
Insectes Sociaux, Paris 
1982, V o l u m e  29, n ~ 2 bis ,  pp .  332-345 

~) Masson, Paris, 1982 

THE HINDGUT ULTRASTRUCTURE, AND EXCRETORY 

PRODUCTS OF LARVAE OF THE IMPORTED FIRE ANT, 

SOLENOPSIS INVICTA BUREN * 

R . S .  P E T R A L I A * * ,  H . J .  W I L L I A M S  a n d  S . B .  V I N S O N  

Department of Entor~ology, Texas A & M University, College Station, Texas 77843 

Re~u le 18 juin 1980. Accept~ le 4 mars  1981. 

S U M M A R Y  

The ul t ras t ructure  and excretions of the hindgut of larvee of the imported  fire ant, 
Solenopsis invicta Buren, is described. The anterior  or base of the hindgut is closed and 
rooted (via the " dome ") in the poster ior  'wall of the midgut, and is composed of basal 
cells of both  the malpighian tubules and the small intestine (ileo-colon). The ileo-colon 
opens via a rectal valve into the rectum and transfers  uric acid (,white excretion) secreted 
by the malpighian tubules, into the rectum. The thin walled rectal epithelium has three 
rectal pads composed of large, cuboidal cells. The excretory product  of larva~ consists  of 
2 components ,  a 'white precipitate composed of uric acid and a clear liquid consist ing of 
~vater and salts. Ultrastructural  and observational studies suggest that  the rectal pads 
and malpighian tubules secrete the clear fluid from the hemolymph.  Results of experi- 
ments  �9 vith the ~waste products  indicate that  larval excretions are not ingested by other  
members  o f  the colony except adults which under  water  stress do consume some of the 
clear liquid. The adults do participate in the removal of the excretory products  f rom the 
brood chamber.  

R E S U M E  

L'ultrastructure de rintestin postdrieur et les mat6riaux excrdt6s chez |a larve 
de la ,, Fourmi de f e u .  Solenopsis invicta Buren 

Nous d~crivons dans cet article l 'u l t rastructure et la fonction de l ' intestin post6rieur 
chez la ~ fourmi de feu ,~ Solenopsis invicta Buren. La base de l ' intestin post6rieur est 
ferm6e et ins6r6e (par le ~ d6me ,,) dans la paroi post6rieure de l ' intestin moyen ; elle est 
compos6e de cellules basales provenant  ~ la lois des quatres tubes malpighiens et de 
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l'intestin post6rieur (ileo-colon). L'ileo-colon d6bouche, grace ~ une valvule rectale, dans 
le rectum, et y d6verse de l'acide urique (excr6tion blanch~ttre) s6cr6t6 par les tubes 
malipighiens. L'6pith61ium rectal h paroi mince poss~de trois papilles rectales compos6es 
de grosses cellules cuboides. Les mat6riaux excr6t6s par la larve consistent en deux dld- 
ments: un pr6cipit6 blanc compos6 d'acide urique et un liquide clair compos6 d'eau et 
de sels. Les observations ultrastructurales sugg6rent que les papilles rectales et les tubes 
malipighiens s6cr~tent le liquide clair ~ partir de l'h6molymphe ; les rdsultats d'expdriences 
men6es sur les excr6ments indiquent par ailleurs que les excr6tions larvaires ne sont pas 
ing6rdes par les autres membres de la colonie, ~ l'exception des adultes qui mangent du 
liquide clair en cas de ddficit en eau. Les adultes transportent les mat6riaux excr6t6s hors 
du laid. 

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

A con t ro l  measure  for  the i m p o r t e d  fire an t  Solenopsis invicta Buren,  
a ser ious pes t  in the sou theas te rn  Uni ted  States ,  may  involve the use of 
food ba i t s  which  are fed d i rec t ly  to the larvae (PETRALIA and VINSON, 1978). 
The success of this  idea vcill r equ i re  an adequa te  knowledge  of the  biology 
of the larvae,  pa r t i cu la r ly  nu t r i en t  cycling and the fate of var ious  compo- 
nents  in the  food. To this end, the feeding behav io r  (PETRALIA and VINSON, 
1978), ex te rna l  (PETRALIA and VINSON, 1979), and in te rna l  a n a t o m y  (PETRALIA 
and VINSON, 1980) of larvae have been descr ibed.  

I t  is i m p o r t a n t  to de te rmine  the excre tory  p roduc t s  of la rvae  and how 
these p roduc t s  are hand led  by  adul t  vcorkers.  O'NEAL and  MARKIN (1973) 
repor t  tha t  the  excre ta  of the larvae consis t  of 2 s epa ra t e  f rac t ions ,  a vchite 
p rec ip i t a t e  and  a clear  vcatery excret ion.  They suggest  t ha t  w o r k e r s  ingest  the 
whi te  p rec ip i t a t e  and  d i sca rd  the  c lear  excret ion.  This, in tu rn  suggests  tha t  
the whi te  excre to ry  p r o d u c t  may  conta in  nu t r i en t s  recycled  in the colony. 
In suppor t  of this, amino acids  have been  found in the excre ta  of larvae  of 
o ther  an ts  (MAsCHWITZ, 1966; Wi.iST, 1973). However ,  no chemica l  analysis  
has been done on the excre t ion  of i m p o r t e d  fire ant  larvae.  

BONAVITA, COU6OURDAN and  POVEDA (1972) r epo r t  t ha t  the  midgu t  may  
connect  to the h indgut  via a " f i l ter ing organ '~ which  a l lows excess xvater to 
pass d i rec t ly  f rom the midgu t  into the h indgut  to eventua l ly  be inges ted  
again by the adul t  w o r k e r s  (LE MASNE, 1953) bu t  AT~IAs-HENRIOT (1947) 
suggests tha t  excess w a t e r  might  be removed  f rom the h e m o l y m p h  via the 
rec tum.  

Al though the general  ana tomy  of the h indgut  of the larvae  of f ire ants  
has been desc r ibed  (PETRALIA and VIRSON, 1980) as wel l  as tha t  of o the r  ants  
(PI~REZ, 1902; ATHIAS-HENRIOT, 1947; LAPPANO, 1958; NITSCHMANN, 1959; BONA- 
VITA-CouGOURDAN and POVEDA, 1972), no u l t r a s t r u c t u r a l  examina t ion  has  been 
repor ted .  

We r epo r t  on the u l t r a s t r u c t u r e  and physiology of the la rva l  h indgut ,  
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chemical analysis of the excretory products of larvae and behavior of the 
colony towards larval excretory products. 

MATERIALS AND METHODS 

Mature  colonies of S. invicta were ma in t a ined  according to PETRALIA and VINSON (1978). 
For anatomical  studies,  combined midgu t s  and  h indgu t s  were  dissected f rom 4th ins ta r  
larvae in cold Pringle 's  physiological saline (PRINGLE, 1938). Both  excised digestive t rac ts  
and :whole, live larva~ were placed in Reichard capsules  and fixed unde r  v a c u u m  in 3 % 
glutaraldehyde-3 '% acrolein in cacodylate buf fe r  for  3-4 hours .  Some live l a rv~  were 
fixed via phase-par t i t ion fixation, by placing larva~ in Reichard capsules  and s u b m e r s i n g  
these in the hep tane  phase  (heptane : 25 % glu tara ldehyde  :: 5 : 1) for 2 minu te s  (ZALOKAR 
and ERK, 1977). These la rv~ were then  fixed as above. For bo th  me thods  larva~ in 

R e i c h a r d  capsules  ,were post-fixed in 2 % o s m i u m  tetroxide for 2 hours ,  and then  bulk  
s ta ined in 2 % uranyl  acetate overnight ,  bo th  unde r  vacuum.  Specimens  were then dehy- 
drated,  imbedded  in Spur r ' s  m e d i u m  (SPURR, 1969) and  sect ioned with an u l t r amic ro tome  
(using glass knives). Serial thick sections (0.5 - -  2 ~m)  were examined  to de te rmine  areas  
requir ing u l t r a s t ruc tu ra l  s tudy.  Thin  sect ions in these areas  were then moun te d  on form- 
var coated single-grids (1 • 2 mm) ,  s ta ined wi th  uranyl  acetate and  lead citrate, and  exa- 
mined at 50 kV in a Hitachi 8 t r ansmis s ion  electron microscope.  

The identif icat ion of the excretory p roduc t s  of larv.~e ,was obtained f rom excrement  
collected f rom over 200 four th  ins ta r  l a rva .  Gentle prodding  of the m o u t h p a r t s  or  vent ra l  
region usual ly  caused the release of a smal l  drop of excret ion at the anus.  The excret ion 
was  collected in a micropipet te  d rawn to a fine point  and secured to a 10 l~l syringe.  
The secret ion was  separa ted  into a whi te  precipi ta te  and  a clear fluid in a microcent r i fuge  
at 15,000 • G for 10 rain. 

IR spect ra  were recorded on a Beckman  IR8 spec t ropho tomete r  on K B r  pellets. 
Liquid ch roma tog raphy  was  pe r fo rmed  us ing  Waters  ALC 200 uni t  us ing 60 % distilled 
wa te r  - -  40 % methano l  or  pure  distilled 'water as solvent,  flow rate 1 m l / m i n .  Thin  
layer ch ro m a tog raphy  'was per formed on commerc ia l  microcrysta l l ine  cellulose plates  
'with 'water buffered  to pH 11 as solvent and  iodine vapor  as developing agent.  NMR 
spect ra  ,were recorded on a JEOL FX-90Q FT-NMR in 5 m m  tubes.  

The behavior  of the colony towards  the  larval excretory p roduc t s  was  ascer ta ined  
f rom the excretory products  removed f rom larvae as described for the product  identifica- 
tion por t ion of this  study.  White precipitate,  clear excretory product ,  and a ,mixture  of 
the two 'were applied to small  circles of filter paper  (about  2 mm) .  Paper circles soaked 
in a sa tu ra t ed  solut ion of allantoic acid, ur ic  acid, combina t ion  of allantoic acid and  uric 
acid, and distilled ,water were used as controls .  The filter paper  discs as well as 2 ~1 
droplets  of the above solut ion placed on a smal l  piece of plastic were p resen ted  
to colonies and  the adul t s '  behavior  to'wards t he m ,was noted. In  addition, 5 hour s  of 
,worker-larval in teract ions  wi th  regard to larval excret ion 'was recorded. 

Methylene blue was  added to some samples  of the larval excret ion consis t ing of bo th  
the clear and  precipi tate  port ions,  and  2 p.1 of the  dyed excretion was  presented  to adul t  
an t s  applied as a small  drop to a piece of plastic.  Adults  tha t  appeared to ingest  the 
dyed excretory produc t  ~were collected and  dissected to de termine  the location of the dye 
and  uric acid granules  wi th in  the  digestive sys tem.  Uric acid crystals  ,were placed in 
several colonies and  the an t s '  response  was  noted.  

The densi ty of the h e m o l y m p h  and clear excret ion was  de te rmined  by the me thod  of 
PATTON (1962), us ing  a 50 ml  gradua ted  cylinder conta in ing  bromobenzene .kerosene  gradients  
held in a cons tan t  t empera tu re  ba th  at 25 ~ Copper  sulfa te  solut ions for s tandard iza t ion  
'were prepared  by the  me thod  of HAWK et al. (1947). Reproduct ive larv.~ were used  in 
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these studies due to their larger size. The anus of a larva dilated 'with forceps gave a drop 
of clear excreta which 'was collected in a one microliter (Microcap | capillary tube. The 
cuticle was then punctured  dorsolaterally wi th  a minuten pin, pressure  was applied to 
the body and hemolymph yeas collected in a one microliter capillary tube. Densities were 
taken at three and five minutes after addition of the sample to the gradient.  Larvae from 
a dry environment  were prepared for this experiment by removal f rom a colony and 
storage overnight in a dry plastic dish. Some larvr, e exposed to dry condit ions by the 
above method  ,were placed in a petri dish between layers of .well-xvetted fil ter paper  and 
allcaved to s tand for four hours to prepare larvae exposed to moist  condit ions for com- 
parison. In another  experiment larc.~e used ,were freshly floated out of a colony by the 
method of JOUVENAZ et al. (1977), and others were allowed to remain wi th  workers  in 
a dry environment  for 5 additional hours before being used in density measurements .  

It appeared impractical to determine the specific osmotic pressure of the hemolymph 
and excretory material  due to the small volume available. We thus determined the 
relative osmotic pressure of the hemolymph and excretory material  as follaws. One half 
microliter of excretory fluid was collected wi th  a micropipet t  e and placed in a 1 I~l capil- 
lary tube (Microcap | The fluid containing end 'was then sealed wi th  a small amount 
of ,wax. The procedure 'was repeated with hemolymph obtained via a small puncture 
near the poster ior  heart.  The open air containing ends of the tnvo capillary tubes were 
sealed together so the air space between the two tubes ,were joined. The linear space 
occupied by the hemolymph and excretory fluid at the opposite ends of the sealed tube 
were measured wi th  the aid of an ocular micrometer  and ,were measured 24 h. later after 
the two solutions had a chance to come to equilibrium via the connecting air space. 
Reproductive larvae used in the study consisted of those held in a humid environment  and 
dry environment  as described above. 

Dyes were fed and injected into the hemocoel to aid in ascertaining the movement  
of liquids from the midgut into the rectum. One percent  solutions of neutral  red, nile 
blue or methylene blue in distilled 'water or 10 % sugar solution were fed to fourth instar 
larvze by placing a drop of the solution on the food basket  (PETRALIA and VINSOr~, 1978). 
These solutions 'were injected into the hemocoel 'with glass micro-needles. The needles 
were fashioned by drawing out capillary tubes on an electrode puller and the needles 
were at tached to a 10 Ed syringe. To obtain adequate pressure,  it yeas necessary to fill 
the syringe and glass needle 'with mercury. The modified syringe was at tached to a micro- 
applicator ( Ins t rumenta t ion  Specialties Co., Lincoln, Nebraska, Model M) at a setting 
of 1. Several microliters of dye solution 'were dra, wn into the needle and 0.01 ixl was injec- 
ted into the hemocoel of fourth instar larvae dorsally just  behind the head capsule. Larvoe 
fed or injected 'with dye 'were observed every half hour and the location of dye noted in 
the midgut, hemocoel, malpighian tubules and rectum. 

R E S U L T S  A N D  D I S C U S S I O N  

Anatomy a n d  u l t r a s t r u c t u r a l  studies 

T h e  b a s e  ( a n t e r i o r  e n d )  o f  t h e  h i n d g u t  is r o o t e d  b e t w e e n  t h e  m i d g u t  

e p i t h e l i a l  ce l l s ,  w h i c h  c o m p l e t e l y  s ea l  o f f  t h e  c o n n e c t i o n  b e t w e e n  t h e  l u m i n a  

o f  t h e  m i d g u t  a n d  h i n d g u t  ( f ig.  1, 2, 3) u n t i l  p u p a t i o n  ' w h e n  t h e  l u m e n  o f  t h e  

d i g e s t i v e  s y s t e m  b e c o m e s  c o n t i n u o u s .  I n  s o m e  s p e c i m e n s ,  t h e  m i d g u t  epi-  

t h e l i a l  c e l l s  d i r e c t l y  a n t e r i o r  t o  t h e  b a s e  o f  t h e  h i n d g u t  ' w e r e  l e s s  e l e c t r o n  

d e n s e  a f t e r  s t a i n i n g  t h a n  a d j a c e n t  m i d g u t  ce l ls .  

T h e  h i n d g u t  is  c o m p o s e d  o f  3 m a j o r  c a v i t i e s  ( f ig.  1, 2 ) :  t h e  " s u p e r i o r  
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c a v i t y "  of  BONAVITA-CouGOURDAN a n d  POVEI)A (1972) ;  t he  i Ieo-colon  (o r  smaI l  
i n t e s t i n e ) ;  a n d  the  r e c t a l  cav i ty .  The  " i n f e r i o r  c a v i t y "  (op. cite.) is a dis- 
t inc t  s t r u c t u r e  in  the  l a rvae  of  s o m e  an t s ,  b u t  a p p e a r s  to  be  f u s e d  'wi th  a n d  
i n d i s t i n g u i s h a b l e  f r o m  the  i l eo -co lon  in  S. invicta. Thus ,  PETRALIA a n d  VIN- 
SON (1980) use  t he  t e r m s  " s m a l l  i n t e s t i n e "  (i.e., i l eo -co lon)  a n d  " i n f e r i o r  
c a v i t y "  s y n o n y m o u s l y .  The  s u p e r i o r  c av i t y  is f o r m e d  b y  the  i n t e r s e c t i o n s  of  
the  4 m a l p i g h i a n  t ubu le s ,  a n d  the  c a v i t y  c o n t i n u e s  p o s t e r i o r l y  to  o p e n  in to  t he  
l u m e n  of  the  i leo-colon.  The  s u p e r i o r  c a v i t y  is b o u n d e d  o n  the  a n t e r i o r  s ide  
by  s eve ra l  l aye r s  of  d o m e  ce l l s  (op. cite.) xvhich a r e  i m b e d d e d  b e t w e e n  the  
p o s t e r i o r  p o r t i o n  of  the  m i d g u t  a n d  the  b a s a l  ce l l s  of  t he  m a l p i g h i a n  t u b u l e s  
(fig. 1 b, 3). A r i n g  of  m u s c l e  cel ls  s u r r o u n d  the  b a s e  of  t he  h i n d g u t  j u s t  
p o s t e r i o r  to  the  d o m e  cel ls .  The  t a p e r e d  b a s a l  e n d s  of  the  d o m e  ce l l s  a t  
t he i r  j u n c t i o n  w i t h  t he  r i ng  of  m u s c l e  cel ls  c o n t a i n  th ick ,  p a l m a t e l y - b r a n -  
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Fig. 1 . -  a)Dra%ving based on thick posterolongitudinal sections of the fourth instar 
.worker larvae. Anus (a), epidermis (e), gonopodal discs (g), heart (h), ileo-colon 
cavity (ic), last abdominal ganglion (1), midgut epithelium (me), peritrophic mem- 
branes (p), rectum (r), rectal pad (rp), small intestine (=  ileo-colon) (s). 
b) Dra~ving based on longitudinal sections of the base of the hindgut, magnified 
from figure la. Basal cells of the malpighian tubules (bm), basal epithelial ceils of 
the ileo-colon (bs), dome (d), ileo-colon cavity (ic), muscular tissue (mu), superior 
cavity (sc). 

Fig. 1. - -  a) Dessin bas~ sur d'~paisses sections postdro-longitudinales de la larve d'ouvri~re 
apr~s la quatri~me mue. (a) anus, (e) hypoderme, (g) disques gonopodes, (h) co~ur, 
(ic) cavit~ de l'ileo-colon, (1) dernier ganglion abdominal, (me) dpithdlium de l 'intestin 
moyen, (p) membranes p~ritrophiques, (r) rectum, (rp) papilles rectales, (s) ileo- 
colon. 
b) Dessin bas6 sur des sections longitudinales de la base de l'intestin moyen, agran- 
dissement obtenu ~ partir  de l 'illustration la. (bm) cellules basales des tubes malpi- 
ghiens, (bs) cellules basales et 6pithdliales de l'ileo-colon, (d) d6me, (ic) cavitd de 
l'ileo-colon, (mu) tissus musculaires, (sc) cavitd supdrieure. 
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ching double membranes  (infoldings of the basal plasma membrane)  arranged 
perpendicular  to the long axis of the superior  cavity of the hindgut  and mid- 
gut lumen. Between these infoldings are numerous  microtubules  (fig. 4-6). 
There is no cytological evidence for the filtering of water  f rom the midgut  
directly to the hindgut  as suggested by BONAVITA-COUGOURDAN and POVEDA 
(1972). The midgut  epithelium is continuous even anterior  to the dome cells 
of the hindgut.  Hawever,  in late four th  instar larvae entering the prepupal  
stage, the midgut  epithelium anterior  to the dome cells has enlarged inter~ 
cellular spaces possibly in preparat ion for the passing of the meconium.  The 
most  poster ior  dome cells appear  to be continuous with the basal  cells of the 
malpighian tubules which have infoldings of the plasma membrane  near their 
base in contact  with the muscle cells. The basal cells of the malpighian 

Fig. 2. --  Scanning electron micrograph o[ posterolongitudinal section of a fourth instar 
worker larva. Anus (a), gonopodal discs (g), last abdominal ganglion (1), midgut 
epithelium (me), peritrophic membranes (p), rectum (r), rectal pad (rp), rectal valve 
(rv), small intestine (=ileo-colon) (s). 

Fig. 2. --  Photographie au microscope h balayage d'une section post6ro-longitudinale d'une 
larve d'ouvri~re apr~s la quatri~me mue. (a) anus, (g) disques gonopodes, (I) dernier 
ganglion abdominal, (me) 6pith61ium de l'intestin moyen, (p) membranes p6ritro- 
phiques, (r) rectum, (rp) papilles rectales, (rv) valvule reetale, (s) ileo-colon. 
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tubules  have a thin microvi l lar  bo rde r  cont inuous  wi th  that  Of the malp igh ian  
tubule  cells. 

Lateral  to and sur rounding  the basal  cells of the malp ighian  tubules  
are  the basal  epithelial  cells of the lieD-colon which  lack a microvi l la r  bo rde r  
but bear  a thin, convoluted,  loosely a t t ached  lining cont inuous wi th  the cuff- 
cular  lining of the ileo-colon (fig. 1 b, 3). The nuclei of the basal  epithelial  
cells of the ileo-colon stain less dense than  the nuclei of the basal  cells of the 
malp ighian  tubules.  

The ileo-colon opens  via a muscu la r  rectal  valve into a thin wal led 
r ec tum composed  mos t ly  of f lat  epithelial  cells (fig. 1 a, 2). Large, cuboidal ,  
epithelial  cells make  up the 3 rectal  pads  (1 dorsal  and 2 lateral)  (fig. 1 a, 
2 ,7 ,8) .  

Rectal  pad  ana tomy  is s imilar  to tha t  found in larvae of the ant,  Myrmica 
ruginodis Nyl (NITSCHMANN, 1959). Rectal  pad  u l t r a s t ruc tu re  is s imi lar  to that  
found in o ther  insects (SMITH, 1968 ; WALL and OSCHMANN, 1973 ; LEADER and 
GREEN, 1978), and analogous to the " p r i m a r y  folds " in the hindgut  of P ro tu ra  
(DALLAI, 1977). I t  is less complex than  the ana tomy  of rectal  pads  of adul t  
blowflies (BERRIDGE and GUPTA, 1968). 

The intercel lular  junct ional  m e m b r a n e s  of rectal  pad  cells have septa te  
desmosomes  near  the apical and basal  ends, and a desmosome  (macu la  
adhaerens )  on the apical  end. The cellular  m e m b r a n e  of the apical  b o r d e r  
is deeply infolded forming numerous  canaliculi  'with numerous  elongate mito- 
chondr ia  bet 'ween them (fig. 7, 8). 

As in o ther  insects (SMITH, 1968) in tercel lular  junct ional  complexes  (sep- 
tate desmosomes  and macula  adhaerens)  are  found near  bo th  the apical  and 
basal  borders  of the rectal  pad  cells, and p robab ly  funct ion to p revent  passive 
m o v e m e n t  of mater ia l  be tween cells f r o m  the lumen to the h e m o l y m p h  and 
the reverse.  The apical infoldings and elongate mi tochondr ia  p robab ly  func- 
t ion as an active t r anspor t  mechan ism.  This mechan i sm serves to ab so rb  
w a t e r  f rom the rectal  lumen in o ther  insects (BERRIDGE and GUPTA, 1967; 
SMITH, 1968; WALL and OSCHMAN, 1973; LEADER and GREEN, 1978). Ho'wever,  
larvae of mos t  ants  are faced wi th  the p rob l em of excret ing excess ~vater, 
due to excessive amoun t s  of liquid in the i r  diet and to their  humid  environ- 
men t  (ATHIAS-HENRIO~t, 1947 ; BONAVITA-CouGOURDAN and POVEDA, 1972). ATHIAS- 
HENRIOT (1947) suggests tha t  excess w a t e r  is r emoved  f rom the h e m o l y m p h  
via the rectal  wall. 

The rectal  pads  of larvae of the i m p or t ed  fire ant  have apical  infoldings 
somewha t  smal ler  than  but  s imilar  in s t ruc tu re  to those of the sa l t -water  
mosqui to ,  Aedes campestris Dyer and  Knab.  These mosqui toes  act ively 
secrete  ions into the r ec tum to main ta in  a recta l  fluid which  is hype rosmot i c  
to the h e m o l y m p h  (PHILLIPS, 1977). 

The rec tum opens via a long n a r r o w  anal valve passing a th ickened  cuff- 
cular  in t fma cont inuous to the anus (fig. I a, 2). 
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Excretory product identification 

The  'whi te  e x c r e t o r y  p r e c i p i t a t e  w a s  f o u n d  to be  c r y s t a l l i n e  a n d  h igh ly  
i n s o l u b l e  in "water a n d  m e t h a n o l  b u t  s o l u b l e  in  p H  11 bu f f e r .  A s a m p l e  
d i s s o l v e d  in  b u f f e r  w a s  s u b j e c t e d  to  t h i n  l a y e r  c h r o m a t o g r a p h y  on  ce l lu lose  
p l a t e s  a n d  p r o d u c e d  a s ingle  s p o t  'which  h a d  the  s a m e  Rf v a l u e  as  a s a m p l e  
of  c o m m e r c i a l  (Ald r i ch )  u r i c  ac id .  

A s a m p l e  of  the  w h i t e  e x c r e t o r y  p r e c i p i t a t e  w a s  a l l o w e d  to e q u i l i b r a t e  
'wi th '-water a n d  the  s a t u r a t e d  s u p e r n a t a n t  s o l u t i o n  w a s  i n j e c t e d  on to  a C18 
r e v e r s e  p h a s e  l i qu id  c h r o m a t o g r a p h y  c o l u m n  (25 c m  • 4.7 m m ,  10 m) .  W i t h  
so lven t s  of  60 : 40 : : 'wa te r  : m e t h a n o l  a n d  w a t e r ,  r e t e n t i o n  t i m e  of  t he  on ly  
m a j o r  p e a k  w a s  i den t i ca l  to t h a t  of  c o m m e r c i a l  u r i c  ac id .  An i n f r a r e d  
s p e c t r u m  of  the  a n t  e x c r e t i o n  'was v e r y  s i m i l a r  to  t h a t  of c o m m e r c i a l  u r i c  
ac id ,  a l t h o u g h  sol-he p e a k  b r o a d e n i n g  due  to  i m p u r i t i e s  'was n o t e d .  Thus  the  
w h i t e  p r e c i p i t a t e  a p p e a r s  to be  u r i c  ac id .  

The  c l ea r  e x c r e t i o n  was  f r e e z e - d r i e d  a n d  a N M R  s p e c t r u m  t a k e n  to  t e s t  
fo r  the  p r e s e n c e  of  o rgan i c  m a t e r i a l s .  I n  b o t h  CD3CN a n d  D20, no  s i g n i f i c a n t  
p e a k s  due  to  o r g a n i c  m a t e r i a l  w e r e  n o t e d ,  a l t h o u g h  in CD3CN, m a t e r i a l  con- 
t a in ing  an  ac id i c  p r o t o n  'was no t ed .  S ince  th i s  p e a k ,  a long  w i t h  s o m e  o t h e r s  
a t  2-3 p p m ,  'was n o t  seen  in D20, due  to  s o l v e n t  exchange ,  a s a m p l e  'was sub- 
j e c t e d  to  h igh  p r e s s u r e  l i qu id  c h r o m a t o g r a p h y  as  be fo re .  As e x p e c t e d  w e  
d e t e c t e d  the  p r e s e n c e  of  a s m a l l  a m o u n t  of  u r i c  a c id  a long  "~vith an  even 
s m a l l e r  a m o u n t  cf  m a t e r i a l  'with a r e t e n t i o n  t i m e  of  a l l an to i c  ac id ,  a b r e a k -  
d(~wn p r o d u c t  of  u r i c  acid.  F r o m  the  s m a l l  s ize of  the  N M R  p e a k s  r e l a t i v e  to  
t he  m a s s  (100 [~g) of m a t e r i a l  s u b j e c t e d  to  N M R  ana lys i s  i t  'was c o n c l u d e d  
t h a t  t he  m a j o r  p a r t  of  the  d r i e d  c l e a r  e x c r e t i o n  c ons i s t  of  i n o r g a n i c  sa l t s .  

General physiology and behavior 6f adults towards larval excretory products 

W h e n  l a r v a e  'were e x p o s e d  to  w a t e r  b y  t h e i r  p l a c e m e n t  b e t w e e n  shee t s  
of  w e t  f i l t e r  p a p e r  a f t e r  be ing  p l a c e d  fo r  12 h r  in  d r y  c o n d i t i o n s ,  t hey  increa-  
sed  in 'weight  b y  4.7 to 7.8 p e r c e n t .  The  d e n s i t y  of  the  h e m o l y r ~ p h  of  l a r v a e  

Fig. 3 . -  Longitudinal section through the base of the gut. Note the dense staining 
nuclei (ran) and microvillar border (small arraw) of the basal cells of the malpighian 
tubules, compared to the lighter staining nuclei (sn) and cuticular border (larger 
arrow) of the basal epithelial cells of the ileo-colon. Dome (d), ileo-colon cavity (ic), 
microvillar border (m) of midgut epithelial cells (me), muscular tissue (mu), superior 
cavity (sc). 

Fig. 3. - -  Coupe longitudinale de la base de l'intestin moyen; noter le noyau fortement 
color6 (mn) et la bordure microvillaire (petite fl~che) des cellules basales des tubes 
malpighiens, compar6 avec le noyau moins fortement color6 (sn), et la bordure 
cuticulaire (grande fl~che) des cellules basales et 6pith61iales de l'ileo-colon. (d) d6me, 
(ic) cavit6 de l'ileo-colon, (m) bordure micro-viUaire des cellules 6pith61iales de 
l'intestin moyen (me), (mu) tissus musculai~es, (sc) cavit6 sup6rieure. 
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exposed to dry conditions for 24 hr  (ave. 1.0191, N = 11) 'was greater  than 
the clear rectal excretion (ave. 1.0081, N = 11). Upon exposure of larvae to 
'wet conditions in the absence of workers  the density of the hemolymph  
decreased (ave. 1.0165, N = 11) as did the rectal excretion (ave. 1.0077, N =11). 
When larvae 'were floated f rom a colony (thus exposed to water)  the density 
of the hemolymph (ave. 1.0149, N = 14) -was again greater than the rectal 
excretion (ave. 1.0093, N = 4). When these larvae were exposed to dry condi- 
tions the hemolymph increased in density (ave. 1.0188, N = 12) as did the 
rectal excretion (1.0158, N = 12). However,  'when larvae 'were present  with 
-~vorkers the difference between the hemolymph  and rectal excretion 'was less 
than in isolated larvae. Larvae held wi thout  workers  appeared to retain 
excrement longer 'while larvae held 'with workers  appeared to be st imulated 
by 'workers to release their excrement which the workers  then removed.  

Studies comparing the relative osmolar i ty  of the rectal excretion and 
hemolymph revealed no difference in larvae held under  dry conditions. How- 
ever, in the small capillary tubes the rectal fluid equilibrium volume from 
larvae exposed to humid conditions decreased while the hemolymph  equili- 
br ium volume increased. While the changes were small the results indicate 
the rectal fluid from larvae exposed to humid  conditions is slightly hypos- 
motic with respect to the hemolymph.  The lo'wer density and hyposmolar i ty  
of the clear rectal excretion in these studies compared  to the hemolymph  
suggests that  ~ is actively secreted into the rectum. While nei ther  this 
study nor the density study alone is conclusive, their combined results 
strongly support  this function of the hindgut. 

The uric acid precipitate could readily be seen through the thin transpa- 
rent  cuticle to move down the malpighian tubules and through the small 
intestine, accumulat ing in the rectum. The uric acid was heavier than the 
clear fluid and readily settled to the bo t tom of the hindgut. 

The dyes fed to larvae were readily visible in the midgut within 1/2 hour  
after  feeding and the neutral  red and nile blue were observed in the hemo- 
lymph within an hour  and in the rec tum in 2 hours. Methylene blue was 

Fig. 4 -6 . -  High magnifications of the basal infoldings (if) in the cells of the base of 
the hindgut. Note microtubules (arrows) and muscle cells (mu). 

Fig. 7. --  Section through a rectal pad dissected out of a fourth instar larva. Note apical 
infoldings and elongate mitochondria (arroxvs). Rectal epithelium (re). 

Fig. 4-6. --  Agrandissements pouss6s des plis de base (if) dans les cellules de la base de 
l'intestin post6rieur. Noter les micro-tubules (fl~ches) et les cellules musculaires (mu). 

Fig. 7 . -  Coupe d'une papille rectale pr61ev6e sur une larve apr6s la quatri~me mue. 
Noter les plis apicaux et la mitochondrie qui va en s'amincissant (fl6ches). (re) 6pi- 
th61ium rectal. 
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5 pm 

Fig. 8. - -  Dra, wing of a rectal pad cell from a fourth instar 
larva. Note apical infoldings and elongate mitochondria 
(arrows). 

Fig. 8. - -  Dessin d'une papille rectale de larve apr~s la qua- 
tri~me mue. Noter les plis apicaux et la mitochondrie 
qui va en s'amincissant (fl~ches). 

not  observed  in the hemocoel  bu t  'was p resen t  in the r ec tum in 2 hours.  
Nile blue  concen t ra ted  in the ma lp igh ian  tubules  indica t ing  tha t  these  organs  
were involved in the excre t ion  of nile blue  ; the o ther  2 dyes 'were not  obser- 
ved in the malp igh ian  tubules .  

In jec t ion  of nile blue and neu t ra l  red  resu l ted  in co lora t ion  of the hemo- 
coel and the presence  of these dyes 'was noted  in the r ec tum in 1 hour.  
Again nile blue was f i rs t  observed  in the malp igh ian  tubules .  Methylene 
blue decolor ized upon in jec t ion  into the  hemocoel  but  'was vis ible  in the 
rec tum 'within 1 hour. I t  is of in te res t  to note tha t  methy lene  b lue  is deco- 
lorized in reducing  env i ronments  and  regains  its color  in oxidizing environ- 
ments  (MICHAELIS and FLEXNER, 1930). The resul ts  r epo r t ed  here  indicate  
that  the hemocoel  of the i m p o r t e d  fire ant  is a reducing  env i ronmen t  while  
the midgu t  and h indgut  are oxidizing. 

The presence  of dye in the hemocoel  p r i o r  to its p resence  in the r ec tum 
af ter  feeding and the more  r ap id  appea rance  of dye in the r e c t u m  when 
in jec ted  than  'when fed suggests  tha t  the dye moves f rom the midgu t  to the 
hemocoel  and then into the rec tum.  The dye s tudies  do not  s uppo r t  the 
hypothes is  tha t  chemicals  move f rom the midgut  into the r e c t u m  by 'way of 
the base (an te r io r  end) of the hindgut .  

When 'workers were  p re sen ted  the whi te  p rec ip i t a t e  or  c lea r  excre tory  
p roduc ts  as well  as ur ic  acid  or  a l lan to ic  acid on f i l te r  p a p e r  discs,  they 
ignored them. Loose ur ic  acid  crys ta ls  were  p icked  up by 'workers  bu t  were  
car r ied  off and s tuffed into c racks  in the p las te r  containers .  Anal excret ions  
dyed 'with methylene  blue,  and p laced  on plast ic ,  appea red  to be inges ted  by 
a few ants ,  and adul t  w o r k e r s  were  observed  to elicit  the anal  excre t ion  f rom 
larvae. Some of these adul t s  were  col lected and dissected.  The ur ic  acid 
granules,  which  are about  1 I~m in d i ame te r  were  found in the bucca l  cavi ty 
of adul t  'workers tha t  r emoved  the anal  excret ion f rom larvae  or  f rom the 
plast ic ,  bu t  were  not  found in the crop  or  midgut .  The obse rva t ion  of GLAN- 
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CEY et al. ( I n  press )  tha t  adu l t  'workers  ra re ly  inges t  pa r t i c les  l a rge r  t h a n  
0.9 t~m m a y  p r e c l u d e  the inges t ion  of s ign i f i can t  a m o u n t s  of u r i c  ac id  o t he r  
t han  tha t  d isso lved  in  the c lear  excre t ion .  A b lue  dye so lu t i on  'was f o u n d  in 
the crop of some  adu l t s  t ha t  inges ted  the m e t h y l e n e  b lue  dyed  excre t ion .  
The a d d i t i o n  of m e t h y l e n e  b lue  to the  diet  of la rvae  r e su l t ed  in  b l u e  dye in 
the c lear  exc re t ion  w h i c h  was  s u b s e q u e n t l y  f o u n d  in  the  c rop  of a d u l t  ~,vorkers 
wh ich  had  b e e n  dep r ived  of -~vater. Dye was  no t  f o u n d  in  a du l t  'workers  w ho  
had  access to a w a t e r  source.  I t  t hus  appea r s  t ha t  the  c lear  excre ta  m a y  be 
c o n s u m e d  in  r e s p o n s e  to "water needs  of the adul t .  I n  c o n t r a s t  to O'NEIL a nd  
MARKIN (1973), w h o  r e p o r t e d  tha t  adu l t s  fed  on  the  'white p r e c i p i t a t e ;  we  
f o u n d  tha t  la rva l  excre t ions ,  w h e t h e r  c lear  or  milky,  gene ra l ly  a p p e a r e d  to be 
ca r r i ed  ou t  of the co lony  a n d  r e j ec t ed  r a t h e r  t h a n  be i ng  inges ted .  

We conc lude  t ha t  u r i c  acid (whi te  excre tory  p r o d u c t )  is e x c r e t e d  via  the  
m a l p i g h i a n  t u b u l e s  in to  the i leo-colon a n d  f inal ly  in to  the  r e c t u m  -while 
'waste w a t e r  a n d  sal ts  are  excre ted  via  the rec ta l  pads  a n d  the  m a l p i g h i a n  
tubules .  The excre t ion  of la rvae  of the  i m p o r t e d  f ire  a n t  a p p e a r s  to offer  
l i t t le  in  the 'way of n u t r i e n t  cycling, as it  is p r o b a b l y  ra re ly  inges t ed  by  a d u l t  
m e m b e r s  of the co lony  un les s  they are  s u b j e c t e d  to .water s t ress .  
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