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SUMMARY 

Firs t  ins ta r  nymphs  of Bgrsotria fumigata aggregate under  and a round  the i r  
mother  unti l  the second stage. Brooding behavior  is exhibi ted by a female parent  
B. fumigata by raising her  body to allow nymphs  access to the aggregation space 
beneath.  St imulus for  aggregation is a pheromone present  in and extractable  f rom 
feces. Contact chemoreception was found to be the major  sensory modal i ty  used by 
first ins ta r  nymphs  in or ientat ion to a pheromone source. No interspecific a t t ract ion 
to the aggregation pheromone f rom mandibular  glands og Blaberus craniifer was observed. 

RESUME 

Relations ~ m~re-jeune ~ chez la Blatte cubaine 
Byrsotria fumigata (Blaberidae,  Blattaria) .  

Les nymphes  du premier  stade de Bgrsotria fumigata s'agrEgent sur la mere et 
autour  d'elle jusqu 'au  deuxiEme stade. Une m6re de B. fumigata manifes te  son eompor- 
tement  parenta l  en soulevant le corps pour permet t re  aux nymphes  de s 'agr6ger sous 
elle. Le s t imulus  responsable de l 'agr6gation est une pheromone qu'on peut  extraire  des 
feces. C'est par  ch6mor6ception de contact que les nymphes  du p remie r  s tade s 'or ientent  
par  rappor t  ~t la ph6romone. Nous n 'avons pas observ6 d 'a t t rac t ion  intersp6cifique /t la 
ph6romone d'agr6gation produite  par  les glandes mandibula i res  de Blaberus craniifer. 
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I N T R O D U C T I O N  

The Cuban bu r rowing  cockroach  Byrsotria [umigata is an ovov iv ipa rous  

b laber id  that displays brood care. ROTn and WILLIS (1960) ment ion  15 o ther  

species of cockroaches ,  the major i ty  ovoviv iparous ,  that  probably  b rood  the i r  

young. Brood care is general ly  exhib i ted  by aggregation of newly  ha tched  

offspring a round the i r  mother ,  the mothe r  to some extent  faci l i ta t ing the n y m p h a l  

aggregat ion by remain ing  immobi le  for va ry ing  per iods  of time. The dura t ion  
of the ~'elationships varies  f rom the ext remes  of Leucophaea maderae n y m p h s  

accompanying  thei r  mother  on food foraging t r ips  (SEiN, 1'923; P~.SSOA and CORR~A, 
1928) to that  of Blatella vega nymphs,  an oviparous  species, remain ing  under  the i r  

mother  only unti l  the i r  cuticle darkens  after  w h i c h  they disperse (RoTrI and 

WILLIS, 1954). 
These pos tpar tu r ien t  associat ions have  not been documented  prev ious ly  by 

studies of the behaviora l  parameters  invo lved  or the durat ion of the associat ions.  
Using Bgrsotria [umigata the fol lowing aspects were  invest igated : the a t t rac t ive-  

nesse of a female to its progeny,  the dura t ion  of the famil ial  associat ion,  the 

extent  of the female 's  pa r t i c ipa t ion  in brooding ,  and the sensory modal i t ies  used 

by nymphs  in locat ing thei r  mothers ,  and the source of the at tractant .  Also 
invest igated was the in terspecif ic  a t t rac t ion  of B. [umigata nymphs by the 

aggregation pheromone  of a related species,  Blaberns craniifer (Bnossur ,  1970, 

1973). 

MATERIALS AND METHODS 

Insect Material. 

Colonies of the Cuban cockroach Byrsotria [umigata were maintained with a 
12 : 12 LD photoperiod and an average temperature of 23 ~ with access to water and 
Purina laboratory chow. To obtain first instar nymphs, gravid females were isolated 
in 900 ml plasti.e beakers with food and water; beakers were checked daily for newly 
hatched nymphs. Females and their newly hatched progeny, the primary experimental 
animals, were kept isolated until the young had reached the third instar at which time 
the adult and immatures were returned to one of the colonies. In certain experiments 
nymphs were taken directly from the colonies, provided it was not necessary to know 
the exact age or female parent of the nymphs. 

Behavioral assays. 

Pheromone extracts of feces were prepared by homogenizing feces in solvent followed 
by filtration of the homogenate through Whatman Grade 1 filter paper. Tissue extracts 
were prepared by grinding in solvent with a homogenizer and filtering as described 
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above. Concentrated extracts were prepared in some instances by vacuum evaporation 
at room temperature using a Buehler Roto-vae apparatus. Extracts were usually tested 
the same day they were prepared and none was used later than 48 hours after preparation. 
In instances were extracts were used the next day, they were refrigerated o~er night at 
0 ~ and then allowed to equilibrate to room temperature before testing. 

For certain tests, components of the Blaberus craniifer aggregation pheromone 
reported by Bnossuw (1970, 1973), undeeane, tetradeeane, and ethyl hexanoate (Eastman 
Kodak and Matheson S.eientifie), were used to determine if these compounds elicited 
aggregation behavior in the related species Byrsotria fumigata. 

Statistical tests used include the G-test of independence with the Yates correction 
and the Wilcoxon two sample test (SOXAL and ROHLF, 1969). 

RESULTS 

1. First instar aggregation site preferences. 

Pre l imina ry  observat ions of B!Irsotria fumigata nymphs  and brooding  mothers  

suggested that nymphs  aggregate beneath  or in the v ic in i ty  of the i r  own mother .  
To test this assumption, nymphs f rom a single brood and o t h e r  mothers  were  

employed in a behavioral  assay to de te rmine  if nymphs  locate and aggregate 
beneath their  mother  when  given the choice  of thei r  mother ,  another  B. [umigata 
female, or a mimic  (constructed to visual ly  represent  a female B. fumigata). 

The assay employed a round arena 40 cm in d iameter  wi th  plast ic sides to 

confine the cockroaches.  The  arena was  t ransec ted  by lines into four  sectors 

of equal size. The mimic  or an adult female cockroach  were  placed in opposite 
sectors and were  rotated between the sectors for each ind iv idua l  t r ial  wi th in  

a repl icate.  For  the first set of repl icates ,  cy l inders  (fitted w i t h  supports  to 
al low free movement  of nymphs),  confined females (or mimics)  to the centers  of 
the opposing sectors;  the nymphs were  released in the center  of the arena (fig. 1). 

After 20 minutes  the number  of nymphs  in each of the four sectors was counted. 
Each repl ica te  was car r ied  out in a dark room, wi th  i l luminat ion  by a G. E. Ruby 
photography  lamp (BARTrl, 1964) at the t ime observat ions  were  made. 

The results (fig. 2 a, b) indicate  that  24 hour  old first instar  nymphs can 

locate and to prefer  to aggregate beneath  the i r  own mother  as compared  to an 
inanimate  object or another  female (p < .001). Similar  results were  obtained 

when  nymphs  were  given the choice  be tween the i r  mother  and a Le~wophaea 
maderue female;  nymphs  pre fe r red  their  mother  (n = 373, p < .001). 

2. D u r a t i o n  o f  nymphal aggregating behavior. 

As nymphs  mature,  the i r  t endency  to aggregate beneath or near  thei r  mother  
seems to decline.  Figures  2 a, b, c, and d show that  the t endency  of newly 

ha tched  nymphs  to aggregate beneath  or near  the i r  mother  decreased markedly  
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after  15 days (n = 56) or af ter  mol t ing  to the second instar  (n = 19) so that  they  

showed no p re fe rence  for  the i r  mothe r  over  a n  unre la ted  female. It  is not  

cer ta in  why  15 days old first ins tar  nymphs  exhibi ted  less or ienta t ion  t o w a r d  

both the i r  mother  and an unre la ted  female  than did second instar  nymphs ,  hut 

it is possible that they have r educed  chemica l  and tactal  r ecep tor  accuity.  

i3 

Fic,. 1. - -  Bioassay arena 40 cm in diameter. 1, 2, 3, 4 : equal size sectors; A, B : confi- 
nement zones of adults and mimic; C : zone of nymph introduction. 

FIG. 1. - -  L'aire d'exp6rimentation de 40 em de diam6tre. Les seeteurs 1, 2, 3 et ~, sont 
6gaux; A, B :  zone de confinement des adultes et zone eomportant les leurres; 
C :  zone d'introduetion des nymphes. 

Fur the r  in format ion  was obta ined  on the dura t ion of first instar  nym pha l  

a t t ract ion to thei r  mother  by observ ing  two broods  of cockroaches  isolated in 
rec tangular  containers  (18 • 28 cm). The  two broods  were  observed pe r iod ica l ly  

and counts made  of the number  of nymphs  aggregated around the i r  mo the r  or 

e lsewhere  in the container .  Fo r  b rood  number  one, observat ions s tar ted w h e n  

the nymphs  were  9 days old and ceased w h e n  27 of the 31 nymphs  had mol ted  
to the second instar  (21 days after  ha tching) .  For  brood number  two observat ions  

s tar ted when  the nymphs  w e r e  18 days old and ceased when  all 27 n y m p h s  
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h a d  m o l t e d  to  t h e  s e c o n d  i n s t a r  (32 d a y s  a f t e r  h a t c h i n g ) .  O b s e r v a t i o n s  w e r e  

m a d e  at  t h e  b e g i n n i n g  of t h e  l i g h t  p e r i o d  w h e n  t h e  c o c k r o a c h e s  a r e  l ea s t  
ac t ive .  

B r o o d  n u m b e r  one  a g g r e g a t e d  a r o u n d  t h e i r  m o t h e r  u n t i l  14 d a y s  a f t e r  

h a t c h i n g  ( T a b l e  I) .  At  21 d a y s  a f t e r  h a t c h i n g ,  27 of t h e  31 n y m p h s  h a d  e c d y s e d  

t -  
O. 

E 

100 - 

7 5 -  

50 

~ M o t h e r  
~ M l m l c  
~ ,  Un re I a t  ed female  

B l a n k  s e c t o r s  

2 5  

24 h r .  24 -h r .  15 d a y  seconr 
f i r s t  f i r s t  f i r s t  i n s t a r  
i n s t a r  i n s t a r  i n s t a r  

Fzc,. 2. - -  Aggregation of n y m p h s  of Byrsotria fumigata at  different ages. a : 24 h o u r  
old first ins ta r  n y m p h s  (n----73); b :  24 hou r  old first i n s t a r  n y m p h s  (n = 110); 
c : 15 days old first i n s t a r  n y m p h s  (n ---- 56) ; d : second ins t a r  ny thphs  (n = 19). 

F i t .  2. - -  Agrdgation de nymphes  de Byrsotria [umigata ~ des .~ges diffdrents, a : nymphes  
du 1 er stade hgdes de 24 heures  (n ----- 73) ; b : nymphes  du Ier stade ~gdes de 24 heures  
( n =  110); c :  nymphes  du 1 er stade ~gdes de 15 jours  ( n ~ 5 6 ) ;  d :  nymphes  du 
second stade (n = 19). 

to  s e c o n d  i n s t a r  a n d  20 of t h e  27 s e c o n d  i n s t a r ,  c o n t i n u e d  to  a g g r e g a t e  at  t h e  

f e m a l e  a l o n g  w i t h  t h e  fou r  r e m a i n i n g  f i r s t  i n s t a r  n y m p h s .  At  t h e  b e g i n n i n g  o f  

o b s e r v a t i o n s  of b r o o d  n u m b e r  t w o ,  t h r e e  s e c o n d  i n s t a r  n y m p h s  w e r e  a l r e a d y  

p r e s e n t .  As th.~ n u m b e r  of f i r s t  i n s t a r  n y m p h s  d e c r e a s e d  t h e  n u m b e r  of n y m p h s  

c o n g r e g a t i n g  a r o u n d  t h e  f e m a l e  d e c r e a s e d  u n t i l  a t  32 d a y s  of age al l  w e r e  f o u n d  

d i s p e r s e d  in  s m a l l  g r o u p s ,  n o n e  a r o u n d  t h e  f e m a l e  ( T a b l e  I) .  
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TABLE I. - -  Duration of brooding behavior in two isolated groups of female and progeny. 
TABLEAU II. - -  DurOc des relations <( m~re-jeune ~ dans 2 groupes de femelles isol~s avec 

leur prog~niture. 

Brood # 1 
n : 3 1 .  

Brood # 2 
n : 2 7 .  

First instar Second instar 
Nymph age 

in days 
% w / ~  % elsewhere % w / ~  % elsewhere 

9 
10 
12 
13 
14 
21 

18 
"19 
21 
22 
23 
25 
32 

80.6 
80.6 
96.8 
74.2 
90.3 
12.9 

33.3 
33.3 
11.1 
48.1 
29.6 
0 

19.4 
19.4 

3.2 
25.8 
9.7 
0 

55.6 
44.4 
48.1 
11.1 
18.5 
18.5 

64.5 

0 
0 

14.8 
11.1 
18.5 
18.5 

0 

22.6 

11.1 
22.2 
25.9 
29.6 
33.3 
63.0 

100.0 

3.  F e m a l e  b r o o d i n g  b e h a v i o r .  

To probe  the poss ibi l i ty  of act ive b rood ing  behavior  by B. fzzmigata mothers ,  

females were  e i ther  anesthet ized and bound to a p iece  of h a r d w a r e  cloth 
(al lowing no movement )  or p laced  in a ha rdware  cloth cage (al lowing leg 

movement  outside the  cage). When mothers  w e r e  cons t ra ined  to p reven t  
�9 all movement  and p laced  in the arena,  their  p rogeny still  p r e f e r r ed  them 

over  the mimic  (Fig. 3 a) (p < .001). However ,  nymphs  w e r e  pushed away 

and preven ted  f rom aggregating beneath the i r  mothe r  when  the female res t ra ined  

but a l lowed leg movements  (Fig. 3 b) (P < .001). Thus,  the mothe r  does not 

act ively aid nymphs  in attempts to aggregate beneath  her,  except  pe rhaps  to 
elevate he r  body, but she must pass ively  accomodate  aggregat ion atteml~ts. 

4.  P h e r o m o n e  p e r c e p t i o n  b y  n y m p h s .  

Since nymphs  locate  and aggregation beneath  the i r  mother  in the dark,  the 
cues employed by nymphs  must be e i ther  chemica l  or tactile.  Pe rcep t ion  of 

female odors seem to depend on contact  chemorecep t ion ,  since,  w h e n  mothers  

were  p laced in conta iners  15 mm above the arena floor, and nymphs  were  
given the choice  of the elevated mother  versus an elevated empty  conta iner ,  
p references  for e i ther  conta iner  were  not stat ist ically significant  (n = 125). The 

height  of 15 mm preven ted  nymphs f rom cont rac t ing  the female wi th  antennae,  
therefore  p rov id ing  only possible o l fac tory  cues. 
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r e s t r a i n e d  in  c a g e s  c o n t a i n e r  c o n t  ro!  

FI6. 3. - -  Maternal part icipat ion in aggregation of first instar  nymphs  of Byrsotr ia  
[umigata.  a : mother  completely res t ra ined (n ~ 103); b : mother  abble to exhibit  
escape movements  (n ----109) ; e :  aggregation of nymphs  to mother  resul t ing f rom 
olfactory cues (n = 125); d : two raised empty container  control (n ~ 16). 

Fla. 3. - -  H6]e de la m~re dans l 'agr6gation des nymphes  du 1 ~r stade de Byrsotr ia  
fumigata ,  a : m~re tota lement  entrav6e (n ~- 103) ; b : m~re pouvant  avoir  des mouvc- 
merits de fuite (n ---- 109); e : agr6gation de nymphes  h leur m/~re sous l 'effet de 
facteurs olfactifs (n ---- 125) ; d : 2 groupes de contr61e 61ev6s dans des r6cipients vides, 

5 .  D e t e r m i n a t i o n  o f  p e r c e p t i o n  m e c h a n i s m s  
u s i n g  a n  o l f a c t o m e t e r .  

In  a f u r t h e r  e f for t  to  d e t e r m i n e  if  n y m p h s  a re  a t t r a c t e d  to  a f ema l e  p h e r o m o n e ,  

a T- tube  o l f a c t o m e t e r  w a s  e m p l o y e d .  T h e  T- tube  (15 m m  I.D.) c o n s i s t e d  of  an 

8 cm e n t r y  t ube  t e r m i n a t i n g  in  lef t  a n d  r i g h t  9 cm exi t  t ubes .  N y m p h s  w e r e  

i n t r o d u c e d  i n d i v i d u a l l y  f r o m  a 3 cm3 c h a m b e r  a t t a c h e d  to  t h e  e n t r y  tube .  Clean  

air  or  a i r  c o n t a i n i n g  o d o r s  w a s  i n t r o d u c e d  i n t o  o n e  of t h e  ex i t  t u b e s  at 10 cmZ/sec .  

S ince  p r e v i o u s  e x p e r i m e n t s  (BELL et at., 1972) i n d i c a t e d  t h a t  B. f u m i g a t a  n y m p h s  

w e r e  a t t r a c t e d  to o d o r s  of feces ,  a i r  p a s s i n g  ove r  f eces  w a s  i n t r o d u c e d  in to  

e i t h e r  t he  lef t  or  r i g h t  ex i t  tube .  Af t e r  e a c h  n y m p h  w a s  t e s t ed ,  t h e  s o u r c e  of 
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odor  was changed to the opposi te  exit  tube. The results ind ica ted  no d i f fe rence  

be tween the number  of nymphs  moving  toward  the source and those  moving  

toward  clean air  (n = 74). These results suppor t  the conclus ion that  olfact ion 

is not a major  modal i ty  employed  by nymphs  in locat ing the i r  mother ,  but  can 
be fur ther  defined as contact  chemorecept ion .  

6. E f f e c t  o f  a b l a t i o n  o f  s e n s o r y  o r g a n s .  

Evidence  for aggregation to colony odor  was obta ined using the bioassay 
of IsnII  and KUWAHARA (1967) and BELL et al. (1972) wi th  three  ver t i ca l  folded 

filter papers  in a 10 em diameter  arena. One paper  was inpregna ted  w i t h  a 
methanol  feces extract ,  one rece ived  only methanol  and the th i rd  r 'emained 

untreated.  The feces extract  s ignif icantly a t t racted first ins tar  nymphs  (Table II a) 

(n = 36, p < .001). Since this assay permi t t ed  nymphs  d i rec t  contact  w i t h  the 

three  filter papers  in the arena, the fo l lowing exper iment  was des igned to 
de te rmine  w h i c h  sensory  organs pe rce ived  the odor. Ablat ion of antennae,  

maxi l la ry  or  labial  palps was pe r fo rmed  on two groups of 18 first ins tar  nymphs .  

Each group (one antennectomized,  one depalped) was then tested by the  (three- 
f i l ter-paper) assay. Nei ther  group of nymphs  d i sc r imina ted  be tween cont ro l  

papers  and papers  impregna ted  wi th  the extract  (Table II b, c). The  ev idence  

TABLE II. - -  Orientation of first instar nymphs to aggregation pheromone after ablation 
of sensory organs. 

TABLEAU II. - -  Orientation de nymphes du premier stade par rapport h la ph6romone 
d'agr6gation apr6s ablation d'organes sensoriels. 

T r e a t m e n t  

a. Control . . . . . . . . . . . . . .  
b. (--) antennae . . . . . . . . .  
e. (--) maxillary and labial 

palps . . . . . . . . . . . . . . . . . .  

36 
18 

15 

Percent  n y m p h s  aggrega t ing  
to p h e r o m o n e  a f t e r  20 rain.  

H o u r s  pos t -ope ra t ion  

1 h o u r  ~1 h o u r s  

75.0 
22.2 

16.6 

2 hours  17 hours  

33.3 33.3 

3.3 27.2 

75.0 
55.5 

40.0 

* Not tested. 

is ambiguous because nymphs  not only failed to select the extract  impregna ted  
paper ,  but a s tat is t ical ly significant  number  f rom both groups failed to select 

any paper  (p < .001 for both groups).  Ablation of e i ther  antennae or  palps  is 

probably  too t raumat ic  to be of any use in de te rmin ing  w h i c h  chemosensory  
s t ructures  are sensi t ive to the aggregation odor. 
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7. I s o l a t i o n  o f  pheromone secretory s i t e .  

BROSSUT (1970, 1973) i so la ted  the  aggregat ion phe romone  f rom the mand i -  
bular  glands of a closely r e l a t ed  species,  Blaberus craniifer. This  source  seemed 
l ikely for B. fumigata also because  feces ext rac ts  might  have been  con tamina t ed  
wi th  secre t ions  of m a n d i b u l a r  glands.  However ,  IsnII  and  KUWAHARA (1968) 
and BLOCK and  BELL (1'974) found  the  source  of aggregat ion p h e r o m o n e s  of 
Blattella germanica and Periplaneta americana, respec t ive ly ,  to be rec ta l  pads  
in the gut. Therefore ,  bo th  m a n d i b u l a r  and rec ta l  t issues w e r e  tes ted  for  
aggregat ion p h e r o m o n e  ac t iv i ty .  

F i rs t ,  who le  head  ex t rac t s  were  tes ted  using d ie thyl  e ther  solvent  (as 
employed  by  BaossuT) .  Negat ive  resul ts  were  ob ta ined  when  the  ex t rac t  was  
tested in the  th ree : f i l t e r -paper  b ioassay.  Methanol was effective as a solvent  for  
feces ex t rac ts ;  therefore ,  head  homogenates  were  made .in me thano l  but  the  
ext rac t  showed  negat ive  resul ts  when  tes ted in the  bioassay.  S imi la r  resul ts  we re  
obta ined  wi th  ex t rac t s  of heads  in ch lo ro fo rm and acetone. Next,  adul t  B. [umi- 
gata were  dissected,  the  in tes t ines  removed,  and  d iv ided  into th ree  s e c t i o n s :  
Rectal-anal ,  i leum wi th  m a l p i g h i a n  tubules,  ven t r icu lus  and gas t r ic  caecum. 
Three  po r t ions  from each sec t ion  were  homogenized  in 7 ml  me thano l  and  
0,5 ml of each homogena te  was  tes ted in the three- f i l te r -paper  b ioassay .  E x t r a c t s  
of all gut sec t ions  p roved  to be inact ive.  F ina l ly ,  a cu t icu la r  w a s h  was  made  
of two females us ing  5 ml me thano l  as solvent.  This  too was  found  to be inact ive .  
The aggregat ion p h e r o m o n e  is, therefore ,  p resen t  in the feces but  has  not been 
ex t rac ted  in act ive form from poten t ia l  s ec re to ry  sites. 

8. Attractiveness of Blaberus craniifer 
aggregation pheromone. 

Another  expe r imen t  was  conduc ted  using pure  Blaberas cranii[er aggregat ion 
phe romones  (BRossuT, 1970, 1973). The active ingredents ,  t e t r a d e c a n e  and 
undecane,  and  an inac t ive  componen t  e thyl  hexanoa te  were  tes ted  in a two 
filter pape r  b ioassay  for  eva lua t ion  of a t t rac t iveness  to Byrsotria [umigata nymphs .  
The chemica ls  were  tes ted  i nd iv idua l l y  and in combina t ion  ( t e t radecane  + unde-  
cane,  3 1 %  : 38 % ; t e t r adecane  -4- e thyl  hexanoate ,  3 1 %  : 17 % ; u n d e c a n e  -4- e t h y l  
hexanoate ,  3 1 %  : 17 %; t e t r adecane  + undeeane  -4- e thyl  hexanoa te ,  3 1 %  : 
38 % : 17 %). All chemicals ,  tes ted  e i ther  s ingly or  in combina t ion ,  repe l led  
(n = 20, p < .05 for each test) r a the r  than  a t t rac ted  the nymphs .  
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DISCUSSION 

WILSON (1970) classified the social structure of some cockroach species as 
subsocial or quasisocial on the basis of brood care and gregarious behavior,  
attributes not common to most insects. ROTH and WILLIS (1960) mention 15 cock- 
roach species that have been observed to care for broods in laboratory colonies 
or in the field. SEIN (1'923) and P~SSOA and CORneA (1928) observed Leucophaea 
maderae nymphs accompanying their  mother on night foraging trips. This 
is probably the ultimate in brood care or familial association in cockroaches,  
with the most common behaviour being aggregation of nymphs under  and around 
their  mother only until their  cuticle hardens after which the nymphs disperse. 
Newly hatched Nauphoeta  cinerea nymphs crawl beneath the female ' s  body 
and wings (WILLIS et al., 1958), but the association lasts less than a day (EwIN6, 
1973). 

Gregarious behaviour of nymphs is at least part ly attr ibutable to aggregation 
to a feces pheromone (BELL et al., 1972). The present study failed to elucidate 
the origin of the pheromone, which seems not to be the gut or head structures 
previously shown to supply aggregation in other species. This study did, 
however, show that females secrete distinct pheromones which are perceived 
by nymphs through contact chemoreception and lead to aggregation of nymphs 
beneath their  own mother. Individual  variat ion among pheromones may account 
for individual  recognit ion of mothers by nymphs, or perhaps two pheromones are 
involved, one a general aggregation pheromone and the other a pheromone 
which differs among females. 

A female assumes a passive but facili tating role in brooding situations by 
raising her body, allowing the progeny to move underneath;  she remains in the 
raised position for an hour or longer if undisturbed. Similar behavior has been 
observed in other ovoviviparous cockroaches (ROTH and WILLIS, 1960). However 
if the female is allowed escape movements, but otherwise constrained, aaymphs 
do not aggregate under  their  female parent,  apparent ly being pushed away by 
the moving legs. 

CHOPARD (1938) suggested that gregarious behaviour in Orthoptera varies 
in intensity according to the age or physiological  state of the insect. This was 
found to be true of B. fumigata with the mother-seeking behavior  of first ins tar  
nymphs decreasing as they approach the second instar. Second instar  nymphs 
aggregate under their  mother and another female B. [umigata in equal numbers. 

The vulnerabil i ty  of nymphs at bir th  to predation and harmful elements 
of the environment is obvious. Brooding behavior would seem to be a favorable 
adaptation because the female, having selected a place of safety, would shelter 
and hide the nymphs. "Why, however, is this adaptation lacking in the behavior  
of oviparous cockroaches, which select an oviposition site and abandon the 
oStheca and thus the nymphs ? Oviparous cockroaches reproduce more rapid ly ,  
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producing more offspring per unit time than ovoviviparous cockroaches (WILLIS et 
at., 1958). The advantage for brooding cockroaches would be a lower mortality 
rate among the nymphs, thus balancing the advantages of a high reproductive rate. 
Paucity of ecological data and observations of B. [umigata in nature, however, 
preclude definitive analysis of the ecology of brood care. 
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