acoustical alarm displays by otherwise 
cryptic species. These suategies are quanti- 

; e c o n G  defenses were lisuo&elidines. 
agraeciines, and wpiphorincs. 

AU species that w n c d  themselves in de- 
bris, vegetation, etc. w a e  observed returning 
just pior to dawn to the same site for up to 
twenty-two consecutive days; some of them 
were obaaved to successfully defend their 
roosting sites against orha katydids. Twig 
mimics alter heir substrare--a twig-by 
chewing a nach on the underside of the twig 
and nestling their body into the depression. 
nough  exposed to view these v i e s  are 
well wnwaled. They m return daily to the 
same site over a period of several consecu- 
tive days. 

42. COURTSHIP ROLE REVERSAL IN 
TETMGONIIDS: ANOTHER ROLE 

FOR PARASITES? 

L.W. s i m  

D.partment of EnvimnmenIal 
& Evolutiomy Biology 

The Univmity of Liverpool 
P.O. Box 147. Liverpool ~ 6 9  3BX 

UNITED KINGDOM 

hiembas of cenain teuigoniids exhibit be- 
havioral plasticity in their courbhip behavi- 
our. When nutrient availability is high, males 
wmpete fm mating oppamnities while fe- 
males show the typical wy  and disnimma- 
live behavioral pattern. However. under wn- 
ditions of nutrient limitation role revasal can 
=nu; females compete for males and the nu- 
uients rhey pmvide at mating, while males 
b w m e  the choosing sex. These patterns of 
behaviour are wnsistent with the intequeta- 
tion that male nutrient invesunent at mating 
can function in the context of parental invest- 
ment. Here I show how infection with a pro- 
tozoan gut parasite can reduce the numtional 

fcrent strategies in ihich only males or fe- 
males move at any given time and in which 
differences in sound intensity di i t  diffuent 
responses. The present study reveals a formh 
srratagy in which m.lu Md f d e s  sirnulu- 
nwusly move toward constnt irdemiIy 
sounds mrda by caupecifi indivillr. The 
four strategies me miewed. 

44. DO THE s m  ON THB LBOS 
OP KATYDIDS HAVE A ROLE 

IN PREDATION7 

D.C.P. Renk 

CSIRO. Division of E~IOIIIO~ORY -. 
GF'6 Box 1700 C a n h  
ACI'. 2601 AUSTRALIA 

The long spines on the fore- and midlegs 
of k a t y e  are usually believed to assist in 
catching and holding prey. R s s n t  aka- 
tionr indicate that this is not the wo. The 
meso- and metastemal procrusr, however. 
sesm to be used to stabilize largn prey dur- 
ing fecdmg. 

45. MATING BEHAVIOR OF THE 
HAWAIIAN CRICKET, 
LQUPAU PACIFICA 

Todd E Shelly 

Hawaiian Evohtionmy Biology Propam 
Univcnily of Hawaii 

H0110Iulu. HI 96822 USA 

In 1 rublnl populalim on Oahu. Hawaii. 
calling males of the cricket L. pucijiccl oc- 
c d  at an avenge density of 13hn2 and ex- 
hibited even p i n g .  Labratory observations 
revealed that mating involves a series of 1- 
11 copulations over a period of 7-10 h h- 
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ing the Fmal mating, the male amfers a "maf- 
mpmnatophore". which is approximately 3 
times larger in volume than the "minosper- 
matophores" passed singly during each of the 
preceding mptlations. Dissectim of females 
indicate that sperm are uansfemd during 
every mating in the sequence. Male size 
(wet weight) was not correlated to the s& of 
either the micmspermatophoxes a the macro- 
spammophores produced. Based on indinct 
estimates. the rpermarophores ~Uectively 
represent only a small proponion of the 
male's body weight. 

46. THE RELATIVE ROLES OF MALE 
AND FEMALE BEHAVIOR IN PAIR 
FORMATION IN A GRASSHOPPER. 

CHORTOPHACA VIRIDIFASCIATA 
(ACRIDIDAE. OEDIPODINAE) 

Marianne Niedzlelr-Feaver 
Dm. of Zmloav, 7617 

North dmo~ina stat University 
Raleigh NC 27695-7617 USA 

Male-female interactions were observed 
under field and lahatory conditions. Both 
males and female rake an active role in pair 
formation and maintenance. Mller engage m 
a variety of owustical behaviors that pmba- 
bly increase their conspicuousness and so 
their chances of contacting females. Females 
however appear to be choosing males pimm- 
ily on the basis of relative size. 

47. [Information not Available- ed.] 
L. H. Field 

48. HAWAIIAN CRICKITS 

Daniel Otte 

Academy of Natural Sciences 
19th and the Parkway 

Philadelphia. PA 19103 USA 

The ancient Hawaiians knew about crickets 
but believed that the sounds emanating from 
forests camc from land snails. The largest 
lu'au ever recorded in Hawaii was held at 
Kaniakapupu [meaning: sound of the land 
snails]. I collected song data and spefimens 
in all islands h m  approximately 450 locali- 
ties. n t e  numba of native Hawaiian species 
now aands at 241: many more remain to be 
discmered. Local Hawaiian communities are 
not rich in species--but they me exceptionally 
rich in number of closely related species. 
Species turnover rates are also exceptionally 
high. The Hawaiian cricket fauna appears to 
be daived from 5 original colonizing spe- 

cies: one osmlhine. two nemobiines, and 
two aigonidiines. S&es of Mogoplistinae 
may also have colonized the islands on t h e  
own. Pattwns of diversification along the m- 
chipelago vary from genus to genus; in most 
instances older islands are richer in species. 
Speciation has occurred mainly wilhin h- 
lands. In ~coulitic species most song diver- 
g a r e  is probably the result of wevolutim. 

49. [Information not Available- ed.1 
L. L. Lawe 

50. THE AGRAECINI, HIDDEN 
BEAUTIES OF THE TROPICAL FOREST 
TETTIGONIIDAE. CONOCEPHALINAE) 

[A PRELIMINARY ACCOUNT ON 
THE SYSTEMATICS AND BIOLOGY OF 

THE AGRAECN OF THAILAND) 

Entomologhches InstiruL ETH-&nm 
CH-8092 Zurich, SWITZERLAND 

The Agraecini are shictly nocaunal in- 
sects. During daytime they are eitha hiding 
in hollow trunks of plants or in soil crevices 
or are well carnounaged in p r c h n  of dense 
vegetation. Their general color is yellowish 
or brown, but the fmns can have red. green. 
blue and/or black ornaments. 9 genera with 
21 spccies (some polymorphic) have so far 
bcen found in Thailand. mostly during spo- 
radii excursions between 1985 and 1993. Ge- 
neric and specific revisions are aopmed to 
mange the ma. 5 species in 5 genera are 
full-winged, 16 species in 3 gmera short- 
winged. The latter have rather limited ranges. 
replacing each other in different areas. Up to 
4 species have bcen found in the ume habi- 
tat. 

Agraecini are mixed feeders. consuming 
both plant and animal tissues. Several species 
show a preference for grass seeds. others are 
mainly predaceous. There is only one genera- 
tion per year. with an adult peak either at the 
beginning or at the end of the rainy s e m .  
The eggs are of typical conocephaline shape. 
i.e.. thm and oflen pointed a1 one end. In the 
field they are possibly stuck in plant stem. 
leaf sheah, or fissures; in ihs laboratory. fe- 
males of many species accept pi- of poly- 
styrene for oviposition. A cf. Subria species 
secretes a soft envelope around the egg. 
which is unique in teuigoniids. In the labora- 
tory, egg dcvclopment at 2 5 T  often takes 
about 2 months, but varies with conditions. 
Facultative parthenogenesis occurred in a cf. 
Anelyrra species. Postembryonic dcvelop- 
menr. often with 7 ltwal instars. requires 3-7 

months. The capability of regeneration of 
damaged legs is very hi& during postem- 
b o n k  development; some apecies can wen 
regenerate lost jumping legr. 

Shidulation shorn either a charxtaistic 
time pattern M is a wntinuous syllable hain. 
The carrier frequency can be in the audible 
range. but is often close to or in the uluason- 
ic range. Stridulation of aapsciar of m unde- 
scribed gmus varies with Ute bur of the 
 nigh^ Another form of d produclion is 
dnunming with Ute hindleg& produced a8 a 
sign of rivaky and di&dmw+ 8.g.. w h  
two individuals hy to eme~ lhe m e  ahelm 
in the dawn. 

51. 
WING BASE CHARACIERS AND 
THE HIGHER CLASSIFICATION 

OF THE "ORTHOrnRA" 
(A PROGRESS REPORT) 

Jannila Kukalova-Peck' 
md David C. F. Rentz2 

'~a r th  Sciences. Carleton University 
Ottawa K1 S 5B6, CANADA 

ZEntomology. CSIRO. GPO Box 1700 
Canbema. ACT 2601. AUSTRALIA 

Pterygote insects originated with the devel- 
opment of protowings. With the advent of 
flapping flight insects acquired their uuly. 
major adaptations and radiated into the buic 
suporder lineages. Thcre is a w& of 
shong, high-level chmact~rs in wings dut 
show the relationship of higher Uxa (super- 
orders. ndas .  suborders md some supfam- 
ilies). 

The wing structure of Orthoneoptera 
(=mlhopteroid lineage) can be defined by a 
combindm of derived charxters: vein sec- 
tors MA and MP fused into the stem of M, at 
least a part of CuA fused with MP, an en- 
larged anal lobe of the hindwing extending to 
the claval flexion lie, and fan wmposed of 
both anal sectors (AA and AP), and mal fan 
manipulated postem-basally by a specid ju- 
gal um composed of 3 sclerites. Two distinc- 
tive sistergrouplines are recognized: (%l- 
loptera + (Phasmatodea + Embitem)), and 
(Orthoptera SJR. + extina Titanopaa). 

In conhaat to this the Blnltoneopma (Cltyl- 
loblattcdea + (Zaaptem + @rimitive cock- 
roach-like ancsstors + (F'mtdpopte~a + Der- 
maptern + (derived cockroach-like wceslors 
+ (Isoptera + (Blattodea + Mantodea))))))) 
and (Hemineoptera + Endoneopera) can be 
defmed by sharing: MA captured basally by 
RP or R, hindwing with an and lobe delimit- 
ed by the he flexion line, and lobe support- 
ed only by one. postkor mal lean (AP). 
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lnd the "jugal mn" docr not exist 
Ths fanuls genitalia of onhoptun and 

Blatlodu have MYI-homologous thtd valvu- 
Im (derived fmm the gonostyli. or fmm the 
go~coxites. respccaivdy), but the male re- 
produaive u r t   ha^ a similar clutitcr of .sfer- 

smy @mu&. The 1- similarity is the only 
possible "synapmqhy '~  found by Hanig 
1981. We maintain thu the wcamy glands 
very probably are not sympommphic. The 
wing strucaue imiicltos a v a y  mly ad vay  
different mcde of adaptation to flqphg 
flight in the orhptemids and in the @kt- 
toids+hemipteroids-gob). Orthon- 
eoptera and Pleconeoptera share the fol- 
lowing wing characters: 1. In the fore- and 
himdwing, the presence of a medial stem 
( - d a l  sectors MA+ and MP- irreversibly 
fured): Z In the hind wing, a greatly enlarged 
anal lobe is supported by both anal sectors 
(M and AP) and ends at the claval flexion 
lme; 3. In the hind wing. a detached jugal 
row of scleriles m e s  as jugal m (3 scler- 
ites: jugal proxalme, axalare and fulcalare) 
manipulating the postem-basal end of the 
anal fan. These three high-level, early synap- 
ommphies in wing sUuchua show clearly that 
Oahonwptera md Pluxmwptera are sister- 
pups.  Blauoneoptera are v a y  probably the 
sistergroup of Hemine~~ten  + Endoneoptan. 

52. [Infamation not Available- ed.] 
G. Cussis 

FrMay, August 6 

53. CHROMOSOMAL CHARACTERIS- 
TICS OF ELLIPES MINUTUS (SCUDDER). 
(TRIDAWLlDAE, TRIDACNLINAE) 

Loreley Amaral de Gambardella 

Seccion Entomologia, Institute de Biologia 
Facultad de Ciencias 

Universidad de la Republica 
Montevideo. URUGUAY 

There are very few studies on chromo- 
m e s  of Tridactylinae. The s p i e s  that have 
been studied share certain characteristics: (a) 
low chromosome numbera (13. 16). (b) 
biarmed chromosomes and (c) XX) sex chro- 
mosomes in the male. 

We have found 13 metacentric mitotic 
chromosomes in Ellips minruur. Thrcc large. 
one medium sized and two small pain of au- 
tosomes. plus a large metacentric X chromo- 
some were recorded at mitotic mctaphase. 
We have a h  studied the meiotic system in 
this spies. During early meiotic prophase 
the large X chromosome was highly mn- 

densed and positively hetaopycnotic. A 
slight decodemuion of this sex chmmo- 
some o&ng during the pachylene stage al- 
lowed us to infer that both arms of this meu- 
centric are attached at heir telomaes. This 
situation is maintained through all meiosis L 

At late pwhytene autosomal bivalenta w e e  
usiry counted. It was possible 10 identify a 
mnuomeric region in each bivalent at thu 
stage. At first metnphase six autosomic biva- 
lenta w a e  observed and the large X chromo- 
some was seen legregating to one pol& 

Homologous chmmosomes were seen seg- 
regating at .naphose I and the X chromosome 
with its atraehed lelomaes had moved to one 
pole. 

It would bc very intcmling to study many 
species of this group. which is considered to 
be primitive among the Onhoptern. 

impmall lor danucaling metapopulation 
(range) par. The b d e s  belwcen the 
semi-deserts and northem desens Md those 
between the lraa and southan dssenr are 
.Lo very imporma The steppa znne is opti- 
mal for E u ~ ~ ~ i a n  O n h o p ~ a  u a whole. Dis- 
tribution p.ttanr of species 
~ o w u r l o ~ ~ m . g ~ a l ~ ~ ~  
every life-znne lad large 

The direct nlarionship banram the differ- 
e m p a r t s o f r p e c i a m c ~ f i a n n u y b e  
observed on a r e g M  levcL It is paribla lo 
show a path of dirparon and polentill am- 
tacu between pans of rpat*l poplllfion 
srmcmed. 

55. STUDIES ON THE EVOLUTIONARY 
BIOLOGY OP PHALANOOPSID 

CRICKETS (ORTHOFl'ER.4. 

54. DISTRIBUTION PATTERNS OF 
ORTHOPTERAN POPULATIONS AND 

SOME PROBLEMS OF MODERN 
BIOGEOGRAPHY AND ECOLOGY 

Biological Instirule, Siberian Branch 
Russian Academy of Sciences 

11, F-~SL 
Novosibirsk 630091 RUSSIA 

Novosibirsk State University 
2 Pirogova St. 

Novosibirsk 630090 RUSSIA 

Orthopteran populations have been ana- 
lyzed in some classic papers. Such papas 
w a e  usually m n c d  with the internal 

Museum Natinul d Histoire n.NnUs 
Lahatoire d EnMnologie 
45 Ne BuffOIl, P - 750M 

Paris. FRANCE 

Ths Phalangopidne are m e  of the most 
impatsnt cricket familied in the world. both 
inlamsofIaxanumber.dinlamsof&~- 
logical diversity. Although lhcy can be dirsd- 
ly observed in tb field and exily niscd in 
Ilbnatories, few bt. arc ya available on 
*biology. 

F o r t h c p a s t s e v e r a l y e a m t h e s ~  
and phylogeny of nwaopiul  Flulangqidac 
have been studied, and direct observations 
have been ma& in the field, &ally on 
their habitats and acoustic behavior. The me- 

srmcnves of m e  l d  populstim. their dy- lho.jobgical -ak -tly &,eloped 
namics and organization. But many problems in comoarative ~ i ~ l ~ ~  bar besn & lo 
of mob biogwgraphy and ecology alyze i e  evolution oFph.lmgopri biologi- 
conneered with the investigations of populn- cal attributes in referslce lo phylogq. 
tion distributions o v a  species ranges. This ~n this paper, & vu~lt state of fhs sys- 
dishbution is described herein as spatial or- tematics of phalangopidse is briefly 
ganization of a meUpopulation viewed Available data on their habiws ud 

The analysis of species population distribu- m u t i c  behaviors (mainly on tk basis of 
tion over and gwgraphical Id- my own observations in the field) are pre- 
scapes allows ur lo distinguish their group =red, ad s e v d  evolutionuy h o s  
with similar relations 10 w g e o m h i c a l  b d  on my own mncept of phylog- are 
charactas. including envimnmental hetemge- conridad. In pntieular, the Amphiwstse 
neity. on one hand, and the Lemecae and Suinstiae. 

At least four spatial portions of the ranges on the o h .  are oompned regarding the evo- 
of widespread species may be described for lution of =rain biological features. 
plains. In mountains some specific p o n i m  
should be added. But endemic and subendem- 56. m a n a t i o n  ml Avi)able- d.1 
ic species may often be charactmized by 1-3 X.-B. Jim 
portions of ranges only. 

In the Palaearctic Region the interface of 
the steppe and semidesert zones is the most 
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57. CLADISTIC AND BIOGEOGRAPHIC 
ANALYSES OF THE GRASSHOPPER 
GENERA LEIOTEITIX BRUNER AND 

SCOTUSSA GIGUO-TOS 

Maria Mana cigliaml . 
Ricardo A. ~ o n d a o s '  . and William P. 

  em^' 

~~SDAIARS. ~ a k e l m d  k t  ~pbon tov .  
Montana State University 

Bozcman, MT 59717-0366 USA 

The South American Melanoplinae 
Scorussa and LrwrenLr are sister genera dis- 
tributed in Paraguay, southw Brazil, Boliv- 
ia. Uruguay. northeast and central Argentine 
Togethn with Arrachelacru Giglio-Tos. 
Eurotutix Bruner, Chlaus Giglio-Tos. and 
the Dichroplus bergi p i e s  group, they ap- 
pear to constitute a nmual group within the 
neotropical Dichmplini. Scorussa w m p i x s  
seven species. and it is defined by the 
straight and slender ovipositor valves. 
Leiolertix is a natural group of seven 
species defined by characteristics of the 
male phallic complex. Cladistic analysea 
were performed for both genera. using the 
outgmup comparison method to polarize the 
characters. Twenty one morphological char- 
acters from the external morphology, male 
phallic complex and female ovipositor valves 
were assessed in the analysis of Scorussa. Us- 
ing Leioterfir as the sister group it was passi- 
ble to polarize 18 out of the 21 selected char- 
acters. The remaining characters were 
polarized using the p u p  constituted by At- 
rachekacrk, E~urorrix. Chlorus, and the 
Dichroplur h r g i  species p u p ,  as a sewnd 
outgoup. The analysis yielded IWO equally 
parsimonio~ls cladograms. each with 11 steps 
and a wnsistency index of 0.88. In the clado- 
grams S. liebamanni3. impudica. S. clienr- 
S. daguerrei and S. lmuumuuscata-S. delicdula 
are sister species. with the pair S. liebermanni- 
S. impudica bein8 the sister gmup of the re- 
maining species. The variation m the topolo- 
gy of the two minimal length trees involved 
the placement of Scdussa new p i e s  as a 
trichotomy or as a sister to thc group cons& 
tuted by S. LmnucataS. delicatula and S. 
c1im-S. daguerrei species pairs. Sixteen 
morphological characters from the external 
morphology and the male phallic wmplex 
were used in the phylogenetic analysis of 
Lrwuuir. Pourwen out of the sixtem select- 
ed chmacters woe polarized using Scolussa 
as the sister youp; the p u p  constituted by 

Anachelacris, Eurorerrix, Chlaur. d h 
Dichroplus bergi species youp was used as a 
second outgroup. One most parsimonious 
cladogram of 15 steps and a consistency in- 
dex of 0.86 was obtained. In the cladogram 
the sister species L. &wipes-L. lurrfatus con- 
stitute a clade with L. pulcher to which the 
sister species L. puncripes-L. viridis are relat- 
ed. To this main clade L. pukher and L. pol- 
itus are related in aphylogenetic sequence. A 
biogeographic analysis of the species of lab 
telrix, Scorussa. Euroretrir. Chlorus, Arrachel- 
acris, and the Dichroplus bergi species group 
led to the identifiation of three areas of en- 
demism namely Pampas. Cham d Pmmnsc. 
A vicariance biogeographic analysis of these 
areas. based on the cladogrsms of Scolussa 
and laioreuir, was performed. Assumption 
0 was applied to convert the taxon clado- 
grams to area cladograms. According to 
the general area cladogram the sequence 
of area fragmentation is (Chaco (Pampas- 
Paranense)). 

58. THE APPEARANCE OF XYLOPHAGY 
m COCKROACHES: TWO CASE 

STUDIES WITH REFERENCE 
TO PHYLCCENY 

Philippe Orandmlas 

C.N.R.S. 
Sta. Biologique de Paimpant 

Universite de Rennesi 
35380 Pielan Le Grand 

Paimpont FRANCE 

Xylophagy in cockroaches was often wn- 
sidered as a rare ataibute. inhaited from a 
common ancestor with termites. This point of 
view is di~cussed in a phylogenetic pemp-  
tive about two independent coelooach aopi- 
cal lineages: the subfamily Polyphaginae and 
the group (Zetoborinae + Blaberinac + Gyni- 
nae + Diplopterinae). A phylogeny was for- 
merly proposed for each of these two lineag- 
es. Xylophagy was respectively h o r n  from 
Cryprocercus in subfamily Polyphaginae and 
was recently discovered in Parasphaeria 
(subfamily Zetoborinae). This permits an in- 
vestigator to test the following questions in 
reference to phylogenies: whether xylophagy 
is wceskal or derived. whether particular life 
histories and social behaviors are conelates 
or prerequisites for the appear- of xylo- 
phagy, and whether xylophagy has followed 
or preceded the conquest of ternpaate areas. 

59. ORTHOPTERA OF CEWRAL ASIA: 
REGIONAL ECOU)(;lCAL 

Biological h t i w  Siberian B r a d  
Russian Acdemy of Scisncer 

11 RumcSL 
Novosibirsk 630091 RUSSIA 

Novosibirsk State University 
2 Pirogova S t  

Novosibirsk 630090 RUSSIA 

The onhopterm ih#cu of C a ~ U r l  Asia 
have been dcsnibsd by mmy sciantists. Now 
we can characterizs thir pan of EIIlLI* as L 
complex area of the Sah~m-oObim (biogeo- 
graphical) Subregion. There are u lus t  two 
main pans: plains and mountains. Each of 
them includes some well defmed provinces. 
subprovinces, dishicts. and rajons (small bio- 
geographical region). The borders between 
plains and monlane provinces are usually 
well observed and correspond with the inta- 
face of mountain s lops  and pediments. The 
psshqpra of the suhdpmic taxa (Gom- 
phom.socinae, Conophymatini) settle mainly 
the mountain prut of Cdha l  Asia. Othn 
pupa (Diexini. Daicorylhini el d.) are lim- 
ited mostly to the d m  plains. There are 
many mdemic genera and spsies as well. 
The prcvalerre of terriwles is o b e d  in 
the plain and low-mountain puts of this area 

The populations of local $peck ue gnatly 
divided. As a r e su l~  their abundanoe is low. 
Many gasshoppen. kalydids, and aidw 
ue associated with river valleys. Some spe- 
cies usually described as derm species really 
prefer the uppu and middle toraces. 

The Czthopren wmmunities of C e n d  
Asia are varied. The wr t~shed  and s l o p  
l & a p  ue ~~ by the F a -  
lence of endemic d subendemic OIthopta 
The importance of  fan^ with d l  m g e s  
and isolated popllations m- fmm the 
north to the south. 

60. THE PRESENT SYSTEMATIC 
STATUS OF THE GENUS - - ~ ~ -  - ~ ~ 

MEGACRANIA KAUP 1871 
(CHELEUTOPTERA: PHASMATIDAE) 

Lyman Entomological Museum 
and Research Laboratory 

Macdonald Campus, McCiill University. 
21 11 1 Lakeshore R o d  

Sk.  Anne & Bellevue, Quebec 
H9X 3V9 CANADA 

The genus Megacrrmia Kaup, 1871. rype 
s p i e s  M. phrlaus (Westwood, 1859), in- 
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cludes six hown species and two possible 
new species (needing funher study) which 
are mostly distributed along the Western Pa- 
cific Ocean £tom the north-east of Australia 
to New Guinea, the Solomon Islands, Indone- 
sia and the Philippines. extending to Micro- 
nesia and the southern coast of Taiwan. 

A key to the known species of MegarMia 
is presented. ~orphological studies &d geo- 
graphical distribution are discussed. 

61. DIVERSW AND EVOLUTION OF 
THE ORTHOFTERA OF THE 

GALAPAGOS ISLANDS, ECUAM)R 

Stewart B. Peck 

Department of Biology. Carleton University 
1125 Colonel By Drive 

Ottawa. Ontario KlS 5B6. CANADA 

The Galapagos Islands are an equatorial, 
volcanic, oceanic archipelago, about 4 mil- 
lion years old at most, and lying in the Pacif- 
ic Ocean about 1004 km west of the coast of 
Ecuador. They are famous as a living labora- 
tory of evolution. The low islands are semi- 
arid The high islands have the following liFe 
zones: littoral, arid, transition fore% humid 
forest. and sedge-fern "pampa". The last 
overview of Galapagos Orthoptera was by 
Morgan Hebard in 1920 (Proc. Cal. Acad. 
Sci. 4th ser. 2(2): 311-346) based on collec- 
tions made in 1905-1906. At that time 16 
species in 12 genera and 3 "families" were 
known. Continued field work and taxonomic 
change has brought the faunal total to 24 spe- 
cies in 14 genera and 7 families. Of these. 19 
species (and 2 genera) are endemic, 1 is na- 
tive (naturally occurring elsewhere in tropical 
America), and 4 are presumed to have been 
introduced by humans. Of the endemic spe- 
cies, 74% are Ilighlless. It is assumed that an- 
cestral colonizations were by flighted ances- 
tors through the air, or by flightless ancestors 
(Nemobiinae and Mogoplistinae) by rafting 
and ocean surface transport. Considering the 
richness of the Orthoptera in mainland Ecua- 
dor, the fauna of the islands is impoverished. 
Island evolution in the Orthoptera is modest 
when compared to other plants and animals 
in the Galapagos biotas. Some specialization 
occurs in moist montane and cave habitats. 
The purpose of his presentation is to seek 
advice on a taxonomy for the species (espe- 
cially in the Nemobiae), and to indicate the 
research opportunities. The fauna is com- 
pared with that of other oceanic archipelagos 
(Hawaiim, Canary. Balearic, California 
Channel Islands, and Florida Keys). 

62. CHROMOSOME EVOLUTION AND 
SPECIATION IN THE PEDIODECTES 

N. ~ e s h i i a '  and David B. Weissmar? 

'Matsusaka University 
1846 Kubo-cho 

Matsusaka. Mie 515 JAPAN 

2Los Gatos 
CA 95032 USA 

Pediodecles species are distributed in 
southwestern North America. The chomo- 
some system of the Pediodeaes is pnlymor- 
phic at the inter- and intra-species level. The 
chromosome number of the species ranges 
from 2 ~ 2 8  to 2n=31 in the male. Seven 
types of karyotypes are found in the genus. 
The species with the odd chromosome num- 
bers are XO and the species with the even 
numbered are neo-XY. In P. hnldemani three 
karyotypes are found. 

Chromosome rearrangements. such as cen- 
tric and tandem fusions, have played an im- 
portant role in chromosome evolution at in- 
ter- and inmaspecies level in Pediodecres. 
The probable pathways of chromosome evo- 
lution and speciation are discussed. 

63. AN OVERVIEW OF NEW ZEALAND 
ORTHOI'TERANS 

P.M. Johns 

Department of Zoology 
University of Canterbury 
Box 4804 Christchurch 

NEW ZEALAND 

Some elements of the New Zealand or- 
thopteran fauna are still relatively pnorly 
known and many genera and species are yet 
to be formally recognized. New species are 
still being found. This overview, checklist in 
part. summarizes the present state and indi- 
cates interesting points of the fauna. Included 
are all families of Orthoptera. Grylloptera. 
and Blattodea and those groups which are 
most likely to have major changes in their 
constitution or understanding in the future are 
examined in detail. 

64. THE KARYOTYPIC AND PHENOTYP- 
IC FEATURES AS THE MARKERS OF 

GRASSHOPPER EVOLUTION 

M. G. Sergeev'?. V. Vysotskayaz, A G Bu- 
g r o ~ ' . ~ .  0 .  A. Agapova2, and A.M. Cusa- 

chcnko2, I. G. ~ a z a k o v a ~  

'Biological Institute, Sibaian Branch 
Russian Academy of Sciences. 11, Frunze 

S t ,  Novosibik 630091 RUSSIA 

wovosibirsk State University 
2, Pirogova S t  

Novosibirsk 630090 RUSSIA 

'249 Colonnade Drive. Charlottesville 
VA 22903. USA 

The reconsbution of grasshopper evolu- 
tion and phylogeny may be chinacterkd as a 
complicated problem, especially in comec- 
tion with the absence of sufficient paleonto- 
logical data. 

The karyotypic and phenotypic investiga- 
tions of present grasshopw taxa allow us to 
understand and explain some periods and 
palhs of their evolution Now it is evident 
that the different parts of a population sys- 
tem of each swcies have theix o m  evolution- 
ary and ewlogical significance. 

The comparative investigation of model 
taxa allows us to describe the "parallelism" 
pattern or main phenotypic and karyotypic 
characters. Often we can desaibe more or 
less identical pauem of their variability. The 
latter may be connected with the evolutionary 
specificity of each taxon. For example, two 
main groups of Chorrhippw s. IPr. (Chonhip- 
pus s, sir. and Glyprobothrus) coincide with 
the variability of two types of color morphs. 
On the contrary, the similar pattern of this 
varisbilit) o f ~ h o r ~ h i ~ ~ u s  srr. and the katy- 
dids of Marioprera-group shows their similar - .  
evolutionary history. 

Ow data show that all investigated taxo- 
nomic groups of grasshoppers may be inter- 
preted as integrated and stable evolutionary 
units. the formation of which is connected 
with specific areas of Holarctis. Gomphoceri- 
ni may be characterized as the forest-steppe 
and steppe group in recent history and with 
significant variability. Podismini. Cluysoch- 
raontini, and Bryodemini are comected with 
stable landscapes of the Holarctic Region. 

65. pnformation not Available- ed.] 
T. Wang 

66. TAXONOMIC VALUE OF 
CUTICULAR STRUCTURES 
OF THE STOMODEUM IN 

ACRIDOMORPHA (ORTHOF'TERA) 

Alba Bentos-Pereira and Estrellita Loria 

Fac. de Ciencias, Dpto. de Entomologia 
Tristan Narvaja 1674, CC. 10773 

Montevideo, URUGUAY 
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Cuticular s-es of the s t o m o h  
such aa ridges, tee& and rpines-have 
pmved to be of taxomnnic v h  in several 
group of inscas. The work leading to this 
papa was undeTuLen with the purpose of 
evaluating the usefulness of these chars~ters 
for the identification of the families of Acrid- 
omorpha 

Samples of species belonging to Eumastac- 
are. h o s c o p i k  T1irfLid.S Pyrgomorphi- 
k Ommexechik Romaleidae and Aoidi- 
dae wen d e d  Stomodaa w m  dissected 
from the huKetr and cut lengthwise along 
the dasal midline. then auad with 10% so- 
lution of KOH to destroy the soft tissues. 
washed and mounted on slides in polyvinyl 
alcohol mounting media These were used f a  
observation under optical miamcope. For 
study under the scanning electronic micro- 
scow pieces of the stomodea treated with 
KOH were dehydrated in an ethanol series. 
washed in pure acetone. attached to squares 
of aluminum foil and coated with gold. 

The following characters were studied: p t -  
tern of distribution of stornodeal spines (crop 
and ~ o v m ~ i c u l u s )  in umes I to N (Murali- 
rangan's classification); arrangement of the 
ridges of the intima; shape and size of the 
spines; and shape, size and pattern of the 
denticles of the valvular plates. 

It was found thrt cenain characters are 
shared by different &es within the same 
family. The Acrididae was the family most 
clearly defmed by the characters studied and 
certain elements were found which are use- 
ful h r  the identScation of some of its sub- 
families. All gmera of Acrididae examined 
presented a typical structure: the so-called 
"oval areas: near the esophagus, in zone II 
of the crop. 

Pyrgomorphidae, Tristiridae, and Romalei- 
dae are similar with regard to the separation 
of crop and provenuiculus, but the m a n g e  
men1 of the spines in these areas is quite dif- 
ferent and characteristic for each one of these 
families. 

Importent similarities in the shape and ar- 
rangement of spines were found in Eumastac- 
idae and Roscopidae. SEM observation cor- 
roborated these similarities. Relationship of 
these families has hen recently indicated on 
the basis of the smdy of their genitali.. and 
also on biogwgrqhic grounds. 

The characters studied in !his w a k  contrib- 
ute to the hypothesis that the Pau l idae  are 
an artificial gmup based on external conver- 
gence. This has already been published by 
the present authors (1992. Ini .  I. Insect. Mor- 
phd. & Embryol. 21(2): 161.174). The two 
genera included in the family (Paulinia and 
Marellia) present quile different structures. 
Padinin has no differentiation between crop 

and pvenbiculus and m ridges of the inti- 
m a  In SEM observation its spines ara similar 
to those of the Eumastacidae and Rascopi- 
ba. Marallia, on the other hand, is quite sim- 
ilar to members of the Acrididae. 

The Ommexechidae show a peculiar stncc- 
auc. Crop and provenuiculus are well differ- 
entiated but there are no ridges in the crop, 
and spined are grouped in a very characteris- 
tic pattern different Irom that of the other 
fUdies studied. 

It is concluded that the cuticular shucNres 
of the stomodeurn provide valuable laxonom- 
ic characters for the separation of families. 
and in some cases subfamilies as well, within 
the Acridomorpha. 

67. RAPID SONG EVOLUTION AND 
AN HlSTORlCAL TEST OF 

REPRODUCTIVE CHARACTER 
DISPLACEMENT m A 
HAWAIIAN CRICKET 

Keny L. Shaw 

Section of Ecelogy and Systematics 
Cornell University Ithaca 

NY 14853-2701. USA 

Variation in the male calling song is used 
extensively in the taxonomy of the Hawaiian 
cricket genus Loupda Otle. Geographic vari- 
ation in the acousuc svucture of songs exam- 
ined in this smdy is compared with varirtion 
in songs as reported in the literalure. Patterns 
of variation in mitochondrial DNA sequences 
from thc 12s rRNA. LRNA"I and 16s rRNA 
were used to estimate the phylogmetic histo- 
ty  of the genus Laupda. With this phyloge- 
ny I infer rhe evolution of the male calling 
song in the genus. Gmgraphic variation in 
the male calling song was found to be consis- 
tent with the piterns reported in the litaa- 
me. It is argued that patterns of song varia- 
tion pasist over ecological time. The 
phylogenetic pattern suggests that speciation 
occurred mainly withim islands and that simi- 
lar songs have evolved repeatedly within 
these islands. Givcn the young geological age 
of the Hawaiian islands, it is argued that song 
evolution is rapid The macroevolutionary 
p a t m  of song in Laupah are exploited for 
an historical test of the repoductive character 
displacement hypothesis proposed by Otte 
(1989; In Speciation and Its Consequences 
One. D. and I.A. Endler. eds.. Sinauer). 

Placement d papers not determined rr d 
this printing: 

FOOD C O N S U ~ O N  AND n s s u E  
GROWTH M AN ACRIDID OF THE 

LATERITE ZONE OP 
WEST BENGAL (INDIA) 

P. Haldar and Susanu N& 

Entomology Labm.tmy 
Depamnent of Zoology 

Visa-Bhanti University 
Smtinikuw - 731235 
West Bmgal. INDIA 

A study was d u d  regarding the food 
~ l s ~ l p t i o n ,  assimilation, and tissue p w t h  
of male and female Acrida d a t a  (Walker). 
fed on Sorghum klepense Willd. kdvas, un- 
der labormly conditiom. AU the calculations 
were done on dry weight basis. The rate 
of food consumption in the female was 
241.07 f 10.32 to 764.26 f 10.94 mg g 
'day-' and in the male was 234.05 f 14.43 
to 606.12 f 17.75 mg g"day7'. The rate of 
assimilation was observed (119.92 f 14.9 
to 337.14 f 2.6 mg g.'dsyt) in the female 
and (175.75 f 4.25 to 434.08 f 16.64 mg 
g-'day.l) in the male. Thus, the per unit 
weight of food mnsumption was higha in 
the female, whereas the usimltion ram WES 

higher in the male. However, tism growth 
was higher in the female (13.4f.65 to 
66.46f11.94 mg B-' day') in compdm to 
the male inseels (9.94i.89 to 27.67f1.94 mg 
g-'day'). A high degree of positive cornla- 
tion between consumpion md assimilation 
was observed in female insects. 

RECENT ADVANCES ON THE 
BIOSYSTEMATICS OP MANTODEA 

FROM CHINA 

Wang Tianqi 
(Shanghai Institute of Entomology. Audania 

S i c a ,  

Sixty years have passed since Max Beier 
gave the fust review on the mantids of Chi- 
n a  Following Beids work, another review 
was attributed to E.R. T W a m  in his "Smd- 
ies in Chinese Mantidae" in 1937, in which 
14 subfamilies. 33 gmen  and 51 W e s  
(subspecies) were recorded. Afkx a long tam 
of silence, several Chinese scientists have 
bem studying the Chinese Mantoden sines 
1983. 

On the bwis of the mattrials checked by 
the author and from early literature r d .  
there are 115 species and 1 subrpeeies of 
mantids know in China up till h e  present 



time. They belong to 8 families. 19 
subfsmilia. and 48 genera, respectively. 
including 6 newly dismvered genera from 
Chim Bolivwia. Nanomantis, Ormomruuis. 
X~~hmunuiv, Hymwqur, a d  Paratoxcdua. 

Some faMMmic chmges have been made. 
e. 8.. Rhmnbodzro. which was placed in the 
subfamily Mantime as a s u ~ s l u s  below 
Hierodula by many previous auhm, is em- 
fared to the family Choeradodidae with the 
pronotum widely expanded. The genus 
Pakeothespis, formerly pl& in ihe sub- 
family Thespinae, has been e m f a r e d  to h e  

subfamily MioOaiginae. 
However, &re &e a saies of taxonomic 

aoblema to be ovammc. Owinp to the bun- 
*dance of Mamoden in China, chae is much 
work to be done in the future. .specially the 
investigation of species in southwestnn China 
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each author ni&J&g major changes in k e  wording of&; manuscripls. As mentioned in 
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