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SUMMARY 

The juvenile  hormone analogue, ethyl 3,7,11-trimethyl-dodeca-2,4-dienoate (ZR 512), 
can affect all the steps of caste development in the termite,  Zootermopsis nevadensis. 

The format ion of replacement  reproductives in orphaned groups of larvae and 
nymphs,  and tha t  of alates in groups of last  ins tar  nymphs,  was inhibi ted by the exposure 
of these groups to the vapour  of low doses of the juvenile hormone analogue. With 
in termedia te  doses of the analogue on groups of last  instar  nymphs,  mainly nymph-imago 
intermediate  forms as well as s ta t ionary moul ts  were obtained. High doses of the JH 
analogue induced regressive and presoldier development in groups of last  ins tar  nymphs,  
and presoldier  development  in groups of larvae. 

It was also demonst ra ted  tha t  ZR 512 affects the prothoracic glands of the experi- 
mental  larvae. 

It is conc luded  tha t  caste development in Z. nevadensis depends on the juvenile 
hormone t i ter  during the moult ing interval of the larvae and nymphs.  

ZUSAMMENFASSUNG 

Der EinAuss des Juvenilhormon-Anaiogons ZR 512 (Zoecon) 
auf die Kastenbildung 

bei Zootermopsis nevadensis (Hagen) (Isoptera). 

Das Juveni lhormon-Analogon,  Aethyl-3,7,11-Trimethyl-Dodeca-2,4-Dienoat (ZR 512) 
kann alle Schritte der Kastenbildung bei der Termite Zootermopsis nevadensis beeinflussen. 

Die Bildung van Ersatzgeschlechtst ieren in verwaisten Gruppen van Larven und 
Nymphen und die Entwicklung van Gefliigclten in Gruppen van Nymphen des letzten 

(*) In terna t ional  Center of Insect Physiology and Ecology (I.C.I.P.E.), P.O. Box 30772, 
Nairobi, Kenya. 
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Stadiums wurden durch niedrige Dosen yon ZR 512-Gas gehcmmt. Bei Behandlung 
von Gruppen von Nymphen des letzteu Stadiums mit mittleren Dosen des Juvenilhormon- 
Analogons entstanden hauptsiichlich Nymphen-Imago~Zwischenformen oder nach statio- 
n~iren H~iutungen wieder Nymphen. Hohe Dosen yon ZR 512 bewirkten regressive 
H~iutungen und Vorsoldatenentwicklung in Gruppen von Nymphen des letzten Stadiums 
und in einem sehr hohen Prozentsatz Vorsoldatenbildung in Gruppcn von Larven. 

Es konntc auch gezcigt werden, dass ZR 512 die Prothorakaldriisen der behandeltcn 
Larven beeinflusst" und auch ihre Degeneration herbeifiihren kann. 

Aus den Ergebnissen liisst sich ableiten, dass die Differenzierung der Kasten hei 
Zootermopsis nevadensis vom Juvenilhormon-Titer wiihrend des H~iutungsintervalls der 
Larven und Nymphen abh~ingt. 

I N T R O D U C T I O N  

The pos t -embryonic  development  of termites is character ized by a complex 
polymorphism.  F rom the same immature  individuals ,  different adult  castes may 
arise which,  in  the lower termites Zootermopsis (Hagen) and Kalotermes (Fabr.), 
are dis t inguishable  into winged  imagos (alates), replacement  reproduct ives  and 
soldiers. Older larvae (pseudergates) and  nymphs  (1) often undergo s ta t ionary 
moults whi le  nymphs  are also capable of regressive development.  Definit ions 
of termite  castes and  schemes of pos t -embryonic  development  in  a number  of 
genera have been given by MILLER (1969); NOIROT (1969) and Li~SCHER (1974 a). 

The newly  hatched larvae of Zootermopsis and  other lower termites so far 
investigated are equipotent ,  their  castes be ing the expression of social and  environ-  
menta l  factors (MILLER, 1969). Increas ing  evidence indicates  that  the deve- 
lopment  of one or the ~ other caste in  Kalotermes flavicollis (Fabr.) is dependent  
on the juveni le  hormone  ti ter du r ing  the moul t ing  interval  of the larvae and 
nymphs  (Li3SCHER and SPRINGHRTTI, 1960; LEBRUN, 1964, 1967; L0SCHEn, 1960, 
1963, 1972 and 1974a). It has also been reported that juveni le  hormone  a n d  
juveni le  hormone  analogues induce  the development  of superfluous soldiers in  
Reticulitermes lucifugus santonensis (HaDy and KnECEK, 1972). Corresponding  
in format ion  on other termites, however,  is f ragmentary  or lacking. 

It has been of interest,  therefore, to s tudy the effect of va ry ing  doses of the 
juveni le  hormone  analogue, ZR 512, suppl ied  as a vapour,  on caste development  
in Z. nevadensis. From histological studies, I have fur ther  demonstra ted that  the 
juveni le  hormone  analogue has different effects on the pro thorac ic  glands of the 
exper imental  larvae probably  depend ing  on the competence of these larvae to 
become soldiers. 

(1) In this paper the term �9 larvae )) is used for stages without wing pads and the 
term �9 nymphs )> for stages with wing pads, following the proposal of L/~SCHEn (1960) 
which was based on the French and German terminology and which for termites is 
now generally accepted (MILLER, 1969). 
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MATERIALS AND METItODS 

Termites, collected in Del Monte Park near Pacific Grove, California, were main- 
tained as stock colonies under laboratory conditions (for details, see BECKER, 1965 and 
1969). 

The juvenile hormone analogue used was ZR 512 or ethyl 3,7,11-trimethyldodeca- 
2,4-dienoate, kindly supplied by Zo~con Corporation, Palo Alto, California. Thefl~ermites 
under investigation were kept in petri dishes measuring 6 cm in diameter at 20-22 ~ 
and supplied with adequate wood and moistened filter paper. In order to supply the 
juvenile hormone analogue as vapour, the substance was diluted with ether which was 
allowed to evaporate in a glass cover of the dish. In each case, a control, in which the 
pure solvent was applied and allowed to evaporate, was performed. Daily observations 
were made and moulted termites marked with quick drying nitro-cellulose paint while 
they were under carbon dioxide narcosis. Measurements were made with the use of an 
ocular micrometer. 

The size of the prothoracie glands was determined from serial cross sections of 8 p. 
thickness stained with haemalaun, erythrosin and Prenant, and mounted in Dipex or 
Eukitt (BuacK, 1969). The cross-sectional area (mean value of the posterior strands of 
the gland in at least 12 sections) was taken as an'index of its size. 

The X-~ and the t-test were used for the statistical analysis of the results. 

RESULTS 

T h e  e f f e c t  o f  Z R  5 1 2  o n  t h e  d e v e l o p m e n t  
o f  older larvae ( p s e u d e r g a t e s ) .  

When homogeneous  groups of older  larvae of Z. nevadensis were  exposed to 

the vapour  of 40, 4.0, 0.4 and 0.04 mg of ZR 512 for 14 days, marked  differences 
in the total number  of moults, f rom that of co r respond ing  control  groups, were  

noted by the end of 30 days f rom start of the exper iment .  In the groups exposed 
to 40-0.4 mg of the juveni le  hormone  analogue, about 77 % of the ini t ial  

number  of la rvae  had moul ted dur ing this per iod.  In contrast,  only 23 % of the 
cont ro l  la rvae  and 6.8 % of the exper imenta l  groups exposed to 0.04 mg of the 

juveni le  ho rmone  analogue moul ted dur ing the same per iod.  Details of these 
results are given in figure 1. The differences are statist ically significant  as indi-  

cated by p (0 .01  when  the groups exposed to 0.04 mg of ZR 512 are compared  
wi th  the controls,  and p (0 .0005 when  the groups exposed to 0.4-40 mg of 

ZR 512 are also compared  wi th  the same controls.- 
Examina t ion  of  the moults  and of the t ime when  ecdysis occur red  

revea led  that  the large number  of moults induced  in the groups exposed to 

0.4 mg or more  of juveni le  hormone  analogue was due to preso ld iers  appear ing  
in 20-30 days f rom the start  of the exper iment .  Mos t  of these preso ld iers  later 
moul ted  into soldiers.  No rep lacement  repr0duc t ives  were  ,produced in these 

'groups.  Wi th in  the control  groups, moul t ing  occur red  at about  the~ same raFe 

dur ing  the 50 day observat ion per iod  and rep lacement  : reproduc t ives  were  
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FIG. 1. - -  Total moul t s  wi th in  30 days of  larvae treated wi th  ZR 512 (% o[ surv iv ing) .  
Groups of 30 individuals were used for experiments and controls. L, larvae; 
n, number of surviving larvae (in most cases this is the same as the initial number 
of larvae at the start of the experiment; the death rate was extremely low during 
these investigations); RR, replacement reproductives; PS, presoldiers; NM, unmoulted 
larvae. 

A~u. t. - -  Die w~ihrend 30 Tagen erfoIgten Hiiutungen yon Larven, die mi t  ZR 519 - 
behandel t  wurden  (in % der Ueberlebenden).  Ffir jedes Experiment wurden 30 Tiere 
verwendet. L, Larven; n, Anzaht der iiberlebenden Larven (entspricht racist der Zahl 
der eingesetzten Larven, da die MortalitSt sehr gering war); RR, Ersatzgeschlechts- 
tiere; PS, Vorsoldaten; NM, nichtgehiiutete Larven. 

produced.  With 0.04 mg of the juveni le  hormone  analogue, moul t ing  of the larvae 
was inh ib i ted  and  replacement  reproduct ives  appeared only towards the end 
of the 50 day observat ion period. Details of these results are presented in 
figures 2 and  3. 

The effect of  ZR 512 on larval prothoracic  glands.  

Even wi th  the use of the highest doses of the juveni le  hormone  analogue, 
100 % presoldier  development  did not occur .  Instead about 20 % of the expe- 
r imenta l  larvae always remained  unmoul t ed  after the 50 day observat ion period. 
F r o m  this observat ion it was suspected that  the JH analogue might  have differing 
effects on the pro thorac ie  glands of the exposed larvae. In  order  to verify this, 
homogeneous groups of pseudergates of Z. n e v a d e n s i s  were  exposed to 0.4 mg 
of ZR 512 for 14 days and  fixed the fol lowing day in  alcoholic Bouin 's  solution. 
The size of their  pro thorae ic  glands as well  as that of eor responding  controls 
was determined,  the results of which  are given in  figure 4. 
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FIG. 2. - -  Effect of 0.~ mg of ZR 512 on larval development. 30 pseudergates, all from 
the same stock eolony, were used in the experimental and corresponding eontrol 
group. S, soldiers. For other abbreviations, see figure 1. 

A~B. 2. - -  Wirkunfl yon 0.~ mg ZR 5I 9. an[ die Entwicklung yon Larven (Pseudergaten). 
Fiir Versuch und Kontrolle wurden je 30 Pseudergaten der gleichen Stammkolonie 
verwendet. S, Soldaten. Andere Abkiirzungen, siehe Abbildung 1. 

The normal  p ro thorac ic  gland cross-sectional  area of the control  larvae is 

be tween 250-600 ~2. In most of the exper imenta l  larvae,  however ,  the cross- 

sect ional  area of the p ro thorac ic  glands in above 1 000 ~2 or be low 100 ~2. In 
Z. angus t ico l l i s  the cross-sect ional  area of the p ro thorac ic  glands in replacement  

r ep roduc t ives  is 63 • 7 ~t 2 (2) in contrast  to the value of 314___ 31 ~t 2 for the 
larval  (pseudergate) glands (Li)scHER, unpubl ished data). The JH analogue may 
there fore  cause the enlargement  of the :prothoracic  glands in those larvae wh ich  

later moult  (into presoldiers) ,  or a l ternat ively  cause thei r  reduct ion,  making 
them comparab le  to those of rep lacement  r ep roduc t ives  in w h i c h  they are known 

to be degenera ted  (GILLOTT and YIN, 1972). 

(2) The replacement reproductives used for these measurements were all older than 
34 days. 
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Fro. 3. - -  Ef fect  o f  O.OZ~ m g  of  Z R  512 on 
larva l  d e v e l o p m e n t .  30 p s e u d e r g a t e s ,  al l  
f r o m  the  s a m e  s tock  co lony  as  t h o s e  u s e d  
i n  t h e  r e s u l t s  p r e s e n t e d  in  f igure  2 were  
u sed  in  t h e  e x p e r i m e n t a l  a n d  c o r r e s p o n d -  
ing  con t ro l  g roup .  Fo r  a b b r e v i a t i o n s ,  see 
f igure  1 a n d  2. 

AuB. 3. - -  W i r k u n g  yon  0.04 m g  Z R  512 au[  
die  E n t w i c k h z n g  yon  L a r v e n  ( P s e u d e r g a -  
t en ) .  Je  30 P s e u d e r g a t e n  de r  g l e i chen  
S t a m m k o l o n i e ,  d ie  a u c h  f i i r  den  in  Abbi l -  
d u n g  2 d a r g e s t e l l t e n  V e r s u c h  v e r w e n d e t  
w u r d e ,  d i e n t e n  a l s  V e r s u c h  u n d  Kon t ro l l e .  
A b k f i r z u n g e n  s i ehe  A b b i l d u n g e n  1 u n d  2. 

Fro. 4. - -  Effec t  o f  0.~ m g  of  Z R  512 on 
la rva l  p r o t h o r a c i c  g lands  15 dags  f r o m  the  
s t a r t  o f  the  e x p e r i m e n t .  O r d i n a t e  : c ros s -  
s e c t i o n a l  a r e a  of  p r o t h o r a c i c  g l a n d s  in p?. 

ABB. 4. - -  W i r k u n g  yon  0.4 m g  Z R  512 a u f  
d ie  l a rva len  P r o t h o r a k a l d r f i s e n  15 Tage 
nach  Vers l zchsbeg inn .  O r d i n a t e  : Quer -  
s chn i t t s f lSehe  de r  P r o t h o r a k a l d r f i s e n  in  /x 2. 
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FIG. 5. - -  Developmenta l  al ternat ives  of  last  instar n y m p h s  occurring under  the influence 
of ZR 512. S, soldier;  NI first instar  nymph ;  N,, last (or second) ins ta r  nymph;  
N~-I, nymph- imago in termedia te ;  I, imago of alate (for comparison only). 

ABu. 5. - -  Die Ecdwicklung yon N y m p h e n  des letz ten S tad iums  unter  dew  Einfluss yon 
ZR 512. S, Soldat;  N1, Nymphe des ersten Stadiums;  N2, Nymphe des zweiten oder 
letzten Stadiums;  N,-I, Nymphe-Imago Zwischenkaste;  I, gefliigelte Imago (nur zum 
Vergleich). 

Fro. 6. - -  Total  mou l t s  wi th in  50 days of last ins tar  n g m p h s  treated wi th  ZR  512 (% of 
surv iv ing) .  PS, presoldier ;  RR,  replacement  reproduct ive;  n, number  of surviving 
last  ins tar  nymphs  (this is near ly  the same as the init ial  number  of nymphs,  the 
death rate having been extremely low) ; for other abbreviat ions,  see figure 5. 30 indi-  
viduals were used for each experiment,  8 t imes 30 for the controls. 

ABB. 6. - -  Die innerhalb yon 50 Tagen erfolgten H~iutungen yon N y m p h e n  des letz ten 
S tadiums,  die w i t  ZR 512-Gas behandelt  wurden  (in % der  Ueberlebenden).  PS, Vor- 
soldat;  RR, Ersatzgesehleehtst ier ;  n, Zahl der i iberlebenden Nymphen (racist gleieh 
der Zahl  der eingesetzten Nymphen,  da die Mortalit~it gering war) ;  andere Abkiir- 
zungen siehe Abbildung 5. Alle Gruppen enthie l ten 30 Individuen. 
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The effect of  ZR 512 on the development  
of  last instar nymphs. 

Homogeneous  groups  of last  ins ta r  n y m p h s  of Z. nevadensis f rom s tock 
colonies  in w h i c h  alates were  forming,  were  exposed  to 0.4-0,02 mg of ZR 512 
for  14 days  and the i r  subsequent  deve lopment  observed  for 50 days  f rom the s tar t  
of the  invest igat ion.  The deve lopmenta l  a l te rna t ives  of a last  ins ta r  n y m p h  are  
i l lus t ra ted  in figure 5. The  cor re la t ion  be tween these deve lopmenta l  a l te rna t ives  
and the dose of ZR 512 used are  given in figure 6. 

Thus wi th  the high dose of 0.4 mg of ZR 512, p r e so ld i e r  and regress ive  deve- 
lopment  (giving r i se  to first  i n s t a r  nymphs)  was  induced .  W i t h  in t e rmed ia t e  
doses r ang ing  from 0.3-0.04 mg there  was a subs tant ia l  number  of s t a t iona ry  moults  
as wel l  as p rogress ive  moults  giving r ise  to nymph- imago  i n t e rme d ia t e  forms. 
The  lowest  amount  of ZR 512 had  an i n h i b i t o r y  effect on the moul t ing  of the 
nymphs ,  comparab le  to that  a l r eady  obse rved  when  la rvae  of the same species  
were  exposed  to 0.04 mg of the juveni le  ho rmone  analogue.  

D I S C U S S I O N  

Imagina l  or  alate deve lopment  in Z. nevadensis occur red  only in the absence 
of the  juveni le  ho rmone  analogue,  that is, in the cont ro l  groups  of last ins tar  
nymphs .  Thus imaginal  deve lopment  in the te rmi te  is comparab le  to that  in o ther  
hemimetabo lous  i n s e c t s .  The  same appl ies  to r ep l acemen t  r e p r o d u c t i v e  deve- 
lopment  w h i c h  however  differs  from imagina l  .metamorphosis  in that  it  can arise,  
not only  f rom last  ins ta r  n y m p h s  as, in the la t te r  case, but  also f rom younger  
n y m p h s  and  larvae.  

It is in te res t ing  that  the lowest  doses of the juveni le  ho rmone  analogue have 
an i nh ib i t o ry  effect on the  moul t ing  of homogeneous  groups  of l a rvae  and  nymphs .  
Only t o w a r d s  the end of the  observa t ion  p e r i o d  or  later ,  a lmost  a month  after  
the t rans fe r  of the termites  into clean juven i l e  ho rmone  analogue free dishes  d id  
the number  of moults  inc rease  and r ep l acemen t  r e p roduc t i ve s  develop in these 
groups.  Thus the effect of low doses of the  ju~cenile ho rmone  analogue compares  
ve ry  wel l  w i th  the known inh ib i t i on  tha t  func t iona l  r e p roduc t i ve s  exer t  on la rvae  
and  n y m p h s  in this  and o ther  t e rmi tes  (MILLEa, 1969; LiJSC~ER, 1974 a). 

I t  has  also been demons t ra t ed  that  excess juveni le  ho rmone  I and the 
juveni le  ho rmone  analogue gerany l  p h e n y l  e ther  (R-20458, Stauffer  Compound) ,  
have a s imi la r  moul t ing  inh ib i t i on  when  con t inuous ly  supp l i ed  to the  la rvae  of 
the  cock roach  Blattella germanica (MAsNER and HANGARTNER, 1973). 

Wi th  i n t e rmed ia t e  doses of ZR 512 on last ins ta r  n y m p h s  of Z. nevadensis 
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ma in ly  p rogress ive  deve lopment  giving r ise  to nymph- imago  in t e rmed ia t e  forms 
and s t a t iona ry  moul ts  occur red .  I t  is no t ewor thy  that  in te rmedia te ,  s t a t ionary  
and  p rogress ive  moul ts  occu r r ed  at a much  h igher  ra te  in the expe r imen ta l  
groups  than  in the  c o r r e s p o n d i n g  controls .  This  ind ica tes  that ,  as in i nduc e d  
so ld ie r  development ,  the induc t ion  of regress ive  deve lopment  also s t imulates  
moults,  tha t  is, it  must  b r ing  about an ac t iva t ion  of the p r o t h o r a c i c  glands.  

High doses of the  juveni le  ho rmone  analogue caused a large number  of pre-  
so ld ie r  moults .  The juveni le  ho rmone  analogue also in this  case leads  to an 
i n d u c e d  moul t  and the re fo re  has  a s t imula t ing  effect on the p r o t h o r a c i c  glands.  
However ,  the oppos i te  effect, a r educ t ion  of these glands,  can also resul t  f rom the 
same t rea tment ,  p r o b a b l y  depend ing  on the competence  for  so ld ie r  deve lopment  
w h i c h  is low at the beg inn ing  and high t ow a rds  the end of the moul t ing  in te rva l  
(Kalotermes flauicollis, SPRINGItETTI, 1972; Zootermopsis angusticotlis, Li)SCHER, 
1974 b). A s imi la r  response  of the p r o t h o r a c i c  g lands  has  been observed 
when  pupae  of the  Sa tu rn i id  Hgalophora cecropia were  in jec ted  w i th  ~-ecdysone. 
The ac t iv i ty  of the  p r o t h o r a c i c  glands was p ro found ly  s t imula ted  in non-deve-  
lop ing  p u p a e  but  d ras t i ca l ly  decreased  in those w h i c h  had  just  in i t i a t ed  pha ra te  
adul t  deve lopment  (SIEw and GILBERT, 1971). 

I t  is also no t ewor thy  that  last  ins tar  n y m p h s  l ike la rvae  and n y m p h s  of the 
first ins tar ,  r e ad i l y  develop into soldiers  when  t rea ted  w i th  high doses of ZR 512. 
These  soldiers ,  in cont ras t  to those deve lop ing  from la rvae  and  first i n s i a r  
nymphs ,  usual ly  possess  wing  pads.  Accord ing  to the scheme of deve lopment  
w h i c h  MILLER (1969) based on the f indings of CASTLE, LmHT and WEESNER, the 
t r ans fo rma t ion  of last ins ta r  nymphs  into soldiers  does not r ead i ly  occur  in 
Zoostermopsis al though it is po in ted  out that  ins tances  of b r a c h y p t e r o u s  so ld iers  
have been r eco rded .  The add i t i on  of this  deve lopmenta l  step in the scheme of 
Li)scnEa (1974 a), therefore ,  is cons ide red  justified. Since  last ins ta r  nymphs  of 
Zootermopsis also r ead i ly  undergo  regress ive  deve lopment  and moul t  into nymphs  
of the first ins tar ,  it  is suggested that  th is  step too should  be inc luded  in the  
scheme of deve lopment  of Zootermopsis. 

Apar t  f rom p r o t h o r a c i c  g land effects, tile juveni le  ho rmone  analogue ZR 512 
can affect all the  s teps of caste fo rmat ion  in Z. nevadensls. These s tudies  there-  
fore offer add i t i ona l  ev idence  for  the dependence  of the  deve lopment  of diffe- 
rent  casts in the  lower  and poss ib ly  h igher  te rmi tes  on the juveni le  ho rmone  t i ter  
du r ing  the moul t ing  in terva l  of l a rvae  and nymphs ,  as pos tu la ted  b y  LiiscriEn 
(1972). 
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