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A B S T R A C T

A S truc tu ra l Study o f the C ereb ra l Ganglion! c 

Complex and R e tro c e re b ra l System  I n  th e  a d u lt 

of Chironom us r ip a r iu s .

D escrip tions a re  given of the c e re b ra l g a n g lio n ic  com plex 

and re tro c e re b ra l  system  of neoim aginal Chironom  us r i  p a ri us 

re a re d  a t 20^C. Changes re su ltin g  from  d if f e re n c e s  i n  age, 

rea rin g  tem p e ra tu re  and reproductive  s t a t e  a re  a ls o  p re se n te d .

The anatom y of the c e re b ra l ganglia, in c lu d in g  th e  organ#, 

isa tio n  of neurop ile  m a sse s , of m ale n eo im ag in es, and th e  f in e  

s tru c tu re  of the n eu ra l sheath , co rtica l la y e r  and n e u ro p ile  i s  

d e sc r ib e d  fo r the f i r s t  tim e in  an adul t chi ronom id. Two ty p e s  

of p e rin eu ria ! c e lls  and th ree  types of g l i a l  c e l l s  a re  di s tin g *  

uished on u ltra s tru c tu ra l  c rite ria*  A c la s s if ic a t io n  of f iv e  

n o n * n eu ro sec re to ry  neuron  ty p es , based  upon s iz e ,  n u c le a r  

to cy toplasm ic p roportions and appearance , i s g iv en . Four 

p a ired  groups of n e u ro sec re to ry  neurons w ere found i n  th e  

b ra in  and two p a ired  groups in the suboesophageal g an g lio n .

Five n e u ro se c re to ry  cell types a re  c la s s if ie d  on th e  b a s is  

of th e ir  u ltra s tru c tu ra l  ch arac te ris tic s*  The axon pathw ays 

of the c e re b ra l n e u ro sec re to ry  ce lls  and th e  e lem en ts  of th e  

re tro c e re b ra l  system , including the p a ired  co rpo ra  c a rd ia c a , 

co rp o ra  a lla ta , p e ritrac h ea l tis su e s  and "glandes p o s t-c é ré b ra le s



%

a n té r ie u re s " ,  a re  described . The nervous and endo c ri ne s t r u c 

tu re s  of the neo im aginal m ale  a re  com pared  to  th o se  of th e  

fem ale .

Age re la te d  changes o ccu rrin g  w ith in  th e  b r a in  and 

endocrine system  a re  described  in  re la tio n  to  f a t  body 

depletion, behavioural activ ity  and appearance of th e  do rsa l 

longitudinal flight m u sc le s .

The effect tha t d ifferences in  re a r in g  te m p e ra tu re  have 

upon the  longevity, size  and weight of the adult i s p re se n te d . 

The influence of re a r in g  tem p era tu re  upon th e  \ i l t r e s t r u c tu r e  

of the b ra in  i s  d esc rib ed  for the f i r s t  tim e  i n  an in se c t#

Evidence suggesting  an a ssoc ia tion  be tw een  th e  a c t i v i t y  

of the c e re b ra l n e u ro se c re to ry  ce lls  and fem a le  re p ro d u c tio n  

is  given.

In  the ligh t of the re s u lts  functional r o le s  f o r  se v e ra l 

e lem ents w ithin the endocrine sy stem  a re  p o stu la ted *  The 

possib le  significance tha t the observed  s tru c tu ra l  changes i n  

the nervous system  have upon i ts  functioning i s di scussed*



CONTENTS

4 .

Page

A bbreviations

CHAPTER 1. 

CHAPTER 2*

CHAPTER 3* 

CHAPTER 4. 

CHAPTER 5. 

CHAPTER 6.

In troduction

M ateria ls  and m ethods
A, The ex p e rim en ta l an im als
B. L ight m icro scope  p ro ced u res
C. E le c tro n  m icroscope  

p ro ced u res
D, D irec t m easu rem en ts
E* A nalysis of m icroscope 

data
F , M athem atica l m ethods

O bservations upon neoim agines 
r e a re d  a t 20 C

The effect of ageing  upon 
adults a t 20 C

The effect of te m p e ra tu re  upon 
im agines

Changes a s s o c ia te d  w ith  
reproduction  i n  th e  fem ale

The D iscu ss io nCHAPTER 7.

B ibliography

Acknowledgem ents

Appendices

1* H isto logical p ro ced u res

2. E lec tron  m ic ro sco p ica l p ro ced u res

3* A n a ly sis  of wax sections s ta in e d  w ith
EWEN* S (19621 aldehyde fuchsin

12

13

20

26

31

37
38 

43

45

147

172

190

198

266

287

288 

291

293



5.

Page

Appendices (Continued)

4. A nalysis o f granule s iz e s  and size

d is tribu tion

5. D im ensions and w eights 301

6. Longevity re c o rd s  303

7. Sample s izes  u sed  for e lec tro n  m ic ro sc o p y  306

299



LIST OF TABLES

TABLE 1• Dimensions of brain and corpora allatal 
cells

TABLE 2, Characteristics and origins of the different 
axon types of the cerebral ganglia.

TABLE 3» Summary of neurosecretory cell groups, 
constituent cell types and staining reactions.

TABLE 4. Granular characteristics of neurosecretory 
cells.

TABLE 5* Staining indices of the medial and ventral 
neurosecretory cell groups,

TABLE 6 , Relative granule quantities of brain neuro- 
• secretory cells in midges of different ages and 
rearing temperatures.

TABLE 7. Brain cell field density counts in midges 
of different ages and rearing temperatures,

TABLE 8 , Characters of the brain's neural lamella 
in midges of different ages,

TABLE 9« Average body lengths, head capsule widths 
and weights,

TABLE 10, Average sizes of several of the brain's
neuropile masses in midges reared at 10°C and 20^C,

TABLE 11, Relative granule quantities and perikaryal 
sizes of brain neurosecretory cells, and terminal

"roocyte characters, in relation to reproductive state 
of the female.

Page

63

76

88

96

97

97

151

151

176

176

192



7 .

LIST OF FIGURES

FIGURE 1. Position of the cerebral ganglionic complex 
within the head capsule, frontal view.

FIGURE 2, Position of the cerebral ganglionic complex 
within the head capsule, dorsal view*

FIGURE 3# Positions of the neuropile masses in the 
cerebral ganglionic complex, frontal view#

FIGURE 4* Positions of the neuropile masses in the 
cerebral.ganglionic complex, dorsal view#

FIGURE 13# Mean longevities of specimens reared and 
kept at several different temperatures.

FIGURE 14. Survivorship curves of midges reared and 
kept at several different temperatures.

Page

49

49

51

51

FIGURE 5* Elements of the central complex. 51
FIGURE 6 . Relative positions of the neurosecretory 
cell groups in a transverse section of the brain. 90

90
FIGURE 7# Relative positions of the neurosecretory 
cell groups in a sagittal section.of the brain.

FIGURE 8. Schematic diagram of the axonal pathways 
of the brain’s neurosecretory cells.

FIGURE 9. Transverse sections of the retrocerebral 
structures.

FIGURE 10. Schematic representation of the retrocerebral 
structures.

FIGURE 11. Histograms of granule size distributions 
within neurosecretory structures.

FIGURE 12, Survivorship curves of midges reared and 
kept at 20°C. .

91

103

104

142

149

174



LIST OF MICROGRAPHIC PLATES

The neoimaginal male reared at 20^0 Page

PLATE 1. Medial sagittal section of the head 48
PLATE 2. Transverse section of the head 48
PLATE 3* Transverse section of the supraoesophageal 

ganglion
48

PLATE 4. Type 1 glial cell 61

PLATE 5. The brain's perineurium 61

PLATE 6. The brai”'’s neural lamella 6 l

PLATE 7. Type 2 glial cell 61

PLATE 8 . T3T' 3 glial cell 6 l

PLATE 9. Neuron type 1 69

PLATE 10. Neuron tj’pe 2 69

PLATE 11. Neuron type 3 69

PLATE 12. Neuron type 4 69

PLATE 13. Neuron t^ue 5 . ' 74
PLATE 14- Axon types 74
PLATE 15. Axon type D 74
PLATE 16, Axon type 0 74
PLATE 17. Trachea 81
PLATE 18. Suboesophageal ganlion dense body 81
PLATE 19. The neural sheath of the suboesophageal ganlion 81
PLATE 20. The cells of the prothoracic ganglion 81
PLATE 21. The neural lamella of the prothoracic ganglion, 

showing the association with fat body cells
81

PLATE 22. The ventral neurosecretory cell group 94



9 .

The neoimaginal male reared at 20°C (Continued) Page

Plate 2 3. Granules of V,-type neurosecretory cells 94
PLATE 2 4. Granules of /^-type neurosecretory cells 94
PLATE 2 3* Granules of (̂rytjue neurosecretory cells 94
PLATE 2 6« The medial neurosecretory cell group 99

The neoimaginal male reared at 10 C 

PLATE 2 7. The medial neurosecretory cell group - 99

Male reared at 20 C 6-7 days after emergence 

PLATE 28, The medial neurosecretory cell group 99

The neoimaginal male reared at 20^0 (Continued)

PLATE 2 9. A medial neurosecretory cell 101
PLATE 3 0» A p neurosecretory cell 101.
PLATE 31 « Neurosecretion in the aorta wall 101
PLATE 32. The neurosecretory nerves of the_aorta wall 108
PLATE 33# The hypocerehral ganglion 108
PLATE 34# The hypocerehral ganglion's aortic sheath 108
PLATE 33# The medial neurosecretory cells stained with II6

alcian blue
PLATE 36. The retrocerebral glands stained with aldehyde 116

fuchsin
PLATE 37# A "Glande post-cérébrale antérieure" and a II6

corpus cardiacum stained with aloehyde fuchsin
PLATE 380 A corpus cardiacum stained with Heidenhain's 119 .

azan,
PLATE 39# The corpora allata stained with Mallory's 119

trichrome
PLATE 40» The frontal ganglion 119
PLATE 41 # The corpus cardiacum 121
PLATE 4 2# The neuropile region of a corpus cardiacum 121



The neoimaginal male reared at 20°C (Continued) Page

PLATE 43# Posterior region of a corpus allatum 125

PLATE 44# The marginal zone of a corpus allatum 125

PLATE 45# The medullary region of a corpus allatum 125

PLATE 4 6. Peritracheal tissue I3I
PLATE 47# A "Glande post-céréhrale antérieure" . 131

PLATE 48. A 7̂ -type cell '' I36

PLATE 49# Prothoracic ganglion neurosecretory cells .. 136

PLATE 50# Release site of the prothoracic ganglion's 136

neurosecretory cells
PLATE 51# A peripheral neurosecretory cell 141

PLATE 52. A peripheral neurosecretory cell and its 141

associated scolopidium
PLATE 53# Termination site of the axons from a peri - 141

pheral neurosecretory cell

Specimens reared at 20°C 6-7days after emergence

PLATE 54# The neural sheath of the brain 155

PLATE 55. Glial type 4 cell 155

PLATE 56# Type 4 neuron showing cytoplasmic degeneration 155

PLATE 57. The ventral neurosecretory cells 161

PLATE 58. A p-type neurosecretory cell 161

PLATE 59# An «;»-type neurosecretory cell 163

PLATE 6O0 Part of a corpus cardiacum cell 166

PLATE 6 1. The marginal zone of a corpus allatum 166

PLATE 6 2. A complete "Glande post-cérébrale antérieure" 170

PLATE 6 3# The marginal zone of a "Glande post-cérébrale 170
antérieure"

Neoimagines reared at 10°C

PLATE 6 4. Extracellular spaces and multiple glial 180
lamellae in the brain



11

î'Ieoimagines reared at 10°C (Continued)

PLATE 6 5. Type 4 neurons 180
PLATE 6 6. An <1-type neurosecretory cell 183
PLATE 6 7. A p»-type Neurosecretory cell . 183
PLATE 68. The ventral neurosecretory cell group 186

PLATE 6 9. An -=(ft-type neurosecretory cell 186
PLATE 7 0. The dorsal cortex of the brain 188

Matdd oviposited females

PLATE 7 1. The ventral neurosecretory cell group 194
PLATE 7 2. A p cell of the lateral neuxosecretory cell 194

group

The ovaries stained with aldehyde fuchsin

PLATE 7 3. A terminal oocyte of a neoimaginal virgin 197
PLATE 74# A terminal oocyte of à virgin 7 days after 197

emergence
PLATE 75# The ovary of a mated oviposited specimen 197



ABBREVIATIONS

The following abbreviations are used:

GPCA - "Glandes post-cérébrales antérieures"
INC - Lateral neurosecretory cells
MNC - Medial neurosecretory cells
NCA - Nervi corporis allati
NCC - Nervi corporis cardiaci
ONC - Outer neurosecretory cells
VNC - Ventral neurosecretory cells
SNCI - Suboesophageal ganglion neurosecretory cells 

(group I)
SNCa. - Suboesophageal ganglion neurosecretory cells 

(group 2)

mm - millimetre (I0~̂  metre)
pm - micrometre (10"* metre)
nm - nanometre (lO'̂  metre)



1 3 .

C H A P T E R  I

INTRODUCTION

Much of the r e s e a rc h  upon d ip te ran s i s  r e s t r i c t e d  to  sp e c ie s  

of C yclorrhapha which can be b re d  under la b o ra to ry  c o n d itio n s  

with m in im al a tten tion . N em atocerans, o f which f a r  m ore  a re  

of m ed ical im portance  than  cyclo rrhaphans, tend  to  be m uch 

m ore  difficult to cu ltu re . C hironom lds a re  among the eas i e s t  

o f nem atoceran  sp ec ies  to  m ain ta in  under la b o ra to ry  c o n d it io n s . 

Although they  a re  not v e c to rs  o f d ise a se , th e ir  p ro p in q u ity  

to m osquitoes m akes them  im portan t i n  In v e s tig a tio n s  in to  

the biology of th is  su b o rd e r. C hironom lds a re  im p o r ta n t , not 

only a s  useful lab o ra to ry  an im als , but a ls o  a s  b io lo g ic a l  

d e tec to rs  o f w a ter quality  (JANKOVIC, 1975), and a s  p e s ts  i n  

a re a s  w here the adu lts occu r in  v a s t num bers ( MULLA ^  a l,

1971).

The ecology (rev iew  OLIVER, 1971) and s a l iv a r y  g lan d  

polytene chrom osom es (rev iew  ASHBURNER, 1970) of 

ch ironom lds, have been the sub jec ts  o f num erous s tu d ie s .

T here  has a lso  been  som e re s e a rc h  on th e  p h y sio lo g y  and 

behaviour of these  m idges but th e re  i s  a  p a u c ity  o f s t r u c tu r a l  

obse rvations, e sp ec ia lly  upon the nervous sy s te m . The la rv a l



1 4 .

chironom id b ra in  has been  r e f e r r e d  to by se v e ra l a u th o rs  

(HOLMGREN, 1904; CREDLAND & PH IL L IPS , 1974 and o th e rs )  

but th a t o f the adult has rece iv ed  only b r ie f  m entions ( MIALL & 

HAM ON D, 1900) .  None of th e se  p ap ers  d e sc r ib e s  th e  a n a to m y  

of the b ra in  in  depth. D etailed  anatom ical s tu d ie s  upon th e  

d ip te ran  b ra in , (with the  exception of Aedes (CHRISTOPHERS, 

i 960), ) have m ain ly  been  r e s t r ic te d  to the  cy c lo rrh ap h an s  

D rosophila (POWERS, 1943, 1946) and M usca (GROTH, 1971; 

STRAUSFELD, 1976). An anatom ical a n a ly s is  of th e  b r a in  

o f C hironom us r ip a r iu s  would not only advance th e  knowledge 

of the nem atoceran  b ra in  but could a lso  fo rm  a  u se fu l found- 

ation £or u l tra s tru c tu ra l  o b se rv a tio n s.

T here  a re  few o v e ra ll d escrip tio n s o f the  f in e  s t r u c tu r e  

of the  v a rio u s  e lem en ts w ithin an in se c t b ra in , a s  m ost u l t r a -  

s tru c tu ra l s tud ies a re  r e s t r ic te d  to spec ia lized  re g io n s  

(rev iew  LANE, 1974). SOHAL e t al (1972) have d e sc r ib e d  

the fine s tru c tu re  of the n eu ra l sheath , g lia  and neurons w ith 

in  the b ra in  of M usca dom estica  but th e re  have been  no 

com parable stud ies on any o th er d ip teran .

The anatom y of the endocrine sy s te m  of se v e ra l adult 

nem atocerans have been  d esc rib ed  (BURGESS & REM PEL, 1966; 

ME OLA & LEA, 1972; TAR G A, 1974 and o th e rs )  but th e re  have 

been no de ta iled  observations upon an im aginai chi ronom id.

The re tro c e re b ra l  glands of la rv a l  Chi ronom us r ip a r i  us 

(CREDLAND & PHILLIPS, 1974) w ere found to be un fused  and 

i t  was thought that th is  would m ake physi ol ogi cal in v e s t  i gat io n
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e a s ie r  than  upon th e  p a rtia l ly  o r  co m p le te ly  fu se d  g lands 

of cu licids o r  cycl o rrhaphous d ip te ra n s  (CAZAL, 1948; 

THOMSEN, 1951) .  If the adult C. r ip a r iu s  has a s im ila r  

r e tro c e re b ra l  sy s te m  to that of the la rv a , i t  would be i d e a l ly  

su ited  for s t ru c tu ra l  investigations in to  th e  fu n c tio n a l  r o le s  

of the v a rious g lands. The adult* s r e t r o c e r e b ra l  s t r u c tu r e s  

could be iden tified  by analogy to  th o se  of th e  la r v a  

(CREDLAND & PH ILLIPS, 1974) and of o th e r  i n s e c t s  

(rev iew  SMITH, 1968). The id en tifica tio n  of th e  c e re b ra l 

n e u ro sec re to ry  neurons, in te g ra l e lem ents of th e  endocrine  

system , would have to be b ased  upon th e  c r i t e r i a  u sed  in  

the recognition  of such ce lls  in in se c t s.

The e a r l ie s t  definitions of n e u ro se c re to ry  c e l l s  w ere 

b ased  la rg e ly  upon th e i r  appearance  a fte r  s ta in in g  w ith  

Gom ori s ta in s (SCHARRER, 1954; BERN, 1962, 1966; GABE, 

1966). The s tra ig h tfo rw a rd  s ta in in g  of c e l l s  w ith  s ta in s  

such a s  chrom e haem atoxylin-phloxine and para ldehyde  fu c h s in  

cannot be reg a rd ed  as  p roo f of th e ir  n e u ro s e c re to ry  fu n c tio n  

(NORMANN, 1965; BERN, 1966; KNOWLES & BERN, 1966; 

DOANE, 1973). The converse  is  a lso  tru e , th a t som e n eu ro 

s e c re to ry  ce lls  do not show a  se lec tive  resp o n se  to  th e s e  

sta in s (BERN, 1962; THOMSEN, 1965). In re c e n t y e a rs  

n e u ro sec re to ry  ce lls  have been  c h a ra c te r ise d  on th e  b asi s 

of th e ir  u ltra s tru c tu ra l  fe a tu re s  (BERN, 1966; MADDRELL,

1970). NORM ANN ( 1965) contended tha t the q u a n ti ty  of 

g ranu les within a  n e u ro sec re to ry  ce ll m ust be s u f f ic ie n t
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to ind icate  that th e i r  production is  the m ajo r fu n c t io n  o f  th e  

cell* This is  not a  usefu l c rite r io n  for th e i r  re c o g n itio n , as 

the in te rp re ta t io n  of SCHARRER & BROWN (1961) im p lie s  

that v e ry  active n e u ro se c re to ry  ce lls  w ill c o n ta in  o n ly  a  

sm all num ber o f g ran u les . MADDRELL ( 1974) c o n s id e re d  

that in i ts  b ro ad e s t m eaning a ll neu rons a re  "n e u ro se c re to ry "  

a s  they a ll synthesize  specific  substances. He chose to  

r e s t r ic t  the te rm  to  th o se  neurons which r e le a s e  th e  substance  

a t som e d istance f ro m  the ta rg e t c e lls . T his, how ever, p re 

supposes that the functional significance of th e s e  neurons, 

which in the m a jo r ity  of case s  has not ye t been  e lu c id a te d , 

is  a lre ad y  known. F o r conclusive s ta te m e n ts  to  be m ade 

about the  n e u ro se c re to ry  na tu re  of any c e l l  i t  has to  be 

dem onstra ted  that the substance they sy n th esize  has a  m ea su r

able physiological a c tiv ity  (BERN, 1962; MORRIS & STEEL, 

1975). I n  a  s tru c tu ra l study, using  the e le c tro n  m icroscope as  

the p r im a ry  tool fo r investigation , a  usefu l and s im p le  way 

to d istinguish  a n e u ro se c re to ry  neuron  i s by f in d in g  s im ila r  

g ranu les in  the cells* p e rik a ry a  and in  th e i r  axons ( LANE,

1974). Additional evidence fo r the n e u ro se c re to ry  n a tu re  of 

such ce lls  can be gained by trac in g  the axons t o  neurohaem al 

a re a s  which a re  known to co n ta in  sw o llen  nerve  end ings, 

lack  g lia l investm en t and show evidence of m em brane re c a p tu re  

(MADDRELL, 1974).

The c e re b ra l n e u ro sec re to ry  sy s te m  of th e  la r v a l  

Chironom us r ip a r iu s  (CREDLAND & PH ILL IPS, 1974) was
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thought to com prise  of a  group of p a ire d  m edial c e l l s .  The 

com parative s im p lic ity  of th is  system , i f  i t  o c c u rre d  i n  th e  

adult, would fa c ili ta te  functional a n a ly s is . C o rre la te d  u l t r a -  

s t ru c tu ra l  and cy to log ica l o b se rv a tio n s upon th e  c e re b ra l 

n e u ro sec re to ry  ce lls  of im aginai chironom lds have not p re v io u s ly  

been rep o rted , a s  such stud ies on adult d ip te ra n s  have been 

confined a lm ost exclusively  to C alliphora (THOMSEN, 1965; 

BLOCH 1966), M usca (RAMADE, 1966, 1969) and

culicids (BURGESS & REM PEL, 1966; MEOLA & LEA, 1972).

A prev ious study on C hironom us r ip a r iu s  (CREDLAND,

1971) showed th a t the tem p era tu re  of the p re im ag in a l a q u a t ic  

environm ent had a  m ark ed  effect upon the adult '  s body si ze 

and w eight. W ithin lim its , a  low er tem p era tu re  w as found 

to produce a  la rg e r  adult. Although such changes a re  well 

known in in se c ts  (CLARKE, 1967), the  r e l a t e d  s t r u c tu r a l  

d ifferences in  the nervous and endocrine sy stem s have not 

been investigated .

Age re la te d  changes a re  known to occu r i n  th e  neurons 

of se v e ra l cyclorrhaphous d ip te rans (re v ie w  ROCKSTEIN & 

MIQUEL, 1973) and a lso  w ithin the c e re b ra l n e u ro s e c re to ry  

system  of M usca (ROCKSTEIN ^ a l #  1971). T here have been 

no re p o r ts  on age re la te d  changes in  th e  nervous and endo

crine  sy stem s of nem atocerans based  upon ul t  r a s t  ru c t u ra l 

observations. Several C yclorrhapha, such a s  Call i phora. 

D rosophila and M usca, a re  obtainable in la rg e  num bers as
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genetically  pure  s tra in s  whose em ergence can be synchroni sed. 

This m akes these  f lie s  v e ry  popular fo r u se  i n  ag e in g  s tu d ie s .  

The inbreeding  of a lab o ra to ry  cu ltu re  of C hironom us r i p a r iu s ,  

o rig in a tin g  from  a  single egg ro p e , fo r o v e r f iv e  y e a rs , m akes 

it  reasonab le  to assum e th a t indiv iduals would e x h ib it  a 

considerab le  g en e tic  hom ogeneity. Although m idges a re  not 

availab le  in such la rg e  nu m b ers , no r can t h e i r  em ergence 

be synchronised , they  have the  advantage over M usc^

C alliphora and D rosophila in  having a  b r ie fe r  l i f e  span when 

kept under s im ila r  cond itions, so tha t e x p e rim e n ts  can be 

rep lica ted  in  sh o rte r  p e rio d s . Chironom lds a ls o  have th e  

advantage of not feeding a s  adu lts , m eaning th a t  n u t r i t i o n a l  

in fluences, which a re  known to be im portan t f a c to r s  i n  

modifying longevity ( rev iew  ROCKSTEIN & M IQUEL, 1973), 

can be ignored . M ost in se c t tis su e s  a re  com posed of s p e c ia l 

ise d  sy stem s of p o s t-m ito tic  c e lls , so th a t  s t r u c tu r a l  changes 

can be age re la te d . The in se c t b ra in  co m p rises  such c e l l s ,  

and i s  p a rtic u la rly  su itab le  fo r ageing s tu d ie s  a s  i t  la c k s  

blood v e s s e ls , so th a t changes re su ltin g  f ro m  v a sc u la r  p a th 

ology which occur in  m am m als can be excluded.

T here  is  l i t t le  evidence to suggest that th e  sperm atogenesis 

in in se c ts  i s  under the contro l of the c e re b ra l n e u ro s e c re to ry  

system . Some n e u ro se c re to ry  ce lls  of th e  p a rs  i n te r c e r e b r a l i  s 

of the  fem ale a re , how ever, thought to  influence th e  fe c u n d ity  

of C alliphora (THOMSEN, 1948, 1952), cu licids (L E A , 1967) 

and sev e ra l o ther d ip te rans (rev i cw ENGELMANN, 1970). The
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n e u ro sec re to ry  ce lls  in  o ther reg io n s o f th e  b r a in  have a ls o  

been suggested  to influence egg m atu ra tio n  i n  Call 1 phora 

(THOMSEN, 1952) and in  lo cu sts  (STRONG, 1965). These 

rep roductive  influences a re  a sso c ia ted  w ith a c t i v i t y  d i f f e r 

ences in the n e u ro se c re to ry  c e lls , which a re  r e f l e c t e d  i n  

th e ir  p e rik a ry a l contents and espec ia lly  in  the am ount of n eu ro 

se c re to ry  g ranu les  they contain (ENGELMANN, 1970). The 

c e re b ra l n e u ro se c re to ry  sy stem  of the im ag in a i fe m a le  m idge 

th e re fo re  seem s to lend  i ts e lf  to a  co m p ara tiv e  u l t r a s t r u c t u r a l  

study re la te d  to the rep roductive  s ta te  of th e  sp ec im en .

S tru c tu ra l s tud ies on the nervous and e n d o crin e  sy s te m s  

can give anatom ical b a ses  fo r c o n s id e rin g  th e ir  fu n c tio n a l 

ro le s . A dditional in fo rm ation  can be obtained  by in v e s t ig a t in g  

the changes in m ic ro sco p ica l appearance  o c cu rrin g  i n  th e s e  

system s re su ltin g  from  d ifferences in  the a n im a l 's  p h y s io l

ogical s ta te . I t  is  the s tru c tu re  o f these  c o n tr o l l in g  sy s te m s  

and th e ir  changes in  m ic ro sco p ica l appearance  r e s u l t in g  f ro m  

d ifferences in  age, re a r in g  tem p era tu re  and re p ro d u c tiv e  s t a t e  

which have been investiga ted  and a re  re p o r te d  h e re in .
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C H A P T E R  2

MATERIALS AND METHODS

A. The E xperim ental A nim als

lé The perm anen t cu ltu res

The sou rce  of a ll the specim ens in  th i  s s tudy

w ere the perm anen t cu ltu res  of Chironom us r ip a r iu s

m ain tained  in  the anim al room  a t B edford Coll ege.
4* oThe an im als  a re  kep t a t 20 ^ 2 C with a  l i g h t i n g  re g im e  

providing 12 h o u rs  ligh t each  day in  a  r e g u la r  c y c le . 

They a re  m ain tained  using  the technique of CREDLAND 

(1973). These cu ltu res  w ere s ta r te d  f ro m  a  s in g le  egg- 

rope  taken from  the  o rnam en ta l pond i n  th e  grounds of 

**The H olm e", Regent* s P a rk  in  the sum m er of 1970. 

Over th is  pe riod  th e re  h as  been  no signifi cant change 

in  the ex te rn a l c h a ra c te rs  exhibited  by th i  s la b o ra to ry  

s tra in  a s  com pared  with the  w ild ty p e , when b o th  a re  

ra is e d  a t a  s im ila r  am bient te m p era tu re  ( CREDLAND, 

p e rso n a l com m unication).

2. Incubation of Specim ens

F or th e  ex p erim en ts , specim ens w ere r e a re d  i n  

"G riffin  cooled" and "G allenkam p illum ina ted  cool ed"



21

incubato rs which provided  som e c o n tro l o f e n v iro n 

m ental variables*

(a) Incubation a t 20^C

Two egg ro p es which had been  la id  i n  th e  p re v io u s  18 hours 

w ere  rem oved  fro m  the perm anen t c u ltu re s  and p la c e d  i n  a 

p la s tic  tank, 30 % 10 % 15 c en tim e tre s , f i l l e d  w ith ta p  

w ater a t 20°C. F il te r  paper and w ashed f i la m e n to u s  

algae w ere  in troduced  to  provide tube b u i ld in g  m a te r ia l  

fo r the  la rv a e . G round " T e tr a M in "  was u sed  as a  

food so u rce , th e  specim ens being r e a re d  as d e sc r ib e d  by 

CREDLAND (1973). Several tanks p re p a re d  i n  th i  s way 

w ere p laced  in  an incubato r a t 20 ^ l^C  w ith  a  c o n tro l le d  

lighting reg im e providing 14 hou rs l ig h t  each  day i n  a  

reg u la r cycle . The w ater leve l w as m a in ta in ed  to  w ith in  

2 cen tim e tre s  o f the p la s tic  tank* s cover, r e s t  r i  c t in g  

the v e rtic a l space, which w as found by DOWNE ( 1973) 

to p reven t sw arm ing and m ating . A e ra t io n  was p ro v id ed  

by a  cen tra l a ir  b r ic k  and two o u te r n a rro w  gauge ai r  

tubes.

Adults em erg ing  in  the f i r s t  hour of th e  photophase w ere 

co llec ted  using  an a sp ira to r  and t r a n s f e r r e d  w ithout e th e r 

iza tion  to ind iv idual specim en tubes which w ere th e n  covered  

with nylon gauze. The sex  of the specim en was determ ined  

by the appearance  of the antennae, which a re  se x u a lly  

dim orphic, being longer in  the m ale  (CHINERY, 1973).

These tubes w ere then  re tu rn e d  to the incubato r, and a
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drop of w ater p laced  on the gauze. The m i dges w ere kept 

in the incubator f o r  7, hou rs to allow  rec o v e ry fro m  e m e rg 

ence*, The in te r n a l  space of the in cu b a to r  rem ained  at 

70% re la tiv e  hum id ity , but i t  is  l ik e ly  th a t  because of 

evaporation  of th e  w ater drop, the h u m id ity  w ith in  th e  

specim en tubes w as m uch h igher# .

(b) Incubation  a t 10 and 15^C

E gg-ropes w ere ob ta ined  and put in to  p re p a re d  tu b e s  as 

described  ab o v e ,. The tanks w ere th e n  co o led  a t a  r a t e  of 

ju s t over l^C  p e r  hour by g radually  changing th e  th e rm o 

sta t se ttings of th e  incubator, u n til  th e  r e q u ire d  te m p e r 

a tu re  w as reached . T ran sfe rr in g  the  egg -ropes d i r e c t l y  

from  20^C to  the low er incubation te m p e ra tu re  r e s u l te d  

in few, o r  no la rv a e  hatching*. The em erging  im ag in es  

w ere iso la ted  fo r  7 ho u rs , a s  d esc rib ed  above, a t th e  

tem p era tu re  of incubation*.

3. Ageing of Specim ens

E m erg in g  im agines w ere c o llec ted  and i s o l a t e d  i n  

specim en tubes a s  d escrib ed  above. These specim ens w ere 

re tu rn e d  to th e  in c u b a to rs  in  which th e y  w ere re a re d . 

F requent p e r io d ic  checks w ere m ade to  re p la c e  th e  drop 

of w ater upon the gauze, and so en su re  a co n stan t h igh  

level of hum i dity, which affects th e  lo n g e v ity  of Chironomus 

(HILSENHOFF, 1966). At th e  sam e t im e , o b se rv a tio n s  

upon the r e s t in g  position of each specim en w ere m ade and
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it  w as also  a sc e rta in e d  w hether the m i dge was f l i  ght 

im m obile , i . e .  ta c tile  stim ula tion  a p p lied  by ta p p in g  

the tube would not e lic it  flight, o r  dead, i . e .  when no 

in tr in s ic  m ovem ent o c c u rre d  even when s t im u la te d .

F rom  th ese  re s u lts  life  tab les  w ere  c o n s tru c te d  f o r  

both sexes . Some liv ing  specim ens w ere rem oved  fo r 

fixation betw een the six th  and eighth hour of th e  p h o to 

phase a f te r  1, 3, 5 and 7 days of age. I t  was re c o rd ed  

if  these  specim ens w ere  flight im m o b ile .

Im agines r e a re d  and kept a t 10, 15 and 20^C 

w ere tre a te d  in  th is  way. Some em erging  m ales  re a re d  

a t 20^C w ere iso la ted  and tr a n s fe r re d  to  an  in c u b a to r  

a t 10°C. The converse  experim en t was a ls o  p e rfo rm ed , 

m ales  r e a re d  a t 10°C w ere kept a s  im ag ines a t 20°C.

The longevity of th ese  two groups of m ales  w as reco rd ed .

4. The R eproductive s ta te  of the  Specim ens

(a) M ated, oviposited  and v irg in  fe m a le s  

In th is  group of ex p erim en ts , m idges re a re d  i n  th e  "no

sw arm " tanks a t 20°C, s im ila r  to th o se  of CASPARY & 

DOWNE (1971), w ere  used . Im agines w ere c o l le c te d  in  

the f i r s t  14 hou rs a f te r  em ergence, the la s t  tw o hou rs of 

which w ere  in  the photophase. One fem ale and fo u r  m ales 

w ere tr a n s fe r re d  into tra n sp a re n t p la s tic  c o n ta in e rs , 30 x 

10 X 15 c en tim e tre s , containing tap  w ater to  a  dep th  of 

2 cen tim e tre s  and f i l te r  paper to ac t a s  sw arm  m a rk e rs  

(DOWNE & CASPARY, 1973) and o v ip o s i t io n  s i t e s
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(CREDLAND, 1973). I t  has been shown by CASPARY & 

DOWNE ( 1971) that sw arm ing is  e sse n tia l f o r  m ating i n  

lab o ra to ry  cu ltu res  of C. r ip a r iu s . The ta n k s  w ere covered  

with blue tis su e  p ap er, except fo r a  sm all o b se rv a tio n  

hole, and di s tu rbance  w as kept to a  m inim um  so th a t  

sw arm ing was not p reven ted . The prolonged in te rm it te n t  

observations during daylight h o u rs , to a s c e r ta in  when 

m ating  had o cur red , n e ce ss ita ted  that the tanks be kept 

upon a lab o ra to ry  bench. V aria tions i n  te m p e ra tu re  i n  

the lab o ra to ry  w ere in  the range 18 to 25°C, w ith an 

approxim ately  12 hour photophase p e r 24 i n  a r e g u la r  

cycle . The m ales w ere rem oved  from  the m ating ta n k s  

a t night and four m ales  w ere  re tu rn e d  i n  t h e  m orning 

if oviposition had  not o c c u rre d  overn igh t. The p e rio d  

betw een copulation and oviposition would m ean th a t m ated  

fem ales would be re ta in e d  in  the o b se rv a tio n  ta n k s  u n t i l  

the eg g -ro p es had been la id , but a s  they  a re  m onogam ous 

(DOWNE, 1973) m ating  would not r e c u r .  F e m a le s  w ere 

rem oved  fro m  the tanks a s  soon a s  m ating  w as ob serv ed  

and kept in  an  a sp ira to r  fo r 3 h o u rs . The b r a in  and abdom en 

w ere then p rep a red  fo r e le c tro n  m icroscope  o b se rv a tio n s  

and a  h isto log ical investigation  re s p e c t iv e ly . F ix a tio n  

was c a r r ie d  out a t about the m iddle o f the photophase.

I n  fem ales w here  oviposition o ccu rred , w ithout th e  

observation  of m ating , the b ra in  and re tro c e re b ra l  com plex
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w ere p rep a red  fo r e lec tro n  m icroscope  o b se rv a tio n  and th e  

abdomen fo r a  h isto log ica l investigation  of th e  o v a r ie s .  

F ixation was c a r r ie d  out th ree  to sev en teen  hou rs a f t e r  

oviposition in  the m id d le  of the photo phase . The egg -ropes 

w ere kept fo r observation .

V irgin  fem ales o f s im ila r  age to  th e  m ated  and ovi-*

posited  specim ens w ere u sed  for c o m p a riso n s . These in d iv *

iduals w ere p re p a re d  a s  d e sc rib ed  above I n  s e c t io n  A. 3.

(b) L igated  and sham  o p era ted  fem ales

Fem ale Im agines In the f i r s t  14 h o u rs  a f t e r  em ergence

w ere lightly  e th e rized  in  an a sp ira to r  and t r a n s f e r r e d  to

the stage of a  d issec tin g  m ic ro sco p e . Using a  f in e  h a i r ,

a  lig a tu re  was tied  betw een the t e r g i te s  o f the f i r s t  and

second abdom inal segm en ts. P e k in e se  dog h a i r  was found

to be p a rtic u la rly  su itab le , a s  i t  I s  supp le  enough to  t i e

a  sm all knot without b reak ing . O ther fem ales w ere t r e a te d

in  a  s im ila r  way* except tha t the lig a tu re  w as t ie d  using  a

slip  knot which w as rem oved  a fte r  approx im ate ly  15 m inu tes.

The sham  o p e ra ted  and lig a ted  fem ales w ere  kept i n  in d iv -
o

idual tubes for e ith e r 3 o r  4 days in an  incubator a t 20 C 

a s  d esc rib ed  above in  section  A .2. A fte r  th i s  p e rio d , th e  

b ra in  was p re p a re d  for e lec tro n  m icroscope  o b se rv a tio n s .

The abdomen w as rem oved  for a  h is to lo g ica l in v e s t ig a t io n .  

The a n te r io r  one th ird  w as subsequently  s e c tio n e d  i n  th e  

longitudinal plane to observe  the e ffec ttv en ess  of th e  

ligation , w hereas the p o s te r io r  reg ion  was cut i n  t r a n s v e r s e  

section  to study the o v a rie s . F ixation was agai n c a r r i  ed
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out in  the m iddle of the photophase.

B . Light M icroscope P ro c ed u re s

1. F ixation, Dehydration and E m bedding

F ixation of specim ens was c a r r ie d  out i n  th e  m iddle 

of the photophase, so that if  a  c ircad ian  c y d e  o c c u rre d  i n  

the n e u ro se c re to ry  c e lls , a s  r e p o r te d  i n  o th e r  I n s e c ts  

(BRADY, 1974) a ll the an im als u sed  would be i n  a  s im ila r  

-phase of the cycle . B efore fixation th e  m idges w ere l i g h t l y  

e th e rized  and the leg s  and wings rem oved . The body was 

then dipped into dilute de tergen t and qu ick ly  r in se d  i n  

d is tilled  w a te r, th is  rem oved  the  hydrophobic  p r o p e r t ie s  

of the cu ticle  and en su red  subm ergence in  the f ix a t iv e .

Two techniques of f ix a tio n  w ere  em ployed, th a t  of ME OLA

(1970) and of ROCKSTEIN d  d  ( 1971). These d i f f e r  o n ly  

in  the  type o f B o u in 's  Rxative u sed  and subsequent s to ra g e  

in  a lcohol. I n  a ll c a se s  they  w ere found to g iv e  i  dent I cal 

re s u lts  with the s ta in s  em ployed. The specim ens w ere  dehyd-# 

ra te d  in  a  g raduated  s e r ie s  o f ethanol s .  If  th e  y e llo w  

colour o f the fixative  w as not rem oved  by th e  end o f th e  

70% alcohol s tage, the specim en  w as b leached  i n  2.5%  

aqueous sodium  thio sulphate and re  dehydra ted , as d e sc r ib e d  

by PAN TIN (1964). The specim ens w ere  c le a re d  i n  but anol, 

g radually  in filtra te d  with E s te r  19 47 wax and f i n a l l y  

em bedded in  th is  wax, using a m odified fo rm  of ROCKSTEIN



2 7 .

B (1971) p ro ced u re . Butanol was thought to  s o f te n  

the specim ens m o re  than xylene. T h is, coupled w ith  th e  

use  of e s te r  wax, which is  m uch h a rd e r  th a n  p a r a f f in  wax 

of s im ila r  m elting  point, m in im ized  se c tio n in g  d i f f i c u l t i e s  

caused  by the cu tic le . G reat c a re  was ta k e n  i n  b lo ck  

m aking, to m in im ise  a ir  in f il tra tio n  u s in g  th e  tec h n iq u e  

d esc rib ed  by S TEE DM AN {1947). D etails o f the  t im in g s  

for each stage of the p rocedu re  a re  g iven  i n  th e  

appendix.

2. Whole M ounts of the Head Capsule

The heads o f specim ens w ith in  the f i r s t  day a s  

im ag ines w ere rem oved, fixed and dehydrated  a s  d e sc r ib e d  

above. The tis su e  w as c le a re d  fo r se v e ra l days i n  xy lene  

a t 50^0, which w as found to give b e tte r  d e f in i t io n  of th e  

b ra in  than butanol. The capsule w as view ed i n  th e  c le a r in g  

agent under a b inocu lar m icro sco p e . The b ra in  w as found 

to be v is ib le  when a  com bination of t r a n s m i t te d  and 

incident ligh t w as used .

3. Section Cutting and Mounting

The b locks, which a re  b r i t t l e ,  w ere  t r im m e d  u s in g  

the p rocedu re  d escrib ed  by  STEEDMAN (1947). S e c tio n s  

w ere cut a t a  6 um  th ickness on a  m otor d r iv e n  "Jung 

ro ta ry  m icro to m e" with the knife angle se t a t 5^. Both 

the block and the knife w ere  heated  by a  40 w att el e c tr ic  

ligh t bulb positioned betw een 5 and 10 c e n tim e tre s  f ro m



2 8 .

the knife edge. Heating was com m enced a t l e a s t  15 m inutes 

before sec tion ing  and was found to f a c i l i t a t e  r ib b o n  f o r m 

a tio n  and m in im ise  frac tu rin g .

Sections w ere m ounted upon a lbum in ized  s l id e s  as 

described  by PAN TIN (1964). All th e  s l id e s  w ere p r e 

cleaned by sto rage  in  70% alcohol c o n ta in in g  1-2% g la 

cial ace tic  a c id . To en su re  adequate ad h esio n  of th e  

ribbons to th e  slide , the s l id e s  w ere  d r ie d  f o r  a t l e a s t  

18 hours in  an oven a t 38®C befo re  dewaxing.

4. Staining M ethods

The p re lim in a ry  p ro ced u res  of dewaxing and h y d ra tio n  

w ere c a rr ie d  out as d escrib ed  by GURR ( 1962) b e fo re  

St aining.

(a) Mallory* s t rich rom e

Mallory* s tr ic h ro m e  sta in  w as used  for a  ro u t in e  hi s to lo g i cal 

investigation . This sta in , which i s  qu ick  and easy  to  use , 

was found to give consisten t r e s u l ts  w ith good d e f in i t io n .

The m ethod outlined by PAN TIN  ( 1964) was used , opt i mum 

re s u lts  being obtained by th e  stain ing t im e s  of CREDLAND

(1971). Fading of the colour of th is  s t a in  re p o r te d  by 

PANTIN ( 1964) was not apparen t a f te r  tw o and a h a lf  y e a rs . 

The n eu tra l co lo u rless  m ountant DPX which was used  i n  

a ll c a se s , i s  re p o rt ed (GURR, 1956) not to  cause fa d in g  

of s ta in s .

(b) Ewen* s al dehyde fuchsin

Aldehyde fuchsin has comm only been u t i l i z e d  to  d e te c t th e
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p resen ce  of n eu ro sec re tio n  in  in se c t t i s s u e s  (GABE, 1966), 

which it  typ ically  s ta in s  with an in te n s e  p u rp le  c o lo u r. In  

1962, EWEN, developed a tec h n iq u e  u s in g  t h i s  s t a in  

which prov ides a b e t te r  colour d if f e r e n t ia t io n  o f in s e c t  an 

n e u ro s e c re to ry  products.

The sections w ere alw ays s ta in e d  w ith in  48 hours of be in g  

cut, to p reven t auto-oxidation by a i r  re p o r te d  by EWEN 

(1962). The sta in  was p rep a red  and used  acco rd in g  to  h is  

descrip tion , with slight v a ria tio n s  i n  th e  t i m e s  of some 

of the stain ing baths, d e ta ils  of which a re  g iv en  i n  th e  

appendix, to give optim al definition o f n e u ro s e c re to ry  

m a te r ia l. Some specim ens w ere not o x id is e d  i n  a c id  

perm anganate , which is  assum ed  to  ac t a s  a c o n tro l of 

the specificity  of the sta in  (GABE, 1966). The te m p e ra tu re  

of the stain ing  baths was m ain tained  at 22 ^ 2®C, and th e  

tim ings r ig id ly  adhered  to , so a s  to  m in im ise  v a r ia t io n s  

betw een batches of s lides sta ined  at d i f f e r e n t  t im e s .

DPX w as again  u sed  as  a m ounting agent and not Canada 

ba lsam  as i n  EWEN* S (1962) p ro ced u re . This s t a in  was 

found to give good defin ition  of n e u ro s e c re to ry  m a te ria l 

and w as th e re fo re  u sed  in  com parative  s tu d ie s .

(c) Meola* s paraldehyde fuchsin

A sensitive  aldehyde fuchsin techn ique was developed  by 

MEOLA ( 1970) for the n e u ro s e c re to ry  sy s te m  of m osquitoes, 

I t  w as thought that, as  In m osquitoes, t h i s  tec h n iq u e  would 

give m ore  re liab le  re s u lts  than ob ta in ed  by EWEN* S (19&2).

The sta in  w as p rep a red  in the d ry  fo rm  accord ing  to  th e  

m ethod of ROSA (1953). D ifficu lty  was en co u n tered  i n
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obtaining enough p rec ip ita te  fo r u se  in h is to lo g ic a l  s ta in in g .  

The am ount o f p rec ip ita te  obtained was l e s s  th a n  30% of 

the expected  d ry  weight fo r the  q u a n titie s  u sed . The s t a i n 

ing w as c a r r ie d  out accord ing  to th e  p rocedu re  of MEOLA 

( 1970), except tha t DPX and not perm ount was u sed  a s  a  

m ounting m ed ia . The sta in  fa iled  to give any d e f in i t i o n  

of n eu ro sec re tio n  in  the m a te r ia l exam ined and was th e r e fo re  

not em ployed in  com parable stud ies.

(d) Chrom e haem atoxylin-phloxin

Another G om ori s ta in  which is  com m only u sed  to  d e te c t 

neuro sec re tio n  in in se c t c e lls  i s  chrom e haem atoxy lin - 

phloxin (GABE, 1966).

The sections w ere  re fixed  and sta ined  u s in g  th e  p rocedure  

of GABE ( 1966), The re s u lts  w ere found  to  be u n r e l ia b le  

and not com parable to EWEN*S (1962) a ldehyde fu c h s in  

a s  u su a lly  re p o rte d  (GABE, 1966). F o r t h i s  rea so n  th e  

sta in  w as not u sed  in  comparative studies,
(e) A lcian blue

A non-G om ori s ta in  which has been u sed  to  d e te c t n eu ro 

se c re to ry  m a te r ia ls  in  in se c ts  (GABE, 1966) i s  a lc ia n  

b lue. This sta in  w as p r im a r ily  em ployed to  d e te c t neu ro 

se c re to ry  ce ll groups found by e lec tro n  m icroscopy  but 

which could not be d istingu ished  by th e  Gom ori s t a in s .

This s ta in  w as p rep a red  as d esc rib ed  by PEARSE (1953) 

and u sed  in  conjunction with period i c aci d Schi f  f * s t  e s t , 

d e ta ils  of which a re  given in  Appendix 1.

(f) Heidenhain* s Azan  sta in

Heidenhain* s Azan sta in  w as s im ila r ly  u sed  to  d e te c t
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n e u ro sec re to ry  ce lls  not d istingu ished  by th e  Gom ori 

s ta in s . I t  w as thought tha t the  colour di s t i n c t i o n  of 

cytoplasm ic g ranu les of red , yellow  o r  b lu e , g iv en  by 

the sta in  would m ake i t  p a rtic u la r ly  sui t  able fo r di s t i ng - 

u ishing n e u ro sec re to ry  ce ll ty p es . The s t a in  w as p rep a red  

and u sed  accord ing  to the p ro ced u res  d e sc rib ed  by GURR

(1958). I t  was found not to d istinguish  n e u ro s e c re t io n  but 

it  gave by fa r  the c le a re s t  defin ition  of n e u ro p ila r  m asse s  

a s  com pared  w ith the o th er s ta in s  em ployed.

5. Optical Photo mi cro  s copy

A Z e iss  photom icroscope w as used  f o r  ta k in g  th e  

op tical pho tom icrog raphs. The b e s t d e fin itio n  of s ta in e d  

n e u ro sec re to ry  m a te r ia l fo r m onochrom e stud ies was 

obtained using p reo b jec t yellow  f i l te r s .  P an  F  f i l m  was 

em ployed and developed in  "M icrophen".

F o r colour stud ies Kodak High Speed E xtachrom e, 

tungsten , r e v e rs a l  film  w as u sed , em ploying a  preobj ect 

n eu tra l density  f i lte r . The p r in ts  p re s e n te d  i n  t h i s  t h e s i s  

w ere produced fro m  slides  by  M ax Spi elm ann L td ., 

B irm ingham  and show a  d is tinc t blue b ia s .

C. E lec tron  M icroscope P ro ced u res

1. F ixation and Dehydration

As for ligh t m icroscopy , the specim ens w ere  f ix e d  

in the  m iddle of th e  photophase. The b r a in s ,  a n te r io r
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v en tra l n e rv e  co rds and re tro c e re b ra l  com plexes w ere 

rem oved  w hilst being view ed by a  b in o c u la r  m icroscope  

using tungsten  need les sharpened  e le c t r o l y t i  c a l ly .  The 

s t ru c tu re s  w ere  d issec ted  w hilst im m e rse d  i n  c o ld  3%
tf

glut a r  a l dehyde in Sorensen* s phosphate  b u f f e r ,  m ade up 

according  to DAWES* (1971) to give a  0 ,1  m o la r s o lu t io n  

with a  pH of 7 .2 , This m o la rity  w as found to  g iv e  th e  

b e s t p re se rv a tio n  of o rganelle  s tru c tu re . F ix a tio n  was 

continued in  a  f re sh  quantity of the sam e s o lu tio n  f o r  

2 h o u rs , w ashed overnight in  the b u f f e r ,  th e n  p o s t -  

fixed for 1 hour in  1% osm ic  ac id  in  the sam e b u ffe r . 

D ehydration w as accom plished  u s in g  a  m o d ified  e th a n o l-  

propylene oxide schedule o f DAWES* (1971), The t i s s u e  

was sta ined  in  1% urany l ace ta te  in  a b s o lu te  e thano l 

during dehydration, th is  solution was g ra d u a lly  a llo w e d  

to re a c h  room  tem p era tu re . All steps p r io r  to  t h i s  

stage w ere  conducted a t 4®C to p reven t ex cess  l i p i d  

ex trac tion . Iso la ted  sy stem s w ere su b seq u e n tly  em bed

ded in  LUFT (1961) epon.

The developm ent by SPURR ( 1969) of a lo w  

v isco sity  r e s i n  has enabled tis su e  c o n ta in in g  h a rd  comp

onents, such a s  cu tic le , to be p re p a re d  fo r e le c t ro n  

m icroscopy  using conventional techniques. This r e s in  was 

u sed  to study the cephalic nervous sy s te m  and r e t r o -  

c e re b ra l com plex in  situ . M idges w ere l i g h t l y  e th e r iz e d , 

dipped in  a dilute solution of de te rgen t and th e n  q u ick ly
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r in se d  in  buffer. The antennae, 1 egs, wings and m e ta - 

tho rax  w ere  rem oved  w hilst the specim en w as im m e rsed  

in the  cold glut a r  al dehyde solution. Several s m a l l  h o le s  

w ere m ade in  the cuticle  to f a c i l i ta te  s o lu t io n  p e n e tr a t io n . 

The head  and a n te r io r  tho rax  w ere fixed and deh y d ra ted  

as d e sc rib ed  above, except th a t s t a in i ng w ith  u ranyl 

ace ta te  during dehydration w as om itted , a s  t h i s  was 

found to cause fine p a rticu la te  d ir t  i n  th e  t i s s u e .

D e ta ils  o f fixation and d eh y d ra tio n  a re  g iv en  i n  

the appendix.

Z, In filtra tion  and Embedding

(a) L U F T 'S  (1961) Epon

The p roportions o f the p la s tic s  com ponents w ere a d ju s te d  

to produce blocks of m edium  hardness* D e ta i l s  of t h i s ,  

together with in filtra tio n  and em bedding a re  gi ven by 

DAWES (1971).

(b) SPURR'S ( 1969) Epon

A m inim al amount o f the p la s tic iz e r  ( f le x ib i l i  z e r ) , DER 736, 

was u sed  in  the re s in  m ix tu re  to produce v e ry  h a rd  b lo ck s . 

Oven d ry  capsu les w ere u sed  for em bedding  to  p reven t any 

uptake of w ater which is  re p o rte d  by SPURR to  cause th e  

castings to becom e b r i tt le . In f iltra tio n  and embedding 

followed the p rocedure  described  by DAWES (1971) •

I t  was found that le s s  cytoplasm ic d e ta i l  was r e ta in e d  

when SPURR*S re s in  was u sed  a s  the em bedding m edia.

F o r th is  rea so n  d escrip tions of cy top lasm ic  com ponents
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a re  a ll b a sed  upon tis su e  em bedded in  LUFT S re s in , 

except fo r the p e ritra c h e a l tis su e  which was o n ly  o b se r 

ved  in  blocks o f the whole p ro thorax ,

3. U ltram icro tom y

The blocks w ere tr im m ed  to  the s m a l le s t  t ra p e z o id  

size  possib le  without producing com pression  i n  th e  t is s u e *  

The la rg e  s ize  of the block face and the h a rd n e ss  o f th e  

re s in  when cutting whole heads o f te n  caused  " c h a t te r "  

on the sec tions. This could som etim es be overcom e by 

using slow cutting speeds and frequen tly  changing th e  c u t t 

ing edge of the knife. I f  th is  w as unsuccessfu l the  b lo c k  was 

re tr im m e d  rem oving  as m uch c u tic le  a s  p o s s ib le .  A 

Cam bridge "H uxley" autom atic  u lt ram icro to m e  w as u sed  

with g la ss  knives u sua lly  se t a t an angle o f 7®. S e c tio n s  

o f L u f t 's  epon w ere  expanded using  e i t h e r  t r i  c h io ro e th y le n e  

o r  ch lo ro fo rm , fo r Spurr* s epon c h lo ro fo rm  w as found to  

be the m ost e ffec tive  agen t. S ec tions p roducing  a  s i l v e r  

in te rfe re n ce  colour, a fte r  expansion, w ere c o l le c te d  on 

200 m esh  un coated g rid s , o r  100 m esh  g rid s  c o a ted  w ith  

fo rm var o r  fo rm v ar and carbon . Sections g iv in g  a  w h ite  

(grey) in te rfe re n ce  colour w ere  found to be to o  t h i n  to  

give sufficien t c o n tra s t fo r a n a ly sis . I n te r m i t te n t ly ,  

sections of approx im ately  0. 5 o r  1 .0  um  th i ckness w ere 

taken fo r com parative  op tical m ic ro scop ic  exam ination .

4. Staining epon Sections

(a) Thin sections
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The low in tr in s ic  e lec tro n  sc a tte rin g  power of b io lo g ic a l  

m a te r ia l i s  enhanced by the use  of heavy m e ta ls . The 

osm ium  u sed  in  the fixation p rocedure  does not produce 

sufficient co n tra s t in  the specim en  im a g e  fo r pho tog raph

ing. F o r Luft* 8 epon to in c re a se  c o n tra s t  1% u ranyl 

ace ta te  was u sed  in dehydration, d e sc rib ed  above. The 

sections w ere  subsequently  sta ined  w ith  REYNOLD'S 

( 1963) lead  hydroxide chelated  w ith  c i t r a te ,  f o r  fo u r  

m inutes a t room  te m p e ra tu re , u s in g  th e  genera l s t a i n 

ing p rocedu re  of DAWES (1971). Using lead  c i t r a t e  a f t e r  

Uranyl ace ta te  g ives an added e ffe c t, the u rany l a c e ta te  

acting a s  a  m ordan t fo r the lead  s ta in . O b ta in in g  s u f f i c 

ien t c o n tra s t i n  th in  sections of S p u r r 's  r e s in  p roved 

to be difficult. The p rob lem  w as overcom e by s ta in in g  

the sections fo r two ho u rs  In 2% aqueous urany l a c e ta te ,  

thoroughly washing the g rid s  in  bo iled  d i s t i l l e d  w ater 

and then  staining with lea d  c itra te  fo r tw en ty  m inutes, 

a ll steps being c a r r ie d  out a t room  te m p e ra tu re . P ro 

longing the stain ing tim es fu rth e r produced a  m inim al 

in c re a se  in  c o n tra s t but a  g rea t in c re a se  i n  c r y s t a l l i n e  

"d ir t"  on the sec tio n s. The co n tras t obtained w as s t i l l  

n o ta s  g rea t a s  for Luft* s epon, and p o s s ib ly  r e s u l t s  

from  the d iffering  hydrophilic  p ro p e rtie s  o f th e  r e s in s .  

O m ission of u rany l ace ta te  stain ing, w ith  b o th  p l a s t i c s  

g rea tly  reduced  the e lec tro n  o p a c ity  of n e u ro sec re to ry  

g ranu les.
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(b) Thick Sections

F or c o rre la te d  op tical m icroscope  s tu d ie s ,  th ic k  s e c t io n s  

of approx im ately  0. 5 to 1« 0 pm  w ere t r a n s f e r r e d  f ro m  

the boat to a  clean slide  using  an a l um inium  foi 1 r i  ng.

To en su re  adequate adhesion, the  s e c t io n s  upon th e  s l id e s  

w ere a ir  d ried  fo r a t le a s t  ha lf an hou r. The s e c t io n s  w ere 

then sta ined  with 0.1%  toluidene blue in  1% b o rax  s o lu t io n  

a s  d e sc rib ed  by PEASE (1964).

PANOV and MELNIKOVA (1974) used  p-phenyl ene-d i am ine 

for d is tingu ish ing  n e u ro sec re to ry  neurons i n  epon s e c t io n s . 

D etails of the stain ing  p rocedu re  w ere , u n fo r tu n a te ly , not 

given. The m ost su c ce ss fu l re s u lts  w ere o b ta in ed  u s in g  

2.5%  of the d iam ine  i n  b o rax  so lu tio n , and h e a tin g  th e  

slide a s  for toluidene b lue. This s ta in e d  th e  t i s s u e  l ig h t  

brown and som e n e u ro s e c re to ry  m a te r ia l brow n.

A d irec t com parison  was m ade betw een th e  e le c t r o n  m ic ro 

scope appearance of c e lls  in th in  se c tio n s  w ith  th e  sam e 

cells  in  subsequent th ick  sections s ta in e d  w ith  EWEN' S 

(1962) aldehyde fuchsin , a s  d e sc r ib e d  above. Thick s e c t io n s  

w ere t ra n s fe r re d  to slides a s  d e sc r ib e d  above. A fte r  

thorough drying the m a te r ia l w as " d e re s in i  zed" u s in g  th e  

technique developed by LANE (1965). The s a tu ra te d  a lc o h o lic  

sodium  hydroxide solution w as found to  ta k e  tw o weeks to  

m a tu re , not th ree  days a s  expected* D e ta i ls  of th e  

p rocedure  a re  given in  the appendix. I t  was found th a t  s t a in 

ing sections of 2 pm  gave a  m ore  in tense  c o lo u ra tio n  th a n
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in  th inner sec tio n s. Halmi* s counter s ta in  was a lw ays 

com pletely rem oved  from  the tis su e  by d i f f e r e n t i a t i o n  

in  ace tic  alcohol, even when only b r i e f ly  d ipped  i n  t h i s  

solution. I t  is  th e re fo re  assum ed  th a t th e  count e r s t  ai n  

m ay be om itt ed without any change to the end r e s u l t .

5. E le c tro n  M icroscopes

The m a jo r ity  of g rid s  w ere  exam ined and photographed 

in  an A .E . I .  C orin th  275 e le c tro n  m ic ro sco p e . The re m a in 

d e r w ere  vi ewed in  an  A .E . I ,  6B m icro scope , w ith  th e  

a cc e le ra tio n  voltage a t 60 KV,

D, D irec t M easurem ents

1. D im ensions

N eoim agines w ere  caught in  an a s p i r a to r ,  e th e r iz e d  

and then  tra n s fe r re d  to the  stage o f a  d is s e c t in g  m icroscope. 

The to ta l  length, excluding th e  antennal a p p a ra tu s , and th e  

w idest p a ra m e te r  of the head  w ere  m easu red  by th e  use of 

a  c a lib ra ted  eye-p iece  g ra ticu le . The w id th  of th e  head 

capsule re p re se n ts  the width of the b r a in  p lu s  th e  om m at- 

id ia  o f the compound eye. As the om m atidi a  a re  but a 

sm all percen tage  of th is  width, any d if fe re n c e  i n  head 

capsule size  would be re f le c ted  by a  s im ila r  d i f fe re n c e  

in  the  b ra in , even i f  th e re  w ere  q u ite  la rg e  d isc re p a n c ie s  

in om m atidi a s iz e s . This was thought to  g ive  a qui ck and 

a  m ore accu ra te  m easu re  than cou ld  be ga in ed  f ro m  wax 

sections because of the shrinkage caused  i n  p re p a ra tio n
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and the  d ifficulty  in  obtaining tru ly  t r a n s v e r s e  s e c t io n s ,

2, W eight

The sam e neoim agines whose d im ensions had been

obtained w ere tr a n s fe r re d  onto prew eighed f i l t e r  p ap ers

w hilst e th e rized . The specim ens w ere w eighed t o  th e  
• 5

n e a re s t  10 g ram  on a  "S a rto riu s  a n a ly tic a l"  b a lan ce  

with an accu racy  of I0 “ \ r a m .

T hese specim ens w ere not u sed  for f u r th e r  e x p e r i

m entation a s  the effect of prolonged e th e r iz a tio n  and di s t -  

urbance m ay  have affected  the endocrine sy s te m ,

E , A nalysis of M icroscope Data

1, Light M icroscope

(a) Size C alculations

Actual s iz e s  of tis su e  com ponents on m icroscope  s l id e s  

w ere obtained by using a c a lib ra ted  g ra ticu le  i n  th e  eye

piece fie ld  stop of the m icro sco p e . S izes of s tru c tu re s  on 

m ic ro g rap h s w ere m easu red  by com parison  w ith  a 2 m i l l i 

m e tre , tw ohundred p a rt, ca lib ra tio n  slide  photographed  

at the  sam e m agnification  and en la rg ed  to  th e  sam e extent 

a s  the specim en,

(b) D iagram m atic  R epresen ta tions of the C ereb ra l G anglion ic  

Complex and R e tro c e re b ra l S truc tu res

R epresen tations of the co rtex  and n e u ro p ile  m a s s e s  of th e  

c e re b ra l com plex, and of the re tro c e re b ra l  s t r u c tu r e s  w ere 

m ade by trac in g  p ro jec ted  im ages of s e r ia l  se c tio n s  on a
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"G ilbert and S ibert Conference M icroscope". F a c i l i t a t e d  

by com parisons with m ic ro g rap h s , r e p re s e n ta t io n s  o f th e  

spatia l a rran g em en ts  w ere constructed  i n  d ia g ra m m a tic  

fo rm ,

(c) Amounts of N e u ro se c re to ry  M a te ria l

The num ber o f c e lls  containing se lec tive  s ta in e d  m a te r ia l 

with EW EN'S (1962) aldehyde fu ch s in , i n  th e  v e n tra l  and 

m edial n e u ro se c re to ry  ce ll groups i n  b o th  s id e s  o f th e  

b ra in  w ere  counted, A subjective a sse ssm e n t o f th e  r e l a t i v e  

amount o f n eu ro sec re tio n  b ased  upon th e  amount o f s e le c t iv e  

stain ing o f the c e lls  was then given. A ra t in g  of be tw een  

0 and 4 w as given, by com parison  w ith  tw o re fe re n c e  

slides which contained a  detectable am oun t, r a te d  1, o r  

was packed with n e u ro se c re to ry  m a te r ia l ,  r a te d  4 , The 

ra tin g  w as b ased  upon the sta in  uptake of th e  m a jo r ity  of 

the c e lls . The p roduct o f the num ber of n e u ro se c re to ry  c e l l  s 

and the ra tin g  gave an index re f le c tin g  th e  t o t a l  amount 

of neuro sec re tio n  in  these  groups within th e  b ra in .

A subjective re la tiv e  a sse ssm e n t ra te d  as 0, + o r  ++ 

was given fo r the axons of the m ed ial n e u ro se c re to ry  c e l l s ,  

the co rp o ra  ca rd iaca  and the p e rip h e ra l n e u ro se c re to ry  

ce lls  of the p ro tho rax .

(d) Population D ensity  of N eurons

Population density  counts o f neurons w ere based  upon th e

sum  of the num ber o f nuclei of ten  count s in c lu d e d  i n  a 
220 um  c irc le . This c irc le , which was i n  f a c t  th e  spot
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photom eter on a  Z eiss  m icro scope , w as fu r th e r  d iv id e d  

by an ey e-p iece  g ra ticu le  to fac ilita te  co u n tin g . Ten coun ts 

of the c o rtica l reg ion  of a  num ber of s e c t io n s  o f each 

b ra in  sta ined  w ith aldehyde fuchsin w ere m ade. O nly 

neurons of the c e re b ra l lobes w ere  counted , not th o se  

of the op tic  lobes which a re  m uch sm a lle r  and have a 

g re a te r  density . N uclei b isec ted  by the c i r c le ,  but w ith  

the m a jo rity  o f th e ir  m a ss  lying w ith in  i t  w ere  in c lu d e d  

in  the count. N uclei o f som e g lia l ce lls  would a l so be 

counted, a s  a t the  ligh t m icro sco p e  they a re  d i f f i c u l t  

to d istingu ish  from  neu rons . T his would be t r u e  of 

every  b ra in , the inclusion  of g lia l c e lls  i n  th e  count 

should be cancelled  out in  com parisons a s  th e  g l i a l  to  

neuron ra tio  ap p eared  to be c o n stan t. It m ust be n o te d  

that b ra in  ce lls  a re  alw ays un inuclea r. The f i e l d  d e n s i ty  

num ber, which is  the sum  of the ten  count s, re p re se n t  s 

the size  o f the in te rn u c le a r  space , and i s  not a  t r u e  

m easu re  of tlie to ta l num ber of neurons in  th e  b r a in  as 

in tim ated  by m any au tho rs (SOHAL & SHARMA, 1972; 

ROCKSTEIN Sc MIQUEL, 1973 and o th e r s ) ,  a lth o u g h  i t  

m ay re f le c t i t . A d ec rease  in fie ld  d e n s i ty  can r e s u l t  

from  an in c re a se  in  the volum e of cytoplasm  an d /o r 

the volum e of e x tra c e llu la r  spaces, o r  a  re d u c tio n  i n  

the num ber of nuclei caused  by cell death. It i s concluded 

that for such m easu rem en ts  to be m eaningfu l, th e y  m ust 

be coupled with u l tra s tru c tu ra l  o b se rv a tio n s .
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(e) O vary A ssessm en t

The size  of five of the la rg e s t  oocytes and th e ir  n u rse  c e l l s ,  

p e r specim en, in wax sections w ere  m ea su re d  by a  c a l ib r a te d  

g ra ticu le . These oocytes a re  the m o st developed i n  a 

specim en, being in  a  te rm in a l p o sitio n  in  the ovary . T heir 

m ean  size  can be com pared  in  d iffe re n t specim ens to g ive  

som e ind ication  of the rep roductive  s t a t e  of th e  a n im a l.

An a sse ssm e n t was a lso  m ade of th e  re la tiv e  amount of 

yolk d rop le ts  in  these  te rm in a l oocytes as com pared  with 

the am ount in  neoim aginal fem a les .

2. E lec tro n  M icroscope

(a) Size C alculations

M easurem ent o f the s iz e s  o f v a rio u s  components was c a lcu l 

ated  fro m  the product of the m agnifi cation of th e  n e g a tiv e  

and the subsequent en largem ent of th a t  n eg a tiv e  i n  th e  

re su lta n t p r in t. The tru e  m agnifi cation of th e  n e g a tiv e  

w as found by com parison  with m ic ro g rap h s  of g r a t i  cu le  

g rid s , which give a  m ore  acc u ra te  re s u lt  th a n  th a t  g iven  

by the m anufacturer*  s s ta ted  m agnifications.

(b) N e u ro se c re to ry  G ranule P opu la tions

P r in ts  of n e u ro sec re to ry  ce lls  o f known m a g n if ic a tio n  

w ere divided into 1 cen tim e tre  sq u a res u s in g  a  f e l t - t i p  

pen to fac ilita te  m easu rem en t. The si ze of each granul e 

was then m ea su re d  using a  x 10 m a g n if ie r  w ith  an in c o r 

p o ra ted  g ra ticu le . F ro m  th is  re su lt  the actual s iz e  of 

each  granule w as calcu lated . Several pho tographs of each
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cell, taken a t va rious sectional d ep th s a t a  t o t a l  m agnif

ica tio n  in  the o rd e r  of 25, 000, w ere  used . Between 150 

and 600 g ranu les p e r cell w ere m easu red , except i n  

exceptional c ircu m stan ces when v e ry  low num bers of 

g ranu les w ere p re se n t. F rom  these  r e s u l t  s, th e  average  

of the tru e  m ean d iam ete rs  of the g ra n u le s  w ith in  th e  

vario u s ce ll types could be calcu lated  a s  d e sc r ib e d  below .

(c) R elative am ounts of N e u ro se c re to ry  M ateria l

A subjective m ethod w as u sed  to a s s e s s  th e  r e l a t i v e  

quantity  o f n e u ro sec re to ry  g ranu les in each c e l l ,  A 

typ ical rep re se n ta tiv e  of each type of neuro se c re to ry  

cell from  a  group w as chosen. M icrographs w ere 

a rra n g e d  by a  subject in  the o rd e r  o f the t o t a l  amount 

of sec re tio n  p re se n t. The subject w as asked  to  ta k e  in to  

account both the size  of the g ranu les and th e  num bers, 

but to d is re g a rd  any density  d ifferences. Having so o rd e re d  

the photographs, a  ra ting  of betw een 1 and 10 was g iven  

to each  ce ll. In th is  way a com parison  of th e  amount of 

neuro  sec re tio n  p re se n t w ith in  d iffe re n t c e l ls  w ith in  a 

single b ra in , and of the sam e cells  i n  d i f f e r e n t  b ra in s  

was m ade. The m e r it  o f th is  m eth o d  i s  d isc u sse d  i n  

C hapter 7 .

(d) N uclear to cytoplasm ic ra t io s

N uclear and cytoplasm ic ra tio s  o f various c e l ls  w ere 

found fro m  en la rged  p rin ts  by em ployi ng an " A llb r i t  " 

d isc  p lan im e te r. The outline of the p lasm a  m em brane and 

n u c lear m em brane was tra c e d  using the in s tru m en t. Mean
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values w ere  calcu lated  fo r each cell ty p e  b ased  upon the 

m easu rem en t o f se v e ra l c e lls . Ten r e p e t i t i o n s  w ere 

c a r r ie d  out upon one m ic ro g rap h , f ro m  which i t  was 

calcu lated  that the in s tru m en t w as a c c u ra te  to  w ith in  

I  3%.

F . M athem atical M ethods

1. C alcu la tion  of T rue M ean D iam eters

The d iam ete r o f a  granule in  a m ic rog raph , because 

o f sectioning, m ay only re p re se n t a  f r a c t io n  of th e  t r u e  

diam eter* C alculations of m eans a re  p a r t i c u l a r l y  a f f e c te d  

when the d iam ete r of the granu le  i s  th e  sam e o rd e r  of si ze 

as the section thickness, which is  tru e  of n e u ro s e c re to ry  g ran 

u les . To com pensate fo r tliis , the  fo rm u la  of FROESCH 

(1973) was em ployed, which c a lc u la te s  th e  t r u e  d ia m e te r  

from  the apparen t m ean  d iam ete r and the se c tio n  th ic k n e s s . 

S ilver sections w ere cut, which a cco rd in g  to  PEASE ( 1964) 

a re  60 to 90 nm  in  th ic k n ess . No account was ta k e n  fo r  

the shrinkage of section  width whi ch has been re p o r te d  to  

occur on exposure  to the e lec tro n  beam  (BENNETT, 1974).

2. Life T ables

Life tab les  w ere  constructed  as o u t l in e d  i n  PEARL

(1940).

3. S ta tis tica l Methods

S tandard s ta tis tic a l m ethods w ere em ployed to  t e s t
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the significance of the re s u l ts .  The analy sis  of d a ta  was 

c a r r ie d  out using the form ulae and tab les  in  BAILEY

( 1959) and M OR ONE Y (1951). As no confidence l im i t s  

could be se t and because of the n a tu re  o f the subj e c t i  ve 

a sse ssm e n t of am ounts of n e u ro se c re tio n , s ta t i  s t i  cal 

an a ly sis  could not be applied  to th ese  r e s u l t  s.
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C H A P T E R  3

OBSERVATIONS UPON NEOIMAGINES 
REARED AT 20®C

INTRODUCTION

Section I of th is  chapter deals w ith  m ale specim ens re a re d  

a t 20®C which have been fixed in  the f i r s t  day a f t e r  em ergence. 

A d escrip tio n  of the g ro ss  m orphology of th e  b ra in  based  

upon light m icroscopy  is  followed by th e  f in e  s t r u c tu r a l  

de ta ils  of i ts  various e lem en ts. The a n te r io r  re g io n  of th e  

v en tra l ne rve  c o r d i s  s im ila rly  d e sc r ib e d  i n  t e r m s  of l ig h t  

and e le c tro n  m icroscope  data. This is  fo llo w ed  by o b se rv a 

tions on the endocrine and s to m a to g a s tri c sy s te m s . F in a l ly  

in th is  section , a descrip tion  of a group of he te rogeneous 

n e u ro sec re to ry  s t ru c tu re s  is  given.

Section I I  i s  devoted to  o b se rv a tio n s  on neo im aginal 

fem ales r e a re d  under the sam e conditions a s  th e  m ales i n  

Section I . A com parison  with those o b s e rv a tio n s  on the m ale 

is  m ade, to avoid rep e titio n  of the d e ta ils  in  th e  p rev io u s  

section .

V/henever poss ib le , the re su lts  have been condensed 

into figu res o r  tab le s , when th is does not o m it  im p o r ta n t  

d e ta ils . The re s u lts  a re  deta i le d  in  the appendix , and a 

resum e only is  p resen te d  w henever n e c e ssa ry  i n  th e  t e x t .

The im plica tions of these  re s u lts  a re  d isc u sse d  i n  S ec tio n  

I of C hapter 7.
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SECTION I

THE MALE

A, The B ra in

1. Light M icroscope O bservations

(a) G ross M orphology

F ig u re s  1 and 2 show the position  of the b r a in  w ith in  th e  

head  capsule b a sed  upon c le a re d  p re p a ra tio n s . The b r a in  

l ie s  m idway betw een the fron t and back of th e  cap su le  

and is  equ id istan t from  the to p  and the b o tto m . The om m a- 

tid ia  converge on each  la te r  ad and 1 a t e rodo r sa l e x t r e m i t y  

of the b ra in  and a re  jo ined to the ganglionic p la te s  of th e  

optic lobes . A n te rio rly , a  la rg e  ne rv e  connec ts each s id e  

o f the b ra in  to the ip s i la te ra l  antennal a p p a ra tu s .

The b ra in  of the neoim agine, (P la te s  1 and 2 ), l i k e  th a t  

of A edes aegypti (CHRISTOPHERS, I960) c o n s is t s  of su p ra - 

oesophageal ganglion, and two c e re b ra l crura& which se rv e  

a s  connections to the com posite suboesophageal g an g lio n . 

E x ternal to the supra-oesophageal g an g lio n  p e r  se , and 

not conspicuously se p a ra ted  from  it ,  a re  th e  la rg e  o p t ic  

lobes. A n a rro w  tunnel in  the m idline of th e  b r a in  a cc o m 

m odates the foregut, a o rta  and re c u r re n t  n e rv e .

The su p ra -o e  sophageal ganglion of an in se c t i s o f te n  d iv id ed  

into the pro to  cereb ru m , the deuto cereb ru m  and th e  t r i t o -  

c e reb ru m . The delim itations of th e s e  re g io n s  a re  not
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LIGHT MICROGRAPHS

The cerebral ganglionic complex of the neoimaginal male (20^0)

Plate 1 ; Medial sagittal section of the head,
Plate 2 : Transverse section of the head,
Plate 3 : Transverse section of the supraoesophageal ganglion.

The micrographs show the situation of the ganglia within the 
head capsule and the relative positions of several of the neuropile 
masses,

KEY:
a - aorta
c - central body of the central complex 
e - ellipsoid body of the central complex 
f - fat body 

S -  gut

h - haemolymph 
n -  I'ilC 

o - ommatidia
X - supraoesophageal ganglion 
Y - suboesophageal ganlion 

■ Arabic numerals refer to those used in the text for the 
neuropile masses,
SCALE BARS : 50 pm .
(stain: Ewen*s aldehyde fuchsin)
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Diagrams showing the position of the cerebral ganglionic complex 
relative to the compotmd eyes (c) and antennal apparatuses (a ) in cleared

preparations of the head capsule*
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c le a r ly  d ifferen tia ted  in  the b ra in  of th e  a d u l t .  These 

th ree  reg io n s , adopting the term ino logy  of CHRISTOPHERS

( i 960) a re  conveniently grouped and r e f e r r e d  to  a s  th e  

c e re b ra l lobes .

E nclosing the c e re b ra l ganglionic com plex and th e  la r g e  

n e rv e s  which issu e  from  i t ,  is  a  th in  n eu ra l sh ea th , th e  

s tru c tu re  of which cannot be d isce rn ed  in  d e ta i l  w ith  th e  

ligh t m ic ro sco p e . Under the n eu ra l sh e a th  i n  th e  b r a in  

is  the "co rtic a l la y e r" , which consi s t s of th e  c e l l  b o d ies  

o f n e u ro n s . In te rn a l to th is  is  the " n e u ro p ile "  fo rm e d  by 

the ra m iû  cations of the axons w h ich  o r ig in a te  f ro m  the 

cell bodies o f the co rtica l la y e r .

(b) C ortica l la y e r

The c o rtica l lay e r  i s  not continuous, and v a r ie s  co nsider*  

ably in  th ickness, in som e reg ions being over te n  c e l l s  

in  depth. The d o rsa l c o rti cal la y e r  i s  reduced  i n  th ic k *  

n e ss  in  the d o rsa l m edian f i s s u r e  and on th e  l a te r o *  

d o rsa l ex trem ity  of the c e re b ra l lobes , ( F igure  3 ) , but 

th e re  i s  no b rea k  in  continuity a s  i n  A edes (CHRISTOPHERS, 

i 960). In the v e n tra l m ed ian  f is su re  o f th e  b ra in , th e  

neurop ile  is  exposed to the n eu ra l sh e a th , except a t th e  

ex trem e a n te r io r  w here a  covering of c e l l  b o d ies  e x i s t s .

The cell bodies of the co rtic a l lay e r v a ry  i n  s iz e ,  s im ila r ly  

sized  ce lls  o ften  o ccu rrin g  grouped to g e th e r .  The l a t e r a l  

e x tre m itie s  of th e  c e re b ra l lobes and th e  e n t i r e  o p t ic



Fifnirc ) .  F ron ta l v iew .
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10

F igure 4 . D orsal v iew .

CD
10

F igure 5 . D e ta il  o f  ncu rop ile  mass 15 , the c e n tr a l complex, shoving the  

c e n tr a l body (CS) and the e l l ip s o id  b o d ies  ( z ) .

tra n sv erse
s e c t io n a l
view

s a g i t t a l  
s e c t io n a l  
view  o f  
th e  r ig h t  
s id e

Diagrammatic rep resen ta tio n s  o f the n eu ro p ile  m asses w ith in  th e  cereb ra l 

g a n g lio n ic  complex, Ilimibers r e fe r  to  those used in  the t e x t .  The alpha  

f ib r e  tr a c t  ( f ) ,  the suboesophageal n cu ro p ile  m asses (s) and the c e n tr a l  

can a l co n ta in in g  the gut (c )  and the aorta  (a )  are shown.
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lobes have a  th ic k  co rtic a l lay e r  com posed of "sm a ll"  

n eu ro n s . C en tra lly , th e  c o rtic a l la y e r  of th e  c e re b ra l 

lobes is  com posed la rg e ly  of "m edium " s iz e d  neurons. 

N e u ro se c re to ry  neurons a re  usua lly  s i ig h t  1 y  l a r g e r  th a n  

m edium  sized  cells^ which they a re  t y p i c a l l y  a d ja ce n t to .  

S ca ttered  throughout the c o rtica l la y e r  of th e  c e re b ra l 

lobes a re  v e ry  la rg e  c e lls , which sh a ll  be r e f e r r e d  to  a s  

"g ian t" neu rons. It i s  difficult t o  d i f f e r e n t i a t e  g l i a l  c e l l s  

with the ligh t m i cro  scope. The p e ri k a ry a  of b r a in  c e l l s  show 

a s im ila r  s ta in in g  reac tio n  which, f o r  exam ple ta k in g  up 

"ligh t g reen "  in Halmis* counter s t a in ,  shows th e m  to  be 

basoph ilic . When th i s s ta in  is  em ployed  i n  EW EN'S 

( 1962) p ro ced u re , the nuclei sta in  a  l i g h t e r  g reen  th a n  

the cytoplasm  w ith  ag g reg a tio n s of ch rom atin  ap p ea rin g  

o range.

(c) The N europile

The axons of the neuropile  show som e o rg a n iz a tio n  in to  

ag g reg a tes , (P la te  3 ), which a d o p tin g  th e  te rm in o lo g y  

of CHRISTOPHERS (I960) w ill be r e f e r r e d  to  a s  "m a sse s" .

The b ra in  w as found to have a  m orpho log ica l s im i l a r i t y  

in i ts  neurop ile  m a sse s  to those of Aedes æ gypti. F o r 

th is  rea so n  the num bers in  F ig u res 3 and 4, which show 

the n e u ro p ile  m a sse s , and in the te x t ,  fo llo w  a s  c lo s e ly  

as possib le  those designated  by CHRISTOPHERS (I960) 

for the m osquito .
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The Optic Lobes

The optic lobes consist, a s  i n  m any in se c t s, o f th r e e  neuro* 

p ile m a sse s , (P la te  2). F ro m  the l a t e r a l  e x tre m ity  to w ard s 

the m idline these  a re  te rm ed  ganglionic p la te ,  e x te rn a l 

m edu lla ry  m a ss  and in te rn a l m edu lla ry  m a ss .

M ass 1 1 Ganglionic p late

The ganglionic p late  is  a  convexo-concave d is c , th e  convex 

su rface  form ing the ex trem e la te ra l  c o r t i c a l  la y e r  of th e  

optic lobes. The om m atid ia  o f the compound eye a re  se p a r

a ted  fro m  the optic lobes by a space , t y p i c a l l y  25um 

a c ro s s , which often contains fat-body c e l l s .  As i n  Aedes, 

num erous th ick  bundles o f ne rve  f i b r e s  p ass  f ro m  the 

su rface  of th is  p late  and t ra v e rs e  the space t o  fo rm  a 

plexus under th e  basem ent m em brane of th e  o m m a tid ia . 

C hironom ids have no ocelli (COE, 1950) and no rem nan ts 

of an o c e lla r  ne rve  a r is in g  from  t h i s  p l a t e ,  a s  occu r i n  

A edes, w ere found. Into the ganglioni c p la te ’s concave 

inner su rface  fits  the convex re g io n  of th e  e x te rn a l m edu ll

a ry  m a s s . These two neuropile  m a sse s  a re  connected  by a 

wide ou ter ch iasm a.

M ass 2 i E x te rna l m edu lla ry  m ass

The ex te rna l m ed u lla ry  m ass  is  a lso  concavo-convex, but 

it  is  not a s  fla ttened  a s  the ganglionic p la te . I n te r n a l ly  

the concave su rface  f its  p a r t  of the sp h e rica l shape of 

the in te rn a l m edu llary  m a ss  to which i t  i s  Jo in e d  by a 

n a rro w  ch iasm a.
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M ass 3 ; In te rn a l m edu lla ry  m ass

The In te rn a l m edu lla ry  m a ss  is  a  sp h e r ic a l body w ith  a 

d iam ete r o f 60-70 um , positioned  e x te r io r ly  to  th e  c e reb ra l 

lo b es . On i t s  in te rn a l su rface  i t  Is  connected by a  th ic k  

fib re  t r a c t ,  which t r a v e r s e s  the c e re b ra l lo b e s , t o  a 

s im ila r  m a ss  on the o th e r side of th e  b ra in .

The C e reb ra l Lobes

M ass 4

A d is tinc t neurop ile  m a ss , (P la te  3 ) ,  which te n d s  to  s t a in  

m ore  dark ly  than o th er m a s se s , excep ting  th e  c e n tra l  body, 

is  seen . In tra n s v e rse  section  i t  i s  round, w ith  a  d ia m e te r  

typ ically  o f 12 um . It i s  fo rm ed  by th e  e n te r in g  an tennal 

n e rv e  and i s  connected by fib re s  on i t s  l a t e r a l  in te r n a l  

su rface  to  "M ass 5",

M ass 5 8 The antennal neurop ile  cent re

The antennal c en tre s  a re  situa ted  a t th e  le v e l  of th e  a o r ta ,  

ju s t d o rsa l to the c ru ra . They a re  ty p ic a lly  25 jmn a c ro s s . 

They a re  not the  m ost d is tin c t o f n e u ro p ile  m a s s e s ,  as i n  

the s im ila r  m a ss  in  A edes, The two an tennal c e n tre s  of 

the b ra in  a re  Jo ined  by fib re s  which loop over th e  v e n tra l  

m ed ial f is su re .

M ass 6

As in  A edes, th i s  i s  a  considerab le  m ass  fo rm in g  a lo b e  

in te rn a l to the in te rn a l  m edu llary  m ass  from  which i t  

re c e iv e s  f ib re s , and ex te rn a l to the an tenna l n e u ro p ile  

cen tre , (P la te  ^).
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M ass 7

A la rg e  nexiropile m a ss  s itua ted  in te rn a l ly  to  M ass 6 i  s 

o bserved . I t  Is  s itu a ted  a t the lev e l of th e  p o s te r io r  

l im its  of the antennal cen tre s , (P la te  3), but i s  u n lik e  

the s im ila r  m a ss  in  Aedes in not b e in g  p o s te r io r  to  

them . It l ie s  ju s t  d o rsa l to the  antennal c e n tre ,  and i s 

connected to  a  s im ila r  m a ss  in  the  o ther ha lf o f th e  b r a in  

by f ib re s  which loop ov e r the v e n tra l m ed ian  f i  s su re  

d o rsa l to those fro m  the M ass 5s, In s t r u c tu r e  and 

a sso c ia tio n s , i t  is  s im ila r  to the a c c e sso ry  lo b e  d e sc r ib e d  

by BULLOCK & HORRIDGE (1965) f o r  a  g e n e ra liz e d  

in se c t.

M ass 10

This la rg e  m a ss , (P la te  2), fo rm s th e  g r e a te r  p a rt of 

the c e re b ra l neu rop ile . It re c e iv e s  f ib re s  f ro m  the o p t ic  

lobes, and m any co m m issu ra l f ib re s  connect th e  M ass 10s 

of both sides o f the b ra in , conspicuously i n  th e  a n te r io r  

of the c e re b ra l lobes n e a r the decussa tion  of th e  f i b r e s  

from  the m ed ial n e u ro sec re to ry  cell s.

M ass 10^

This m ass  l ie s  in  the dor so - la te ra l e x tre m ity  o f M ass 10 

in  the  m ed ial a n te r io -p o s te r io r  reg ion  of th e  b ra in .  It 

re se m b le s  a  bent cy linder, the f ib re s  from  which em erge 

v e n tra lly  into the v e n tro - la te ra l  reg ion  of M ass 10, It was 

not d esc rib ed  in A edes.

M ass 131 The C en tra l Com plex

T his i s  a  single v e ry  d istinc t neurop ile  m ass , s i tu a te d
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cen tra lly  In the supraoesophageal ganglion, ( P la te  3 ) . It 

is  not iso la te d  by " c le f ts "  from  the surrounding  n e u ro p ile , 

a s  i s  the com parable m a ss  in  A edes. I t  i s  d iv i s ib l e  i n to  

th ree  e lem en ts and is  le s s  com plex than M ass 13 of Aedes » 

F igu re  5 shows the c en tra l com plex, which ad o p tin g  th e  

term inology  of POWER (1943) fo r D rosoph ila  m elanogaste r 

m ay be r e f e r r e d  to a s  a  single cen tra l body p e r  se and a  

p a ir  of sm a lle r  e lem en ts , which f i t  into th e  v e n tr o - a n te r -  

io r  concavity  o f th is  body, a s  do th e  e llip so id  b o d ie s  of 

D rosophila .

M ass 14

T his m a ss  l ie s  in the v e n tra l reg ion  of th e  c e re b ra l lo b e s  

and i s  com posed of se v e ra l neuropile  m a sse s , which as i n  

Aedes possib ly  fo rm  p a r t  o f the c ru ra . The s m a ll  s iz e  of 

i ts  component m a sse s  and the difficulty  i n  d e lim it in g  th e m  

has p reven ted  th e ir  s tru c tu re  from  b e in g  elucidated .

M asses 8, 9, H  & 12

T hese four m a sse s  d esc rib ed  by CHRISTOPHERS ( I960) 

in  A edes a re  not found in  the b ra in  o f C hironom us.

N europile t r a c ts  

Stained m a te r ia l  and b ra in s  which have been  di s s e c te d  out 

in  buffer show a com plex a r r a y  of b ran ch in g  in te rc o n n e c t io n s . 

The thousands of f ib re s  involved m akes a sse ssm e n t o f th e  

connections betw een v a rio u s  p a r ts  o f the b ra in  d i f f i c u l t .

Only the m o st conspicuous fib re  t r a c t s  w ill be d e sc rib e d . 

These a re  designated  w ith g reek  l e t t e r s  to  av o id  con fusion  

w ith the t r a c ts  o f o th e r d ip te rans vdfich th e y  show l i t t l e  

resem b lan ce  to .



57 .

T rac t oÇ

T his i s  the th ic k e s t  fib re  t r a c t  o f th e  b ra in ,  i t  l i e s  

d o rsa l to the v e n tra l m edial f is su re  and J u s t  p o s te r io r  

to the  cen tra l body. I t  connects the  in te rn a l m e d u l la r y  

m a sse s  of the  two op tic  lo b es , tra v e rs in g  th e  c e re b ra l 

lo b es .

T rac t fi

This t ra c t  l i e s  a n te r io r  to the cen tra l com plex and d o rsa l 

to the v en tra l m ed ial f is su re . I t  co n ta in s  f i b r e s  which 

connect the  a c c e sso ry  lobes and an ten n a l c e n tre s  to  

those of the o th e r side o f the b ra in .

T ra c t y

A n terio r to the decussation  o f the m e d ia l n e u ro s e c re to ry  

f ib re s , in  the ex trem e fro n ta l reg ion  of th e  b r a in  I s a  

th ick  c o m m issu re :. On e ith e r  side of th e  m edial

reg ion  of the  b r a in  th ese  f ib re s  fan o u t , and appear to  

connect la rg e  a re a s  o f M ass 10 to  the co rrespond ing  m a s s  

in the o ther side  of the b r a in .

T rac t (j

A fib re  t r a c t  la te r a l ly  connects the p o s te r io r  d o rsa l re g io n  

of M ass 10 to the th re e  neu rop ile  m a sse s  of th e  o p t ic  lo b e s . 

T rac t e

T his t r a c t  a r i s e s  from  the In te rna l v e n tra l  re g io n  of M ass 

10, and p a sse s  through the  c ru ra  o f th a t  s id e  to  th e  v e n tra l  

n e rv e  cord .

(d) T rach ea l System  of the B rain

At the front of the b ra in , on the v e n tro -1 a t e ra l  m arg in  of
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each  c e re b ra l lobe, th re e  b ran ch es of th e  v e n tra l  c e p h a lic  

trac h ea  e n te r . F rom  th ese , a  com plex b ran  chi ng sy s te m  of 

trac h ea  and trac h eo les  ram ifie s  through th e  c e re b ra l and 

optic lobes as well a s  the c ru ra  and sub-oesophageal gang , 

lion . T racheo les a re  m ost common in the  deeper c o r t i c a l  

la y e rs  and a re  m uch le s s  frequen t i n  th e  n e u ro p ile .

2. E lec tro n  M icroscope O bservations

(a) The N eural Sheath

The n e u ra l sheath  c o n sis ts  of an o u te r  a c e l l u l a r  l a y e r  and 

a  subjacent ce llu la r  la y e r , te rm ed  by SCHARRER ( 1939) th e  

n eu ra l lam e lla  and p e rin eu riu m  re s p e c t iv e ly .

N eural lam e lla

The n eu ra l lam e lla  is  continuous with the sheath  ex ten d in g  

over the v e n tra l ne rv e  co rd  and th e  p e r ip h e ra l  n e rv e s . It 

co n sis ts  o f a  single component c o n s is t in g  of a  m a tr ix  of 

finely  g ran u la r m a te r ia l, (P la te  6 ), in  which f in e  f i b r i l s  

with no specific  o rien ta tion  o ccu r. These f i b r i l s  have a 

d iam ete r of 4 -  8 nm , with no p e riod ic  band ing , which 

although typical does not p rec lude  them  fro m  being co llagenous 

in  n a tu re  (LANE, 19*74). The la m e lla , which i n  th e  b ra in  

h as a  th ickness of 3 0 0 -4 0 0  nm , i s  s im ila r  i n  s t r u c tu r e  

to a basem en t m em brane . I t i s  not a s s o c ia te d  w ith  f a t  

body c e lls .

P e rin eu riu m

Underlying the n eu ra l lam e lla  is  a single la y e r  of s p e c ia l 

ized  g lia l ceUs (WIGGLESW ORTH, 1965), form ing th e
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p erin eu riu m . I t  i s  approxim ately  2 um  i n  dep th  and com plet- 

e ly  su rrounds th e  ganglia# E x te rio rly  the p e r in e u r ia l  c e l l s ’ 

m em branes face onto the n eu ra l lamella. The c e l l s  a re  conn

ected  by tigh t junctions and, to a  le s s e r  e x te n t, by s e p ta te  

desm osom es. T here  is  c o n s id e ra b le  l a t e r a l  o v e rla p p in g  

betw een the ce lls  giving the appearance of m u lt ip le  l a y e r s  

in m any s e c t io n s ,  (P la te  4). In te rn a lly , th e  p e r in e u r ia l  

ce lls  a re  u sually  sep ara ted  fro m  the neurons by a la y e r  

of g lia l (type 1) c e lls  to which they a re  jo in e d  by t ig h t  

junctions. Inpushings of p e rin e u ria l c e l l  c y to p la sm  

into the c o rtica l la y e r  o ccu r.

Two types of p e r in e u r ia l  ce lls  can be d is t in g u is h e d  which 

a re  te rm ed  type I and type I I  a f t e r  MADDRELL & TREHERNE 

(1967). Type I p e rin e u ria l c e lls  a re  c h a r a c te r is e d  by 

th e ir  re la tiv e ly  la rg e  oval m itochondri a , ty p i c a l l  y  2. 0 

X 0 .4 u m , and the num erous f r e e  and ag g reg a ted  d e p o s its  

o f glycogen, (P la te  6). R ibosom es a re  num erous, both f r e e  

in  the cytoplasm  and encrusting  ci s te rn a e  of endop lasm ic  

re ticu lu m . M icrotubules occu r in f r e q u e n t ly  and Golgi u n i ts  

a re  r a r e ly  encoun tered . "E m pty" a re a s  of c y to p la sm , 

possib ly  rep re sen tin g  degenerative f o c i ,  wliich to g e th e r  

with c le a r  vacuo les, a re  f re q u e n tly  observed  i n  th e s e  c e l l s .  

The nucleus i s  la rg e , cy lind rica l and o f te n  i r r e g u la r  i n  

outline, (P la te  5). I t  typ ically  m e a su re s  9 um  i n  le n g th  

with a  d iam ete r o f approxim ately  1*5 um . The nucleus 

contains diffuse and aggregated  chrom atin , m aking th e
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ELECTRON MICROGRAPHS

The margin of the brain of the neoimaginai male (20°C).

Plate 4 : (SCALE BAR = 2 p m ), section of a type 1 glial cell (1) 
which separates the multiple overlapping perineurial layers from 
the cortex. Note that the type I perineurial cells contain many 
glycogen rosettes, whereas the tj’pe II perineurial cells contain 
a dense population of microtubules,
Plate 5 : (SCALE BAR = 200nm), section of a type I perineurial 
cell nucleus (i), which like that of the type 1 glial cell (1), 
has a grey nucleoplasraic background,
Plate 6 : (SCALE BAR = 200nra), section of the single component 
neural lamella which consists of a granular matrix in which 
fine fibrils occur.
The cortex of the brain of the neoimaginai male (20°C).

Plate 7 ! (scale BAR = 1um), section of a type 2 glial cell 
body, the cytoplasmic processes of which ramify between the 
neurons perikarya.
The neuropile of the brain of the neoimaginai male (20°C),

Plate 8 ; (SCALE BAR = 1pm), section of a type 5 glial cell 
body, the cytoplasmic processes of which invest axons,

KEY:

a - axons in the neuropile 
f  - fibrils 
g - glycogen
1 - neural lamella .
m - mitochondrion 
N - nucleus
p - neuronal perikaryon 
t - microtubules
i - type I perineurial cell
ii - type II perineurial cell
1 - type 1 glial cell
2 - type 2 glial cell
3 - type 3 glial cell '
(Preparation procedure: Luffs epon) .
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nucleoplasm  e le c tro n -d en se . T here  i s  l i t t l e  e le c t ro n  

co n tra s t betw een the nucleoplasm  and th e  c y to p la sm . The 

ra r i ty  with which the nuclei a re  en co u n te red  su g g e s ts  th a t  

both types of p e rin e u ria l c e lls  a re  la rg e  and p l a t e - l i k e .

Type 11 p e rin e u ria l c e lls  have a  s im ila r  n u c leu s  to  th o se  

of type 1. The cytoplasm  contains few  m ito ch o n d ria , which 

a re  u su a lly  sm a lle r  than those encount e re d  i n  th e  o th e r  

type o f p e rin e u ria l c e lls . They contain la r g e  num bers of 

mi cro  tubule 8 with a  d iam ete r o f 20 nm  and m ulti ve si c u la r  

bodies a re  com m only encountered , ( P l a te  4). Glycogen 

ro se tte s  occasionally  occu r but a re  not u su a lly  ag g reg a ted . 

The m a ss  of the ce ll body tends to adopt a  deeper p o s i t io n  

than those  of type I p e rin e u ria l c e lls .

(b) The G lial ce lls

G lial c e lls , in  in se c ts  as in  v e r te b ra te s , fo rm  a p r o te c t iv e  

sheath around  n eu ro n s . The g lial ce lls  m ay be recogni sed  

by th e ir  m u ltip le  p ro c e sse s  with which th e y  in v e s t c e l l  

bodies and axons o f neurons (WIGGLESWORTH, 1965). Not 

a ll axons of In sec ts  a re  su rrounded  by g l io p la s m  (rev ie w  

LANE, 1974). The cy toplasm ic p ro c e sse s  a re  o f te n  v e ry  

fine, the iden tification  of g lia l c e l ls  can th e r e fo re  o n ly  

be c a r r ie d  out w ith ce rta in ty  with the e le c t r o n  m icro scope. 

The nucleus of these  ce lls  w as found t o  c o n ta in  la rg e ,  

num erous agg regates a s  w ell a s  d iffu se  c h ro m a tin . T his, 

together with the lack  of e lec tro n  c o n tra s t  betw een  th e  

nucleoplasm  and the cytoplasm , was found to  be a u se fu l



TABLE 1 . S iz e ,  proportion  and r e la t iv e  frequency o f t r a in  and 

suboesophageal gan g lion  (SOG) c e l l s  o f male neoim agines, and o f  

corpora a l la t a  m edullary c o l l s  (CA) in  specim ens, reared  a t 20°C,

63.

" Cell 
type

No* Size in N/C SD Relative frequency Neuron
po.i.ari.tySoma Nucleus ratio + ne

Brain
it-L or is 

SOG

Glial 1 30 H 0*5 4x1 0*43 0*16

Glial 2 30 % 0*2 8x2.5 2*11 0.81

Glial 3 30 M 3*0 4x5‘5 0*57 0.13

Neu::on 1 30 3 ' 3%3 '3 2» 5x2* 5 1*83 0*22 C - Mono

Neuron 2 20 3x3 2*5x2*5 1*90 0*04 R - Mono

Neuron 3 30 8x5 6x5*3 0*63 j 0»19 C c Mono

Neuron 4 10 4x4 3*3x5*3 j0*63 i 0*24 V Mono

Neuron 3! 13 15x10 4x4 0«20 0*05 R I Multi

15C 0: 50 12x9 5x4 0*32 0*07 V V Mono

NSC f? 30 9x6 3x3 0*29 0*19 V Mono

NSC K" 3 12x7 3x4 0*26 0*05 - V Mono

CA (j 10 7x7 . 3x3 0.19 0*09

CA N* Q 10 7x7 3x3 0.21 0*03

CA A» Q 10 7x7 3x3 0 .20 0*11

CA O' g 10 7x7 3x3 0*23 0*04

*  Number o f c e l l s  measured

** S iz e  to  n ea rest ex cep tin g  the average cytoplasm ic w idth  (M) o f  the

g l i a l  c e l l s  which was measured to  th e  n earest 0*1pm.

The r a t io  o f  n u clear to  cytoplasm ic (n/C )  p lanim etry read ings i s  expressed  

a s  a fr a c t io n  fo llow ed  by th e  standard d e v ia tio n  (SD) o f  the r e s u l t s .  

Neuron, in c lu d in g  n eurosecretory  c e l l  (hSC), frequency was estim ated  

subj ec t i v e l y : Gnmmon(C)> In freq u en t( I )>Hare(r )> Very r a r e (Y) ,

Dim ensions o f  CA o f  neoim agines(N ') » 7 day o ld  (A’ ) and o v ip o s it e d (0 ') 
in d iv id u a ls  are shown.
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aid  in  th e ir  iden tification .

In  the b ra in  of the neoim agine, g l ia l  ce lls  m ay be di vi ded 

into th ree  types both upon th e ir  appearance  and p o s i t io n .  

These types a re  given the a ra b le  n u m era l s l , Z  and 3, so 

as not to be confused w ith the rom an  num eration  of 

SOHAL et al (1972) fo r the g lia l c e l ls  of Mu sea, to  which 

they show lit t le  resem b lan ce . A g ran u la r endop lasm ic  

re ticu lu m  Is  r a r e  o r  absen t from  the g l ia l  c e l l s  of th e  

neoim agine. Table 1 Includes a  sum m ary  of th e  average  

d im ensions and n u c lear to cytop lasm ic r a t i o s  of th e s e  

c e lls .

Type 1 g lia l cells

Type 1 g lial c e lls  occur on the o u te r m arg in  of th e  c o r t ic a l  

lay e r fo rm ing  a non-continuous b o rd e r se p a ra tin g  th e  p e r i 

neurium  from  the p e rik a ry a  of the neu rons, ( P la t e 4 ) .  The 

nucleus is  u su a lly  cy lind rica l, typ ica lly  4 um  lo n g  w ith  a 

d iam ete r of lu m . The nucleoplasm  u s u a l ly  h as a  g rey  back* 

ground. The cytoplasm  contains a dense p o p u la tio n  of 

r ib o so m es, both fre e  and in co rp o ra ted  in to  th e  abundant 

g ran u la r endoplasm ic re ticu lu m . A few  oval m itochond ria  

occu r and m icro tubu les a re  occasionally  encoun tered . The 

p ro c e sse s  of these  ce lls  ram ify  betw een th e  neurons of th e  

ou ter co rtic a l la y e r . In  reg io n s w here  the c o r t ic a l  la y e r  

is  th in , the p ro c e sse s  pene tra te  in to  the n e u ro p ile .

Type Z g lia l ce lls

These ce lls  usually  occur deep w ith in  the c o r t ic a l  la y e r
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of the b ra in , ( P la te  7). The nucleus i s  la rg e  and i r re g u l •  

a rly  shaped with a p ro file  m easu ring  6 x 2  \ixn to  1 0 x 3  um . 

The nucleoplasm  typ ically  has a  white background. T hese 

ce lls  have a  high p roportion  of cy toplasm . The cy to p lasm  

re sem b les  that o f type 1 c e lls , except f o r  r ib o so m e s  

which a re  le s s  abundant. The cy top lasm ic  b ran ch es of 

these  g lia l ce lls  sep ara te  the p e r ik a ry a  of th e  neurons 

and a lso  extend into the neuropile  w here th e y  in v e s t  

axons.

Type 3 g lial ce lls

These a re  the m o st num erous type of g l ia l  c e l l s .  They 

form  a non-continuous b o rd e r  on the in n er m arg in  of th e  

co rtica l la y e r  and a lso  occur s c a t te re d  w ith in  th e  n eu ro 

p ile . The indented nucleus is  oval o r  round w ith  a  p r o f i l e  

m easu ring  3. 5 x  3. Sum  to 7 x 4. 5 um . The n u c le o p la sm ic  

background is  typ ically  w hite, (P la te  8). The c y to p la sm  

is  s im ila r  to type 1 g lial c e lls , except tha t th e  ci s te rn a e  

o f the g ran u la r endoplasm ic re ticu lu m  oft en occu r i n  

p a ra lle l ro w s. In  a re a s  of cytoplasm  w ith  a  lo w  d e n s i ty  

of rib o so m es, num erous m icro tubu les can be seen . These 

have a d iam ete r of 20nm  and a re  s im ila r  to  th o se  o c c u r r 

ing in  the perineu rium  and a lso  to the axonal n e u ro tu b u le s . 

The m icro tubu les a re  o rien ta ted  p a ra l le l  t o  th e  n eu ro 

tubules in the adjacent axons. The p ro c e sse s  of th e s e  c e l l s  

pene tra te  betw een the axons of the neuropi le .
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(c) E x tra ce llu la r  spaces

Few e x tra c e llu la r  spaces occur w ithin the b ra in , and th o se  

which do a re  not u sually  a sso c ia ted  w ith g lio p lasm . In  th e  

c o rtic a l la y e r , e x tra c e llu la r  spaces a re  a s s o c ia te d  w ith  

the r a r e  type 2 and type 4 neurons d e sc r ib e d  be low . A reas 

of cy toplasm ic degeneration , o r fix a tio n  dam age in  axons 

give the appearance  of being e x tra c e llu la r  sp aces . They a re , 

how ever, su rrounded  by an in teg ra l p la sm a lem m a  which i s 

usually  unbroken and often contain rem nan t s o f n eu ro - 

tubules and m itochondria , which in d ic a te s  tha t th e s e  spaces 

a re  in trace llu la r*

(d) The T rachea l system

T rach ea  and trac h eo le s  can e as ily  be id e n tif ie d  i n  nervous 

t is su e  in  the e lec tro n  m icroscope  by th e ir  dense c u ti c u la r  

lin ings (HESS, 1958). In  the trac h ea  (P la te  17), th e  

cuti cu la r lin ing  is  sp ira lly  th ickened fo rm in g  th e  t a e n id ia .  

T hese trac h ea  b ranch  into trach eo les  which can be di s t in g -  

u ished , a s  in o ther In sec ts  (IM M S, 1947) by th e i r  lack  of 

sp ira l thickenings and th e ir  sm all s iz e ,  b e in g  l e s s  th a n  

1 um  in d iam e te r. The cuti cu lar tu b e  of th e  t ra c h e a l  

system  is  surrounded  by cytoplasm  of tr a c h e a l  c e l l s .  

G lioplasm  fu rth e r  se p a ra te s  the p lasm alem m a o f th e s e  

c e lls  from  the neu rons . In  trac h eo le s , th e  su rround ing  

sheath of g lioplasm  is  often  ex trem ely  th in ,  som etim es 

le s s  than  20nm .
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(e) The N eurons

In  M usca dom estlca  a c la ss ifica tio n  of n o n -n e u ro se c re to ry  

neu rons, b ased  on size , n u c lea r to c y to p la sm ic  r a t i o  and 

re la tiv e  developm ent and d is tr ib u tio n  of cell o rg a n e l le s  was 

d escrib ed  by SOHAL e t a l (1972). Using th e  sam e c r i t e r i a ,  

five types o f n o n -n eu ro sec re to ry  neurons can be di s tin g u i shed 

in  the b ra in  o f the neoim aginal m idge. A rabic n um era ls  w ill 

be u sed  to denote the  v a rio u s  types to avoid c o n fu s io n  w ith  

the Rom an num era tion  u sed  in  M usca. The sp e c ia li  sed  

n e u ro se c re to ry  neurons of the  endocrine sy s te m  w ill be 

desc rib ed  below . Table 1 includes th e  average  s iz e s  and 

p roportions of the neuron  types .

Type 1 neurons

T hese re la tiv e ly  sm all neurons a re  the m o st num erous 

in  the b ra in . T heir d istribu tion  w as d esc rib ed  u s in g  th e  

ligh t m ic ro sco p e , w here they  w ere  r e f e r r e d  to  a s  " sm a ll"  

neu ro n s . They a re  polygonal in  shape, ( P la te  9)» p ro b ab ly  

re su ltin g  from  the c lose  app rox im ation  of a d jacen t c e l l s .

The som a i s  a lm ost com pletely  occupied  by a  rounded 

nucleus, the  chrom atin  o f which o ccu rs  i n  b o th  ag g reg a ted  

and diffuse fo rm s. In  the  optic lobes, a  g r e a te r  p ro p o r tio n  

o f the  chrom atin  o ccu rs  in  the agg regated  fo rm  th a n  i n  

type 1 neurons of the c e re b ra l lo bes . The nucl eopl asm ic 

background is  typ ically  w hite. The n u c lea r envelope I s  

c ren u la ted  with a  v a riab le  th ickness. The cy top lasm  is  

densely populated with free  r ib o so m es, but ci s te rn a e  of
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electron  MICROGRAPHS

Neujron tjojes of the brain of the neoimaginal male (20°C ).

Plate 9 : Type 1 neuron, note the high nuclear to cytoplasmic 
ratio.

Plate 10 : Type 2 neuron, note the irregular shape of the nucleus 
and the lack of cellular continuity with other neurons.
Plate 11 ; Type 3 neuron which is larger and has a lower nuclear 
to cytoplasmic ratio than type 1 neurons.
Plate 12 : Type 4 neuron, note the irregular shape of the nucleus 
and electron density of the cytoplasm.

KEY:
a - aggregated chromatin 
d - diffuse chromatin 
m - mitochondrion 

n - nucleus 

nl - nucleolus
r  - granular endoplasmic reticulum

3 - type 3 neuron
4 - type 4 neuron

SCALE BARS : 1pm

(Preparation procedure: Luffs epon)
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g ranu la r endoplasm ic re ticu lu m  and Golgi u n i t s  a re  r a r e ly  

encountered . A few sm all rounded m itochondria , approx

im ate ly  250nm  in  d iam ete r, o ccu r. T ran sp a ren t m em brane- 

bound v e s ic le s , 70 -  100nm in  d ia m e te r  a re  o c c a s io n a l ly  

encountered, but they do not occu r i n  the axons.

Type 2 neurons

These ce lls  occu r ad jacen t to type 1 neu rons , but a re  m uch 

le s s  frequen t than  them . The nucleus i s  i r r e g u l a r  i n  shape 

and contains both diffuse and aggregated  chrom atin  i n  a  

nucleoplasm  with a  g rey  background (F la t e 10). The nucl e a r  

envelope is  c ren u la ted  w ith a  v a r ia b le  th ic k n e s s . The c y to 

p lasm  is  e lec t ro n -d en se , re su ltin g  from  th e  h ig h  p o p u la tio n  

of fre e  rib o so m es and the sc a tte re d  glycogen r o s e t t e s  

tha t these  ce lls  contain. G ranu lar endoplasm ic r e t i c u lu m  

and Golgi un its  a re  encountered  m o re  f r e q u e n t ly  th a n  i n  

type 1 neu rons . M itochondria a re  of s im ila r  s iz e  and 

o ccu rren ce  to those  of type 1 neu ro n s . The p lasm a lem m a, 

with a  surrounding  sheath  of g liop lasm , i s  o f te n  p a r t i a l l y  

sep ara ted  fro m  ad jacen t ce lls  by e x t r a c e l l u l a r  sp aces .

Type 3 neurons

The d is tribu tion  of th ese  c e lls  w as d e sc r ib e d  above u s in g  

the ligh t m ic ro sco p e , w here  they w ere  r e f e r r e d  to  a s  

"m edium  sized  n eu ro n s" . Typically, the p e rik a ry o n  i s  

oval surrounding  an oval nucleus, (P la te  11), which 

contains one o r  two nucleo li. The rem ain d e r of th e  chrom 

atin  is  usually  in  diffuse fo rm . The nucleopl asm ic  back

ground i s  white and the n u c lea r envelope i s m ore  reg u la r
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in width than tha t of o th er neu rons. The c y to p la sm  con ta ins 

m any fre e  rib o so m es and m uch g ran u la r e n d o p la sm ic  r e t i c 

u lu m , the c is te rn ae  of which a re  o f te n  i n  p a r a l le l  a r r a y s .  

Golgi units a re  often en co u n tered  and a re  f r e q u e n t ly  found 

in a sso c ia tio n  w ith  e lec tro n -lu cen t m em brane-bound in c lu s 

ions, 3 0 -  100 nm  in  d iam ete r. These in c lu s io n s  a re  

r e s t r ic te d  to th e  perikaryon  and resem b le  th o se  in  

aggregation  in  m u ltiv es icu la r bodi es which a re  en co u n tered  

in  th ese  c e lls . T hese bodies appear to  be homologous * to  

the m u ltiv es icu la r ly sosom es of LANE (1974), M itochondria  

a re  frequent and a re  u sually  round, 250 -  500 nm  in  di a -  

m e te r  o r  oval 2 5 0 x  5 0 0 -5 0 0  x 1000 nm  in  p r o f i l e .

Type 4 neurons

No m ore  than 7 of these  neurons have been found i n  th e  

b ra in  of a  neoim agine and usually  o n ly  4 a re  encoun tered . 

They occur s in g u la rly  adjacent to type 3 neurons i n  th e  

d o rsa l p a rs  in te rc e re b ra lis .  The cell and th e  n u c leu s a re  

ir r e g u la r  in shape (P la te  12). The n u c le a r  envelope has a 

v a riab le  th ickness and is  often c re n u la te d . The chrom atin  

o c cu rs  in d if fu s e  and aggregated  fo rm s, and th e  n u c le o - 

p lasm ic  background is  g rey . The cy to p lasm  has a  h igh  

e le c tro n -o p a c ity resu ltin g  f ro m  the dense p o p u la tio n  of 

r ib o so m e s . G ranu lar endoplasm ic r e t i  cu lum  is  common, 

the c is te rn ae  o ften  o cur ring  In p a ra lle l a r ra y s  and a re  

frequen tly  d istended. Golgi units a re  r a r e l y  encoun tered . 

M itochondria  a re  s im ila r  to  those o ccu rrin g  i n  ty p e  3 

neu rons, but som e show a reduction i n  m e tr ic a l d e n s ity
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and a  lo s s  of cris tae#  Several "em pty a re a s "  o r  degener

ative foci occu r in  the cytoplasm . T hese c e l l s  a re  o f te n  

p a rtia lly  se p a ra ted  from  adjacent neurons by e x t r a c e l lu l a r  

spaces, as  a re  type 2 neu rons.

Type 5 neurons
f, ■>'

These la rg e  ce lls  w ere te rm e d  giant neurons in  l ig h t  

m icroscope  o b se rv a tio n s . They occu r th roughout th e  

cortex , u sua lly  s ingu larly  and a re  m o st f re q u e n tly  

encountered  in  the a n te r io r  v en tra l re g io n  of th e  c e re b ra l 

lobes ad jacen t to type 3 neu rons . The rounded o r  oval 

nucleus has a  m em brane with a reg u la r width and a  whit e 

nucleoplasm ic background. The c h ro m a tin  i s  u s u a l ly  

diffuse and typ ically  no nucleoli o c cu r. N um erous 

m ito ch o n d ria , which a re  s im ila r  in  s iz e  and appearance 

to those  of type 2 neu rons, o ccu r in  the cytoplasm  ( P la te  13) 

R ibosom es a re  comm on, botli f re e  i n  th e  c y to p la sm  and 

in c ru s tin g  c is te rn ae  of g ran u la r endoplasm ic r e t i c u lu m  

which often  occu r in  loose p a ra lle l a r r a y s .  Several Golgi 

units a re  usually  encountered  which a re  f r e q u e n t ly  found 

in a sso c ia tio n  with m em brane-bound inclusions s im ila r  to  

those o f type 3 neu rons. Unlike o ther neu rons, m itochond ria , 

c is te rn ae  and ribosom es occur In the axon h i l l o c k  re g io n  

o f th e se  c e lls . T hese ce lls  have se v e ra l axons and a re  

possib ly  the only m ultipo lar neurons i n  th e  b ra in .

(f) The Axons

The sw elling o f the  cell body in the axon h i l lo c k  re g io n
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ELECTRON MICROGRAPHS

Neuron types of the brain of the neoimaginal male (20°C).
Plate 15 : Type 5 neuron, note the large size of the perikaryon 
compared to those of adjacent neurons and the dense population 
of mitochondria.
KEY:

AX - neuropile 
C - cortex 
m - mitochondrion 
no - nucleus 
r - ribosomes 
SCALE BAR : I p

Axon types of the brain of the neoimaginal male (20^C),
Plate 14 : Section of the posterior median fissure region of 
the brain, showing the four axon types, SCALE BAR : Inm,
Plate 15 : Transverse section of a type B axon, showing the 
spacing of neurotubules and their radiating filamentous project 
-ions. SCALE BAR : 0*5 pm.
Plate 16 ; Oblique section of several type C, neurosecretory, 
axons. SCALE BAR : 1pm,

KEY:

A - type A axon 
B - type B axon 
C - type C axon 
D - type B axon 
g - granule of neurosecretion 
m - mitochondrion 
n - neurotubule
s - saccules of smooth endoplasmic reticulum 

(Preparation procedure: Luffs epon)
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w here the cytoplasm  extends into an  axon, e x h ib i t s  a  

cytological d ifference from  the pe rika ryon , except i n  

type 5 neurons d esc rib ed  above. The hillock and th e  

axonal p ro c e ss  contain neuro tubules, m ito ch o n d ria  and 

saccu les o f sm ooth endoplasm ic re tic u lu m  and la c k  

o ther o rg an e lle s .

N eurotubules, 2 0 ^ 2  nm  in  d iam ete r, a re  equi di s t a n t l y  

spaced  and aligned p a ra lle l to the p lasm am em brane of 

the axon. D elicate filam entous p ro jec tio n s  (P la te  15)

6 pm  o r  le s s  in  tliickness, rad ia te  fro m  indi vi dual n e u ro 

tubules to jo in  with s im ila r  p ro jec tions f ro m  ad jacen t 

ones. These p ro jec tio n s  appear to fo rm  the ground 

substance of the axon. With com bined u rany l a c e ta te  

and le a d  c itra te  stain ing , the neurotubules appear as 

an e lec tro n -d en se  ring , 20nm  in  d iam ete r, su rround ing  

an e lec tro n -lu cen t co re  approxim ately  lOnm  a c ro s s .

The m itochondria  appear to have a  g re a te r  p ro p o rtio n  of 

tlie ir volum e com posed of c r is ta l  m em branes than occu r 

in the sam e o rg an e lles  o f the p e rik a ry a . The c r i  s ta e  

a re  o rien ta ted  p a ra lle l to the  longitudinal axi s of th e  

axon.

Infrequently , m em brane p ro file s  a re  observed  which m ay 

be saccu les  of sm ooth endoplasm ic re tic u lu m .

At the axon* s te rm ina tio n , a  sw elling o ccu rs  i n  which 

e lec tro n -lu cen t "synaptic** v e s ic le s , 30 -  50 nm  in
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d iam ete r a re  found.

A c la ss ifica tio n  of axons into four types ( P la te s  14, 16), 

b ased  upon size  and axonal o rg a n e lle s  i s  g iv en  i n  Table 2* 

T here  w ere no observations in d ica tin g  a  m ulti cel 1 u la r  

o rig in  for any of the axon types. At th e  p ro x im a l end, 

the size  of an axon w as found to be d i r e c t ly  p ro p o r tio n a l 

to the size  of the neuron  from  which i t  o r ig in a te s .  The 

aggregation  of axons ap p ea rs  to m ir ro r  th e  o rg a n iz a t io n  

of the co rtex , th is  is  c le a rly  dem onstra ted  by a ty p e  *‘D" 

axon, which is  u sua lly  su rrounded  by type "B " axons 

re flec ting  the c o rtica l a rran g em en t o f a  ty p e  5 neuron  

being ad jacen t to type 3 neu rons . O bserva tions upon 

the n o n -n eu ro sec re to ry  axons In the n e rv i co rpo ris  

ca rd iac i I I  ind icate  that th e re  i s  l it t le  change i n  th e  

d iam ete r over the m a jo rity  o f the axon* s le n g th . The 

form ation  of co lla te ra l b ran ch es , which a re  sm a lle r  In  

d iam ete r than the m ain  axon, m eans that th e  axon s iz e  

cannot alw ays be re la te d  to the s ize  o f the p e rikaryon .

The axons a re  found in  the neuropile  e it l ie r  In "synapt i c 

reg io n s’*, w here axons of d iffering  size  occur random ly 

o rien ta ted , o r  in  "pathw ays" w here axons of s im ila r  s iz e  

a re  aggregated  with o th e rs  showing the sam e o r ie n ta t io n  

into d isc re te  bundles.
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B . The A nterio r Region of the V e n tra l N erve Cord

The suboesophageal and p ro th o ra c i c g a n g lia  and th e  conn

ectives betw een them  have been o b se rv ed  in  t h i s  s tudy .

I .  Suboesophageal Ganglion

Two th ic k  c ircum -oesophageal c o n n ec tiv es  o r c ru ra , 

a ttach  the subo esophageal ganglion to  th e  b ra in , ( P l a te  1). 

A n te rio rly  on each side of the suboésophageal g an g lio n  

issu e  the m andibu lo -m axillary  and 1 a b ia l n e rv e s , r e f l e c t i n g  

i ts  compound n a tu re  (CHAPMAN, 1971). I t i s jo in e d  

p o s te rio rly  by a p a ir  of connectives to  th e  p ro th o ra c i c 

ganglion. The ganglion is  shaped such th a t  i t s  i n t e r i o r  

su rface  is  d o rsa l, and i ts  e x te r io r  c o m p rise s  a  s in g le  

v en tra l and two la te ra l  s u r fa c e s , a s  shown i n  F i ^ r e  3.

(a) Light Mi croscope observations

T here is  no c le a r d ivision betw een th e  t r i to c e r e b r u m  and 

the suboesophageal ganglion. The ganglion  has no do rsa l 

co rtica l la y e r , th e  neurop ile  a b u ts  on to  th e  n eu ra l sh ea th , 

which fo rm s the floor of the canal c o n ta in in g  th e  oesoph

agus and a o rta . The co rtica l layer of th e  v e n tr a l  and 

la te ra l  su rfaces  m ay be up to five ce lls  in  dep th . V e n tra lly , 

a  m edian shallow  cleft o ccu rs  resu ltin g  from  a  d e p re ss io n  

in the n e u ro p ile  and not from  a re d u c tio n  i n  th e  th ic k n e s s  

of the co rtica l lay e r , a s  a re  the f is su re s  in  th e  b ra in .

The co rtica l ce lls  a re  "m edium " sized  w ith  sev era l g ian t 

neurons occu rrin g  am ongst them .



7 9 .

The n eu ro p ile  i s  com posed of a  s in g le  m a ss  on e i t h e r  s id e  

of the m id -lin e . A n te rio rly , th e re  i s  a c o n s id e ra b le  amount 

of axonal b ridging  betw een these  two m a sse s . P o s t e r io r ly ,  

they becom e divided, which is  re fle c ted  i n  th e  fo rm atio n  

of the v en tra l cleft d escribed  above. The axons of th e s e  

m asse s  extend into the two connectives of the nerve  cord , 

which a r is e  f ro m  the p o s te rio r  e x tre m ity  of th e  g an g lio n .

(b) E lec tron  M icroscope o b se rv a tio n s

i. N eural Sheath

The n eu ra l sheath  is  s im ila r  to  th a t  o f th e  b r a in  

in being com posed of a single component la m e lla  

and p e rin e u riu m  (ce lls  re c o g n isa b le  as th e  

types d esc rib ed  above). The n eu ra l la m e lla  i s  

continuous with the brain* s, hav ing  a co n stan t 

th ickness of approx im ately  Ijam . The f in e  

û b r l ls  o ccu rrin g  in  th is  lay e r  a re  m ore  fre q u e n t

ly  encountered  than in  the lam ella  of th e  b ra in .

The single lay e r  o f p e rin eu ria ! c e l l s  o v e rla p  

la te ra lly . The p e rin eu riu m  of the d o rsa l re g io n  

of the ganglion, which lack s  a c o r t ic a l  la y e r ,  

is  com posed en tire ly  of type I I  p e r in e u r ia !  c e l l s ,  

(P la te  19) whose char a c te rs  w ere  d escrib ed  above. 

The la te ra l  and vent red p e r in e u r ia !  la y e r  r e s 

em bles that of the b ra in  in  being com posed of 

both types of p e rin eu ria ! ce lls .
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ELECTRON MICROGRAPHS

The brain’s tracheal system of the neoimaginai male (20°C).
Plate 17 : Oblique section of a trachea, showing the spiral thick- 
-ening of the intima. SCALE BAR : 0«5pm.

KEY:

a - axons
c ~ tracheal cell cytoplasm
0 - lumen of trachea 
t - taenidium

The ventral nerve cord of the neoimaginai male (20°C).
Plate 18 : Section of a dense body in the neuropile of the sub- 
'Oesophageal ganglion. SCALE BAR : 1jum,

KEY:
e - electron-dense vesicles 
g - glycogen 
m - mitochondrion 
V - multivesicular body

Plate 19 : The neural sheath of the suboesophageal ganglion 
showing the underlying type II perineurial cell cytoplasm.
SCALE BAR :  0*5jum.

KEY:

f - fibrils
1 - neural lamella 
M - mitochondrion
t - microtubules in type II perineurial cells

Plate 20 : Part of the prothoracic ganglion showing the neuron 
cell bodies and the extracellular spaces. SCALE BAR : 1pm,
KEY:

n - nucleus of a neuron 
u - extracellular spaces

Plate 21 : The periphery of the prothoracic ganglion, showing the 
close association between the neural lamella and fat body cells. 
SCALE BAR : 1pm.
KEY:

d - lipid droplets 
P - fat body 
g - glycogen 
1 - neural lamella 

PC - prothoracic ganglion
(preparation procedure: 17-19» Luffs epon, 20-21, Spurr’s epon)
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i l. Glial ce lls

The g lia l ce lls  fît in to  the th r e e  ca teg o ries  d e s

c ribed  in  the b ra in . Type 1 g l i a l  c e l l s  do not 

occur betw een the perineu rium  and th e  c o r t ic a l  

la y e r , a s  in  the b ra in . On th e  d o rs a l ,  in te r n a l  

su rfa c e  of the ganglion, ty p e  1 g l i a l  c e l l s  

separa te  the perin eu riu m  from  th e  n e u ro p ile . 

Type 2 g lia l ce lls , a s  in the b ra in ,  occur 

betw een the p e rik a ry a  of the c o r t ic a l  l a y e r .

Type 3 g lia l c e lls , a s  in the b ra in ,  occu r i n  

the neu rop ile . They a re  in f r e q u e n t ly  encoun

te re d  on the in te rn a l m arg in  of th e  c o r t ic a l  

lay e r , w here they  a re  com m only found i n  th e  

b ra in .

i i i .  E x tra ce llu la r  spaces

E x tra ce llu la r  spaces a re  o f in f re q u e n t o c c u r r 

ence in  th is  ganglion.

iv . The T rachea l system

As d escrib ed  above, the tra c h e a l sy s te m  sh a re s  

a  common o rig in  with tha t o ccu rrin g  i n  th e  b rain*  

The s tru c tu re  and d istribu tion  of t r a c h e o le s  i s  

s im ila r to  that described  in  the b ra in , except 

that they a re  m ore  frequen tly  encoun tered  i n  

the neurop ile  of the suboesophageal g an g lio n  

than they a re  in  the  b ra i n .

V. N eurons

Using the sam e c lass ifica tio n  as a p p lie d  to  th e
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b ra in , i t  is  found tha t m o st of the neurons i n  th e  

suboesophageal ganglion a re  o f ty p e  3. Type 5 

neurons a re  found throughout th e  g an g lio n  and 

a re  encountered  m o re  freq u en tly  th a n  i n  th e  

b ra in . These type 5 neurons a re  u n lik e  th o se  

of the b ra in  in  containing up to  tw o n u c le o l i .

Two types of n e u ro se c re to ry  c e l l s  occu r i n  

the ganglion and will be d esc rib ed  below .

v i. Axons

The axons o f the neurop ile  a re  m ain ly  o f th e  

type B, a s  d esc rib ed  in  Table 2, in te rm in g le d  

with which a re  m any type D axons. The ag g reg 

ation o f axons into d isc re te  bundl es i s not as 

m arked  a s  in  the neurop ile  of the  b ra i n .

v ii. Dense bodies

In  the neurop ile  o f the suboesophageal g an g lio n , 

dense bodies 2 - 3  jam a c ro s s  a re  o c c a s io n a l ly  

encountered, (P la te  18). Seria l s e c t io n s  show 

that these  bodies a re  sp h e ro id . They a re  in v e s t 

ed with g liop lasm . On the in te rn a l  m arg in  of th e  

bounding m em brane, dense and tra n s lu c e n t  

v e s ic le s  o ccu r, which a re  approxim ately  50 nm 

in d iam ete r and su rrounded  by a  m em brane.

These bodies a re  densely popu la ted  w ith  r ib o so m es  

and contain m any m itochondria . A ggregates of 

glycogen deposits and m u ltiv es icu lar b o d ies  a re  

often found. O ther o rg an e lle s , in c lu d in g  th e  

nucleus, appear to  be absen t.
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2. The Connectives

The two ad jacen t connectives, each app rox im ate ly  

75pm  in  d iam ete r, a re  situa ted  v en tra lly  a long  th e  

m edian longitudinal axis of the in s e c t 's  body. They 

connect the suboesophageal ganglion , v ia  th e  neck 

reg ion , to the p ro th o rac ic  ganglion, (over a  d is ta n c e  

of approxim ately  350 p m .) Ju s t a n te r io r  to  th e  p ro th o r 

acic  ganglion, the two connectives fuse .

The n eu ra l sheath  is  com posed of a s in g le  compon

ent lam e lla  with a p e rin eu riu m  w ith  the tw o c e l l  ty p e s  

having a  s im ila r  appearance and a sso c ia tio n  w ith  th o se  

d escrib ed  in  the b ra in . The lam ella  is  100 nm  in  th i  ck- 

n e ss , consisting , a s  in  the b ra in , of a  g ra n u la r  m a tr ix  

in which fine f ib r ils  o ccu r. In  som e a re a s , th e re  i s  a 

c lose a sso c ia tio n  betw een the n eu ra l lam ella  and su rround 

ing fat body ce lls .

Type 3 g lia l ce lls  a re  the only c e l l  b o d ies  which 

occur in the connectives subjacent to  the p e rin e u riu m . 

They a re  found am ongst the axons which th e y  In v e s t .

E xtensive e x tra c e llu la r  spaces occur be tw een  th e  

axons of the neu rop ile , which o therw ise  r e s e m b le s  th a t  

of the suboesophageal ganglion, except th a t  no dense 

bodies a re  found.

T racheo les , having a s tru c tu re  s im ila r  to  th o se  

in  the  b ra in , occur infrequently .
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3. The P ro th o rac ic  Ganglion

The p ro th o rac ic  ganglion is  situated  m id -v e n tra l ly  

in the f i r s t  th o rac ic  segm ent. In  tra n s v e rs e  s e c t io n  i t  i s  

oval, approx im ate ly  100 pm  a c ro s s  by 75 pm  high, w ith  

a depth of over 150 pm , as seen  i n  long itud inal s e c t io n s .  

The neurop ile  of the ganglion is  com plete ly  su rrounded  

by a co rtica l la y e r . The v en tra l and l a t e r a l  c o r t i c a l  

la y e rs  a re  up to 8 ce lls  in depth, w hereas th e  d o rsa l 

lay e r i s  u sually  no m ore  than 4. The neurons of th e  

c o rtica l la y e r  a re  s im ila r  in size  and d i s t r i b u t i o n  to  

those o f the suboesophageal gang lion . The n e u ro p ile  i s 

divided into a  single m ass  on e ith e r s id e  o f th e  m id lin e . 

Each m ass  is  com posed of m any sm a lle r  m a sse s , whose 

boundaries a re  not c lea rly  d e lim ited . C onsiderab le  axonal 

b ridging  o ccu rs  betw een the m a sse s  of each s id e  of th e  

ganglion.

The n eu ra l sheath  has the sam e appearance  as 

d escrib ed  for the connectives, and i s a lso  o fte n  a s s o c ia te d  

with fat body ce lls  (P la te  21). I t  i s con tinuous w ith  th e  

connectives.

The g lia l ce lls  m a y b e  divided in to  th e  th re e  ty p es  

a lread y  d escrib ed  in  the b ra in , which they re s e m b le  i n  

both position  and api>earance.

E x tensive  e x tra c e llu la r  spaces o ccu r, bo th  betw een 

the p e rik a ry a  of the co rtica l lay e r  and betw een  th e  axons 

of the  n e u ro p ile , (P la te  20),



86,

The d istribu tion  and s tru c tu re  of t r a c h e o le s  i s  

s im ila r  to that d escrib ed  in  the suboesophageal g an g lio n .

The neurons a re  of type 3 and ty p e  5 and occur 

in a  s im ila r  frequency to those of the suboesophageal 

ganglion. The la rg e  n e u ro sec re to ry  ce ll s th a t  t h i s  

ganglion contains will be d escrib ed  below . The m ito c h o n 

d ria  of the neurons often have a  lo w  m e tr ic a l d e n s i ty  

witli i r re g u la r ly  o rien ta ted  c r is ta e  and th e  c is te r n a e  

of the endoplasm ic re ticu lu m  a re  o fte n  sw ollen . In 

o ther re s p e c ts , the o rg an e lle s  a re  s im ila r  to  th o se  

d esc rib ed  for the sam e ce lls  in  the b ra in .

The axons of the neuropile  resem b le  th o se  of 

tlie suboesophageal ganglion, but no dense b o d ie s  a re  

p resen t.

C. The S tom atogastric  and Endocrine S ystem s

The s tom ato g a s tr ic  system  of the neo im agine  com prises 

two sm all ganglia and d ie ir  a sso c ia ted  n e rv e s . The m edian 

"fron ta l ganglion" is  jo ined  by b ila te ra l connec tives , th e  

lab ro fro n ta l n e rv e s , to the tr ito c e re b ra l  lobe of th e  b ra in .

The hypocereb ra l ganglion is  connected to  th e  f ro n ta l  by 

a  m edian re c u r re n t  nerve  which for m uch of i t s  le n g th  

l ie s  in the lum en of the a o rta . The m ore  p o s te r io r  hypocere

b ra l  ganglion Is  connected by n e rv es to  the p a ire d  co rpo ra  

ca rd iaca .
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The en d o crin e  o rgans consist of n e u ro se c re to ry  c e l l s  

within the c en tra l nervous system  and s p e c ia l i s e d  g lan d s, 

the co rp o ra  card iaca , co rpo ra  a lla ta  and p e r i t ra c h e a l  t i s s u e s .  

The p a ired  glandes p o s t-c é ré b ra le s  a n té rie u re s  which a re  

a sso c ia ted  with these  s tru c tu re s , m ay a lso  have an endoc

rine  ro le . Some of the n e u ro sec re to ry  axons f ro m  c e l ls  in  

the b ra in  appear to innervate  the hypocereb ra l g an g lio n  and 

se v e ra l p ass  through i t  before  en tering  th e  co rpo ra  c a rd ia c a .

As there  is  a close spatia l a s s o c ia t io n  betw een  th e  

s to m ato g astric  and endocrine sy stem s, they w all be d e sc r ib e d  

in the sam e section  to avoid repe tition .

1. N eu ro sec re to ry  ce lls  of the B rain

(a) Light M icroscope observations

Table 3 includes a sum m ary  of the s ta in in g  re sp o n ses  

of the  v a rio u s  n e u ro sec re to ry  ce ll g roups, u s in g  d i f f e r e n t  

staining techn iques. In  the neoim aginal m ale , th e  on ly  

group to be detected  by these  h is to lo g i  cal p ro ced u res  

w ere the m e d ia l n e u ro se c re to ry  c e l l  g roups. W ith  chrom e 

haem atoxylin-phloxin, the p e rik a ry a  of a few  of th e  

ce lls  o f the MNC infrequently  e x h ib ite d  a  reddy co lo u r 

which is  r e f e r r e d  to as phloxinophila (GABE, 1966),

The MNC usually  appear g reeny -tu rquo ise  a f t e r  t r e a t 

m ent with a lc ian  blue, (P la te  35) com bined  w ith  p e r io d ic  

acid  Schiff* s t e s t .  This colour does not occur in  th e  

con tro ls fo r a lc ian  b lue, and th e re  i e no in d ic a t io n  of
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purple stain ing  with the Schiff* a te s t .  D i f f e r e n t ia l  s t a i n 

ing was reg u la rly  detected  in  ce lls  of th i s group when 

EV/EN* S ( 1962) paraldehyde fuchsin p rocedu re  was used , 

(P la te  22). The m axim um  num ber of MNC which s t a in s  

in a  b ra in  i s  8 and the average  is  5, ( r e f e r  to  Appendix 

3), the m ean stain ing  ind ices a re  g iven  i n  Table 5. The 

o ther s ta in s  em ployed fa iled  to give any d e f in i t io n  of 

n e u ro sec re to ry  ce lls  in  the m a te r ia l exam ined.

(b) E lec tron  M icroscope o b se rv a tio n s

With the e le c tro n  m icro scope  four p a ire d  groups of 

n e u ro se c re to ry  ce lls  w ere id en tifie d  i n  th e  b r a in  of 

the adult m idge. T heir location , s iz e s , c o n s titu e n t 

cell types and re la tiv e  granule  q u an titie s  a re  in d ic a te d  

in F ig u res  6 and 7 and T ables 1, 3 and 6.

i . Common fea tu res

B ra in  n e u ro sec re to ry  ce lls  w ere found to  e x h ib it  

se v e ra l comm on fea tu re s . They a l l  appear to  

be un ipo lar, as  a re  m ost o ther neurons of th e  

b ra in . The p e rik a ry a  has a dense popul a t i on 

o f rib o so m es, both free  w ith in  the cy to p lasm  

and encrusting  the c is te rn ae  of endop lasm ic  

re ticu lu m . The g ran u la r endoplasm ic r e t i c u l 

um  is  comm only a rra n g ed  as a sy s te m  of 

p a ra lle l lam e llae . N um erous m itochondria  

o ccu r, which a re  v a riab le  in size  and shape. 

Several Golgi units a re  invariab ly  p re sen t



y i r X i X c  6, T.r;.nsvorce section. 90.

Xù,

Figure 7* Sagittal section,

Diagrammatic representations of sections through the cerebral lobes
and suboesophageal ganglion to show the relative positions of the
MÎK (m), D C  (l), 0::C (o), YIIC (v), sæ, (s,) and SîEi (Si), Axons
from the VNC and MNC (blocked linos) enter the aorta wall (vertically
stripped), foi’ming the I (i), ventral to those of the L'C and
OIJO (open lines) which constitute the N3G II (îî ), Collateral branches
of the M'XÎ (b) run into the recourent nerve (r), whereas those of the 
L!I! (e) go to the optic lobes. The gut is horizontally stripped.
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which a re  frequently  a sso c ia ted  w ith  m em brane 

bound g ranu les, possib ly  re p re se n tin g  th e  se c 

re to ry  p roduct. The size  of the n e u ro sec re to ry  

g ranu les v a r ie s  in  the d ifferen t c la s s e s  of c e l ls ,  

but the populations of s izes  of g ranu les have a  

unim odal d istribu tion  (F igu re  11 and Appendix 4 ) .

The nucleus is  typicsdly ro u n d e r  oval i n  shape, 

with a nuc lear envelope w hich , a lth o u g h  f r e q u e n t ly  

crenulated , is  usually  of constant w id th . The 

nucleoplasm i c background is  w hite,

i i .  C lasses of n e u ro se c re to ry  cells

Roman le tte r in g  (KNOV/LES, 1965, RAlvlADE,

1969» CHALAYE, 1974 and o th ers) and num era ls  

(STEEL & HARMSEN, 1971; KONO & KOBAYASHI, 

1972; MORRIS & STEEL, 1975 and o th e rs )  have 

been g iv en  to the n e u ro se c re to ry  c e l l s  i n  th e  

b ra in s  of a num ber of In sec ts . The n e u ro s e c re to ry  

neurons in d ifferen t species, which a re  d is s im i la r  

in m any re sp e c ts  have often been d e s ig n a te d  w ith  

the sam e c h a ra c te r . To avoid con fu sio n  w ith  th e  

c la ss ifica tio n s of o ther au th o rs , th e  n e u ro se c re to ry  

c la sse s  in  the b ra in  of the adult m idge have been 

designated with G reek le t te r s .  

o<: ce lls

The p ea r-sh a p ed  p e rik a ry a  of th e s e  c e l l s  a re  l a r g e r  

than those of the ad jacent n o n -n eu ro sec re to ry  c e l l  s, 

which a re  usually  type 3 neurons. The c e n tra l
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EiaOTIfON MICROGRAPHS

Neurosecretory cell types in the brain of the neoimaginal male (20°C),

Plate 22 : The ventral neurosecretory/" cell group of the brain 
which includes both u. and a'j.types of neurosecretory cells. Note 
the prominent nucleoli displayed in two of the cells,
SCALE BAR : 1pm.
KEY;

n - nucleus 
nl - nucleolus 
r - granular endoplasmic reticulum 
8 - neurosecretion 
V - multivesicular body

Plate 23 : Granules of (%̂ ,-type neurosecretory cell,
SCALE BAR : 200nm.

Plate 2A : Granules of od̂ -type neurosecretory cell,
SCALE BAR : 200nm.

Plate 25 : Granules of i%̂ -̂type neurosecretory cell,
SCALE BAR : 200nm,

(Preparation procedure; Luff s epon)
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nucleus contains a  single, p rom inent, el ect ro n - 

dense, eccen trica lly  s itua ted  n u c le o lu s , I jum 

in d iam ete r, the rem ain ing  chrom atin  b e in g  

m ainly  diffuse. The cytoplasm  of th e s e  c e l l s  

is  often r ic h  in  glycogen, which i s f r e q u e n t ly  

aggregated  (P la te  29), The adj acen t ty p e  3 

neurons also  frequently  contain g lycogen d e p o s i ts  

which occu r le s s  frequently  i n  these  c e l ls  i n  

o ther p a r ts  of the b ra in . On th e  b a s is  of th e  

e lec tro n  d en sity , size  and shape of t h e i r  

contained g ranu les, th re e  ty p e s  of o: c e l l  s , 

two of which occur in  the b ra in , have been 

recogn ised , (P la te s  23, 24, 25) • d e t a i l s  of 

which a re  given in  Table 4. In o ther r e s p e c ts ,  

these  ce lls  a re  s im ila r , a lthough ty p e  c e l l s  

of the ONC group contain m o re  num erous m u l t i  - 

lam ella te  bodies and ra th e r  few er Golgi u n i t s  

than the o th e rs . 

ce lls

The perilcarya of the ce lls  i s  sm a lle r  th a n  

those of c e lls  and usually  has an oval o r p o ly 

gonal outline, (P la te  30). The n u c leu s c o n ta in s  

both d iffuse  and aggregated  c h ro m a tin , but la c k s  

a  p rom inen t nucleolus. The ch arac t e r i  s t i  c 

g ranu les (Table 4) fu rth e r d is tin g u ish  th e s e  c e l l s  

from  tliose in  the o/ category .
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TABLE 5. Mean stainin/r indices of the two cell groups, within the brain, 
which selectively stain with Ewen’s paraldehyde fuchsin (surmary of data 
from Appendix 3). •

Cell
group

Rearing tempera- 
20°C

ture
10°C

Da
0(lhr)

ys al 
1

'ter
5

emer
5

gence
6-7 1

MIC 10 16 19 55 53 2
H- CO3 c+ 3. f J(_i.O 3 0 H‘CO 3

V - 15 21 25 28 8

VNC ^ 0 0 0 0 0 0
9 - 1 1 1 3 0

No* 2 30 4 3 10 15

* Number of specimens of each sex used.

TABLE 6. Summary of relative granule quantities of the brain 
neurosecretory cells.

Cell ■ 
group

Neoimagines 0 - 7  days 
old

Rearing temperature 
10'C 20*C 20'C

9 (f 9 (f 9 '
(f

MNC io‘'' la10 8 6 " 1

§ 3
c+ MH' n>CD03

ex',
w8 O)8 8 U")

6 7
CO

8
4 . io‘̂ CO10 10 " 0>10

ONC oCa .....  (A1 10" 10" 3" (O'
Li e 3 4 “ 5 " 5 " 5 " 2" 2‘"

Amounts â 'e based on a subjective assessment (0-10) of each cell 
type in different experimental groups. So that comparisons between 
cell types can be made some figures have had to be adjusted. 
Figures in parentheses refer to the number of specimens used in 
the assessment.
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LIGHT MICROGPAvPHS

Transverse sections showing the medial neurosecretory cell group.

Plate 26 : The llIC, of the neoimaginal male reared at 20°C, 
containing fine granular material,

Plate 27 ; The Mie, of a neoimaginal male reared at lO^C, 
containing coarse granular material.

Plate 28 : The MID, of a male reared and kept at 20°C, 6-7 days 
after emergence, some of which contain a single mass of purple 
stained material whereas a single cell upon each side has stained 

orange.

KEY:
A - neuropile 
C - cortex
n - neurosecretory cell 
o - orange staining cell
z - axons containing neurosecretory material 
SCALE BARS : 20pm.

(stain: Ewen’s aldehyde fuchsin)
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ELECTRON KTCROGRAPNS

The "brain's cortex of the neoimaginai male (20^C).

Plate 29 : Part of a containing glycogen deposits and showing 
the neurosecretory granules apparently budding off from a Golgi 

unit. SCALE EAR : 200nm.

KEY;
G - glycogen
R granular endoplasmic reticulum 
S - neurosecretion 
TJ - Golgi unit

Plate 30 ; A ^ cell showing electron-lucent granules.

SCALE BAR : 200nm.

KEY;
M - multilamellate body 

N - nucleus
Other labels as Plate 29 

The aorta of the neoimaginai male (20°C).

Plate 31 : Section of part of the aorta, showing the different 
neurosecretory granule types within the aorta wall and the 
recurrent nerve in the aortic lumen, SCALE BAR ; 1pm,

KEY;
neurosecretory cell granules 

•<̂2- neurosecretory cell granules 
p ^ neurosecretory cell granules 

a - aorta wall 
m  - recurrent nerve 
1 - aortic lumen

(Preparation procedure; Luff s epon)
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2. Axon Pathw ays of the Brain* a N eu ro sec re t o ry  C e lls

The n e u ro se c re to ry  pathways within th e  b r a in  a re  

shown in F ig u res  6 and 7. The connections of th e s e  

n e u ro sec re to ry  axons with re tro c e re b ra l  s t r u c tu r e s  a re  

shown in F ig u res 9 and 10 and re p re se n te d  s c h e m a tic a lly  

in  F igure  8. The axons form ing the n erv i corporis card! a cl 

p o s te r io r  to the b ra in  a re  su rrounded  by an a c e l l u l a r  

sheath 100 nm  in  depth and s im ila r in  appearance  to  th e  

b r a in 's  n eu ra l lam ella , wliich it  i s con tinuous w ith .

T liere is  no subjacent ce llu la r lay e r  to th is  sh e a th . The 

size of the g ranu les a t the d ista l end w ere found  to  be 

of s im ila r  size to those a t the p ro x im a l end of th e  axon 

and to those within tlie pe rika ryon .

As in o th e r in se c ts  (review  ENGELMANN, 1970), 

the nerve  issu ing  from  the m edian  n e u ro se c re to ry  groups 

witliin the b ra in , in  th is  case  the MNC and VNC, i s te rm e d  

the NCC I . S im ilarly , the n e rv e s  of th e  l a t e r a l  g roups, 

com prising  in  the m idge the JLNC and ONC, a re  te rm e d  

the NCC IX. U nless o therw ise  sta ted , the d e s c r ip t io n s  

below a re  b ased  upon e lec tro n  m icro scope  o b se rv a tio n s .

(a) N ervi Corporjg C ard iaci I

Axons of the MNC groups run  a n te r io -v e n tr a l ly  decussa 

ting in  a fron tal m edian  chiasm a b e fo re  tu rn in g  p o s te r io r ly  

to em erge  from  th e  v en tra l su rface  of th e  b ra in  a s  th e  

p a ire d  NCC 1 which en te r the la te ra l  w alls o f th e  a o r ta .
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Figure 9* Diagrams of transverse sections through the gut (g), aorta (a) 
and retrocerebral structures. Anterior to posterior: the (;) and
FCCII (;;) fuse with the wall of the aorta which becomes progressively 
muscular (stripping). The aortic lumen contains the recurrent nerve (r) 
which fuses with the Î33CI anterior to the hypocerebral ganglion (h). The 
two nerves running posteriorly from the ganglion fuse anterior to the 
corpus cardiacum (cc) which lies adjacent to the "glande post-cérébrale 
antériere (gp) and the peritracheal tissue (pt), the latter being attached 
to a branch of the dorsal cephalic tracheai(t).

K • ■ cc-
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Figure 10. Schematic representation of the retrocerebral structures 
in relation to the gut and the aorta as seen from the left side. The 
Arabic numerals correspond to the depths of sections shown in Figure 9« 
The collateral branches of the (b) fusing with the recurrent nerve^ 
and the NOA (nc) running from the corpus cardiacum to the corpus alia turn, 
are shown. Other labelling is as in Figure 9»

4

gp

I
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The MNC axona a re  the only n e u ro se c re to ry  n e rv es  which 

can be detected  in  the b ra in  by ligh t m icroscopy , because 

of th e ir  se lec tive  stain ing with EWEN* S ( 1962) a ldehyde 

fuchsin.

The axons of each group of VNC run  a n te r io * d o rs a l ly  to  

jo in  those of the con tra  la te ra l  MNC p o s te r io r  to  th e  

ch iasm a and so com prise  p a r t  o f the NCC I .

The NCC I becom es an in teg ra l p a rt of th e  v e n tro 

la te ra l  ao rta  wall (P la te  31). Each NCC I ty p ic a lly  

co m p rises  13 n e u ro sec re to ry  axons. Of th e s e  axons,

10 contain "type g ran u les , 7 o r 8 of which i s s u e  

from  die MNC and 2 o r 3 from  the VNC, The o th er 3 

axons contain the sm a lle r  g ran u les  and i ssue

from  the VNC which produce th is  type of n e u ro s e c re to ry  

granu le . The axons containing the g ra n u le s

usually  m ain tain  a  d o rsa l position  to the o th e r  axons of 

the NCC I , Between 5 and 10 n o n -n e u ro se c re to ry , ty p e  B 

axons, a lso  occur in  the NCC I . The o r ig in  of th e  axons 

ap p ea rs  to be the type 3 neurons of the p a rs  in t  e r c e re b ra l i  s .

B efore running into the hypocereb ra l g an g lio n , th e  tw o 

NCC I fuse  with the m edian re c u r re n t n e rv e .

(b) C o lla te ra ls  to the MNC axons

Axons from  the MNC b ifu rca te  into la rg e  b ranches over 

1 um  a c ro ss  which run  to the NCC I and sm a lle r  col 1 a t * 

e ra ls  approxim ately  700 nm  in d iam ete r. The eight
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c o lla te ra ls , containing oi^-type g ra n u le s , f ro m  each 

MNC group, becom e aggregated  in to  an axon bund le .

Tlie bundle of e a c h . side ru n s  dor sa lly , leav in g  th e  

b ra in  without decussating  through the low er l a t e r a l  

w all of the cen tra l canal. I t  then  ru n s  p o s te r io r ly  

on the d o rsa l su rface  of the gut, ju s t  l a t e r a l  to  th e  

ao rta . The axon bundle of each side th e n  p a sse s  

through the wall of the ao rta , e n te r in g  th e  lu m en , 

w here they both fuse with the single re c u r re n t n e rv e , 

which, up to th is  position , has not contained n eu ro 

se c re to ry  g ran u les . The axons no longer re m a in  

aggregated  but becom e d is trib u ted  am ongst th e  non

n e u ro se c re t o ry  axons of the re c u rre n t  n e rv e . A fte r  

the fusion of the NCC 1 with the re c u rre n t  ne rve , 

these  c o lla te ra ls  a re  indistinguishable from  o ther 

axons containing Af^-type g ranu les , m a ld n g i t  im p ra c t

icab le  to d iffe ren tia te  th e ir  te rm in a tio n s .

(c) N ervi C orporis C ardiaci 11

Axons from  both the LNC  and the ONC run  to w a rd s  th e  

m idline of the b ra in , en te ring  the n e u ro p ile  w here th e y  

combine to fo rm  the NCC I I  of each s id e . These n e rves 

leave the b r a in 's  v en tra l su rface  p o s te r io r  to  th e  em erg 

ence of the NCC I , The NCC I I  runs p o s te r io r ly  a long  

the la te ra l  w all of the a o rta  (P la te  32) before  fu s in g  w ith  

it  behind the  b ra in . I t  m ain ta ins a  do rsa l p o s i t io n  i n  

the a o rta  wall to the NCC I (P la te  31), even though th e y
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ELECTRON MICROGRAPHS 

The aorta of the neoimaginai male (20^0),

Plate 32 : Transverse section of the aorta and gut in the neck 

region, showing the NCC I as an integral part of the aorta 
wall and the right NCC II just anterior to fusion.
SCALE M R  : 1pm,
KEY;

A - aortic lumen 
L - gut lumen 
R - recurrent nerve 
W - gut wall 
i - NCC I 

ii - NCC II

Plate 33 : Transverse section of the hypocerebral ganglion showing 
aggregates of neurosecretory granules,
SCALE BAR : 1pm,

KEY:
A - aortic lumen 
b - glial cell 
c - neuron 
h - bounding sheath

Plate 34 : Detail of the sheath bounding the aortic lumen showing 
villi containing dense granular aggregates.
SCALE M R  : 200nm,

(Preparation procedure: Spurr's epon)
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m ay be ad jacen t. Of the 6 - 1 0  n e u ro se c re to ry  axons of

each NCC I I ,  a m axim um  of 4 contain -p-type g ra n u le s , 

the rem ain d e r containing o<i^-type g ran u les . As th e r e  a re  

often tw ice a s  m any axons containing od^-type g ra n u le s  

a s  th e re  a re  o^^-^type c e lls  in  an ONC group, i t  i s  

possib le  that the axons from  these  neurons b i f u r c a te .  

Although the axons have been  tra c e d  to th e  ONC reg io n , 

it  is  im p rac ticab le  to find the o rig in  of each axon, to  

d iscover with ce rta in ty  that two axons is su e  f ro m  a  

single ce ll. The NCC I I  a lso  c o n ta in s  betw een  10 and 

15 n o n -n eu ro sec re to ry  type-B  axons, whose o r ig in s  a re  

unknown. A n te rio r to the fusion of the NCC I w ith  th e  

re c u r re n t  n e rv e , m ost, if  not a ll, the axons of b o th  

NCC I I  leave  the a o rta  w alls and ru n  la te r a l ly  on 

each  side of the hypocereb ra l ganglion i n  th e  haem o- 

coel. E ach NCC I I  fu ses w ith an e p s ila te ra l nerve  

issu in g  from  th e  p o s te r io r  of the  hypocereb ra l g an g lio n , 

ju s t a n te rio r  to the corpus card iacum .

(d) C o lla te ra ls  to the LNC axons

The axon of each LNC b ifu rca te s  in to  two equal b ranches 

each  approxim ately  750 nm  a c ro s s . One b ranch  ru n s to  

the NCC I I ,  th e  rem ain ing  b ranch  ru n s  w ith  2 o r 3 

o ther s im ila r  c o lla te ra ls  containing p - ty p e  g ra n u le s , 

into the optic lo b es , w here they w ere tra c e d  f o r  a sho rt 

d istance .
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3. The F ron ta l Ganglion

The fron tal ganglion is  a  s in g le  m ed ian  m ass  of 

approxim ately  100 ce lls , a ttached  to the m id -d o rsa l su rfa c e  

of the a n te r io r  foregut (P la te  40), m easu ri ng about 25 x 40 

X 40 31m , L a te ra lly  a fron ta l connective on each s id e  

jo ins the ganglion to the tr ito c e re b ru m  of th e  b ra in .

A single re c u rre n t  nerve  is su e s  from  the p o s te r io r  of 

tlie ganglion.

The an te rio r  head  capsule, w here t h i s  g an g lio n  

is  s itua ted , is  heavily  cu ticu la rized , which p rev e n ted  

the cutting of u ltra th in  sections from  em bedded heads.

The b ra in  and m uch of the re tro c e re b ra l  com plex can 

be d issec ted  from  the head  c a p su le , but i t  was found 

that the a n te r io r  reg ion  of the  fo regut coul d not be 

rem oved  without destruction  of the ganglion. D e sc r ip tio n s  

of th is  ganglion a re  th e re fo re  b ased  upon l ig h t  m ic ro 

scope o b se rv a tio n s. The o ccu rren ce  and d i s t r ib u t i o n  

of g lia l c e lls  which can only be id en tified  w ith c e r ta in ty ,  

in  the m idge, with the e lec tro n  m icro scope, 1 s unknown.

The ce lls  o f the ganglion a re  s im ila r  to th e  "m edium " 

sized  neurons of the b ra in  and a re  th e r e f o r e ,  m ost 

probably , type 3 neu rons . Gom ori s ta in s  do not In d ic a te  

the p resen ce  of n e u ro se c re to ry  c e lls  and th e re  i s no 

e lec tro n  m icroscope evidence of n e u ro s e c re to ry  g ran u le s  

in  the  a n te r io r  of the re c u rre n t n e rv e . The two f ro n ta l  

connectives which have been  observed  w ith th e  l ig h t  

m icro scope , show no indication of n e u ro s e c re tio n .
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4* The R ecu rren t N erve

The single r e c u r re n t  ne rve  (F ig u re s  8 ,9 , 10) 

jo ins the fron t a l t o  the hypocereb ra l ganglion# At 

i ts  a n te r io r , i t  is  com posed of appro x im at el y  40 non- 

neuro se c re to ry  type 3  axons and i t  i s  su rrounded  by 

a 50 nm  thick n eu ra l lam e lla  with a  subj a cent la y e r  

of g liop lasm . A fter leaving the fron ta l ganglion, i t  

ru n s through the haem ocoel before becom ing  a tta c h e d  

to the m id -d o rsa l su rface  of the gut i n  th e  a n te r io r  

reg ion  of the b ra in . I t  ru n s  into th e  gut m uscu la tu re  

and becom es in tim ate ly  a sso c ia ted  with the epi t  hel I um 

of the gut wall* B efore en tering  th e  a n te r io r  opening 

of the a o rta , i t  ru n s  on the m id -d o rsa l su rfa c e  of th e  

gut* The re c u r re n t  ne rve  fo rm s an in te g ra l p a r t  of 

the v e n tra l w all of the a n te r io r  aorta* W hilst p a ss in g  

through the c en tra l canal of the b ra in , c o l l a t e r a l s  

from  the MNC groups of each side of th e  b r a in  fu se  

with i t. P o s te r io r  to the b ra in , the re c u r re n t  nerve  

leaves the v en tra l w all and m ig ra te s  dor sa lly  i n  th e  

lum en of the a o rta  (P la te  32). The su rro u n d in g  neu ra l 

lam ella  in  th is  reg ion  is  500 nm  in  dep th  and la c k s  

a  subjacent g lia l la y e r . In  the neck, axons o f th e  

NCCl and possib ly  a  few from  the NCC I I  fu se  w ith  

the re c u r re n t  ne rv e  ju s t a n te rio r to the hypocereb ra l 

ganglion.
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5. The H ypocerebral Ganglion

The h y pocereb ra l ganglion contains a s  few  as 

twenty ce ll bod ies, it m ea su re s  appro :dm ate ly  15 x 40 

X 40 pm . The a n te rio r half of the ganglion fo rm s  an 

in te g ra l p a r t  of tlie v e n tra l a o rta  wall {P la te  33 ). I t s  

p o s te r io r  reg ion  is  s itua ted  v en tra l to  th e  a o r ta  w a ll, 

as shown in  F ig u res 9 and 10. The g an g lio n  i s  s u r r 

ounded by an a ce llu la r  n eu ra l lam e lla  which has an 

ir re g u la r  th ic lo iess and is  reduced  on tlie b o rd e r of 

the a o rtic  lum en. In  the p o s te rio r  half of th e  g an g lio n , 

fat body c e lls  often occur adjacent to th i s la m e lla . 

P e rin eu ria !  ce lls , resem b ling  those of th e  b r a in  a re

not found, but an incom plete in v es tm en t w ith  c e l l s
\

s im ila r  to g lia l type 2 o c c u rs . The g a n g lio n  i s  not 

c lea rly  divided into a neurop ile  and c o r t i c a l  la y e r .

The non-g lia l ce lls  and th e ir  nuclei a re  i r r e g u l a r  i n  

shape. Each nucleus is  approx im ately  5 pm  a c ro s s  and 

contains diffuse and aggregated  c h ro m a tin , th e  l a t t e r  

often being m arginal.T he g rey  nucleoplasm ic backg rom d  

is  su rrounded  by a  c renu la ted  m em brane w ith  a  v a r ia b le  

th ickness. R ibosom es a re  num erous, b o th  f r e e  i n  th e  

cytoplasm  and encrusting  c is te rn ae  of endop lasm ic  

re ticu lu m . A few m itochondria  and m any glycogen 

ro se tte s  a re  d is trib u ted  in  the cy to p lasm . G olgi 

units a re  in frequen tly  encountered. Although som ewhat 

s im ila r  in  size to type 3 neurons o f the b ra in , th e y
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do not resem b le  them  in d istribu tion  o r freq u en cy  of 

th e ir  o rg an e lle s .

The ganglion contains num erous agg regates of 

n e u ro sec re to ry  m a te r ia l, m ainly of A^^-type g ra n u le s . 

The n e rv es  leaving  the ganglion p o s te r io r ly  c o n ta in  

only <^j-type g ranu les, ind icating  that th e  axons f ro m  

the ^ 2̂ -type ce lls  of the VNC te rm in a te  h e re , a s  shown 

in F igu re  8 ,

In  the a n te rio r  h a lf of the gang lion  th e  n eu ra l 

lam ella , 100 nm  o r  le s s  in  th ic la iess, which fo rm s  

the v e n tra l boundary of the a o rtic  lum en, fo rm s  num erous 

sh o rt v illi . When ad jacen t to axons w ith n e u ro s e c re tio n  

in  them , the v illi often contain single, round, e le c t r o n -  

dense bod ies, 100 -  150 nm  in d ia m e te r . These bodies a re  

s im ila r  in  size  to û^^^-type g ran u les , but l a r g e r  th a n  

glycogen ro se tte s  m easu ring  5 0 -7 5  nm  a c ro s s  which 

a lso  occur subjacent to the n eu ra l la m e lla .  At h igh  

m agnifications i t  is  rev ea led  that th e  b o d ies  a re  com p

r is e d  of finely  g ran u la r m a te r ia l  and a re  not d e lim ite d  

by a  surrounding m em brane , (P la te  34). Under some 

stain ing conditions, the n eu ro sec re tio n  i n  th e  ad jacen t 

axons a lso  appears  to be com posed of finely  g ra n u la r  

m a te r ia l, but it  is  su rrounded  by a l im i t in g  m em brane.

A p a ir  of n e rv e s  is su e s  fro m  the p o s te r io r  of 

the ganglion and jo ins i t  to the p a ired  co rp o ra  card i aca .
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Each nerve  contains approx im ate ly  30 axons, m any of 

which contain ^ j- ty p e  g ran u les . A n te rio r to  th e  co rpora  

ca rd iaca , the ne rve  of each side fu ses w ith  th e  I p s i - 

la te ra l  NCC I I .

6. The C orpora C ard iaca

The position and innervation  of the co rp o ra  c a r d ia c a  

a re  shown in F ig u res  8, 9 and 10. Each card iacum  c o n s is ts  

of a neurop ile  bounded on i ts  ou ter la te ra l  su rfa c e  by a 

single lay e r of loosely  a sso c ia ted  ce lls . The c o m p le te  

s tru c tu re  is  enclosed  w ithin an a ce llu la r  sheath , u s u a l ly  

100 nm  in  th ickness, but in  som e a re a s  a s  m u ch  as 

500 nm , which is  s im ila r  to the brain* s n eu ra l la m e lla .

E ach card iacum  (P la te  36) co n ta in s  up to  10 

s im ila r p e a r-sh a p ed  ce lls  m easu ring  app ro x im ate ly  10 x 

10 X 40 um . In  wax sections s ta in e d  w ith  EWEN* S (1962) 

aldehyde fuchsin, the 5 pm  d iam eter nucl eus appears  a 

b rillia n t orange surrounded  by a  pale g reen  cy to p la sm , 

which frequently  contains la rg e  q u an titie s  of p u rp le  

g ranu les rep re sen tin g  neuro s e c re tio n  (re fe r  to  Appendix 

3). The e lec tro n  m icroscope rev ea ls  a m arg inal n u c le o lu s , 

2 um  a c ro s s , a s  well as sm a lle r  a g g re g a tio n s  and much 

diffuse chrom atin . The nucleoplasm i c background i s 

typ ically  white and surrounded  by a sm ooth re g u la r  

m em brane. Sm all, in tra -n u c le a r  p a rtic le s  s im ila r  to  

those d esc rib ed  by NORM ANN (1965) w ere not observed . 

The cytoplasm  has the sam e c h a ra c te rs  as th e  common
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LIGHT MICROGRAPHS

Plate 55 : Horizontal section of the brain of a neoimaginal (20°C) 
male stained with alcian blue/Schiff's, showing the green colour- 
- ation of the MNC,
SCALE BAR : 10pm,
KEY:

arrow - M?U
X - central complex

Plate 36 ; Transverse section of the retrocerebral glands of a 
neoimagiral (20°C) male stain with Ewen*s aldehyde fuchsin,
SCALE BAR : 10pm. '
KEY:

a - corpus allatum 
c - corpus cardiacum 
g - *gpca*
1 - aortic lumen 
p - peritracheal tissue 
w - gut

Plate 37 : Transverse section of the * gpca' and corpus cardiacum 
of a (20^C) male, 6-7 days after emergence, stained with Ewen's 
aldehyde fuchsin. Note the granular appearance of the 'gpca* 
as compared to the neoimagine (Plate 56), and the dark staining 
of the corpus cardiacum cells.
SCALE BAR : 10pm,
KEY: . :

labels as plate 5 6,
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fe a tu re s  of the brain* s n e u ro se c re to ry  ce lls , i n  a d d it io n  

to which the c is te rn ae  of tlie endoplasm ic r e t i c u lu m  a re  

often d istended and the m itochondria  a re  f r e q u e n t ly  long  

and th in  with dense m a tr ic e s . The e le c tro n -d e n s e  g ra n u le s  

which the cytoplasm  contains v a ry  from  70 to  550 nm  in  

d iam ete r (P la te  41) and the population shows a bi m odal 

d istribu tion  of s iz e s  (F igu re  11). Cell b o d ies  of g l i a l  

ce lls  and n o n -n eu ro sec re to ry  neurons do not occur i n  

the c a rd iaca . The axons of the n e u ro p ile  re g io n  in c lu d e  

tliose fro m  the hypocereb ra l ganglion , th e  NCC II  and 

the cardiacum * s in tr in s ic  n e u ro sec re to ry  c e l l s .  A ggregates 

of n e u ro se c re to ry  g ranu les (P la te  42), m any hav ing  a  

d iam eter la rg e r  than 300 nm  (F igu re  11), occur i n  th e  

in tr in s ic  cells* axons. The s m a lle r  g ranu les i n  th e  

axons of the e x tr in s ic  n e u ro sec re to ry  ce ll s a re  not 

u sually  aggregated . Evidence for th e  r e le a s e  of n eu ro 

se c re to ry  g ranu les was not o bserved  i n  th e  c a rd iacu m .

7. N ervi co rporis  a lla ti

F rom  tlie d o rsa l p o s te rio r  of each of th e  co rp 

o ra  c a rd iaca , a  n e rv e , (P la te  38), the n e rv i 

co rp o ris  a lla ti , ru n s  dor sa lly , ad jacen t to  th e  p e r i 

trac h ea l tis su e  to the e p s ila te ra l co rpo rus a lla tv im  as 

shown in F ig u res 9 and 10. Each nerve  i s  surrounded 

by an ace llu la r  sheath, 100 nm  thick, re s e m b lin g  th e  

brain* s n eu ra l lam e lla . I t  contains a p p ro x im a te ly  

40 axons, of which up to 4 contain c42*typ® g ran u le s ,
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LIGHT MICROGRAPHS

Plate 36 : Section of a corpus cardiacum, stained with Heidenhain's 
azan, showing the the KCÀ, of a neoimaginal (20^0) male,

SCALE BAR : 10pm.
KEY:

c - corpus cardiacum cell 
h - haemolymph 
n - NCA

Plate 39 : Transverse section of the neoimaginal (20^0) male stained 
with I-lallory's trichrome showing the paired corpora allata.

SCALE BAR : 10pm.
KEY:

a - corpus allatum 
h - fat body 
1 - aorta

Plate 40 : Transverse section of the extreme anterior of the foregut, 
of a neoimaginal (20°C) male, stained with Ewen's aldehyde fuchsin, 
showing the frontal ganglion.
SCALE BAR : lO^m.
KEY:;

e - external cuticle of the head 
f - frontal ganglion 

o - fore gut
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ELECTRON MICROGRilPHS

The corpora cardiaca of the neoimaginai (20^0) male.

Plate 41 ; Section of a corpus cardiacum showing an intrinsic 
secretory cell and the neuropile region.
SCALE BAR : 1pm.
KEY;

A - neuropile 
C - corpora cardiaca cell 
n - nucleus
r - granular endoplasmic reticulum 
s - intrinsic secretion

Plate 42 ; The neuropile region of a corpus cardiacum showing the 
granule aggregations.
SCAIE BAR ; 1pm.
KEY;

- <, t}"pe neurosecretory granules 
oCi. - (̂ ztype neurosecretory granules 
1% - type neurosecretory granules 
8 - intrinsic secretion

(Preparation procedure: Luff s epon)
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3 p -type g ranu les and 9 c4 j-ty p e  g ran u le s . The probabl e 

o rig in s of these  axons a re  Indicated  i n  F igure  8. Mo axons 

containing la rg e  g ranu les  s im ila r  to  those of th e  i n t r i n 

sic  card iacum  ce lls  o c cu r.

A sm all b ranch  from  th is n e rv e  of up to  10 axons 

in n erv a te s  the e p s ila te ra l p e ritra c h e a l t i s s u e .  Two o r 

th r e e  of the axons have been found to con ta in  

g ranu les.

3, The C orpora A llata

The spheri cal co rpo ra  a lla ta , approxi m ate ly  40 pm  

in d iam ete r, a re  situ a ted  on e ith e r side of the a o r ta  a t 

the d o rsa l ex tre m itie s  of s tran d s  of p e ri t r a c h e a l  t i s s u e ,  

as  depicted  in F ig u res  9 and 10, ^

With the ligh t m icroscope  each a llatum  appears  a s  a 

so lid  ball o f approxim ately  100 sm all c e l ls ,  (P la te  39) and 

re sem b les  tîie pseudolym phoid type of NOVAK ( 1975). In 

wax sections sta ined  with EWEN*S (1962) aldehyde fu c h s in  

the nuclei o f th ese  ce lls  appear o range and th e  c y to p la sm  

g reen  without any purple g ran u les .

The e lec tro n  m icroscope  rev e a ls  tha t each  a l l a tu m  

is  su rrounded  by an ace llu la r  sheath , app rox im ate ly  

400 nm  th ick , wliich is  com posed of fine g ran u la r m a te ria l 

lacking any f ib r il la r  e lem en ts . This sheath does not 

pene tra te  betw een tlie subjacent ce lls , (P la te  43 ). Two
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ELECTRON MICROGRAPHS

The corpora allata of the neoimaginai (20°C) male.

Plate 43 : Transverse section of the posterior region of a corpus 
allatum showing the cortical and medullary layers.
SCALE BAR : 1pm.
KEY;

c - cortex 
m - medulla 

■ s - sheath

Plate 44 : Section of the marginal zone of a corpus allatum 
showing the cellular interdigitations.
SCALE BAR : 1pm.
KEY:

g - glycogen deposits 
n - nucleus 
r — ribosomes 
s - sheath

Plate A3 : Detail of the medullary region showing several 
neurosecretory axons.
SCALE BAR : 1um.
KEY;

«4 - «A type neurosecretory granules 
(3 - ^ type neurosecretory granules

(preparation procedure: Luffs epon)
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background su rrounded  by a c renu l a t ed m em brane of 

reg u la r w idth.

Subjacent to  the co rti cal la y e r  a re  about 100 

sphero id  m edu llary  ce lls  with a d ia m e te r  t y p ic a l ly  

of 7 31m , The cytoplasm  of the m e d u lla ry  c e l l s  

has a  low er density  of ribosom es and c o n ta in s  few er 

m itochondria  than th e  co rtica l c e lls , but ly so so m e - 

like bodies occur m ore  frequently . The o th er o rg a n e l le s  

and inclusions resem b le  those of c o r t i c a l  c e l l s  b o th  

in appearance  and freq u en cy  of o c cu rren c e . The n u c leu s 

re sem b le s  tha t of a c o rtica l cell, except th a t  th e r e  

is  le s s  d iffuse  chrom atin  and the n uc leop lasm ic  back 

ground is  l i g h t e r .  A co n sid erab le  p ro p o rtio n  of th e  

p lasm a m em brane is  linked to that of a d jacen t c e l l s  by 

t ig h t junctions. No ex tra ce llu la r  spaces occur i n  th e  

a lla ta . P ro c e s se s  of the m edu llary  c e l l s  fo rm  com plex  

in te rd ig ita tio n  betw een  which axons f ro m  the nerv i 

co rp o ris  a lla ti ram ify . The p lasm a m em branes of th e  

axons a re  linked to the co rtica l c e l ls  by t ig h t  ju n c t io n s .  

The axons have no g lial investm ent. Axons c o n ta in in g  

(3- type g ranu les a re  frequently  en co u n tered  i n  th e  

m edulla (P la te  45) suggesting th a t the th r e e  axons 

containing th is  type of granule undergo con si derab l e 

branching upon en tering  the a lla ta . Axons co n ta in in g  

ù^^--type g ranu les (P la te  45) a re  l e s s  f r e q u e n tly  

encountered. The la rg e  /x^^-type g ranu les have not
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been found in  the a lla ta , even though th e y  a re  p re sen t in  

axons of the nerv i co rp o ris  a l l a t i .

The co rp o ra  a lla ta  a re  a ttached  to th e  a o r ta  wall 

by a sh o rt sta lk  containing cytoplasm  of c o r t ic a l  c e l l s  

and su rrounded  by the a ce llu la r  sh e a th . The a o r ta  wall 

is  m u scu la r and up to 2 \un th ick  in  th i  s re g io n .

9. The P e r itra c h e a l T issue

The position  and innervation  of th e  p e r i t r a c h e a l  

tis su e  in re la tio n  to o th er endocrine s t ru c tu re s  i s  dep

ic ted  in F ig u res  8, 9 and 10, I t  c o n s is t s  of p a ire d  

strands of tissue* the a n te rio r  ends of each a re  a t ta c h e d  

to  a b ranch  of the d o rsa l cep h a lic  trac h ea  and th e  p o s t 

e r io r  ex trem ity  l ie s  adjacent to the epsl 1 a t e ra l  corpus 

allatum* E ach s tra n d  is  cylindrical* approxim ately  30 pxn 

in  d iam ete r and 40 -  60 pm  long, typi c a l l  y  i n  th e  shape 

of an upright A n terio rly , the m iddle of th e  *’U”

lie s  ad jacent to the e p s ila te ra l corpus c a rd iacu m  and 

p o s te r io r ly  to the  "glandes p o s t-c é ré b ra le s  a n té r ie u re s "  

of tha t s ide .

In  wax sections sta ined  w ith  EWEN* S (1962) 

aldehyde fuch sin, each s tran d  can be seen  to  c o n s is t 

of approxim ately  50 ce lls  form ing a d i f fu s e  t i s s u e ,

(P la te  36). The cy top lasm  of th ese  c e l l s  s t a in s  p a le  

g reen  with a lig h te r g reen  nucle i. Each nucleus c o n ta in s  

se v e ra l orange staining deposits , m ost p robab ly
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rep re se n tin g  aggregated  c h ro m a tin . Investing  th e  

tis su e  is  a  sheath which sta in s g reen . The p e r i t r a c h 

eal tis su e  i s  easily  d istinguished from  the adj acent 

fat body c e lls , wliich have co lo u rless  tra n sp a re n t c y to 

p lasm  su rrounded  by a  d istinc t ce ll m em brane , when 

sta ined  w ith  aldehyde fuchsin .

Rem oval o f the re tro c e re b ra l  com plex by d is s e c t io n  

invariab ly  destroyed  the p e ritrac h ea l t i s s u e .  E le c tro n  

m icroscope  stud ies a re  th e re fo re  based  upon m idges 

em bedded with SPURR'S (1969) epon, i n  which th e  

tis su e  m ay be observed  in  s i tu . The c e l l s  of th e  p e r i 

trac h ea l tis su e  a re  found to v a ry  i n  e le c t r o n - d e n s i ty  

(P la te  46), Those with the g re a te s t  e le c tro n - lu c e n c y  

appear to have undergone considerab le  c y to p la sm ic  

degeneration , w hereas the e lectron-opaque cell s have 

condensed cytoplasm . The nuclei a re  of v a r i  abl e 

i r re g u la r  shapes, the m axim um  w id th  t y p ic a l ly  b e in g  

6 pm . The crenu la ted  n u c lea r m em brane has a  v a ri abl e 

width and encloses a  nucleoplasm ic background, v a ry in g  

from  g rey  in e lectron-opaque ce lls  to w h ite  i n  e le c t r o n -  

lucent ce lls . Each nucleus contains m uch aggregated  

chrom atin , which has a g re a te r  e le c tro n  d e n s ity  

than any o th e r  so fa r  encountered in  the neoim agine.

U sually se v e ra l of the agg regates in  each n u c leu s  encom p

a s s  round a re a s  of e lec tron -lucency  ( ty p ic a lly  200 -  600 nm 

in  d iam ete r), containing cen tra lly  p laced  g ran u la r m a te ria l • 

The undegenerated  cytoplasm  contains m any f re e  r ib o so m e s  

and a few, sm a ll, round  m ito ch o n d ria , C is te rn a e  of
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sm ooth endoplasm ic re ticu lu m  a re  f r e q u e n t ly  encoun tered  

w hereas ribosom e-studded  c is te rn ae  a re  r a r e .  A conspi c - 

uous c h a ra c te r is tic  of these  ce lls  i s  the la rg e  num bers of 

c lear v e s ic le s , 100 - 300 nm  in d iam ete r, which a re  s im ila r  

to those contained in adjacent fa t body ce lls  and, p re s u m 

ably re p re se n t lip id  d ro p le ts . Several ly so so m e-lik e  

m u ltiv es icu la r and m u ltilam ella te  b o d ies  u s u a l ly  occur 

in each ce ll. The ce lls  have long cy top lasm ic  p ro c e sse s  

which in terw eave in  the considerab le  e x t r a c e l lu l a r  sp ace  

of the t is su e . An ace llu la r sh ea th , com posed of f in e  

g ran u la r m a te r ia l te rm ed  ex ternal lam ina (NOVAK,

1974), com pletely  su rrounds the tis su e . I t v a r ie s  f ro m  

50 to over 400nm  in th ickness and in som e a re a s  i s 

throw n into fin g er-lik e  p ro jec tio n s, p resum ably  to  

in c re a se  the su rface  a re a .

10. The G lande s P o s t -C éréb ra le  s A n té rieu res

The glandes p o s t-c é ré b ra le s  a n te 'r ie u re s  a re  p a ire d  

s tru c tu re s  lying on e ith e r side of th e  gut a d jacen t to  th e  

co rp o ra  c a rd iaca  and p e ritra c h e a l tis su e , as shown i n  

F ig u res 9 and 10, The glands a re  e llip so id  i n  shape, 

approxim ately  30 x 30 x 50 pm . With F  WEN' S (1962) 

aldehyde fuchsin (P la te  36), the gland s t a in s  p a le  g reen  

with a cen tra l lig h te r coloured zone, c re a t in g  th e  im p 

re s s io n  of a  lum en. No nuclei a re  apparen t i n  s ta in e d  

wax sections.
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ELECTRON MICROGRAPHS

Plate 46 : Section of the marginal zone of peritracheal tissue, 
of a neoimaginai (20°C) male, showing the dense chromatin and 
variable electron-opacity of the cytoplasm of different cells. 
SCALE BAR ; 1pm,
KEY;

a - neurosecretory axons 
b - multilamellate body 
0 - dense chromatin 
d - lipid droplets 
n -  nucleus
arrows - electron-lucent nuclear areas surrounded by dense 
chromatin,

Plate 47 : Section of part of a 'GPGA', of a neoimaginai (20^0) 
male, showing the infoldings of the external membrane into the 
body of the gland. Note the encrusting of these infoldings with 
fine granular material (arrows) in the gland's marginal zone, 
SCALE BAR : 1pm,
KEY;

M - matrix
s - saccules of smooth endoplasmic reticulum 
V - membrane bound vesicles

(Preparation procedure: Spurr's epon)
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As with p e ritra c h e a l tis su e , d if f ic u lty  was en count -  

e re d  in  rem oving these  glands, so that th e  e le c t r o n  m i c r o 

scope ob serv a tio n s a re  b ased  upon tis su e  em bedded in  

SPURR'S (1969) epon. Fine s tru c tu ra l r e s u l t  s show th a t  

these  glands contain no nuclei and a re  not d iv id e d  

into ce lls  by p lasm a-m em b ran es . Surrounding each g lan d  

is  an ex ternal sheath, approx im ately  100 nm  in  th ic k n e s s , 

com posed of fine g ran u la r m a te r ia l. Subjacent to  th e  

sheath, the ex ternal m em brane of the g lan d  i s  fo ld e d  

into p ro c e sse s  which p ro jec t deep in to  th e  g lan d  ( P la te  

47), form ing a to rtuous sy stem  of in te rco n n ec tin g  ch an n e ls . 

In the m arg ina l reg ion  of the gland, both c y to p la sm ic  

sides of these  infoldings a re  freq u en tly  in c ru s te d  w ith  

fine g ran u la r m a te r ia l. The lum en of the p ro c e sse s  

contains sm all quantities of g ra n u la r  m a te r ia l .  V e s ic le s  

vary ing  in  size a re  d isp e rsed  in  the g ran u la r m a tr ix  of 

the gland. V esic les of 100-250  nm  d ia m e te r  a re  o f te n  

found in  asso c ia tio n  with the p ro lif ic  saccu les o f sm ooth 

endoplasm ic reticu lum * F req u en tly , a g g re g a te s  of 

these  v e s ic le s  a re  enclosed  withi n a double unit m em brane 

wliich can often be seen to be confluent to  th e  m em brane 

of the p ro c e sse s  from  the g la n d 's  p e rip h e ry . L a rg e r 

e lec tro n -lu cen t v e s ic le s  with a d iam eter of a s  m uch as 1 )am 

occur throughout the gland. P a r t ic le s ,  the s iz e  of 

rib o so m es, occur throughout the g ran u la r m a tr ix  of th e  

gland but rough endoplasm ic re ticu lum , m ito c h o n d r ia  

and d isc re te  Golgi un its a re  a b se n t.
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These glands a re  not in n e rv a te d . Some of th e  

ce lls  of the co rp o ra  c a rd iac a  have cy top lasm ic  pro j a c 

tions which abut onto the su rface  of th e  g lan d  but do 

not fuse with i t.

D« O ther N eu ro sec re to ry  S truc tu res

Several s tru c tu re s , apparen tly  n e u ro s e c re to ry , have been 

found in  the neoim agine. T heir a sso c i a t ion w ith th e  c la s s ic a l  

in sec t endocrine sy stem  is  unlcnown. For convenience, th e s e  

heterogeneous s tru c tu re s  w ill be d esc rib ed  in  th e  sam e sub

div ision .

1. N e u ro se c re to ry  ce lls  of the suboesophageal ganglion

Two groups of n e u ro se c re to ry  ce lls  have been found 

in the suboesophageal ganglion. T heir s iz e , lo c a t io n ,  

constituent ce ll types and staining re sp o n se s  a re  in d ic a te d  

in F ig u res  6 and 7 and T ables 1, 2, 3 and 4. The c e l l s  

of both groups exiiibit the common fe a tu re s  of th e  

n e u ro sec re to ry  neurons of the b ra in , d e sc r ib e d  above.

The groups w ere a rb ita r ily  designated  SNCj and SNC^

The SNCj ce lls  occur singu larly  on each s id e  i n  th e  

an te rio r  reg ion  of the ganglion, i n  the in te rn a l  d o rso -1 at e ra l 

co rtica l la y e r  of the c ru ra . As th e  c ru ra  i s not de

lim ited , these  ce lls  m ay possib ly  be s i tu a te d  i n  th e  

v en tra l tr ito c e re b ru m  of the b ra in . In  w ax  se c tio n s  

they w ere not d ifferen tia ted  by the s ta in in g  tech n i ques 

em ployed. E lec tro n  m icroscope  o b se rv a tio n s  show
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that these  ce lls  d i f f e r  in sev e ra l r e s p e c ts  f ro m  the 

two c la sse s  of b r a in  n e u ro s e c re to ry  c e l l s  d e sc r ib e d  

above. The ENC^cells a re  te rm ed  If c la s s  c e l l s .  The 

perikaryertof th e s e  ce lls  is  i r r e g u la r  i n  o u t l in e  and 

contains a m arg inal nucleus with a crenul a t ed nucl e a r 

m em brane of v a riab le  w id th , Most of th e  chrom atin  

is  in  diffuse fo rm , a few sm all agg regates al so occur 

but a d isc re te  nucleolus i s a b se n t. The ci s te rn a e  of 

the g ran u la r endoplasm ic re ticu lum  d i f f e r s  f ro m  

th o se  of b ra in  n e u ro s e c re to ry  c e lls  in  ap p ea rin g  

distended (P la te  43). The X cells a re  u n u su a l, as th e y  

a re  thought to  con ta in  two ty p e s  of g ra n u le s  based  

upon the following re a so n in g . C u ttin g  a c y lin d ra l  o r 

f la tte n e d  granule would re s u lt  in two, ty p e s  of p r o f i l e s ,  

being approxim ately  round o r oblong i n  shape. If  i t  

is  a ssum ed  th a t  th e re  is  an equal chance of c u t t in g  

a  fla ttened  granule in one of the th ree  s p a t ia l  p la n e s , 

th e re  would be tw ice  the chance of o b ta in in g  an 

oblong a s  opposed to a  round shape. As th e  s e c tio n s  

a re  about 80nm  in th ickness and th e  f l a t t e n e d  g ran u le s  

appear to m easu re  approxim ately  200 nm  long  and 90 nm 

in d iam ete r, th e re  a re  four chances of o b ta in in g  a 

round p ro f ile  and two chances of o b ta in in g  an oblong 

p ro f ile  in each  of the o ther two s p a t ia l  p la n e s . 

T here fo re , i f  only flattened g ranu les w ere p re s e n t , 

th e re  would be an equal chance of o b ta in in g  round 

and oblong p ro file s . As round p ro f ile s  a re  fo u r t im e s  

a s  common as  oblong, i t  is  concluded that sp h e ric a l
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ELECTRON MICROGRAPHS

Plate 48 ; Part of a cell of the SRC, group, of a neoimaginai
(20^0) male, showing the spherical and flattened granules and the 
distended cisternae of endoplasmic reticulum,

SCALE BAR ; 200nm.
KEY :

M - mitochondrion
R T granular endoplasmic reticulum 
S - neurosecretory granules

Plate 49 : Section showing several neurosecretory cells which 
occur in the prothoracic ganglion of neoimaginai (20^0) males.
Note the whorled configuration of the endoplasmic reticulum 
displayed in one of the cells.

SCALE BAR : 0*5pm.
KEY:

N - nucleus
S - secretory granules 
U - Golgi unit
W - whorled granular endoplasmic reticulum

Plate 50 : Release site of the prothoracic ganglion's neurosecr- 
< etory cells axons of a neoimaginai (20^0) male. Note the 
swollen ending of one of the axons and the reduced thickness of 

the neural sheath (arrow),
SCALE BAR : 1pm.
KEY:

H - neural sheath 
S - secretory granules 

T - trachea
(preparation procedure; 4S, Luff s epon: 49 & 5^; Spurr's epon)
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as well a s  cy lind rica l g ranu les occur In th e  r a t i o  3 : 1 .  

Axons from  these  ce lls  run  p o s te r io r ly  and m a y  connect 

to e p s ila te ra l n e rv e s , which c o n ta in  s im ila r  g ra n u le s  i n  

the d o rso -la t e ra l  w alls of th e  stom adaeum .

The SNCg ce lls  occur s ingu larly  o r i n  p a i r s  on 

e i th e r  side of th e  m idline in  the v en tra l c o r t i c a l  la y e r  

of the Euboesophageal ganglion . In  wax s e c t io n s , th e s e  

ce lls  have been found to in f re q u e n tly  con ta in  p u rp le  

g ranu les when sta ined  with EW EN'S (1962) a ldehyde 

fuchsin. These ce lls  w ere d esig n a ted  as Af^-type on 

e le c tro n -m i croscope observations, f o r  a lth o u g h  r e s e m 

bling the 0̂  cell 8 of the b ra in ,  they d i f f e r  i n  g ran u le  

c h a ra c te rs  (Table 4), e sp e c ia lly  i n  e le c t  ron -den  s i t  y 

(P la te  28). The axons run  p o s te r io rly , but i t  was 

im p rac ticab le  to tra c e  them  to th e ir  r e le a s e  s i t e s .

2. N e u ro se c re to ry  ce lls  of the P ro th o rac i c G anglion

In  each side of the a n te rio r  p ro th o rac i c g an g lio n  

in  the dorsad, c o rtica l lay e r , ju s t  i n t e r i o r  to  a la rg e  

nerve  runn ing  to  the p ro leg , a re  a  group of 4 o r 5 

ce lls  resem b ling  the e^^-type n e u ro se c re to ry  neurons 

of the b ra in . The c is te rn ae  of the g ra n u la r  endop lasm ic
i t i

re ticu lum  is  m ore  d istended than /the  j- ty p e  c e l l s  

of the b ra in  auid oft en o ccu rs  in  w horls a t th e  c e n tre  of 

which a re  Golgi u n i t s  (P la te  49). These c e l l s  c o n ta in  

v e ry  few ^ ij- ty p e  g ranu les which m ay account f o r  t h e i r  

lack  of se lec tive  staining w i th  EW EN '5 (1962) aldehyde
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fuchsin. The c h a ra c te r is tic  changes i n  shape of th e  

nerve  co rd  and the size of the p e rik a ry a  of th e s e  c e l l s ,  

allow s them  to be identified  in wax se c tio n s  t r e a te d  w ith  

aldehyde fuchsin, which sta in s tlie cy to p lasm  a d a rk e r g reen  

than tha t of the ad jacen t type 3 neu rons. The g re a te r  b aso 

phil a  that th is stain ing  re f le c ts , p ro b ab ly  r e s u l t s  f ro m  

the denser population of ribosom es in  th e s e  c e l l s  as 

com pared  with the ad jacen t neu rons. The axons of th e s e  

two groups of ce lls  run  p o s te r io rly  and le a v e  th e  do rsa l 

su rface  at the r e a r  of the p ro th o rac ic  g an g lio n  as  a p a i r  

of n e rv e s . Each nerve  co m p rises  20 axons, a l l  of which 

contain considerab le  quantities of o-^j-type g ra n u le s , 

su rrounded  by a  sheath , 400 nm  in thi ckness, resem b lin g  

the n eu ra l lam ella  of the b ra in . Each nerve  runs p o s te r io -  

do rsa lly  through the haem ocoel to  the l a t e r a l  m edian 

side of the la rg e  'l a t e r a l  longitudinal" t r a c h e a  of th e  sam e 

side. E ach nerve  runs p a ra lle l to the tra c h e a , te rm in a tin g  

ju s t v en tra l to  it  and adjacent to fa t body c e l l s  i n  th e  

me so tho rax . The axon endings a re  sw ollen , ty p ic a l  of 

neurohaem al a re a s  (MADDRELL, 1974) and th e  su rround 

ing lam ella  is  thin o r absen t, which m ay f a c i l i t a t e  

re le a se  of n e u ro sec re to ry  m a te r ia l ( P la te  50). S im ila r  

ce lls  w ere not found in  homologous p o s i t io n s  i n  th e  

me so o r m etatho rax ,

3. P e r ip h e ra l n e u ro sec re to ry  ce lls  of th e  P ro th o rax

P e a r-sh a p e d  c e lls , typ ically  16 x 8 pm  i n  p r o f i l e ,  

occur singu larly  in  the la te ra l  fat body on e i t h e r  s id e  of
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the p o s te r io r  p ro tho rax . These c e lls  ex h ib it th e  common 

fe a tu re s  of the n e u ro se c re to ry  neurons of th e  b ra in ,  d e s

cribed  above. The c is te rn ae  of th e  g ranu la r endoplasm ic 

re ticu lu m  appear m ore  d istended than o ccu rs  i n  th e  

b r a i n '8 n e u ro se c re to ry  c e lls . The nucleus, app rox im ate ly  

4 ]um in d iam eter contains a p e r ip h e ra l  n u c leo lu s , t y p ic 

ally  1 pm  a c ro ss , as w ell as sev e ra l s m a lle r  agg regates 

and a l i t t le  diffuse ch rom atin . The ro o t a p p a ra tu s  of a 

scolopidium  runs into the rounded p o le  of th e s e  c e l ls ,  

(P la te  52). The single scolopidium  of each s id e , 1 m m  

o r  m o re  in length, ru n s  dor sa lly  through the haem ocoel 

and ep iderm al cell lay e r  to join the cuti cl e a t t  he 

p o s te r io r - la te ra l  ex trem ity  of the pronotum . The e le c t r o n -  

dense g ranu les in the cytoplasm  (P la te  51), a re  s im ila r  

in  both range and bim odal d is tr ib u tio n  of s iz e s  to  th e  

co rp o ra  ca rd iaca  ce lls  (F igu re  11). E ach of th e s e  

p e rip h e ra l ce lls  gives r i s e  to a group of 3 - 5  axons 

which contain g ranu les with d ia m e te rs  i n  th e  sam e 

range as  the sm a lle r  m ode of the c e lls ' bi m odal di s t r i b -  

u tion. Each cell and its  axon bundle, a re  su rrounded  by a 

sheath , which v a rie s  in  th ickness betw een 250 and 400 nm , 

and is  s im ila r in  s tru c tu re  to the b r a i n 's  n eu ra l la m e lla . 

The axons run  a n te rio rly  to the v e n tra l  su rfa c e  of a 

la rg e  tra n s v e rse  m uscle  block in  th e  a n te r io - v e n tr a l  region 

of the p ro tho rax . The axons of each c e l l  b ranch  in to  

sev e ra l sm a lle r  f ib res  which te rm in a te , subjacent to  th e  

m usc le  block on the ip s i la te ra l  side of th e  m id lin e , in
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ELECTRON MICROGRAPHS

The peripheral neurosecretory cells of the prothorax of neoimaginai 
(20°C) males.

Plate 31 : Cell body of a peripheral neurosecretory cell containing 
a bimodal distribution of granule sizes.
SCALE BAR ; 1pm.
KEY;

A - axons
H - surrounding sheath 
N - nucleus
S - secretory granules

Plate 52 : Part of a peripheral neurosecretory cell showing the 
root apparatus of a scolopidium in close association with the 
cell.

SCALE BAR : 1pm .
KEY;

C - peripheral cell cytoplasm 
R - root apparatus of the scolopidium

Plate 53 : Termination site of the axons from a. «. peripheral 
neurosecretory cell. Note the swollen ending of the axon 
covered with a'thin neural sheath (arrow), and the small 
electron-lucent vesicles which are thought to be part of a 
membrane retrieval system.
SCALE BAR ; 1pm.
KEY;

V - electron-lucent vesicles 
Other labelling as Plate 51 

(Preparation procedure: Spurr’s epon)
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Figure 11. Histograms of percentages (ordinates) of 
granules within a size range (abscissae in ran) of several 
neurosecretory structures of the neoimaginal male (summated 
data, refer to Appendix 4)*
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Swollen endings, the surrounding lam ella  of which i s 

reduced  or absen t (P la te  53). The b ran ch in g  of axons 

and th e ir  swollen endings in c re a se  the su rfa c e  a re a , and 

a re  typ ical c h a ra c te r is tic s  of neurohaem al o rgans ( re v ie w  

MADDRELL, 1974). The sw ollen end ings c o n ta in  g ra n u le s  

in the sam e size  range as  p re sen t in  the axons ( F igure  11), 

and num erous sm a lle r  e lectron* lucen t v e s ic le s ,  40 • 50 nm  

in d iam ete r, which a re  thought to  be p a rt of a m em brane 

re tr ie v a l  system  (review  MADDRELL, 1974) •

In wax sections sta ined  w ith  EWEN* 3 (1962) a ldehyde 

fuchsin, both ce lls  and neurohaem al s i t e s  c o n ta in e d  c o n s id - 

e rab le  q u a n titie s  of deep purple m a te r ia l, ( r e f e r  to  

Appendix 3), re f le c tin g  the la rg e  q u a n ti t ie s  of n eu ro 

sec re tio n  p re se n t. Stained wax sections di d not rev ea l 

s im ila r  p e rip h e ra l s tru c tu re s  in  the m eso  and m eta tho rax .
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SECTION II

THE FEMALE

The fem ale lacks the fea th ery  an tennae  of th e  m ale , and 

although of s im ila r  length, is  over 150% of i t s  weight (T ab le  

9), probably  re su ltin g  from  the fa tte r  abdomen.

A* The B rain

T here a re  no significant d ifferences i n  th e  s iz e s  of th e  

head  capsule, the cen tra l com plex, nor of n e u ro p ile  m asse s  

4 and 5 betw een the sexes (Table 10). In m orphology, th e  

b ra in  is  s im ila r  to tha t of the m ale. F ig u res 1 to  4 b e in g  

equally applicable to the fem ale . Table 7 shows th a t  no 

d iffe ren ce  was detected  in  fie ld  density  coun ts of b r a in  c e l l s  

betw een the sexes. T here i s  a g re a t s i m i l a r i t y  to  th e  ty p es  

and frequency of th e  constituent b ra in  ce lls  of th e  m ale , a s  

tîie re  i s  in  a ll the fine s tru c tu ra l aspec ts  of th e  non-neuro - 

s e c re t o ry  e lem en ts.

B. The A n te rio r Region of the V entra l N erve Cord

The reg ions of tlie v e n tra l nerve  co rd  s tu d ie d  show a 

g re a t s im ila r ity  in m orphology and fine s tru c tu re  to  th o se  

of the m ale , except fo r the n e u ro sec re to ry  c e l ls  d esc rib ed  

below.



1 45 .

C. The S tom atogastric  and E ndocrine System s

In anatom y, tlie s to m ato g as tric  and en d o crin e  sy s te m s  a re  

s im ila r  to those of the m ale . F igu res 6 - 1 0  b e in g  e q u a lly  

applicable to the fem ale .

The fe m a le 's  b ra in  n e u ro se c re to ry  cells d i f f e r  i n  t h e i r  

stain ing  reac tio n  to EW EN* S (1962) aldehyde fu c h s in  ( Table 5 

and Appendix 3), and the re la tiv e  quantities of n e u ro s e c re to ry  

g ranu les they  con ta in  (Table 6). The axons f ro m  the MNC 

groups in v ariab ly  contain purp le  g ranu les when t r e a te d  w ith  

aldehyde fuchsin, unlike those of the m ales  w here o n ly  h a lf  

the specim ens exhibit se lec tive  stain ing (Appendix 5 ).

The histo logy and fine s tru c tu re  o f the re m a in in g  com p

onents of the two sy stem s a re  s im ila r  to th o se  of th e  m ale . 

Table 1 shows that the m edu llary  c e lls  of th e  co rp o ra  a l l a t a  

have a n u c lea r to cy toplasm ic ra tio  s im ila r  to  th a t  of th e  

male*

D. O ther N e u ro se c re to ry  S tru c tu res

1, N eu ro sec re to ry  ce lls  of the Suboe sophageal G anglion

No se lec tive  stain ing, indicating the p resen ce  of 

neu ro sec re tio n , was o bserved  in  the neurons of th e  

suboe sophageal ganglion. No cell bodies c o n ta in in g  

n e u ro sec re to ry  g ranu les w ere  observed  with th e  e le c t ro n  

m icroscope  in  tliis ganglion, but axons c o n ta in in g  Y-type
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granu les w ere  found in  the n e u ro p ile  I n d ic a t in g  th e  

o ccu rren ce  of SNCj c e lls . The in a b i l i ty  to  d e te c t 

n e u ro sec re to ry  ce lls  m ay re s u lt  from  th e m  co n ta in in g  

only sm all num bers of g ranu les.

2. N eu ro sec re to ry  C ells of the P ro th o ra c ic  Ganglion

In wax sections tre a te d  w ith  EW EN'S (1962) 

aldehyde fuchsin, a  group of ce ll s in the com parable 

position , showed a s im ila r  stain ing r e a c t io n  to  th a t  

of the m ale .

3. P e r ip h e ra l N eu ro sec re to ry  Cells of th e  F ro th o rax

In wax sections sta ined  w ith  aldehyde fu ch sin , 

iso la ted  ce lls  in the fat body having close a s s o c ia t io n s  

vdth scolopicia  contained no purple m a t e r i a l ,  nor d id  

the re le a s e  s ite s  of these  ce lls  ( r e f e r  to Appendix 3 ).
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C H A P T E R  4

THE E F F E C T  OF AGEING UPON ADULTS AT 20®C

INTRODUCTION

This chap ter is  m ainly  concerned  with the e f f e c t s  th a t

ageing has upon the b ra in  and endocrine sy s te m  in  sp ec im en s
o

re a re d  and kept a t 20 C. To a s s is t  in  the fu n c tio n a l  i n t e r 

p re ta tio n s o f the re s u l ts ,  ob se rvations have a ls o  been m ade 

upon som e asp ec ts  of behaviour, fa t body dep le tion  and f l ig h t  

m u sc le s . S tru c tu ra l observations upon *’old*’ a d u l t s  a re  comp, 

a re d  w ith those of the neoim agines a lread y  d esc rib ed  i n  

Chapter 3, The im p lica tions of these  re s u lts  a re  d isc u sse d  

in Section I I  o f C hapter 7.

A. L ife Span R ecords

The m ean life  span of the  m ale  w as found to  be 

115 hours (F igure  13), significantly  sh o rte r  th a n  th e  

143 hours of the  fem ale . -The su rv ivo rsh ip  cu rves f o r  b o th  

sexes (F igure  12), based  upon life  span d a ta  ( r e f e r  to  Appen. 

dix 6) a re  s im ila r  in  shape to the in te rm e d ia te  ty p e  of 

ROCKSTEIN & MIGUEL (1973).

B. B ehavioural Changes

When iso la ted  in  specim en tubes , young m idges u s u a l ly  

cling, upside down, to the gauze covering, a lthough some



1 4 8 .

100
4--

80 -

•H

2 0 -

10 -

-100 -5 0  0 +50 +100
_ I  '  '

Percentage deviation from the mean duration of life

Figure 12. Survivorship curves of males and females reared 
and kept at 20°C. These life graphs are of the intermediate 
type, the common characteristic of which is t)^t the curve 
is concave to the time axis in the first moiety of the life 
cycle and convex to the same axis in the last moiety.
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Figure 13 • Diagram showing mean longevity of specimens 
reared (first number) and kept as adults (second number) 
at several températures* The lines connecting the points 
indicate no significant difference in results at the %l  

level.
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walking and flying activ ity  o c c u rs . Tapping th e  s id e  o f th e  

tube frequen tly  re s u lts  in  the m idge flying fo r a  few  seconds 

b e fo re  se ttling  on the gauze again . O ld e r  a n im a ls  te n d  to  

r e s t ,  r ig h t side up, on the bottom  of th e  tu b e . Tapping th e  

side o f the tube usua lly  re s u lts  in  a  sh o rt p e rio d  of f l i g h t ,  

followed by  the specim ens resu m in g  th e ! r  fo rm e r  p o s i t io n s .

A stage i s  som etim es ob serv ed  when no am ount of ta p p in g  

w ill encourage an "old" m idge to fly , the an im al t r i e s  t o  

m ain tain  i ts e lf  in  an upright position  and has g re a t d i f f i c u l t y  

in  righ ting  i ts e lf  when throw n onto Its  back* This f l i g h t  

im m obility  phase la s ts  fo r approx im ate ly  one day, bei ng 

te rm in a ted  by d e a th  ( re fe r  to Appendix 6).

C. E x ternal S tru c tu ra l Changes

The abdom en o f both sexes becom es n a rro w er and w rin k led  

with in c re as in g  age. A brasion  of the s e ta e  and wings i s  not 

apparen t during the life  span .

P . F a t Body Depletion

Stained wax sections o f neoim agines show an e x te n s iv e  

reg ion  of fa t body ce lls  in  the p o s te r io r  of the head  cap su le  

and the a n te r io r  p ro tho rax . With in c reas in g  age, th e s e  re g io n s  

becom e le s s  ex tensive, which appeared  to  I n i t i a l l y  r e s u l t  

from  a  d e c rea se  in  the cytoplasm ic volum e, fo llo w e d  by th e  

com plete d isso lu tion  o f the fa t body c e lls . M ight im m o b ile  

m idges showed an  a lm ost to ta l lack  of t h i s  t is s u e *
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TABLE 7# Summary of mean field density counts of cells in the brain.

Neoima/:ines
hearing temperature 

10*0 20*0 20" 0
9 CT 9 ( f 9 cf

FD 54 50 55 52 51 52
SBi 10*6 8-7 9'4 8-7 10*0 7-0
No* 10 15 24 50 10 10

?D= mean field density 
SD= standard deviation 
* Kumber of specimens used

TABLE 8. Characteristics of the brains’ neural lamellae of female 
specimens reared and kept at 20fc,

Lamella
Bay 

1 (6)
s after emc 

5 (2)
srgence

7 (6)

Width*
nm $00-400 400-500 800-1000

No, of 
layers 1 1 2

Fibril
orientation Random Random oriented

^ Measured to the nearest 50™^,
Figures in parentheses refer to the number 
of specimens used.



1 5 2 ,

E. S tru c tu ra l Changes in the B rain

As no sexual d ifferences have been  d e te c te d  to  occur w ith  

ageing In the s tru c tu re  of the n o n -n eu ro sec re to ry  com ponents 

of the b ra in , the  following d escrip tio n s r e f e r  t o  b o th  m ales  and 

fem ales . M ost of the observations on aged sp e c im e n s  a re  

b ased  upon 7 day old  m idges, the te rm  "old" w il l  th e r e f o re  

re fe r  to anim ads of th is  age, un less  s ta te d  o th e rw ise ,

1# Light M icroscope O bservations

Old m idges have a  co rtic a l lay e r  o f s i m i l a r  t h ic k 

n e ss  to th a t of neo im agines. The "sp o n g in e ss"  of th e  neuro. 

p ile  re p o rte d  in  D rosophila m elanogaste r (M IQUEL, 1971) 

does not occu r in  m idges of any age.

The stain ing  rea c tio n  of n o n -n eu ro sec re to ry  neurons 

is  s im ila r  in  o ld  and neoim aginal specim ens and f i e l d  

density  counts (Table 7) show no sig n ifican t d i f f e r e n c e ,  

(re fe r  a lso  to Appendix 3).

2 , E lectron  M icroscope O bservations

(a) N eural Sheath

N eural lam e lla  -  Table 8 shows th a t  th e  n eu ra l la m e lla  

in c re a s e s  in  th ickness a r ith m e tic a l!y  w ith  age* In  o ld  

specim ens, the lam e lla  is  d iv isib le  into an  ext e rn a l 1 am ina, 

approx im ately  200nm  in  th ickness , com posed of f in e ly  

g ran u la r m a te r ia l  subjacent to which i  s a  lay e r up to  800 nm
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in  th ickness (P la te  54), The la t te r  co m p rises  an am orphous 

m a tr ix  in  which a re  em bedded fine f ib r ils ,  4 # 6 nm  a c ro ss  

and up to  1 pm  in  length . T hese f ib r ils  have no p e rio d i c 

banding and re sem b le  the ran d o m ly  o rien ta ted  f i b r i l s  of 

the single la y e r  n e u ra l la m e lla  of n eo im ag in es. In  th e  

lam e lla  o f o ld  specim ens, the f ib r ils  adopt a  s p e c i f ic  

p a tte rn  o f orientation# Subjacent to  the ex te rn a l la m in a , 

a  m a tr ic a l zone of approx im ate ly  300 nm  i n  dep th  c o n ta in s  

E b rils  whose long ax is ru n s  p a ra lle l t o  th e  a n te r io r -  

p o s te r io r  contour of the brain# Below t h i s  i s  a  c e n tra l  

zone, u sua lly  le s s  than  200 nm  in  depth, th e  f i b r i l s  of 

which ru n  p a ra lle l to the  t ra n s v e rse  con tou r of th e  b rain#  

The m ost in te rn a l zone, lying e x te r io r  to  th e  p e r in e u r ia l  

c e lls  is  s im ila r  in  w idth and f ib r il  o r i e n t a t i o n  t o  th e  

ex te rna l zone#

P e rin eu riu m  -  The p e rin eu riu m  of ♦’old" specim ens i s  of 

s im ila r  th ickness to tha t o f neoim agines, but i t s  c e l ls  

contain a  m uch sm a lle r  population of f re e  r ib o so m e s . The 

p e rin e u ria l c e lls  of o ld  specim ens contain few er m ito 

chondria, which a re  usually  round, 1 - 3  pm  i n  d ia m e te r  

and have a  g re a te r  m a tr ic a l density  th a n  th o se  of th e  

neoim agines, which a re  typ ically  oval » In  o ld  spec im en s 

som e p e rin e u ria l c e lls  show extensive fo c a l c y to p la sm ic  

degeneration , which does not occur in  neo im agines.

(b) G lial c e lls

All th ree  types o f g lia l c e lls  contain sm a lle r  p o p u la tio n s  of
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ELECTRON MICROGRAPHS

The brain of (20°C) male specimens 6-7 days after emergence,

Plate 54 : Section^of the neural sheath, showing the neural lamella 
which unlike that of neoimagines (Plate 6) is divisible into two 
layers.
SCALE BAR : 100nm.
KEY: .

E - external lamina 
f - fibril

M - mitochondrion of a perineurial cell

Plate 55 : Part of a Glial type 4 cell, which is not found in the 
brains of neoimagines, showing the small nucleus and abundant 
smooth endoplasmic reticulum.
SCALE BAR : 200nm.
KEY:

A - smooth endoplasmic reticulum 
M - mitochondrion 
N - nucleus

Plate 56 : Section of a type 4 neuron showing areas of cytoplasmic 
degeneration and disrupted mitochondria,
SCALE BAR : 1pm.
KEf:

D - disrupted cytoplasmic components 
M - intact mitochondrion 
N - nucleus

(Preparation procedure: Luff s epon)



b b .



1 5 6 ,

free  rib o so m es and have m itochondria  w ith  d en ser m a tr ic e s  

in  the  b ra in s  o f o ld  m idges, a s  com pared  w ith n eo im ag in es. 

A reas of focal cy toplasm ic d e g e n e ra tio n  a re  m uch m o re  

frequent in  the g lia l c e lls  and the g lio p la sm ic  p ro c e sse s  

betw een the c o rtica l p e rik a ry a  a re  m uch la rg e r ,  i n  th e  

b ra in s  of old  specim ens.

In  the d o rsa l co rtex  of the p a rs  i n te r c e r e b r a l l  s o f o ld  

specim ens, one o r  two g lia l c e lls  occu r which a re  not 

found in  neo im agines. These "type 4" g lia l c e l l s  a re  

unlike those d esc rib ed  in  C hapter 3, i n  c o n ta in in g  la r g e  

quantities of sm ooth endoplasm ic re ticu lum , (P la te  55), 

the c is te rn ae  of which ap p ea rs  d is te n d e d . The c y to p la sm  

bounding the  nucleus, which lack s the sm ooth endop lasm ic  

re ticu lu m , contains a  few sm all m itochondri a , under 

200nm  a c ro s s , which have m a tr ic e s  w ith  a  lo w  d e n s ity . 

This reg ion  a lso  contains a  few c is te rn ae  o f g ra n u la r  

endoplasm ic re ticu lu m . Several Golgi u n i t s  t y p i c a l l y  

o c cu r. The nucleus i s  sm a ll, 1 - 2  um  in  d iam ete r, and 

contains m ain ly  diffuse chrom atin  and a  few  sm all 

ag g reg a tes . The nucleoplasm ic background i s w h ite , 

su rrounded  by a  c renu la ted  m em brane w ith  a  r e g u la r  

width. The p ro c e sse s  of th ese  c e lls  sep a ra te  p e r ik a ry a  

of the  c o rtic a l la y e r .

Several c o rtic a l ce lls  in  the b ra in  of old specim ens a re  

su rrounded  by concen tric  a r ra y s  o f double m em b ran es  

(P la te  58) which m ay re p re se n t m ulti pie g l ia l  1 am ellae .
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The width of each  unit m em brane 1 a ty p i c a l ly  200 nm  

and the sep ara tio n  betw een th e  m em branes i s  o f te n  th e  

sam e width. M ultim em branous g roup ings have been  

found co n ta in in g  a  cen tra l lum en, o r j u s t  c o n s is t in g  

of a n  a r r a y  of concen tric  m em b ran es. S im i la r  la m e l la r  

s tru c tu re s  have not been o b se rv ed  i n  th e  b ra in s  o f 

neo im agines.

(c) E x tra ce llu la r  spaces

Unlike in  neo im agines, the b ra in s  o f o ld  sp ec im en s con ta in  

extensive e x tra c e llu la r  spaces b o th  i n  th e  c o r t i c a l  la y e r  

and the neu rop ile . T hese spaces o f te n  c o n ta in  a re a s  

which a re  e lec tro n -lu cen t su rrounded  by an am orphous 

finely  g ran u la r m a te r ia l. In  the n e u ro p ile , th e  l a r g e s t  

spaces frequen tly  occu r ad jacen t to  ty p e-D , g ia n t axons.

(d) T rachea l sy stem

T here  is  no apparen t d ifference in  the b r a i n 's  t r a c h e a l  

system  betw een neoim agines and o ld  m idges.

(e) N eurons

T here  is  no detectab le  d ifference in  the  s iz e  o f th e  

p e rik a ry a  of n o n -n eu ro sec re to ry  neurons betw een  o ld  

specim ens and neoim agines. Type 2 neurons a re  m ore  

com m on in the b ra in s  of o ld  sp ec im en s but th e r e  1 s no 

m arked  d ifference in  the frequency of th e  o th e r  ty p e s  

a s  com pared  w ith those o f neo im agines.
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The cy toplasm ic d ifferences betw een  th e  neurons of 

neoim agines and o ld  specim ens o ccu r i n  a l l  f iv e  

types o f n o n -n eu ro sec re to ry  ne rv e  ce lls*  In  o ld  m idges, 

focal cy toplasm ic degeneration  is  m ore  frequen t ( P la te  

56), being p a rtic u la rly  a sso c ia ted  with Golgi u n i t s  and 

endoplasm ic re ticu lum , the c is te rn ae  of which a re  o f te n  

m ore  d istended than those of neoim agines* The neuronal 

m itochondria  of o ld  specim ens o f te n  show a  d e c rea se  o r  

lo ss  of c r is ta e  and a reduction  in m a t r ic a l  d e n s ity , a s  

com pared  w ith those o f neo im agines. L y so so m e -lik e  

bodies, con tain ing  what appear to be rem nan ts of 

o rg an e lle s , a re  m o re  frequently  found i n  th e  neurons 

of o ld  m idges,

(f) N europile

In  o ld  specim ens, m ost of the axonal m ito ch o n d ria  appear 

s im ila r  to those of neo im agines, but a  few  have d enser 

m atrices*  H eterogeneous dense s tru c tu re s , resem b ling  

those d escrib ed  by HERMAN e t (1971) i n  D rosoph ila  

m elan o g aste r, have not been  found i n  the neurop il e of 

adult midges*

F . Changes in  the Endocrine System

M ost o f the  u ltra s tru c tu ra l  o b se rv a tio n s  on th e  endocrine  

system  of o ld  m idges a re  b ased  upon five  fem ale and one m ale 

specim en (re fe r  to Appendix 7 fo r num bers of spec im en s used



1 5 9 .

in o b se rv a tio n s ) . The descrip tio n s of fine s tru c tu re  w ill  

th e re fo re  m ainly  r e f e r  to the  fem ale sy s te m , u n less  o th e rw ise  

sta ted .

1. N e u ro se c re to ry  C ells o f the  B ra in

(a) Light M icroscope observations

The t im e -c o rre la te d  in c re a se  in  n e u ro s e c re tio n  i n  th e  

MNC and VNC groups, shown by s ta in in g  w ith  EWEN' S 

(1962) aldehyde fuchsin (P la te s  22, 24) i s  in d ic a te d  i n  

Table 5. Many of the n e u ro s e c re to ry  c e l l s  which a re  

se lec tive ly  sta ined  in  o ld  m idges co n ta in  a  s in g le  m ass  

of pu rp le  m a te r ia l, unlike the g ran u la r d e p o s i ts  o f 

neo im agines. F requently , each MNC group of o ld  m idges 

contains a  single cell whose cytoplasm  ap p ea rs  o range 

with th is  s ta in .

(b) E lec tro n  W cro sco p e  o b se rv a tio n s

The n e u ro sec re to ry  ce lls  of o ld  m idges (P la te s  57, 58 and 

59), exhibit the sam e d ifferences from  those  o f neo im agines 

a s  d e sc rib ed  above fo r n eu ro n s . The r e l a t iv e  q u a n t i t ie s  

o f g ran u la r m a te r ia l in  these  ce lls  and th e  r e l a t i v e  s iz e  

of th e ir  p e rik a ry a  is  shown in  Table 6. Some o f th e  oc - ty p e  

n e u ro sec re to ry  ce lls  o f o ld  m idges m easu re  only 8 x 4  um  

a t th e ir  w idest, a s  com pared  w ith 12 x 5 pm  i n  neoim agines^

The d isc repancy  betw een the la rg e  am ounts o f neuro s e c re t io n  

ind icated  by staining w ith aldehyde fu ch s in  and th e  sm all
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ELECTRON .MICROGRAPHS 

The brain of (20^0) female specimens 6-7 days after emergence,

Plate 57 : Section showing an and an cell of the VNC group. 
Note that the @/g.cell, on the right, contains slightly more 
granules than the «/.cell, on the left, and both contain similar 
quantities to the comparable cells of neoimagines (Plate 25), 
SCALE BAR : 1pm.
KEY:

N - nucleus 
S - secretory granules

Plate 58 : Part of a cell of the LHC group, surrounded by 
multiple glial lamellae. Note the paucity of granules within 
the cell.
SCALE BAR : 1pm.
KEY:

L - glial lamellae 
N - nucleus
R - granular endoplasmic reticulum 
S - secretory granules 
U - Golgi unit

(Preparation procedure: Luff s epon)
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ELECTRON MICROGRAPH

The brain of a (20^0) female specimen 6-7 days after emergence.

Plate 39 : An neurosecretory cell of the MM) group, showing 
the paucity of granules contained in these cells in aged specimens. 
SCALE BAR : 1pm.
KEY:

N - nucleus
R - granular endoplasmic reticulum 
S - secretory granules 
TJ - Golgi unit

(Preparation procedure: Luffs epon)
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am ounts o f e lec tro n -d en se  g ran u les  found i n  th e  MNC 

was investiga ted  using  the technique o f LANE & EUROPA 

(1965), ( re fe r  to C hapter 2). The s ta in in g  of th e  MNC 

of o ld  Jem ales  w ith EW EN 'S (1962) a ldehyde fu c h s in  was 

found to be m o re  in tense  than the ce lls  i n  th e  c o n tro ls  

which w ere  known to contain e le c tro n -d e n se  g ra n u le s .

2, The R e tro c e re b ra l E ndocrine C om plex

Except fo r the p e ritra c h e a l t is s u e  and th e  g lan d es 

p o s t-c é ré b ra le 8 a n té r ie u re s , th e re  i s  no change i n  th e  

m orphology o r  stain ing  reac tio n  of th e  r e t r o c e r e b ra l  

endocrine s tru c tu re s  o b se rv ed  w ith  th e  l i g h t  m ic ro 

scope.

(a) The C orpora  C ard iacs

The co rp o ra  c a rd iaca  of neo im ag ines and  o ld  spec im en s 

of both sexes typ ically  contain m uch p u rp le  g ra n u la r  

m a te r ia l  when sta ined  w ith aldehyde fu c h s in  ( r e f e r  to  

Appendix 3).

E lec tron  m icroscope  observations re v e a l th a t  b o th  th e  

quantity an d b im o d al population o f s izes  of g ra n u le s  of 

the in tr in s ic  ce lls  a re  s im ila r  in  o ld  sp ec im en s to  th o se  

of neo im agines. The c is te rn ae  of the endoplasm ic r e t i c 

ulum  of th ese  ce lls  often appear sw ollen in  o ld  sp ec im en s 

(P la te  60), and unlike those o f n eo im ag in es, a re  o f te n  

a sso c ia ted  with focal cy toplasm ic d e g e n e ra tio n , as a re  

the Golgi un its . M itochondria a re  few er i n  num ber in
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ELECTRON MICROGRAPHS

The retrocerebral glands of (20°C) female specimens 6-7 days after 
emergence*

Plate 60 ; Part of a corpus cardiacum cell showing the distended 
cisternae of endoplasmic reticulum and cytoplasmic degeneration 
which occurs in aged specimens. (Compare to the neoimaginal 

gland - Plate 41)•
SCALE BAR : Ijm i.

KEY:

I) - cytoplasmic degeneration 
N - nucleus 

nl - nucleolus 
R - granular endoplasmic reticulum 
S - secretory granules

Plate 61 : The marginal zone of a corpus allatum showing the 
increased cellular interdigitations (arrows) which occur in 

aged specimens. (Compare to the neoimaginal gland - Plate 44). 
SCALE BAR : 1pm.
KEY:

p - (à type granules 
A - medulla 
0 - cortex 
H - sheath

(Preparation procedure: Luff s epon)
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the in tr in s ic  ce lls  of o ld  specim ens, th e  e le c tro n - 

lucent m em brane-bound s tru c tu re s  which o ccu r i n  

the cytoplasm  probably  re p re se n t m ito ch o n d ria , which 

have a  reduced  m a tr ic a l density  and lack  c r i s ta e .

(b) The C orpora  A llata

The co rp o ra  a lla ta  o f o ld  specim ens (P la te  61) show 

a  g re a te r  ex tension  of the  c o rtic a l c e lls  i n to  th e  

m edulla  and an in c re a se  in  ce llu la r  in t e rd i gi t  a t i  on 

than o c cu rs  in  neo im agines. Focal c y to p la sm ic  degen

e ra tio n  o c cu rs  m ore  frequen tly  in the  c o r t i c a l  c e l l s  

of o ld  specim ens and th e re  i s  le s s  a g g re g a te d  g lycogen  

than found in  neo im agines. The n u c le a r  c y to p la sm ic  

ra tio  o f m edu llary  ce lls  is  s im ila r  i n  a d u l t s  of 

d ifferen t age (Table 1). In  old specim ens, the  n u c leu s 

of the m ed u lla ry  c e lls  contains few er aggregat ed  and 

m ore  diffuse chrom atin  than in  n eo im ag in es , and i s  

also  d ifferen t In having a  g rey  nucleoplasm i c back 

ground. Unlike the ce lls  o f neo im agines, glycogen 

deposits a re  absen t from  the m e d u lla ry  c y to p la sm  of 

old specim ens.

(c) The P e r itra c h e a l T issue

In  old specim ens, ligh t and e le c tro n  m icroscope  o b s e r 

vations rev ea led  no t r a c e  o f the p e ritra c h e a l t i s s u e .
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(d) The Glandes P o s t -C éréb ra le  s A n té rie u re s

The glandes p o s t-c é ré b ra le s  a n té rie u res"of o ld  m idges 

o f both sex es , consisten tly  contain^ la rg e  q u a n t i t ie s  of 

finely  g ran u la r , blue m a te r ia l (P la te  37) which does not 

o ccu r in  those of neoim agines (P la te  36) when s ta in e d  

with EWEN’ S (1962) aldehyde fu ch s in , (re fe r  a ls o  to  

Appendix 3).

E lec tron  m icro scope  observations show th a t th e  g lan d s  

o f o ld  specim ens a re  not nucleated  s t ru c tu re s  and a re  

not divided by cell m em branes and a re  th e r e f o r e  s im ila r  

to those o f neo im agines. The surrounding sh e a th  i s  

200nm  in  depth in  o ld  specim ens, tw ice  a s  th ic k  a s  i n  

neo im agines. The Infoldings of the e x te rn a l m em brane 

a re  not in c ru s te d  with g ran u la r m a te r ia l  in  o ld  sp ec im en s 

(P la te  62), a s  a re  those of neoim agines ( P la te  47) and 

the lum en o f the infoldings contains m o re  g ran u la r  m a tte r .

In  the glands of o ld  specim ens (P la te  63) v e s ic le s ,  1 0 0 - 

250nm  in  d ia m e te r  o ccu r, which although s im ila r  i n  s iz e  

to those of neo im agines, a re  unlike them  in  c o n ta in in g  

g ran u la r m ateria l*  In  neo im agines, th e s e  v e s ic le s  o f te n  

o ccu r in  the lum en of the infoldings, a s  w ell a s  th roughou t 

the g la n d 's  m a tr ix , a s  d esc rib ed  in  C hapter 3. In  old 

specim ens m ost o f th ese  v e s ic le s  a re  found i n  th e  m arg inal 

zone of the gland, u sua lly  in c lose p ro x im ity  to  th e  I n f o ld -  

ings. The m em branes of the v e s ic le s  a re  o f te n  co n flu en t 

w ith those  of the infoldings, but a re  not su rrounded  by 

them  a s  in  neo im agines. M itochondria, which do not occur
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ELSE THON MICROGRAPHS

The *GPCA' of (20°C) female specimens 6-7 days after emergence.

Plate 62 ; Section of a complete gland, showing the large and 
small vesicles which occur in the matrix. Note the large vesicle 
(arrow) apparently undergoing dissolution,

SCALE BAR : 1pm,
KEY;

H - sheath 
L - large vesicles 
V - small vesicles

Plate 63 : Detail of the marginal zone of a gland showing that 
some of the small vesicles are confluent with the infoldings of 
the external membrane,
SCALE BAR ; lOOnm.

KEY;
H - sheath
I - infoldings of the external membrane 
V - small vesicles

(Preparation procedure: Spurr’s epon)
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in the  glands of neo im agines, a re  som etim es found c lo se  

to the infolded m em branes in  o ld  specim ens. L arge  v e s ic le s  

up to 2um  in  d iam ete r, filled  w ith g ra n u la r  m a te r ia l 

s im ila r  to th a t of the sm all v e s ic le s , occu r th roughou t 

the m a tr ix  of the gland In o ld  specim ens. T hese m ay be 

com parable to the la rg e  e lec tro n -lu cen t v e s ic le s  o c c u rr in g  

in  the  glands o f neo im agines. O ccasionally , l a r g e  non

m em brane bound g ran u la r ag g reg a tes  a re  found i n  th e  

m a tr ic e s  o f the g lands o f o ld  specim ens. Ci s te rn a e  of 

sm ooth endoplasm ic re ticu lu m  is  m uch m ore  frequent 

in  the glands of neoim agines and th e ir  m a tr ic e s  c o n ta in  

m ore  g ran u la r  m a te r ia l than those  of o ld  sp e c im en s .

G. P e r ip h e ra l N e u ro se c re to ry  C ells o f th e  P ro th o rax

The stain ing  rea c tio n  of the p e rip h e ra l n e u ro s e c re to ry  c e l l s  

o f neoim agines and old m idges i s  s im ila r  when t r e a te d  w ith  

EWEN* S ( 1962) aldehyde fùchsin . I n fe rn a le s ,  th e  c e l l  b o d ie s  

and re le a s e  s ite s  r a re ly  s ta in  se lec tive ly , w hereas i n  m ales 

both usually  contain considerab le  am ount s o f purp l e m a te r ia l , 

indicating the  p resen ce  o f n e u ro se c re tio n  ( r e f e r  to  Appendix 3 ) .

H. The L ongitudinal F light M uscles of the P ro th o rax

No apparen t d ifference was found in  the m y o f ib r i l a r  p a t t e r n  

o r  m itochondrial a rran g em en t be tw een  neo im aginal and o ld  

m ales  in the longitudinal flight m u sc le s . Dense bod ies, s im ila r  

to those  d esc rib ed  by TAKAHASHl e t a l (1970B), have not been 

found in  th ese  flight m u sc le s .
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C H A P T E R  5

THE E FF E C T  O F TEMPERATURE UPON IMAGINES

INTRODUCTION

The f i r s t  p a r t  o f th is  chap ter is  concerned w ith  th e  e f f e c t  

tha t the w a ter te m p e ra tu re , in  which th e  p re im ag in a l phases 

w ere  " re a re d "  and the  subsequent a ir  tem p era tu re  a t which t h e  

adu lts w ere  "kept", has upon longevity, behaviour and si ze of 

the im ag ine. The m ain  p a r t  of th is  chap ter deals w ith th e  b r a in  

and endocrine sy stem  o f neoim agines r e a re d  a t 10 and 15^C, 

a s  com pared  w ith these  s tru c tu re s  in  m idges r e a re d  a t 20^C, 

a lready  d esc rib e d  in  C hapter 3. The im p lic a t io n s ,  and p o s s ib le  

c o rre la tio n s  of these  r e s u lts  a re  d iscu ssed  in  S e c tio n  I I I  of 

C hapter 7.

A, L ife Span R ecords

F igu re  13 shows th a t the m ean life  span of a d u lt fe m a le s  

is  longer than th a t of m a les , when " re a re d "  and "k ep t"  a t th e  

sam e te m p e ra tu re , u sually  by a sign ifican t amount and th a t  

the re a r in g  te m p era tu re  of p reim ag ina l m ales  does not s i g n i f 

ican tly  change the m ean life  span from  th a t  o f th e  te m p e ra 

tu re  a t which they  a re  kept a s  adu lts.
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The su rv ivo rsh ip  curve fo r m ales  re a re d  a t lO^C and 

kept a t 20^C (F ig u re  14) i s  o f the in te rm e d ia te  ty p e  of 

ROCKSTEIN & M IQUEL (1973) and is  s im ila r  to  th a t  of 

m ales  r e a re d  and kept a t 20^C (F igu re  12), M idges r e a re d  

and kept a t 10 and 15^C, and m a le s  r e a re d  a t 20^C and kept 

a s  adu lts a t lO^C a lso  have a su rv ivo rsh ip  curve of th e  

in te rm ed ia te  type (F ig u re  14).

B. W eight and Length D ifferences

When r e a re d  a t  10 o r  20^C, fem ales a re  s ig n i f i c a n t ly  

h eav ier and sh o rte r  in  length  than m a le s  re a re d  a t th e  sam e

te m p e ra tu re . Both sexes a re  sign ifican tly  h eav ie r and lo n g e r
o owhen r e a re d  a t 10 C a s  com pared  with th o se  re a re d  a t 20 C

(Table 9).

C. B ehavioural D ifferences

M idges kept a t lO^C a s  a d u l ts ,  r e g a rd le s s  o f r e a r in g  

te m p e ra tu re  exhibit m uch le s s  flying and w alking a c t i v i t y  

than specim ens r e a re d  and kept a t 20^C. M idges re a re d  

a t lO^C and tra n s fe r re d  a s  adu lts to 20®C show an in c re a s e  

in ac tiv ity , but s t i l l  appear le s s  active  than  sp ec im en s 

re a re d  and kept a t 20^C. M idges r e a re d  and kept a t 15®C 

show no apparen t d ifference in  a c tiv ity  f ro m  those  of 20^C.

D. S truc tu ra l D iffe rences in  the B ra in

No sexual d ifferences have been  found i n  th e  b ra in s  of 

adult m idges r e a re d  a t the sam e tem p era tu re , th e  fo llo w in g



1 7 4 .

100 1

P.80-•H

•H

+>

20 -

+150+1000-100
Percentage deviation from the mean duration of life

100

■s
60-

(0

I
sI

20

+100+500-100
Percentage deviation from the mean duration of life

Figure l4. Survivorship curves of males and females reared 
(first number) and kept as adults (second number) at several 
temperatures. These life curves are of the intermediate 
type as shown in Figure 11*
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d escrip tio n  w ill th e re fo re  r e f e r  to both m ales  and fem ales*  As 

a  p ilo t study on m idges r e a re d  a t 15^C showed th a t  th e r e  was 

no apparen t d ifference in  e ith e r  m orphology o r  f in e  s t r u c tu r e  

of the  b ra in s  with those of specim ens r e a re d  a t 20®C, o n ly  

com parative  d ifferences betw een neoim agines r e a re d  a t 10 and 

20®C a re  th e re fo re  described .

1. Light M icroscope Cft)8ervations

The size  o f the b ra in , re f le c ted  in  the  w id th  o f th e  

head  capsu le  (Table 9) is  s ig n ifican tly  la rg e r  i n  spec im en s 

r e a re d  a t lO^C a s  com pared  w ith 20®C. T here  i s  no s ig n i f  

lean t d ifference in  the size  o f the c e n tra l  c o m p lex e s  

(Table 10) o r  in  the fie ld  density  coun ts  o f neurons ( Table 

7), a t the  two re a r in g  te m p e ra tu re s . The la rg e r  b r a in s  of 

specim ens r e a r e d  at 10®C a s  com pared  w ith 20®C appear 

to r e s u l t  m ain ly  f ro m  c o rtica l la y e rs  of g r e a te r  d ep th . 

E x tra ce llu la r  spaces occu r throughout the neurop il e and 

c o rtic a l la y e r  of m idges r a is e d  a t 10®C, w hereas th e y  a re  

r a re ly  found in  specim ens re a re d  a t 20®C.

2. E lectron  M icroscope O bservations

The d esc rip tio n s below re fe r  to the f in e  s t r u c tu r e  

of the  b ra in s  o f specim ens re a re d  a t 10®C*

(a) N eural Sheath

The n eu ra l lam e lla  is  up to 600 nm  th i ck, 50% w ider th a n  

in  specim ens re a re d  a t 20® C, but resem b ling  i t  i n  s t r u c t  tire .
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TABLE 9 ,  Siommary o f  a v e r a g e  b o d y  l e n g t h s ,  h e a d  c a p s u l e  w i d t h s  

a n d  w e i g h t s .

R e a r i n g  t e m p e r a t u r e  
10"C 20" C

Q O' Q ( f

B ody l e n g t h  
(mm)*

6 - 4 ( 0 - 2 2 ) 7 - 1 ( 0 - 3 3 ) 5 - 9 ( 0 - 3 2 ) 6 - 2 ( 0 - 2 9 )

H e a d  w i d t h  
(p m )* *

770 ( 4 0 ) - - - - - 790 .(2 4 ) 720 ( 36) -  — - 7 4 0 ( 7 9 )

W e ig h t
(mgy 3 - 7 ( 0 " 3 4 ) 3 - 3 ( 0 - 2 1 ) 2 - 4 ( 0 - 3 1 ) 1 - y o - 2 7 )

No.** 30 30 30 30

N um bers i n  p a r e n t h e s e s  a r e  t h e  s t a n d a r d  d e v i a t i o n s ( + ) .

D o t t e d  l i n e s  c o n n e c t  r e s u l t s  w h ic h  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

a t  t h e  p r o b a b i l i t y  l e v e l ,

*  To t h e  n e a r e s t  0*1mm, e x c l u d i n g  t h e  a n t e n r a l  a p p a r a t u s e s .

* *  To t h e  n e a r e s t  1 0 ^ ^ .  

f  To t h e  n e a r e s t  0 « 1 rrg , 

t t  D um ber o f  s p e c im e n s  u s e d .

TABLE 1 0 .  Sum m ary o f  a v e r a g e  s i z e s  o f  t h e  a n t e h n a l  c e n t r e s  

n e u r o p i l e  m a s s e s  4 & 5* a n d  t h e  c e n t r a l  c o m p le x ,  n e u r o p i l e  

m a s s  13# o f  n e o i m a g i n e s .

R e a r i n g  t e m p e r a t u r e  
1 0 ° 0  P 0 °nL e u r o p i l e  

M ass  Mo. 9 Cf 9 Cf

4* 6 ( 0 - 71 ) 6 ( 0 - 71 ) 6 ( 0 - 40 ) 6 ( 0 - 00 ) ca
N

S*
5'^ 1 6 ( 2 - 3 8 ) 1 6 ( 1 - 51) 1 6 ( 2 - 50 ) 1 6 ( 2 - 7 2 )

13* * 125 ( 11 - 1 ) 1 3 0 ( 1 0 - 4 ) 1 2 5 ( 9 - 8 ) 1 2 5 ( 8 - 3 )

S a m p le
s i z e 10 10 10 10

*  M ean s i z e  t o  t h e  n e a r e s t  2pm ,

M ean s i z e  t o  t h e  n e a r e s t  3]im,

N um bers i n  p a r e n t h e s e s  a r e  t h e  s t a n d a r d  d e v i a t i o n s  ( + ) .
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The subjacent pe rin eu riu m  is  Zu^n i n  dep th , s im ila r  to  

that o f specim ens r e a re d  a t 20®C, but d i f f e r in g  In  c o n t

aining la rg e , round (up to 1 tun in  d iam e te r)  m ito c h o n d r ia ,  

a s  com pared  with sm a ll, oval m itochondria , m  any o f 

which have a  low er m e tr ic a l d e n s ity  and d i s t r i b u t i o n  

o r  absence o f c r is ta e . The ex te rn a l m i to chondri a l m em 

b ra n e s  a re  som etim es not continuous so th a t  th e  i n t e r -  

s tru c tu ra l space is  confluent w ith the cytoplasm ic m a tr ix , 

which r a re ly  o ccu rs  in  th e se  o rg an e lle s  i n  spec im ens 

re a re d  a t 20®C. A re a s  o f focal cy top lasm ic  d e g e n e ra tio n  

and heterogeneous e lec tro n -d en se  b o d ies  resem b ling  

co llapsed  m itochondria  a re  m ore  f re q u e n tly  found  th a n  

in  the  p e rin e u ria l c e lls  of specim ens re a re d  a t 20®C,

(b) G lial C ells

T here  is  l i t t le  d ifference in  the appearance  o f th e  th r e e  

types of g lia l c e lls  a s  com pared  w ith th o se  of sp ec im en s 

re a re d  a t 20®C, d esc rib ed  in  C hapter 3, except th a t  th e  

endoplasm ic re ticu lum  som etim es adopts a  w horled  c o n f ig 

u ra tio n  and i ts  c is te rn ae  a re  occasionally  m ore  d is ten d ed . 

C oncentric m ultim em branous a r ra y s  a re  o f te n  found in v e s t  

ing c o rtica l c e lls , a s  w ell a s  surrounding  cen tra l lu m e n s , 

and probably  re p re se n t m ultip le  g lia l lam ellae . They a re  

s im ila r  to those , described  in  C h ap te r 4, o c c u rr in g  i n  th e  

b ra in s  of o ld  specim ens, but they have not been observed  

in  those  of neoim agines r e a re d  a t 20®C.

(c) E x tra ce llu la r  Spaces

The extensive e x tra c e llu la r  spaces, som etim es o v er 1 nm
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a c ro s s , u sua lly  contain a re a s  o f e lec tro n -lu cen cy  su rround 

ed  by am orphous g ran u la r m a te r ia l, re se m b lin g  th e  spaces 

found in  "o ld" specim ens d escrib ed  in  C hapter 4 . These 

spaces a re  le s s  pronounced in  the cen tra l re g io n  o f th e  

neu rop ile .

(d) T rachea l system

The s tru c tu re  of the trac h ea l sy s te m  is  s im ila r  to  th a t  

of specim ens re a re d  a t 20®C, d escrib ed  i n  C hapter 4, The 

lum en of the  traches-iloc o f som e specim ens c o n ta in s  an 

in tim a (P la te  64), p resum ab ly  le f t by Incom plete  m oulting*

(e) N eurons

All types o f neu rons, including n e u ro se c re to ry  c e l l  s , have 

m itochondria  which have low er m e tr ic a l d e n s i t i e s  and 

d isrup tion  o r  lo s s  of c r is ta e  (P la te  68), a s  com pared  w ith 

those o f m idges r e a re d  a t 20®C. The m ito ch o n d ria l i n t e r -  

s tru c tu ra l space i s  som etim es confluent w ith  th e  c y to 

p lasm ic  m a tr ix  because  of the  surrounding m em branes* 

d isrup tion , which ra re ly  o c cu rs  i n  the neurons of m idges 

r e a re d  a t 20®C. The c is te rn ae  o f the g ran u la r endop lasm ic  

re ticu lu m  appear m ore  d istended than  o ccu rs  i n  sp ec im en s 

r e a re d  a t 20®C and is  unlike i t ,  often being found a s  w horled 

a r ra y s  a t the cen tre  o f which a re  Golgi u n i t s .  L ysosom e- 

like bodies containing what appear to be rem nan ts  of c e l l  

o rg an e lle s  occur m ore  frequently  than in  th e  neurons of 

m idges re a re d  a t 20®C. Type 3 neurons a re  th e  o n ly  b ra in
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ELECTRON MICROGRAPHS 

T h e  b r a i n  o f  f e m a le  (1 0 ° C )  n e o i m a g i n e s .

P l a t e  64 : S e c t i o n  o f  t h e  b r a i n  s h o w in g  c o n s i d e r a b l e  e x t r a c e l l u l a r  

s p a c e s ,  m u l t i p l e  g l i a l  l a m e l l a e  a n d  t r a c h e a  c o n t a i n i n g  a n  i n t i m a .  

SCALE BAR ; 1pm .

KEY:

2 -  n e u r o n  t y p e  2

3 -  n e u r o n  t y p e  3

A -  n e u r o p i l e

C -  c o r t e x

e  -  e x t r a c e l l u l a r  s p a c e s  

1  -  g l i a l  l a m e l l a e  

t  -  t r a c h e a

P l a t e  65 : S e c t i o n  o f  t h e  m e d ia l  d o r s a l  r e g i o n  o f  t h e  b r a i n  

c o n t a i n i n g  ec;, n e u r o s e c r e t o r y  c e l l s  o f  t h e  iliTC g r o u p  a n d  v e r y  

e l e c t r o n - d e n s e  t y p e  4 n e u r o n s .  N o te  t h e  e x t r a c e l l u l a r  s p a c e s  

a s s o c i a t e d  w i t h  t h e  t y p e  4 n e u r o n s .

SCALE EAR : 1pm .

KEY:

4  -  n e u r o n  t y p e  4

m -  d i s r u p t e d  m i t o c h o n d r i o n  

n  -  n u c l e u s

5  -  n e u r o s e c r e t o r y  c e l l  ,

O t h e r  l a b e l s  a s  P l a t e  64

(Preparation procedure: Luft*s epon)
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c e lls  to exhibit e lec tro n -lu cen t n u c lea r v a cu o le s  which have 

not been  found in  the  b ra in s  of specim ens re a re d  a t 20®C,

The frequency o f type 2 neurons i s  m uch h igher th a n  i n  th e  

b ra in s  o f m idges re a re d  a t 20®C, and m any m o re  In te rh a e d -  

ia te s  betw een type 1 and type 2 occur (P la te  64). Type 4 

neurons a re  a lso  m ore  frequen t but not a s  com m on a s  ty p e

2. In  the  p a rs  in te rc e re b ra lis  o f m o st specim ens r e a re d  

a t 10®C, ce lls  resem b lin g  type 4 neurons o ccu r, but w ith  

a  m uch g re a te r  e lectron«density  (F la te  65 ), S im ila r  e le c t r o n -  

opaque c e lls  have not been found in  th e  b r a in s  o f m idges 

re a re d  a t 20®C.

(f) N europile

Many of the axonal m itochondria  show a  s im ila r  d i f f e re n c e  

to those  o f specim ens r e a re d  at 20®C, a s  e x h ib i te d  by 

these  o rg an e lle s  in  the n eu ra l p e rik a ry a . Axons i n  th e  

c en tra l reg ion  of the neuropile  have m itochondri a  si m ila r  

in s tru c tu re  and m e tr ic a l d e n s itie s , t o  th o se  of sp ec im en s 

r e a re d  a t 20®C.

E . D ifferences in  the Endocrine System

The following d escrip tio n s r e fe r  to sp ec im en s r e a re d  a t 

10 and 20°C.

1. N eu ro sec re to ry  Cells o f the B rain

(a) Light M icroscope observations

The m ean sta in ing  ind ices of the MNC and VNC groups.
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ELECTRON MICROGRAPHS

The brain of female (10°C) neoimagines.

Plate 66 ; An oC\ neurosecretory cell of the MÎX) group, which 
contain slightly more granules than are found in neoimagines 
reared at 20°C.

SCALE BAR : 1pm.
KEY;

h — neural sheath 
n - nucleus 

nl - nucleolus 
r - granular endoplasmic reticulum 
s - secretory granules 
u - Golgi unit

Plate 67 : A  ̂neurosecretory cell of the LNC group, which 
contain a similar quantity of granules to the comparable 
cells of neoimagines reared at 20°C (Plate 3 0).
SCALE BAR : 0*5pm.
KEY:

Labelling as Plate 66

(Preparation procedure: Luffs epon)
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when, tre a te d  with EWEN* S (1962) a ldehyde fu c h s in  of 

neoim agines r e a re d  a t 10 and 20®C a re  g iv en  i n  Table 

5, which shows th a t the la t te r  specim ens appear to  c o n ta in  

m ore  n eu ro sec re tio n . Selectively  s ta in e d  c e l l s  c o n ta in  

c o a rse r  purp le  g ranu les (P la te  23) i n  sp ec im en s re a re d  a t 

10®C a s  com pared  with 20®C (P la te  22), The axons f ro m  

the MNC ra r e ly  show se lec tive  stain ing  in  m idges r e a re d  

a t 10®C, which usua lly  o c cu rs  in  th o se  sp ec im en s re a re d  

a t 20®C (re fe r  to Appendix 3),

(b) E lec tron  M icroscope o b serva tions

The re la tiv e  quan tities of g ran u la r m a te r ia l  in  th e  c e re b ra l 

n e u ro se c re to ry  ce lls  of specim ens r e a re d  a t 10®C ( P la te s  

6 6 - 69) and 20®C (P la te s  25 -3 0 )  and th e  r e l a t i v e  s iz e s  

of th e ir  p e rik a ry a , is  included in  Table 6. The ^ - ty p e  

ce lls  of the LNC group of m idges re a re d  a t 10®C ( P la te  

67) contain both e lec tro n -d en se  and e lec tro n -lu cen t granul e s , 

unlike those of specim ens r e a re d  a t 20®C w here o n ly  th e  

la t te r  type occu r (P la te  30). The s im ila r ity  i n  th e  amount 

o f g ranu les in  the c e lls  of the MNC a t b o th  r e a r in g  te m p 

e ra tu re s  does not re f le c t the la rg e r  am ount o f n e u ro se c re 

tion, ind icated  by stain ing  w ith aldehyde fu c h s in , i n  

specim ens r e a re d  a t 20®C*

2. R e tro c e re b ra l Endocrine Com plex

O bservations upon the re tro c e re b ra l  en d o crin e  s t r u c t 

u re s  a re  b ased  upon wax sections sta ined  w ith  EWEN*S 

(1962) aldehyde fuchsin . D etectable d ifferences w ere  found
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ELECTRON MICROGRAPHS 

The brain of the female (10°C) neoimagine.

Plate 68 : Part of the VNC group, showing a single neurosecretory 
cell containing many granules and an ^^cell (arrow) with few granules, 

SCALE BAR : 1um.
KEY;

n - nucleus • 
nl - nucleolus 
r - granular endoplasmic reticulum 

s - secretory granules

Plate 69 : An o^^neurosecretory cell of the ONC group containing 
several Golgi units but few secretory granules.
SCALE BAR : 1pm. .
KEY:

u - Golgi unit 
V - multilamellate body 
other labelling as Plate 68

(Preparation procedure: Luff s epon)
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ELECTRON MICROGRAPHS 

The brain of a female (10°C) neoimagine,

Plate 70 : Section of the dorsal cortex, in the region between
the optic and central lobes, showing the cytoplasmic degeneration 
of neurons and the extracellular spaces associated with type 2 

and type 4 neurons.
SCALE BAR : 1pm.
KEY;

1 - neuron type 1
2 - neuron type 2
3 - neuron type 3
4 - neuron type 4
d - cytoplasmic degeneration 
e - extracellular spaces 
h - neural sheath

(Preparation procedure: Luffs epon)
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in  the co rp o ra  c a rd iac a , which show se lec tive  s ta in in g  

le s s  frequen tly  and to a  sm a lle r  extent ( re fe r  to  Appendix 

3) and in  the p e ritra c h e a l t is s u e s , whose c e l l s  have a 

m ore  in tim ate  asso c ia tio n  and contain le s s  e x t r a c e l lu la r  

space , in  neoim agines r e a re d  a t 10®C as  com pared  with 

those re a re d  a t 20®C.

G. D ifferences in  stain ing of the P e r ip h e ra l N eu ro sec re to ry  C e lls

o f th e  P ro th o rax

The p e rip h e ra l n e u ro se c re to ry  ce lls  of neo im ag ines re a re d  

a t 10®C have not been  found to exhibit se lec tive  s ta in in g  w ith  

EWEN* S ( 1962) aldehyde fuchsin in  e ith e r sex  ( r e f e r  to  Appen

dix 3). The staining reac tio n  of the female* s ce ll s i s  th e r e f o re  

s im ila r  to  those o f specim ens r e a re d  a t 20®C, but d i f f e r s  

from  those o f 20®C m a le s , which freq u e n tly  c o n ta in  p u rp le  

g ranu les in  both the cell bodies and the re le a s e  s i t e s  a t 

th is  tem pera tu re#
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C H A P T E R  6

CHANGES ASSOCIATED WITH REPRODUCTION 
IN THE FEMALE

INTRODUCTION

The la s t  c h a p te r  of r e s u l ts  i s  concerned w ith  changes in  

the c e re b ra l n e u ro se c re to ry  ce lls  a s s o c ia te d  w ith  d i f f e r e n t  

s ta te s  of rep roduction  in  th e  fe m a le . R esu lts  on th e  u l t r e 

s tru c tu re  of the n e u ro se c re to ry  ce lls  a re  c o r r e la te d  w ith  

ligh t m icro scope  observations upon s ta in e d  wax s e c t io n s  of 

the o v a rie s . The u ltra s tru c tu re  of the r e t r o c e r e b ra l  endocrine  

com plex was investiga ted  in m ated , o v ip o s i te d  in d iv id u a ls  

which showed the g re a te s t  d ifference i n  th e  c e re b ra l n eu ro 

se c re to ry  c e lls , a s  com pared  with those of fe m a le s  i n  o th e r  

rep roductive  s ta te s . The im p lica tio n s  o f th e s e  r e s u l t s  a re  

d iscu ssed  in  S e c tio n  IV of the next c h a p te r .

A. Egg F e rtility

The egg -ropes of a ll oviposited  in d iv id u a ls  u sed  i n  

th is  s tu d y  w ere  found to be f e r t i le .  I t  1 s th e r e f o re  assum ed  

that these  specim ens w ere m a te d , a s  v irg in s  a re  known to  

lay  s te r ile  eggs (CREDLAND, 1971).
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B. Light M icroscope O bserva tions

Longitudinal sections of the an te r io r  abdomen of l i g a t e d  

specim ens, showed th a t  the l ig a tu re  did not cause com plete 

constric tion  of the haemocoel*

The m orphology of the  rep roductive  o rgans w ere i dent i f  • 

ied  w ith com parison  of those of Chironom us plum osus 

(V/ENSLEH & REM PEL, 1962). Table 11 shows th a t  th e  

la rg e s t  oocytes and th e ir  n u rse  ce lls  undergo a  re d u c tio n  

in size  and num ber of yolk d rop le ts  with age, which i s not 

p reven ted  by m ating , {P lates 73 and 74). The o v a r ie s  of 

oviposited  indivi duals a re  found to c o n ta in  few , i f  any, 

o o c y te s  (P la te  75), and the n u rse  ce lls  a re  su rrounded  by 

m a sse s  of diffuse ti  ssue which 1 s probably  d e riv e d  f ro m  

d eg en e ra ted  fo llicu la r ep ithelia l c e lls .

C. E lec tron  M icroscope O bservations

1. N eu ro sec re to ry  C ells of th e  B rain

Table 11 shows that, with the ex ce p tio n  of ovi • 

posited  individuals, th e re  a re  no m ark ed  d if f e r e n c e s  i n  

the re la tiv e  amount o f g ranu les o r  th e  r e l a t i v e  p e r ik a ry a  

s izes  o f the n e u ro se c re to ry  c e lls  in  the b ra in s  of o ld  

v irg in  m idges with those of the ex p erim en ta l re p ro d u c t

ion groups which w ere kept under le s s  c o n tro lle d  cond

itions of tem p era tu re  and lighting . One o r  tw o of th e  

p -type ce lls  of the LNC group in  o v ip o s i te d  in d iv id u a ls



TABLE 11, Relative quantities of aranules in the brains' 
neurosecretory cells and the relative sizes of their 
perikarya, in females,reared at 20°C, and the sizes of 
their terminal oocytes, in relation to reproductive state.

1 9 2 .

A d p i  
204-1

t  t e m p e r a t u r e  
22+4°C

C e l l
g r o u p

1 7 3-4 A 3 -4 3 -4
D ay s  a f t e r  
e m e rg e n c e

V V K KC VL v s R e p r o d u c t i v e
s t a t e

(S)
101;

A)
1R

m
3R

CO
ÜR

w
2R

Ci)
1R

R e l a t i v e  
o u a n t i t v  o f  

. g r a n u le s ^ 'a n d  
r e l a t i v e  s i z e s  
o f  p e r i k a r r / a

lON^ 7)1' 1 o f ' /;R lo f '^ lOR̂ "̂
YÎU (S)

ION lOR^ 1 0 l f lO h 1 lOR^''

c m
(.A

ION
IT (A

4R 5H 4R

LIE P
(a1

2N 2N
(A

101
CÏ

2N
0)

2N

N R
(.£>

Tf.
(4:

A R R
A m ount o f  

v o l k  d r o p l e t s

üO x^
1 0 0

50 :̂ '̂
50

5 0 )^
50

50x̂ ^̂
50

SOx"^
50

T e r m in a l  
o o c y t e  s i z e * *

Relative values are based on subjective assessment.
Figures in parentheses show the number of specimens used,
* Granu].e quantities are rated 0-10, relative quantities are 
only comparable horizontally,
** Size, in pm, of the largest oocyte and its nurse cell present, 
measured to the nearest 10pm,
A=Absent.
N=Similar to those of neoimaginai virgins,
R=Reduced, in size (neurosecretory cells) or, in quantity (yolk 
droplets), as compared to those of neoimaginal virgins,
I=Increased size of perikarya of neurosecretory cells as 
compared to those of neoimaginal virgins (refers to 1 or 2 cells 
inteach LîD group only, the remainder being h).
Key to Reproductive States
L=Ligated M=Mated 0=0viposited S=Sham ligatèd V=Virgin
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ELECTRON- MICROGRAPHS 

The neurosecretory cells of mated oviposited females*

Plate 71 : Part of the VNC group showing two û(jĵ -type cells which 
contain more granules than the «̂ v-type cell.
SCALE EAR : 1pm,
KEY:

n - nucleus
r - granular endoplasmic reticulum 
s - secretory granules

Plate 72 : A neurosecretory cell of the LIE r̂roup containing 
a considerable quantity of aggregated granules and having a large 
perikaryon.

SCALE BAR : 1pm,
KEY:

u - Golgi unit
other labelling as Plate 71

(Preparation procedure: Luffs epon)
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a re  exceptional in  having a  p e rik a ry a  m e a su ri ng a s  m uch as 

12 X lOwm, la rg e r  than  that for th ese  c e l l s  i n  any o th e r  

specim ens in v es tig a te d  (P la te  72)* The c y to p la sm  con ta ins 

a  g re a te r  quantity of g ranu les than found i n  th e  P - ty p e  

ce lls  of any o th e r  specim ens* The g ra n u le s , which vary  

in e lectron-density , a re  o ften  aggregated  in to  a  la r g e  m ass 

at the p rox im al pole of the ce ll. P a r a l l e l  l a m e l l a e  of 

g ran u la r endoplasm ic re ticu lum  and Golgi u n i t s  a re  m ore 

frequent in  the cytoplasm  of ^ -ty p e  c e l l s  i n  o v ip o s i te d  

indiv iduals, than in  th ese  ce lls  in any o th e r  specim ens*

In  oviposited  specim ens, the c e l ls  o f th e  MNC c o n ta in  

m ore  g ran u les , and tliose of the VNC l e s s  g ra n u le s  ( P la te  

71), than in  s im ila rly  aged v irg in s ,

2* R e tro c e re b ra l Endocrine S truc tu res  of O v ip o sited  F e m a le s

The co rp o ra  ca rd iaca , co rp o ra  a lla ta  and th e  g landes 

p o s t-c é ré b ra le s  a n té rie u re s  of o v ip o s ite d  In d iv id u a ls  have 

a s im ila r  u ltra  s tru c tu ra l appearance to  th o se  of aged 

v irg in  fem ales d esc rib ed  in C hapter 4 , The n u c le a r  to  

cytoplasm ic ra tio  of the m edu lla ry  co rp o ra  a l l a t a  c e l l s  

(Table 1) is  s im ila r , and both groups la c k  p e r i t r a c h e a l  

tissues*  The co rpo ra  c a rd iaca  contain am oun ts of n eu ro 

se c re to ry  g ran u les , and the in tr in s i c c e l l s  have a 

granule size  d istribu tion , s im ila r  to th o se  of v i r g in  

neoim agines*
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LIGHT MICROGRAPHS

T he o v a r i e s .

P l a t e  7 3  : A t e r m i n a l  o o c y t e  o f  a  n e o i m a g i n a l  v i r g i n  s h o w in g  t h e  

n u r s e  c e l l  a n d  y o l k  d r o p l e t s .

P l a t e  7 4  : A t e r m i n a l  o o c y te  o f  a  v i r g i n  7 d a y s  a f t e r  e m e r g e n c e .  

N o te  t h e  s m a l l e r  s i z e  o f  t h e  o o c y t e  a s  c o m p a re d  t o  t h a t  o f  t h e  

n e o im a g in e  ( P l a t e  7 3 ) .

P l a t e  7 3  : S e c t i o n  o f  t h e  o v a r y  o f  a  m a te d  o v i p o s i t e d  s p e c im e n ,  

i n  w h ic h  t h e  n u r s e  c e l l s  b u t  n o  y o l k  d r o p l e t s  c a n  b e  d i s t i n g u i s h e d .

SCALE BARS : 10pm.
K e y ;

f  -  d e g e n e r a t i n g  f o l l i c u l a r  e p e t h e l i u m  

1 -  y o l k  d r o p l e t s  

n  -  n u r s e  c e l l  

o -  o o c y t e

( s t a i n :  Ewen* s  a ld e h y d e  f u c h s i n )
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C H A P T E R  7 

THE DISCUSSION

Introduction

The inform ation  ga thered  in  th is  study m ain ly  concerns th e  

s tru c tu re  of the nervous and endocrine sy s tem s. The c o -o rd in a tio n  

and in teg ra tion  of ce llu la r ac tiv itie s  in in s e c ts ,  as i n  o th e r  m u l t i -  

c e llu la r o rg an ism s, is  under the con tro l of th ese  tw o sy s te m s .

A deta iled  d e sc r ip tio n  of th ese  sy stem s based  upon o b se rv a tio n s  

in neoim aginal m ale  specim ens r e a re d  a t 20®C is  g iven  in  

Chapter 3. Studies of the two sy s te m s  in  the fem ale ( Chapter 3) 

and in  specim ens differing in age (C h ap te r 4 ), r e a r in g  te m p e ra 

tu re  (C hapter 5) and reproductive  s ta te s  (C h ap te r 6) a re  i n t r i n 

s ica lly  in te re s tin g . These observations how ever, by com parison, 

enable functional in fe ren ces to be m ade b ased  s o le ly  upon 

s tru c tu ra l c r i te r ia .

SECTION I

NEOIMAGINES REARED AT 20®C

A. THE MALE

The B rain

The g ro ss  m orphology of the b ra in  and suboesophageal 

ganglion in com parison  with o ther adult d ip te ran s , has been 

p a rtia lly  d iscu ssed  in Chapter 3. The cell bodies of neurons 

within the cen tra l nervous system  of the m idge, a s  in  a l l
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in se c ts , fo rm  a p e rip h e ra l c o rtica l lay e r enc lo sing  a  c e n tra l  

neu rop ile . This is  the converse  to the a rran g em en t found in  

v e rte b ra te s . The positioning of the p e r ik a ry a  i n  in s e c t s  i s  

thought to  be c o rre la te d  w ith the ex ternal ty p e  of o rgan  n u t r i t -  

ion(CAZAL & SANCHEZ cited  in POWER, 1943). The v e r te b r a te  

b ra in , unlike th a t of in se c ts , is  v a scu la r w ith  p e n e tra t in g  

c ap illa r ie s  supplying the cen tra lly  p laced  c e l l  bodies w ith  t h e i r  

nu tritional and re s p ira to ry  req u ire m e n ts . In  Chironom us r ip a r lu s  

reg ions w here the c o r t ic a l  lay e r is  th ick es t a re  u s u a l ly  com posed 

e n tire ly  of neurons w ith  sm all ce ll bodies. The la rg e r  su rfa c e  to  

volum e ra tio , for exchange, of sm a lle r  c e l ls  m ay enab le  th e  

developm ent of a th ick er co rtic a l lay e r  th a n  i n  a re a s  com prising  

of la rg e r  ce ll bodies. The p e rik a ry a  of neurons and o th e r  b ra in  

ce lls  w ere found to give a basophilic  s ta in in g  r e a c t io n  ty p ic a l  of 

in sec t nervous t is su e . HESS (1958) suggests th a t  th e  la rg e  

quantities of rib o so m es v isib le  with the e le c tro n  m icroscope 

accounts fo r the acid ity  of these  c e lls .

The c la r ity  of division of n e u ro p ile  m a sse s  and f i b r e  

t r a c ts  obtained by the h isto log ical p ro ced u res employed, m ade the 

use  of specia lized  s ilv e r sta in s un n ecessa ry . CHRISTOPHERS 

( i 960) found tha t s ilv e r sta ins w ere  not r e q u i s i t e  i n  th e  demon

s tra tio n  of the 14 neuropile  m a sse s  found in th e  b ra in  of Aedes 

aegypti adu lts . Ten of these  m asse s  a re  com parable to  th o se  

found in  Chironom us rlp ariu s . The four m a sse s  which a re  not 

found in  the m idge (m asses  8, 9, 10 and 11) a re  p e r ip h e r a l ly  

s ituated  within the m o sq u ito 's  b ra in . No addi t i onal neuropi 1 e 

m asse s  to those occu rring  in A edes w ere  found in  Chironomus.
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The la rg e  m a ss  10 had a divisib le e lem ent, te rm e d  10* not 

found in  A edes, which resem b led  in position th e  p o s te r io r  

sta lk  of the co rp o ra  pedunculate of D rosophila m e la n o g a s te r . 

(POWER, 1942). The elem ent 10$ did not com prise  of th re e  

concen tric  bands of f ib re s ,  as occur in th e  s ta lk s  of th o se  

d ip terans which p o sse ss  co rp o ra  pedunculate ( HOV/SE, 1974), 

These m ushroom  bodies, which a re  prom inent s t r u c tu r e s  in  

the b ra in s  of m any in s e c ts ,  a re  m uch reduced  i n  d ip te ra n s  

(GROTH, 1971). As in the b ra in  of Aedes (CHRISTOPHERS, 

i 960), the m idge, excepting the possib le  s t a lk  reg io n , la c k s  

c le a rly  divisib le  co rp o ra  pedunculate. T hese s t ru c tu re s ,  in  

o ther in se c ts , a re  opera tive  in the se lection  of m otor p a t te r n s  

and form ation  of behavioural sequences, t h e i r  volum e being 

proportional to the behavioural com plexity  (HOWSE, 1975). 

W hether th is  is  tru e  of nem atocerans is ,  a t p re s e n t , unknown.

The cen tra l com plex is  s im pler than tha t of Aedes 

(CHRISTOPHERS, I960), com prising  of only th r e e  e lem en ts , 

a  la rg e  cen tra l body subjacent to which a re  a p a i r  of s t r u c tu r e s  

resem b ling  in p o sitio n  the e llip so id  b o d ies  of D rosoph ila  

(POWER, 1943). The ven tra l tu b e rc le s  which occur in  th e  

cen tra l com plex of D rosophila have not been found. A com p

ariso n  of the width of the head capsule with th a t  of th e  

cen tra l com plex has been m ade for a num ber of di pt e ran s  by 

GROTH ( 1971). A verage m easu rem en ts  for the m idge a re  in  

harm ony with th is  author* s data giving added support to  th e  

suggestion of HOWSE ( 1974) that the size  of th e  c e n tra l  complex 

is  p roportional to the dim ensions of the head and i s not r e l a te d
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to behavioural com plex ity . L esion experim en ts have shown th a t  

the cen tra l com plex is  involved in the s e le c t io n  of l e v e ls  of 

behavioural re sp o n s iv e n e ss  (HOWSE, 1974). The n e u ro p ile  

m a sse s  of the optic lobes and antennal c e n tre s  a re  p resum ed  

to be involved in p ro cess in g  of senso ry  in p u ts .  T here i s 

little  inform ation  regard ing  the functional s ig n if ic a n c e  of th e  

o ther neurop ile  m a sse s .

Except fo r t r a c t  06, which is  s im ila r  to  th e  ’’o p t ic a l  

component of the cen tra l co m m issu re” of Drosophil a 

(POWER, 1943), the conspicuous f ib re  t r a c t s  of Chironomus 

b ear litt le  resem b lance  to those described  in o th e r  d ip te ra n s  

(CHRISTOPHERS, I960; GROTH, 1971; STRAUSFELD, 1976 

and o th ers).

The N eural Sheath

Fine s tru c tu ra l observations indicate  th a t  th e  components 

of the b ra in  of Chironom us a re  s im ila r in m any re sp e c ts  to  th o se  

of M usca dome Stic a described  by SOHAL ^  ( 1972), The n eu ra l 

lam ella  of the neo im ag inal m idge re sem b les  a basem ent m em brane 

being s im ila r  to the ou term ost division of th e  sh ea th , th e  e x te rn a l 

lam ina, of M usca and of o ther in se c ts  (SMITH, 1968). The neu ra l 

lam ella  of the m idge’ s b rain , unlike that of th e  v e n tra l  nerve  

cord , is  not a s so c ia te d  with fat body c e l ls .  Subjacent to  th e  

lam ella  is  a single lay e r of p e rin eu ria ! c e l ls  which WIGGLESWORTH 

( 1956) suggested se c re te s  the lam ella , a lth o u g h  th e  a c tu a l s i t e  

of i ts  production is  unreso lved  (rev iew  LANE, 1974). The
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p erineu rium  is  s im ila r  in position, and in co n ta in in g  num erous 

m itochondria , to the ”glial type 1 cell la y e r” d esc rib ed  by 

WIGGLESWORTH ( 1959) in  Rhodnius, but u n lik e  i t  i n  la c k in g  

reg u la rly  spaced nuclei. In Chironom us the p e r in e u r ia l  c e l l s  

appear to be la rg e  and p la te -lik e  with c o n sid e rab le  l a t e r a l  o v e r

lapping. As in M usca (SOHAL e ta ^ , 1972), th e  p e r in e u r iu m  is  

sep ara ted  from  the neurons by glial c e lls . Two types of p e r i 

n eu ria l ce lls  a re  d istinguished  in the m idge com parable to  th o se  

d escrib ed  by MADDRELL and TREHERNE ( 1967) in  C arausius 

m orosus and P e rip lan e ta  a m e ric an a . SOHAL et al ( 1972) d e s c r ip 

tion of the b ra in  of M usca ind ica tes that it has on ly  ty p e  I 

p e rin e u ria l c e lls . Type I p e rin e u ria l c e l ls  a re  c h a ra c te r iz e d  

by num erous la rg e  m itochondria  and many fre e  and a g g reg a ted  

deposits of glycogen, which a re  a lso  found in  th e  p e r in e u r iu m  

of the cockroach (SMITH and TREHERNE, 1963). In  P e rip l anet a , 

WIGGLESWORTH (I960) noted that the m ito c h o n d r ia  a re  o f te n  

found in  la rg e  num bers im m edia te ly  below the la m e lla  and in  

c lu s te rs  deep within the cytoplasm , indicating high energy  dem ands 

for th ese  reg io n s . In the m idge, because of the la rg e  s iz e  of 

the m itochondria  and the shallow depth of the p e ri n eu ri um, no 

such spatia l re la tio n sh ip  i s  d iscern ab le . N um erous f r e e  and 

c is te rn ae  bound r ib o so m es  occur but Golgi u n i t s  a re  r a r e ly  

found, c h a ra c te rs  not noted in the type I p e r in e u r ia l  c e l l s  

described  by MADDRELL and TREHERNE ( 1967). U nlike th e  

ce lls  d escribed  by these  au tho rs , m ic ro tu b u les a re  not t o t a l l y  

absent. Vacuoles observed  in the cytoplasm  of th e s e  c e l l s  a re
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suggested by SOHAL et al (1972) to be th e  s i t e  of l i p i d  rem o v ed  

by p rep a ra tio n  p rocedu res and the d eg en era tiv e  fo c i a re  p robab ly  

a re a s  w here glycogen has been w ashed out.

Type II p e r in e u r ia l  c e lls  like those d escrib ed  by MADDRELL 

and TREHERNE ( 1967) adopt a deeper p o s i t io n  th a n  ty p e  I and 

contain la rg e  num bers of m icro tubu les and f ew m itochondri a.

They a re  d is s im ila r  in p o ssessin g  som e glycogen g ra n u le s .

Supportive, s to ra g e  and troph ic  fu n c tio n s  have been 

a sc rib e d  to the p erineu rium  of in sec ts  (rev iew  LANE, 1974).

In the m idge th e re  is  a  structurad  b a s is  f o r  c o n s id e r in g  d i f f e r 

ent functional ro le s  fo r the two p e rin eu ria l c e l l  ty p e s . Type 11 

ce lls  contain num erous m icro tubu les and a re  bound to  th e  sub

jacen t glial c e lls  by m any tight junctions, in d ic a t in g  a su p p o rtiv e  

ro le . The tigh t ju n c tio n s of the subjacent glial c e l l s  a re  sug g ested  

by LANE (1974) to be the s tru c tu ra l b asi s f o r  th e  b lo o d -b ra in  

b a r r ie r  d esc rib ed  by TREHERNE and PI CHON ( 1972). Type I 

p e rin e u ria l ce lls  appear to be concerned w ith  s to ra g e  of glycogen 

and lip id s , and the tra n s fe r  of n u trien ts  f a c i l i ta te d  by energy 

supplied by the num erous m itochondria . T h e ir  p o s i t io n  e x te rn a l 

to the suggested b lo o d -b ra in  b a r r i e r  w ould be an advantage in  

allowing diffusion of n u trien ts  from  the haem olym ph which cou ld  

subsequently  be tra n s fe rre d , via th e ir cy top lasm ic  p ro c e sse s , to  

the c o rtica l c e lls .

G lial ce lls

The glial ce lls  within the b ra in  of th e  m idge have a s im ila r
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spatia l re la tio n sh ip  with the neurons a s  do th e  com parable c e l l s  

of M usca (SOHAL et al 1972), although th e i r  f in e  s t r u c tu r e  i s  

som ew hat d ifferen t. Type 1 glial c e lls  co rrespond  in p o s i t io n  

to the ’’p e rip h e ra l subperineu ria l glial l a y e r ” of WIGGLESWORTH 

(I960) and of ’’C lass I n eu ro g lia” d e sc r ib e d  by STRAUSFELD 

(1976), who used  a p o sitio n a l c lass ifica tio n  i n  th e  b ra in  of 

M usca. They a re  sm a lle r  than the ’’type I g l ia l  c e l l s ” d e sc r ib e d  

by SOHAL e t al (1972) but a re  s im ila r in  hav ing  a c y to lo g ic a l 

o rgan isa tion  indicative  of syn thesis of p ro te in s, as well as 

supportive and n u t r i t iv e  functions. These c e l l s ,  as i n  M usca 

(SOHAL et al, 1972) appear to fo rm  a link  in  th e  t r a n s f e r  of 

n u trien ts  from  the perineu rium  to the neu rons, a  hypot he si s 

propounded by WIGGLESWORTH (1959).

Type 2 g lia l ce lls  occur betw een th e  neuronal p e r ik a ry a  

in a com parable p o sitio n  to  the ’’C lass 2 n e u ro g lia ” of M usca 

(STRAUSFELD, 1976). T heir cytological o rg a n is a t io n  in d ic a te d  

that they a re  involved in p ro tein  sy n th e s is  but to  a l e s s e r  ex ten t 

than type 1 glial ce lls , as they contain few er ci s te rn a e  of g ra n u la r  

endoplasm ic re ticu lu m . They differ from  th e  l i p i d  sy n th e s iz in g  

’’type II glial c e l ls ” of M usca (SOHAL £t al» 1972) in  la c k in g  sm o o th  

endoplasm ic re ticu lu m . It is  possib le  tha t th e y  have a s im ila r  

functional ro le  to type 1 glial ce lls  and m ay ac t in  supp ly ing  

n u trien ts  to the p e rik a ry a  deep within the c o r t ic a l  la y e r .

Type 3 g lia l ce lls  occur on th e  inner m arg in  of th e  c o rte x , 

corresponding  in  position to the ’’inner su b p e rin eu ria l l a y e r ” of
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WIGGLESWORTH (i960) and ”C1 a ss  3 n e u ro g l ia ” of M usca  

(STRAUSFELD, 1976). They do not t o t a l l y  d e fin e  th e  o u t l in e  

of the neurop ile , a s  genera lly  o ccu rs  in  in s e c t s  (SMITH and 

TREHERNE, 1963), as axons o ften  abut on to  th e  neuronal 

p e rik a ry a . T hese ce lls  a re  s im ila r  in  appearance to  th e  ”type  

III glial c e lls ” of M usca (SOHAL et al, 1972) and a re  a ls o  

s im ila r in o ccu rrin g  within the n e u ro p ile , co rrespond !ng  in  

position  to ’’C lass 4 n eu rog lia” d e sc r ib e d  by STRAUSFELD 

(1976). The p resen ce  of glial c e l l s  am ongst axons has been 

in tim ated  i n def i ning the synapt 1 c pat hways wit hi n th e  

neurop ile  (LANE, 1974). The c y to p la sm ic  o rg a n iz a tio n  i s  

again indicative  of p ro te in  sy n th e s is  and s im ila r  to  th a t  of 

the ’’type III glial c e l ls ” of M usca ( SOHAL e t al, 1972). The 

p resen ce  of la rg e  n u m b er8 of m ic ro tu b u le s  in  th e  ty p e  3 

glia l c e lls , which have been observed  in  th e  g l i a  of o th e r  

in se c ts  (rev iew  SMITH and TREHERNE, 1963), su g g es ts  th a t  

these  ce lls  m ay have a supportive, as well as n u t r i t i v e  r o le .  

The m icro tubu les a re  o ri en tated  p a ra l 1 el to  th e  n e u ro tu b u le s  

in the adjacent axons which m ay f a c i l i t â t e i n t e r c e l l u l a r  

tra n s fe r  of substances, as tubules a re  thought to  be in v o lv e d  

in axonal t r a n s p o r t  (rev i ew WUERKER & KIRKPATRICK, 1972).

Smooth endoplasm ic re tic u lu m  which o f te n  o ccu rs  i n  th e  

glia of in sec ts  (review  SMITH, 1968) has not been found in  

these  ce lls  in  the neoim aginal m idge.
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E x tra ce llu la r  Spaces

The p resen ce  of extensive e x t r a c e l lu la r  sp aces, te rm e d  

"g lia l lacunar sy stem " by WIGGLESWORTH ( I960), have been 

confirm ed by num erous e lec tro n  m icroscope s tu d ie s  ( r e v ie w  

SMITH & TREHERNE, 1963). M ost of th e  p h y s io lo g ic a l 

inform ation  of e x tra c e llu la r  spaces i s  o b ta in e d  f ro m  s tu d ie s  

o f the c e n tra l  nervous sy s te m  of P e rip l anet a and u s u a l ly  

r e la te s  to i ts  nerve  cord . T here  i s  l i t t l e  in fo rm a tio n  

regard ing  the "g lia l lacu n ar sy s te m s"  of Dipt e ra . In  th e  b ra in  

of M usca, SOHAL e t al (1972) m ention th e  p resen ce  of sev era l 

distended e x tra c e llu la r  spaces but do not d e sc r ib e  th e m  as an 

extensive system . In C alliphora , BLOCH et al (1966) d e sc r ib e  

the g lia l lacunae a s  being m uch l e s s  e x te n s iv e  th a n  th o se  of 

P e rip lan e ta  and the au tho rs ex p re ss  some doubt as to  whether 

the system  is  tru ly  e x tra ce llu la r . In th e  neo im aginal m idge, 

v e ry  few spaces occur in the b ra in . I t  is  p o s s ib le  th a t  an 

osm otic  fixation a rte fac t could cause th e  lo s s  of e x t r a c e l lu l a r  

spaces in  p rep a red  m a te r ia l. This p o s s i b i l i t y  i s di scounted  

because the m itochondria  and c is te rn ae  of endoplasm ic r e t ic u lu m , 

which a re  highly susceptable to osm oti c e f f e c t  s ( BAKER, 1966), 

appear n o rm a l. Small e le c tro n -lu c e n t a re a s , which i n i t i a l l y  

appear to be e x tra ce llu la r , u su a lly  on c lo s e r  e x a m in a t io n  a re  

found to be in tra c e llu la r  resu ltin g  f ro m  cy top lasm ic  d e g en e ra tio n . 

Axons often give th is  appearance but c a re fu l in s p e c t io n  in v a r ia b ly  

rev e a ls  fragm en ts of neurotubules su rrounded  by a p la s m a  

m em brane, LANE (1974) has re p o r te d  th e  occu rrence  of unbanded 

f ib r il la r  e lem ents in  the lacunar sy s te m . A lthough  th e  s iz e  of 

these  e lem ents was not s ta te d , th e y  a re  a p p a re n tly  a s s o c ia te d
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with e lec tro n  opaque m a te r ia l which would p reven t con fusion  

betw een degenerated  axons contain ing  n e u ro tu b u le s  and g l ia l  

lacunae. Spaces betw een p e rik a ry a  in  th e  c o r t i c a l  la y e r  occur 

infrequently  and a re  usually  a s s o c ia te d  w ith  tw o p a r t i c u l a r  

types of neurons, d iscussed  below . I t ,  th e r e fo re ,  s e e m s  

unlikely that th ere  i s  an ex ten siv e  sy s te m  of in te rc o n n e c t in g  

ex trace llu la rch am els . in the b ra in  of th e  neo im aginal m id g e .

The sm all si ze of the b ra in  m ay m ake such a sy s te m  u n n ecessa ry  

for the fu lfillm ent of nu tritional dem ands, which can be su p p lie d  

by sim ple d iffusion .

SMITH & TREHERNE (1963) s ta te ,  "A knowledge of th e  

extent of the e x tra c e llu la r  space w ith in  th e  in s e c t  nervous 

system  is  e ssen tia l fo r any p roper u n d e rs tan d in g  of i t s  p h y sio 

lo g y ."  The absence of an e x tr a c e l lu la r  sy s te m  w ith in  th e  b ra in  

of the neoim aginal m idge and, p o s s ib ly  th a t  of M usca ( SOHAL 

et a l, 1972), suggests tha t the understanding  of n eu ra l t r a n s m is s 

ion based  upon th e  extensive g lial lacunae of cockroaches, m ay 

not be com parable to  such p ro c e sse s  w ith in  th e  b r a in s  of 

o ther in se c ts .

T racheal system

Haem ol ymph is  not involved in  gaseous exchange i n  in s e c t s ,  

oxygen being c a r r ie d  d irec tly  to the s i t e  of u t i l i s a t i o n  by a 

system  of tra c h e a  (CHAPMAN, 1971). The tr a c h e a l  sy s te m  in 

the b ra in  of th e  m idge is  s im ila r  to  th a t  of Aedes (CHRISTOPHERS, 

I960). The la rg e r  trach eo les  do not p ass  th rough  an e x t r a 
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ce llu la r space when en te ring  the n e u ro p ile , as  th e y  do in  th e  

abdom inal ganglia of P e rip lan e ta  ( SMITH & TREHERNE, 1963). 

As d escrib ed  by HESS {1958), the c u t ic u la r  l i n i n g  of th e  

trach eo le  i s  alw ays surrounded  by the cy to p lasm  of th e  t r a c h -  

eo la r cell, which is  fu rth e r se p a ra ted  f ro m  the a d jacen t 

neurons by g liop lasm . The g re a te r  abundance of t r a c h e o le s  

in the deeper reg ions o f the co rtex  m ay indi cat e a hi gher 

oxygen dem and for the c e lls  in th ese  a re a s .

N eurons

N um erous stud ies have rev ea led  th a t  in s e c t  g a n g lia  

contain neuronal ce ll bodies which d i f f e r  i n  s i z e ,  s ta in in g  

reac tio n  and cytological o rgan isa tion  ( re v ie w s : SMITH & 

TREHERENE, 1963 and LANE, 1974). I n  th e  b ra in  of 

M usca, SOHAL et al (1972) d istinguished f iv e  ty p e s  of non- 

n e u ro sec re to ry  neurons on the b a s is  of p e rik a ry o n  s iz e  and 

o rg an e lle s , w ith  the added c r ite r io n  of n u c le a r  to  c y to p lasm ic  

ra tio . Using th e s e  c h a ra c te rs , five types of n o n -n e u ro se c re to ry  

neurons w ere  d istinguished  in  th e  b ra in  of C hironom us, four 

of which resem b le  tliose of M usca in  s t r u c tu r e .  Neuron ty p es  

1 to 4 a re  m onopolar, a s  a re  m any of th e  neurons w ith in  th e  

b ra in s  of in se c ts  (LANE, 1974),

Type 1 neurons a re  sm a lle r  th an  " type  I neu rons"  of 

M usca, but a re  s im ila r in  ce llu la r o rg a n iz a tio n . The n u c le a r  

envelope is  c renu la ted  with a variab le  th ic k n e s s , c h a ra c te r s  

not noted by SOHAL et al (1972) but which do appear i n  t h e i r
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published m icro g rap h . In  the m idge, th ese  c e l l s  a re  th e  m a in  

constituents of the o p tic  lobes, w hereas i n  M usca, "type 1 

neu rons" a re  r e s tr ic te d  to the p ro to ce reb ru m .

Type 2 neurons a re  le s s  frequent th a n  ty p e  1* They 

occur adj acen t to ty p e  1 neu rons, but have a s i m i l a r  c e l l u l a r  

o rgan ization . They have a  cell body which i s  sm a lle r  and has 

a  g re a te r  e lectron*density  than ty p e  1 neurons and i s  d i s 

s im ila r  in  being a sso c ia ted  with e x tra c e ll iü a r  sp aces, I t  i 8 

suggested th a t degenerative p ro c e sse s  cause ty p e  1 neurons to  

shrink , resu ltin g  i n  the se p a ra tio n  of t h e i r  p la sm a  m em branes 

from  adjacent ce lls  and in c re as in g  the el ec t ro n -d e n s ity . These 

type 2 neurons a re  s im ila r  in  s tru c tu re , e le c tro n -d e n s i  t y  and 

in  having the h ighest nuc lear to cy top lasm ic  r a t i o  of th e  b ra in  

neu rons, to the "type 11 c e lls "  of M usca, SOHAL e t al (1972) 

do not com m ent upon the o ccu rren ce  of spaces su rround ing  

" ty p e  11 n eu ro n s” , but the published m i c rog raph  of t h i s  c e l l  

type exhibits such sp aces . In  Mlusca "type 11" neurons a re  th e  

m ain  constituen ts o f the optic lobes c o rte x , w hereas i n  th e  

neoim aginal m idge, type 1, w ith only a  f  ew t  ype 2 neu rons, 

occu r in th is  reg ion . If, a s  suggested above, ty p e  2 neurons 

a re  derived  from  type 1, i t  m ay be possib le  t o  o b ta in  by 

tran sfo rm atio n , o p tic  lobes com parable t o  th o se  of M usca 

in  containing m ainly  type 2 neurons, a  hypothesi s which i s 

fu rth e r d iscu ssed  below.

Type 3 neurons a re  s im ila r in  s tru c tu re  to  th e  l a r g e r  

"type 111 neu rons" of Musca, but have a  m ore  r e s t r i c t e d  di s t r i  -
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bution, being absen t f ro m  the la te ra l  e x tr e m it ie s  of th e  o p t ic  

lobes.

Type 4 neu rons, although la rg e r  than  ty p e  2, a re  s im ila r  

in e lec tro n -d en s ity  and in  being a s s o c ia te d  w ith  e x t r a c e l lu l a r  

sp aces . T heir s ize  and d istribu tion  ind ica tes th a t  th e y  m ay 

be derived  from  the type 3 neurons by a s im ila r  p ro c e ss  to  

the tra n s fo rm a tio n  of type 1 to  ty p e  2 c e l l s .  The r e s t r i c t i o n  

of type 4 neurons to the p a rs  in te rc e re b ra l! s  m ay indi c a te  

that the suggested  p ro c e sse s  o f de gene r a t i  on o c c u rr in g  i n  

type 3 ce lls  b e g in  i n  th is  re g io n  of the  b ra in .  Type 4 c e l l s ,  

although s im ila r  in  s iz e  to the b ipo lar " ty p e  IV neu rons" of 

M usca, do not resem b le  them  in  e ith e r e le c tro n -d e n s ity  o r 

p o la rity .

The giant, ty p e  5, neurons have the la rg e s t  c e l l  b o d ies  

o ccu rrin g  in  the b ra in . Although s m a lle r  than th e  " ty p e  V" 

neurons of M usca, they  a re  s im ila r  in  cy to lo g ica l o rg a n iz 

a tio n , except th a t the num erous m ito ch o n d ria  a re  no l a r g e r  

than in  o th er neurons and the endoplasm ic r e t i c u lu m  is  u s u a l ly  

m ore  o rgan ized , often o c c u rr in g  in  p a ra l le l  a r r a y s .  In 

Chironom us the g ian t neurons a re  found th roughout th e  b ra in , 

unlike those of M usca which a re  lo ca lized  i n  s p e c i f i c  re g io n s . 

The g ia n t neurons of b o th  sp e c ie s  a re  th e  o n ly  m u ltip o la r  

ne rv e  c e lls  o ccu rrin g  i n  the b ra in .

The functional significance of the v a r io u s  neuronal ty p es  

is  unknown and aw aits elucidation by p h y s io lo g ic a l te c h n iq u e s .

The freq u e n t la rg e  invaginations of g lioplasm  in to  th e  

neuronal p e rik a ry a , th e  "trophospongia of H olm gren", rep o rte d  

in m any o th er in se c ts  (review  LANE, 1974) have not been found
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in C hironom us. BLOCH et al (1966) and SOHAL et ^  ( 1972) do 

not com m ent on the p resen ce  of invagi nations i n to  th e  p e r ik a ry a  

in  the b ra in s  of C alliphora and M usca r e s p e c t iv e ly ,  nor do such 

s tru c tu re s  appear on th e ir  published m ic ro g rap h s . The lack  of 

trophospongia m ay be a  d ip te ran  c o n d itio n  b u t, a s  r e p o r ts  of 

i t  a re  u sually  r e s t r i c te d  to  la rg e r  in se c ts , e .g .  P e r ip la n e ta  

(HESS, 1958), L ocusta (G lRA RD lE & G lR A R D lE, 1967) and 

C arausius (LANE, 1974), i t s  presence m ay sim ply be a 

re flec tion  of the in c re a se d  nu tritional c o n s t r a in ts  th a t  a 

m ore  m assiv e  sy stem  with a  low er su rface  t o  vo lum e r a t io  

exhib its.

Axons

As in  the neurons of o ther in s e c ts  ( re v ie w  LANE, 1974), 

the axon h illock  ex h ib its  a  d ifference i n  c y to lo g ic a l o rg a n !z -  

a t ion fro m  the p e rik a ry a  containing only those  o rg a n e l le s  

p re se n t in  the axons. An exception o ccu rs  i n  th e  g ian t neurons 

which a re  s im ila r  to those of M usca ( SOHAL e t a l , 1972) in  

having no m ark ed  d if fe re n c e  betw een the p e r ik a ry a  and th e  axon 

h illock . The axonal contents of th e  m idge a re  ty p ic a l  of in s e c t s  

(review  LANE, 1974) in  lacking neurofilam ent s, r ib o s o m e s  and 

saccu les of g ra n u la r  endoplasm ic re ticu lum  which a re  found i n  

m ost o ther nervous system s (review  WUERKER & KIRKPATRICK, 

1972). The neuro tubules and th e ir  filam entous p ro je c t io n s  a re  

s im ila r  in  size and o rgan ization  to  those ty p ic a l of nervous 

tis su e  (rev iew  WUERKER & KIRKPATRICK, 1972). Double s ta in -  

ing with u ranyl a c e ta te  and lead  c itra te  r e s u l t s  i n  th e  n eu ro -
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tubules appearing a s  an e lec tro n -d en se  r in g , v e ry  s im ila r  to  

those o c cu rrin g  in  P e rip lan e ta  (LANE & TREHERNE, 1970) 

when th e  sam e sta in s a re  used . The axonal m itochond ria  a re  

s im ila r  in  o rg a n iz a t io n  and o rie n ta tio n  to  th o se  ty p ic a l  of 

nervous t is su e  (review  WUERKER & KIRKPATRICK, 1972).

The te rm in a tio n  of each axon is  m ark ed  by th e  o ccu rren ce  

of v e s ic le s , typi cal of in sec t synapses ( re v ie w s : SMITH & 

TREHERNE, 1963 and LANE, 1974).

The axons of Chironom us a re  unm yelinated  as a re  th o se  

of o th e r in v e rte b ra te s  (rev iew  LANE, 1974). M ost of th e  

sm a lle r  axons a re  naked and even the 1 a rg e s t axons, a l though 

often having a  glial investm ent, never e x h ib it  th e  m eso - 

axonal condition which o ccu rs  in the la r g e  axons of m any 

In sec ts  (review  LANE, 1974). The r e s u l t s  of t h i s  study  

ind icate  th a t axons from  groups of neurons, u s u a l ly  of th e  

sam e type, often fo rm  d is c re te  bund les w ith in  th e  n e u ro p ile . 

This grouping of neuronal cell bodies re f le c ted  i n  th e  axon 

bundles possib ly  re p re se n ts  a d ivision in to  d i f f e r e n t  

functional un its w ith in  th e  b ra in . The axons r e f e r r e d  to  as 

"g iant" o rig ina te  f ro m  singu lar type 5 neurons and a re  p robab ly  

not com parable to  the m uch la rg e r  ones of o th e r  in s e c t s  

which a re  fo u g h t  to  have a  m u ltic e llu la r  o r ig in .  (CHAPMAN, 

1971).
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The V entral N erve Cord

The anatom y of the suboesophageal ganglion  of Chironom us 

is  s im ila r  to tha t of Aedes (CHRISTOPHERS, I960 ). Knowledge 

of the cell types and fin e  s tru c tu re  of th e  com ponents of th i  s 

ganglion i n  com parison  with those of the b r a in  has been 

p a rtia lly  d iscu ssed  i n  C hapter 3, The n eu ra l sh e a th  i s  s im ila r  

to tha t o f the b ra in , except tha t the out e r  ace l l u l a r  1 ay e r i s 

tw ice a s  th ic k . As the n eu ra l lam ella  h as  a  m echanical r o le  

(SM ITH, 1968), th is  in c re a se d  th ickness m ay  be a  r e f l e c t io n  

o f the need  of In c re a sed  support in th is  re g io n . In  th e  

vent ra l  wall of the c en tra l canal the neuropi 1 e abut s ont o 

the pe rineu rium , th e  co rtica l lay e r  being a b se n t. In  t h i s  

region the p erineu rium  co m p rises  so le ly  of ty p e  I I  p e r i 

n eu ria l ce lls , which as  suggested  above, m ay p e rfo rm  a 

supportive ro le . The p resen ce  of type I p e r in e u r ia l  c e l l s ,  

which possib ly  have a  troph ic  ro le , m ay be un n ecessa ry  a s  th e re  

a re  no neuronal cell b o d ies  in th i s re g io n . Type 1 g l i a l  c e l l s  

a re  absen t from  the suboesophageal ganglion , except i n  t h i s  

d o rsa l c o r t ic a lle s 8 reg ion . These g lia l cell s a re  p o s s ib ly  

capable of perfo rm ing  th e ir  troph ic  r o le  w ithout th e  a id  of 

type I p e rin e u ria l ce lls , which as suggested above, m ay fo rm  

the in i t ia l  link  i n  th e  tra n s fe re n c e  of n u t r ie n t  s f  rom  the haem o- 

lym ph to the neurons* The absence of ty p e  1 g l i a l  c e l l s  f ro m  

the rem a in d e r of th e  ganglion is  a t p re sen t not understood .

The suboesophageal ganglion lacks type 2 and ty p e  4 

neurons which, i t  is  suggested, a re  derived  by tra n s fo rm a tio n
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from  other neuron types* This would appear to  in d ic a te  th a t  

the supposed degenerative p ro c e sse s  in v o lv e d  a re  not o c c u rr in g  

in the ganglion of the neoim agine.

The axons w ith in  the neuropile  of th e  suboesophageal 

ganglion tend  not to be grouped into d is c r e te  bundl e s . This 

ind ica tes tha t axons from  the g a n g lio n ’ s c o r t i c a l  c e l l s  a re  

not u sually  grouped and that the axons in  bund les f ro m  th e  

b ra in  becom e d istrib u ted  when passing  th ro u g h  th e  g an g lio n .

W ithin the ganglion’ s neurop ile , num erous dense b o d ies  of 

unknown o rig in  and function occur which have not been found 

in the b ra in .

The anatom y of the p ro th o rac ic  g an g lio n  and i t s  

connectives to  the suboesophageal g an g lio n  a re  s im ila r  to  

those of A edes (CHRISTOPHERS, i9 6 0 ). The n eu ra l sh ea th  

of th ese  s t r u c tu r e s  re se m b le s  th a t  of th e  b ra in , except 

that the n eu ra l lam e lla  is  th inner. In some a re a s  th e re  i s a 

close assoc ia tion  betw een the su rround ing  f a t  body c e l l s  and 

th is  lam ella . This "neura l fat body sh ea th "  has been d e sc r ib e d  

in m any o ther in se c ts  (rev iew  LANE, 1974) and i t  has been 

suggested (SMITH & TREHERNE, 1963) th a t  th e  s p a t ia l  r e l a t i o n 

sh ip  ind ica tes tha t the m etabolic  p ro c e sse s  of th e  f a t  body c e l l s  

and the p e rin eu ria l ce lls  a re  c lo se ly  l in k e d  a c ro ss  th e  neurail 

lam ella . As th is  lam ella  is  not a b a r r i e r  to  f r e e  d if fu s io n  

(rev iew  LANE, 1974), i ts  th in n e ss  m ay f a c i l i t a t e  th e  

m etabolic linkage by reducing the distance over which d i f fu s io n  

has to o ccu r. The neurons of the p ro th o ra c ic  gan g lio n  a re  of
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the sam e type as occur in  the suboesophageal g an g lio n  but 

a re  unlike them  in exhibiting c la ss ic a l s ig n s  of osm otic  

damage to th e ir  o rg an e lle s . Unlike i n  th e  b ra in  and sub

oesophageal ganglion, th e re  is  an e x te n s iv e  sy s te m  of e x t r a 

ce llu la r spaces resem bling  the gli al lacu n ae  of o th e r  i n s e c t s  

which i s  d isc u sse d  above. It is  d i f f i c u l t  to  a s c e r ta in  

w hether th ese  spaces occur in vivo o r a re  a p re p a ra t io n  

a rte fa c t caused  by th is reg ion  of th e  nerve  co rd  be in g  m ore 

suscep tib le  to  osm otic  dam age than th e  suboesophageal 

ganglion. The co rtica l c e lls  of both th e  b ra in  and t h i s  

ganglion a re  often exposed, by d is se c tio n  dam age, d i r e c t ly  

to the solutions em ployed in  p re p a ra t io n  but s t i l l  have a 

s im ila r appearance to those of in tac t t i  ssue . This su g g e s ts  

that the osm otic  e f f e c t  which m ay re s u lt  i n  th e  appearance 

of th is  ganglion* s tis su e  is  not caused  by th e  fu n c tio n in g  

of the b lood-b ra in  b a r r ie r ,  d iscu ssed  above. I t  i s  p o s s ib le  

that the osm otic  damage to th e  c e l ls  of th e  p ro th o ra c ic  

ganglion, which m ay a lso  re su lt  i n  th e  f o r m a t io n  of e x t r a 

ce llu la r  spaces, is  caused  by them  having a lo w er o s m o t ic  

p re s su re  than the ce lls  of the c e re b ra l nervous t i  ssue .

As noted above, m uch of the work on in s e c t  g l i a l  lacu n ae  i s 

b ased  upon the vent r a l  nerve  cord , su g g es tin g  th a t  th e  e x t r a 

ce llu la r  spaces in Chironom us m ay not be t o t a l  a r t e f a c t s .
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The N eu ro sec re to ry  sy s te m

B efore com m enting upon th e  s t r u c tu r e  of th e  n eu ro 

se c re to ry  system , som e d iscussion  of th e  te c h n iq u e s  used  

in i ts  e luc ida tion  a re  n e c e ssa ry . The m ethods em ployed in  

th is  study w ere the c la ss ic a l h is to lo g ic a l p ro ced u res a s  o u t

lined  by GABE ( 1966) coupled with an e l ect ron -m icro scope  

investigation . N either of these  m ethods can provi de proof 

that a ce ll is  n e u ro sec re to ry , as c o n c lu s iv e  evi denee m ust 

be based  upon the dem onstration  th a t  such c e l l s  produce 

substances with a  m easu rab le  physiologi cal a c t i v i t y  

(BERN, 1962; MORRIS & STEEL, 1975), The t e r m  

"n e u ro se c re to ry  c e ll"  in th is  study has to  be based  on 

s tru c tu ra l c r i te r ia  and is ,  th e re fo re , g iven  to  c e l l s  

which contain g ranu les of 60-300 nm  b o th  w ith in  th e  p e r i -  

k a ry a  and a lso  within the axons 1 eav ing  th e s e  c e l l s ,  which 

is  c h a ra c te r i s t ic  of n e u ro se c re to ry  c e l l  s ( LANE, 1974).

In m ost c a se s , the axons from  these  c e l ls  w ere t r a c e d  to  

neurohaem al a re a s  which p rovides fu rth e r ev idence f o r  

th e ir  n e u ro sec re to ry  n a tu re . Of th e  s ta in s  em ployed in  t h i s  

study, EW EN 'S (1962) paraldehyde fu ch s in  was found to  be th e  

m ost successfu l in se le c tiv e ly  s ta in in g  neu rons. The r e s u l t s  

with th is  s ta in  w ere r e s t r ic te d  to th e  MNC group in  th e  

neoim aginal m ale . Why the a lte rn a tiv e  a ldehyde fu c h s in  

technique ( MEOLA, 1970), developed f o r  use  w ith  m osquito 

sy stem s, gave no se lec tive  staining of neurons has not been 

reso lved . A possib le  fault lie s  i n  th e  p re p a ra t io n  m ethod
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(ROSA, 1953) of th is  s ta in  which d id  not g ive  th e  expec ted  

amount of p rec ip ita te . A fter s ta in in g  w ith  EWEN* 5 (1962) 

paraldehyde fuchsin  technique, the c e l l s  in  th e  MNC group 

contained purple inclusions and th u s  resem b led  th e  c la s s ic a l  

A -type ce lls  of o th er a u th o rs  (review  GABE, I 966). The 

second Gom ori sta in , chrom e h a e m a to x y lin -p h lo x in , which 

has usually  been considered  to g ive  p a r a l le l  r e s u l t s  to  

aldehyde fuchsin (BERN, 1962), fa i le d  to  g ive  a  s ta in in g  

reac tio n  typ ical of A -type ce lls . Phloxinophi 1 a was r a r e ly  

encountered  and only in  a  few of th e  MNC c e l l s ,  in d ic a t in g  

the p resen ce  of B -type c e lls . The chrom e h aem ato x y lin -p h lo x in  

m ethod is  in  no way specific  (ANONYMOUS, 1954) and th e re  

a re  se v e ra l re p o r ts  of it giving u n s a t is f a c to r y  r e s u l t s  in  

D iptera (FRASER, 1959; THOMSEN, 1954, 1965). TXWARA 

& SRI VAST AVA (1975) found tha t chrom e h a e m o to x y lin -  

phloxin does not give com parable r e s u l t s  to  aldehyde fu c h s in  

for n e u ro se c re to ry  m a te r ia l. The s ta in in g  r e a c t io n  of th e  

supposed n e u ro se c re to ry  m a te ria l in  Chironomus with ch ro m e  

haem atoxylin-phloxin which ini t i  a l ly  appear s pecul i a r , i s ,  

th e re fo re , not unique. The assum ption  th a t  i t  g iv e s  comp

arab le  r e s u l t s  to aldehyde fuchsin m ust, a p p a re n tly , be 

view ed with some scep tisc ism . F a ilu re  of a  neuron to  s t a in  

se lec tive ly  with G am ori sta ins does not p rec lu d e  i t  f ro m  

being n e u ro se c re to ry  (BERN, 1962; THOMSEN, 1965). The 

inab ility  to detect the o ther cell groups i d e n t i f i e d  as neu ro 

se c re to ry  by e lec tro n -m ic ro sco p ica l te c h n iq u e s , i s  th e re fo re  

not su rp ris in g .
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It was found that om ission  of u rany l a c e ta te  s ta in in g  

g rea tly  reduced  the e le c tro n -o p a c i ty  of n e u ro s e c re to ry  

g ranu les. As u ranyl a c e ta te  ac ts  a s  a m ordant fo r  le a d  

c itra te  by com bining with p ro te in s (DAY/ES, 1971), th i  s 

in c re a se  in  c o n tra s t ind ica tes tha t the n e u ro se c re to ry  

g ranules in  Chironom us, as in o ther in s e c t s  ( re v ie w  

MADDRELL, 1974), a re  of a p ro teinaceous n a tu re . I f  

the double stain ing technique is  not em ployed, c e l l s  

containing granu les of low e lec tro n -o p ac ity  a re  u s u a l ly  

m isse d  in low m agnification se a rc h es  of t i  ssue .

Q uantification of the am ount of neuro se c re t o ry  m a te ria l 

p re se n t within a cell was a s se s s e d  by a s im p le  s u b je c t iv e  

m ethod. D ensitom etric  scanning of m icrog raphs would not 

have given com parable re s u lts  because of th e  v a ry in g  e le c t ro n -  

densities of the g ran u les . Such m ethods do not o b v ia te  th e  

w o rk e r 's  d isc re tio n  of choosing re p re s e n ta t iv e  m icrog raphs 

of these  ce lls . The definitive m ethods which have been used  

to quantify am ounts of neuro  sec re t!  on in  o th e r  in v e r te b r a te s  

(WENDELAAR BONGA, 1971; ROUBOS, 1975; and o th e rs )  

have been applied to m uch la rg e r  and m ore hom ogeneous re g io n s  

of n e u ro se c re to ry  t is s u e ,  than occur in  C hironom us. T hese 

m ethods a re  also b ased  upon the p re p a ra t io n  of num erous 

m icro g rap h s from  which a random  s e le c tio n  can be m ade , 

n ecessita tin g  the consum ption of la rg e  quanti t i e s  of m a t  e r i  a l s. 

Such m ethods w ere th e re fo re  found to be im p ra c tic a b le  i n  

the p re sen t stu d y . X -ray  m icroanalysi s o f su lphu r to
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estim ate  the amount of neuro secre tion , as u sed  by STEEL 

& MORRIS ( 1975) in Rhodnius, cou ld  not be em ployed 

because the re levan t equipm ent was u n o b ta in ab le .

The axons of the various neurosecretory cells were 
traced by using the characters of size and density of their 
granules. This method is based upon the assumption that 
the granules do not change in their passage down the axon. 
Evidence for this is provided by the observations that 
granules at the distal end of an axon are of similar size 
and electron-density to those of the proximal end, as shovm 
by the serial sectioning of some axons throughout their 
length. This further supports the view of NQRÎ IAEE (I965) 
that progressive synthesis of neurosecretion along the axon, 
as postulated by GESSCHEIIFELD _et a d  ( I 96O ) ,  does not occur.

The n e u ro sec re to ry  neurons of Chironomus e x h ib it  

m any fea tu res  in  common with such c e l l s  i n  o th e r  in s e c t s  

(rev iew s; LANE, 1974; MADDRELL, 1974). As i s t y p ic a l ,  

the n e u ro se c re to ry  granu les appear to  be budded o ff  f ro m  

the saccu les of Golgi un its . T here  have been no o b se rv a tio n s  

to support the view  that granules m ay be fo rm e d  d i r e c t ly  

from  g ranu lar endoplasm ic r e t i  cu lum , as r e p o r te d  i n  f ro n ta l  

ganglia (BORG 1973; YIN & CHIPPENDALE, 1975).

The occu rren ce  of glycogen d e p o s its  w ith in  th e  n e u ro s e c re t

o ry  c e lls ' p e rik a ry a  and th e ir frequent a s s o c ia t io n  w ith  

glycogen r ic h  neurons, m ay r e f le c t  th e  h ig h  n u t r i t io n a l  

dem ands m ost probably  req u ire d  f o r  th e  syn thesi s of n e u ro -  

horm ones.
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The M edial N eu ro secre to ry  C ells of the B rain

As is  typ ical of p terygote in se c ts  (GABE, 1966), th e  m idge has 

a  group of MNC in the p a rs  in te rc e re b ra lis .  This group ap p ea rs  to  

com prise  of ce lls  of one m orphological type which a re  s im ila r  to  

the MNC of the la rv ae  of Chironom us r ip a r iu s  ( CREDLAND & 

P H IL L IP S , 1974), although with the e lec tro n  m icroscope th e y  a re  

found to  contain few er g ranu les ( CREDLAND, personal com m uni

cation). The MNC a re  the only n e u ro se c re to ry  c e l l  s th a t  th e s e  

au thors re p o rte d  i n  the b ra in  o f the la rv a e .

The oCj ce lls  o f th is  group resem b le  th e  l a r g e r  " M .N .C , I"  

of C alliphora e ry th rocephala  d esc rib ed  by BLOCH et al ( I 966) 

and like  them  con ta in  sp h erica l e lec tro n -d en se  g ranu les  but w ith  

a  m arg ina lly  sm a lle r  diam eter* The o ccu rren ce  of cl as si cal 

B -type ce lls  (rev iew  GABE, 1966) suggested, a s  d isc u sse d  above, 

by the in co n sis ten t r a r e  stain ing  with chrom e haem  ot oxyl i n - 

phloxin could not be dem onstra ted  with aldehyde fu ch s in  tec h n iq u e s  

nor w ere th e re  any fine s tru c tu ra l evidence f o r  tw o c e l l  ty p e s  

in  th is  group* T herefo re  the MNC of Chironom us appear to be 

m ainly , if  not com pletely , com prised  of c la ss ic a l A -type c e l l s ,  

(rev iew  GABE, 1966), resem b ling  the m edial c e l l s  of m osquitoes 

(BURGESS & REM PEL, 1966; MEOLA & LEA, 1972).

The MNC a re  the only c e re b ra l neurons to  e x h ib it  s e le c t iv e  

staining with e ith e r a lc ian  blue o r  aldehyde fu c h s in , su g g estin g  

that som e of th e ir  chem ical constituents d i f f e r  f ro m  those of 

o ther n e u ro se c re to ry  ce lls . The s im ila r ity  i n  o b se rv a tio n s  i s  

not unexpected a s  both reac tio n s  a re  thought to  fu n c tio n  by th e  

se lec tive  oxidation of the am ino ac id s, c y s te in e  and c y s tin e
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producing strong  a c id s , which a re  n e c e ssa ry  f o r  s ta in in g  w ith  

the constituent b asic  dyes a t low pH, It is  p o ss ib le  th a t  th e  

MNC ce lls  d iffer from  the o ther n e u ro s e c re to ry  c e l l s  i n  c o n ta in 

ing a h igher concentration  of these  am ino aci ds, however th e  

se lec tiv ity  of the stain ing reac tio n s is  f a r  f ro m  c e r ta in .

The negative re s u lts  with period ic  ac id  S c h if f ' s t e s t  f o r  

the MNC and the o ther groups was not unexpected , as n eu ro 

se c re to ry  ce lls  in  o ther d ip terans a re  known to  g ive  a s im ila r  r e a c t io n  

(RAMADE, 1969) .

The V entral N eu ro sec re to ry  Cells

The six  ce lls  of each VNC group a re  s im ila r  i n  p o s i t io n  

to the two c e lls  o ccu rring  in  m osquitoes (MEOLA & LEA, 1972) 

which only occasionally  sta in  with aldehyde fu c h s in . The axons 

from  these  cells in  the m idge j o in  those of th e  c o n tr a la te r a l  

MNC ven tra l to the ch iasm a, w hereas in the m osquito , t h e i r  

te rm in a tio n s a re  unknown. These c e l ls  resem b le  i n  p o s i t io n  

a  group of "o ther possib ly  n e u ro sec re to ry  c e l l s "  d e sc r ib e d  by 

THOMSEN (1965) i n  Calliphora e ry th ro c ep h a la , but la c k  any 

assoc ia tion  with "vacuolated c e lls " , RAMADE ( 1969) sug g ested  

that the vacuolated  ce lls  m ay apg»ear f r e q u e n t ly  in  h ig h e r  Dipt e ra , 

but in  the m idge, a s  in o th er nem atocerans, th e y  have not yet 

been d em o n stra ted .
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The L a te ra l N eu ro sec re to ry  Cells

The LNC of Chironom us a re  unlike th o se  of m o s q u ito e s  

(MEOLA & LEA, 1972) but s im ila r  to those of C a lli phora 

(THOMSEN, 1965) and M usca dom estic a (RAk/lADE, 1969) i n  

not exliibiting purple sta in in g  with paraldehyde fu c h s in . The 

LNC of C alliphora (THOMSEN, 1965) a re  phloxinophi l i e ,  u n lik e  

those of Chironom us and of Aedes aegypti ( BURGESS & REM PEL, 

1966). Two of the th ree  LNC of each s id e  of M usca (RAMADE,

1969) a re  s im ila r to those of Chi ronom us in  showing no s e l e c t 

ive reac tio n  with chrom e haem atoxylin-phloxin, a lth o u g h  th e  

o ther one is  phloxinophilic . In position  and i n  hav ing  axons 

which do not decussa te  h u t fo rm  the NCC II of th e  e p s i l a te r a l  

side, the LNC of Chironom us a re  s im ila r to th o se  o th e r  d ip te ra n s . 

The axons of the LNC of Chironom us d i f f e r  in  hav ing  c o l l a t e r a l  

b ranches which p ass  into the optic lobes.

The O uter N eu ro secre to ry  Cells

The ONC groups in  Chironom us a re  located  i n  s im ila r  p o s i t io n s
n

to the " la té ra le  A -ze llen"  in Drosophil a (K O PF , 1957), th e  

"ce llu les optiques m éd ianes" of M usca (RAMADE, 1969) and th e  

"optic n e u ro sec re to ry  c e lls "  of C alliphora ( THOMSEN, 1965), The 

te rm  "ou ter"  was se lec ted  as these ce lls  a re  s i tu a te d  a t th e  p e r i 

p hery  of the p ro to ce reb ra l lobe and because i t  av o id s con fusion  

v h ich  could a r is e  from  applying the te rm  " l a t e r a l "  to  tw o 

d ifferen tly  situated  c e lls . The te rm  "optic" was not em ployed as 

th is  m ay im ply  a  functional significance.
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The c e re b ra l n e u ro se c re to ry  sy s te m  of a d u lt 

CM ronom us r ip a r iu s  shows m any fe a tu re s  to  be found in  

o ther D ip tera . T here appears  to be a  c lo se  re s e m b la n c e  to  

the o rgan ization  found in  C alliphora (THOMSEN, 1965) which 1 8 

le s s  com plex than  that d escribed  in  M usca (RAMADE, 1966; 1969). 

The c e re b ra l n e u ro se c re to ry  system  of Chironomus lack s  th e  

a n te r io r  groups found in  m osquitoes (BURGESS & REM PEL, 1966; 

MEOLA & LEA, 1972), but is  s im ila r in  re sp e c t of th e  m edial, 

la te ra l  and v en tra l groups. The o ccu rren ce  of th e  ONC In  

m osquitoes has not ye t been dem onstra ted  and t h e i r  absence 

m ay re p re se n t another d iffe ren ce . The p o s s ib le  fu n c tio n a l 

significance of these  ce lls  in  Chironom us w i l l  be d isc u sse d  i n  

the light of the additi onal data.

N e u ro se c re to ry  N erves

Two p a irs  of n e u ro sec re to ry  n e rv es a r i  se f ro m  the p o s te r io r  

of the neoim aginal midge* s b ra in , the NCC I and NCC I I ,  which, 

as o ccu rs  in m any in sec ts  (review  ENGELklANN, 1970) run  to  th e  

c o rp o ra  c a rd iac a . The adult condition i s  d i f f e r e n t  f ro m  the 

la rv a l, w here only one pa ir of n e rv es have been found  ( CREDLAND 

& PHILLIPS, 1974) which appear to be com parable to  th e  NCC I .  

As in o ther in se c ts , (rev iew  ENGELMANN, 1970) th e  n eu ro 

s e c re to ry  axons a re  derived  from  c e l ls  s i tu a te d  i n  th e  m edial 

reg ion  of the b ra in  (MNC and VNC) and th o se  of th e  NCC I I  

from  th e  la te ra l  cell groups (LNC and ONC). Both n e rv es , as do 

the b ifu rc a te d  NCC of the la rv a  (CREDLAND & PH ILLIPS, 1974),
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e n te r  the wall of th e  ao rta  a s  o ccu rs  in m o sq u ito e s  ( BURGESS, 

1971; MEOLA & LEA, 1972). The axons of th e  NCC I I  appear 

to pass  through the co rp o ra  car d iaca, th e  m a jo r ity  te rm in a tin g  

in the cor%x)ra a ll at a, a s  has been re p o rte d  in  L ocusta m ig ra to r ia  

(HIGNHAM & WEST, 1971). The NCC I and NCC I I  b o th  c o n ta in  

n o n -n eu ro sec re to ry  axons, which have also  been ob serv ed  in  th e  

NCC I of both P e r ip la n e ta  am ericana  (WILLEY, 1961) and B labera  

fusca (BROUSSE-GAVRY, 1963) but have not been re p o r te d  in  

D ip tera . The n e u ro se c re to ry  n e rv es  a re  s im ila r  to  some o ther 

p e rip h e ra l n e rv es  of both the adult and the la rv a  ( CREDLAND, 

p e rso n al com m unication) in lacking the ty p ic a l  g l i a l  in v e s tm e n t  

of in se c t n e rv e s  (SMITH, 1968), The n e rv es  a re  o n ly  su rrounded  

by an a ce llu la r  n eu ra l lam e lla  which is  thought to  be perm eab le  

(rev iew  LANE, 1974). The p resen ce  of a  la m e lla  w ithout sub

jacen t g lia  is  indicative of a  neurohaem al a re a  (MADDRELL, 1974), 

a s  the axons a re  p a r tly , o r  to tally , exposed to  th e  e x tra n e u ra l 

environm ent, which would im ply that neuro se c re t io n  m a y b e  

re le a se d  anywhere along the NCC in C hironom us. No o b se rv a tio n s  

w ere found to support th is  id ea  and the re d u c tio n  o r  t o t a l  

absence of the ace llu la r  sheath around the sw ollen endings of 

axons in supposed neurohaem al a re a s  su g g e s ts  th a t  th e  la m e lla  

of C hironom us, when over a  c e rta in  th ic lo iess, m ay act as  a 

b a r r ie r  to the re le a se  of neuro secre tion , although i t  i s  p o s s ib ly  

perm eab le  to sm all m olecu les, as in o th e r  i n s e c t s .

The c o lla te ra l b ranches of the MNC leave the b ra in  

a n te rio r  to the NCC and jo in  the re c u rre n t  n e rv e . These axons 

do not decussate , which has also been o bserved  i n  some neu ro -
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se c re to ry  axons leaving the p a rs  in te rc e re b ra ll  s of P e rip l anet a 

am erican a  (WILLEY, I 96I), but has not been p re v io u s ly  re p o r te d  

in D ip tera . The co lla te ra ls  a re  in d is tin g u ish a b le  f ro m  o th er axons 

containing -type g ranu les, so that i t  has proved im p ra c tic a b le  

to a sc e r ta in  th e ir  te rm in a tio n s . F or t h i s  rea so n  th e y  w ere not 

denoted as an NCC, even though th e ir  axons m ay p ass  to  th e  

c o rp o ra  car d iaca.

The absence of NCC III and NCC IV  which occur i n  som e 

in se c ts  (rev iew  EN GE LM ANN, 1970), was not unexpected  as 

they have not ye t been rep o rte d  in any D ip te ra  so f a r  s tu d ie d .

The F ron ta l Ganglion

Technical d ifficu lties re su lte d  in  th e  o b se rv a tio n s  upon th e  

fron ta l ganglion being re s t r ic te d  to the l ig h t  m icro scope. This 

single m edian ganglion exhibits the sam e nervous a s s o c ia t io n s  

a s  found in  the la rv a  (CREDLAND & PH ILLIPS, 1974), which i s  

typ ical of m ost in se c ts  (CHAPMAN, 1971). The Gom ori s ta in s  

did not ind icate  the p resen ce  of any neuro sec re tio n  w ith in  th e  

ganglion. BELL ^  al ( 1974) suggests that th e  f a i l u r e  of many 

in v es tig a to rs  to d iffe ren tia te  n e u ro sec re to ry  c e l ls  i n  th e  f ro n ta l  

ganglia of som e in se c ts , m ay have been due to  th e  s e le c t io n  

of v e ry  active stages when the amount of a v a i la b le  n e u ro se c re to ry  

m a te r ia l was too low to be v isua lized  by conven tiona l te c h n iq u e s . 

If th is  w ere so in  C hironom us, the c e l ls  would be a c t iv e ly  t r a n s 

porting  neuro secre tio n  along th e ir  axons. No evidence of n eu ro - 

secre tio n  w as found by h isto log ical p ro ced u res i n  th e  f r o n ta l
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connectives and the e lec tron  m icroscope  rev e a le d  no n eu ro 

se c re to ry  g ranu les in the re c u r re n t  nerve  a n te r io r  to  th e  

b ra in . It is  th e re fo re , ten tatively , su g g ested  th a t  no neu ro 

se c re to ry  ce lls  occu r in th is  ganglion in Chironom us. The 

observations do not fu r th e r  elucidate  th e  fu n c tio n a l  s ig n if ic a n c e
II

of the ganglion, as suggested  by PENZIN & STOLZNER ( 1971) 

in contro lling  wat e r balance o r th e  a s s o c ia t io n  w ith  d iapause  

im p lica ted  by YIN and CHIPPENDALE ( 1975).

The R ecu rren t N erve

The re c u rre n t  ne rve , as is  typ ical i n  in s e c t s  ( CHAPMAN,

1971), connects the f ro n ta l  ganglion to th e  hypocereb ra l g an g lio n . 

Its  in tim ate  a s so c ia t io n  with the gut w a ll m ay r e f l e c t  th e  c o n tro l 

that the fron ta l ganglion is  thought to have upon gut m ovem ents 

(WIGGLESWORTH, 1965). The lo ss  of glial in v e s tm e n t, a ty p ic a l  

of in se c t n e rv e s  (SI'/HTH, 1968), is  a s so c ia te d  w ith  a  th ic k e n in g  

of the ace llu la r  n eu ra l lam ella  su rround ing  th e  n e rv e . The 

in c re a se  in  th ickness of the lam ella  m ay com pensate fo r  th e  

lo ss  of g lia which a re  suggested , provide b o th  support and 

p ro tec tion  from  the ex tran eu ra l environm ent ( rev i ew LANE,

1974). The in teg ra l assoc ia tion  of the re c u rre n t  ne rve  w ith  th e  

a o rta  wall has a lso  been rep o rte d  in  m osquitoes ( BURGESS & 

REM PEL, 1966; MEOLA & LEA, 1972). U n lik e  i n  th e s e  

m osquitoes, the re c u rre n t  nerve  does c o n ta in  n e u ro se c re to ry  

axons p o s te rio r to the b ra in .
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The H ypocerebral Ganglion

The hypocereb ra l ganglion d iffers i n  o rg a n iz a t io n  f ro m  

tliat of o ther in se c ts  (rev iew  LANE, 1974) i n  la c k in g  a p e r i 

neurium  per se, although an incom plete  in v e s tm e n t w ith  g l i a  

o c cu rs . T here is  a lso  no c le a r  division in to  a c e n tra l  n eu ro 

pile with a surrounding co rtex . The c lo se  p ro x im ity  to  f a t  

body ce lls  is ,  how ever, ty p ic a l and m ay, as su g g ested  i n  th e  

v en tra l ne rve  cord , be a sso c ia ted  w ith  a  m etab o lic  lin k a g e  

which, in th is  case , apparen tly  o ccu rs  be tw een  th e  g l i a l  and 

fat body c e lls .

The g ranu la r ag g reg a tes  which occur i n  th e  g an g lio n  

a re  s im ila r  to the n e u ro s e c re to ry  sto rage  s i t e s  of o th e r  

in se c ts  (rev iew  MADDRELL, 1974). E le c tro n  m icroscope 

observations ind icate  that the ganglion is  a neurohaem al 

o rgan  re le a s in g  g ranules into the a o rta  v ia  th e  t h in  a c e l l 

u la r sheath , lacking subjacent g lia, which s e p a ra te s  th e  axons 

from  th e  lum en. The p resen ce  of non-m em brane bound g ra n u le s  

in the sheath and th e  o ccu rren ce  of sm all e le c tro n - lu c e n t  

v e s ic le s  in the axons suggests tha t the n e u ro s e c re tio n  i s  

re le a se d  by exopinocytosis and the m em brane i s su b seq u en tly  

recap tu red , as p roposed in o ther in sec ts  ( MADDRELL, 1974).

The g ranules appear to undergo p a r t ia l  d is in te g ra tio n  in  th e  

sheath before  being re le a se d  into the a o r t ic  lu m en . The f in g e r 

like p ro c e sse s  of the sheath m ay f a c i l i t a t e  th e  d isp e rsa l  of th e  

re le a se d  fac to r by providing a la rg e  su rface  a re a  i n  con tac t 

with the haem olym ph.
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The nervous assoc ia tion  of th e  ganglion w ith  th e  re c u rre n t 

n e rv e , NCC I and NCA re se m b le s  that o f th e  "neurohaem al 

o rgan" o f C uliseta  ino rnata  (BURGESS, 1971) and th e  "d o rsa l 

m a ss"  o f Aedes æ gypti (BURGESS & REM PEL, 1966). The 

suggestion of BURGESS (1971) tha t in  these  m osqu itoes, th e s e  

reg ions co rrespond  to the neurohaem al component o f th e  

c o rp o ra  ca rd iaca  of o ther in se c ts , m ay be a p p lic a b le  to  

Chironom us as  such a  component ap p ea rs  t o  be absen t. The 

com parable re g io n  in  A edes taeniorhynchus (LEA, 1970) has 

been  im p lica ted  in  the regu la tion  of egg m a tu ra tio n . I n  an au to - 

genous specim ens. The possib le  functional s ig n if ic a n c e  of 

th is  re le a se  site  in  m ale  and autogenous fem ale nem atocerans 

aw aits fu rth e r  e lucidation .

The h ypocereb ra l ganglion re se m b le s  tha t of m osquitoes 

(MEOLA & LEA, 1972) in  containing no in tr in s ic  n e u ro s e c re to ry  

c e ils . The axons f ro m  the VNC of th e  b r a in  appear to

^ rm in a te  in  th is  ganglion and the m a jo r ity  of th e  r e le a s e d  and 

s to red  n e u ro se c re to ry  m a te r ia l a s so c ia te d  w ith  i t  I s  p ro b ab ly  

derived  from  these  c e lls . As in  the la rv a e  ( CREDLAND & P H IL L IP S , 

1974), a  single p a ir o f n e rv e s  leav es the p o s te r io r  of th e  

ganglion. In  the adult each nerve  com bines w ith  a n o th e r 

which a r is e s  from  the e p s ila te ra l side of th e  fu se d  re c u rre n t 

ne rv e  w ith the NCCs a n te rio r  to the  h ypocereb ra l g an g lio n , 

unlike the la rv a l condition w here each  nerve  coxrbines w ith  

one from  the ip s ila te ra l  a n te rio r  re g io n  of th e  hypocerebra l
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ganglion. In the adult, the axons which a re  d e riv e d  f ro m  the 

p o s te r io r  of the hypocereb ra l ganglion appear to  p ass  th rough  

the co rp o ra  card iaca  and te rm in a te  in  the co rp o ra  a l l  a t a, 

w hereas the com parable n e rv e s  in the la rv a  run  to  th e  in g lu v ia l  

ganglion (CREDLAND & PH ILLIPS, 1974). The apparen t 

absence of an ingluvial ganglion in  the a d u lt i s unusual 

and m a y b e  a s so ci ate d w ith the probable la c k  of a fu n c tio n a l 

d igestive sy stem , as th is  s tru c tu re  i s  thought to  c o n tro l gut 

m ovem ents (WIGGLESWORTH, 1965).

The C orpora C ard iaca

The adults p o sse ss  a p a ir  of unfused co rp o ra  c a rd ia c a , as 

do tlie la rv a e  (CREDLAND & PHILLIPS, 1974), i n  ag reem ent 

with observations on the p reim aginal phases of o th e r  m em bers
t i

of the genus Chironom us (KUMMEL, 1969; POSSOMPES, 1943; 

ZEE & PAI, 1944 and o th ers). This genus d i f f e r s  f ro m  o ther 

nem atocerans stud ied , which p o ssess  p a r t ia l ly  o r  com p lete ly  

fused co rp o ra  card iaca  (CAZAL, 1943; MEOLA & LEA, 1972; 

TAR G A, 1974 and o th ers). These glands, a s  i s  a p p a re n tly  

typ ical of the genus, a re  sep ara ted  fro m  the a o r ta ,  d i f f e r in g  

from  those of m any o ther nem atocerans (MEOLA & LEA, 1972; 

TAR G A, 1974 and o thers) and of cyclo rrhaphan  d ip te ra n s  

(NASILAR & NANDA, 1975; THOMSEN, 1951 and o th e r s ) .

The co rp o ra  ca rd iaca  a re  enclosed  in  an a c e l lu l a r  shea th , 

a s  o ccu rs  in m any in se c ts  (SMITH, 1963) but a re  unusual i n
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lacking  subjacent g lial c e lls . L oosely  a s s o c ia te d  i n t r i n s i c  

n e u ro se c re to ry  ce lls  occur resem b lin g  th o se  of th e  la rv a e  

(CREDLAND & PHILLIPS, 1974) and of m any o ther in s e c t s  

(rev iew  SMITH, 1968), The glands d iffe r  from  those of 

m osquitoes (MEOLA & LEA, 1972) in  c o n ta in in g  no i n t r i n s i c  

n o n -n eu ro sec re to ry  ce lls  and in p o ssess in g  n e u ro s e c re to ry  

c e lls . The in tr in s ic  ce lls  of Chironom us a re  s im ila r  but 

la rg e r  than  the c e re b ra l n e u ro se c re to ry  ce lls  and d i f f e r  in  

having g ranu les with a w ider range of s iz e  and a b im odal 

d istribu tion  of d iam e te rs . The p o ss ib le  s ig n if ic a n c e  of 

tliis d istribu tion  is  d iscu ssed  below. T hese c e l l s  b e a r a 

m arked  resem b lance  to those of Calliphora e ry tb ro cep h a l a 

(NORMANN, 1965; THOMSEN & THOMSEN, 1970), except 

tliat no com parable " in tra -n u c le a r  p a r t i c l e s "  have been 

f ound.

The neuropile  reg ion  of the co rp o ra  c a rd ia c a  c o n ta in  

axons of both in tr in s ic  and e x tr in s ic  o r ig in s . W i t  hi n th e  axons, 

aggregations of n e u ro se c re to ry  g ra n u le s  occur and th u s  

re sem b le  the s to rage  depots of o ther in s e c ts  ( rev i ew MADDRELL, 

1974). M ost of these  agg regates com pri se of la r g e  d iam ete r 

g ranu les, apparen tly  de rived  from  the i n t r i n s i c  c e l l s .  The 

lack of assoc ia tion  with the a o rta , the p resen ce  of a  th i  ck 

investing  sheath  and the absence of o b se rv a tio n s  in d ic a t in g  

granule re le a s e  suggest tha t the co rp o ra  c a rd ia c a  a re  not a 

neurohaem al a re a  in th is  sp ec ies . This su g g estio n , coupled  

with the observation  that no la rg e  d iam eter g ran u le s  a re
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found in  the axons leaving the a o rta , would appear to  in d ic a te  

that e ith e r the in tr in s ic  secre tio n  is  being s to re d , o r i s  broken 

down into sm a lle r  g ranu les before  leaving th e  co rp o ra  c a rd ia c a . 

These la rg e r  g ranu les m ay rep re se n t the p roduction  of a 

d ifferent horm one than th a t contained in th e  sm a lle r  g ran u le s , 

as suggested  in the m am m alian  p itu ita ry  ( NAKANE, 1970), 

o r  sim ply be a m ore  efficien t u til iz a tio n  of m em brane in  th e  

sto rage  of sec re tio n , (e .g . a  single 250 nm  d iam eter g ran u le  

re q u ire s  ha lf the su rfa c e  a re a  of m em brane as s ix  g ran u le s  

140 nm  in d iam eter containing th e  sam e am ount of s e c r e t io n ) .

The C orpora All at a

The p a ired  co rp o ra  a ll at a a re  asso c ia ted  w ith  th e  a o r ta  

and a re  not fused to the co rp o ra  c a rd ia c a , and th e r e fo re  

resem b le  those of m any n e m a to c e ra n s  ( BODENSTEIN, 1945; 

KUMMEL, 1969; MEOLA & LEA, 1972 and o th e r s ) . TARGA 

( 1975) rep o rted  that the m idge R hyncoschiara h o llæ n d e r i  

p o sse s se s  a single fused co rp o ra  card i a c a -a l l  a t a complex.

This nem atoceran  is  som ewhat unusual a s  i t  i s  a r a r e  

exception to the hypothesis o f POSSOMPES (1953) which suggest s 

that such single s tru c tu re s  a re  c h a r a c t e r i s t i c  of th e  h ig h e r 

D iptera. The a l la ta  a re  of the "pseudolym phoid ty p e" , which 

is a phylogenetically  low er type than th e  " la rg e  c e l l  ty p e"  

typical of m any D iptera (NOVAK, 1975), The pseudolym phoid 

type has been rep o rted  in the la rv a  of Chironom us r ip a r iu s  

(CREDLAND & PHILLIPS, 1974) and in  th e  la rv a  and pupa of
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ti
C. m elanotus (KUMMEL, 1969). U ltra s tru c tu ra l  o b se rv a tio n s  

of the co rp o ra  a lla ta  of adult d ip terans a re  r e s t r i c t e d  m ainly 

to spec ies of Calli phora (JOHNSON, 1966; THOMSEN &

THOMSEN, 1970 and o th ers) and to D rosophila m elanogaste r 

(AGGARWAL & KING, 1969; KING e t al, 1966). T here  have 

been no published u ltra s tru c tu ra l o b se rv a tio n s  upon th e  a d u lt 

a lla ta  of N em atocera , sind the re p o r ts  o f CREDLAND & PHI LLIPS
It

( 1974) and KUMMEL ( 1969) on p reim ag inal phases a re  th e  on ly  

fine s tru c tu ra l  descrip tions of the gland of t h i s  suborder. 

P en e tra tio n  of the investing  a c e llu la r  sh ea th , which i n  th e  

a lla ta  o f m any in se c ts  (rev iew s of NOVAK, 1975 and SMITH,

1968) fo rm s a s tro m a , does not occu r. No m e n tio n  of an 

a lla ta l s tro m a  is  found in the descrip tions of th e  p re im ag in es  

of C. r ip a r iu s  (CREDLAND & PHILLIPS, 1974) o r of 

C. m elanotus (KUMMEL, 1969).

U ltra s tru c tu ra lly , two cell types have been di s t in g u i shed in

the neoim aginal m idge, based  upon th e ir  p o s i t io n ,  shape and

appearance. The m a tr ix  of these  ce lls  showed l i t t l e  d if fe re n c e

in e lec tro n -o p ac ity  which re su lts  in the "dark"  and " l ig h t "

a lla ta  ce lls  which have been observed  in a v a r i e ty  of in s e c t s

(BUSSELET, 1969; DORN, 1973; THOMSEN & THOMSEN, 1970).

The sin g le  a lla ta l cell type in  the p re im ag ines of C. m elanotus 
n

(KUMMEL, 1969), m o st re sem b les  th o se  c e l l s  c o n s t i tu t in g  th e  

co rtica l lay e r . The s im ila rity  betw een th e  com ponents of th e  

co rtica l and m ed u lla ry  ce lls  in  C. r ip a r iu s  i f  p re sen t in  

C. m elanotus m ay have re su lte d  in a f a i lu r e  to di s tin g u i sh th e
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two cell types. D etailed  fine s tru c tu ra l o b se rv a tio n s  upon th e  

co rp o ra  a lla ta  of C. r ip a r iu s  la rv a e  a re  not yet aval 1 abl e, but 

the in troduc to ry  work of CREDLAND & PH ILL IPS ( 1974) shows 

a  m arked  s im i la r i ty  to those of the a d u l t .  SMITH ( 1968) s t a te s  

that "The su rp ri s in g ly  va riab le  s tru c tu re  of th e  al 1 a tu m  c e l l s ,  

from  one species to th e  next, p rov ides c o n f l i c t in g  in d ic a t io n s  

of the na tu re  of th e ir  s e c re tio n ."  In C. r i p a r iu s  the p red o m in an ce  

of the  sm ooth endoplasm ic re ticu lum  m ay be i ndi cat i ve of s te r o id  

production, as ind icated  in  o ther d ip te ra n s  ( KING et al, 1966; 

THOMSEN & THOMSEN, 1970 and o th e rs ). A few  l i p i d  d ro p le ts ,  

suggested by THOMSEN & THOMSEN ( 1970) to  c o n ta in  ju v e n i le  

horm one, occu r in  the cytoplasm  of the a l l a t a  c e l l s .  A reas of 

cytoplasm ic degeneration  m ay also  re f le c t th e  p resen ce  of l i p i d  

lo s t in p re p a ra tio n . The sc a rc ity  of li pi d d ro p le ts  and th e  

absence of d istinc t aggregations of sm ooth  endop lasm ic  r e t i c u lu m  

m ay, as in Calli phora (THOMSEN & THOMSEN, 1970), be in d ic a t iv e  

that the a lla ta  a re  i n  an inactive  phase. L ight m icroscope o b se rv 

ations ind icate  a s im ila r ity  in size  of b o th  a l l a t a  c e l l s  and t h e i r  

nuclei to those p re sen t in the la rv a e  (CREDLAND & PH ILL IPS ,

1974), The re la tionsh ip  of nuc lear and c y to p la sm ic  s iz e  i s  thought 

to be indicative of the activ ity  of the a l l a t a  c e l l s  ( EN G ELM ANN,

1970), a s  found in  C alliphora (THOMSEN & THOMSEN, 1970).

The la rv a l observations a re  b ased  upon the fo u r th  i n s t a r ,  p r io r  

to pupal apo lysis , when i t  is  probable th a t  th e  co rpo ra  a l l a t a  

a re  in a phase of inactiv ity . The s im ila rity  i n  th e  a l l  a t a c e l l s  

of th is  la rv a l phase with those of the neoim aginal m ale, suggest s
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that tliese glands in  the la t te r  m ay a lso  be in a c t iv e .

The n e u ro s e c re to ry  axons from  the NCA branch  p ro fu se ly  

upon en te ring  the a lla ta , which is  c h a r a c te r i s t i c  of a n eu ro 

haem al o rgan (MADDRELL, 1974). The in t im a te  asso c i a t io n  

of these  axons with the a lla ta  ce lls , was a ls o  n o ted  by
M

KUMMEL ( 1969) > and m ay fac ili ta te  t  he t r a n s f e r  of m a te r ia l . 

T here a re  sev e ra l suggestions of the ant ago ni s t i  c e f f e c t  s 

that nervous, a s  opposed to n e u ro sec re to ry  in f lu e n c e s , have 

upon the ac tiv ity  of the co rp o ra  a lla ta  (rev iew  NOVAK, 1975),

In the m idge the o ccu rren ce  of axons from  th e  ONC and LNC 

containing d ^  p -ty p e  g ranu les r e s p e c t iv e ly  su g g es ts  th a t

possib ly  one group m a y b e  asso c ia ted  with r e s t r a in in g  and th e  

o ther activation .

n
In Chironom us m elanotus, KUMMEL (1969) su g g es ts  th a t  

the a llatum  horm one is  re le a se d  into th e  channels which occur 

betw een i ts  ce lls . The a lla ta  of C« r ip a r iu s  have no e x t r a c e l lu l a r  

sp aces. The occu rren ce  of tight junctions betw een  th e  i n t e r 

d igitations of the a lla ta  cells ind ica tes th a t  the absence of such 

spaces is  not a p rep a ra tio n  a r te fa c t .  In C. r ip a r iu s  th e  a l l a tu m  

horm one possib ly  is  re le a se d  through the a c e l lu la r  sh ea th  v ia  

the co rtica l ce lls . It is  suggested  above th a t  a s im ila r  sh ea th  

p reven ts re le a s e  of n eu ro sec re tio n , which i s m ost p robab ly
I

p ro teinaceous, (rev iew  MADDRELL, 1974) and has a hi gh 

m olecu lar weight. As the horm one re le a s e d  f ro m  the al 1 at a 

of in se c ts  is  apparen tly  of a m uch low er m o le c u la r  weight th an  

a p ro te in  (ENGELMATTN, 1970), the ace llu la r sh ea th  m ay not 

be a b a r r ie r  to i ts  re le a s e . The a ssoc ia tion  of t h i s  sh ea th
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with the ao rta  is  m ost probably  ju s t  fo r a tta c h m e n t. The possi. 

b ility  th a t the a llatum  horm one is  re le a s e d  in to  th e  a o r ta  

seem s v e ry  unlikely as the a o rta l wall i s m uscu la r and up to  

2 um thick in  th is reg ion .

As the influence of these  glands in  m ale in s e c t  s i s  a t 

b e s t only p a rtia lly  understood  in only a few sp e c ie s , sp e c u l- 

ation of th e ir  functional significance is  in a p p ro p r ia te .

The P e r itra c h e a l T issue

The p e ritra c h e a l t is su e s  of D ip tera  a re  homologous to  th e  

p ro th o rac ic  glands of o ther in se c ts , and a re  l i k e  th e m  in  

degenerating  a t m etam orphosis (SLAMA et 1974). O bserv

ations on the fine s tru c tu re  of these glands have been co n fin ed  

a lm ost exclusively  to the u ltim at e la rv a l i n s t a r s  ( BLAZSEK 

et ^  1975). The occurence in  the neoim aginal C. r i  p a ri us 

of tis su e  resem b ling  in both position and u l t r a s t r u c tu r e ,  th e  

p e ritra c h e a l tis su e  of the la rv a e  (CREDLAND & PH ILLIPS,

1974; PHILLIPS, p ersonal com m unication) i s  m ost unusua l.

A surrounding ex te rna l lam ina, ty p ic a l o f th e s e  g lands o ccu rs  

(NOVAK, 1974). The ce lls  do not re s e m b le  th o se  of th e  

parenchym a of the co rp o ra  a lla ta , a s  is  usual f o r  p e r i t r a c h e a l  

tis su e  (SLAMA et a l, 1974). As in the p ro th o ra c ic  g lands of 

cockroaches (rev iew  NOVAK, 1974) the c e l l  s* lo n g  in te rw o v en  

p ro c e sse s  a re  sep a ra ted  by ex tra ce llu la r  channels. The n u c le i ,  

which a re  ir r e g u la r  in  shape and c o n ta in  m any n u c le o li , a re  

c h a ra c te r is tic  of p e ritra c h e a l tis su e  (SLAMA et al, 1974). The 

chrom atin  of these  ce lls  is  exceptionally  e le c tro n -d e n se  but
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contains sm all round a re a s  that a re  el ec tro n -lu cen t, b eari ng 

a s im ila rity  to the nucleoli of in ac tiv e  p ro th o ra c ic  g lands of 

G alleria  m ellonella  (BLAZSEK et a l , 1975). The i r r e g u la r  

outline of the ce llu la r su rfaces , the condensed chrom atin  and 

the la rg e  num ber of both ly sosom es and lip id  d ro p le ts  th a t  

the p e ritra c h e a l tis su e  of the neo im aginal m ale e x h ib i t s  a re  

in G alle ria  (BLAZSEK et a l , 1975), c h a ra c te r s  announcing th e  

d isin teg ra tion  of th e s e  glands. The p e r i t r a c h e a l  t i s s u e  of 

the neoim aginal m ale th e re fo re  appear to  be in a c t iv e  and 

undergoing d eg en era tiv e  changes which w ill l e a d  to  i t s  

d issolution.

The Glandes P o s t- c é ré b ra le s  A ntérieu res"

As observed  i n  th e  la rv a  ( CREDLAND & PH ILL IPS , 1974) 

a p a ir of "glandes p o s t-c e ré b ra le s  a n té r ie u re s "  a s  d e sc r ib e d  

by POSSOMPES (1948) occu r. A lthough hav ing  th e  sam e close  

approxim ation to th e  co rpo ra  ca rd iaca  which o ccu rs  i n  th e  

la rv a , they  a re  d iffe ren t in lacking any in n e rv a tio n  f ro m  the 

NCC, The glands a re  syncytial and appear to  have no n u c le i 

but in o ther re sp e c ts  tliey resem b le  those of th e  la rv a e  d e sc r ib e d  

by CREDLAND & PHILLIPS (1974) which i s  th e  o n ly  p u b lish e d  

u ltra s tru c tu ra l  re p o r t  upon th ese  glands. The p resence  of deep 

infoldings of the ex te rnal cell m em brane, form ing to r tu o u s  

channels a sso c ia ted  with m any v e s ic le s  m a y b e  r e l a te d  to  th e  

phago y tic  function suggested by PH ILL IPS ( p e rsona l comm un

ication).
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O ther N e u ro secre to ry  S tru c tu res

As tlie re  a re  no descrip tions of n e u ro se c re to ry  c e l l s  in  th e  

suboesophageal o r p ro tho rac ic  ganglia of any o th e r  a d u lt d ip te ra n s , 

the observation  of the two d isc re te  p a ire d  groups i n  th e  sub- 

oesophageal ganglion  and the single pai r  i n  th e  p ro th o ra c ic  

ganglion c u rre n tly  stand in iso lation . G ABE ( 19 66) and 

MADDRELL ( 1974) have review ed the occu rren ce  of non

c e re b ra l n e u ro se c re to ry  cells  in in s e c ts ,  and b o th  e x p la in  

that tlie functions of these  cells have r a r e l y  been e lu c id a te d .

The possib le  assoc ia tion  of the SNC^ ce lls  of th e  suboesophageal 

ganglion with the fo reg u t m ay be in d ica tiv e  of t h e i r  fu n c tio n .

The axons of the n e u ro se c re to ry  ce lls  of th e  p ro th o ra c ic  

ganglion te rm in a te  in  a neurohaem al a re a  resem b lin g  th e  ty p e  

" tra n sv e rse  évolué" of GRILLOT ( 1971) and RAABE et _al

( 1971). As RAABE and h er colleagues have not yet in v e s t ig a te d  

the position  and s tru c tu re  of neurohaem al o rgans i n  Dipt e ra , 

it is  as yet unknown if  th is  type is  of wide o ccu rren ce  in  th e  

o rd e r . The close p rox im ity  of th is  neurohaem al a re a  w ith  f a t  

body ce lls , in the m idge, ind ica tes tha t the p o ss ib le  fu n c t io n  of 

these  ce lls  m ay be asso c ia ted  with fat m etab o lism .

MADDRELL ( 1974) postu la tes tha t p e r ip h e ra l n e u ro se c re to ry  

ce lls  m ay be of wide o ccu rren ce  in in se c t s. The p a i r  of i s o la te d  

ce lls  found in  the p ro tho rax  of the m id g e , a lth o u g h  m u ltip o la r , 

resem b le  the co rpo ra  card iaca  cells in  t h e i r  appearance and 

bim odal population  of sizes of g ranu les. They a re  u n lik e  th e
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p e rip h e ra l n e u ro sec re to ry  ce lls  of C a rau s iu s  m orosus and 

P horm ia  te rra e -n o v a e  (FINLAY SON & OSBORNE, 1968) and of 

la rv a l Lepidoptera (PUNKS, 1975) in a p p aren tly  hav ing  no 

connection v/ith the cen tra l nervous sy s te m . The p ro c e sse s  

from  these  ce lls  te rm in a te  in an a re a  which shows m any of 

tlie c h a ra c te rs  ty p ic a l of a  neurohaem al o rgan , which i s 

apparen tly  of the type "m edian p r im it i f  p rox im ale"  of GRILLOT 

(1971). The ro o t appara tus of a s c o lo p id iu m , which i s  

s im ila r in  s tru c tu re  to those of Johnston* s o rgan  in ,  f o r  

exam ple, Aedes ægyptl (BOO & RICHARDS, 1975), runs in to  

the perikaryon  of these  c e lls . The lack  of co n n ec tio n  w ith  

the nervous system  usually  p rec ludes a c e l l  from  being nervous, 

however the assoc ia tion  with a  sen so ry  s tru c tu re  i s  in d ic a t iv e  

of a  sen so ry  nerve  ce ll. It is  suggested  th a t  th e s e  c e l l s  

have a nervous o rig in  but have becom e d is s o c ia te d  f ro m  o th er 

com ponents of the cen tra l nervous system . The scolopi di a, 

which a re  m echano recep to rs , possib ly  m ediate  th e  s y n th e s is  

an d /o r re le a s e  of a fac to r from  the p e rip h e ra l c e l l  s th a t  

they a re  in se r te d  in .  D eform ation of the c u t i c l e  i n  th e  reg io n  

w here the scolopidium  is  a ttached  m ay i n i t i a t e  changes i n  th e  

p e rip h e ra l cell. The functional sign ificance  of t h i s  i s o la te d ,  

unique system , which lacks m ediation f ro m  h igher nervous 

c en tre s , is  a t p resen t unknown.
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B. THE FEMALE

The fem ale , although slightly  sh o rte r  th a n  th e  m ale, i s  

a lm ost tw ice i ts  weight, which is  probably a s so c ia te d  w ith  i t s  

ro le  in  egg production. The size  and anatom y of th e  b ra in  i s 

v e ry  s im ila r  to tha t of the m ale . The d if fe re n c e  i n  com plex ity  

of the antennae betw een the sexes was not r e f le c te d  in  th e  s iz e  

of the b r a in 's  antenna! c e n tre s . The u l tr a s tru c tu re  of th e  non- 

n e u ro se c re to ry  com ponents of the b ra in , showed a m arked  

s im ila rity  to those of the m ale . Both l i  ght and e le c t ro n  m ic r 

oscopy, using the in te rp re ta tio n  of SCHARRER & BROWN ( I96I ) ,  

ind icate  tha t the MNC group a re  m ore  a c tiv e  i n  th e  neo im aginal 

fem ale . The converse is  apparen t in th e  YtlC  group, w here th e  

neoim aginal m ale has the m ost active ce lls . The VNC group 

re sem b le s  that of fem ale m osquitoes (M EOLA & LEA, 1972) 

in exiiibiting som e purple stain ing with paraldehyde fu c h s in .

The e lec tron  m icroscope shows th a t  the sexual d if f e re n c e  i n  

the re la tiv e  am ounts of g ranu les is  r e s tr ic te d  to  th e   ̂ c e l l s  

of the VNC group. The difference in staining r e a c t io n  w ith  

paraldehyde fuchsin, th e re fo re  in fe rs  that i t s  s e le c t iv e  s t a in 

ing is  r e s t r ic te d  to d  tyi:>e n e u ro se c re to ry  ce lls . The rem a in d er 

of the endocrine components a re  s im ila r  i n  n e o im a g in a l m idges 

of both sexes. The activ ity  of the co rp o ra  al 1 a t a c e l l s ,  as 

re fle c ted  by th e ir  nuc lear to cytoplasm ic r a t io s  i s  s im ila r  i n  

both sexes. It has been suggested above that th e s e  c e l l  s a re  

inactive  in  tlie m ale . In m any adult fem ale in s e c t  s th e  a l l a t a
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a re  im portan t in the control of egg m a tu ra ti on ( rev i ews by 

ENGELMANN, 1970 and NOVAK, 1974). F em ales of C. r ip a r iu s  

a re  autogenous and capable of m ating soon a f t e r  em ergence 

(DOWNE & CASPARY, 1973). The in a c tiv i ty  of th e  co rpo ra  

a lla ta  in  tlie neoim aginal fem ale m ay th e re fo re  s im p ly  be 

a  reflec tion  tha t the p ro c e sse s  of egg m a tu ra tio n , under th e  

control of th is  gland, a re  a lread y  c o m p le te .

The inab ility  to obtain se lec tive  s ta in in g  w ith  para ldehyde 

fuchsin of the p e rip h e ra l n e u ro sec re to ry  cell s in  th e  fem a le  

m ay be indicative that th ese  ce lls  a re  m ore  a c t iv e  th a n  i n  th e  

m ale .
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SECTION II

The effect of ageing  upon adults at 20°C

Life span re c o rd s  show that the su rv iv o rsh ip  cu rves of 

both sexes a re  of the in te rm ed ia te  type, which ROCK5TEIN & 

MIQUEL ( 1973) exTjlain i s  the m ost tyrpical fo r  in s e c t s  and 

o ther an im als . F em ales have a longer m ean l i f e  span th an  

m ales , which o ccu rs  in  m any in sec t sp e c ie s , a lth o u g h  t h i s  

is  not alw ays the case  in D ip tera  (rev iew  ROCKSTEIN &

MIQUEL, 1973), This finding is the converse  to  th e  r e s u l t s  

of CREDLAND (1971) for the sam e sp ec ie s , and p ro b ab ly  

re f le c ts  a d ifferent genetic constitu tion  betw een th e  tw o 

populations used, caused  by inbreeding . It i s  known, f o r  

exam ple, that in D rosophila m elanogaste r , th e  g e n e tic  

constitu tion can e f f e c t  the sexual d ifferences i n  lo n g e v ity  

(review  ROCKSTEIN & MIQUEL, 1973).

B ehavioural observations show that m obi 1 i t  y i s  in c r e a s in g ly  

im peded with age. The inab ility  to fly , appears to  be c o r r e la te d  

witli exhaustion of the fa t body. D epletion  of th e  f a t  body 

possib ly  re s u lts  in the w rinkling and co llap se  of th e  abdomen 

which is  apparen tly  the only ex te rna l sign of senescence . In  

D rosophila a s im ila r abdom inal change has been shown to  be 

c o rre la te d  with decrease  in fa t body (rev iew  ROCKSTEIN & 

MIQUEL, 1973). No m ajo r u l tr a s t ru c tu ra l  changes w ere found 

in the flight m usc les of the im m obile specim ens. A num ber of
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au thors (T A K A î-IA S in^ t^ , 1970B; SOKAL, McCARTHY & 

ALISON, 1972 and o th e rs )  have d e sc r ib e d  flight m uscle  degen

e ra tio n  in senescen t f lie s . The findings of V/EBB & TRIBE 

(1974) indicate tha t no m ajo r degenerative  changes i n  th e  

flight m usc les of d ip te rans occu r, and th e s e  a u th o rs  

in tim ate  that m any of the p rev ious o b se rv a tio n s  a re  due 

to pre%Daration a r te fa c ts . The in a b ility  of aged m idges to  

fly appears  not to re s u lt  from  degenera tion  of th e  f l ig h t  

m u sc le s , which is  probably  tru e  fo r o th e r  d ip te ra n s  which 

have been studied  (WEBB & TRIBE, 1974), The sudden and 

com plete lack  of a ttem p ting  to f ly  tha t m i dges e^diib it i s  

difficult to explain in te rm s  of depletion of energy  su p p lie s  

alone. This d ifference in behaviour possib ly  l i e s  i n  th e  

physiology of the nervous system  and m a y b e  r e f l e c t e d  i n  

a change of i ts  s t ru c tu re .

The B rain

The b ra in  shows no red u c tio n  in the th ickness of th e  

co rtica l lay e r o r "spong iness" of the n e u ro p ile , even i n  

advanced old age, both of which a re  c h a ra c te r s  of senescent 

b ra in  of D rosophila m elanogaste r (MIQUEL, 1971). Tliere i s 

also no lo ss  of basophilia  of the giant neurons re p o r te d  by 

HERMAN et a l, (1971) in D rosophila . The po pul at i on d e n s ity  

of neu rons shows no change with age, which to g e th e r  w ith  

lack  of change of co rtica l th ickness in d ic a te s  th a t  th e re  a re  

no age re la te d  lo sse s  of neu rons. This i s  i n  agreem ent
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with the findings of SOHAL & SHARMA ( 1972) f o r  M usca 

dome sti ca, but conflicts with the o b se rv a tio n s  of m any w orkers 

in  both in sec ts  and m am m als (review  ROCKSTEIN & MIQUEL,

1973). A s in se c t neuronal population studies have been la r g e ly  

r e s t r ic te d  to Apis and P rosoph ila  genera li z a t i  ons cannot be 

m ade.

The neurons of Chironom us show s im ila r  changes i n  sub- 

ce llu la r o rgan ization  as found in M usca (SOHAL & SHARMA,

1972), except that the population of f re e  r ib o so m e s  re m a in s  

unchanged in C hironom us. Many of these  changes a re  i n d ic 

ative of ce llu la r d e te rio ra tio n . It is  known th a t  such changes, 

in m am m als, can re s u lt  in functional d e te r io r a t io n  of th e  

nervous system  witliout any change in  neuronal num bers 

(KOHN, 1971). The in c re a sed  frequency  of ty p e  2 and ty p e  4 

neurons fu rth e r supports the suggestion that th e s e  ty p e s  a re  

derived  by degenerative p ro c e sse s  from  type 1 and ty p e  3 

neurons resp ec tiv e ly .

In the axons of the neurop ile  no "heterogenous dense b o d ie s" , 

s im ila r  to those described  by HERMAN ( 1971) i n  D rosoph ila

o ccu r. These s tru c tu re s  a re  thought to  c o n ta in  "age p igm en t"  and 

re p re se n t degenera ted  synaptic boutons. In th e  m id g e  b ra in  

axonal m itochondria  appear to undergo an in c re a s e  i n  m a t r i x  

density  with age. These density  changes m ay, a s  i n  f l ig h t  

m uscle  of D rosophila (TAKAHASHI et al, 1970A), re p re se n t th e  

accum m ulation of age pigm ent. The functional s ig n if ic a n c e  of
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th is  pigm ent i s  unknown, but i t  p o ss ib ly  r e p re s e n ts  th e  accum m 

ulation  of a  non -excre tab le  ce llu la r by-product#

The n eu ra l lam e lla  shows an in c re a se  in  th ic k n e s s  w ith  

age. I t  becom es d ifferen tia ted  into two com ponents on o r a f t e r  

the fourth  day of adult life , giving it an appearance s im ila r  to  

that of th re e  day old M usca ( SOHAL et^al, 1972). The s p e c i f ic  

o rien ta tion  tha t the f ib r ils  of the n eu ra l sheath  adopt i n  o ld e r  

specim ens m ay give added streng th  to th i s l a y e r .  These f i b r i l s  

have no period ic  banding but th is  does not p reven t th e m  from  

being collagenous (LANE, 1974). The thickening and s t r u c tu r a l  

o rgan ization  of th is  la y e r  in  o lder an im als i s  of unknown 

significance.

The appearance of the p e rin e u ria l and g l i a l  c e l l s  of 

the aged b ra in  indi cate that they  a re  undergoing si m ila r  degen

e ra tio n  p ro c e sse s  to those of the neurons. The g l i a l  m itochond

r ia , unlike those of the neuronal pe rik a ry a , shows an in c re a s e  

in m a tr ic a l density  with age. This m ay re p re se n t an a cc u m u j- : 

ation of age pigm ent as suggested in  th e  axonal m itochond ria . 

The r a r i ty  of the type of g lial cell found only i n  th e  b ra in s  of 

aged specim ens, m ay have re su lte d  in  the lack  of o b se rv a tio n s  

of th ese  ce lls  in neoim agines. ROCKSTEIN & MIQUEL (1973) 

sta te  that b ra in  ce lls  a re  p o st-m ito tic , th e r e fo re  i f  th e s e  

g lial ce lls  occur only in  the b ra in s  of aged spec im en s they  

m ust be derived  by tran sfo rm atio n  from  o th e r  g l i a l  c e l l s .

The o ccu rren ce  of the m ultip le g lia l la m e lla e  su rround ing  

neurones and vacuoles have a lso  been re p o r te d  in  D rosophil a
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(HERMAN et al, 1971) w here they  a re  thought to  be in d ic a t iv e  

of neuronal generation . As th e re  have been no d e ta i le d  f in e  

s tru c tu ra l re p o r ts  of changes in g lia l c e l ls  with age, th e s e  

observations a t p re se n t stand in  iso la tio n .

An extensive system  of e x tra ce llu la r  spaces develops w ith  

in c reas in g  age in  both the co rtex  and n e u ro p ile  of th e  b ra in .

As no such system  o ccu rs  in  the b ra in  of young spec im ens i t  

m ay not be equivalent to the glial lacuna]: sy stem  of WIGGLES

WORTH ( i 960). However, the  appearance of th e s e  spaces, 

and the o ccu rren ce  w ithin them  of am orphous m a te r ia l  i s  

s im ila r  to the g lial lacuna! sy stem  of cockroaches ( rev i ew 

SMITH & TREHERNE, 1963). T hese e x tr a c e l lu la r  spaces a re  

s im ila r , though le s s  ex tensive, than  th e  vacuoles which occur 

in the b ra in  of senescen t D rosophila (HERMAN et  ̂ 1971).

This v acuolation is  thought to re s u l t  fro m  an e x t r a c e l lu l a r  

oedem a. The cytoplasm ic degeneration  noted i n  b o th  neu rons! 

and g lia l ce lls  in  the m idge m ay be coupled  w ith  sh rin k ag e  of 

th e  cell body. Slight volume changes, which would not be 

detectable by m ensuration , could be com pensated f o r  by an 

influx of fluid to fo rm  an oedem a. The spaces betw een neurons 

could ham per in te r -c e llu la r  com m unication  and m ay be fu n c t io n 

a lly  m ore  de le te rious than the neuronal cy top lasm ic  d eg en e ra tio n . 

The s tru c tu ra l changes in  the b ra in  a re  not a s  m arked  as th o se  

o ccu rring  in  longer lived  d ip te rans, for exam ple  D rosophil a 

(HERldAN et al, 1971; MIQUEL, 1971 and o th e r s ) .  The 

term ina tion  of life , in Chironom us, th e re fo re  appears  not to  

be dependent upon degeneration of the nervous sy s te m .
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If the age re la te d  changes in the b ra in  v is ib le  w ith  th e  

e lec tro n  m icroscope  a re  a  tru e  re flec tio n  of th o se  th a t  a re  

occu rrin g  in vivo, i t  is  like ly  that they will be of fu n c tio n a l 

significance to the nervous system . A fu n c tio n a l d if fe re n c e  

m a y b e  re fle c ted  i n  changes in  behav iou r p a t te r n s ,  and 

could re s u l t  in  the flight im m ob ility  th a t  th e  aged m idges 

exhibit.

Endocrine system

The in c re a se  in  the am ount of n e u ro sec re to ry  m a te ria l th a t  

the m edial ce lls  exh ib it, using the in te rp re ta t io n  of SCHARRER 

& BROWN ( 1961) in d ic a te s  that th e y  a re  l e s s  a c t iv e  i n  o ld e r  

anim als* A s im ila r accum m ulation of m a te r ia l was re p o r te d  

by ROCKSTEIN e1̂  ^  (1971) in  M usca dome s t i  ca. The f in d in g s  

of these  au tho rs ind icate  that the accum m ulation  i s c o r r e la te d  

w ith  the absence of axonal n e u ro sec re to ry  m ate ria l*  The axons 

of the MNC of aged m idges s till show s e le c tiv e  s ta in in g , 

indicating tha t axonal tra n sp o rt of neuro sec re t!  on i s s t i l l  

o ccu rrin g . The suggestion that in M usca ( ROCKSTEIN e t

1971) ageing is  c o rre la te d  with a  fa ilu re  of r e le a s e  of th e  

horm one fro m  the n e u ro sec re to ry  cell s, so th a t  i t  i s  un

availab le  to in it ia te  physio log ical re a c tio n s  i n  th e  o ld  f l y ,  

is  apparen tly  not t r u e  in  C hironom us. The accu m m u la tio n  of 

n e u ro sec re to ry  m a te r ia l does suggest th a t  i t s  sy n th e s is  i s  

g re a te r  than i ts  tra n sp o rt. The o ccu rren ce  of c e l l s  i n  th e  

MNC groups of aged specim ens, whose p e r ik a ry a  s t a in  orange 

with paraldehyde fu ch sin  i s  indicative that som e c la s s ic a l
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B -type c e lls  (rev iew  GABE, 1966) o ccu r. T his change i n  s t a in 

ing m a y b e  asso c ia ted  with the re la tiv e ly  l a r g e r  am ounts of 

neuro secre tio n  i n  the MNC of aged individuals a s  com pared 

witli those of neoim agines. T here  is , how ever, no u l t r a s t r u c t 

u ra l evidence for two cell types in  the MNC of aged in d iv id u a ls ,  

and the m a jo rity  of the ce lls  give the typical s ta in in g  r e a c t io n  

of A -type ce lls  w ith  paraldehyde fuchsin a s  d e sc r ib e d  by GABE 

( 1966). The VNC of som e aged fem ales contain m ore  n eu ro 

se c re to ry  m a te r ia l, when sta ined  with paraldehyde fu ch s in  th a n  

younger specim ens, indicating th a t accum m ulation  m ay a lso  

occur in these  c e lls . E lec tro n  m icroscope  o b se rv a tio n s  rev ea l 

that n e u ro sec re to ry  ce lls  of a ll but the LNC group undergo a 

reduction  in size  of the p e rik a ry a . The r e s t r ic t io n  of m arked  

size changes to n e u ro sec re to ry  ce lls  m a y b e  a r e f l e c t i o n  th a t  

tliese ce lls , unlike o ther neurons, have a glandular a c t i v i t y .

The reduction  of cy top lasm ic volum e, using the i n te r p r e t a t i o n s  

applied  to co rp o ra  a lla ta  ce lls  (see  ENGELMAN, 1970) i s a 

fu rth er indication of a d ec rease  in  a c tiv ity  with age.

The re la tiv e  amount of g ranu les within th e  VNC and p a r t 

ic u la r ly  w ithin the MNC, did not re f le c t the d if fe re n c e s  i n  th e  

am ount of n e u ro se c re to ry  m a te r ia l ind icated  by para ldehyde 

fuchsin  stain ing. The technique of LANE & EUROPA ( 1965) 

which enabled concurren t sections of the sam e cell to  be p rep a red  

for light and e lec tron  m icroscope work, also showed that th e  

MNC, although containing few er g ranu les, gave a  g re a te r  response  

to paraldehyde fuchsin  than tlie con tro ls which c o n ta in e d  m o re
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g ranu les. This conflicts with the concept th a t  th e r e  i s  a 

granule to granule com parison  betw een lig h t and e le c t ro n  

m icroscope  re s u lts  propounded by BLOCH et a l^ l9 6 6 ) . It 

is  possib le  tha t the n e u ro sec re to ry  m a te r ia l ( o r  i t s  c a r r i e r )  

in th ese  ce lls , although m aintaining som e of i t s  chem ical 

in teg rity  and th e re fo re  staining with para ldehyde  fu c h s in , i s 

no longer in  the fo rm  of d isc re te  e lec tro n -d en se  g ra n u le s .

The breakdow n of the g ranu les m ay be a s s o c ia te d  w ith  th e  

ageing p ro c e ss  of these  ce lls .

L ight and e lec tro n  m icroscope  o b se rv a tio n s  in d i c a te  

that th e re  is  apparen tly  no age re la te d  change i n  th e  am ount 

of neuro sec re tio n  in  th e  co rp o ra  c a rd ia c a . Fine s t r u c tu r a l  

observations show that the cy toplasm ic com ponents of th e  

in tr in s ic  ce lls  have undergone s im ila r  changes to  th o se  of 

neurons within th e  b ra in .

The co rp o ra  a lla ta  show a slight d if f e re n c e  i n  th e  a sso c 

ia tion  betw een c o r tic a l and m edu llary  c e l l s  w ith  age. The 

nucleus to cytoplasm ic ra tio  of young and o ld  spec im ens is  

not ind icative of a  change of a c tiv ity  i n  th e  a l l a t a  c e l l s .

The change in  appearance of chrom atin  th a t  o ccu rs  w ith  age 

m ay be of functional significance. Glycogen deposit s a re  

e ith er absen t o r  m uch reduced  in  o lder spec im ens, p o ss ib ly  

because the synthetic activ ity  of the a llatum  re q u ire s  t h e i r  

u tiliza tion . The appearance of the a lla ta  c e l l s ,  u n lik e  th o se  

of the co rp o ra  ca rd iaca , gives little  indi c a t io n  of cy to p la sm ic  

degeneration  in aged specim ens.
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The "glandes p o s t-cé réb ra le  s an té rieu res*  shows bo th  h i s to -  

chem ical and u ltra s tru c tu ra l d ifferences i n  o ld  and young 

specim ens. The in te rp re ta tio n  of PH ILLIPS (p e rso n a l com m un

ication) b ased  upon his o b se rv a tio n s  of t h i s  s t r u c tu r e  i n  th e  

la rv a , is  tha t it has a  phagocytic function. If t h i s  su g g e s tio n  

is  adopted the g ran u la r v e s ic le s  o c c u rr in g  i n  th e s e  g lands 

m ay re p re se n t the rem nants of phagocytosed p a r t i  cl e s . The 

appearance of these  glands could be in te rp re te d  a s  hav ing  a 

g re a te r  ac tiv ity  in o lder specim ens which m a y b e  n e c e s s i ta te d  

by the in c reas in g  am oun ts of tis su e  deb ris  i n  th e  haem olym ph 

that o lder an im als a re  like ly  to have.

The to ta l absence of p e ritrac h ea l t i  ssue in  o ld e r  sp e c im e n s  

was not unexpected. The degeneration  apparen t i n  neo im aginal 

specim ens has m ost probably re su lte d  in  th e  u l t im a te  d i s s o l 

ution of th is  tis su e  in  o lder an im als.

The p e rip h e ra l n e u ro sec re to ry  ce lls  of th e  p ro th o ra x  show 

the sam e sexual d iffe re n c e  in  activ ity  based  upon t h e i r  p a ra ld e 

hyde fu ch sin  staining in  young and old specim ens.
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SECTION III 

The effect of tem p era tu re  upon im agines

The life  span re c o rd s  obtained in th i s s tudy  in d i c a te  th a t  

the aquatic re a r in g  tem p era tu re  is  of le s s  im portance to  a d u lt 

longevity than the a ir  tem p era tu re  to which th e  im a g in e  i s  

subjected. D ifferences of 10^C in  the r e a r in g  t e m p e r a tu r e s  

studied did not significantly  a lte r  the adult* s lo n g e v ity  i f  th e  

im agines w ere kept under s im ila r cond itions. In Drosophi 1 a 

w here a ll the stag es of the life  cycle a re  t e r r e s t r i a l ,  th e  

p re im ag ina l tem p era tu re  is  known to a f f e c t  th e  a d u lt lo n g 

evity (ALPATOV & PEARL, 1929; LINTS & LINTS, 1971 and 

o th e rs). It i s  not known w hether Chironom us is  unusual among 

d ip te rans , with aquatic stages of the l i f e  c y c le , i n  th e  in f lu e n c e  

of p reim ag inal tem p era tu re  upon adult longevity as th e re  i s a 

paucity  of inform ation  on th is subject.

I n  Chironom us adults a 5°C d ecrease  i n  a i r  te m p e ra tu re  

from  20^C was found to have no significant e f f e c t  upon th e  

m ean adult life  span, and yet the sam e change betw een  15°C 

and lO^C significantly  in c re a se d  the m ean life  span of bo th  

sex es . These re s u lts  could be explained by th e  h y p o th es is  

that a  hom eostatic  m echanism  which m a in ta in s  a s im ila r  r a t e  

of ageing betw een 20°C and 15°C b reak s  down a t lo w er te m p e ra 

tu re s . Such an in te rp re ta tio n  has been used  to  account fo r  

tem p era tu re  effects upon ageing in D rosophila (rev iew  ROCKSTEIN 

& MIQUEL, 1973).
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At 20°C both sexes exhibit an in te rm e d ia te  ty p e  s u rv iv o r

ship curve as described  by ROCKSTEIN & MIQUEL (1973), 

which they explain i s  typical of m any an im als. D ecreasing  th e  

tem p era tu re  to which the im agines a re  su b je c te d  does not 

change the shape of the su rv ivo rsh ip  curve.

In c re a sed  life  spans c o rre la te d  w ith  a d ec rea se  i n  te m p e r 

a tu re  a re  typ ical of in se c ts , the d ire c t effect upon m etaboli c 

ac tiv ity  i s  u sua lly  cited  a s  the dependant f a c to r  r e s u l t in g  i n  

the change of ra te  in the ageing p ro ce ss  ( r e v ie w  ROCKSTEIN 

Ec MIQUEL, 1973).

The in c re a se  in  size and weight of a n im a ls  re a re d  at lO^C 

as com pared  to those of 20®C has been p re v io u s ly  n o ted  in  

th is  species (CREDLAND, 1971). As i n  D rosoph ila  m elanogaste r 

(ALPATOV St PEARL, 1929), these  re s u l ts  w ere accoun ted  fo r  

by the d ec rea se  in tem p era tu re  prolonging the la rv a l p e r io d  and 

allowing a g re a te r  food intake which is  probably  p a r t i  c u la r ly  

im portan t in  Chironom us which has a non-feed ing  a d u lt .  As 

few er la rv a e  develop from  egg ro p es a t 10®C ( CREDLAND, 1971), 

d ecrease  in la rv a l crowding m ay a lso  be a s ig n i f ic a n t  f a c to r  

affecting body size as in D. m elanogaste r (M ILLER & THOMAS, 

1958), The in c re a se  in the oxygen content of w ater f ro m  

6 m l p er l i t r e  at 20^C to 8 m l per l i t r e  a t 10®C ( e x tra p o la te d  

from  data in  GORDON, 1968), m ay a lso  be of re le v an c e .

The d ecrease  in behavioural ac tiv ity  which o ccu rs  w ith  

decreasing  tem p era tu re  has been observed  i n  m any in sec t s.
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for exam ple, M usca dom estica  (RAGLAND Sc SOHAL, 1973) 

and it  is  typ ical of po ik ilo therm s.

Light and e le c tro n  m icroscope  o b se rv a tio n s  in d i c a te  th a t  

tlie s im ila r  but la rg e r  b ra in s  of m idges r e a re d  a t lO^C as comp, 

a re d  with those ra is e d  at 20®C, r e s u l t  f ro m  both an in c re a s e  

in the num ber of neurons and the developm ent of ext ensi ve 

ex tra ce llu la r  spaces. T here  w ere no r e s u l t s  in d ic a t in g  an 

in c re ase  in  cell s iz e s .  The com position  of neuron ty p e s  in  

the b ra in  is  found to differ w ith  r e a r in g  te m p e ra tu re . A 

g re a te r  percen tage  of type 2 and type 4 neurons i s  found i n  

young m idges re a re d  a t 10®C as com pared  with e i t h e r  young 

o r old specim ens re a re d  a t 20®C. The in c re a s e  i n  d e n s i ty  and 

shrinlcage of type 3 neurons in m idges r e a re d  a t 10®C, f o r m in g  

type 4 neurons, has apparen tly  reach ed  a  m ore  advanced s t a t e  

in the p a rs  in te rc e re b ra lis , w here ce lls  of h igh  e le c t ro n -  

opacity  a re  encountered . T his ce llu la r c o lla p s in g  i s  suggested  

to be a  degenerative p ro c e ss . Cytoplasm ic d eg en e ra tio n , as 

noted in  the m ajo rity  of ce lls  in the b ra in s  of aged sp ec im en s, 

is  not apparen t in m idges r e a re d  a t 10®C, The sw ollen  o r 

exploded appearance of the m ito ch o n d ria  and endop lasm ic  r e t i c 

ulum  c is te rn ae  of these  specim ens* neurons i s  ty p ic a l  of an 

osm otic  fixation a rte fac t (BAKER, 1966) and cou ld  m ask degen

e ra tiv e  changes. The u ltra s tru c tu ra l  appearance o ccu rs  i n  

b ra in s  fixed at the sam e tim e i n  tlie sam e s to c k  s o lu t io n s  as 

b ra in s  fro m  o ther experim en tal m idges, which di d not e x h ib it 

any osm otic  dam age. The ce llu la r appearance cou ld  r e s u l t
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fr o m  the te m p e r a tu r e  c o n s tr a in ts  ch a n g in g  t h e  o s m o t ic  p r e s s u r e  

o f  th e  c e l l  c y to p la sm  so  th a t th e  buffer i  s  no lo n g e r  i s o t o n i c  t o  

i t .  The lo w e r in g  o f  te m p e r a tu r e  m a y  a l s o  a f f e c t  t h e  b lo o d -  

b ra in  b a r r ie r  (T R E H E R N E  & F I CHON, 1972) a s  i t  i s  r e p o r te d  

to h a v e  an e n z y m a tic  com p on en t lo c a d iz e d  i n  th e  g l i a l  c e l l  s 

(HOUK Sc BEC K , 1976). H o w ev er , a s  d i s c u s s e d  a b o v e , r e g a r d 

in g  th e  v e n tr a l n e r v e  c o r d  o f  20®C s p e c im e n s , i t  i  s u n l i k e l y  

that th is  b a r r ie r  co u ld  a cco u n t for  a ll  th e  o s m o t ic  d am age w h ich  

s t i l l  o c c u r s  w hen the n eu ro n s  a r e  e x p o s e d  t o  t h e  b a th in g  

so lu t io n s .

The o c c u r r e n c e  o f  e x tr a c e llu la r  s p a c e s  w ith in  t h e  b r a in  

o f  s p e c im e n s  r e a r e d  a t 10®C h a s  b e e n  o b s e r v e d  a s  an a g e in g  

e f fe c t  in  m id g e s  r e a r e d  and kept at 20®C. T he s u g g e s t io n  

tiiat th e s e  s p a c e s  m a y  in h ib it  n eu ro n a l f u n c t io n  m a y  a g a in  

b e  a p p lic a b le . The a c t iv ity  o f  th e se  10®C sp e c im e n s  e v e n  

w hen t r a n s fe r r e d  t o  20®C i s  a p p a r e n t ly  l e s s  than  a n im a ls  

r e a r e d  and  k ep t at th is  te m p e r a tu r e , b a s e d  upon n o n -q u a n t-  

i f ie d  o b s e r v a t io n s . T h is  d if fe r e n c e  in  a c t i v i t y  m a y  r e s u lt  

fro m  a  ch an ge in  t h e  n e r v o u s  s y s te m , and c o u ld  b e  c o n n e c te d  

w ith  th e  o c c u r r e n c e  o f  e x tr a c e llu la r  s p a c e s  and t h e  d en se  

n e u r o n s  w ith in  t h e  b r a in s  o f  m id g e s  r e a r e d  at lO^C. A s th e r e  

h a v e  b e e n  no co m p a ra b le  o b s e r v a t io n s  upon t h e  s t r u c t u r e  o f  

b r a in s  o f  in s e c t s  r e a r e d  under d iffer in g  c o n d it io n s  o f  t e m p 

e r a tu r e , th e s e  r e s u l t s  at p r e s e n t ,  stand  in  i s o l a t i o n .

CLARICE w ro te  in  1967 that " T h ere a r e  r e l a t i v e l y  f e w  

o b se r v a t io n s  on  t h e  e f fe c t  o f  te m p e r a tu r e  on t h e  e n d o c r in e
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S y ste m  o f  in s e c t s .  " T h is  s ta te m e n t i s  s t i l l  o f  r e le v a n c e  to d a y  

a s  th e r e  a r e  a s  y e t  no p u b lish ed  s tr u c tu r a l o b s e r v a t io n s  upon  

the e n d o c r in e  s y s t e m s  o f  adu lt in s e c t s  r e a r e d  at d i f f e r e n t  t e m p 

e r a tu r e s .  I n  th is  stu d y  it  w a s  found  that t h e  M NC o f  t h e  b r a in  

o f  m id g e s  r a i s e d  a t 10®C sh ow  c o n s id e r a b le  v a r i a b i l i t y  i n  s t a i n 

in g  r e s p o n s e  w ith  p a ra ld eh y d e  fu c h s in . T he e l e c t r o n  m ic r o s c o p e  

sh o w s that d ie  s e  c e l l s  con ta in  n e u r o s e c r e to r y  g r a n u le s  w i t h in  t h e  

c y to p la sm  and a ls o  is o la t e d  in  m u lti v e  s i  cu lar  ty p e  ly s o s o m e s .  

I n it ia l  gro u p in g  o f  n e u r o s e c r e to r y  m a te r ia l  i n t o  t h e s e  l y s o s o m e s  

m a y  be r e f le c t e d  in  th e  c o a r s e  g ra n u la r  a p p ea ra n ce  th a t  t h e s e  

c e l l s  o ften  ex h ib it  a fte r  s ta in in g  w ith  p a ra ld eh y d e  f u c h s in .  

Su bseq u en t d en atu rin g  o f  the n e u r o s e c r e to r y  m a te r ia l  w h ich  

m a y  o c c u r  w ith in  t h e s e  ly s o s o m e s  cou ld  acco u n t f o r  t h e  la c k  

o f  s e le c t iv e  s ta in in g  w ith  p a ra ld eh y d e  fu c h sin  th a t  i s ap p aren t  

in  so m e  s p e c im e n s ,  T liis  m a y  a ls o  ex p la in  th e  d is c r e p a n c y  b e t 

w een  lig h t  and e le c tr o n  m ic r o s c o p e  r e s u l t s ,  w h ich  i n d i c a t e  th a t  

th e r e  i s  m o r e  n e u r o s e c r e to r y  m a te r ia l  on  a v e r a g e  i n  t h e s e  

c e l l s  u s in g  th e  l a t t e r .  E le c tr o n  m ic r o s c o p e  a s s e s s m e n t  in d i  c a t e s  

that th e s e  c e l l s  con ta in  m o r e  n e u r o s e c r e to r y  m a te r ia l  th a n  i n  

m id g e s  r e a r e d  at 20®C and a r e  th e r e fo r e  l e s s  a c t i v e ,  u s in g  th e  

in te r p r e ta t io n  o f  SCH ARRER & BROW N ( 1 9 6 1 ) . A t 10®C t h e s e  

c e l l s  h a v e  a s im ila r  a c t iv ity  in  both  s e x e s ,  w h e r e a s  at 20®C 

the M NC ap p ear m o r e  a c t iv e  in  th e fe m a le . R ea r in g  te m p e r a tu r e  

th e r e fo r e  a p p ea rs  to h ave  a m o r e  m a rk ed  e f f e c t  upon th e  

c e l l s  in  th e  M NC  g ro u p s o f  th e  fem ale*  s b r a in . The c e l l  s 

o f  th e  VNC o f  both  s e x e s  h ave  a  s im i la r  a c t iv i t y  at t h e
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r e a r in g  te m p e r a tu r e s  s tu d ied . T h e c e l l s  o f  t h i s  group  and  

o f  th e  CNC grou p  h a v e  m a r k e d ly  l e s s  n e u r o s e c r e to r y  m a t e r ia l ,  

and th e r e fo r e  g r e a te r  a c t iv ity  in  b r a in s  o f  m id g e s  r e a r e d  at 

10®C, T he p  c e l l s  o f  the LN C  sh ow  l i t t le  d i f f e r e n c e  i n  th e  

r e la t iv e  q u a n tit ie s  o f  g r a n u le s  in  both  s e x e s  a t e i t h e r  t e m p 

e r a tu r e .

P a r a ld e h y d e  fu c h s in  s ta in in g  in d ic a te s  th a t  t h e  co rp o ra  

c a r d ia c a  o f  both  s e x e s  r e a r e d  at 10®C h a v e  a  g r e a te r  a c t i v i t y  

than th o se  o f  20®C. The c o r p o r a  a ll at a  and g la n d e s  p o st  -  

c céréb rales a n té r ie u r e s  "have a  s im ila r  a p p ea ra n ce  i n  b o th  

s e x e s  at th e  tw o te m p e r a tu r e s .  The p e r itr a c h e a l t i s s u e  i n  

n e o im a g in e s  r e a r e d  a t 10®C sh o w s l e s s  s t r u c tu r a l  s ig n s  o f  

d is s o lu t io n  than  o c c u r s  in  th o s e  r e a r e d  a t 20®C. The a p p ea r 

a n ce  m a y  r e s u l t  f r o m  th e  s lo w in g  o f  the r a te  o f  di s i n t e g -  

r a tio n  p r o c e s s e s ,  c a u se d  b y  th e  d ir e c t  e f f e c t  w h ich  t e m p e r 

a tu r e  h a s  upon e n sy m e  a c t iv ity  (B R A N D T S, 1 9 6 7 ) .

The p e r ip h e r a l n e u r o s e c r e to r y  c e l l s  in  t h e  p r o th o r a x  

o f  s p e c im e n s  r e a r e d  at 10®C do n ot esd iib it s e l e c t i v e  s t a i n 

in g  w ith  p a ra ld eh y d e  fu ch sin , w liich  m a y b e  i n d i c a t i v e  o f  a  

g r e a te r  a c t iv ity  than in  t lio se  m id g e s  r e a r e d  at 20®C.

The fu n ctio n a l s ig n if ic a n c e  o f  tlie ch a n g es  i n  t h e  a p p ea r 

a n ce  o f  en d o cr in e  s tr u c tu r e s ,  o c c u r r in g  v/ith  te m p e r a tu r e ,  

w h ich  in fe r  a c t iv ity  d if fe r e n c e s  i s  a t p r e s e n t  unlcnown. In  

th is  study ad u lt m id g e s  w e r e  k ep t for  7 h o u r s  at th e  t e m p 

e r a tu r e  at w h ich  th e y  w e r e  r e a r e d , to  a l lo w  f o r  r e c o v e r y  

fr o m  the tra u m a  o f  e m e r g e n c e , b e fo r e  f ix a t io n .  The
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im p o r ta n c e  o f  th is  p e r io d  to  the a p p ea ra n ce  o f  the en d o c r in e  

s y s te m  h a s  not b e e n  stu d ied , but a s  a  c o m p le te  c e l l u l a r  

d ep le tio n  o f  n e u r o s e c r e t io n  h a s  b e e n  r e p o r te d  t o  o c c u r  w it l i in  

25 m in u te s  (S T E E L  & K ARM SEN, 1971), i t s  r e le v a n c e  cannot 

b e d isco u n ted .
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SECTION IV

R ep ro d u c tiv e  e f f e c t s  upon B ra in  N e u r o s e c r e to r y  C e ll s

O b se r v a tio n s  in d ic a te d  that e le c tr o n  m ic r o s c o p ic a l  a s s e s s m e n t  

o f  am o u n ts  o f  n eu ro  s e c r e t io n  w ith in  n eu ro n s  g a v e  s i m i l a r ,  r e p e a t -  

a b le  r e s u l t s ,  w h e r e a s  lig h t  m ic r o s c o p e  a s s e s s m e n t  o f  t e n  g a v e  v e r y  

v a r ia b le  r e s u l t s .  M any o f  th e  n e u r o s e c r e to r y  g ro u p s i n  t h e  b r a in  

a r e  o n ly  d e te c ta b le  b y  e le c tr o n  m ic r o s c o p e  t e c h n iq u e s .  An e l e c t r o n  

m ic r o s c o p e  in v e s t ig a t io n  w a s  th e r e fo r e  u s e d  t o  s tu d y  t h e  e f f e c t s  

o f  r e p r o d u c tio n  upon th e  n e u r o s e c r e to r y  c e l l s  i n  t h e  b r a in .  The  

am ount o f  t im e  n e e d e d  to  o b ta in  e le c tr o n m i c r o g r a p h s  f r o m  

l iv in g  s p e c im e n s  and  th e  d if f ic u lty  in  p ro  cur r in g  so m e  o f  t h e  

e x p e r im e n ta l g r o u p s , n e c e s s i t a t e d  th at t h i s  s tu d y  b e  b a s e d  upon  

o n ly  a  s m a ll  n u m b er o f  a n im a ls .  The c o n c lu s io n s  th a t  a r e  

d raw n a r e  th e r e fo r e  o f  a  te n ta tiv e  n a tu r e .

T he o b s e r v a t io n s  o f  o v a r ie s  b a s e d  upon w ax s e c t i o n s  s t a in e d  

w ith  p a ra ld eh y d e  fu c h s in ,  sh ow  th a t th e  te r m in a l o o c y t e s  u n d ergo  

a  r e d u c tio n  in  s iz e  w ith  a g e .  T h is , co u p led  w ith  t h e  o b s e r v a t io n  

o f  a  d e c r e a s e d  n u m b er  o f  y o lk  d r o p le ts , i n d i c a t e s  th a t  o o s o r p t io n  

i s  o c c u r r in g , a s  f  ound b y  DOW NE (1 9 7 3 ). The f e m a le s ,  w h ich  

w e r e  f ix e d  3 h o u r s  a fte r  m a tin g , d id  n o t sh ow  any ch an ge i n  

th e ir  o o c y te s*  I f  co p u la tio n  h a s  a n  e f f e c t  upon t h e  o v a r i e s ,  i t  

m a y  n o t o c c u r  In su ch  a  sh o r t  t im e .  T h e se  f e m a le s  w e r e  i n t e r 

m it te n t ly  k ep t w ith  m a le s  fo r  th r e e  d a y s p r io r  to  m a t in g .  The 

p r e s e n c e  o f  m a le s ,  th e r e fo r e ,  a p p e a r e d  n o t to  p r e v e n t o o s o r p 

t io n , an d tx u s, a s  i n  m o s q u ito e s ,  w ith  th e  e x c e p t io n  o f  A ed e s  

tæ n iorh yn ch u B  (O' M E A R A  & EV A N S, 19 7 6 ), t h e  p r e s e n c e  o f
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m a le s  d o e s  n ot in f lu e n c e  o v a r ia n  d ev e lo p m en t. The o v a r ie s  o f  

tlie  o v ip o s ite d  s p e c im e n s  a p p ea red  to b e  u n d e r g o in g  d i s s o l u t i o n .  

O b se r v a tio n s  upon th e a n te r io r  ab d om en  in  l i  g a t e d  in d i  v i dual s  

sh ow ed  tîia t c o m p le te  c o n s tr ic t io n  o f  th e  h a e m o c o e l had  not 

b e e n  a c h ie v e d . The d ep le tio n  o f  fa t body  c e l l s ,  and su b seq u en t  

sh r in k a g e  o f  th e  abdom en  v /h ich  o c c u r s  w ith  a g e , m a y  h ave  

c a u se d  th e  l ig a tu r e s  to b e  u n s u c c e s s fu l .  T h e r e fo r e , a  n e g a t iv e  

feed b a ck  m e c h a n is m , i f  i t  e x i s t s  b e tw een  t h e  o v a r i e s  and t h e  

en d o c r in e  c o m p lex , a s  d e s c r ib e d  in  A e d e s  æ g y p ti ( HAGEDORN, 

1974), w ou ld  n ot b e  in te r r u p te d . A s  e x p e c te d  f r o m  t h i s  

o b se r v a t io n , l ig a te d  in d iv id u a ls  sh o w ed  no d i f f e r e n c e  i n  

o v a r ie s  o r  r e la t iv e  a m ou n ts o f  b r a in  n eu ro  s e c r e t  i  on  t o  sh a m -  

o p e r a te d  s p e c im e n s , w h ich  a r e  s im ila r  in  t l ie s e  r e s p e c t s  t o  

s im ila r ly  a g ed  v ir g in s .  M ated  f e m a le s  d id  n ot sh ow  any  

m a r k e d  d if fe r e n c e  in  th e  r e la t iv e  a m o u n ts  o f  n e u r o s e c r e to r y  

m a te r ia l  w itliin  th e  v a r io u s  b r a in  c e l l s  a s  co m p a red  w ith  v ir g in s  

o f  s im ila r  a g e . M ating m a y  n o t h ave  an e f f e c t  upon t h e  a c t i v i t y  

o f  th e s e  c e l l s ,  o r  th e 3 hour p e r io d  b e tw e e n  m a tin g  and f i x a t i o n  

m a y  not h a v e  b e e n  lo n g  enough  to r e f le c t  su ch  a ch a n g e . In m a te d  

o v ip o s ite d  in d iv id u a ls  t lie r e  i s  an in c r e a s e  in  th e am ount o f  

n e u r o s e c r e to r y  m a te r ia l  in  th e  c e l l s  o f  t h e  M NC, and a 

s lig h t  d e c r e a s e  in  th e c e l l s  o f  the VNC , a s  c o m p a r e d  w ith  

s im ila r ly  a g e d  v ir g in s .  The m o s t  m a rk ed  d i f f e r e n c e  o c c u r s  

in  th e  p  c e l l s  o f  th e  LNC w h ich  h a v e  la r g e r  p e r ik a r y a  and c o n t a in  

m o r e  n eu ro  s e c r e t io n  than  in  the sa m e  c e l l s  o f  any o th e r  g r o u p  

o f  C h iron om u s fe m a le s  stu d ied . T he co r p o r a  a l l a t a  o f  o v i -  

p o s ite d  f e m a le s  sh o w ed  no m a r k e d  d if f e r e n c e  i n  t h e  n u c le u s  t o
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C ytop lasm ic  r a t io  a s  shovm  in  v ir g in  f e m a le s ,  w h ich  u s in g  

the in te r p r e ta t io n  o f  ENG ELM A N N  (1970) r e f l e c t s  a s im i la r  

a c t iv ity  in  both g r o u p s . T hus th e co r p o r a  a lla ta  o f  C hiron om u s  

r ip a r iu s  m a y  n ot b e d ir e c t ly  in v o lv e d  in  th e  p r o d u c t io n  o f  

gon ad o tro p h ic  h o rm o n e , a s  ENGELM AM N ( 1970) s p e c u la t e s  

i s  th e  c a s e  in  C a llip h o r a , o r  i t s  p ro d u ctio n  m a y  o n ly  o c c u r  i n  

the p r e im a g in a l p h a s e s .

The p e r io d  b e tw e e n  m a tin g  and o v ip o s it  i o n  i  s unknowm i n  

C hiron om u s r ip a r iu s  but in  C. p lu m o su s  i t  i  s tw o  d ays  

(H IL 5E N H O F F , 1966). I f  th e  p e r io d  i s  s im i la r  i n  C. r i p a r iu s  

the o v ip o s ite d  s p e c im e n s  m a y  h a v e  b e e n  f ix e d  about tw o  d ays  

a fter  co p u la tio n . M atin g , a lthough  not w i t h in  3 h o u r s , m ay  

su b seq u en tly  t r ig g e r  the ch an ge in  a c t i v i t y  o f  t h e  n e u r o s e c r e to r y  

c e l l s  found in  tlie o v ip o s ite d  s p e c im e n s . The n eu ro h o rm o n e  

p ro d u ced  b y  th e s e  c e l l s  m a y b e  a gon ad otrop h in  in v o lv e d  i n  

d ie  f in a l s ta g e s  o f  e g g  m a tu ra tio n , o r  a l t e r n a t iv e ly ,  t h e  

h o rm o n e m a y  in flu e n c e  o v i p o s it io n . EN G ELM A N N  ( 1970) w ro te  

tliat " N o rm a lly  tlie  m ed ia n  n e u r o s e c r e to r y  c e l l s  o f  t h e  p a r s  

in t e r c e r e b r a l is  l ib e r a te  a su b sta n c e  w h ich  i s  in v o lv e d  i n  e g g  

m a tu ra tio n . " T h is h a s  b e e n  in t im a te d  in  a nu m ber o f  d ip t e r a n s ,  

for  e x a m p le , C a lli p h ora  (TH O M SEN , 1952), S arcop h aga  

(WILI-CENS, i 960) and A e d e s  (L E A , 1967), and t h e  r e s u l t  s  

s u g g e s t  th a t th is  m a y  a ls o  b e tru e  in  Chi ro n o m u s.

The in c r e a s e  in  s iz e  o f  tlie p e r ik a r y a  o f  t h e  LNC u s in g  

tlie in te r p r e ta t io n  o f  EN G ELM A N N  (1 9 7 0 ) f o r  a lla ta  c e l l s  i s
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s u g g e s t iv e  o f  a  h ig h er  a c t iv ity  than  i s  ap p aren t i n  n o n - o v ip o s i t e d  

s p e c im e n s . The p r e s e n c e  o f  la r g e r  am ou n ts o f  n e u r o s e c r e to r y  

m a te r ia l  w itliin  th e s e  c e l l s  in d ic a te s  a  lo w e r  a c t iv i t y .  I t  w ou ld  

s e e m  m o s t  l ik e ly  th a t  th e  g lan d u lar  a c t iv ity  o f  t h e s e  c e l l  s  

in crea ses^  a s  r e f le c t e d  b y  th e s iz e  o f  the p e r ik a r y a , but 

a fte r  o v ip o s it io n  th e s^ m tliesis and tr a n sp o r t  o f  n e u r o s e c r e to r y  

m a te r ia l  c e a s e s  . c a u s in g  the a c c u m u la tio n  o f  g r a n u le s .  The  

c e l l s  v /ere  p rob ab ly  f ix e d  b e fo r e  any red u ctio n  in  c y t o p la s m ic  

v o lu m e  cou ld  o c c u r . I n  C a llip h o ra , THOM SEN ( 1952) c o n c lu d e d  

that the LN C  m a y  in f lu e n c e  e g g  d e v e lo p m e n t. S trong e v id e n c e  

for th e  p ro d u ctio n  o f  gon ad otrop h in  fr o m  th e  LN C w a s fo u n d  i n  

S c h is to c e r c a  p a r a n e n s is  (STR O N G , 1965), v /h ere t h e  m e d ia l  

n e u r o s e c r e to r y  c e l l s  w e r e  not im p lic a te d  i n  e g g  m a t u r a t io n .

I t  i s  p o s s ib le  that in  C. r ip a r iu s  t h e s e  c e l l s  p rod u ce  a 

 ̂ gon ad otrop h ic  h o rm o n e .

The p o s s ib i l i t y  that c h a n g e s  in  n e u r o s e c r e to r y  c e l l s  i n  

th e b r a in  a r e  a s s o c ia t e d  wdth th e co n tr o l o f  o v i p o s i t i o n  cannot  

b e d isco u n ted . A lthough  n e r v o u s  c o n tr o l i  s o f  p r im e  im p o r t

a n ce  in  g o v ern in g  o v ip o s it io n , so m e  o b s e r v a t io n s  s u g g e s t  th a t  

b ra in  n eu ro  s e c r e t io n  a ls o  p la y s  an in te g r a l p art (N A Y A R  

c ite d  in  EN G ELM A N N, 1970).
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SECTIO N  V

C onclud ing r e m a r k s

Tlie an a tom y  o f  th e b r a in  and a n te r io r  v e n t r a l  n e r v e  co r d  

v /ere  found to  c lo s e ly  r e s e m b le  th o se  o f  a n o th e r  a d u lt  n e m a to -  

c e r a n  ( CH R ISTO PH ERS, I9 6 0 ) and to be s im i la r  i n  s e v e r a l  

r e s p e c t s  to  c y c lo r r a p h a n  d ip tera n s  (GROTH , 1971; PO W ER,

1943 , 1946). T he fin e  s tr u c tu r e  o f  th e  n e u r a l s h e a th , g l i a  

and n o n -n e u r o s e c r e to r y  n eu ro n s  a r e  co m p a ra b le  t o  t h o s e  o f  

M u sca  d o m e s t ic a  (SO H A L e t  a l ,  1 9 7 2 ) , w h ich  i s  t h e  o n ly  

s im ila r  p u b lish ed  stud y  in  an y  o th er  d ip t e r a n .

T he c e r e b r a l g a n g lia  d iffe r  f r o m  th e  t y p i c a l  i n s e c t  p a t t e r n  

in  la c k in g  an e x tr a c e llu la r  s y s te m , a lth o u g h  t h e r e  i s  a  p a u c i t y  

o f  o b s e r v a t io n s  on  th e s e  s p a c e s  in  D ip te r a . The v e n t r a l  n e r v e  

c o r d  p o s te r io r  to th e  h ea d  d o e s  ex h ib it  la r g e  e x t r a c e l l u l a r  

s p a c e s  w h ich  m a y  b e co m p a ra b le  to th o se  w h ich  h a v e  b e e n  u se d  

in  th e  study o f  n e u r a l t r a n s m is s io n  in  D ic ty o p t  e r a  ( r e v i  ew s  

SMITId & T R E H E R N E , 1963; T R E H E R N E , 1 9 7 4 ) . The c e r e b r a l  

g a n g lia  con ta in  e x t r a c e l lu la r  s p a c e s  in  o ld  20®C s p e c im e n s  and  

in  n e o im a g in e s  r e a r e d  at 10®C. In both  c a s e s  su ch  s p a c e s  ap p ear  

to b e fo r m e d  b y  the c o lla p s in g  o f  n eu ro n s  t o  f o r m  s m a l l e r ,  

d e n se r  c e l l s .  A ged  in d iv id u a ls  sh ow  a d e c r e a s e  i n  a c t i v i t y  

w h ich  m a y  r e s u lt  fr o m  an  e x lia u stio n  o f  e n e r g y  r e s e r v e s  but i  s 

a ls o  p o s s ib ly  a f fe c te d  b y  ch a n g es  o c c u r r in g  in  th e  b r a in .
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N e o im a g in e s  r e a r e d  a t 10®C and k ep t at 20®C ap p ear t o  b e l e s s  

a c t iv e  tlian m id g e s  r e a r e d  and k ep t a t 20®C, w liich  i s u n l i k e l y  

to r e s u l t  fr o m  la c k  o f  e n e r g y  r e s e r v e s .  It i s  i n t e r e s t i n g  t o  

n ote  th at in  th e  b r a in s  o f  both a g ed  20®C s p e c im e n s  and n e o 

im a g in e s  r e a r e d  a t 10®C tlie r e  i s  a h ig h er  p e r c e n ta g e  o f  d e n se  

n eu ro n s  than  o c c u r s  in  th e  m o r e  a c t iv e  n e o im a g in e s  r e a r e d  at 

20®C. C o n c lu s iv e  s ta te m e n ts  r e g a r d in g  th e  f u n c t io n a l  s i g n i f 

ic a n c e  o f  th e  n eu ro n a l d if fe r e n c e s  o c c u r r in g  in  t h e  b r a in  w ith  

a g e  and ch an ged  r e a r in g  te m p e r a tu r e  m u st  aw a it n eu ro p h y si o l -  

o g ic a l  in v e s t ig a t io n s .

A s o c c u r s  in  m an y  in s e c t  s p e c ie s ,  th e  n e u r o s e c r e to r y  c e l l s  

a r e  s itu a te d  in  m e d ia l and la te r a l  p o s i t io n s ,  t h e  a x o n s f r o m  

w liich  fo r m  th e  NCC I and NCC II r e s p e c t iv e ly .  M o re  n e u r o 

s e c r e to r y  c e l l  g ro u p s w ere  found than h a v e  b e e n  d e s c r ib e d  

in  o th e r  n e m a to c e r a n s  (B U R G E SS & REM  P E L L , 1966;

ME OLA & L E A , 1972 and o th e r s )  but t h i s  m a y  s i m p l y  r e s u l t  

fr o m  u s in g  the e le c tr o n  m ic r o s c o p e  a s  t h e  p r im a r y  in s tr u m e n t ,  

ra tlier  than  fin d in g  s e le c t iv e ly  s ta in e d  c e l l s  w ith  t h e  l i g h t  

m ic r o s c o p e  w h o se  u ltr a  s tr u c tu r e  w as s u b s e q u e n t ly  s t u d ie d .

Of the te c h n iq u e s  em p lo y e d  E W E N 'S  ( 1962) p a r a ld e h y d e  

fu c h sin  w a s  the m o s t  s u c c e s s fu l  s ta in  fo r  th e  d e t e c t i o n  o f  

n eu ro  s e c r e t io n  f o r  lig h t  m ic r o s c o p y , w h ich  a lth o u g h  g iv i n g  

so m ew h a t v a r ia b le  r e s u l t s ,  ga v e  the b e s t  s e le c t iv e  s t a i n i n g  

o f  th e  M NC and VNC g r o u p s . S ta in in g  m th  ch ro m e  h a e m a to x y li n- 

p h lox in e  w a s  found to  b e  u n s u c c e s s fu l  and a t y p ic a l  but not 

unique (TIW AR A R A  & SRIVASTA VA, 1 9 7 5 ) .
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W hen k ep t under th e  sa m e  c o n d itio n s  t h e  co m p a ra b le  

n e u r o s e c r e to r y  b r a in  c e l l s  o f  both  s e x e s  c o n ta in  s im i la r  

q u a n titie s  o f  g r a n u le s  and th e r e fo r e  h a v e  a s im i l a r  a c t i v i t y .  

T h ere  a p p ea rs  to b e  a  c o r r e la t io n  b e tw een  th e p h y s i o lo g ic a l  

s ta te  o f  th e  m id g e  and th e a c t iv ity  o f  t l ie s e  c e l l  s .  R ea r in g  

te m p e r a tu r e  h a s  a m a rk ed  e f fe c t  upon the c e l l  s o f

botli th e  VNC and th e ONC w h ich  c o n ta in  fe w e r  g r a n u le s  i n  

s p e c im e n s  r e a r e d  a t 10®C a s  co m p a red  w ith  t h o s e  r e a r e d  at 

20® C.

The am ount o f  g r a n u le s  in  the c e l l s  o f  th e  M N C , oL  ̂

c e l l s  o f  th e  ONC and  p  c e l l s  o f  th e  LN C  d e c r e a s e s  w ith  a d v a n c in g  

a g e . EY /EN *S (1 9 6 2 ) p ara ld eh y d e  f u c h s in  tech n iq u e  i n d i c a t e d  

an in c r e a s e d  am ount o f  su lphur r ic h  am in o  a c id s  i n  th e  M NC  

grou p  w h ich , a s  in  M u sca  (R O C K STEIN  ^  a l, 1971), i s  th o u g h t  

to in d ic a te  the p r e s e n c e  o f  la r g e r  q u a n titie s  o f  n eu ro  s e c r e t  i  on  

w itli ad van cin g  a g e . T h e se  r e s u l t s  do not c o r r e l a t e  w ith  t h e  

e le c tr o n  m ic r o s c o p e  a p p ea ra n ce  w h ich  w a s  u s u a l l y  fo u n d  i n  

t l ie s e  c e l l s .  T h is  a p p a ren tly  un ique d iffe r e n c e  m a y  be c a u se d  

b y  d is s o lu t io n  o f  g r a n u le s  lin lced  w ith  a g e in g  p r o c e s s e s ,  a lth o u g h  

i t s  in te r p r e ta t io n  i s  fa r  fr o m  c le a r .

R ep rod u ction  in  f e m a le s  h a s  a m a rk ed  e f f e c t  upon th e  

am ount o f  g r a n u le s  in  th e ty p e  c e l l s  o f  th e  M NC and VNC, 

and on  th e  p - c e l l s  o f  th e  LNC w h ich  a ls o  show  an in c r e a s e  i n  

tlie s i z e  o f  tlie p e r ik a r y a . T h e se  ch a n g es  ap p ear t o  be a s s o c i a t e d  

w ith  m a tin g  a n d /o r  ov ip o  s it io n .
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The r e t r o c e r e b r a l  s tr u c tu r e s  o f th e  e n d o c r in e  s y s t e m

s h o v /a n  a n a to m ic a l s im ila r ity  to  th e p r e im a g in a l s t a g e s  o f
rr

c h ir o n o m id s  w h ich  h ave  b e e n  d e s c r ib e d  (K U M M EL, 1969; 

PO SSC M PE S, 1943 and o th e r s )  but a r e  u n lik e  m o sq u ito e s  

(M E O L A  & L E A , 1972) in  p o s s e s s in g  u n fu s e d  c o r p o r a  c a r d ia c a .  

The p r e s e n c e  o f  p e r itr a c h e a l t i s s u e  in  an  a d u lt  i n s e c t  i  s  

u n u su a l but in  C. r in a r iu s  a p p a ren tly  r e s u lt  s f r o m  o n ly  

p a r t ia l d is in te g r a t io n  o f  th e  g lan d  at m e ta m o r p h o s is ,  c o m p le te  

d is so lu t io n  o c c u r r in g  in  th e im a g o . The " g lan d es p o s t - c é r é b r a le s  

a n té r ie u r e s "  o f  PO SSO M PES (1 9 4 3 ) w e r e  fo u n d  t o  b e  s im i la r  

to th o se  d e s c r ib e d  in  the la r v a e  (C R E D L A N D  & P H IL L IP S ,

1974) and su ch  s tr u c tu r e s  m a y  b e ty p ic a l o f  c h ir o n o m id s .

Tlie co r p o r a  a lla ta , u s in g  tlie  in te r p r é tâ t!  on  o f  

EN G ELM A N N  (1 9 7 0 ), w e r e  found to  h a v e  s im ila r  a c t i v i t i e s  

in  m a le  and fe m a le  n e o im a g in e s  and m a te d  o v i p o s i t e d  f e m a le s .  

The in n e r v a tio n  o f  the c o r p o r a  a lla ta  w itli a x o n s  f r o m  fou r o f  

the f iv e  p a ir e d  n e u r o s e c r e to r y  c e l l  g ro u p s in  th e  b r a in  m u st  

b e  o f  fu n ctio n a l im p o r ta n c e  a lth ou gh  th e  s ig n if ic a n c e  o f  t h i s  

gland  in  th e  adult m id g e  i s  s t i l l  u n r e so lv e d .

No co m p a ra b le  n e u r o s e c r e to r y  c e l l s  h a v e  b e e n  d e s c r ib e d  

in  o th er  adu lt d iiie r a n s  w ith  th o se  found  in  th e  su b o e so p h a g ea l  

and p r o th o r a c ic  g a n g lia . The p e r ip h e r a l n e u r o s e c r e to r y  c e l l s  

o f  th e  p ro tlio ra x , w h ich  a r e  a s s o c ia t e d  w ith  a  m e c h a n o r e c e p to r  

and la c k  d ir e c t  co n n ectio n  to the c e n tr a l n e r v o u s  s y s t e m ,  h ave  

not b een  d e s c r ib e d  in  any o th er  i n s e c t .  C o m p a r a b le  d a ta  on  

th e s e  c e l l s  in  n e o im a g in e s  and o ld  m id g e s  r e a r e d  at 20®C
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and  o f  n e o im a g in e s  r e a r e d  at 10®C i s  o n ly  a v a ila b le  i n  s p e c im e n s  

s ta in e d  w itli p a ra ld eh y d e  fu c h s in . S e le c t iv e  s t a in in g  w a s  fo u n d  t o  

b e r e s t r ic t e d  to m a le s  r e a r e d  a t 20®C, r e g a r d le s s  o f  a g e , i n  

w h ich  la r g e  a m ou n ts o f  n eu ro  s e c r e t io n  w e r e  i n d ic a t e d  i n  b o th  

the c e l l  body  and  tlie  r e l e a s e  s i t e .  V/hy th e s e  s tr u c tu r e s  s h o u ld  

sh ow  su ch  a  c le a r  se x u a l s ta in in g  d if fe r e n c e  i n  a l l  but th e  

s p e c im e n s  r e a r e d  a t 10®C i s  at p r e s e n t  unknow n.

A  s tr u c tu r a l in v e s t ig a t io n  o f  th e  n e r v o u s  and e n d o c r in e  s y s t e m s  

i s  a  n e c e s s a r y  s te p  for  th e  a n a ly s is  o f  the fu n c t io n a l  r o l e s  o f  

t lie ir  v a r io u s  e le m e n ts .  It i s  h op ed  th at th e r e s u l t s  in c lu d e d  i n  

th is  study w il l  p ro v e  to b e  s t im u la tin g  to fu r th er  r e s e a r c h  upon  

d ie  n e r v o u s  and e n d o cr in e  c o n tr o l o f  th e h a r le q u in  f l y ,

C h iron om u s r ip a r iu s .
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HISTOLOGICAL PROCEDURES

Fixation techniques •

A, Modified Rockstein et al*s procedure (1971).
I. Etherise specimens.
2* Rinse in dilute detergent then in distilled water,
5. Immerse in aqueous Bouin’s solution with trichloroacetic acid, 

under vacuum, for 4 hours at 60°C.
4« Remove legs and wings then continue fixation in a fresh amount 

of the same solution for 20 hours at room temperature.
5* Immerse in ^(j/o alcohol for 1 hour.
6. Store in alcohol.
7. Continue dehydration in two changes of 30}o and lOCÇ-o alcohol 

each for 45 minutes.
8. Immerse in butanol/alcohol (1:1) for 30 minutes.
9. Immerse in pure butanol for 30 minutes.
10. Immerse in butanol/ester wax (l:l) under vacuum at 60^C for 

30 minutes,
II. Immerse in two changes of fresh wax each for 20 minutes.
12» Embed in more fresh wax.

B. Modified Meola's procedure (1970).
1-2. As above.

3. Immerse specimen in aqueous Bouih’s solution at 50°C, allow 
to cool to room temperature, then hold under vacuum for 
15 minutes.

4-12 As above.

Staining procedures
A, Even's (I962) aldehyde fuchsin stain.

1. Section and fix to slides not more 
dewax as usual.

than 2 days before staining,

.'\2. Acidified potassium permangenat^ 1 minute
3. Distilled water 15 seconds .
4. Sodium bisulphite* 1 minute
5* Distilled water 1 minute
6. 30 6̂ alcohol 1 minute
7. 7O/0 alcohol 3 minutes
80 Aldehyde fuchsin 5 minutes
9. ' 95/0 alcohol 30 seconds
10. Acid alcohol ■ 5 minutes
11. 7CÇu alcohol 1minute
* Freshly made (continued)
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Dewax and bring sections to water
Refix in Bonin’s fluid containing 4% chrome 

,0.

12o 58/0 alcohol 1 minute
15* Distilled water . 5 minutes
14. Aqueous phosphomylbdic/phosphotungstic acids* 15 minutes
,15* Distilled water 50 seconds

16, Halrni's counters tain 2 hours
17, Acetic alcohol* dip
18, IOO50 alcohol, two baths dip
19* Xylol 3 minutes
20, Xylol ' 15 minutes
21. Mount with D.P.X.

Control for selectivity of the procedure:- omit oxidation (stage 2)
Bo Chrome haematoxylin-phloxin (after GABE, I966).

1 , 

2 ,

alum, at 37'̂ C. 24 hours
3. Yellow in running tap water 5 minutes
4# Oxidize in acidified potassium permanganate* 1 minutes
5. Tap water dip
6. 3/0 aqueous sodium bisulphite* dip
7# Running tap water 5 minutes
8. Chrome haematoxlin* 5 minutes
9* Tap water dip
10. 13o aqueous phloxin 2 minutes
11 o Tap water dip
12o 5% aqueous phosphotungstic acid 5 minutes
13# Running tap water 5 minutes
1 4* Dehydrate rapidly in a graded series of alcohols
15. Xylol, two baths each 1 minute
160 Mount with D.P.X,

Control for selectivity of procedure:- omit oxidation (stage 4 )#
C. Combined alcian blue/Schiff’s test.1 bewax and bring sections to v/ater

2. Oxidize in a solution of 2*5)o KMnO^ 10ml and. HiSO^ 
lOml^ diluted to 60ml with distilled water 1-2 minutes

3. Distilled water dip
4. Bleach in 2"5/o potassium metabisulphite 2 seconds
5. Distilled water dip
6. 3% alcian blue solution in 2N HjjSOî 15-38 minutes
7. Running tap water 5 minutes
8. Distilled water 5 minutes

* Freshly made (continued)
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9. Treat with periodic acid
10. Distilled water
11. Place in Schiff's reagent
12. Running tap water
13. Stain nuclei in Delafield's haematoxylin
14. Differentiate in acid alcohol
15. Counter stain in orange G (l!/o) in phospho 

-tungstic acid (2̂ o)
16. Rinse and dehydrate rapidly. Clear and mount.

Control for selectivity of alcian blue stain; omit.oxidation (stages 2-5). 
Control for Schiff’s reagent; omit oxidation with periodic acid (stage 9). 
Results;- neurosecretory material may be PAS positive and/or blue in 

alcian blue. Neurosecretory cells may therefore range from 
turquoise to deep blue.

5 minutes 
3 minutes 
20 minutes 
10-15 minutes 
10 minutes

1 5 - 2 0  s e c o n d s

D . M a l l o r y ’ s  t r i p l e  s t a i n  ( a f t e r  PANTII'T, I 964) -

I .  D ew ax a n d  b r i n g  s e c t i o n s  t o  w a t e r

2* M o rd a n t  i n  a  s o l u t i o n  o f  s a t u r a t e d  m e r c u r i c

c h l o r i d e  c o n t a i n i n g  5/o g l a c i a l  a c e t i c  a c i d *  10  m i n u t e s

3. R i n s e  i n  d i s t i l l e d  w a t e r  1 0  s e c o n d s

4 .  1/0 a q u e o u s  a c i d  f u c h s i n  15  s e c o n d s

5. ' T a p  w a t e r  2 0  s e c o n d s

6 .  1/0 a q u e o u s  p h o s p h o ra o ly b d ic  a c i d *  6 0  s e c o n d s

7* D i s t i l l e d  w a t e r  10  s e c o n d s

8. M a l l o r y ’ s  s t a i n  5 m i n u t e s

9. D i s t i l l e d  w a t e r  d i p

1 0 .  9OÇ0 a l c o h o l  ( d i f f e r e n t i a t e s  a n i l i n e  b l u e )  3 - 5  s e c o n d s

I I .  IOO/0 a l c o h o l ,  tw o  b a t h s  e a c h  1 0  s e c o n d s

1 2 .  C l e a r  a n d  m o u n t

*  F r e s h l y  m ade
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appendix 2

ELECTRON MICROSCOPICAL PROCEDURES 

Tissue preparation techniques

A. Technique for embedding in Luffs (I96I) epon.
1• Etherise specimens
2. *Dissect out relevant tissues under 2«5/0 gluteraldehyde in 

0"1 Molar Sorensen's phosphate buffer. Continue fixation 
in this solution for 2-3 hours.

5. *Wash in the buffer Overnight
4. *Rinse in fresh buffer 15 minutes
5. *Postfix in l̂ a osmium tetroxide made up in the

phosphate buffer 1 hour
6. *Wash in fresh buffer, two changes each 15 minutes
7o *Dehydrate in an ethanol series

(3OÇ0» 505°» 7(̂ 0 & 90^0 each for 15 minutes
8. Stain in cold 1% uranyl acetate in lOÔ o ethanol, 

allow this stage to slowly reach room temperature.
9. Wash in fresh IOCÇ0 ethanol 5 minutes
10. Rinse in propylene oxide, two baths each for 15 minutes
11. Pour propylene oxide/epon (l:l) over the specimens 

and leave uncovered in a fume cabinet overnight.
12. Prepare moulds with fresh epon and embed specimens.

Polymerize in an oven at 60°C for 2 days.
1 5* Remove from oven, leave moulds to cool before removing 

the blocks.

B. Technique for embedding in Spurr* s (1969) epon,
1. Etherize then quickly remove legs, wings, antennae and 

abdomen. Puncture thorax with a sharp needle, * Rinse 
quickly in dilute detergent followed by 0*1 Molar Sorensen's

 ̂ phosphate buffer,
2. *Pix in 2*5/0 gluteraldehyde made up in the buffer for

2-3 hours.
3-7. As above.
9-10. As above.
11. Propylene oxide/epon (l;1) 2 hours
12. Propylene oxide/epon (l;2) 2 hours
13. Epon, two changes each for 15 minutes
1 4. Prepare dry moulds with fresh epon, embed specimens.

Polymerize in an oven at 70 C 8 hours
1 5. Remove from oven and allow to cool.

* At 4^0.
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Technique for removal of resin from semi-thin sections 
(after LANE & EUROPA, I965).

By adding an excess of sodium hydroxide, prepare a saturated 
solution in dry absolute ethanol. Leave the solution to 
mature to a dark brown colour (1-2 weeks). Mount sections, 
of 1-2 um thickness, to a clean glass slide. Treat the 
slide as follows;-

1. Flame the slide to ensure adequate adhesion of the 
sections,

2. Stand the slide in the caustic alcohol 1 hour
3. Remove the slide and rapidly drain.
4. Rinse in four changes of dried 100/o ethanol

each for 10 minutes
5. Rinse in 0*1 Molar Sorensen's phosphate

buffer 5 minutes
6. Rinse in four changes of distilled water

each for 2-3 minutes
7 . Treat as devraxed sections brought to water 

in histological procedures.

Results;- stain uptake is not as good as in wax sections, 
possibly because of the difference in section thickness. 
Sections treated in this way and' stained with E\‘/EN'S (19^2) 
aldehyde fuchsin, unlike wax sections, fade after 1-2 months.
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APPENDIX 3
Analysis of wax sections stained with E\'/EN*S (19^2) aldehyde fuchsin

The tables on the following pages show the staining responses of 
several structures to EvffiN'S (1962) procedure, and the field density 
counts of brain cells based upon these sections.

The large number of slides necessitated their staining in several 
batches. The last character (a-m) of each specimen number indicates 
the staining batch in which the slides were included.

The staining indices (INDEX) for the'MîlC and VNG are shown, rated 
as the product of the number of cells stained (MIjG No , and VNC No.) 
and the amount of purple/mauve staining (0,+,++,+++) they contain, 
assessed as described in Chapter 2, The axons of the I'CC (AXONS),
the corpora cardiaca cells (CC), and the peripheral neurosecretory
cells' (PNSC) cell bodies (CB) and release sites (RS), are all rated 
on their purple/mauve staining (0,+,++) for content of neurosecretion.
The similar rating df different, structures does not represent a similar 
content of neurosecretion as each of these structures is rated separate 
-ly. The green (g ) or blue (b ) granular appearance of the "glandes 
post-cérébrales antérieures" (GPGA), after staining, is indicated. Lack 
of entries indicates that the structures were not found in the specimen, 
often resulting from loss or damage to sections.

The summated values of 10 counts per specimen of the number of 
brain cells contained in an area of 20 pm are shov/n (PD) • The statistical
analsis of these results follows the tables.



keoima£îinal m ales reared  a t 20 C

2 9 4 .

Spcciraer
nuiTiber

MÎ.C
I7o.

INDEX
MIC

VÎ-ÎC . 
No.

IIWEX
yic

AXONS
MIC

CC GPCA PNE
CB

3G
RS

FD

MA1 a 4 8 0 0 0 + B -H- ' -H- 50
KA2 a 5 7 0 0 0 51
NA3 a 6 12 1 1 + -H- G -H- ++ 78
M4 a 8 16 • 0 0 + ++ G ++ -H- 48
KA5 b 7 19 0 0 + + G -H- +4- 51
MA6 b 7 14 0 0 + ++ G ++ 44- 49
KA7 b 6 12 0 0 • 0 ++ G +-•- 44 48
FAQ b 4 8 0 0 + 60
KiA9 c 1 1 0 0 ■ 0 , 0 G 0 4- 63
I--A10 c 4 8 0 0 + + G ++ 4-4- 56

MA11 c 4 8 0 0 0 ++ B ++ 4-4- 41
KA12 c 5 10 0 0 0 + G ++ 4 + 44
IIAI3 d 4 8 0 0 0 + G -f+ 44 50

KAI4 d ,6 12 0 0 0 46

MAI 5 d 6 12 0 0 + 48
HAI6 d 5 10 ■ 0 0 4- ++ G -f+ +4 52

KAI7 e 3 6 0 0 0 ++ G 0 0 55
MA18 e 4 9 0 0 0 ++ G ++ 44 41
MAI 9 e 5 10 0 0 + ++ G -H- 4+ 76
MA20 e 4 8 0 0 + ++ G -M- 44 59
MA21 e. 6 12 0 0 0 42

MA22 e 6 12 0 0 0 44- G -H- 44 51

MA25 e 4 8 0 0 + -H- G 44 58
KA24 e 8 12 0 0 0 ++ G ++ 44 50

MA25 e 5 10 0 0 + +’ G ++ 44 55
I-ÎA26 e 4 8 0 0 + G -H- 44 44
MA27 e 6 12 0 0 + ++ G ++ 44 57
MA28 e 4 8 0 0 0 • 45
MA29 f 5 10 0 0 + ++ G ++ 44 53
KA30 f 8 16 0 0 + +-f G -H- 44 51
Totals 145 306 1 . 1 1570
Means 5 10 0 0 52*3

a 8-70

C' 75‘3

Cr sspopulation standard d ev ia tio n  o f  d is tr ib u t io n  

(J^=popiilation variance o f d is tr ib u t io n



Female neoim agines reared  a t  20^0 .

295.

■ Specimei; 
number I'iMC

■No, INDEX VIC
No.

'iim zx
VT

AXONSf'î-0 CC GPCA ?J
CB

■ISO
R3 FD

PAla 9 9 1 1 4-+ G 0 0 66
FA2a 10 10 2 2 + 4 G 0 0 59
FA3& 3 16 2 2 64
FA4b 6 12 •1 1 + 4 G 0 0 54
FA5b 8 16 1 1 + 58
FA6b 9 9 2 2 + 60
FA7b 6 18 3 3 ++ ■ 42

PA8C 8 24 2 2 + G 0 0 63
FA9C 10 30 1 1 4 44 G ,0 0 73
FAIQc 8 24 1 1 45
FAlId 6 18 0 0 4 44 G 0 0 57

• FAl2d 8 16 1 1 4 4 G 0 0 . 64
F A l)f 10 20 2 2 4 41
F A l4 f 7 21 1 1 4 67
FAi^g 10 20 1 1 4 44 C 0 0 44
FA16Ç . 8 16 1 1 4 49
FAl7g 2 2 2 2 4 44 G 0 0 57

FAIBg 6 12 1 1 4 ■14 G 0 0 50
FAlog 10 20 2 2 4 4 G 0 4 43

FA205 0 16 1 1 4 ■H- G 0 0 43

FA21G 7 21 1 1 4 54

FA?2tT 0 0 0 0 4 -44 C 0 0 69

FA23S A 8 1 1 4 4 G 0 0 43

FA24G 6 18 1 1 4 4 C 0 0 a6

T o ta ls 174 376 51 31 1321
Means 7 15 1 1 55.0

• a 9*42
" 0' 88*7

G ^population  standard d ev ia tio n  o f d is tr ib u t io n  

0 ^population  varian ce o f d is tr ib u t io n



Midges 6-7  days a f t e r  emergence reared  and kept a t  20°C

2% .

Specimen
number MIC

ITo,
INDEX

:;:.c
VIC 

. No.
INDEX
r :c

AXONS
M'C

CC GPCA PN
CB

30
RS FD

MB Ik 13 36 0 0 + ++ B 44 44 51

MBpk 12 24 0 0 + ++ B 44 44 43

MB̂ k ; 12 24 0 0 + ++ B 44- 44 58

MB4k 11 33 0 0 + ++ B 44 44 .55

MB 5m 12 36 0 0 + ++ ’ 47

ME6in 12 36 0 0 + ++ B + 44 48-

MB 7 m 12 36 0 0 + ++ B 64

MB 8m 10 30 0 0 + ++ B 44 44 44

MB 9c 12 36 0 0 + 44 B -J4 44 51

MBlOc 12 36 0 0 + ++ B 44- 44 60

T o ta ls 118 327 0 0 521
libans 12 33 0 0 52.1

- 0 6-99
49*0

FBIk 6 18 2 4 + 44 B 0 0 46

FB2k 10 30 0 0 + 44 B 0 0 57

FE5k 10 30 0 0 + 44 B 0 0 42

FB4k 12 36 4 8 + 4-4- B 0 0 44

FB5m 10 30 0 0 + . . +4- B 0 0 73

FE6ra 9 27 4 8 + 44 B 0 0 59

FB7m 8 16 0 0 + 44 B 0 0 50

FE6m 12 36 0 0 + ++ B 0 0 46 .

FB9m 10 30 0 0 + 44 B.-; 0 0 41

FB10m 10 30 4 8 + ■ 44 ■ B 0 0 57

■ T o ta ls 97 283 14 . 28
• 515

Means 10 28 1 5 51*5
0 10*0

G' 99 .8

M=anale

F=female
0  tt:population standard d e v ia t io n  o f  d is tr ib u t io n  

0*'=population v arian ce o f d is tr ib u t io n



Keoimagines reared  a t  10 C

2 9 7 .

Specimen
number MNO

No.
II'CEX
lEC

VIC
No.

INDEX
VIC

AXONS
KÎO

. CC GPCA PNE
C3

30
RS FD

s -n a 2 2 0 0 0 0 G 0 0 52

SM2a 0 0 0 0 0 4 G 0 0 61

SIl3b 0 0 0 0 0 0 G 0 0 43

SM4 b 6 6 0 0 0 4 G 0 0 63

SM5 b 4 8 • 0 0 4 4 G 0 0 63

SM6 b 0 0 0 0 0 40

S? I7 0 0 0 0 0 0 4 G 0 0 54

SM8 c 2 2 0 0 0 0 G 0 0 47

SM9 f 2 4 0 0 0 0 G 0 G 39 •

SKlQf; 0 0 0 0 + 4 G 0 0 42

S'il 1f 4 4 . 0 0 + 0 G 0 0 57

SMl2f 0 0 0 0 0 0 C 0 0 46

SM13h 2 2 0 0 4 0 G 0 0 41

SMl4h 0 0 0 0 0 4 G 0 0 59

S:i15h 0 0 0 0 0 4 G 0 0 43

T o ta ls 22 28 0 0 755

Keans 1-5 2 0 0 - 50*3
a 8'67

G" 75*0

SFlc 4 12 0 0 0 4 G 0 0 73

SF2c 0 0 0 0 0 0 G 0 • 0 48

SP3f 4 8 0 0 0 60

SF4f 4 12 0 0 4 4 C 0 0 53

SF5f 0 0 0 0 0 0 G 0 0 54

SF6k 3 9 0 0 4 0 G 0 0 41

S?7k 4 12 1 1 0 0 C 0 0 65

SFOk 4 12 0 0 0 4 G 0 0 43

S?9k C 0 0 0 0 0 G 0 0 42

SF l0k 4 12 0 0 0 4 G 0 0 56

T o ta ls 27 77 1 1 540

Keans 3 8 0 0 54-0

G 10»ô

G' 112

SK=male G =population standard d e v ia t io n  o f d is tr ib u t io n

SF=female O*=population variance o f  d is tr ib u t io n
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Comparisons of the means of brain cell field densities

As the number of samples in any group did not exceed 50 a Student’s 

t-test for small samples, as given in EAILEf (1959), was employed.
The equality of the variances was tested statistically by the 

variance ratio (f ) test.

Sample calculation.
Comparison of the mean field density of 50 (n^) neô±magina,l 

males reared at 20^0 (t-TA) with that of 15 (n^) neoimaginai males 
reared at 10^C (Sli),
Equality of the variances of IIA (oT) and SM (O')),

m = 75^ =  ■

Degrees of freedom in the numerator = n,-1 = 29 
Degrees of freedom in the denominator = n;,_-1 = 14
The tabulated value for this result in BAILEY (l959) exceeds that of 
the data indicating that the variances are statistically similar at 
the 5/J probability level.

t= X ,  -  X i

Where S m ay be calculated from:

=-  ]----1 ̂ ,x^- (Ix) +^ix^ -
n, + iix -2 n, Hj.

= 75*58
S = 8*69

Thus t = 2^'.̂ T k PII = ~  =0*75

The propability of observing a value of t of 0*75» with 45 degrees 
of freedom, is greater than 0*10 or 10;é. The means are therefore 
not significantly different.

Similarly the means of all the observed field densities were found 
not to significantly differ from one another.



APPEIIDIX 4

Analysis of grannie sizes and size distributions

299,

The table on the following page shows the distribution of granule 
sizes in several types of neurosecretory structures. The range of 
true mean diameters (TI'ID) of gro.nules, of structures containing a 
unimodal distribution of granule sizes, is also shown. The #ID are 
bigger than the mean of the measured diameters as many of the granules, 
because of sectioning, wdll only represent a fraction of their:true 
diameters.

Sample calculation of TT'D (after FROESCH, 197$) #

Knowing the apparent mean diameter (ha) and the approximate 
section thickness (t ), the quotient ba/T is found,
e.g. for a particular cell ba= 158*7 nm 

in silver sections T * 70 nra
Thus Da = 158*7 = 1*78

T 70
From the graph below the corresponding percentage proportion can be 
added to Da, i.e. 158*7 nm, in order to get the true diameter (TT®),- 
of the granule population. In this case the dotted line on the graph 
indicates that the percentage is 20. >

Thus TKD = Da X % + Da = 158*7 X 120 + 158*7 - 190rm,
100

20

0 1 52
Da/T

The difference between the ’apparent* (Da) and the ’full* (TT®) 
mean diameter in percentages of Da (taken from FROESCH, 1975)#
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APPENDIX 5 
DIMENSIONS and V/EIGHTS

301.

Width of neinropile masses 13> 4 & 5 neoimacines<

10°C 9 10°C O’ 20°G 9 20°C (i Neuropile
Mass No,13 4 5 13 4 S 13 A 5 13 A S

135 6 16 130 6 20 140 6 14 125 6 16
120 6 16 120 8 16 115 6 18 150 6 14

145 8 14 140 8 16 135 6 12 140 6 18
130 6 12 120 6 16 130 6 16 115 6 18 Width
115 6 18 115 6 14 125 6 18 120 6 12 in

pm
125. 6 16 145 6 18 115 6 12 125 6 18
120 6 12 120 6 16 120 6 14 135 6 12
115 8 18 115 6 14 110 4 16 120 6 16
135 6 14 130 6 16 115 6 18 115 6 18
IIS 6 16 140 6 14 120 6 14 130 6 16

1235 64 154 1275 64 160 1225 61 152 1255 60 17A TOTALS
125 6 16 150 6 16 125 6 16 125 6 18. l'ŒÎANS

Neuropile Mass 13 is measured to the nearest 5 pm#
Neuropile Masses 4 & 5 are measured to the nearest 2 pm.

The significance of the above results was found by Student's 
t-test using* the formulae given in Appendix 3* The results for 
each of the neuropile masses were found to give propability 
values greater than 5% and therefore the size of each mass did 
not significantly differ with sex or rearing temperature.

The significance of weight, body length and head capsule width, 
included in the table on the following page, as the number of 
samples in each case was 3 0? was tested using the following 
formula: ' ■

d = X, -  X.

J i :

V/here x, and x^ are the means of n, and n̂, samples with 
estimated variances of s? and s'. Based on the normal variable 
(d) the percentage points for the significance tests were 
obtained from the table in MIIEY (l559)t the results of which 
are suimTiarised in Table 9 the text.
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Summary ta b le  o f body len g th s  (L ), head capsxile w idths (h ) & w eights (w ).
.o f neoim agines.

20°C Q 20°C (f 10°C 9 10°C (f
L H W L H V L H w L H w
ram urn mg mm nm rn^ rara urn me- ram ura raer

6.00 750 2'20 6'25 700 1*04 6*50 750 4-46 7-00 800 5-56
6*00 700 2'84 6'50 750 3*47 6*50 800 3-16 7-50 800 5-23
5*50 600 2'66 5.50 750- 1'95 6*00 800 4-02 7-00 800 5-54
6.00 700 1'84 6*00 700 1-35 6'50 800 3-81 7-00 800 3-60
5*00 700 1*75 6'50 700 1'01 6 '50 800 5-64 7-00 800 5-27
6 '00 700 2'62 6*50 700 1*47 6 '5 0 750 3-73 7-00 800 5-07
6 .00 750 2'71 6*25 750 1*24 6-50 750 3-57 7-00 800 5-25
6-00 700 2'74 6*50 700 1'40 6-50 ' 800 3.56 7-50 800 5-52
5.50 700 2'45 6*25 700 1'71 6-50 800 5-93 7*00 800 3-31
6'00 700 2 '70 6*50 750 1 '86 6-00 700 3-24 7-00 800 3-46

6'00 750 2'46 6*00 700 1-55 6*50 750 3*67 7-00 800 5'54
6 '00 700 2'67 6*00 700 1*21 6-00 750 3-41 7-50 800 5-59
6'50 750 2'05 6'50 700 1*29 6-50 800 4-18 6'50 800 3-18

6 '00 700 2'32 6*00 750 1*68 6-50 750 3-51 7-00 800 5-55
6 '00 700 2'73 6*00 700 1-57 6-00 800 4-39 7-00 800 3-71
6 '00 700 2 '29 6*50 750 1*83 6-50 800 3-80 7-00 700 2-99
5.50 650 2'62 6*00 650 I ' l l 6-50 700 3-55 7-00 800 3-46
6'00 700 2'51 6*00 700 1-49 6-50 800 5-95 7-00 750 5-14
6 '00 700 2'41 6'50 750 1*63 6 '5 0 800 4-19 7-50 800 5-51
6 '00 750 2 '19 6*00 700 1-57 6-50 800 3-77 7-00 800 3- 63.

6 '00 700 2*35 6*00 700 1-70 6-50 700 3-16 6*50 750 3-15
6 '00 700 1'86 6*00 700 1-65 6-00 700 3-11 7-50 800 3-80

6'50 750 2'23 6*00 700 1-15 6-50 800 3-89 7-00 800 5-57
6'00 700 2 '60 6 '50 750 1-89 6-5 0 700 3-70 7-00 800 3-08

6'00 700 2'32 6*00 700 1-56 6-00 750 5-54 7-00 750 3-16
5'00 600 1'93 6*50 750 1-78 6 -0 0 700 3-22 7-00 800 3-54

6 '00 700 2'46 5'50 650 1-09 6 -0 0 750 5-46 7-50 750 3-12

6*00 700 2'03 6*00 750 1-67 6-50 800 5.98 7-00 800 5-56
6'00 700 2'59 6'00 700 1 '61 6-50 800 3-90 7-00 800 5-22

6'00 700 2'76 6*50 750 1-74 6-50 800 4-02 7-00 800 5-27
' 117*5 21050 71*87 154*8 22250 45*07 191*0 25000 111*75 212 ■ 25700 100*54 T

6 '0 725 2*40 6*25 750 1'50 6*25 775 5-73 7 -0 800 5-55 M

T = T otal M = Mean

L (exclu d in g  the antennae) measured to  0*25 mm, 

H measured to  25 ?Jm,

V weighed to 0*01 rag, ■



APPENDIX 6

lO N G lT/ITY  RI-EOHDS

503.

Duration of flight immohility phase,

Life span He)urs of flight immobity
in hours Period Confidence(+) % of Life span

45 24 1 53
61 7 2 11

71 8 4 11

74 11 4 15

85 24 7 28
118 18

‘ 8 15

123 22 1 18
154 17 a 12

140 42 7 30

141 35 8 : 24

•146 21 7 14

201 25 1 12

135 7 2 53
142 7 2 49
170 48 1 28

9 171 45 8 26

185 53 2 29

190 24 7 13

217 49 5 23

Average duration of flight immobility is .20 (+12) % 

for males, and 3I (+14) %■ for females, of the total 
life span (numbers in parentheses are the standard 
deviations).

The significance of the mean life span differences, obtained 
from the data included in the -table on the following page, was 
tested using the d-test as given in Appendix 5. The results of 
these tests are summarised in Figure 13 in the text.



LIFE TABLE (continucd on th e  n ex t p a g e).

304,

9-1 0-10*'c 9 15 -1 5°C 1 Q 20-20% cT 10-10 % ( f i 5- 15°c
T Ix 0̂3 T Ix /vS T Ix N's T Ix 5b T Ix Ns

-100 0 30 IOC 0 30 IOC 0 50 IOC 0 50 100 0 30 100
-  90 21.7 30 100 15-7 .50 100 14-3 50 100 20*1 30 100 11-7 30 100
-  60 43*4 30 100 31-3 30 100 28*6 '̂ o 100 40*2 30 100 23-5 29 97

-  70 65.1 30 100 47-0 29 97 42-8 50 100 60*3 29 97 35-3 26 87
-  60 86*8 20 95 62*7 29 97 57-1 50 100 80*4 29 97 47*0 26 87

-  50 108*5 27 89 78-4 29 97 71-4 50 100 100*5 27 89 58*8 25 83
-  40 130*2 25 83 94*0 29 97 85-7 49 98 120*6 24 GO 70*6 24 GO

-  30 151-9 20 66 109*7 28 93 99-9 48 96 140*7 21 70 82-3 21 70
-  20 173-6 17 56 125*4 26 07 114*2 44 68 160*8 18 60 94-1 19 63
-  10 195-3 16 53 141*0 23 74 128*5 35 70 180*9 15 50 105*8 16 53

0 217-0 11 36 156*7 16 53 142*8 21 42 200*7 12 40 117-6 12 40

+ 10 238*7 10 33 172-4 10 33 157*1 15 23 221*1 10 33 129-4 11 56
+ 20 260*4 8 27 188*0 3 10 171*4 9 18 241*2 9 30 141-1 9 30
+ 30 282*1 8 . 27 205-7 1 3 185*6 5 10 261*5 8 27 152-9 6 20

+ 40 303-8 4 13 219-4 1 3 199-9 1 2 281*4 5 17 164*6 5 17
+ 50 325-5 4 13 235-0 1 3 214*2 1 2 301*5 5 17 176*4 3 10

+ CO 347-2 4 13 250-7 1 3 226*5 0 0 321*6 4 13 183*2 3 10

+ 70 365-9 3 10 266*4 1 3 341-7 4 13 200*0 3 10

+ 60 390*6 3 10 282*1 0 0 361*8 3 10 211*7 3 10

+ 90 412-3 3 10 297-7 381*9 2 7 223*4 2 7
+100 434-0 3 10 313-4 402*0 2 7 235-2 2 7
+110 455-7 2 7 329-1 422*1 1 3 247*0 2 7
+120 477-0 0 0 344-7 / 442*2 0 0 258*7 2 7
+150 270*5 1 3
+140 282*2 1 3
+150 294*0 0 0
+260
+270

Jod = P ercentage d e v ia t io n  from th e mean duration  o f  l i f e  

T = Time in  hours from emergence 

Ix  = The number o f specim ens su rv iv in g  

ĉs = Percentage su rv iv a l
The f i r s t  f ig u r e  o f specimen in d e n t if ic a t io n  r e fe r s  to  r e a r in g  tem perature, 

th e second to  the tem perature a t  which th e a d u lt was k ep t.



LIEE TABLE (continued)

305.

cf20-20°C cf 10-20% (/ 20-10%
/vd T I x CJS T I x $cS T I x 0̂8

- 1 0 0 0 50 100 0 30 100 0 30 100
- 90 11*5 48 96 8 9 30 100 19*5 2 9 . 97
- 80 23*0 48 96 17 7 29 97 39»0 29 97
-  70 34 .6 48 96 26 6 27 89 58*5 29 97
— 60 46*1 46 92 35 5 25 83 78*0 28 93
- 50 ■ 57*7 45 90 44 4 25 83 97*5 26 87
- 40 69*2 40 80 53 3 20 66 117*0 24 80
-  30 80'8 38 76 62 2 17 56 136*5 23 76

- 20 92*3 33 66 71 0 15 50 156*0 20 66
- 10 103*9 31 62 60 0 10 33 175*5 16 53

0 115*4 28 56 88 9 10 33 195*2 15 50

+  10 126*9 26 52 97 8 8 27 214*5 10 33
+ 20 138*5 19 38 106 7 7 23 234*0 9 30

+  50 150*0 9 18 115 6 6 20 253*5 9 30

+ 40 161*1 5 10 124 5 6 20 273*0 8 27

+ 50 173*1 5 10 133 6 5 17 292*5 5 17

+ 60 184*6 1 2 142 2 4 13 312*0 5 17

+ 70 196*2 1 2 151 1 4 13 331*5 3 10
+ 80 207*7 0 0 160 0 4 13 351*0 1 3
+  90 219*3 168 7 4 13 370*5 0 0
+100 230*8 177 6 4 13

+110 186 5 3 10
+120 195 4 2 7
+130 204 2 2 7
+140 213 0 1 3
+150 319 7 1 3
+260 328 6 0 0
+270

/od = Percentage deviation from the mean duration of life 
T = Time in hours from emergence 
Ix = The number of specimens surviving 

~ Percentage survival 
The first figuz*e of specimen identification refers to rearing 
temperature, the second to the temperature at which the adult 
was kept.



APPENDIX 7 

ELECTRON MICROSCOPE SAMPLE SIZES
3 0 6 .

Summary table of the number of individuals observed with the 
electron microscope on which the results are based#

Observed
tissue
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o
CM

O

cd o t r t 

+1
A '3 5

O >

ra<U•E'f 
I 
I

+1

'to o
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Brain
SOG 10

C erebral 
NSC 10

Axons of 
NSC

Hypocerebral 
ganglia

<DI
to

-g
to

.5
■3
:

Corpora
cardiaca
C orpora 
allata

Peritracheal
tissue 1 * 4* 3-̂

GPCA

SOG NSC 2*

Prothoracic 
NSC

Peripheral
NSC

Longitudinal 
Flight Muscle

* Number of specimens searched in which structure was not found. 
GPCA = "Glandes post-cérébrales antérieures"
M = Mated
L = Ligated (abdomen/thorax)
S = Sham ligated L
V = Virgin
0 = Oviposited -

NSC - Neurosecretory cells 
SOG = Suboesophageal ganglia


