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C a r l  W. Schaefer  

Department of Biology, Brooklyn College 
Brooklyn, New York, 11210'  

There  has  been much recent  i n t e r e s t  in the comparative morphology 
of the Heteroptera.  This work has  emphasized the land bugs,  o r  
Geocor isae ,  and has  been concerned with working out the relat ionships 
and taxonomic placement of the higher ca tegor ies  (categories above the 
genus),  and with the phylogenetic l ines  and sequences of these higher 
categories.  The geocorisine groups with which I have been mos t  con- 
cerned  a r e  in the closely related superfami l ies  Lygaeoidea, Py r rho -  
coroidea ,  and Coreoidea (see  Schaefer ,  1964 ,  for  a discussion of the 
relat ionships among these groups).  Another superfamily,  the Penta-  
tomoidea, i s  l e s s  closely related.  All four of these superfamilies have 
aro l ia  and pseudarolia,  and all four have tr ichobothria.  Because they 
possess  this l a s t  cha rac t e r  in common, the four  a r e  grouped together 
under the name Heteroptera  Trichophora (Tullgren,  1918) ,  a n a m e  of no 
nomenclatorial standing but never the less  convenient. 

Trichobothria a r e  long h a i r s  a r i s ing  f r o m  often darkened sockets  on 
the relat ively bald abdominal venter .  They a r e  usually ea sy  to distin- 
guish f rom other  h a i r s ,  because they a r e  longer,  have a darkened base ,  
and a r e  a r ranged symmetr ica l ly  in a distinctive pa t te rn  on each seg- 
ment. 

These pa t te rns  and the number of t r ichobothria in them a r e  charac-  
te r i s t ic  of the higher ca tegor ies  of the Trichophora. Since the t r i -  
chophoran fami l ies  a r e  closely re la ted ,  and s ince  this c lose  relat ion- 
ship has been established on evidence f rom other  morphological 
fea tures  than tr ichobothria,  one might look for  phylogenetic significance 
in the variety of pat terns.  However, very  l i t t le  i s  known about the func- 
tion and phylogenetic origin of t r ichobothria.  I shall  speculate he re  on 
their  function and their  phylogenetic significance, but more  must  be 
learned about t r ichobothria before speculation becomes  knowledge. 

The ventral  position of t r ichobothria supports  the idea that they a r e  
tact i le ,  telling the insect  something about the subs t ra te  over  which i t  
i s  moving. Another possibility i s  that they aid in flight, by detecting 
changes in the force and direct ion of a i r  cu r r en t s .  However, many of 
their  pos ses so r s  fly only r a r e l y  and clumsily;  o the r s  do not fly at  a l l ,  
and there  i s  no corre la t ion  between presence  of t r ichobothria and 
brachyptery,  a s  t he re  i s ,  for  example,  between the absence of ocelli 
and brachyptery.  

*A shorter version of this paper was readat the annual meeting of the Entomological Society of America, 
December, 1965. 

-- 

' ~ r e s e n t  address: Department of Zoology and Entomology, University of Connecticut. Storrs, Connecticut 
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Severa l  people, most  recently Leston and Pr ingle  (1964), have sug- 
gested that t r ichobothria a r e  sound-receptors.  Some objections can be  
ra ised  to this  idea ,  but they may not be  valid. One objection i s  that  all  
members  of the Trichophora have tr ichobothria,  although somet imes  few 
in number ;  yet only in relat ively few tr ichophorans have sound-producing 
s t ruc tu re s  been discovered. There  a r e  two possible answers  to this  
objection. F i r s t ,  s t r idula tory  devices have been found in many het- 
e rop te rans  here tofore  thought to lack them. Second, the sounds may be 
produced not by special  mechanisms but by the impact  of some p a r t  of 
the body against the subs t ra te  (Haskell ,  1961). This l a t t e r  method might 
explain why tr ichobothria a r e  ventral .  If they were  designed to receive 
a i rborne  sounds,  one would expect  them to be  dorsa l ,  part icularly in 
these  r a r e l y  flying insec ts .  

Another objection to the idea that  t r ichobothria a r e  sound-receptors 
i s  the presence  of s tr idulatory devices in heteropterans lacking t r i -  
chobothria (non-trichophorans). This objection too i s  not wholly valid. 
Some  of the Aradidae and Reduvioidea have str idulatory devices and 
appear to lack trichobothria. However,  t r ichobothria have been found 
by Stys (1964, in epist . )  in some  reduviids,  and tr ichobothria will pe r -  
haps be found in o thers .  Moreover ,  i t  is possible that various s e t ae ,  
not externally modified to appear a s  tr ichobothria,  may function a s  
sound-receptors.  There  i s  no doubt that  a g rea t  many land Heteroptera  
produce sounds, but a s  f a r  a s  I a m  aware  no "hearing" mechanism has  
been discovered,  unless i t  be the tr ichobothria.  

Leston and Pringle (1964) hypothesize that  t r ichobothria rece ive  
species-specif ic  sounds and thereby prevent  hybridization of closely 
re la ted  species.  This  s e e m s  unlikely a s  the so le  purpose of these 
sounds and the i r  reception,  fo r  t r ichobothria a r e  found in immatu re  a s  
well a s  adult t r ichophorans.  Nevertheless,  I know of no immatu re  t e r -  
r e s t r i a l  t r ichophoran that  produces sound, and indeed many sound- 
producing s t ruc tu re s  a r e  associated with adult fea tures  (like wings); 
pe rhaps ,  then, t r ichobothria s e r v e  different functions in nymphs and 
adults. If s o ,  adult sound might well have a court ing function and s e r v e  
also a s  an isolating device. 

Whatever their  function--and sound-reception s e e m s  the most  likely 
one--the symmet r i ca l  a r rangement  of t r ichobothria i s  certainly of 
functional significance. The symmet ry  implies directionality. I t imp l i e s ,  
that i s ,  an ability of the insec t  to tel l  the direct ion f r o m  which the 
s t imulus  i s  arr iving.  This  of cou r se  would be highly useful in sound 
reception;  i t  would be neces sa ry  fo r  detecting a i r  cu r r en t s ;  and the 
symmet ry  would even be useful if t r ichobothria a r e  devices f o r  the 
exploration, of the subs t r a t e ,  s ince  i t  would allow bet te r  judging of 
gradients  of humidity, chemicals ,  etc.  This at tr ibute of directionality 
does not distinguish between possible functions. 

Closely control led behavioral  and electrophysiological exper iments  
a r e  needed before one can  do m o r e  than speculate on the function(s) of 
t r ichobothria.  
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The pa t te rns  of t r ichobothria on the abdominal venter  a r e  quite con- 
s tan t  a t  the higher taxonomic levels .  The Pentatomoidea (Figs.  7-8) 
have two tr ichobothria la te ra l ly  on s t e r n a  th ree  through seven. In mem- 
b e r s  of the lygaeoid-pyrrhocoroid-coreoid complex (Figs.  1-4),  t he re  
a r e  usually three  tr ichobothria on segments  t h r ee  through s ix ,  and two 
on the seventh. In addition, the c lu s t e r s  on segments  t h r ee  and four 
a r e  medial ,  while the remainder  a r e  l a t e r a l ,  near  the sp i rac le .  The 
important  differences in member s  of this  complex a r e  in the ar range-  
ment of t r ichobothria,  and the ar rangement  of the c lu s t e r s  relat ive to 
the sp i rac le .  (Spiracles a r e  usually ventral  in the Trichophora.  Occa- 
sionally some  a r e  do r sa l ,  a s  in the Slaterel l inae,  but the phylogenetic 
significance of this  i s  not c lear . )  

F igure  5 shows the tr ichobothrial  pat tern of Idiostolus. This and the 
genus TYisecus were  placed in a separa te  subfamily (Idiostolinae) of 
the Lygaeidae by Scudder in 1962; in 1964 Stys r a i s ed  them to a super-  
family,  pr imar i ly  on the bas i s  of the i r  t r ichobothrial  numbers  and pat- 
t e rns .  In a recently completed morphological study, I have taken a 

middle view and have placed the two genera  in a family,  Idiostolidae, 
in the superfamily Lygaeoidea (Schaefer ,  1966). Idiostolus shows some  
very  advanced morphological fea tures  and some  very  general ized (or  
primit ive)  ones ,  among which i s  the tr ichobothrial  number. 

All t r ichophorans with fewer than the usual  number of t r ichobothria 
a r e  advanced with respect  to many o ther  morphological cha rac t e r s .  It 
i s  reasonable,  then, if f a r  f rom conclusive,  that the l a r g e  number of 

I )  C O R E I D A E  2 I m o l l  LYGAEIDAE 3 )  LARGIDAE 4 PYRRHOCORIDAE 

5 ) IDIOSTOLIDAE 6 1 SLATERELLINAE i ' )  THAUMASTELLIDAE B PENTATOMIDAE 

Figures 1-8. Trichobothrial patterns of .representative Heteroptera Trichophora. The diagrams (adopted 
from Scudder, 1963) represent the left side of abdominal sterna 11 through VII. The left-hand border of 
each diagram represents the ventral midline of the abdomen. The diagrams a r e  not to scale. 
Symbols: x =trichobothrium: o= spiracle 
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Idiostolus t r i chobothr ia  i s  p r imi t ive .  Another indication tha t  th i s  l a r g e  
number  is p r im i t i ve  i s  the  plast ici ty of position of s e v e r a l  of the  t r icho- 
bothria .  In the l a r g e  c l u s t e r s  of s egmen t s  t h r e e  and four  the  a r r ange -  
ment  was ex t r eme ly  va r i ab l e  in  my spec imens ,  and occasional ly a 
t r ichobothr ium was even  miss ing .  I emphas ize  the  absence  of direct 
proof tha t  th i s  l a r g e  number  is a pr imi t ive  c h a r a c t e r i s t i c ,  but t h e r e  is 
no evidence,  d i r ec t  o r  i nd i r ec t ,  that  i t  i s  not. 

Although i t  appea r s  tha t  many o ther  t r ichophoran  pa t t e rn s  could b e  
der ived  f r o m  the idiostol id pa t te rn  by el iminat ing se lec ted  t r icho-  
bo thr ia ,  the Idiostolus t r i chobothr ia l  a r r angemen t  on the fifth s t e rnum 
cannot be  d i rec t ly  ance s t r a l  to any o ther .  T h e r e  a r e  only two t r icho-  
bo thr ia  on the  fifth s t e rnum of Idiostolus and t h r e e  in  m o s t  o ther  mem-  
b e r s  of the  lygaeoid-pyrrhocoroid-coreoid complex.  

Idiostolus may be  advanced with r e s p e c t  t o  th i s  cha r ac t e r  on the  
fifth s t e r n u m ,  and pr imi t ive  e l sewhere .  This  s e e m s  unlikely. If the  
Idiostolus pa t t e rn  does  r e s e m b l e  that  of the p r e sumed  common ances to r  
of the complex ,  a th i rd  l a t e r a l  t r i chobothr ium may have  been developed 
in e i t he r  of two ways. An exist ing s e t a  may  have been modified to a 
t r ichobothr ium,  o r  a media l  t r i chobothr ium may have been shif ted 
la te ra l ly .  Such a media l  t r i chobothr ium would have been homologous to 
one of the  two found i n  Idiostolus but  now absen t  e l s ewhe re  i n  the  com-  
plex. The variabi l i ty  of t r i chobothr ia l  posi t ion in Idiostolus ind ica tes  
tha t  such  a shif t  might  have o c c u r r e d  before  these  posi t ions became  
"fixed." Also,  o the r  migra t ions  of a t r i chobothr ium and p a r t  of t he  
fifth s t e r n u m  occu r  normal ly  in the Lethaeini  (Lygaeidae) and a t  l e a s t  
once anomalously in  the  co r e id  Amsa tristis De G e e r  (Schaefer ,  in  
p r e s s ) .  

In one s m a l l  group of the  lygaeoid-pyrrhocoroid-coreid complex  the  
f i f th -s te rna l  pa t te rn  r e s e m b l e s  the idiostol id pat tern.  Member s  of t he  
lygaeid subfamily S la te re l l inae  have  two l a t e r a l  t r i chobothr ia  and no 
median ones  on the  fifth s t e r n u m  (Fig.  6). However,  the number  of 
t r i chobothr ia  on the o the r  s egmen t s  is a l so  much reduced.  If th i s  r e -  
duction of t r i chobothr ia  on the  fifth s t e r n u m  in t h e  S la te re l l inae  i s  
advanced ( a s  I have suggested above i t  i s ) ,  and if the  reduct ion in  the  
Idiostol idae i s  p r imi t ive  ( a s  I bel ieve it i s ) ,  the  s im i l a r i t y  between the 
two pa t t e rn s  on the fifth s t e r n u m  is not phylogenetically significant. 

I t  s e e m s  c l e a r ,  then ,  tha t  the  idiostol id t r ichobothr ia l  pa t te rn ,  a l-  
though cer ta in ly  pr imi t ive ,  is not di rec t ly  ance s t r a l  to any exist ing 
pat tern.  At l e a s t  one i n t e rmed ia t e  f o r m  m u s t  be  postulated to provide 
evidence f o r  a l a t e r a l  migra t ion  of one of the two median  t r ichobothr ia  
on s t e r n u m  five. But  the  idiostol id pa t te rn  ve ry  probably comes  the  
c l o s e s t  to  r ep r e sen t i ng  tha t  of the  t r ichophoran  ances tor .  Much o the r  
evidence sugges ts  s t rongly that  tha t  ance s to r  was lygaeid-l ike (Schaefer ,  
1964);  and i t  is signif icant  t ha t t he  gene ra l  morphology of the Idiostol idae 
i s  ve ry  s i m i l a r  t o  tha t  of the  Lygaeidae (Schaefer ,  1966). 

The o the r  group of the  He t e rop t e r a  T r i chopho ra i s  t he  Pentatomoidea.  

The o r i g in s ,  re la t ionsh ips ,  and phylogeny of the m a j o r  groups  i n  th i s  
super fami ly  a r e  very  poorly known. The pentatomoid t r ichobothr ia l  
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pat te rns  a r e  more  advanced than most  of those in the lygaeoid- 
pyrrhocoroid-coreoid complexes ,  a s  there  a r e  no more  than two tr icho- 
bothr ia  p e r  segment. This i s  t r ue  even of the mos t  pr imi t ive  groups ,  
the Thaumastel l idae (Stys, 1964) and (probably) the Garsaur i inae  
(Cydnid,ae). These  two tr ichobothria a r e  a r ranged in various ways-- 
t r ansve r se ,  oblique, longitudinal--and they may b e a r  varying relat ion- 
sh ips  to the sp i rac le .  The thaumastel l id pa t te rn  (Fig. 7) may well be 
the pr imi t ive  one,  and that  of the Pentatomidae (Fig. 8) the m o r e  
advanced. Ruckes (1962) has  descr ibed  these pa t te rns ,  and, f rom his  
descr ip t ions ,  i t  may be possible to work out some  genera l  evolutionary 
trends.  I sha l l  do th is  soon a s  par tof  a genera l  study of the morphology 
and relat ionships of the Pentatomoidea. 

Fu r the r  s tudies of the relat ionships between the major  tr ichophoran 
groups  will contribute much to a be t te r  understanding of the origin and 
evolution of t r ichobothria.  But a knowledge of s t ruc tu re  i s  not enough, 
and, a s  I have sa id ,  final understanding awaits experimental  evidence 
for  t r ichobothrial  function. 
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ANOTHER RECORD OF WlLLlAMSONlA FLETCHER1 IN MICHIGAN 

(ODONATA: CORDULIIDAE) 

David F. Foley 

414 State S t r ee t  
T r a v e r s e  City,  Michigan, 49684 

Williamsonia fletchevi Williamson was f i r s t  taken in the United 
S ta tes  in the upper peninsula of Michigan n e a r  Manistique, Schoolcraft 
County (Gloyd, 1932). On June 4,  1966, I col lected two ma le s  of th i s  
r a r e  spec ies  a t  Island Lake ,  a s m a l l  lake heavily overgrown with jack 
pine and poplar  in southeastern Grand T r a v e r s e  County. The spec imens  
were  identified by Mrs .  Leonora  Gloyd of the University of Michigan. 

This  i s  the f i r s t  r e p o r t  of th i s  spec ies  f r o m  the  lower  peninsula of 
Michigan, and the second for  the United States.  
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