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Summary. The dorsal organs of the cephalic lobes of the house fly larva, Musca domestica L. 
were studied by light, scanning and transmission electron microscopy. Five types of receptors 
were found in the distal part of the dorsal organ: (1) The dome, whose ultrastructure is 
similar to that of thin-walled pegs, is assumed to be an olfactory receptor. (2) A lateral pore 
receptor, with the distal tips of two dendrites exposed to the exterior through a pore, is 
presumed to be a contact chemoreceptor. (3) A scolopidium-like receptor, with an ultra- 
structure characteristic of a seolopidium receptor except that the dendrite might be exposed 
to the exterior through an opening, is assumed to be both a meehanoreeeptor and contact 
chemoreceptor. (4) Two receptors, each with one of its two dendrites exposed to the exterior, 
are probably contact chemoreceptors. (5) Two unclassified receptors, each with one dendritic 
tip exposed to the exterior and the other dendrite with a tubular body ending near the pore, 
may serve as both contact chemoreceptors and mechanoreceptors. The last four types are 
located in the invagination between the dome and the cylindrical portion of the dorsal organ. 
The seven basal pores of the dome are apparently points of origin of the scolopales and have 
no sensory function. The dorsal organ is supplied by 35-41 bipolar neurons, indicating the 
possibility of additional undescribed receptors. 
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Introduction 

The first detailed invest igat ion of the sense organs of the anter ior  end of 
house fly larvae, Musca domestica L. (Diptera:  Muscidae), was made by  Bolwig 
(1946) who also reviewed the earlier l i terature.  He found three pairs of sense 
organs on the cephalic lobes and  called them the dorsal, te rminal  and  vent ra l  
organs. Bolwig presented behavioral  da ta  indicat ing t ha t  the dorsal organs are 
responsible for olfaction bu t  openings in  the cuticle could no t  be detected by  
light microscopy. Earlier workers assumed the dorsal organ was a light receptor. 
Ludwig (1949) invest igated the embryology and  morphology of Calliphora 
erythrocephala Meigen and  s ta ted t ha t  the posit ion of the three pairs of anter ior  
sensory organs in  the larvae corresponds to tha t  of the imaginal  sense organs. 
Ludwig assumed tha t  the dorsal organs of the larvae correspond to the an tennae  
of the adul t  and  called them the " a n t e n n a l  sense organs" .  I n  the present  s tudy,  
we adopted the terms used by  Bolwig (1946). 

Richter  (1962) was the first to s tudy the fine s t ructure  of the dorsal organ 
( "An tennens inneso rgan" )  of a fly larva (Calliphora erythrocephala) by means  of 
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e lec t ron microscopy.  She gave a de ta i led  descr ip t ion  of the  dome (distal  p a r t  of 
the  dorsa l  organ) and  demons t r a t ed  fine canals  and  pores in the  cuticle and  
branch ing  dendr i t es  inside. 

Our  inves t iga t ion  of the  dorsa l  organ of house f ly la rvae  has revealed  four 
o the r  t ypes  of receptors ,  in add i t ion  to  the  dome.  

Materials  and Methods 

The cephalic lobes of house fly larvae (Musca dowestica L. ; third-instar) were fixed for 
electron microscopy at 4~ for 20 hours in 5 % glutaraldehyde with 0.15 M sucrose in a 0.05 ~I 
sodium-cacodylate buffer at PH 7.4, and then washed three times in a cold sodium-cacodylate 
buffer with 0.3 M sucrose. The material was post-fixed for 2 hours in 1% OsOa with veronal- 
acetate buffer (Palade, 1952) and embedded in Epon 812 epoxy resin over propylene oxide 
after dehydration with ethanol. Sections cut with a diamond knife on a Reichcrt Om U 2 
ultramicrotome were mounted on formvar-coated copper grids and stained with uranyt 
acetate (in 50% ethanol) and lead citrate (Venable and Coggeshall, 1965) for 20-30 minutes 
each. Observations were made with a Siemens Elmiskop 1 A. 

For permeability studies at the ultrastructural level, living larvae were immersed in 2 % 
silver-protein solution (Ernst, 1969) for 1 hour, washed with distilled water, fixed and 
embedded as above. Sections, 1-1.5 b~ thick, were stained for light microscopy with basic 
fuchsin and methylene blue-azure B (Richardson et al., 1960). Alcohol-preserved larvae were 
immersed in a 1% AgNO a solution for varying times (3 rain to 2 hrs) in order to identify 
exterior openings of particular receptors by light microscopy. 

For surface structure and three-dimensional distribution of sensory organs, cephalic lobes 
of house fly larvae were examined with a JEOL JSM-2 scanning electron microscope (SEM). 
The best results were obtained with unfixed whole larvae coated with gold-palladium in a 
vacuum evaporator. 

Results 

The sensory organs are s i tua ted  oll the  anter ior  end of the  cephalic lobes, 
giving the  t ip  of the  l a rva  a cleft appearance .  Each  lobe has three  different  
sensory  organs (Fig. 1) which Bolwig (1946) des igna ted  as the  dorsal ,  t e rmina l  

a n d  ven t ra l  organs.  
The dorsa l  organ consists of the  " d o m e "  and  the  "cy l indr i ca l  p o r t i o n "  

{Figs. 2, 3). The dome is a p p r o x i m a t e l y  15 ~ in d iamete r  a t  the  base and  16 ~ in 
height .  The dome wall, 0.5 ~ thick,  consists of sclerotized epicuticle (Bolwig, 
1946). A t  the  dome base,  this  eut icular  wall  expands  forming a r im (2.7 ~ thick) 
towards  the  inside. Seven basa l  pores  (0.8 ~ in d iamete r  and  1.2 ~ in depth)  are  
loca ted  abou t  equ id i s t an t  a round  the  circumference in the  th ick  wall of the  dome 
base  (Fig. 4). The  ent i re  dome wall  above  the  level of the  cuticle r im is pe r fo ra ted  

b y  a pore - tubu le  sys tem.  
The cyl indr ical  po r t ion  is 30 ~ long, el l ipt ical  in cross-section (25 • 34 ~) and  

coa ted  b y  two concentr ic  cut icular  envelopes (Figs. 2, 3, 5). The outer  envelope,  
composed  of epicuticle,  exocutiele  and  endoeuticle,  is separa ted  by  a nar row 
fluid-fi l led space f rom an  inner  cut icular  r ing (25 ~ long). The inner  ring, composed 
of sclerot ized mesocut iclc  (Richter ,  1962) is th inner  a t  the  la tera l  side t h a n  in the  
o ther  area  (2.5 ~ thick) .  A soft  lamel lar  endocutiele ,  which is cont inuous  wi th  the  
ou te r  cu t ieu la r  envelope,  connects  the  dome and  the  cyl indr ica l  port ion.  This  
j unc t ion  is ma rked  by  an  invag ina t ion  of the  cuticle. 

The dorsal  organ  is suppl ied  b y  3 ~ 4 1  bipolar  neurons which toge ther  wi th  
the i r  accessory cells form a gangl ion in the  in ter ior  of the  cephalic lobe (Fig. 2). 
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Fig. 1. Lateral-ventral view of the cephalic lobes (CL) of the house fly larva showing the 
dorsal organ (DO), terminal organ (TO) and x~entral organ (VO). MH mouth hook; arrow, 

lateral pore receptor. SEM, x 450 

Sensory Receptors 

The dorsal organ contains five different types of receptors located in the 
distal part  of the organ (Fig. 3): (1) the dome, (2) a lateral pore receptor (3) a 
scolopidium-likc receptor, (4) two contact chemoreceptors, and (5) two other 
unclassified receptors. The last four types are located in the invagination between 
the dome and the cylindrical portion. 

Dome. The dome is innervated by 21 bipolar neurons (Figs. 2, 3). Their 
dendrites form seven bundles, of three dendrites each, entering the cylindrical 
portion (Figs. 5, 6). About 7 ~ below the base of the cylindrical portion, each 
dendrite is subdivided by a constricted region into an inner (proximal) and an 
outer (distal) segment (Figs. 7, 8). A modified ciliary structure and a fibrillar 
body (Smith, 1969) are observed in this region. Jus t  proximal to the constriction 
lie two inconspicuous basal bodies, one behind the other. Periodically striated 
rootlets arise from the proximal ends of these two basal bodies and extend down 
into the inner segment whereas short ciliary tubules arise from the distal basal 
body and continue upward. The cytoplasm of the outer segment contains neuro- 
tubules and sometimes a few small vesicles. Mitochondria, vesicles and sparse 
neurotubules are present in the inner segment. Neurofilaments are found in both 
the inner and the outer segments (Fig. 6). A typical feature in the ciliary region 
is the presence of multivesicular bodies which occur in close vicinity of the 
constriction in both the inner and the outer segment (Figs. 7-9). Similar multi- 
vesicular bodies have been reported in the ciliary region of chemoreceptors in a 
cockroach (Moulins, 1968). 

2* 
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Fig. 2. Diagram of a longitudinal section of the dorsal organ (lateral pore receptor not shown). 
A x  axon, B M  basement membrane, B N  bipolar neuron, C cuticle, CI cutieular invagination, 
CR ciliary region, D dendrite, Ep epidermis, FC flattened cell, FrC formative cell, F S  fluid- 
filled space, F V  fluid-filled vacuole, Gl glial cell, IC inner cutieular ring, Iv invagination, 

OC outer cuticular ring. (Figs. 2 and 3 dr~wn by I-Wu Chu) 
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Fig. 3. Diagram of the dorsal organ showing the distribution of receptors, cc contact chemo- 
receptor, l p r  lateral pore receptor, sc scolopidium-like receptor, u unclassified receptor 

About  5 ~ distal to  the constriction, each dendrite is enveloped by  an electron- 
dense scolopale which extends through the cylindrical port ion up to a basal pore 
of the dome. Each  bundle of three dendrites passes close to a basal pore (Figs. 4, 
10, l I ) ,  bu t  does not  appear  to be exposed to the exterior. Evidence for this 
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conclusion was ob ta ined  by  immers ing l iving la rvae  in 2 % s i lver-prote in  solut ion 
for  1 hour  before p repa ra t ion  for e lectron microscopy.  I f  the  dendr i t es  were 
connected  to  the  exter ior  th rough  the basal  pores,  one would expec t  to f ind 
si lver granules  diffused into the  lumen of the  dome th rough  the  basa l  pores.  I n  
our  p repara t ion ,  the  silver granules  t ended  to accumula te  in the  neck of the  

basal  pore (Fig. I l)  wi thou t  pene t r a t ing  
to the  inter ior .  The scolopales wi th in  
one bundle  of dendr i tes  are  intercon-  
nec ted  by  branches  which arise f rom 
the surface of each scolopale (Fig. 4). 
F requen t ly ,  two seolopales fuse in the  
d is ta l  pa r t  of the  dendr i tes  (Fig. 10). 

Dis ta l  to the  basal  pores,  the  dendr i -  
tes s t a r t  branching.  The end of the  
scolopale breaks  up into  a loose mesh 
work before vanishing comple te ly  above  
the  level of the  basal  pores (Fig. 4). 
Therefore,  the  per iphera l  lumen of the  
dome is filled wi th  naked  dendr i t ic  
branches  ba thed  in a fluid.  The smal les t  
dendr i t ic  branches  are  abou t  800 A in 
d iamete r  and  conta in  only one neuro- 
tubule .  

The dome wall (0.5 ix thick)  is per-  
fo ra ted  by  numerous  pore  tubules  
a r ranged  in rows (Figs. 12, 13). Each  
row consists of 5-6  tubu les  in the  
basal  pa r t  which g radua l ly  fuse into 
two before t e rmina t ing  in a d i tch- l ike  
furrow on the surface. These furrows 
(120 A in width)  are  or ien ted  t oward  
the  long axis of the  dome and  give the  
surface of the  wall a s t r i a ted  appea rance  
(Fig. 4, insert) .  A n  elect ron-dense line 
can be observed in those minu te  fur- 
rows (Figs. 13b, 15a). Pe rhaps  the  

Fig. 4. Longitudinal section of the dome 
showing three dendrites (D) passing the basal 
pore (BP) and entering the dome. Seolopa- 
les (S) surrounding each dendrite are inter- 
connected by branches (white arrow) which 
arise from the surface of each scolopale. Above 
tile basal pore, the scolopale breaks up and 
gradually disappears (arrows). DB dendritic 
branches. • 25200. Insert: Basal pore. SEM, 

• 8 300 
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Fig. 5. Transverse section through the middle part of the cylindrical portion. Seven dendritic 
bundles (DB) composed of three dendrites each, innervate the dome. CC dendrite of the 
contact chemoreceptor, FS  fluid-filled space, IC inner cuticular ring, L P R  two dendrites of 
the lateral pore receptor, OC outer cuticular envelope, Sc dendrite of the scolopidium-like 

receptor, U dendrites of the unclassified receptor. • 5 550 

electron-dense filaments inside the 120 A-diameter pore tubules (Fig. 13c) fuse 
to form this line. An unstained transverse section of the dome (Fig. 14) shows 
the pore-tubule system as being electron-dense and differing markedly from the 
very light appearing dendritic branches. Therefore, we assume that  pore tubules 
are of a different nature from dendritic branches. No direct connection between 
the dendritic branches and pore tubules was observed. Some electron-dense 
extensions of the pore tubules are located beneath the dome wall. A conspicuons 
feature of the pore-tubule system is some material of low electron density, 
presumably a fluid, inside the inner part of the pore tubules (Fig. 15a). Small 
silver granules can pass through the pore-tubule system into the lumen of the 
dome (Fig. 15b). This strongly indicates that the pore-tubule system forms a 
pathway between the dendritic branches inside the dome and the exterior. 

The dome surface is about 350 ~t ~ (calculated from an assumed paraboloid 
of 11 ~ in height and 15 ~ in diameter) and approximately 860 pore tubules were 
counted in 1 ~2. Accordingly, the entire cuticular dome wall is perforated by 
approximately 300000 pore tubules. 
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Figs. 6-9 
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Fig. 10. Oblique section through a basal pore (BP) showing one bundle of 3 dendrites (D) 
close to the basal pore. The scolopales fuse in the distal region (arrow). DB dendritic branches. 

• 19400 
Fig. 11. Transverse unstained section through a basal pore (BP) after silver-protein treatment 
of the living larva. Silver granules (SG) accumulated in the neck of the basal pore. • 20500 

Lateral Pore Receptor. The lateral  pore receptor is easily observed by  SEM 
(Fig. 19) and  its location was detected with the l ight microscope after a AgNO a 
solution was applied to the external  surface of the dorsal organ. I t  is located 
lateral ly in  the invag ina t ion  between the dome and  the cylindrical por t ion 
(Figs. 1, 3, 16) and  is innerva ted  by  two bipolar neurons  (Figs. 5, 17). Their  
dendrites te rmina te  in  a cuticular  tube  (Figs. 16, 18) which has an  opening (0.2 ~z 
in  diameter) a t  the tip. Both dendri tes are exposed to the exterior. 

Fig. 6. Transverse section through two bundles of 3 dendrites (D) each, at the level of the 
cylindrical portion. These dendrites innervate the dome. Each dendrite is enclosed individually 
by a scolopale (S), which is separated from the plasma membrane of the dendrite by a narrow 
extracellular space. FV fluid-filled vacuole, NF neurofilament, NT neurotubule. • 15000 

Figs. 7 and 8. Longitudinal sections of a dendrite at the level of the ciliary region. The 
constricted ciliary region divides the dendrite into an inner (IS) and an outer segment (OS). 
Fibrillar body (FB) and multivesicular bodies (MB) are conspicuous features in this region. 
BB basal body, CT ciliary tubules, Ds desmosome, M mitochondria, R rootlet, S scolopale, 

V vesicle. • 10000; x26800 

Fig. 9. Transverse section of a dendrite (D) proximal to the basal body. Note the double-ciliary 
tubules (arrow) are around the multivesicular body (MB) and the circular arrangement of the 

rootlets (R). • 
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Fig. 12. Diagram of the arrangement of the pore-tubule system (PT) in the cuticular dome 
wall (C). DF ditch-like furrow; L electron-dense line 

The two dendrites are encased separately by a scolopale but more distally 
they are closely enveloped by  only one scolopalc (Fig. 17). Both dendrites are 
embedded in an intercellular fluid vacuole formed by a trichogen cell. A tormogen 
cell, in turn, surrounds the trichogen cell and outside these two concentric sheath 
cells lie other supporting cells with electron-dense cytoplasm (Fig. 5). 

Scolopidium-Like Receptor. A single scolopidium-like receptor is situated in 
the invagination between the dome and the cylindrical portion, close to the 
lateral pore receptor (Figs. 3, 16), and innervated by one bipolar neuron. The fine 
structure of this receptor is similar to tha t  of the scolopidia in the lace wing 
Chrysopa (Schmidt, 1969), except that  the distal tip of this dendrite may be 
exposed to the exterior through an opening. Although a section precisely through 
the pore opening was not obtained, other sections strongly suggest an opening 
(Fig. 20). AgNOa solution left a dark spot at the site of the suspected pore opening. 

The tubular body, which at higher magnification has a mottled appearance, 
contains numerous microtubules and an electron-dense mass (Fig. 20). In  the 
ciliary region, the dendrite is surrounded by a number of scolopale rods which 
are not continuous with the scolopale enclosing the outer segment (Fig. 16). 
Two sheath cells, a trichogen and a tormogen cell, envelope the dendrite. 

Contact Chemoreceptors. Two presumed contact chemoreceptors are present ill 
the invagination between the dome and the cylindrical portion (Figs. 3, 16). The 
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Fig. 13. a Tangential section of the dome wall (C) showing the pore tubules (PT) arranged in 
rows. • 38000. b Fine electron-dense line (L) in the furrow. • 45500. c Transverse section of 

pore tubules showing the electron-dense filament inside (arrow). • 130000 

:Fig. 14. Transverse unstained section of the dome showing a relatively electron-dense pore- 
tubule system (PT) and inward extensions of the pore tubules (arrows). C cuticular dome wall, 

DB dendritic branches. • 14000 

site of the pore opening can be detected in the light microscope by  means of 
AgNO8 treatment .  Both  receptors are identical in their fine structure and supplied 
by  two bipolar neurons. One of the two dendrites terminates in the invaginat ion 
where it is enclosed by  a cuticular tube tha t  opens to the exterior (0.1 ~ in 
diameter). The other dendrite is shorter and ends in the cylindrical port ion 
without  reaching the pore opening. A scolopale envelopes each dendrite separately, 
but  at  the region where the shorter dendrite terminates, the two scolopales fuse. 
At  least one, possibly two, sheath cells surround the dendrites concentrically. 

Unclassi/ied Receptors. Two unclassified receptors with the same structure 
occur in the invaginat ion between the dome and the cylindrical port ion (Figs. 3, 
16). Each  receptor is innervated by two bipolar neurons. The conspicuous feature 
of this receptor is tha t  one of the dendrites contains a " tubu la r  b o d y "  at  the 
distal tip whereas the tip of the other dendrite has some granular  material  with 
very  few ncurotubules (Fig. 21). Proximal to this granular material, the neuro- 
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Fig. 15. a Transverse section of several rows of the pore-tubule system (PT) in the dome wall. 
Some material of relatively low electron density (double arrows) fills the inner part of the 
pore tubules. L electron-dense line in the furrow; single arrow, pore tubule branches; DB 
dendritic branches, x78000, b Unstained section of the dome wall after silver-protein 
treatment of the living larva. Silver granules (SG) are mostly located in the pore tubules. 

Some silver granules can aggregate and form large particles (arrow). • 78000 

tubules  are more  abundan t .  Only  the  dendr i te  conta in ing granular  ma te r i a l  is 
exposed  to  the  exter ior  th rough  an  opening (0.12 ~ in d iameter) .  The dendr i tes ,  
each enveloped b y  one scolopale,  are sur rounded  b y  concentr ica l  shea th  cells. 

Ganglion 

The ganglion,  which is referred to as the  " p e a r - s h a p e d  p o r t i o n "  b y  Rich te r  
(1962), is s i tua ted  benea th  the  epidermis  in the  in ter ior  of the  cephalic lobe 
(Fig. 2). I t  is composed of b ipolar  neurons,  glial cells, t r ichogen and  to rmogen  
cells, ep ide rmal  cells, t r acheo la r  cells and  some shea th  cells of uncer ta in  origin. 

The d is ta l  pa r t  of the  gangl ion possesses a large f luid-fi l led vacuole in i ts  
center.  This f lask-shaped  vacuole ex tends  d i s ta l ly  in to  the  lumen of the  dome.  
Severa l  fo rmat ive  cells wi th  shor t  microvil l i  border  the  fluid-fi l led vacuole  and  
p r o b a b l y  secrete drople t s  in to  the  vacuole.  This cell t ype  can be d is t inguished 
f rom the  others  b y  the  large round  nuclei  s i tua ted  a t  the  b o t t o m  of the  vacuole,  
an  extens ive  rough endoplasmic  re t iculum,  myel in- l ike  bodies  and  numerous  
mi tochondr ia .  The ch romat in  of the  nucleus appears  coarsely  and  i r regu la r ly  
d i s t r ibu ted .  They  are s imilar  to  the  t r ichogen or to rmogen  cells in  the  sensory 
hairs  of insects  and  have  a p p a r e n t l y  the  same secre tory  funct ion.  Tracheolar  
cells a re  p resen t  be tween these cells and  the  neuron  mass. 
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Fig. 16. Diagrams of the position and the structure of the four receptors surrounding the 
dome. Top: position of the receptors as viewed from the tip of the dorsal organ. Bottom: 
structure of the four receptors, cc contact chemoreceptor, cyl. pt. cylindrical portion, ic inner 
cuticular ring, lpr lateral pore receptor, os outer segment, sc scolopidium-like receptor, 

sr scolopale rods, tb tubular body, u unclassified receptor 

The proximal par t  of the ganglion is mainly composed of a neuron mass and 
glial cells. All the perikarya of the bipolar neurons (about 35-41) innervating 
the dorsal organ are located in this neuron mass. The neurons have comparatively 
large oval nuclei and sparse cytoplasm. The axons (about 0.7 ~ in diameter) 
arising from their neurons leave the ganglion proximally as a solid nerve. 

The neuron mass is enclosed peripherally by glial cells whose processes extend 
inward and spiral several times around both the perikarya and axons. Several 
envelopes separate the perikarya and axons. Morphologically, these envelopes 
correspond to the " t u n i c a t e d "  type of sheath cells (Smith, 1968) which are 
intermediate between the myelinated and unmyelinated nerves of vertebrates. 
The lateral membranes of glial cells diverge leaving extensive extracellular 
channels between them. Some of the channels show periodic lacunae; some 
become closely joined by various desmosomes and tight junctions. These glial 
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Fig. 17 a and b. Transverse section of the two dendrites innervating the lateral pore receptor. 
a At the distal level of the cylindrical portion, the dendrites (D) are enclosed by one scolopale 
(S). I S  intercellular space, To tormogen cell, Tr triehogeu cell. • b At the proximal 
level of the cylindrical portion, the dendrites (D) separate and each is surrounded by a 

scolopale. • 

Fig. 18. Longitudinal section through the pore (P) in the tip of the lateral pore receptor. 
Distally the dendrites (D) (see Figs. 20, 21) are naked and freely exposed to the exterior. 

CT cuticular tube. • 

Fig. 19. Lateral pore receptor. SEM, • 7000 

cells are similar to the per ineur ium of insect nerves described by  Maddrell and  
Treherne (1967), and  Smith (1967). The glial cytoplasm extends into the 
cylindrical por t ion and  forms two layers surrounding the inside of the cut icular  



Dorsal Organs of Fly Larva 31 

Fig. 20. Oblique section through the tip of a scolopidium-like receptor, showing the tubular 
body (TB) of the dendritic ending. Unlike the scolopidia this receptor might possess an 
opening (arrow) communicating to the exterior. C cuticle, CT cuticular tube. x21000 
Fig. 21. Transverse section through the dendritic tips of an unclassified receptor. One 
contains some granular material (GM) with very few neurotubules whereas the other has a 

tubular body (TB). • 11500 

ring (Figs. 3, 5). The nerve of the dorsal organ is ensheathed by ghal cells and the 
axons are separately encircled by the glial cell sheath. 

Some flattened cells with elongated nuclei and relatively electron-dense 
cytoplasm surround the middle part  of the ganglion (Fig. 2). The cytoplasm of 
these cells contains unusually large bundles of microtubules which at tach to the 
cutieular invagination. This high density of microtubules suggests a skeletal 
function maintaining the form of the ganglion. 

Discussion 

From the behavioral experiments performed by Bolwig (1946) and the fine 
structure, it is reasonable to assume that  the dome of the dorsal organ is an 
olfactory receptor. Like the thin-walled olfactory pegs in insects (Slifer, 1967), 
the dome is supplied by a number of bipolar neurons, and its cuticular wall 
contains many  pores. 

After a long period of uncertainty whether the cuticle of chemoreceptors in 
insects is permeable or not, Sllfer etal.  (1957) demonstrated definite pores in 
the cuticular wall. However, another question remains: What  is the relationship 
between the receptive dendrite and the exterior ? Slifer et al. (1959) assumed tha t  
fine extensions of the dendritic branches fill the pore tubules and are in direct 
contact with the air. Recently, Ernst  (1969) obtained clear evidence tha t  the pore 
tubules (in olfactory sensilla of a beetle) are cutieular in origin and not extensions 
of dendritic branches. He exposed the sensilla to a silver-protein solution and 
demonstrated tha t  the silver granules penetrate through the pore tubules into 
the hemolymph. Using the same technique, we obtained similar results with the 
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dorsal organ of the house fly larva. The wall of the dome is perforated by  a 
complex pore-tubule system. The dimensions of the pore tubules are very similar 
to those described by  Ernst, but the arrangement is different (hexagonal pa t tern  
in the beetle sensillum, rows in the dorsal organ of the fly larva). Since some of 
the extensions of pore tubules were quite close to dendritic branches, direct 
connections are suspected as demonstrated by Myers (1968) and Steinbrecht 
(1970). The role of the filament in the pore tubules is not known. 

Seven "basal  pores"  were found encircling the base of the dome. There is 
no evidence of a sensory function, since silver granules did not penetrate into 
the dome through the basal pores. The pores which Viananes (1882, plate 4, Fig. 2) 
observed at  the base of the dorsal organ of Eristalis larvae are probably analogous 
to these basal pores in the house fly larvae. These pores are very similar to the 
"basal  spots"  of thin-walled pegs described by  Slifer and Sekhon (1963) who 
stated tha t  the scolopales (i.e., "cuticular sheaths") are pulled out through these 
basal spots during molting. Although no continuity was observed between the 
basal pore and scolopales in our preparations, some relationship probably exists 
since the scolopales turn towards the basal pore and disintegrate only on this 
outer side. I t  seems reasonable to assume tha t  the scolopale originates from the 
site of the basal pore since little or no scolopale is present above the level of the 
basal pores. 

The previously undescribed "lateral  pore receptor"  is innervated by two 
dendrites whose tips are exposed to the exterior through a single opening. I t  
resembles the thick-walled chemoreceptor of many  insects by  having only a single 
pore and few unbranched dendrites. Therefore, it may  serve as a contact chemo- 
receptor (Dethier, 1955; Dethier et al., 1963)and/or react to strong odors (Slifer, 
1954, 1956; Hopkins, 1964). 

The invagination between the dome and the cylindrical portion contains three 
other types of receptors. The "seolopidium-like receptor"  is very similar to 
known mechanoreceptors, such as the tactile bristles in the honey bee (Thurm, 
1964) and the scolopidia in the lace wing (Schmidt, 1969). However, the dendritic 
tip appears to be exposed to the exterior and hence, this receptor may  possibly 
serve both as a mechanoreceptor and as a contact chemoreceptor. Two of the 
other receptors located in the invagination are probably "contac t  chemo- 
receptors",  since the dendritic tip is exposed to the exterior through a single 
opening. The "unclassified receptor"  type is represented by  two sensilla which 
are innervated by two dendrites each. The dendritic tip which is exposed to the 
exterior may be a chemoreceptor, while the other dendrite with a tubular body 
ending near the opening may  be a mechanoreceptor. 

The presence of five different types of receptors indicates that  the dorsal 
organ is more complex than previously thought. As a hypothesis, we assume tha t  
the dome of the dorsal organ is an olfactory receptor while the unbranched 
receptors having a pore opening to the exterior are involved in contact chemo- 
reception. Those receptors which possess a tubular body in their dendritic endings 
probably serve a mechanoreceptive function. Since the dorsal organ contains 
35-41 axons but  only 32 dendrites were found in the cylindrical portion, there 
m a y  be other receptors. 
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I n  a d d i t i o n  to  Muscidae ,  we h a v e  o b s e r v e d  t h e  t h r ee  pa i rs  of sensory  o rgans  

(dorsal,  t e r m i n a l ,  a n d  ven t r a l )  in  t h e  cephal ic  lobes  of l a r v a e  of S a r c o p h a g i d a e ,  

Cal l iphor idae ,  a n d  Chloropidae .  T h e  an t e r i o r  sensory  o rgans  of t h e  house  f ly  
l a r v a  p r o b a b l y  are  t y p i c a l  of al l  h ighe r  D i p t e r a ,  b u t  th i s  m u s t  be  ve r i f i ed  by  

c o m p a r a t i v e  s tudies .  
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