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A B S T R A C T 

The p r e s e n t s t u d y d e a l s w i t h t h e taxonomy and morphology o f t h e 
immature s t a g e s o f t h e D i p t e r a f a m i l y C a l l i p h o r i d a e ( b l o w f l i e s ) . 

The eggs were s t u d i e d , u s i n g b o t h t h e l i g h t and t h e s c a n n i n g 
e l e c t r o n m icroscopes, and s t r u c t u r a l f e a t u r e s were found t h a t enable 
s p e c i f i c i d e n t i f i c a t i o n . 

The l a r v a e and p u p a r i a o f some s i x t y s p e c i e s were s t u d i e d , and a 
l a r g e number o f new c h a r a c t e r s were fo u n d t h a t enable t h e s e p a r a t i o n 
o f s p e c i e s r e l i a b l y . I n a d d i t i o n , v a r i o u s a n a t o m i c a l d e t a i l s , 
e s p e c i a l l y o f t h e c e p h a l o p h a r y n g e a l s k e l e t o n , have been e l u c i d a t e d . 

The c e p h a l o p h a r y n g e a l s k e l e t o n s o f v a r i o u s r e l a t e d f a m i l i e s were 
s t u d i e d and compared w i t h t h e C a l l i p h o r i d s t r u c t u r e . 

D e s c r i p t i o n s o f t h e l a r v a e o f s i x t y s p e c i e s are p r e s e n t e d , and 
keys t o v a r i o u s g r o u p s , e s p e c i a l l y those o f m e d i c a l o r v e t e r i n a r y 
i m p o r t a n c e , are g i v e n . 

A d i s c u s s i o n o f t h e e v o l u t i o n and phylogeny o f t h e C a l l i p h o r i d a e 
and r e l a t e d f a m i l i e s i s p r e s e n t e d , based on t h e above-mentioned 
m o r p h o l o g i c a l s t u d i e s and o t h e r e v i d e n c e . 
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though there are animals which have no 

attractiveness for the senses, yet for the eye of 

science, for the student who is naturally of a 

philosophic spirit and can discern the causes of 

things. Nature which fashioned them provides joys 

which cannot be measured. 
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C H A P T E R O N E 

INTRODUCTION 

1.1 The Value o f A n a t o m i c a l and Taxonomic S t u d i e s on C a l l i p h o r i d 

Larvae 

There a re t h r e e main reasons I'or ctjnduc I, i r i / ; ;iri;i l.oin i I ;iml 

taxonomic s t u d i e s on t h e l a r v a e o f C a l l i p h o r i d a e . F i r . s t l y , .such 

s t u d i e s c o n t r i b u t e a g r e a t d e a l t o our u n d e r s t a n d i n g o f t h e f u n c t i o n a l 

anatomy and morphology o f t h e s e l a r v a e , and t o a c l e a r e r u n d e r s t a n d i n g 

o f how t h e y a r e adapted t o t h e i r p a r t i c u l a r way o f l i f e . Secondly, 

c o m p a r a t i v e s t u d i e s on many s p e c i e s can c o n t r i b u t e g r e a t l y t o t h e 

s y s t e m a t i c s o f t h e g r o u p , by c l a r i f y i n g a f f i n i t i e s and g i v i n g a 

s t r o n g e r f o u n d a t i o n f o r p h y l o g e n e t i c r e c o n s t r u c t i o n s ; o f t e n , 

p a r t i c u l a r problems', such as d e c i d i n g whether two forms a r c , 

r e a l i t y , one sfjecL(;.s o r two, c ; in o n l y be. v.olvcd by .1 i l c l . . ! i I I M I y . l .udy i>l 

t h e immature st.agos. i n o t h e r words, l a r v a l sl. i i d i c ; ; w i l l r - ^ : ; ; i i i l . i n ; 

improvement o f an a l r e a d y e x i s t i n g c l a s s i f i c a t i o n based on aduLt, 

morphology. 

The t h i r d , and perhaps p r a c t i c a l l y t h e most i m p o r t a n t , reason i s 

t h e v a l u e o f such s t u d i e s i n s p e c i e s i d e n t i f i c a t i o n . The us u a l method 

o f i d e n t i f y i n g t h e s p e c i e s o f a l a r v a l C a l l i p h o r i d i s t o r e a r i t o u t 

t o t h e a d u l t s t a g e which can t h e n be i d e n t i f i e d e a s i l y . However, 

l a r v a e (and eggs) a re o f t e n p r e s e n t e d t o t h e s p e c i a l i s t e i t h e r 

preserveeJ i n a l c o h o l o r i n a moribund ( .oni.li I . i o n , a n d in iii.aiiy i :a;; '-s 

1.11 

I I I 
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l i v e , and seemingly h e a l t h y , l a r v a e f a i l t o develop. I n some cases, 

f a c i l i t i e s f o r r e a r i n g may n o t be a v a i l a b l e , o r v e r y l a r g e numbers o f 

specimens may need t o be d e a l t w i t h . For these reasons i t i s v e r y 

d e s i r a b l e t o be a b l e t o i d e n t i f y t h e l a r v a e t o s p e c i e s . Regarding t h e 

p u p a r i a , t h ese a re o f t e n f o u n d empty ( i . e . a f t e r t h e emergence o f t h e 

a d u l t ) i n v a r i o u s s i t u a t i o n s ; i n such cases any a t t e m p t a t 

i d e n t i f i c a t i o n must, o f c o u r s e , be made from t h e puparium a l o n e . 

The i d e n t i f i c a t i o n o f t h e immature s t a g e s o f C a l l i p h o r i d a e may 

f i n d p r a c t i c a l a p p l i c a b i l i t y i n t h e f o l l o w i n g f i e l d s o f human 

endeavour: 

a) E c o l o g i c a l Research. As n a t u r a l agents o f d e c o m p o s i t i o n , b l o w f l y 

maggots a r e o f i n t e r e s t t o t h e e c o l o g i s t and o t h e r s who are 

i n v o l v e d i n s t u d i e s o f t h e processes o f decay and t h e r e c y c l i n g 

o f n u t r i e n t s w i t h i n ecosystems. Much o f what i s known o f t h e 

bi o n o m i c s o f b l o w f l i e s has been summarised by N o r r i s (196!-)). 

b) M e d i c i n e . Many s p e c i e s o f b l o w f l y l a r v a e may a c t as p a r a s i t e s 

( e i t h e r o b l i g a t e o r f a c u l t a t i v e ) and invade t h e l i v i n g t i s s u e s 

o f Man and domestic and w i l d a n i m a l s , w h i l e o t h e r s may suck t h e 

b l o o d o f t h e i r h o s t s . These l a r v a e may cause permanent i n j u r y o r 

even d e a t h o f t h e h o s t . M y i a s i s i n t h e Old World has been 

c o m p r e h e n s i v e l y d e a l t w i t h by Zumpt (1 9 6 5 ) . 

c ) F o r e n s i c S c i e n c e . C a l l i p h o r i d l a r v a e are o f t e n found i n human 

cadavers and, i n murder cases, may be o f uuc; i n ;il.l;(:m()t.;i l.o 

d e t e r m i n e the minimum l:imo o f death on [.hn basir. ol" t.lu< :;l.aj',(: o T 
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development o f t h e l a r v a e . Other i n f o r m a t i o n , such as p l a c e and 

manner o f d e a t h may be gleaned f r o m e x a m i n a t i o n o f these l a r v a e . 

T h i s s u b j e c t has r e c e n t l y been r e v i e w e d by E r z i n c l i o g l u ( 1 9 8 3 ) . 

d) A r c h a e o l o g y . Due t o t h e i r v e r y tough and d u r a b l e n a t u r e 

C a l l i p h o r i d (and o t h e r D i p t e r a ) p u p a r i a are o f t e n found i n 

a r c h a e o l o g i c a l d e p o s i t s , p e r f e c t l y p r e s e r v e d a f t e r hundreds, o r 

even thousands, o f y e a r s . Species i d e n t i f i c a t i o n i n t h i s f i e l d 

c o n t r i b u t e s much t o t h e r e c o n s t r u c t i o n o f events i n a n c i e n t 

t i m e s . The use o f exa m i n i n g p u p a r i a f r o m a r c h a e o l o g i c a l d e p o s i t s 

has been d i s c u s s e d by Phipps ( 1 9 8 3 ) . 

e) P a l a e o n t o l o g y . A s s o c i a t i o n s o f f l y maggots and v e r t e b r a t e 

remains i n a f o s s i l i s e d c o n d i t i o n a r e n o t commonly reporl.ofJ i n 

t h e l i t e r a t u r e , b u t i t i s p r o b a b l e t h a t t h i s i s due t o the f a c t 

t h a t t h e m a t e r i a l i s n o t r e c o g n i s e d , r a t h e r t h a n an a c t u a l l a c k 

o f such a s s o c i a t i o n s . When such a s s o c i a t i o n s are r e p o r t e d , t h e y 

have c o n t r i b u t e d some i n f o r m a t i o n t o t h e p a l a e o e c o l o g i c a l 

r e c o n s t r u c t i o n o f t h e remai n s . The s u b j e c t i s revi e w e d by 

G a u t i e r ( 1 9 7 4 ) . 

f ) Hygiene. Meat i n t e n d e d f o r human consumption i s sometimes found 

t o be i n f e s t e d w i t h b l o w f l y maggots. I n t,hes(T : ; i l.ual.ion:; specie:; 

i d e n t i f i c a t i o n i s i m p o r t a n t i n o r d e r t h a t p r e v e n t i v e m(!a:>urey 

may be t a k e n a g a i n s t t h e f l y . I n areas where a d u l t f l i e s a c t as 

me c h a n i c a l t r a n s m i t t e r s o f d i s e a s e by s e t t l i n g on human f o o d s , 

l a r v a l i d e n t i f i c a t i o n s from v a r i o u s pabula i n the v i c i n i t y 
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( e . g . dung, c a r r i o n e t c . ) may a s s i s t i n c o n t r o l l i n g t h e 

p o p u l a t i o n o f t h e p e s t s p e c i e s . A comprehensive t r e a t m e n t o f t h e 

s u b j e c t i s g i v e n by O l d r o y d ( 1 9 7 3 ) . 

I n a r e c e n t r e p o r t by t h e NERC Working P a r t y on t h e Role o f 

Taxonomy i n E c o l o g i c a l Research ( 1 9 7 6 ) , i t was p o i n t e d o u t t h a t b a s i c 

r e s e a r c h on c y c l o r r h a p h o u s l a r v a e was needed. However, t h e Working 

P a r t y a l s o s t a t e d t h a t t h e e c o l o g i c a l i m p o r t a n c e o f c y c l o r r h a p h o u s 

l a r v a e i s 'medium', whereas t h e l a r v a e o f L e p i d o p t e r a and C o l e o p t e r a , 

as w e l l as such groups as t h e A c u l e a t e Hymenoptera and t h e Mammalia 

are o f a ' h i g h ' e c o l o g i c a l i m p o r t a n c e . T h i s view i s w i t h o u t doubt 

e r r o n e o u s . The d i v e r s i t y o f l a r v a l h a b i t s and t h e number o f s p e c i e s o f 

t h e C y c l o r r h a p h a i s v e r y g r e a t and t h e i r impact (as decomposers, 

p a r a s i t e s , p a r a s i t o i d s , p r e d a t o r s , l e a f - m i n e r s e t c . ) on t h e t e r r e s t r i a l 

e n v i r o n m e n t i s p r o f o u n d , and much g r e a t e r t h a n , e.g. the Mammalia, a t 

l e a s t i n B r i t a i n . 

1.2 The Aims and Scope o f t h e P r e s e n t Work 

I n t h i s t h e s i s t h e f a m i l y name C a l l i p h o r i d a e i s used i n t h e 

r e s t r i c t e d sense, t o e x c l u d e t h e Sarcophagidae and t h e Rh i n o p h o r i d a e , 

b u t i n c l u d i n g t h e Ameniinae and t h e R h i n i i n a e . I n a l l , s i x t y s p e c i e s 

o f C a l l i p h o r i d a e (as he r e d e f i n e d ) have been s t u d i e d d u r i n g t h e course 

o f t h i s work. However, t h e genera C a l l i p h o r a , L u c i l i a , Chrysomya and 

th e s u b f a m i l y Phormiinae have r e c e i v e d s p e c i a l a t t e n t i o n . 

I n a d d i t i o n , r'('pr(^!-i(int.at.i v*; lipcc; i en ( fdin \.\\iir.c: (ami 1 1 ' : ; : i n l.lu-

' C a l l i.plior i d ' - l . i r K ; o f I,he CaJ.ypl . ' !r 'al , ( . !K [iav(j b<:r.i\ s l . n d i'.Ml; i n O I . I K . I -
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words, t h e ' T a c h i n i d a e ' i n t h e o l d , wide sense t o i n c l u d e t h e 

f o l l o w i n g f a m i l i e s : T a c h i n i d a e sensu s t r i c t o , Sarcophagidae, 

O e s t r i d a e , G a s t e r o p h i l i d a e , Hypodermatidae and C u t e r e b r i d a e . Examples 

f r o m t h e s e groups have been s t u d i e d i n o r d e r t o compare t h e i r 

s t r u c t u r e s w i t h t h o s e o f t h e C a l l i p h o r i d a e and i n o r d e r t o a t t e m p t t o 

a r r i v e a t an u n d e r s t a n d i n g o f t h e e v o l u t i o n o f t h e group. The 

' M u s c i d ' - l i n e ( i . e . Muscidae, Anthomyiidae and F a n n i i d a e ) w i l l n o t be 

d e a l t w i t h . 

The scope o f t h e p r e s e n t work i s , t h e r e f o r e , as f o l l o w s : 

a) A d i s c u s s i o n o f t h e g e n e r a l anatomy o f t h e immature stages o f 

t h e C a l l i p h o r i d a e i n o r d e r t o p r o v i d e a b a s i s f o r t h e taxonomic 

work t h a t f o l l o w s . A l s o , v a r i o u s s t r u c t u r e s whose fo r m o r 

f u n c t i o n i s i n d i s p u t e a r e re-examined and d i s c u s s e d and new 

i n t e r p r e t a t i o n s o f f e r r e d , and t h e f o r m o f c e r t a i n i m p e r f e c t l y 

u n d e r s t o o d s t r u c t u r e s i s c l a r i f i e d . 

b) D e s c r i p t i o n s o f s i x t y s p e c i e s o f C a l l i p h o r i d a e a t t h e immature 

s t a g e s are g i v e n , and keys t o c e r t a i n groups i n c e r t a i n r e g i o n s 

a r e p r o v i d e d where f e a s i b l e . 

c ) An a n a t o m i c a l comparison i s made o f t h e c e p h a l o p h a r y n g e a l 

s k e l e t o n o f t h e t h e v a r i o u s f a m i l i e s o f t h e 'Tachinidae' sensu 

l a t o . 

d) A p h y l o g e n e t i c r e c o n s t r u c t i o n i s t e n t a t i v e l y proposed. Thiis i ; ; 

based on t h e c o m p a r a t i v e m o r p h o l o g i c a l s t u d i e s c a r r i e d oul. 

d u r i n g t h e course o f t h i s s t u d y . 
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1.3 Previous Work 

The l i t e r a t u r e on the immature stages o f Calliphoridae w i l l be 

reviewed and r e f e r r e d t o a t the appropriate p o i n t s i n the t h e s i s , but 

a general summary i s given here. 

Weismann (1864) was probably the f i r s t t o i n v e s t i g a t e the 

anatomy o f immature stages. Lowne (1890) published a very f u l l account 

o f the anatomy o f the l a r v a o f Calliphora v i c i n a (as 

C. erythrocephala), which, although c o n t a i n i n g some misleading 

statements, nevertheless remains the standard work on the subject. 

Other workers, e s p e c i a l l y Cook (1949), Ludwig (1949), M i l l e r (1932) 

and Roberts (1969, 1971), have c o n t r i b u t e d g r e a t l y t o the f i e l d o f 

l a r v a l anatomy and embryology. 

The l i t e r a t u r e on the comparative anatomy and systematics o f 

C a l l i p h o r i d l a r v a e , although extensive, i s scattered and o f varying 

q u a l i t y . Most d e s c r i p t i o n s appeared during the f i r s t h a l f o f the 

Twentieth Century and were u s u a l l y the r e s u l t s of work on problems of 

a medical or v e t e r i n a r y nature. The r e s u l t of t h i s was t h a t species 

were described s i n g l y or i n unrelated groups, and no systematic and 

comparative treatments o f the subject were attempted. Furthermore, 

most o f the work was c a r r i e d out i n t r o p i c a l and s u b t r o p i c a l areas, 

and temperate ( e s p e c i a l l y northern) species were l a r g e l y ignored. An 

added obstacle i n the way o f attempting systematic 'revisions' was the 

d i f f i c u l t y i n o b t a i n i n g r e l i a b l y named m a t e r i a l , the d i f f i c u l t y i n 

r e a r i n g many o f the species (e.g. p a r a s i t i c or termito p h i l o u s species) 

and the inadequacy o f c o l l e c t i o n s i n museums and other i n s t i t u t i o n s . 

This meant t h a t the, o f t e n very d e t a i l e d , d f i n c r l p l - i o r i M pub I i I I I K M I In 
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the past lacked a s o l i d taxonomic basis, r e s u l t i n g i n r e l i a n c e on 

u n r e l i a b l e characters, and p o t e n t i a l l y u s e f u l characters were o f t e n 

overlooked. Therefore, i t i s not possible t o compare newly-described 

species w i t h published d e s c r i p t i o n s o f other species meaningfully, 

since these l a t t e r r e q u i r e t o be redescribed on the basis of a strong 

morphological foundation which was l a c k i n g when these species were 

f i r s t described. 

This work could not have been attempted without the pioneer 

works o f the f o l l o w i n g authors whose w r i t i n g s f i r s t s timulated my 

i n t e r e s t i n the sub j e c t : Austen, Banks, Cuthbertson, Froggatt, F u l l e r , 

H a l l , James, K e i l i n , K n i p l i n g , M i l l e r , Patton, Roubaud, Schumann, 

Smart, Tao, Thompson, Townsend and Zumpt. I n a d d i t i o n , Hennig's (1948, 

1950 and 1952) monumental review o f the larvae of Diptera deserves 

s p e c i a l mention. 

Although attempts a t comprehensive treatments have been made i n 

other groups o f cyclorrhaphous l a r v a e , e.g. Drosophilidae (Okada, 

1968), Sciomyzidae (Knutson, 1963) and Muscidae (Skidmore, 1973), no 

such attempts have p r e v i o u s l y been made i n the Cal l i p h o r i d a e . I t i s 

hoped t h a t the many questions posed by t h i s t h e s i s w i l l encourage 

others t o take up the study of t h i s i n t e r e s t i n g group. 
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1.4 Species Studied 

The f o l l o w i n g , i s a f u l l l i s t o f the species o f immature 

C a l l i p h o r i d a e s t u d i e d during the course o f t h i s work: 

C a l l i p h o r a v i c i n a Robineau-Desvoidy 

C a l l i p h o r a v o m i t o r i a (Linnaeus) 

C a l l i p h o r a u r a l e n s i s Villeneuve 

C a l l i p h o r a a l p i n a ( Z e t t e r s t e d t ) 

C a l l i p h o r a subalpina Ringdahl 

C a l l i p h o r a loewi Enderlei.n 

C a l l i p h o r a l a t a C o q u i l l e t t 

C a l l i p h o r a c r o c e i p a l p i s Jaennicke 

C a l l i p h o r a terraenovae Macquart 

C a l l i p h o r a s t y g i a ( F a b r i c i u s ) 

C a l l i p h o r a augur ( F a b r i c i u s ) 

C a l l i p h o r a ochracea Schiner 

C a l l i p h o r a l i v i d a H a l l 

C a l l i p h o r a hortona (Walker) 

C a l l i p h o r a quadrimaculata (Swederus) 

Cynomya mortuorum (Linnaeus) 

Cynomyopsis cadaverina (Robineau-Desvoidy) 

Triceratopyga c a l l i p h o r o i d e s Rohdendorf 

Euca l l i p h o r a l a t i f r o n s (Hough) 

A l d r i c h i n a grahami ( A l d r i c h ) 

L u c i l i a s e r i c a t a (Meigen) 

L u c i l i a caesar (Linnaeus) 
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L u c i l i a ampullacea Villeneuve 

L u c i l i a cuprina (Wiedemann) 

L u c i l i a bufonivora Moniez 

L u c i l i a porphyrina (Walker) 

L u c i l i a c a e r u l e i v i r i d i s Macquart 

L u c i l i a pallescens Shannon 

He m i p y r e l l i a fernandica (Macquart) 

H e m i p y r e l l i a l i g u r r i e n s (Wiedemann) 

Chrysomya p u t o r i a (Wiedemann) 

Chrysomya marginalia 

Chrysomya megacephala 

Chrysomya p i n g u i s (Walker) 

Chrysomya bezziana Villeneuve 

Chrysomya albiceps (Wiedemann) 

Chrysomya r u f i f a c i e s (Macquart) 

Chrysomya varipes (Macquart) 

Chrysomya i n c i s u r a l i s (Macquart) 

Chrysomya saffranea ( B i g o t ) 

Cochliomyia hominivorax Coquerel 

Cochliomyia m a c e l l a r i a ( F a b r i c i u s ) 

Phormia regina (Meigen) 

Phormia terraenovae Robineau-Desvoidy 

Boreellus a t r i c e p s ( Z e t t e r s t e d t ) 

P r o t o c a l l i p h o r a azurea ( F a l l e n ) 

P r o t o c a l l i p h o r a avium Shannon and Dobroscky 

P r o t o c a l l i p h o r a s i a l i a Shannon and Dobroscky 
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P o l l e n i a r u d i s ( F a b r i c i u s ) 

Amenia i m p e r i a l i s Robineau-Desvoidy 

Amenia leonina ( F a b r i c i u s ) 

Stomorhina c r i b r a t a Bigot 

T r i c y c l e a deemingi Zumpt 

Auchmeromyia l u t e o l a ( F a b r i c i u s ) 

Elephantoloemus in d i c u s Austen 

Booponus intonsus A l d r i c h 

Cordylobia anthropophaga (Blanchard) 

Cordylobia ruandae Fain 

Cordylobia r o d h a i n i Gedoelst 
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C H A P T E R TWO 

MATERIALS AND METHODS 

2.1 Sources of M a t e r i a l 

Specimens o f many B r i t i s h species were obtained by s e t t i n g up 

c a r r i o n t raps a t various l o c a l i t i e s i n County Durham, England. A l l 

B r i t i s h species o f C a l l i p h o r a (except C.uralensis), Cynomya mortuorum 

and L u c i l i a caesar were obtained i n t h i s way. Calliphora u r a l e n s i s was 

obtained from a gannet (Sula bassana ( L . ) ) carcase from A i l s a Craig, 

Scotland. A l l stages o f P r o t o c a l l i p h o r a azurea were obtained by 

searching the nests o f swallows (Hirundo r u s t i c a L.) s t a r l i n g s 

(Sturnus v u l g a r i s L . ) , b l a c k b i r d s (Turdus merula L. ) and nuthatches 

( S i t t a europaea L.) i n various l o c a l i t i e s i n County Durham. 

Specimens o f other B r i t i s h and n o n - B r i t i s h species were received 

as loans or g i f t s from many i n d i v i d u a l s and i n s t i t u t i o n s throughout 

the world. Most o f t h i s m a t e r i a l was received preserved a f t e r having 

been obtained from p o s i t i v e l y i d e n t i f i e d c u l t u r e s or i n d i v i d u a l 

females, although i n some cases l i v e c u l t u r e s were received. The 

sources o f a l l these specimens are l i s t e d i n the Acknowledgements. 

2.2 Culture Methods 

Pure c u l t u r e s were kept i n cages a t 20°-25°C, constantly 

supplied w i t h water and sugar; newly emerged specimens were given a 
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p r o t e i n meal by p l a c i n g l i v e r i n the cage and a l l species r e a d i l y 

o v i p o s i t e d on t h i s medium. Rearing was done on mice carcasses placed 

i n glass dishes w i t h some peat as pupation medium. Pupating 

i n d i v i d u a l s were removed t o a clean cage f o r emergence. 

2.3 General Laboratory Methods 

Eggs and larvae were f i x e d and preserved i n acetic alcohol (3 

p a r t s 90% e t h a n o l : l p a r t g l a c i a l a c e t i c a c i d ) ; f i x a t i o n i n alcohol 

alone i s undesirable as the larvae con t r a c t and become d i f f i c u l t t o 

d i s s e c t . Eggs and f i r s t and second i n s t a r larvae were examined whole 

under a stereomicroscope (mag. X10-X60), then slide-mounted whole i n 

Berlese's F l u i d and examined under a compound microscope (mag. 

X32-X320). T h i r d i n s t a r larvae were examined whole under a 

stereo-microscope; f o r examination under the compound microscope 

dissected parts of the larvae were slide-mounted. For stereomicroscope 

examination a s t r o n g l i g h t i s needed t o see d e t a i l s o f the 

s p i n u l a t i o n , and f i b r e - o p t i c i l l u m i n a t i o n was found t o be p a r t i c u l a r l y 

u s e f u l . No c l e a r i n g by KOH or any other substance was done, as some 

p a r t s o f the various s c l e r i t e s are e a s i l y destroyed i n t h i s way. Whole 

puparia were preserved i n a c e t i c a l c o h o l , but empty puparia were 

preserved dry. Puparia were examined whole under the stereomicroscope; 

p a r t s o f puparia were then slide-mounted as above. 

Measurements were made w i t h a micrometer eyepiece and g r a t i c u l e . 
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2.4 Sectioning Methods 

For general purposes, eggs and larvae were f i x e d i n Bouin's 

F l u i d f o r 24 hours and then embedded i n wax. Sections were then made 

using an ordinary microtome. The sections ( a t a thickness of 8 n ) 

were then mounted on s l i d e s and stained w i t h Ehrlich's haematoxylin 

and eosin. 

Attempts a t s e c t i o n i n g the cephalopharyngeal skeleton using the 

above method gave u n s a t i s f a c t o r y r e s u l t s , due t o the f a c t t h a t the 

hard skeleton was p u l l e d through the s o f t tissues by the microtome 

blade when i t was str u c k by the l a t t e r , r a t h e r than being neatly 

s l i c e d . For sections through the skeleton, t h e r e f o r e , a c r y o s t a t was 

used. The method adopted was as f o l l o w s : Live larvae were dropped i n t o 

a container o f isopentane which was then lowered i n t o a c a n i s t e r o f 

l i q u i d n i t r o g e n and held there f o r about 30 seconds. The larvae were 

then immersed i n the l i q u i d n i t r o g e n and l e f t there f o r about 15 

minutes. Sections were then made using a c r y o s t a t , and then stained 

and mounted as above. Good r e s u l t s were obtained using t h i s method, 

due t o the f a c t t h a t the frozen specimen i s of a uniform hardness 

throughout. 

2.5 Scanning E l e c t r o n Microscopy 

Eggs and larvae were prepared f o r the SEM as f o l l o w s : Specimens 

were placed i n 50% alcohol f o r a day and then removed t o 60%, 70%, 

80%, 90% and, f i n a l l y absolute a l c o h o l , being kept f o r a day at each 

concentration; the absolute alcohol being changed twice on the day. 
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The specimens were then t r a n s f e r r e d t o a mixture of 1 p a r t absolute 

a l c o h o l and 1 p a r t acetone f o r a day, followed by pure acetone (two 

changes); the specimens could then be kept i n d e f i n i t e l y i n acetone. 

Empty puparia were simply washed i n absolute a l c o h o l , then 

t r a n s f e r r e d d i r e c t l y t o acetone which was changed twice. 

A l l specimens (except empty puparia) were d r i e d using a Polaron 

C r i t i c a l Point Dryer. Puparia were d r i e d i n a i r . The specimens were 

then gold-coated and examined w i t h a Cambridge Stereoscan 600. 

2.6 I l l u s t r a t i o n 

Both l i n e drawings and photographs are used t o i l l u s t r a t e t h i s 

t h e s i s . Line drawings were used t o i l l u s t r a t e three-dimensional 

s t r u c t u r e s , l i k e the cephalopharyngeal skeleton, t h a t cannot be 

s a t i s f a c t o r i l y shown i n a photograph since parts of the s t r u c t u r e 

w i l l , o f necessity, be out of focus. Also, the l i m i t s o f the various 

s c l e r i t e s o f the skeleton are very d i f f i c u l t t o make out i n a 

photograph. Drawings were made w i t h the a i d of a camera l u c i d a . 

Scanning e l e c t r o n micrographs were taken using a Minolta camera 1 

Photographs of sections and s l i d e preparations were taken using an 

u l t r a p h o t . Photographs were used as the form of i l l u s t r a t i o n when: 

a) Evidence i s presented t o resolve a disputed p o i n t . 

b) A s t r u c t u r e i s too complex t o be s a t i s f a c t o r i l y rendered i n a 

drawing. 

c) The degree of pigmeritut.i.on of a t.itruct-.urd i n iinpor-l.niiI.. 
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C H A P T E R T H R E E 

THE MORPHOLOGY OF THE EGGS 

. . . I began to believe that all worms found in meat 
were derived directly from the droppings of flies, 
and not from the putrefaction of the meat, and I 
was still more confirmed in this belief by having 
observed that, before the meat grew wormy, flies 
had hovered over it, of the same kind that later 
bred in it. 

Francesco Redi 

Experiments on the Generation of Insects 

3.1 The L i t e r a t u r e on C a l l i p h o r i d Eggs 

The above quot a t i o n from a book published i n I t a l y i n 1668 i s 

the f i r s t known reference i n h i s t o r y t o b l o w f l y eggs. Since t h a t time 

much has been published on the egg-laying habits o f b l o w f l i e s (e.p,. 

P o r t c h i n s k i , 1874; Osten Sacken, 1887; l a t e r work on bl o w f l y 

o v i p o s i t i o n has been w e l l summarised by N o r r i s , 1965 and Nuorteva, 

1977). 

The f i r s t d e t a i l e d account o f C a l l i p h o r i d egg morphology was 

t h a t o f Weismann (1864). Davies (1948) described the chorionic 

s t r u c t u r e o f L u c i l i a s e r i c a t a , and Wigglesworth and Beament (1950, 

1960) published accounts of the chorio n i c s t r u c t u r e of Calliphora 

v i c i h a (as C. erythrocephala), but t h e i r i n t e r p r e t a t i o n s were 

disputed by Hinton (1960). Further works by Hinton (1961, 1.962, 1963), 
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Anderson (1960) and Wigglesworth and Salpeter (1962) f i n a l l y produced 

a c l e a r p i c t u r e o f c h o r i o n i c s t r u c t u r e . 

However, r e l a t i v e l y l i t t l e work has been c a r r i e d out on the 

comparative morphology and systematics of b l o w f l y eggs. Moreover, most 

of the d e s c r i p t i o n s so f a r published are a matter of measurements o f 

l e n g t h and w i d t h , and a few comments on colour and shape. The f i r s t 

d e s c r i p t i o n s of d i a g n o s t i c use were made by Laake, Cushing and Parish 

(1936) who compared the morphology of Cochliomyia hominivorax (as C. 

americana) w i t h t h a t o f C. m a c e l l a r i a , using the l i g h t microscope. 

Later, Hinton (1981) published d e s c r i p t i o n s and S.E. micrographs o f 

several species, but h i s concern was p r i m a r i l y w i t h p l a s t r o n f u n c t i o n 

and h i s d e s c r i p t i o n s are o f l i t t l e d iagnostic use. The f i r s t t o 

examine eggs under the S.E.M. w i t h a taxonomic viewpoint was K i t c h i n g 

(1976) who published very u s e f u l d e s c r i p t i o n s and S.E. micrographs of 

s i x species o f A u s t r a l i a n Chrysomya. O'Flynn and Moorhouse (1980) 

described, and published S.E. micrographs, o f L u c i l i a cuprina and two 

species o f A u s t r a l i a n C a l l i p h o r a . 

Other r e l e v a n t references w i l l be r e f e r r e d t o at the appropriate 

p o i n t s below. 

3.2 General Morphology o f C a l l i p h o r i d Eggs 

A t y p i c a l C a l l i p h o r i d egg (Fig.188) may be described b r i e f l y as 

f o l l o w s : White or y e l l o w i s h i n colour. C y l i n d r i c a l over most of i t s 

l e n g t h , but t a p e r i n g a t the a n t e r i o r end and somewhat b l u n t a t i t s 

p o s t e r i o r end. The a n t e r i o r end terminates i n a d i s c - l i k e area, the 

mlcropylar p l a t e . The niicro()yN! p c r f o r o t o i i I'.dc CTil.rv; o l ' l.hn 
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The whole egg i s s l i g h t l y curved; on the concave dorsal surface a 

hatching s t r i p (or median area) i s present, which broadens out a t the 

a n t e r i o r end and also, although t o a lesser extent, at the p o s t e r i o r 

end. The median area i s d e l i m i t e d on e i t h e r side by a s l i g h t l y r a i s e d 

hatching p l e a t . 

Muirhead-Thomson (1937), working on Muscids and Anthomyiids, 

termed t h i s type o f egg the muscine-type t o d i s t i n g u i s h i t from the 

phaoniine-type egg which he characterised by the possession of two 

lar g e flanges, one on each side of the hatching s t r i p . He also 

described a Myiospila-type egg i n which the two flanges diverge and 

p r o j e c t a n t e r i o r l y , and i n which the a n t e r i o r p a r t of the egg project.!; 

forward as an apicomedian process. Much has been made i n the 

l i t e r a t u r e o f t h i s c l a s s i f i c a t i o n , and eggs have been described as 

muscine etc . on the basis o f t h i s c l a s s i f i c a t i o n . (Skidmore, 1973; 

Fe r r a r , 1979). However, since the 'flanges' of the phaoniine and 

Myiospila-type eggs are simply enlarged hatching pleats and many 

intermediate forms occur, i t i s f e l t t h a t t h i s c l a s s i f i c a t i o n i s 

misleading, as many eggs cannot be f i t t e d i n t o any one o f these 

c a t e g o r i e s . The muscine and phaoniine eggs merely represent extremes 

of the same c o n d i t i o n and not d i f f e r e n t 'types'. This may be seen by 

comparing f i g u r e s 

3.3 Taxonomic Value o f Egg Characters 

I n t h i s s e c t i o n the various characters of actual or p o t e n t i a l 

taxonomic value are discussed and evaluated. Comments on the possible 

adaptive s i g n i f i c a n c e o f the various character states w i l l also be 

made, and suggestions f o r f u t u r e work proposed. The discussion i s 

based on a study o f 22 species. 
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3.3.1 Colour 

The colour o f eggs i s t y p i c a l l y white or creamy-white, although 

l a r g e r eggs appear t o be y e l l o w i s h . According t o published 

d e s c r i p t i o n s almost a l l C a l l i p h o r i d eggs are of t h i s colour, although 

Zumpt (1965) describes the egg of Booponus intonsus as a ' d u l l greyish 

white'. Ferrar (1978) states t h a t the ovarian eggs and more advanced 

f o l l i c l e s i n specimens o f Euphumosia papua are brown; he also states 

t h a t the m a t e r i a l was 'not p a r t i c u l a r l y w e l l preserved' and t h a t ' t h i s 

i s not necessarily the colour i n l i f e ' . 

3.3.2 Size and Shape 

The le n g t h o f C a l l i p h o r i d eggs ranges from 1.00-1.80mm and the 

width from 0.20-0.50mm. The dimensions o f the species studied ' are 

l i s t e d i n Table I . A minimum o f 20 eggs was measured f o r each 

species. The size o f an egg can serve only as a very rough guide i n 

i d e n t i f i c a t i o n , although c e r t a i n species seem t o have l a r g e r eggs than 

average. I n a few species, e.g. Auchmeromyia l u t e o l a and Cynomya 

mortuorum the width o f the egg i n r e l a t i o n t o i t s length i s unusually 

g r e a t , g i v i n g the egg a more robust appearance. This feature i s best 

presented as a S h ^ Factor, which i s c a l c u l a t e d by d i v i d i n g the width 

by the len g t h (Table I ). I t w i l l be seen t h a t t h i s f i g u r e f o r the 

above two species i s appreciably greater than f o r the other species. 

On the other hand, i n Chrysomya bezziana, the size f a c t o r i s unusually 

low, t h i s species being narrow i n r e l a t i o n t o i t s length. 

The robustness (or otherwise) of an egg may be r e l a t e d t o the 



Species Measure­
ments 

Median 
Area Index 

Shape 
Factor 

Volume 

C a l l i p h o r a v i c i n a 

C a l l i p h o r a v o m i t o r i a 

C a l l i p h o r a u r a l e n s i s 

C a l l i p h o r a a l p i n a 

C a l l i p h o r a subalpina 

C a l l i p h o r a loewi 

C a l l i p h o r a s t y g i a 

C a l l i p h o r a ochracea 

C a l l i p h o r a q u a d r i -
maculata 

C a l l i p h o r a hortona 

C a l l i p h o r a t e r r a e ­
novae 

Cynomya mortuorum 

Triceratopyga 
c a l l i p h o r o i d e s 

L u c i l i a s e r i c a t a 

L u c i l i a caesar 

H e m i p y r e l l i a 
l i g u r r i e n s 

1.37-1.50 
0.38-0.44 

1.25-1.50 
0.38-0.44 

1.37-1.44 
0.38-0.44 

1.31-1.55 
0.38-0.40 

1.72-1.79 
0.44-0.50 

1.50-1.63 
0.44-0.50 

1.30-1.35 
0.35-0.38 

1.45-1.53 
0.38-0.40 

1.70-1.75 
0.40-0.43 

1.00-1.08 
0.28-0.30 

1.25-1.38 
0.25-0.28 

1.63-1.75 
0.50-0.69 

1.42-1.48 
0.33-0.38 

1.13-1.25 
0.25-0.31 

1.25-1.30 
0.25-0.28 

1.24-1.37 
0.34-0.37 

0.08-0.12 

0.09-0.11 

0.11-0.12 

0.18-0.19 

0.08-0.09 

0.10-0.11 

0.19-0.20 

0.11-0.12 

0.19-0.20 

0.20-0.22 

0.08-0J.15 

0.05-0.07 

0.12-0.13 

0.24-0.28 

0.25-0.28 

0.15-0.16 

0.28-0.33 

0.29-0.30 

0.28-0.31 

0.26-0.29 

0.26-0.29 

0.29-0.31 

0.27-0.28 

0.25-0.26 

0.24-0.25 

0.22-0.28 

0.20-0.21 

0.31-0.39 

0.23-0.26 

0.22-0.25 

0.20-0.22 

0.26-0.27 

0.10-0.20 

0.09-0.15 

0.10-0.14 

0.09-0.13 

0.17-0.23 

0.15-0.22 

0.08-0.10 

0.10-0.13 

0.14-0.16 

0.04-0.05 

0.04-0.06 

0.21-0.44 

0.08-0.11 

0.04-0.06 

0.04-0.05 

0 08-0.10 



Species 
Measure­

ments 
Median 

Area Index 
Shape 

Factor Volume 

Auchmeromyia l u t e o l a 

Phormia terraenovae 

Phormia regina 

P r o t o c a l l i p h o r a 
azurea 

Chrysomya bezziana 

Chrysomya p u t o r i a 

1.43-1.48 
0.50-0.55 

1.00-1.06 
0.25-0.32 

1.19-1.25 
0.31-0.38 

1.19-1.25 
0.31-0.34 

1.08-1.18 
0.20-0.25 

1.31-1.37 
0.28-0.38 

0.06-0.07 

0.09-0.11 

0.10-0.11 

0.14-0.15 

0.52-0.60 

0.28-0.36 

0.35-0.37 

0.25-0.30 

0.26-0.30 

0.26-0.27 

0.19-0.21 

0.21-0.28 

0.19-0.24 

0.04-0.06 

0.06-0.09 

0.06-0.08 

0.02-0.04 

0.04-0.06 
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t h r e a t o f d e s s i c a t i o n . Thus Au. l u t e o l a i s known t o lay i t s eggs i n 

dry dusty s o i l or sand i n many p a r t s o f A f r i c a where the temperature 

i s h i gh (Zumpt, 1965). Under such con d i t i o n s an egg w i t h a greater 

volume i n r e l a t i o n t o i t s surface area would lose water a t a slower 

r a t e than other eggs. On the other hand, Ch. bezziana lays i t s eggs i n 

open wounds of animals and men, which s i t u a t i o n s are u n l i k e l y t o dry 

out; i t s lack o f 'robustness' i s , t h e r e f o r e , not a disadvantage. 

I t i s , however, d i f f i c u l t t o see what advantage Cy. mortuorum 

may have i n l a y i n g such a robust egg. This species l i v e s i n cool, wet 

( o f t e n c o a s t a l ) areas and should have no p a r t i c u l a r problems of 

dehydration; however, Nuorteva (1972) states t h a t i t i s a c t i v e mainly 

on sunny days. I t i s also possible t h a t a l a r g e r egg would b e t t e r 

w i t hstand low temperatures. 

From the l e n g t h and breadth measurements o f the eggs, t h e i r 

volumes may be c a l c u l a t e d . Since the volume of a sphere may be 

c a l c u l a t e d as f o l l o w s : 

V = 4/3 TTr' 

a m o d i f i c a t i o n o f t h i s formula w i l l enable the computation of the 

volume o f an egg. Since only two of the r a d i i o f an egg are equal (the 

breadths) and one i s unequal t o the e i t h e r of the other two (the 

l e n g t h ) , the f o l l o w i n g formula w i l l give the volume o f the egg: 

V = 4/3,f|)7i) 

Where V = volume, b breadl-h and I. - length. A l l volumes, which 

are o f some dia g n o s t i c value, are l i s t e d i n T a b l e ! 
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3.3.3 Chorionic S t r u c t u r e 

As i s w e l l known, the surface of the chorion i s covered w i t h a 

network o f hexagonal r e t i c u l a t i o n s , ( F i g . 39 ) which are a r e f l e c t i o n 

o f the shapes o f the f o l l i c u l a r c e l l s . I have not found any characters 

i n the shape o f these hexagons t h a t permit species i d e n t i f i c a t i o n s , 

but f u r t h e r work, i n c l u d i n g c a r e f u l measurements, may prove u s e f u l ; 

there does seem t o be a tendency f o r some species t o have l a r g e r 

r e t i c u l a t i o n s than others (compare Figs. 2 and 4 ). A l l t h a t can be 

sa i d f o r the time being i s t h a t the r e t i c u l a t i o n s are much f a i n t e r i n 

c e r t a i n species (e.g. C a l l i p h o r a hortona) than i n others. (Compare 

Figs. 2 and 7 ) Au. l u t e o l a ( F i g . 24 ) possesses very well-developed 

r e t i c u l a t i o n s . The shape o f the r e t i c u l a t i o n s has, however, been used 

d i a g n o s t i c a l l y i n other groups e.g. Muscidae (Hinton, 1981; O'Flynn 

and Moorhouse, 1980) and Rhinophoridae (Bedding, 1973)). The character 

i s probably o f value at the fa m i l y l e v e l . 

I n some species, e.g. Au. l u t e o l a ( F i g . 24 ) the chorion i s 

grooved (or ridged) as i s the case i n many Muscidae (see Fig. 37 ). 

Zumpt (1965) describes the egg o f Cordylobia anthropophaga as having 

' l o n g i t u d i n a l grooves and also a f i n e hexagonal r e t i c u l a t i o n on the 

surface'. Zumpt st a t e s t h a t t h i s species, l i k e Au. l u t e o l a , o v i p o s i t s 

i n dry sand and avoids moist s o i l . I t i s possible, t h e r e f o r e , t h a t 

these ridges are an ac t u a l t h i c k e n i n g o f the chorion t h a t may c u r t a i l 

water l o s s . I t i s also possible t h a t the ridges may strengthen the 

eggs against knocking and rubbing i n the dry, loose s o i l in which t.hcy 

are l a i d and to which they are not f i r m l y stuck. 
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The d e t a i l e d s t r u c t u r e o f the chorion has been studied by Hinton 

(1960, 1981). I t i s e s s e n t i a l l y composed o f a t h i c k outer layer and a 

t h i n i n n e r l a y e r connected by a se r i e s o f v e r t i c a l columns ( F i g . 31 ). 

According t o Hinton these columns d e l i m i t a i r spaces. I n sectioned 

m a t e r i a l roughly every s i x t h a i r space i s l a r g e r than the others and 

the outer l a y e r above i t i s ridged. This a i r space corresponds t o 

Hinton's canal o f the hexagonal system. Sections of the chorion o f 

f i v e species were s t u d i e d during the course o f t h i s work: Calliphora 

v i c i n a , L u c i l i a s e r i c a t a , Phormia terraenovae, Cynomya mortuorum and 

Chrysomya bezziana. No features o f diagnostic value could be found, 

however. 

3.3.4 Micropyle and Micropylsir Plate 

The micropyle i s an a n t e r i o r l y s i t u a t e d pore which admits the 

en t r y o f spermatozoa during f e r t i l i s a t i o n . I t varies i n diameter from 

8-40 M according t o species, but most species f a l l i n the range o f 

8-12 \i • Auchmeromyia l u t e o l a i s an exception w i t h a micropyle 

diameter o f about 40 \x ( F i g . 2 3 ) . 

T y p i c a l l y , the micropyle i s s i t u a t e d on a dome-like s t r u c t u r e 

which i s surrounded by a depressed area of the chorion. This whole 

area i s termed the micropylar p l a t e ( F i g . 8 ). The chorion o f the 

p l a t e i s u s u a l l y smooth i . e . w i t h only f a i n t r e t i c u l a t i o n s , but, as 

w i t h the r e t i c u l a t i o n s on the r e s t of the chorion, t h i s feature varies 

( r a t h e r s u b t l y ) between species (compare Figs. 2 and 8 ). I n 

Auchmeromyia there does not seem t o be a well-defined p l a t e , nnd the 

area around the micropyle i s normally re t i c u l a i . e d ( F i g . 23 ). 
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3.3.5 Median Area 

This f e a t u r e provides some of the most u s e f u l diagnostic 

characters o f the egg. The median area i s d e l i m i t e d on e i t h e r side by 

the hatching p l e a t s and, i n most known C a l l i p h o r i d eggs i t has a 

p e c u l i a r s t r u c t u r e t h a t enables i t t o f u n c t i o n when submerged, as a 

p l a s t r o n , or p h y s i c a l g i l l ; i t s s t r u c t u r e and f u n c t i o n have been 

described i n d e t a i l by Hinton (1960, 1981). However, i n P o l l e n i a r u d i s 

the median area i s s i m i l a r i n s t r u c t u r e t o the r e s t of the chorion, 

the p l a s t r o n being r e s t r i c t e d t o the inner sides of the hatching 

p l e a t s (Richards and Morrison, 1972). I n a l l known C a l l i p h o r i d eggs 

the median area i s s i t u a t e d d o r s a l l y ; the statement by Tawfik and 

El-Husseini (1971) t h a t i t i s v e n t r a l i s i n c o r r e c t . (The terms dorsal, 

a n t e r i o r e t c . when ap p l i e d t o eggs are a l l i n r e l a t i o n t o the body 

ax i s o f the o v i p o s i t i n g female.) 

Probably the most u s e f u l taxonomic feature afforded by the 

median area i s i t s shape. A n t e r i o r l y the s t r u c t u r e i s usually one of 

two basic shapes. I t e i t h e r ends abr u p t l y before the micropylar p l a t e 

as i s the case i n e.g. C a l l i p h o r a v i c i n a and Calliphora a l p i n a 

(Figs. 1 and 4 ) , or i t b i f u r c a t e s forming a U- or V-shape a n t e r i o r l y 

as i n C a l l i p h o r a v o m i t o r i a and L u c i l i a s e r i c a t a (Figs. 2 and 16 ). I n 

Chrysomya p u t o r i a ( F i g . 21 ) the very narrow median area b i f u r c a t e s 

a n t e r i o r l y g i v i n g r i s e t o two narrow bands one on e i t h e r side of the 

mic r o p y l a r p l a t e forming a very d i s t i n c t i v e Y- shape which i s very 

s i m i l a r t o K i t c h i n g ' s (1976) S.E. micrographs o f Ch. megacephala. In 

Chrysomya bezziana the wide median area b i f u r c a t e s sending a wide band 

around e i t h e r side o f the micropylar p l a t e . These bands curve down 
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v e n t r a l l y on e i t h e r s i d e , but do not meet (Figs, i g and 20 )• F i g . 36 

shows a s e c t i o n through the v e n t r a l p a r t o f the chorion l y i n g between 

the two l a t e r a l bands. The shape o f the median area i n Ch. bezziana i s 

very s i m i l a r t o Laake, Gushing and Parish's (1936) l i g h t microscpe 

d e s c r i p t i o n of Cochliomyia hominivorax. 

The length o f the median area along the body of the egg i s also 

o f great diagnostic value. I n many species, e.g. Calliphora v i c i n a , i t 

extends over most o f the length o f the egg ( F i g . 39 ), while i n 

o t h e r s , e.g. P r o t o c a l l i p h o r a azurea, i t extends over one t h i r d t o a 

h a l f o f the way down the egg ( F i g . 26 ). I n some species the median 

area ends a b r u p t l y about a h a l f or t w o - t h i r d s the way down the egg, 

only t o reappear again a f t e r a short distance. This feature i s present 

i n Chrysomya p u t o r i a ( F i g . 22 ) and C a l l i p h o r a ochracea (F i g . l l ). 

According t o Dr Lewis Davies (pers. comm.), the median area i s broken 

i n some specimens o f L u c i l i a s e r i c a t a and L u c i l i a caesar. 

The shape and thickness o f the p a r t of the chorion l y i n g between 

the two arms o f the median area ( i n species where i t i s b i f u r c a t e d ) i s 

also o f d i a g n o s t i c use. This ' l i p ' may be pointed as i n Calliphora 

u r a l e n s i s ( F i g . 3 ) or rounded as i n Chrysomya bezziana (F i g . 20 ). 

Intermediate forms occur, as i n C a l l i p h o r a vomitoria ( F i g . 2 ) and 

L u c i l i a s e r i c a t a ( F i g . 16 ) where the l i p i s roughly V-shaped, but 

does not have a pointed t i p . 

The width o f the median area i s , t o some extent, useful i n 

s e p a r a t i n g species. Along most o f i t s l e n g t h , the median area i s 

u s u a l l y between 30-40 n i n w i d t h , but the greatest i n t e r s p e c i f i c 

v a r i a t i o n occurs a t the a n t e r i o r wide end o f the median area. I n t h i s 

connection, the median area index, c a l c u l a t e d by d i v i d i n g the greatest 
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w i d t h o f the median area by the greatest width of the egg i s . of some 

value. The r e s u l t s are l i s t e d i n Table I . These f i g u r e s may be of use 

as a rough guide i n i d e n t i f i c a t i o n , but they cannot be taken t o show 

d i f f e r e n c e s i n the extent of the r e s p i r a t o r y surfaces of the d i f f e r e n t 

species. This i s because only the greatest width i s measured, and i n 

some species w i t h very narrow median areas, the median area may widen 

out a n t e r i o r l y g i v i n g a f i g u r e t h a t does not r e f l e c t the t r u e extent 

o f the r e s p i r a t o r y surface (e.g. Chrysomya p u t o r i a F i g . 21 )• A 

measure o f surface area would be more meaningful i n t h i s context. 

The s t r u c t u r e o f the meshwork o f the median area seems t o be o f 

p o t e n t i a l value i n taxonomy, although t h i s character was not f u l l y 

explored during t h i s study. The s t r u c t u r e and r e s p i r a t o r y f u n c t i o n of 

t h i s area has been described i n d e t a i l by Hinton (1960, 1981). For the 

purposes o f i d e n t i f i c a t i o n , three d i f f e r e n t types were observed. 

F i r s t l y , Hinton's type, which possesses a surface . network layer 

( F i g . 28 ); t h i s i s t y p i c a l o f species o f C a l l i p h o r a and L u c i l i a . The 

network may be r a t h e r dense, as i n L u c i l i a s e r i c a t a ( F i g . 16 ),,, or 

more open as i n most species o f C a l l i p h o r a (e.g. Calliphora loewi Fig. 

6 ) . Secondly, a Protocalliphora-type, found i n P r o t o c a l l i p h o r a azurea 

( F i g . 27 ) , which seems t o lack the network la y e r and i n which the 

aeropyles appear t o l i e on the surface; the general impression i s of a 

spongy appearance. T h i r d l y , bezziana-type, c h a r a c t e r i s t i c of Chrysomya 

bezziana ( F i g . 20 ); t h i s has a ' f u r r y ' appearance under the l i g h t 

microscope, but appears somewhat 'scaly' under the S.E.M. The 

s t r u c t u r e o f t h i s type o f r e s p i r a t o r y surface was rather d i f f i c u l t t o 

e l u c i d a t e . Transmission e l e c t i o n microscopy should prove useful i n 

t h i s f i e l d . 
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The s t r u c t u r e o f the median area must be seen i n the context of 

r e s p i r a t o r y and dehydration problems (Hinton, 1981). Therefore, one 

must assume t h a t species w i t h narrow median areas must be subject t o 

de s s i c a t i o n i n nature, f o r example, L u c i l i a s e r i c a t a , which favours 

high temperatures f o r o v i p o s i t i o n , has, on average, a narrower median 

area and a more closed s t r u c t u r e , than C a l l i p h o r a species t h a t are 

a c t i v e a t lower temperatures. The p a r a s i t i c Chrysomya bezziana and 

Cochliomyia hominivorax, w i t h t h e i r wide median areas, o v i p o s i t i n 

wounds t h a t are u n l i k e l y t o dry out. P r o t o c a l l i p h o r a azurea, w i t h i t s 

sh o r t median area and r a t h e r closed s t r u c t u r e i s found i n the dry 

h a b i t a t o f b i r d s ' nests. 

However, Davies (1948) found t h a t water loss i n L u c i l i a s e r i c a t a 

occurred over the whole surface o f the egg. Anderson (1960), on the 

other hand, found t h a t i f the p l a s t r o n was blocked, eggs o f Calliphora 

v i c i n a died through lack o f oxygen; t h i s must mean t h a t water exchange 

can also take place across t h i s surface as the water molecule i s 

smaller than the oxygen molecule (Hinton, 1981). 

F i n a l l y , the narrow r e s p i r a t o r y surfaces of Chrysomya p u t o r i a 

and Chrysomya megacephala present something of a problem. These two 

species l i v e i n the humid p a r t s o f A f r i c a and Asia r e s p e c t i v e l y and 

should have no water loss problems. However, i t i s possible t h a t , 

d u r i n g the r a i n y season, the high temperatures i n these areas may mean 

t h a t the water covering the eggs may be d e f i c i e n t i n oxygen; the 

p l a s t r o n would thus work i n reverse, r e s u l t i n g i n loss o f oxygen t o 

the ambient water (Hinton, 1981). I n temperate areas, where r a i n water 

i s r i c h i n oxygen, t h i s problem would not a r i s e . 
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3.3.6 Hatching Pleats 

The hatching p l e a t s d e l i m i t the median area on e i t h e r side. They 

are u s u a l l y double s t r u c t u r e s , w i t h an outer layer continuous w i t h the 

c h o r i o n , and inner l a y e r continuous w i t h the median area r e s p i r a t o r y 

surface (see F i g . 7 ) . (However, see 3.3.5 f o r comments on P o l l e n i a 

r u d i s . ) The surface o f attachment o f these two layers forms the l i n e 

o f weakness which s p l i t s apart during hatching. This l i n e may be seen 

as a f a i n t grey l i n e i n F i g . 3 3 (T.S. o f L u c i l i a s e r i c a t a egg). 

Figs. 4 and 29 show the two layers s p l i t t i n g apart. Hinton (1960, 

1981) has described t h i s mechanism. 

The value o f the hatching p l e a t s i n species i d e n t i f i c a t i o n l i e s 

i n t h e i r r e l a t i v e thickness. I n some species e.g. Triceratopyga 

c a l l i p h o r o i d e s ( F i g . 14 ), and Chrysomya bezziana (F i g . 1 9 ) the 

p l e a t s are l i t t l e more than small f o l d s on the surface of the egg, 

whereas i n C a l l i p h o r a subalpina ( F i g . 5 ) , Cynomya mortuorum 

( F i g . 13 ) and P r o t o c a l l i p h o r a azurea ( F i g . 25 ) the pleats are t h i c k , 

well-developed s t r u c t u r e s . The p l e a t s o f P o l l e n i a r u d i s are produced 

i n t o l a r g e f l a n g e - l i k e s t r u c t u r e s (Richards and Morrison, 1972). I n 

T.S. the t h i c k hatching p l e a t s appear curved, as i n Phormia 

terraenovae ( F i g . 35 ) and Cynomya mortuorum (Fi g . 34 ), while the 

t h i n n e r p l e a t s appear s t r a i g h t e r ( C a l l i p h o r a v i c i n a Fig. 32 and 

L u c i l i a s e r i c a t a F i g . 33 ). 

3.3.7 P l a s t r o n Craters 

Hinton (1981) published S.E. micrographs of two Muscid species. 
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Musca sorbens from Egypt and Musca vetustissima, the A u s t r a l i a n 

b u s h f l y . I n a d d i t i o n t o the p l a s t r o n between the batching p l e a t s , 

there were present i n these two species i s o l a t e d areas i n the chorion 

(outside the p l e a t s ) t h a t possessed a p l a s t r o n network s t r u c t u r e and 

which were surrounded by r a i s e d areas o f the chorion. He termed these 

s t r u c t u r e s p l a s t r o n ' c r a t e r s ' . 

I n only one o f the species studied during the course of t h i s 

work were p l a s t r o n c r a t e r s found (see F i g . 11 of Calliphora 

ochracea). As was noted above (3.3.5) the median area o f t h i s species 

i s 'broken' along i t s l e n g t h . I t would seem, t h e r e f o r e , t h a t these two 

fea t u r e s are devices t o minimise water l o s s , C.ochracea being a 

species o f dry h a b i t a t s , as are M. sorbens and M. vetustissima. 

3.3.8 Examination and I d e n t i f i c a t i o n of Eggs 

This study was based mainly on S.E.M. work, but once the various 

character states were e l u c i d a t e d , i t was found t h a t most features may 

be seen using the l i g h t microscope. However, i t was found t h a t the 

stereomicroscope was not very u s e f u l ; the compound microscope, on the 

other hand, could be used t o examine most of the diagnostic features 

used i n i d e n t i f i c a t i o n . 

I n i t i a l l y , s l i d e preparations were made of the eggs, but i t was 

found t h a t t h i s method d i s t o r t e d the eggs, making i d e n t i f i c a t i o n 

d i f f i c u l t . The best method was found t o be t o place the eggs on a 

s l i d e w i t h a drop o f l i q u i d (water, not alcohol which tends t o 

evaporate q u i c k l y , d r y i n g the eggs), and t o examine under low power, 

w i t h o u t a c o v e r s l i p . A d j u s t i n g the l i g h t and focus as necessary w i l l 
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r e v e a l most f e a t u r e s . The only features I could not see using t h i s 

method are the s t r u c t u r e o f the r e s p i r a t o r y surface, and the p l a s t r o n 

c r a t e r s o f C. ochracea. 

The f o l l o w i n g keys are t o be seen as i n t e r i m ones, and should be 

used t e n t a t i v e l y . 

3.3.8.1 Tentative Key t o the Eggs of B r i t i s h Genera of 

Carrion-Breeding C a l l i p h o r i d a e and a l l Species of B r i t i s h 

C a l l i p h o r a 

1. Median area ending more or less i n a s t r a i g h t l i n e a n t e r i o r l y 2 

- Median area b i f u r c a t e d a n t e r i o r l y 5 

2. Hatching p l e a t s t h i c k , well-developed (Figs. 5 and 13) 3 

- Hatching p l e a t s t h i n , weakly developed (Figs, l and 4) 4 

3. Size f a c t o r h i g h , 0.31-0.39 Cynomya mortuorum 

- Size f a c t o r low, 0.26-0.28 Calliphora subalpina 

4. Median area 70-75 p wide at widest p o i n t Calliphora a l p i n a 

- Median area 40-45 p wide at widest p o i n t Calliphora v i c i n a 

5. Egg about 1mm long or very s l i g h t l y longer Phormia terraenovae 

- Egg w e l l above 1mm long 6 
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6. 'Lip' forming d i s t i n c t pointed V-shape (Figs. 3 and 6) 7 

- 'Lip' w i t h more rounded edge (Figs. 2 and 16) 8 

7. Egg long, about 1.50-1.63 mm i n length Calliphora loewi 

- Egg s h o r t e r , about 1.37-1.44mm i n length Calliphora u r a l e n s i s 

8. iviedian area index low, 0.09-0.11; size f a c t o r high, 0.29-0.30; 

Hatching p l e a t s t h i c k ( F i g . 2 ) Calliphora vomitoria 

- Median area index higher, 0.24-0.28; size f a c t o r lower, 

0.22-0.25; hatching p l e a t s t h i n ( F i g . 15) L u c i l i a spp. 
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C H A P T E R F O U R 

MORPHOLOGY OF THE LARVAE AND PUPARIA 

The dead flies should be besprinkled and soaked 
with honey-water, and then placed on a 
copper-plate exposed to the tepid heat of ashes; 
afterwards, very minute worms, only visible 
through the microscope, will appear, which little 
by little grow wings on the back and assume the 
shape of very small flies, that slowly attain 
perfect size. 

Athanasius Kircher 

The Twelfth Book of the Subterranean World 

4.1 I n t r o d u c t i o n : L i t e r a t u r e Review 

The f i r s t t o unravel the l i f e - h i s t o r y o f b l o w f l i e s and t o 

describe s c i e n t i f i c a l l y t h e i r immature stages was the great scholar 

and phy s i c i a n Francesco Redi (1668). I n h i s book, Esperienze in t o r n o 

a l i a generazione d e g l i i n s e t t i , he showed beyond doubt t h a t maggots 

found i n c a r r i o n were the o f f s p r i n g of b l o w f l i e s and t h a t they were 

not spontaneously generated by the p u t r e f a c t i o n of the meat. He 

concluded t h a t "the f l e s h o f dead animals cannot engender worms unless 

the eggs o f the l i v i n g be deposited t h e r e i n " . Redi's main c o n t r i b u t i o n 

t o immature stage morphology was the d i s t i n c t i o n between the larvae 

and puparia o f L u c i l i a and Sarcophaga (Sarcophagidae). 

I n the year f o l l o w i n g the p u b l i c a t i o n of Redi's Esperienze, 

1669, Jan Swammerdam presented h i s studies on insect metamorphosis i n 
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h i s book, H i s t o r i a insectorum g e n e r a l i s , which included work on the 

morphology of f l y puparia. I t i s o f t e n f o r g o t t e n t h a t i t was 

Swammerdam who f i r s t observed t h a t the puparium i s , i n f a c t , the 

hardened s k i n o f the f i n a l i n s t a r l a r v a . 

The f i r s t d e t a i l e d d e s c r i p t i o n of a C a l l i p h o r i d l a r v a was t h a t 

o f Weismann (1864), who described the anatomy and morphology of 

C a l l i p h o r a v o m i t o r i a (as Musca v o m i t o r i a ) . This work was of great 

importance i n understanding the s t r u c t u r e of the larvae of 

C a l l i p h o r i d a e , but was o f l i t t l e use i n a taxonomic sense. Brauer 

(1883) was the f i r s t t o carry out a study on the comparative 

morphology o f Dipt e r a larvae and h i s work was thus the f i r s t serious 

attempt t o use l a r v a l characters i n the taxonomy of f l i e s . Lowne 

(1890-92) presented an extensive monograph on 'The Blowfly', 

C a l l i p h o r a erythrocephala (= C . v i c i n a ) ; t h i s work i s s t i l l the c l a s s i c 

reference on the s u b j e c t , but i t contains many e r r o r s , e s p e c i a l l y i n 

some o f the i l l u s t r a t i o n s o f l a r v a l morphology. These i l l u s t r a t i o n s 

were described by Hennig (1952) as "schlecht und einzeln n i c h t 

angefuhrt". Since Lowne's book i s s t i l l a widely used reference, the 

above-mentioned e r r o r s w i l l be discussed i n some d e t a i l below. 

The f i r s t h a l f o f the t w e n t i e t h century saw the p u b l i c a t i o n of a 

l a r g e number of papers c o n t a i n i n g d e s c r i p t i o n s of the larvae and 

puparia o f i s o l a t e d species of b l o w f l i e s . As pointed out i n the 

I n t r o d u c t i o n t h i s 'piecemeal' d e s c r i p t i o n o f larvae r e s u l t e d i n the 

r e l i a n c e on u n r e l i a b l e characters f o r i d e n t i f i c a t i o n , since the 

workers i n question seldom had access t o large numbers o f r e l i a b l y 

named specimens w i t h which t o work out u s e f u l s p e c i f i c characters. The 

characters used i n the present work were worked out by the examination 
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o f l a r g e numbers o f specimens derived from c u l t u r e s o f B r i t i s h and 

n o n - B r i t i s h species. I n t h i s way, i t was possible t o i d e n t i f y those 

characters t h a t vary i n t r a s p e c i f i c a l l y and t o d i s t i n g u i s h them from 

those u s e f u l characters t h a t vary i n t e r s p e c i f i c a l l y . I n e v i t a b l y , a 

number o f characters were found t o be u s e f u l only when used i n 

combination w i t h others characters. I n the sections below, the basic 

s t r u c t u r e o f a G a l l i p h o r i d l a r v a w i l l be described and the taxonomic 

value o f each character i n t u r n w i l l be discussed. I t i s hoped t h a t 

t h i s morphological foundation w i l l form a basis f o r d e t a i l e d 

d e s c r i p t i o n s o f f u r t h e r species i n the f u t u r e . 

Most of the d e s c r i p t i v e work t h a t appeared up u n t i l 1951 i s 

reviewed i n Hennig's monograph on Diptera larvae (1948-52) (although 

Hennig missed the major work o f H a l l (1948) on North American 

b l o w f l i e s ) . The most important authors who c o n t r i b u t e d d e s c r i p t i o n s of 

G a l l i p h o r i d larvae are l i s t e d on page 7, and t h e i r work (and t h a t o f 

other authors) w i l l be r e f e r r e d t o a t the appropriate p o i n t s i n the 

t h e s i s . A f t e r the appearance o f Hennig's book several f u r t h e r 

d e s c r i p t i o n s of various species have appeared, as w e l l as two major 

references: Schumann (1954) describes the larvae of several c e n t r a l 

European species o f of medical importance, and Zumpt (1965) monographs 

the species known t o cause myiasis i n the Old World. 

I n a d d i t i o n , the work o f Hewitt (1914) on Musca domestica 

(Muscidae) and t h a t o f Snodgrass (1924) on Rhagoletis pomonella 

( T e p h r i t i d a e ) , although not on C a l l i p h o r i d larvae, are u s e f u l 

references on the morphology o f Cyclorrhaphous larvae. 

This chapter w i l l deal w i t h a l l taxonomically u s e f u l s t r u c t u r e s 

t h a t I am aware of other than the cephalopharyngeal skeleton, which 

w i l l be d e a l t w i t h i n the next chapter. 



- 33 

4.2 Morphology o f the Larvae 

The f o l l o w i n g survey of s t r u c t u r a l features r e f e r s t o the t h i r d 

i n s t a r unless otherwise s t a t e d . 

4.2.1 Colour 

The colour o f C a l l i p h o r i d larvae i s almost always a creamy white 

or y e l l o w i s h - w h i t e . Some h e a v i l y spined species may appear grey (e.g. 

P r o t o c a l l i p h o r a azurea) or brownish (e.g. Chrysomya albiceps) to the 

naked eye, but the colour o f the c u t i c l e i s a c t u a l l y the usual w h i t i s h 

colour i n these species. 

Occasionally, some a c t i v e l y feeding specimens may appear darker 

due t o the f a c t t h a t the gut contents may be seen through the c u t i c l e . 

Dr L. Davies (pers. comm.) has noted t h a t the larvae of L u c i l i a 

species possess a p i n k i s h t i n g e , and i t i s i n t e r e s t i n g t o note t h a t 

Redi (1668) used t h i s character t o d i s t i n g u i s h between L u c i l i a and 

Sarcophaga larvae. 

Most larvae have a somewhat shiny c u t i c l e . However, Davics 

(unpublished data) has noted t h a t the c u t i c l e o f Calliphora a l p i n a I K 

d u l l . S.E. micrographs show t h a t the surface of the c u t i c l e o f t h i s 

species i s 'granulated' i n appearance, being covered w i t h regular 

low-dome-like s t r u c t u r e s some 5 n across and 1 \i high ( F i g . 105). The 

c u t i c l e o f other species i s smooth, l a c k i n g these domes. 

Although colour characters may be u s e f u l i n separating species, 

i t i s the s o r t o f character t h a t can only be understood by f i r s t - h a n d 

experience, as the d i f f e r e n c e s are ra t h e r subtle and very d i f f i c u l t t o 
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describe; moreover, colour terms o f t e n mean d i f f e r e n t things t o 

d i f f e r e n t people. I n a d d i t i o n , specimens may become discoloured when 

badly preserved. For these reasons, colour i s not used as a character 

i n the d e s c r i p t i o n s or keys. 

4.2.2 Size and Shape 

The length o f a f u l l y grown t h i r d i n s t a r l a r v a i s of the order 

o f 10-18mm and i t s greatest width i s of the order of 2.5-3.5mm. 

Younger t h i r d i n s t a r s and e a r l i e r i n s t a r s are, of course, much 

smaller, and a l l measurements taken are shown i n Table l l . Where 

u n l i m i t e d specimens o f a species were a v a i l a b l e (e.g. c u l t u r e - d e r i v e d 

specimens) a t l e a s t twenty specimens o f each i n s t a r were measured. I n 

cases where less than twenty specimens were a v a i l a b l e a l l a v a i l a b l e 

specimens were measured. 

Size i s a v a r i a b l e character, although i t i s use f u l as a general 

guide. However, i t must be remembered t h a t the size o f a l a r v a (or any 

organism) i s a f u n c t i o n of i t s age and the q u a l i t y of i t s d i e t . 

C e r t a i n p r e s e r v a t i v e s , e.g. a l c o h o l , w i l l cause larvae to co n t r a c t ; 

t h i s w i l l , o f course, give a misleading idea of size. Only relaxed 

larvae should be measured. 

The shape o f a t y p i c a l t h i r d i n s t a r C a l l i p h o r i d l a r v a may be 

described as a long cone-shape (Fig.194), being wider p o s t e r i o r l y and 

g r a d u a l l y narrowing a n t e r i o r l y . The widest p a r t i s usually i n the 

middle o f the p o s t e r i o r t h i r d of the body. However, bloodsucking 

larvae l i k e P r o t o c a l l i p h o r a azurea and Auchmeromyia l u t e o l a o f t e n are 

barrel-shaped, being t h i c k e s t more or less a t the centre. The e a r l i e r 



TABLE I I 

Measurements o f larvae and puparia i n mm. Lengths (above) and g r e a t e s t 
widths (below). 



Species 1st I n s t a r 2nd I n s t a r 3rd I n s t a r Puparium 

C a l l i p h o r a v i c i n a 

C. v o m i t o r i a 

C. u r a l e n s i s 

C. a l p i n a 

C. subalpina 

C. loewi 

C. l a t a 

C. quadrimaculata 

C. hortona 

C. terraenovae 

C. l i v i d a 

C. s t y g i a 

C. augur 

C. ochracea 

C. c r o c e i p a l p i s 

Cynomya mortuorum 

2.5-3.25 
0.5-0.63 

3.25-3.63 
0.5-0.63 

1.87-3.38 
0.25-0.63 

2.25-3.00 
0.37-0.63 

1.37-1.63 
0.49-0.62 

1.87-2.5 
0.37-0.5 

2.88-3.13 
0.50-0.63 

2.5-3.5 
0.5-0.63 

3.75-4.00 
0.63-0.75 

2.50-2.63 
0.38-0.44 

1.87-2.13 
0.37-0.39 

3.5-5.75 
0.75-1.00 

3.13-7.25 
0.63-1.13 

3.12-4.75 
0.49-1.00 

5.75-6.50 
1.25-1.31 

4.75-5.37 
0.87-1.13 

2.62-5.25 
0.62-0.88 

3.63-5.25 
0.63-1.00 

3.00-5.70 
0.75-1.10 

2.50-5.50 
0.57-0.62 

2.75-5.25 
0.63-0.75 

5.63-6.00 
0.75-0.88 

2.74-3.75 
0.62-0.75 

8.88-13.75 
1.75-2.88 

15.12-16.88 
2.87-3.13 

9.75-16.38 
1.87-3.13 

12.00-13.50 
2.62- 3.25 

11.87-12.88 
1.90-2.88 

11.00-11.75 
2.50-2.88 

13.38-15.37 
2.50-2.88 

6.75-19.63 
1.63- 2.88 

12.25-13.50 
2.50-2.63 

15.00-16.25 
2.75-3.13 

12.50-16.63 
2.25-3.38 

14.75-16.50 
2.75-3.00 

11.63-16.63 
1.63-3.13 

15.00-17.50 
2.50-2.75 

11.50-16.63 
1.50-3.75 

13.12-14.00 
3.00-3.50 

7.12-8.37 
3.00-3.62 

8.25-8.63 
3.50-3.75 

7.49-8.13 
3.00-3.50 

7.49-8.25 
3.24-3.50 

7.49-8.00 
2.24-2.50 

8.12-8.37 
2.74-3.25 

10.25-10.75 
3.63-4.00 

6.75-7.25 
2.63-2.88 

8.25-8.81 
3.63-3.75 

8.49-9.75 
3.31-3.62 



1 Species 1st I n s t a r 12nd I n s t a r |3rd I n s t a r Puparium | 

1 Cynomyopsis 113.38-16.50 _ 

1 cadaverina - 1 — 1 3.00 -3.50 j 
1 Triceratopyga 2.00-3.25 I - |13.13-15.88 1 
j calliphcroides 0.38-0.50 1 — 1 2.50 -2.88 j 
1 E u c a l l i p h o r a 1.13-1.50 1 — i l l . 1 3 - 1 1 . 7 5 1 
1 l a t i f r o n s 0.25-0.38 1 - 1 2.25 -2.75 

l A l d r i c h i n a grahami 1 — 115.00-16.50 8 .75-9.25 1 
- 1 1 2.88 -3.13 3 .13-3.25 1 

i L u c i l i a s e r i c a t a 2.50-3.00 1 5.50-6.25 111.63-14.00 7 .75-7.88 1 
0.44-0.50 j 1.00 -1.25 1 2.00 -2.38 3 .13-3.25 1 

| L . caesar 2.50-2.75 1 4.38-5.00 112.50-14 . 3 8 8 . 5 - 9 . 0 8 j 
0.25-0.28 1 0.38-0.50 1 2 . 7 5 - 2 . 8 8 3 . 0 0 - 3 . 5 0 1 

| L . ampullacea | 3.50 -3.75 1 5.00-8.13 112.25-12.88 1 
0.38-0.41 1 0.50-0.63 1 2.25 -2.5 j 

| L . cuprina | 1.63 -1.75 i 1.88-3.75 110.00-10.38 1 
0.25-0.34 1 0.31-0.50 1 2.00 -2.38 j 

| L . porphyrina | — 1 — |10.63 -11.25 1 
- 1 - 1 1.50 -1.75 j 

| L . b u f onivora 1 1 5.63-6.25 19.88-10.00 1 
- j o . 7 5 - 0 . 8 7 5 1 2.00 -2.50 j 

| L . c a e r u l e i v i r i d i s | I _ 111.88-12.25 1 
- 1 1 2.00 -2.25 

| L . pallescens | 1 _ 16.88-12.1 3 1 
- 1 1 1.13-2.00 j 

i H e m i p y r e l l i a | 1.38 -2.88 1 7.38-7.50 1 8.25 - 1 2 . 5 8 . 5 0 - 8 . 7 5 1 
1 l i g u r r i e n s | 0.38-0.50 1 1.25 -1.50 1 1.75-2.50 3 . 7 5 - 4 . 0 0 1 

I H e m i p y r e l l i a | — I - 19.88-10.50 6.25-6.5 i 
1 fernandica | - 1 — 1 2.25 -2.50 2 .56-2.75 1 

|Pollenia r u d i s | 1 — 19.38-10.00 5 .00-6.88 1 
1 1 2.63 -2.88 1 1 .75-3.00 1 

IChrysomya bezziana | — 1 - 110.75-12.37 1 

1 ' 
1 2.75 -3.00 



1 Species j 1st I n s t a r 12nd I n s t a r 1 3rd I n s t a r Puparium 

IChrysomya chloropyga _ 17.50-13.88 — 

1 - 1 - 1 1.63-3.13 — 

|Ch. p u t o r i a 1 1-81-3.00 1 4.87-5.37 111.50-13.38 7. 56-7. 88 |Ch. p u t o r i a 
1 0-38-0.50 1 0.88-1.13 1 2.13-2.75 2. 63-2. 94 

|Ch. albiceps 1 4.00-4.25 1 4.50-6.50 5. 25-6. 50 |Ch. albiceps 
- 1 0.62-0.75 1 2.75-3.00 1. 50-3. 75 

|Ch. r u f i f a c i e s i 3.62-3.94 |10.62-11.25 -
1 - 1 0.62-0.69 1 1.75-2.25 — 

j c h . i n c i s u r a l i s _ 1 — 1 13.38 -
1 - 1 - 1 4.38 — 

jCh. varipes 1 — |8.75-10.00 6. 13-6. 38 
1 - 1 1 1.88-2.25 2. 13-2. 25 

|Ch. marg i n a l i s _ 1 - 115.00-15.88 -
1 - 1 - 1 3.38-4.25 — 

|Ch. megacephala — 1 6.88-9.00 114.62-17.75 -
1 - 1 1.00-1.75 1 2.99-3.88 — 

|Ch. semimetallica 1 — 19.80-10.50 -
1 - 1 - 1 2.25-2.50 — 

|Ch. suffranea 1 _ jlO.25-11.13 -
1 - 1 1 2.25-2.75 — 

|Ch. p i n g u i s 1 4.12-4.38 115.25-15.50 8. 37-9. 25 |Ch. p i n g u i s 
- 1 0.75-0.88 1 2.88-3.25' 3. 63-3. 88 

1Cochliomyia _ 1 — 115.00-15.81 -
1 hominivorax - 1 - 1 3.00-3.13 — 

|Co. m a c e l l a r i a 1 1-63-2.50 1 4.13-4.38 i13.88-14.75 7. 75-7. 88 
1 1 0-38-0.50 1 1.00-1.13 i 2.25-2.75 3. 25-3. 28 1 

|Phormia regina 1 1-20-2.50 1 5.38-5.63 |6.25-13.75 8. 37-9. 50 
1 1 0. 38-0.50 1 0.5-0.63 1 1,13-2.75 2. 25-3. 50 

|Ph. terraenovae 1 1-37-2.63 1 3.25-5.75 110.62-11.87 8. 37-9. 13 
1 1 0. 38-0.62 1 0.50-1.00 1 2.25-2.50 2. 50-3. 38 

iBo r e e l l u s a t r i c e p s 1 — 1 4.13-8.38 7. 25-7. 75 

1 1 1.00-1.75 3. 13-3. 25 



1 Species 1 1 s t I n s t a r 12nd I n s t a r 1 3 r d I n s t a r Puparium | 

1 P r o t o c a l l i p h o r a 1 1.50-2 .13 1 3 .25-5 .25 19.25-12.25 7.37-8.25 1 
1 azurea 1 0.41-0 .50 1 1 .13-1 .63 1 2.69-4.13 3.50-4.12 1 

|P. s i a l i a 1 _ _ 112'. 38-12.50 - 1 
1 - 1 4.25-4.50 - 1 

|P. avium.. _ 111.13-11.38 8.75-9.25 1 
1 - 1 3.62-3.88 3.75-4.13 1 

lAmenia i m p e r i a l i s 1 — 6.37 1 - 1 
1 - 0.88 1 — — 1 

lAmenia leonina 1 3.56-4 .00 7.12 1 - - 1 
1 0.62-0' :74 1.24 1 - — 1 

1Stombrhina c r i b r a t a — 1 — 6.88 1 
1 - .j - 2.75 1 

i T r i c y c l e a deemingi I _ — 1 4.13-4.50 - 1 
1 - 1 1.00-1.50 — 1 

1Auchmeromyia l u t e o l a 1 _ — |8.63-11.25 7.38-7.63 1 
1 - 1 2.75-3.88 3.38-3.63 1 

1Elephantoloemus 1 — 2 63-2. 88 1 3.25-8.25 - 1 
1 i n d i c u s 1 - 1- 75-2. 00 1 1.88-3.75 — 1 
iBooponus intonsus 1 _ — 1 3.50-4.88 - 1 

1 - 1 1.90-2.25 — 1 
ICordylobia r o d h a i n i 1 — - |13.63-14.38 1 

1 - - 1 6.75-7.38 — 1 
1 Cor. ruandae _ — |9.50-11.50 - 1 

1 - 1 3.38-4.00 - 1 
1 Cor. anthropophaga • 1 — 4. 00-5. 00 19.63-13.00 - 1 

0. 94-1. 88 1 3.50-4.75 
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i n s t a r s are more u n i f o r m l y c y l i n d r i c a l , although they also tend t o 

taper at. the a n t e r i o r end. An exception i s the second i n s t a r of the 

cutaneous p a r a s i t e Cordylobia anthropophaga i n which the a n t e r i o r h a l f 

o f the body i s considerably t h i c k e r than the p o s t e r i o r h a l f . 

The shape o f a l a r v a as described above i s as seen i n dead and 

relax e d specimens. I n l i f e , however, the l a r v a l body ha& a n a t u r a l 

c u r v a t u r e , as seen i n F i g . 192 . This curvature i s shared w i t h most 

other Cyclorrhaphous larvae, but i t i s not very obvious i n , e.g. the 

bloodsucking species mentioned above. 

The shape o f a l a r v a i s o f t e n a f e a t u r e of some taxonomic value. 

I t i s best expressed as a Shape Factor (SF) c a l c u l a t e d by d i v i d i n g the 

g r e a t e s t width o f the l a r v a by i t s length. Larvae t h a t are t h i c k e r i n 

r e l a t i o n t o t h e i r l ength give a higher value than others (see 

Table I I I ) . Thus C a l l i p h o r a v i c i n a gives a value of 0.20-0.21, while 

the barrel-shaped P r o t o c a l l i p h o r a azurea gives a value o f 0.26-0.34. 

4.2.3 Segmentation 

A t y p i c a l C a l l i p h o r i d l a r v a has twelve v i s i b l e segments, one 

c e p h a l i c , three t h o r a c i c and e i g h t abdominal segments (F i g . 1 9 4 ) . 

However, the number o f segments i n the t h i r d i n s t a r has been a matter 

o f debate i n the past. Weismann (1864) and Brauer (1883) counted 

twelve segments, but the l a t t e r author considered t h a t the l a s t 

segment a c t u a l l y represents two fused segments. Much e a r l i e r , Newport 

(1839) s t a t e d t h a t the l a r v a o f C a l l i p h o r a vomitoria (as Musca 

v o m i t o r i a ) had fourteen segments. Schiner (1863) stated t h a t Diptera 

larvae normally possess t h i r t e e n segments. (As f a r as the number of 

v i s i b l e segments goes, t h i s statement i s c e r t a i n l y t r u e of the 

Nematocera, but not the Brachycera or Cyclorrhapha). Lowne (1890) 

believed t h a t s i x t e e n segments were present i n C. v i c i n a . Hewitt 



TABLE I I I 

T h i r d I n s t a r and Puparium Shape Factors (SF) 
Shape Factor = Greatest Width 

Length 



1 Species 3rd I n s t a r SF | Puparium SF | 

I C a l l i p h o r a v i c i n a 0.19-0.21 1 0 42-0.43 i 

|C. v o m i t o r i a 0.18-0.19 1 0 42-0.43 . 1 

|C. u r a l e n s i s 0.19 1 0. 40-0.43 1 

|C. a l p i n a 0.21-0.24 1 0.43 1 
|C. subalpina 0.16-0.22 1 0. 29-0.31 1 

|C. loewi 0.22-0.26 1 0. 33-0.39 1 

j c . l a t a 0.18-0.19 1 -

|C. quadrimaculata 0.14-0.24 i 0. 35-0.37 1 

|C. hortona 0.19-0.20 1 0. 38-0.40 1 

|C. terraenovae 0.18-0.19 1 -

|C. l i v i d a 0.18-0.20 i -
|C. s t y g i a 0.18-0.19 1 -

1C. augur 0.14-0.19 1 0. 42-0.44 1 

|C. ochracea 0.15-0.16 1 -

1 C . c r o c e i p a l p i s 0.13-0.22 1 -

1Cynomya mortuorum 0.23-0.25 1 0. 37-0.39 1 

1Cynomyopsis cadaverina 0.21-0.22 1 -

1 T r i c e r a t o p y g a 
1 c a l l i p h o r o i d e s 

0.18-0.19 1 1 
1 E u c a l l i p h o r a l a t i f r o n s 0.20-0.23 1 -

l A l d r i c h i n a grahami 0.18—0.19 1 0. 34-0.35 1 

| L u c i l i a s e r i c a t a 0.17-0.18 1 0. 40-0.41 1 

| L . caesar 0.20-0.22 1 0. 35-0.36 1 

1 L . ampullacea 0.18-0.19 i 1 



1 Species j 3rd I n s t a r SF | Puparium SF 

[ L u c i l i a cuprina 1 0 .20-0.23 1 -

| L . porphyrina 1 0 .14-0.16 1 -

| L . bufonivora 1 0 .20-0.25 j -

| L . c a e r u l e i v i r i d i s 1 0 .16-0.18 1 -

| L . pallescens 1 0 .16-0.17 1 -

1 H e m i p y r e l l i a 
1 l i g u r r i e n s 

1 0 20-0.21 1 0 .44-0.45 1 

| H . fernandica 1 0 10-0.23 1 0 .40-0.42 1 

| P o l l e n i a r u d i s i 0 28-0.29 1 0 .35-0.44 1 

1Chrysomya bezziana 1 0 24-0.25 1 1 
Ch. chloropyga 1 0 21-0.23 1 1 
Ch. p u t o r i a 1 0 18-0.20 1 0 34-0.37 1 

Ch.. albiceps 1 0. 46-0.61 1 0 28-0.57 1 

Ch. r u f i f a c i e s i 0. 16-0.20 1 1 
Ch. i n c i s u r a l i s 0.33 1 1 
Ch. varipes 1 0. 21-0.23 1 0 34-0.35 1 

Ch. marg i n a l i s 1 0. 22-0.28 1 1 
Ch. megacephala 1 0. 20-0.22 1 1 
Ch. semimetallica 1 0. 22-0.24 1 1 
Ch. saffranea 1 0. 21-0.25 1 1 
Ch. p i n g u i s 1 0. 18-0.20 1 0. 41-0.43 1 

Cochliomyia 
hominivorax 

1 0. 19-0.20 1 1 

Co. m a c e l l a r i a 1 0. 16-0.19 1 0. 41-0.42 1 

Phormia regina 1 0. 18-0.20 1 0. 27-0.36 1 

Ph. terraenovae 1 0. 21-0.22 1 0. 30-0.37 1 



1 Species | 3rd I n s t a r SF | Puparium SF 

IBoreellus a t r i c e p s | 0.21-0.24 1 0.41-0.43 

1 P r o t o c a l l i p h o r a azurea | 0.30-0.34 1 0.47-0.49-

|Pr. s i a l i a | 0.36-0.43 1 -

|Pr. avium | 0.32-0.34 1 0.42-0.44 1 

I S t o m o r h i n a c r i b r a t a | 0.39 1 1 
i T r i c y c l e a deemingi | 0.24-0.33 1 1 
1Auchmeromyia l u t e o l a | 0.31-0.34 1 0.45-0.47 1 

1Elephantoloemus i n d i c u s ] 0.45-0.58 1 1 
Booponus intonsus | 0.46-0.54 1 1 
Cordylobia r o d h a i n i | 0.49-0.51 1 1 
Car. anthropophaga | 0.34-0.36 1 1 
Cor. r u a n d a e | 0.36-0.37 1 1 
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(1910), working on Musca domestica (Muscidae), counted t h i r t e e n 

segments, t a k i n g as h i s c r i t e r i o n the arrangement of the somatic 

musculature. The cause o f t h i s d i f f e r e n c e i n opinion i s not only the 

pos s i b l e dual nature o f the l a s t segment, but also the p o s s i b i l i t y 

t h a t the second ( o r f i r s t t h o r a c i c ) segment i s i n f a c t two segments, 

comprising a n t e r i o r l y the so- c a l l e d Newport's segment and p o s t e r i o r l y 

the ' t h i r d ' segment. I n t h i s t h e s i s Weismann's system (twelve 

segments) i s f o l l o w e d , as i t i s p r a c t i c a l l y the most convenient system 

on which t o base the taxonomy o f these larvae. 

However, a few words need t o be sai d about the c r i t e r i a used i n 

d e l i m i t i n g the segments. Each segment (except the f i r s t and l a s t ) i s 

d e l i m i t e d by a d e f i n i t e r i n g - l i k e crease a n t e r i o r l y and p o s t e r i o r l y ; 

the f i r s t and l a s t segments being d e l i m i t e d by a crease p o s t e r i o r l y 

and a n t e r i o r l y r e s p e c t i v e l y . The a n t e r i o r sind p o s t e r i o r margins o f 

each segment are o f t e n ringed by a band of spines (see Fig. 194), but 

these bands are not always complete. 

I n the case o f the f i r s t t h o r a c i c segment there i s present, 

approximately mid-segmentally, a wide s p i n a l band which i s incomplete 

d o r s a l l y ( F i g . 198). No crease or f o l d accompanies t h i s band, however. 

I t i s the presence o f t h i s band t h a t has caused authors t o disagree as 

t o whether t h i s segment i s , i n f a c t , a complex of two. Lowne (1890) 

gives a misleading i l l u s t r a t i o n (p.34) o f t h i s segment; he shows the 

mid-segmental s p i n a l band as being complete, whereas i t i s never 

complete i n any o f the species studied by me. On the other hand, Tao 

(1927) s t a t e s t h a t the f i r s t t h o r a c i c segment cannot be divide d i n t o 

two on the basis o f e x t e r n a l f e a t u r e s , since the "complete f o l d and 

spinose annulus which o r d i n a r i l y i n d i c a t e the separation o f the 

segments are absent between the second and t h i r d segments". This 

statement i s i n c o r r e c t ; as noted above, the f o l d i s absent, but the 
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s p i n a l band, though incomplete, i s present. 

Regarding the dual nature of the l a s t segment, there i s present 

a crease v e n t r a l l y and approximately mid-segmentally, but no spines 

are ever present on e i t h e r side of i t . Lowne (1890) i l l u s t r a t e s t h i s 

crease as reaching d o r s a l l y t o meet the p o s t e r i o r rim o f the segment 

(p.34), whereas i t i s always incomplete i n the m a t e r i a l studied by me. 

The dual nature o f the second and t w e l f t h segments i s not 

e x t e r n a l l y apparent i n the e a r l y i n s t a r s . 

4.2.4 Processes, P a p i l l a e and Surface Structures 

I n t h i s s e c t i o n , a l l surface s t r u c t u r e s (except the spines, 

h a i r s and s p i r a c l e s ) w i l l be described and t h e i r taxonomic value 

discussed. 

4.2.4.1 The Cephalic Segment 

Although the misleading statement 'acephalous' i s o f t e n used to 

describe Cyclorrhaphous larvae (e.g. Richards and Davies, 1977), these 

l a r v a e do, i n f a c t , have a h i g h l y s p e c i a l i s e d head. I n the t h i r d 

i n s t a r C a l l i p h o r i d a e i t i s d i v i d e d i n t o two ( r i g h t and l e f t ) cephalic 

lobes ( F i g . I l l ) each bearing f i v e p a p i l l a e , only two o f which are 

v i s i b l e on slide-mounted specimens under low power. The more d o r s a l l y 

s i t u a t e d of these p a p i l l a e i s generally considered t o be the homologue 

of the antenna (Ludwig, 1949; Roberts, 1971; Hartley, 1963). I t i s 

composed o f two p a r t s : a basal, roughly c y l i n d r i c a l p a r t , and a much 

smaller, c o n i c a l , a p i c a l p a r t ( F i g . 190). The more v e n t r a l p a p i l l a i s 
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considered t o be a m a x i l l a r y palp homologue. I t i s roughly c y l i n d r i c a l 

and bears several minute tubercles on i t s a p i c a l surface ( F i g . 190 ). 

The c u t i c l e around the palp has a r e t i c u l a t e appearance, and s i t u a t e d 

amongst these r e t i c u l a t i o n s are two much smaller p a p i l l a e (S, i n 

F i g . 190), the l a r g e r o f which i s s i t u a t e d closer t o the palp than the 

smaller one, which i s s i t u a t e d more d o r s a l l y . The l a t t e r i s of t e n 

d i f f i c u l t t o see, even under high power; I term these the lower and 

upper supra-maxillary p a p i l l a e r e s p e c t i v e l y . The f i f t h p a p i l l a i s 

s i t u a t e d a t the edge o f the o r a l c a v i t y and i s said t o be sensory i n 

f u n c t i o n (Roberts, 1971). I term t h i s the o r a l p a p i l l a . I t i s bulbous 

i n form and possesses a s i n g l e minute t u b e r c l e a p i c a l l y . Associated 

w i t h i t are two or three small processes (Figs. H I and 190). 

These p a p i l l a e are o f l i m i t e d taxonomic value. However, i n some 

species, e.g. P r o t o c a l l i p h o r a azurea the antennae and palps are very 

much reduced. I n others, e.g. Cynomya mortuorum, the palps are q u i t e 

as l a r g e as the antennae. I n some species of Chrysomya e.g. Ch. 

r e g a l i s the upper supra-maxillary p a p i l l a i s separated from the lower 

one w h i l e i n a l l species of C a l l i p h o r a examined the p a p i l l a e were 

touching. The antennae are p a r t i c u l a r l y well-developed i n the 

t e r m i t o p h i l o u s species, Tricycleacteemingi ( F i g . 298 ). 

The f u n c t i o n o f the antennae (and possibly the palps) i s 

o l f a c t o r y (Bolwig, 1946), and not o p t i c a l as thought by Hewitt (1914). 

The v e n t r a l surface of the cephalic segment i s covered w i t h a 

se r i e s o f o r a l ridges (or pseudo-tracheae) t h a t are presumed t o 

channel food towards the mouth ( F i g . 112). I n cross-section each ridge 

appears as a T - l i k e s t r u c t u r e ( F i g . 116 ). These ridges are very 

uniform i n s t r u c t u r e throughout the Ca l l i p h o r i d a e and thus they are of 
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no taxonomic value, but they have been used d i a g n o s t i c a l l y at the 

f a m i l y l e v e l w i t h i n the Cyclorrhc^Dha (Teskey, 1981). 

Ve n t r a l t o the o r a l c a v i t y i s the lower l i p ( F i g . 116 ), whose 

dorsal surface i s covered w i t h a n t e r i o r l y p o i n t i n g spinules. A 

tongue-like s t r u c t u r e , covered w i t h long, t h i n spines a n t e r i o r l y and 

s h o r t e r , more robust spines p o s t e r i o r l y i s present as an evagination 

o f the p o s t e r i o r p a r t o f the lower l i p (Figs. 116 & 117). The lower l i p 

and tongue-like organ have revealed no features of diagnostic use. 

4.2.4.2 The Twelfth Segment 

The t h i r d i n s t a r t w e l f t h segment possesses a wealth of 

characters of taxonomic value ( F i g . 197 ). i t i s composed of a c i r c u l a r 

r i d g e t h a t encompasses the l a r g e r p a r t o f i t s p o s t e r i o r surface, and 

an anal protuberance v e n t r a l l y . The p o s t e r i o r s p i r a c l e s (see below) 

l i e i n the area d e l i m i t e d by the r i d g e . 

The ridge i t s e l f bears seven p a i r s o f p a p i l l a e on i t s margins; 

these are designated P̂  - P̂  as i n F i g . 197 . Lowne (1890) makes the 

erroneous statement t h a t only s i x p a i r s of p a p i l l a e are present; from 

h i s d e s c r i p t i o n i t appears t h a t he missed p a p i l l a e P̂  which are very 

small and o f t e n d i f f i c u l t t o see. P a p i l l a e P. are somewhat l a r g e r , but 
D 

s t i l l very small, while a l l the others are large and usually easy to 

see. A l l these p a p i l l a e are c o n i c a l i n shape (Figs. 108-110 ) and o f t e n 

bear f i n e tubercles on t h e i r surfaces, but t h i s feature can only be 

seen w i t h the SEM. I n a d d i t i o n , p a p i l l a e P^ o f t e n have an annulated 

appearance i n l i f e , but t h i s f eature i s not very obvious i n preserved 

m a t e r i a l ( F i g . 110 ). 
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The p a p i l l a e d i f f e r between species i n two ways: r e l a t i v e s i z e , 

and distance between one another. They are r e l a t i v e l y large i n species 

l i k e Phormia terraenovae ( F i g . 97 ) , and Chrysomya albiceps ( F i g . 98 ); 

i n the l a t t e r species they are r a t h e r broad and f l a t t e n e d . The other 

extreme may be seen i n P r o t o c a l l i p h o r a azurea where the p a p i l l a e are 

so reduced as t o be almost absent ( F i g . 99 ). I n the d e s c r i p t i o n s the 

s i z e o f a p a p i l l a has been i n d i c a t e d by comparing the width o f i t s 

base w i t h the distance between i t and another p a p i l l a . Another use f u l 

f e a t u r e f u r n i s h e d by these p a p i l l a e i s the p o s i t i o n of P̂  i n r e l a t i o n 

t o P and P ; i n some species i t i s closer t o P and i n others i t i s 

approximately e q u i d i s t a n t between P and P . 

The f u n c t i o n of these p a p i l l a e does not seem to have been 

i n v e s t i g a t e d . B r i n d l e (1957) used the size and number of anal p a p i l l a e 

o f T i p u l a larvae ( T i p u l i d a e ) t o c l a s s i f y the species of t h i s genus 

i n t o e c o l o g i c a l groups. He found t h a t those species possessing l a r g e r 

and more numerous p a p i l l a e l i v e d i n v/etter h a b i t a t s than d i d those 

t h a t possessed smaller and fewer p a p i l l a e , and he proposed t h a t these 

p a p i l l a e may have an osmoregulatory f u n c t i o n . Dr J.C. Coulson 

(pers. comm.) has suggested t h a t they are more l i k e l y to be 

r e s p i r a t o r y i n f u n c t i o n . Be t h a t as i t may, the decrease i n size of 

the p o s t e r i o r p a p i l l a e i n C a l l i p h o r i d a e also seems to be c o r r e l a t e d 

w i t h dryer h a b i t a t s . Thus, P r o t o c a l l i p h o r a azurea, which l i v e s i n the 

warm, dry h a b i t a t of b i r d s ' nests, possesses very much reduced 

p a p i l l a e , whereas species t h a t l i v e i n carcasses i n c o l d , wet 

environments, e.g. Boreellus a t r i c e p s ( F i g . 96 ) , possess w e l l -

developed p a p i l l a e . 

I n the area d e l i m i t e d by the r i d g e , there l i e , v e n t r a l t o the 
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p o s t e r i o r s p i r a c l e s , two c i r c u l a r , w r i n k l e d areas of the c u t i c l e 

( F i g . 197); they have revealed no features of taxonomic use. The whole 

area d e l i m i t e d by the r i d g e , however, does vary between species; i t i s 

sunk w e l l below the l e v e l of the ridge i n some species, e.g. Boreellus 

a t r i c e p s ( F i g . 9 6 ) , while i n other species, e.g. most species o f 

C a l l i p h o r a , the area i s at most only s l i g h t l y concave. I n 

P r o t o c a l l i p h o r a ( F i g . 99 ) i t i s even somewhat convex, or r a i s e d ; i n 

t h i s genus the r i d g e i s hardly d i s c e r n i b l e . 

The v e n t r a l p a r t of the p o s t e r i o r segment i s composed of the 

anal protuberance, which consists of the anal lobes and the anus 

( F i g . 197). Not much i n t e r s p e c i f i c v a r i a t i o n occurs i n the s t r u c t u r e of 

t h i s p a r t o f the segment, although the protuberance does appear to be 

more pronounced ( i . e . i t takes up a greater p r o p o r t i o n of the segment) 

i n species w i t h a low Shape Factor (see 4.2.2) than i n others. The 

anus i s d e l i m i t e d by two f l e s h y l i p s ( F i g . 101 ) and, i n most species 

s t u d i e d , e x h i b i t e d no features of diagnostic use. However, i n the 

t e r m i t o p h i l o u s T r i c y c l e a deemingi, a h e a v i l y s c l e r o t i s e d anal p l a t e i s 

found ( F i g . 297 ). This i s the only C a l l i p h o r i d seen by me t h a t 

possesses t h i s s t r u c t u r e ; the anal p l a t e , as w e l l as anal tubercles, 

are almost always present i n Muscidae (Skidmore, 1973; Ferrar, 1979). 

I n the e a r l y i n s t a r s the above-mentioned p a p i l l a e are also 

present, but are much less developed. They were not found to be o f 

d i a g n o s t i c use i n these stages. 

F i n a l l y , the p o s t e r i o r s p i r a c l e s and the s p i n u l a t i o n of the 

t w e l f t h segment are of great systematic value; these are discussed 

below. 
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4.2.4.3 The Thoracic and Remaining Abdominal Segments 

I n most C a l l i p h o r i d larvae the only surface s t r u c t u r e s present 

on these segments are small p a p i l l a e resembling the o r a l p a p i l l a e on 

the cephalic segment (see 4.2.4.1), but r a t h e r smaller. They are 

s i t u a t e d l a t e r a l l y and v e n t r a l l y (and about mid-segmentally on a l l the 

segments from the second t h o r a c i c t o the seventh abdominal i n c l u s i v e . 

There are about ten per segment and they vary somewhat i n s i z e , the 

more v e n t r a l ones tending t o be l a r g e r . 

Sinton (1921) used these p a p i l l a e t o d i f f e r e n t i a t e between 

L u c i l i a s e r i c a t a and Chrysomya megacephala (as Pycnosoma dux) on the 

basis o f the number o f p a p i l l a e per segment and t h e i r p o s i t i o n s on the 

segment. For example, he i l l u s t r a t e s Ch. megacephala w i t h four 

p a p i l l a e s i t u a t e d a t each side ( e i g h t i n t o t a l ) on the second t h o r a c i c 

segment. He also shows L. s e r i c a t a as possessing an a d d i t i o n a l p a i r 

( t e n i n t o t a l ) s i t u a t e d v e n t r a l l y on the equivalent segment. I n 

general, he showed L. s e r i c a t a as possessing more v e n t r a l p a p i l l a e 

than Ch. megacephala. 

I attempted t o repeat Sinton's work using the same two species. 

The method I employed was as f o l l o w s : The l a r v a was cut open 

mid-dorsally from end t o end, the body contents were removed, and s k i n 

was washed i n clean water, i t was then mounted f l a t ( e x t e r n a l surface 

upwards) on a s l i d e , using Berlese's F l u i d as mounting medium, and 

covered w i t h a large c o v e r s l i p . The preparation was examined under a 

compound microscope a t magnifications of up t o X320. 

Using t h i s method I was unable t o d i s t i n g u i s h between the two 

species. The number o f p a p i l l a e on the second thor a c i c segment v a r i e d 



- 43 -

between s i x and ten i n both s p e c i e s , and no d i f f e r e n c e i n s i z e could 

be noted between the s p e c i e s . Two f u r t h e r s p e c i e s , C a l l i p h o r a v i c i n a 

and C a l l i p h o r a v o m i t o r i a , were examined by the above method. Again, i t 

was not p o s s i b l e to d i s t i n g u i s h between these two s p e c i e s , or between 

them and the f i r s t two s p e c i e s . 

There are two p o s s i b l e reasons why these r e s u l t s d i f f e r from 

S i n t o n ' s . F i r s t l y , S inton b o i l e d h i s specimens i n 10% KOH f o r one 

minute and then allowed them to soak f o r a f u r t h e r 5 or 10 minutes; he 

then dehydrated, c l e a r e d and mounted them i n Canada balsam. T h i s 

method, e s p e c i a l l y the KOH treatment, may have o b l i t e r a t e d some of the 

p a p i l l a e ; no KOH treatment was done i n the present study. Secondly, 

Sin t o n ' s specimens were de r i v e d from a few c a s e s of m y i a s i s i n I n d i a 

and P e r s i a and were thus only a few i n number; i t i s p o s s i b l e , 

t h e r e f o r e , t h a t h i s specimens, f a l l i n g as they do w i t h i n the n a t u r a l 

range of v a r i a t i o n , simply happened to show the numbers he 

i l l u s t r a t e s . I n t h i s study, t h i r t y specimens of each s p e c i e s were 

examined by the above method. 

I was not able to f i n d any t r a c e of these p a p i l l a e i n the e a r l y 

i n s t a r s . 

The t h i r d i n s t a r s of some s p e c i e s of Chrysomya possess long 

p r o c e s s e s on a l l but the f i r s t t h o r a c i c segment. There are t y p i c a l l y 

f o u r t e e n per segment, s i t u a t e d d o r s a l l y , l a t e r a l l y and v e n t r a l l y . The 

d o r s a l and l a t e r a l ones are always much longer than the v e n t r a l ones. 

The p r o c e s s e s of each s i d e are numbered 1-7 and arranged as shown i n 

F i g . 195 . I n a d d i t i o n , there i s present i n some s p e c i e s a s m a l l 

p r o c e s s , 4a, which i s s i t u a t e d v e n t r a l , and s l i g h t l y a n t e r i o r , to 
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process 4. Each process i s an outgrowth of the segment and i s topped 

with a t u f t of s p i n e s ( F i g . 115). 

Pr o c e s s e s 1 and 4a are of g r e a t d i a g n o s t i c value i n the s p e c i e s 

examined. The s t a l k s of the processes are u s u a l l y devoid of s p i n e s , 

but s p i n e s are pr e s e n t on process 1 i n Chrysomya s u f i f a c i e s . T h i s i s 

an e x c e l l e n t c h a r a c t e r with which to d i s t i n g u i s h t h i s s p e c i e s from Ch. 

a l b i c e p s whose process 1 i s devoid of sp i n e s (compare F i ^ . 114 & 115). 

I n Ch. i n c i s u r a l i s a l l processes possess s p i n e s on t h e i r s t a l k s . 

A l l known 'hairy' maggots of t h i s type are predatory upon other 

l a r v a e (Patton and Evans, 1929). I t i s s a i d t h a t the processes a i d the 

l a r v a to support i t s e l f while a t t a c k i n g i t s prey. 

The second i n s t a r s of 'hairy' maggots a l s o possess these 

p r o c e s s e s . The f i r s t i n s t a r s , however, possess only very small 

t u b e r c l e s i n the e q u i v a l e n t p o s i t i o n s . 

F i n a l l y , i t i s i n t e r e s t i n g to note t h a t , i n a l l known h a i r y 

maggots, the p o s t e r i o r p a p i l l a e of the t w e l f t h segment are always 

well-developed. 

4.2.5 S p i n u l a t i o n 

The arrangement and s t r u c t u r e of the spines of C a l l i p h o r i d 

l a r v a e a r e of g r e a t s y s t e m a t i c importance. The spines are present i n 

ge n e r a l bands (the s p i n a l - w e l t s of authors) a t the a n t e r i o r and 

p o s t e r i o r margins of the segments. As a general r u l e segments 2-12 

possess a n t e r i o r bands, while only segments 6 or 7-12 possess 

p o s t e r i o r bands. The s p i n e s forming the a n t e r i o r bands point 

backwards, while those forming the p o s t e r i o r bands point forwards. Not 
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a l l the bands form complete r i n g s round the segments; those a n t e r i o r 

bands p r e s e n t on p o s t e r i o r segments (9-12) and those p o s t e r i o r bands 

pr e s e n t on a n t e r i o r segments (6-9) tend to be incomplete d o r s a l l y . 

Furthermore, the more p o s t e r i o r l y s i t u a t e d an a n t e r i o r band i s , the 

more incomplete i t tends to become. S i m i l a r l y , the more a n t e r i o r l y 

s i t u a t e d a p o s t e r i o r band i s , the more incomplete i t too becomes. The 

r e s u l t of t h i s i s t h a t there are more backward-pointing spines on the 

a n t e r i o r h a l f of the l a r v a , but more forward-pointing spines on the 

p o s t e r i o r h a l f . The d o r s a l incompleteness of c e r t a i n bands i s often of 

use i n s p e c i f i c i d e n t i f i c a t i o n . 

I n a d d i t i o n to the bands proper, there i s present i n many 

s p e c i e s a r a t h e r s h o r t band s i t u a t e d immediately a n t e r i o r to the 

a n t e r i o r bands ( F i g . 196 ) one on e i t h e r s i d e . T h i s f e a t u r e i s 

p a r t i c u l a r l y well-developed i n s p e c i e s of Chrysomya, although i t i s 

pres e n t i n other genera. I term i t the p l e u r a l band. 

The p o s t e r i o r band of segment twelve i n the t h i r d i n s t a r 

deserves s p e c i a l mention, as the s p i n a l arrangement here i s often very 

u s e f u l i n the s e p a r a t i o n of s p e c i e s . T h i s 'band' i s c h a r a c t e r i s t i c a l l y 

composed of two s e m i - c i r c l e s of s p i n e s , one above and one below the 

anus ( F i g . 205 ) . The d i a g n o s t i c value of t h i s l i e s i n the extent to 

which the two s e m i - c i r c l e s converge on one another to form a complete 

c i r c l e of s p i n e s surrounding the anus. T h i s s p i n a l arrangement i s a 

very r e l i a b l e guide to the i d e n t i f i c a t i o n of many s p e c i e s . Another 

u s e f u l f e a t u r e i s the patch of sp i n e s immediately d o r s a l to the anus 

( F i g . 206 ) . T h i s may c o n s i s t of many, heavily-pigmented spines or a 

few weakly-pigmented ones, or may be absent a l t o g e t h e r . 

The a n t e r i o r bands s i t u a t e d on the more p o s t e r i o r segments 
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( u s u a l l y segment 6 onwards p o s t e r i o r l y ) are divi d e d v e n t r a l l y to form 

bands t h a t may be de s c r i b e d as having an i n v e r t e d Y-shape ( F i g . 1 9 3 ) . 

T h i s f e a t u r e v a r i e s a g r e a t deal i n t r a s p e c i f i c a l l y and could not be 

used f o r d i a g n o s t i c purposes. 

Not a l l s p e c i e s have t h e i r s pines l o c a l i s e d i n bands. Some 

s p e c i e s , e.g. Cordylobia, P r o t o c a l l i p h o r a and Elephantoloemus s p e c i e s , 

p o s s e s s s p i n e s t h a t are uniformly d i s t r i b u t e d over the e n t i r e body 

s u r f a c e . I n other s p e c i e s , e.g. Booponus intonsus, the whole s u r f a c e 

i s not covered, but the sp i n e s seem to be d i s t r i b u t e d randomly. In 

those s p e c i e s i n which the s p i n e s are l o c a l i s e d i n bands, t h a t p a r t of 

the c u t i c l e i n which they are s i t u a t e d i s almost always somewhat 

thickened ( F i g . 100). 

On the second segment (or f i r s t t h o r a c i c segment) there i s 

prese n t , i n a d d i t i o n to the u s u a l a n t e r i o r band, a second, much wider, 

d o r s a l l y incomplete band, s i t u a t e d approximately mid-segmentally (see 

4.2.3.: Newport's segment). The width of t h i s second band i n r e l a t i o n 

to the width of the s p i n e l e s s a r e a between i t and the a n t e r i o r band i s 

of d i a g n o s t i c value i n some s p e c i e s . 

The s t r u c t u r e and degree of pigmentation of the spines 

themselves are of g r e a t s y s t e m a t i c value. Each spine c o n s i s t s of a 

broad base and a tooth, the pigmentation being g r e a t e s t i n , e i t h e r the 

tooth i t s e l f , or the are a where the base and the tooth j o i n ; t h i s 

f e a t u r e i s thus of d i a g n o s t i c use (compare e.g. F i g s . 41 and 42 ) • A 

c r o s s - s e c t i o n through the sp i n e s of L u c i l i a s e r i c a t a shows th a t the 

pigment i s l o c a t e d only p e r i p h e r a l l y i n the base, but that i t i s 

d i s t r i b u t e d throughout the body of the tooth ( F i g . 77 ) . The degree of 

pigmentation ( i . e . how dark-coloured the spine i s ) i s a l s o a fea t u r e 
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of d i a g n o s t i c use, but i t i s not easy to de s c r i b e i n words; however, a 

comparison of e.g. F i g s . 48 & 49 w i l l show c l e a r l y the d i f f e r e n c e i n 

pigmentation. ( I t must be noted t h a t the colour of the spines i s a 

dark brown to a l i g h t orange colour. T h i s , of course, appears black or 

grey i n the photographs.) 

The form of the spi n e s themselves i s an e x c e l l e n t d i a g n o s t i c 

c h a r a c t e r , but which has h i t h e r t o hardly been e x p l o i t e d i n the 

taxonomy of the C a l l i p h o r i d a e and most other Cyclorrhapha. The spines 

may be s m a l l with pointed t i p s , or l a r g e with rounded t i p s (compare 

e.g. F i g s . 40 & 4 1 ) . Intermediate forms a l s o occur. I n many s p e c i e s , 

e.g. Chrysomya p i n g u i s ( F i g , 6 2 ) and Cochliomyia hominovorax ( F i g . 6 5 ) 

each spine may possess two or three t e e t h . The spines of many s p e c i e s 

may be q u i t e long, e.g. P r o t o c a l l i p h o r a azurea ( F i g . 67 ) and Amenia 

i m p e r i a l i s d u b i t a l i s ( F i g . 7 0 ) . Many s p e c i e s possess spines t h a t are 

s t r i k i n g l y d i f f e r e n t from the us u a l form, e.g. the s c a l e - l i k e s pines 

of Chrysomya a l b i c e p s ( F i g . 71 ) and the long h a i r - l i k e s pines on the 

f i r s t segment of P r o t o c a l l i p h o r a ( F i g . 68 ) . I n the l a t t e r genus the 

f i r s t segment i s adapted as a sucker, and these long spines presumably 

enable the l a r v a to obtain a g r i p on the host's s k i n . The spines a t 

the apex o f the above-mentioned body processes of the h a i r y maggots 

are a l s o d i s t i n c t i v e ( F i g . 115). 

The s p i n e s on any one i n d i v i d u a l are never uniform i n shape. I n 

g e n e r a l , the a n t e r i o r s p i n e s of the a n t e r i o r bands, and the p o s t e r i o r 

s p i n e s of the p o s t e r i o r bands are much more robust than those s i t u a t e d 

more p o s t e r i o r l y or a n t e r i o r l y r e s p e c t i v e l y . I n many s p e c i e s , 

e s p e c i a l l y of Phormia, the p o s t e r i o r spines of the a n t e r i o r bands are 

of somewhat d i f f e r e n t type, being much sm a l l e r and narrower 

( F i g . 69 ) . The s p i n e s on the v e n t r a l p a r t of the a n t e r i o r band of 
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seg. 2 are always more robust. 

The arrangement of the sp i n e s w i t h i n the bands i s often a u s e f u l 

s p e c i f i c c h a r a c t e r . I n many s p e c i e s , e s p e c i a l l y those with l a r g e 

s p i n e s , the s p i n e s are l o c a t e d a l t e r n a t e l y i n the rows ( F i g . 48 ) but 

ther e are always a r e a s on the bands where t h i s arrangement breaks 

down. I n other s p e c i e s , no p a t t e r n a t a l l i s d i s c e r n i b l e , although i n 

some the s p i n e s are oft e n i n neat ( n o n - a l t e r n a t e ) rows i n large areas 

of the bands ( F i g . 52 ) , whereas i n others the spines appear to be 

arranged t o t a l l y haphazardly ( F i g . 50 ) . The bands are u s u a l l y from 

about seven to twelve s p i n e s broad, with those s p e c i e s p o s s e s s i n g 

l a r g e s p i n e s having fewer s p i n e s per band. 

The above remarks r e f e r to a l l l a r v a l i n s t a r s , although the 

sp i n e s of the f i r s t and second i n s t a r s are s m a l l e r and never have more 

than one tooth. 

Apart from the s p i n e s , there are present on the t w e l f t h segment 

i n the f i r s t and second i n s t a r s a c i r c l e of f i n e h a i r s s i t u a t e d around 

the p o s t e r i o r s p i r a c l e s . These h a i r s were found to be an e x c e l l e n t 

c h a r a c t e r f o r d i s t i n g u i s h i n g between the e a r l y i n s t a r s of C a l l i p h o r a 

and L u c i l i a , being c o n s i d e r a b l y longer and more robust i n the former 

genus ( F i g s . 73 & 74 ) . I n p r a c t i c a l terms, C a l l i p h o r a h a i r s may be 

seen under low power, but those of L u c i l i a cannot. 

4.2.6 The T r a c h e a l System 

A g r e a t deal of information on the r e s p i r a t o r y systems of 

D i p t e r a was presented by K e i l i n (1944). Whitten (1955, 1960) 

e s t a b l i s h e d the s y s t e m a t i c value of the i n t e r n a l r e s p i r a t o r y systems 
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of D i p t e r a l a r v a e a t the family l e v e l . 

An attempt was made to f i n d d i a g n o s t i c f e a t u r e s i n the i n t e r n a l 

t r a c h e a l system t h a t would serve to d i s t i n g u i s h between the genera 

C a l l i p h o r a and L u c i l i a . The method adopted was as f o l l o w s : Larvae were 

a e t h e r i s e d and then pinned a t the extreme a n t e r i o r and p o s t e r i o r ends 

onto a d i s s e c t i n g d i s h and covered with i n s e c t s a l i n e . The integument 

was then c u t open and pinned back and the t r a c h e a l system examined. 

The s p e c i e s examined were t h i r d i n s t a r C. v i c i n a and L. s e r i c a t a ; f i v e 

specimens of each s p e c i e s were d i s s e c t e d . 

Two f e a t u r e s o f p o s s i b l e d i a g n o s t i c use were noted. The j u n c t i o n 

of the l a t e r a l branch from the d o r s a l c e r v i c a l anastomosis (Fig.199 ) 

appeared to be s i t u a t e d c l o s e r to the l a t e r a l trunk i n C a l l i p h o r a than 

i n L u c i l i a . The t e n t h anastomosis, immediately behind the p o s t e r i o r 

s p i r a c l e s , appears s h o r t e r i n C a l l i p h o r a than i n L u c i l i a ( F i g . 199). 

Another f e a t u r e of the i n t e r n a l t r a c h e a l system, f i r s t noted by 

Laake, Cushing and P a r i s h (1936) and confirmed by the present study, 

i s t h a t the p o s t e r i o r p a r t s of the l a t e r a l trunks are darkly 

pigmented i n Cochliomyia hominivorax, but are the normal t r a c h e a l 

c o l o u r i n Cochliomyia m a c e l l a r i a . 

However, the f e a t u r e s o f g r e a t e s t taxonomic value are the 

s t r u c t u r e of the a n t e r i o r and p o s t e r i o r s p i r a c l e s which are v i s i b l e 

e x t e r n a l l y . The a n t e r i o r s p i r a c l e s a re s i t u a t e d on the second segment 

i n the second and t h i r d i n s t a r s , but were long thought to be absent i n 

the f i r s t i n s t a r . However, K i t c h i n g (1976) was able to detect them i n 

t h i s i n s t a r as simple holes i n s p e c i e s of A u s t r a l i a n L u c i l i a and 

Chrysomya u s i n g the SEM. I have not been abl e to f i n d them i n 

C a l l i p h o r a v i c i n a using t h i s technique. 
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I n the l a t e r i n s t a r s the a n t e r i o r s p i r a c l e , which i s the 

a n t e r i o r extremity of the l a t e r a l trunk, can be seen as a multi-lobed 

s t r u c t u r e ( F i g . 200). I t has a g r a n u l a r appearance, i s yellow or 

orange i n colour and l a c k s the s p i r a l t h i c k e n i n g s of the t r a c h e a l 

trunk. The body of the s p i r a c l e i s termed the f e l t chamber. Froggatt 

(1918) s t a t e d that, the p a r t of the chamber c l o s e s t to the lobes i s 

l i g h t e r - c o l o u r e d than the r e s t of the chamber i n some s p e c i e s and t h a t 

t h i s f e a t u r e enabled s p e c i f i c s e p a r a t i o n of c e r t a i n s p e c i e s . While 

t h i s f e a t u r e does occur, i t i s very v a r i a b l e i n t r a s p e c i f i c a l l y and I 

have not found i t r e l i a b l e f o r i d e n t i f i c a t i o n . 

The t h i c k n e s s of the chamber and the general arrangement of the 

lobes (e.g. t r e e - l i k e , f a n - l i k e ) , have been considered to be of 

d i a g n o s t i c use i n c e r t a i n groups of C a l y p t e r a t e l a r v a e (e.g. F e r r a r , 

1979), but i n the C a l l i p h o r i d a e i t was found t h a t these f e a t u r e s were 

very v a r i a b l e w i t h i n one s p e c i e s . An exception i s the genus Amenia, 

where the chamber i s very narrow and the arrangement of the numerous 

lobes may be s a i d to be ' t r e e - l i k e ' i n appearance ( F i g . 293). 

The number of lobes, however, i s of great systematic use, 

each s p e c i e s having a l i m i t e d range, r a t h e r than a d e f i n i t e 

f i x e d number (see Table I V ) . T h i s f e a t u r e i s of p a r t i c u l a r use 

a t the s p e c i f i c , r a t h e r than the g e n e r i c , l e v e l . Thus, i n the 

genus C a l l i p h o r a , C a l l i p h o r a loewi possesses 5-8 lobes ( u s u a l l y 

5 or 6 ) , whereas C a l l i p h o r a vomitoria possesses 9-12 lobes ( u s u a l l y 

10 or 11) i n the t h i r d i n s t a r . The number of lobes may be 

d i f f e r e n t i n the two s p i r a c l e s i n an i n d i v i d u a l ; a l s o , the 

number i s often, but not always, g r e a t e r i n the t h i r d i n s t a r 

than i n the second. The lobes of the s p i r a c l e are, i n f a c t , 

double s t r u c t u r e s , as may be seen i n F i g . 107. In the s p e c i e s 



TABLE IV 

(AS) Number of lobes of a n t e r i o r s p i r a c l e s of 2nd and 3rd I n s t a r s 
(PSD) P o s t e r i o r s p i r a c l e g r e a t e s t diameter of 3rd I n s t a r and Puparium 

( i n mm) 



1 S p e c i e s 12nd I n s t a r 
1 AS 

1 3 r d I n s t a r 
1 AS 

1 3 r d I n s t a r 
1 PSD 

1 Puparium | 
1 PSD 1 

1 C a l l i p h o r a v i c i n a 1 8-10 1 8-11 1 0.23-0.30 j o . 2 0 - 0 . 2 5 1 

|C. v o m i t o r i a i 9-11 i 9-12 i 0.33-0.38 |0.31-0.33 i 

|C. u r a l e n s i s 1 9-11 1 9-11 1 0.33-0.35 |0.28-0.33 1 

|C. a l p i n a i 5-8 1 5-8 1 0.18-0.20 j o . 2 0 - 0 . 2 1 1 

|C. s u b a l p i n a 1 5-8 1 5-8 1 0.20-0.23 1 0 . 1 7 - 0 . 2 0 1 

|C. loewi 1 5-6 5-8 1 0.17-0.19 1 0 . 1 5 - 0 . 1 8 1 

|C. l a t a 1 10-12 0.25-0.30 1 - 1 
|C. quadrimaculata 1 • - 12-13 0.23-0.29 1 -
|C. hortona 1 6-7 6-7 0.23-0.30 |0.20-0.23 1 

|C. terraenovae 1 8-9 8-9 0.23-0.28 1 - 1 
|C. l i v i d a 1 10-11 0.28-0.30 1 - 1 
|C. s t y g i a 1 10-11 11-12 0.31-0.;!!) 1 - 1 
1 C . augur 1 9-10 9-10 0.22-0.3 j o . 2 2 - 0 . 2 8 1 

|C. ochracea 1 9-10 0.23-0.30 1 - 1 
|C. c r o c e i p a l p i s 1 8-10 9-10 0.23-0.30 1 - 1 
1Cynomya mortuorum 1 8-10 8-10 0.22-0.25 j o . 1 7 - 0 . 2 3 1 

1Cynomyopsis 
1 c a d a v e r i n a 

6-7 0.25-0.28 

T r i c e r a t o p y g a 
c a l l i p h o r o i d e s 

7-8 0.23-0.25 

E u c a l l i p h o r a 
l a t i f r o n s 

7-8 0.23-0.30 

A l d r i c h i n a grahami 1 - 1 9-1 1 1 0.22-0.;", 1 
L u c i l i a s e r i c a t a 1 '̂ -9 1 7-9 1 0.25-0.28 0.20-0.22 1 

L. c a e s a r 1 8-9 1 9-10 1 0.20-0.25 0.20-0.23 1 



1 S p e c i e s 12nd I n s t a r 
1 AS 

1 3 r d I n s t a r 
1 AS 

1 3 r d I n s t a r 
1 PSD 

Puparium | 
PSD 1 

| L u c i l i a ampullacea 1 7-8 1 7-8 1 0.23-0.26 - 1 
| L . c u p r i n a j' 4-5 1 4-5 1 0.20-0.23 -

| L . p o rphyrina 1 7-8 1 7-8 1 0.25-0.26 -

| L . b ufonivora 1 4-6 1 4-6 1 0.26-0.28 -

| L . c a e r u l e i v i r i d i s 1 1 7-9 1 0.25-0.26 - j 
| L . p a l l e s c e n s 1 1 6-7 1 0.20-0.23 j o .20-0 23 1 
1 H e m i p y r e l l i a 
1 l i g u r r i e n s 

1 7-8 1 7-9 1 0.20-0.22 | o . 23-0 2!:) 1 

|H. f e r n a n d i c a 1 1 7-8 1 0.23-0.25 | o .25-0 26 1 
1Chrysomya b e z z i a n a 1 4-6 1 4-6 1 0.43-0.45 -

|Ch. chloropyga 1 1 11-13 1 0.40-0.43 -

|Ch. p u t o r i a 1 12-13 1 12-13 1 0.40-0.43 | o .35-0 40 1 
|Ch. a l b i c e p s 1 8-10 1 11-12 1 0.43-0.45 | o .43-0 45 1 
|Ch. r u f i f a c i e s 1 11-12 1 11-12 1 0.33-0.35 | o .30-0 35 1 
|Ch. i n c i s u r a l i s 1 1 10-11 0.45-0.48 - 1 
|Ch. v a r i p e s - 8-9 0.25-0.30 | o .25-0. 28 1 
|Ch. m a r g i n a l i s - 11-13 0.55-0.63 | o bb-0. ( ) ( ) 1 
|Ch. megacephala i 12-13 12-13 0.53-0.60 -

|Ch. s e m i m e t a l l i c a 1 11-13 0.40-0.45 -

|Ch. s a f f r a n e a 1 12-13 0.25-0.43 -

|Ch. p i n g u i s 1 12-13 12-13 0.40-0.43 •-

1 Cochliomyia 
1 hominivorax -

8-9 0.40-0.42 -

|Co. m a c e l l a r i a 1 8-10 8-10 0.40-0.45 | o 40-0. 43 1 



1 S p e c i e s |2nd I n s t a r 
i AS 

|3rd I n s t a r 
i AS 

1 3 r d I n s t a r 
1 PSD 

1 Puparium | 
1 PSD j 

j P o l l e n i a r u d i s 1 i 4-5 j 0.25-0.28. | o .25-0 26 j 
|Phormia r e g i n a 1 9-11 1 9-11 i 0.35-0.38 j o .36-0 38 j 
[Ph. terraenovae 1 9-11 j 9-11 1 0.36-0.38 j o .32-0. 40 i 
i B o r e e l l u s a t r i c e p s 1 i 9-11 i 0.36-0.38 j o .33-0. 36 i 
1 P r o t o c a l l i p h o r a 
1 a z u r e a 

1 8 i 8 j 0.20-0.23 | o .20-0. 23 1 

|P. s i a l i a 1 j 8-10 j 0.24-0.25 -

|P. avium 1 1 8-10 j 0.27-0.28 -

lAmenia i m p e r i a l i s 1 Numerous 1 1 -

lAmenia l e o n i n a 1 Numerous 1 1 -

| T r i c y c l e a deemingi 1 i 10 j 0.20-0.25 -

1Auchmeromyia l u t e o l a 1 j 3-5 j 0.15-0.20 j o .15-0. 20 1 
1Elephantoloemus 
1 i n d i c u s 

1 9 i 9-10 j 0.10-0.18 -

1Booponus in t o n s u s 1 j 9-10 j 0.18-0.20 -

1 C o r d y l o b i a r o d h a i n i j 1 6-9 1 0.35-0.38 - j 
|Cor. anthropophaga 1 1 5-7 1 0.22-0.27 -

|Cor. ruandae 1 5-7 0.20-0.25 
1 

- 1 
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d e s c r i p t i o n s the number of lobes r e f e r s to the number of each complete 

lobe, not to i t s components. 

The p o s t e r i o r s p i r a c l e s , s i t u a t e d on the t w e l f t h segment, are i n 

the f i r s t i n s t a r simple, kidney-shaped s t r u c t u r e s , (Fig.201 ) , whereas 

i n the second and t h i r d i n s t a r s they are much more ela b o r a t e . I n the 

l a t t e r i n s t a r s the s p i r a c l e c o n s i s t s of an outer h e a v i l y s c l e r o t i s e d 

r i n g , the peritreme, which surrounds the s p i r a c u l a r apertures. I n the 

second i n s t a r the peritreme i s incomplete a t the v e n t r a l end, and 

th e r e a r e two a p e r t u r e s ( F i g . 2 0 2 ) . I n the t h i r d i n s t a r ( F i g . 204) the 

peritreme i s complete and a 'button' i s present a t the v e n t r a l end; 

t h i s i s the e c d y s i a l s c a r of the second i n s t a r s p i r a c l e ( K e i l i n , 

1944). Three a p e r t u r e s are present i n the t h i r d i n s t a r . 

Each aperture possesses a s u p e r f i c i a l s e r i e s of i n t e r l o c k i n g 

t e e t h , whereas deeper i n s i d e the s t r u c u t r e there i s a network of 

anastomosing bands ( F i g . 204 ) . The number of these bands i s often a 

u s e f u l i d e n t i f i c a t i o n f e a t u r e , some s p e c i e s , e.g. C a l l i p h o r a vomitoria 

( F i g . 90 ) , having many more such bands than others, e.g. 

P r o t o c a l l i p h o r a azurea ( F i g . 92 ) . 

Another important f e a t u r e of the ape r t u r e s i s the angle a t which 

they a r e i n c l i n e d with r e s p e c t to each other. I n most C a l l i p h o r i d a e , 

they are i n c l i n e d only a t a s l i g h t angle to one another ( F i g . 2 0 4 ) . I n 

some s p e c i e s , however, e.g. P o l l e n i a r u d i s , they are i n c l i n e d a t a 

much wider angle, o f t e n a t a r i g h t angle ( F i g . 95 ) . I n other s p e c i e s , 

e.g. Auchmeromyia l u t e o l a ( F i g . 106 ) , the apertures are e f f e c t i v e l y 

p a r a l l e l . 

I n many i l l u s t r a t i o n s p ublished i n the past, e.g. H a l l (1948) 

and Zumpt (1965), the ape r t u r e s are given a broader ( i . e . wider i n 
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r e l a t i o n to length) appearance i n some s p e c i e s than i n others, thus 

implying t h a t t h i s c h a r a c t e r i s of d i a g n o s t i c use. I n f a c t , t h i s 

f e a t u r e i s p a r t i c u l a r l y misleading, not only because of n a t u r a l 

i n t r a s p e c i f i c v a r i a t i o n , but a l s o because these apertures are capable 

of opening and c l o s i n g , and hence the appearance of an aperture would 

depend a t any given time on i t s degree of c l o s u r e . 

I n most C a l l i p h o r i d l a r v a e the apertures are more or l e s s 

s t r a i g h t , but i n s p e c i e s of Cordylobia, e s p e c i a l l y C. r o d h a i n i , the 

a p e r t u r e s are sinuous ( F i g . 302 ) . I n s p e c i e s of P r o t o c a l l i p h o r a , the 

middle aperture i s o f t e n a t l e a s t s l i g h t l y t w i s t e d at i t s d o r s a l end. 

I t i s i n t e r e s t i n g to note t h a t both these genera are p a r a s i t i c ; i n 

p a r t i c u l a r , the extremely tortuous apertures i n C. rodhaini c l o s e l y 

resemble those of the p a r a s i t i c G a s t e r o p h i l i d a e . 

I n s p i t e o f the t r a d i t i o n a l r e l i a n c e placed on the t h i c k n e s s and 

degree of s c l e r o t i s a t i o n of the peritreme, the present study has shown 

t h a t these c h a r a c t e r s are of l i m i t e d taxonomic use, s i n c e they were 

found to vary i n one s p e c i e s to such an extent as to render t h i s 

c h a r a c t e r u s e l e s s f o r s p e c i f i c i d e n t i f i c a t i o n . However, i t i s true 

t h a t t h e r e i s a tendency f o r some specie's to have more h e a v i l y 

s c l e r o t i s e d s p i r a c l e s than others; n e v e r t h e l e s s , r e l i a b i l i t y i n 

i d e n t i f i c a t i o n must not be placed on t h i s c h a r a c t e r , p a r t i c u l a r l y when 

d e a l i n g with c a r r i o n - b r e e d i n g s p e c i e s . However, the peritremes of the 

p a r a s i t i c genera Auchmeromyia, Cordylobia and Booponus are always very 

weakly s c l e r o t i s e d . 

Another s t r u c t u r e s u b j e c t to such v a r i a t i o n i s the i n t e r n a l 

p e r i t r e m a l p r o j e c t i o n ( F i g . 204). Both H a l l (1948) and Schumann (1954) 

i l l u s t r a t e t h i s s t r u c t u r e i n C. v i c i n a ; i n these i l l u s t r a t i o n s no deep 
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p e r i t r e m a l p r o j e c t i o n s are shown, although these do occur i n many 

specimens o f t h i s s p e c i e s . T h i s may be misleading as t h i s s t r u c t u r e 

has been used d i a g n o s t i c a l y i n c e r t a i n C a l l i p h o r i d s p e c i e s . For 

example, Zumpt (1965), i n h i s key to the L u c i l i a l a r v a e known to cause 

m y i a s i s , s t a t e s t h a t the presence of an inner p e r i t r e m a l p r o j e c t i o n i n 

L. s e r i c a t a d i s t i n g u i s h e s i t from L. cu p r i n a . Having examined many 

c u l t u r e - d e r i v e d specimens of both these s p e c i e s , I f i n d t h a t they are 

i n s e p a r a b l e on t h i s b a s i s , as many specimens o f L. s e r i c a t a l a c k a 

p e r i t r e m a l p r o j e c t i o n . 

I n many d e s c r i p t i o n s the pigmentation o f the 'button' a r e a i s 

used as a d i a g n o s t i c f e a t u r e . T h i s i s a r a t h e r d i f f i c u l t c h a r a c t e r 

s i n c e some s p e c i e s , e.g. Phormia terraenovae, c o n s i s t e n t l y l a c k 

pigmentation i n t h i s area, while other s p e c i e s vary a good deal i n 

t h i s c h a r a c t e r ; compare F i g s . an«t f I . 

Another f e a t u r e , while of no s y s t e m a t i c value, but n e v e r t h e l e s s 

worth mentioning, i s the t h r e e - d i m e n s i o n a l i t y o f the peritreme. Most 

i l l u s t r a t i o n s ( i n c l u d i n g those i n the present work) tend to give the 

impre s s i o n t h a t the peritreme i s simply a band o f colour having no 

t h i c k n e s s or depth. I n f a c t , the peritreme i s very much a 

three-dimensional s t r u c t u r e as may be seen by d i s s e c t i o n . 

A f e a t u r e of some taxonomic importance i s the s o - c a l l e d 

'sun-ray' s t r u c t u r e , f i r s t d e s c r i b e d by Froggatt (1918). I t i s 

composed of four f o c i i n the t h i r d i n s t a r ( F i g . 204 ) which are 

presumed to strengthen the s p i r a c l e . The elements of t h i s s t r u c t u r e 

s i t u a t e d on the inn e r ( r e l a t i v e to the mid-line body a x i s ) s i d e of the 

i n n e r a p e r t u r e and the outer s i d e s o f the middle and outer apertures 

have been termed by Froggatt ' b l i s t e r - s t r u c t u r e s ' , while g i v i n g the 
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name 'intermediate s t r u c t u r e ' to the l a r g e element l y i n g between the 

middle and inner a p e r t u r e s . 

The f i l a m e n t s of t h i s s t r u c t u r e give the appearance of l i g h t 

r a y s , ( F i g . 204), but c a r e f u l f o c u s s i n g w i l l show them to be much 

t h i c k e r bands, as may be seen e a s i l y with the SEM ( F i g . 94 ) . These 

bands branch dichotomously and t h e i r a p i c a l t i p s end on the peritreme. 

At the p o i n t of o r i g i n these bands u s u a l l y number about four to s i x . 

The f i r s t to use the sun-ray s t r u c t u r e i n systematics was Huff 

(1925), who compared i t s s t r u c t u r e i n s e v e r a l f a m i l i e s of 

Cyclorrhapha. I n the C a l l i p h o r i d a e , the s i z e s of the intermediate and 

outermost b l i s t e r s t r u c t u r e s were found to be of d i a g n o s t i c use, 

e s p e c i a l l y i n the genus Chrysomya. I n t h i s genus these two elements 

were found to be c o n s i s t e n t l y s h o r t e r than i n others. I n s p e c i e s of 

other genera, e.g. Auchmeromyia l u t e o l a and P r o t o c a l l i p h o r a azurea, 

a l l four f o c i of the sun-ray s t r u c t u r e are absent, or extremely 

reduced ( F i g s . 106 and 92 ) . Again, i t i s worth noting t h a t these two 

s p e c i e s are p a r a s i t i c . 

A f e a t u r e h i t h e r t o overlooked i s the group of f i l a m e n t s 

emanating from the 'button'. These f i l a m e n t s are often more numerous 

and more e a s i l y d i s c e r n i b l e i n c e r t a i n genera, e.g. Cynomya and 

T r i c e r a t o p y g a , than i n o t h e r s , e.g. C a l l i p h o r a . I t i s presumed t h a t 

these f i l a m e n t s , l i k e the sun-ray s t r u c t u r e , strengthen the s p i r a c l e . 

The sun-ray s t r u c t u r e i s a l s o present i n the e a r l y i n s t a r s , 

t h e r e being two f o c i i n the f i r s t i n s t a r and three f o c i i n the second. 

I t has not been found to be of d i a g n o s t i c use i n these i n s t a r s . 

The most r e c e n t p u b l i c a t i o n d e a l i n g mainly with the sun-ray 

s t r u c t u r e i s a paper by Khole (1977). T h i s paper contains many e r r o r s 
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and i t i s necessary t o c o r r e c t them i n order t o avoid f u t u r e 

confusion. 

Quite apart from the confusingly bad grammar of the paper, f i v e 

separate e r r o r s can be i d e n t i f i e d . F i r s t l y , the i l l u s t r a t i o n s of the 

sun-ray s t r u c t u r e bear l i t t l e resemblance t o the r e a l s t r u c t u r e . 

Secondly, Khole s t a t e s t h a t the sun-ray. s t r u c t u r e i s absent from the 

f i r s t i n s t a r and, i n L u c i l i a cuprina from the second i n s t a r . T h i r d l y , 

he s t a t e s t h a t i t i s absent from the t h i r d i n s t a r of Chrysomya 

megacephala. From my own observations I can s t a t e t h a t the s t r u c t u r e 

i s present i n a l l i n s t a r s o f both these species. Fourthly, he states 

t h a t the sun-ray s t r u c t u r e disappears a f t e r p u p a r i a t i o n , whereas i t 

a c t u a l l y becomes more prominent i n the puparium. F i f t h l y , he attacks 

and misquotes Huff (1925), by saying t h a t he (Huff) claimed t h a t the 

f u n c t i o n o f the sun-ray s t r u c t u r e i n C a l l i p h o r i d a e i s s i m i l a r t o the 

f u n c t i o n o f the i n t e r s p i r a c u l a r b r i s t l e s i n Drosophila i . e . t o prevent 

s i n k i n g o f the s p i r a c l e s below the surface o f the medium. What Huff 

a c t u a l l y says i s "the small size o f the 'sun-ray' s t r u c t u r e s would 

i n d i c a t e t h a t they do not, i n the species which 'he [ i . e . the 

author ] has examined, serve the same f u n c t i o n as the i n t e r s p i r a c u l a r 

b r i s t l e s o f the Drosophila larvae". I n f a c t , Huff i s saying the exact 

opposite o f what Khole claimed he was saying. F i n a l l y , on a matter of 

o p i n i o n , Khole s t a t e s t h a t Huff " t r e a t e d 'sun-ray' s t r u c t u r e s as 

homologous t o such ' i n t e r s p i r a c u l a r b r i s t l e s ' [ i . e . of Drosophila ] 

wit h o u t much j u s t i f i c a t i o n " . I n f a c t . Huff only suggested the 

p o s s i b i l i t y o f such a homology, and he d i d present "much 

j u s t i f i c a t i o n " f o r t h i s p o i n t o f view. This p o i n t w i l l be discussed i n 

a l a t e r chapter. 
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One o f the most u s e f u l features of the t h i r d i n s t a r p o s t e r i o r 

s p ^ a c l e s i s the s p i r a c l e distance f a c t o r (SDF), f i r s t proposed by van 

Emden (1965) f o r Muscidae larvae. This value i s cal c u l a t e d by d i v i d i n g 

the distance between the s p i r a c l e s by the greatest diameter of one 

s p i r a c l e . SDKs were c a l c u l a t e d f o r a large number of specimens and i t 

was found t h a t each species had f i x e d ranges which i n some species, 

e.g. C a l l i p h o r a v i c i n a , was amazingly narrow. Species w i t h low values 

have l a r g e s p i r a c l e s set close together, whereas those w i t h high 

values had smaller s p i r a c l e s set f a r t h e r apart. (See Table V) 

F i n a l l y , the a c t u a l measurement of the greatest diameter of the 

s p i r a c l e o f the f u l l y grown t h i r d i n s t a r i s also very constant i n each 

species and i s o f t e n a very r e l i a b l e guide i n i d e n t i f i c a t i o n . ( S e e Table 

IV) 

4.3 Morphology o f the Puparia 

4.3.1 Pupariation 

During the process o f p u p a r i a t i o n , the t h i r d i n s t a r c u t i c l e 

c o n t r a c t s , darkens and hardens, t o form a p r o t e c t i v e covering f o r the 

pupa. The puparium thus formed shows many o f the features of the t h i r d 

i n s t a r , the most obvious o f which are the spines and the, now 

no n - f u n c t i o n a l , l a r v a l s p i r a c l e s . The spines, l i k e the r e s t of the 

puparium, become much darker, although t h e i r s t r u c t u r a l d e t a i l s remain 

d i s c e r n i b l e . The features of the s p i n a l bands enabling s p e c i f i c 

i d e n t i f i c a t i o n remain, o f course, as they were i n the l a r v a . 

Contraction causes some changes at the a n t e r i o r and p o s t e r i o r 

ends o f the puparium. A n t e r i o r l y , the f i r s t segment contracts s t r o n g l y 



TABLE V 

T h i r d I n s t a r and Puparium S p i r a c l e Distance Factors 
S p i r a c l e Distance Factor (SDF) = Distance between p o s t e r i o r s p i r a c l e s 

Greatest diameter of one s p i r a c l e 



Species j 3rd I n s t a r SDF j Puparium SDF 

C a l l i p h o r a v i c i n a 1 1-1.2 1 0.77-1.11 

C. v o m i t o r i a j 0.69-0.80 1 0.61-0.74 

C. u r a l e n s i s 1 0.64-0.92 1 0.48-0.52 

C. a l p i n a 1 1.29-1.88 1 1.55-1.58 

C. subalpina 1 1-1.13 1 0.6-0.63 

C. loewi 1 1.29-1.67 1 1.43-1.47 

C. l a t a 1 0.6-0.8 1 -

C. quadrimaculata 1 1.0-1.2 " 1 0.77-1.0 

C. hortona 1 1.1-1.2 i 0.8-1.0 

C. terraenovae 1 0.69-0.75 1 0.50-0.53 

C. l i v i d a 1 0.8-1.1 1 0.58-0.67 

C. s t y g i a 1 0.75-0.84 1 -

C. augur 1 0.86-1.1 1 0.86-1.1 

C. ochracea 1 0.95-1.2 1 -

C. c r o c e i p a l p i s 1 1-1.2 1 -

Cynomya mortuorum 1 1.75-1.88 1 0.97-1.38 

Cynomyopsis 
cadaverina 

1 1-1.2 1 -

Triceratopyga 
c a l l i p h o r o i d e s 

1 1.1-1.3 1 -

E u c a l l i p h o r a 
l a t i f r o n s 

1 1.12-1.14 1 -

A l d r i c h i n a grahami 1 0.93-1.18 1 1-1.38 

L u c i l i a s e r i c a t a 1 1-1.18 i 0.56-0.70 



Species 1 3rd I n s t a r SDF j Puparium SDF 

L u c i l i a caesar 1 0.69-0.83 1 0.48-0.75 

L. ampullacea 1 0.50-1.58 1 -

L. cuprina 1 0.67-0.75 1 -

L. porphyrina 1 0.47-0.50 1 -

L. bufonivora 1 1.6-1.8 1 -

L. c a e r u l e i v i r i d i s 1 0.6-1.20 1 -

L. pallescens 1 0.88-1.11 i -

H e m i p y r e l l i a 
l i g u r r i e n s 

1 0.92-1.00 1 0.63-0.75 

H. fernandica 1 0.85-0.95 1 0.60-0.65 

Chrysomya bezziana 1 0.11-0.13 1 -

Ch. chloropyga 1 0.31-0.35 1 -

Ch. p u t o r i a 1 0.44-0.57 i 0.63-0.75 

Ch. albiceps 1 0.22-0.24 1 0.20-0.29 

Ch. r u f i f a c i e s j 0.36-0.59 . 1 -

Ch. i n c i s u r a l i s 1 0.5 1 -

Ch. varipes 1 0.47-0.79 1 0.41-0.50 

Ch. marginalis 1 0.39-0.41 1 -

Ch. megacephala 1 0.27-0.35 1 -

Ch. semimetallica 1 0.48-0.55 1 -

Ch. saffranea 1 0.18-0.90 1 -

Ch. pinguis 1 0.29-0.38 1 0.37-0.43 

Cochliomyia 
hominivorax 

1 0.18-0.25 1 -

Co. mac e l l a r i a 1 0.46-0.53 1 0.55-0.82 



Species 3rd I n s t a r SDF j Puparium SDF 

P o l l e n i a r u d i s 0.92-1.2 1 0.83-0.86 

Phormia regina 0.58-0.67 1 0.67 

Ph. terraenovae 0.45-0.67 1 0.5-0.71 

P r o t o c a l l i p h o r a 
azurea 

2.1-3 1 2.50-2.56 

P. s i a l i a 2.2-2.5 1 -

P. avium 1.75-1.9 1 1.9-2.5 

Stomorhina c r i b r a t a - 1.2 

T r i c y c l e a deemingi 1.2-1.5 1 -

Auchmeromyia l u t e o l a 4.0-5.3 1 4.5-5.63 

Elephantoloemus 
indicus 

0.57-0.73 1 -

Boreellus a t r i c e p s 0.47-0.88 1 1-1.18 

Booponus intonsus 1.8-2.2 1 -

Cordylobia r o d h a i n i 0.30-0.5 1 -

C. anthropophaga 0.36-0.67 1 -

C. ruandae 0.30-0.55 1 
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i n t o the second, which l a t e r becomes the f i r s t v i s i b l e segment of the 

puparium. The second segment i s e a s i l y recognised by the presence of 

the l a r v a l a n t e r i o r s p i r a c l e s a t i t s a n t e r i o r margin. The features of 

the s p i r a c l e s themselves, which are usu a l l y l i g h t e r i n colour (an 

orange-brown) than the r e s t o f the puparium, remain d i s c e r n i b l e and 

are u s e f u l i n i d e n t i f i c a t i o n . However, care must be taken when 

examining these s t r u c t u r e s i n the puparium, as the lobes become very 

b r i t t l e and are l i a b l e t o break o f f . When counting the lobes, 

t h e r e f o r e , i t i s important t o attempt t o detect any 'breaks' showing 

missing lobes. 

At the p o s t e r i o r end c o n t r a c t i o n r e s u l t s i n the almost complete 

o b l i t e r a t i o n o f the p o s t e r i o r p a p i l l a e i n those species i n which the 

p a p i l l a e are not well-developed. However, i n species i n Which they are 

well-developed, e.g. Boreellus a t r i c e p s , the p a p i l l a e remain almost 

unchanged; the same applies t o the body processes of 'hairy' maggots. 

The p o s t e r i o r l a r v a l s p i r a c l e s become very heavily s c l e r o t i s e d 

and t h e i r s t r u c t u r e remains d i s c e r n i b l e . Also, the s p i r a c l e distance 

f a c t o r remains o f diagnostic value. I n most species, e.g. Calliphora 

v o m i t o r i a , p u p a r i a t i o n r e s u l t s i n a decrease i n the SDF ( i . e . the 

s p i r a c l e s come cl o s e r t o g e t h e r ) , but i n some species, e.g. Chryscmya 

albiceps the SDF increases. I n some species, e.g. Calliphora loewi, 

the SDF remains w i t h i n the same range as i n the t h i r d i n s t a r , but wi t h 

even narrower l i m i t s . 

4.3.2 Colour 

As w i t h the larvae, colour i s usu a l l y not a r e l i a b l e 
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i d e n t i f i c a t i o n f e a t u r e i n puparia. The colour ranges from 

reddish-brown t o almost black and, while s p e c i f i c d i f f e r e n c e s do 

occur, they are o f t e n d i f f i c u l t t o describe. Among the species of 

C a l l i p h o r a , C. v i c i n a and C. v o m i t o r i a tend t o be c o n s i s t e n t l y darker 

and s h i n i e r than the other B r i t i s h species o f the genus. However, i n 

some species colour i s a r e l i a b l e guide t o i d e n t i f i c a t i o n , e.g. 

Phormia terraenovae whose puparium i s almost black. 

4.3.3 Surface Sculpture 

During the process o f c o n t r a c t i o n , the c u t i c l e undergoes a great 

amount o f f o l d i n g and c i r c u m f e r e n t i a l ( i . e . transverse t o long a x i s ) 

creasing, e.g. i n C a l l i p h o r a v o m i t o r i a ( F i g . 104 ). In a few species, 

however, the creasing i s less r e g u l a r , forming a r e t i c u l a t e p a t t e r n as 

i n Auchmeromyia l u t e o l a ( F i g . 102 ), and t h i s feature i s , t h e r e f o r e , 

o f t e n o f d i a g n o s t i c use. 

The area o f c u t i c l e surrounding the p o s t e r i o r l a r v a l s p i r a c l e s 

seems t o be less subject t o w r i n k l i n g i n most species, e.g. Boreellus 

a t r i c e p s , while i n other species, e.g. Cordylobia anthropophaga 

( F i g . 103) t h i s area i s subjected t o heavy f o l d i n g . 

I n species o f P r o t o c a l l i p h o r a very l i t t l e f o l d i n g seems to occur 

a t any p a r t of the c u t i c l e , and c o n t r a c t i o n i s kept to a minimum. 

4.3.4 Size and Shape 

I n a l l the species s t u d i e d , the puparium i s shorter but broader 

than the t h i r d i n s t a r l a r v a ; t h i s i s the n a t u r a l consequence o f 
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c o n t r a c t i o n . As w i t h l a r v a e , s i z e i s u s e f u l as a general guide, but 

w i t h puparia there i s the added advantage t h a t preservatives do not 

cause them t o c o n t r a c t . 

At l e a s t twenty puparia o f each species were measured, whenever 

an u n l i m i t e d number was a v a i l a b l e . I n other species, where less than 

twenty specimens were a v a i l a b l e , a l l specimens were measured. A l l 

measurements are given i n Table I I . 

The shape o f a puparium i s t y p i c a l l y barrel-shaped, being 

broadest more or less at the centre. The v e n t r a l side i n most species 

i s somewhat f l a t t e r than the more convex dorsal surface. 

The p u p a r i a l measurements and the Shape Factor (measured i n the 

same way as the l a r v a l equivalent; see 4.2.2) are very u s e f u l i n the 

i d e n t i f i c a t i o n o f puparia. A l l f a c t o r s c a l c u l a t e d are given i n Table 

I I I . 

4.3.5 Pupal Respiratory Apparatus 

As noted above, the l a r v a l s p i r a c l e s become non-functional i n 

the pupal stage. The f u n c t i o n a l pupal r e s p i r a t o r y apparatus i s 

represented e x t e r n a l l y by a p a i r of r e s p i r a t o r y horns s i t u a t e d 

dorsolata'ally at the p o s t e r i o r margin of the f i f t h segment (the 

apparent f o u r t h i n the puparium; see 4.3.1) ( F i g . 189 ). These horns 

form the s c l e r o t i s e d outer covering of a tube, known as the f e l t 

chamber, which leads t o an i n t e r n a l prothoracic s p i r a c l e and , a 

t r a c h e a l branch ( F i g . 203). 

I t i s i n t e r e s t i n g t o note t h a t , while respi rMt.ot-y l iorTis i i r c 

present i n many Calypterates, most Acalypterates do not possess l.hem. 

I n these groups only the i n t e r n a l s p i r a c l e i s present, but the 
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a i r - f i l l e d space between the pupal c u t i c l e and the puparium i s l a r g e , 

thus enabling the pupa t o r e s p i r e ( K e i l i n , 1944). 

During p u p a r i a t i o n two small round areas on the f i f t h segment do 

not harden and darken l i k e the r e s t of the c u t i c l e , and i t i s at these 

p o i n t s t h a t the horn pierces the c u t i c l e s . According t o K e i l i n (1944) 

( r e f e r r i n g t o Phoridae pupae), the horns sometimes miss the aperture 

and come t o l i e between the pupa and the puparium. He also states t h a t 

i f only one horn does t h i s the pupa w i l l s t i l l develop normally and an 

a d u l t w i l l e v e n t u a l l y emerge, but i f both horns come to l i e i n t e r n a l l y 

the pupa w i l l be unable t o r e s p i r e and dies. 

When the r e s p i r a t o r y horns are i n the process of developing, the 

pupa i s a t a r a t h e r vulnerable stage, since the horns may be damaged 

or broken o f f q u i t e e a s i l y . Prof. K. Bowler (pers. comm.) t e l l s me 

t h a t shaking the medium i n which larvae are pupating causes a 

s i g n i f i c a n t increase i n t h e i r m o r t a l i t y ; i t i s possible t h a t t h i s i s 

due t o damage t o the r e s p i r a t o r y connections. Even a f t e r f u l l 

development and s c l e r o t i s a t i o n the horns are l i a b l e t o be broken (see 

Fi g . 89). 

The r e s p i r a t o r y horns vary i n length from about 0.02-0.05 times 

the g r e a t e s t width of the puparium. The s t r u c t u r e of the horns i s of 

great diagnostic use, i n s p i t e of the f a c t t h a t they e x h i b i t a c e r t a i n 

amount o f i n t r a s p e c i f i c v a r i a t i o n . The s p i r a c u l a r p a p i l l a e present 

mainly on the p o s t e r i o r side of the horn are few and large i n c e r t a i n 

species, e.g. C a l l i p h o r a v o m i t o r i a ( F i g . 79 ), and small and numerous 

i n o t h e r s , e.g. C a l l i p h o r a u r a l e n s i s ( F i g . 80 ). Some species have 

very smooth horns, e.g. Chrysomya megacephala (Fig. 87 ) and L u c i l i a 

s e r i c a t a ( F i g . 85 ). i n Phormia terraenovae ra t h e r f i n e p a p i l l a e are 
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present ( F i g . 86), while i n C a l l i p h o r a loewi ( F i g . 83) the p a p i l l a e 

are present as r a t h e r i r r e g u l a r bands o f t h i c k e n i n g . The robustness o f 

the horns d i f f e r s markedly between species, as may be seen by 

comparing C a l l i p h o r a v i c i n a ( F i g . 78) w i t h L u c i l i a s e r i c a t a ( F i g . 85). 

I n Cynomya mortuorum the horn bears two or three large tubercles ( F i g . 

84); the p a p i l l a e are s i t u a t e d both on these tubercles and the main 

body o f the horn. 

The i n t e r n a l s t r u c t u r e o f the horns was not studied i n d e t a i l , 

but i n the broken horn o f C a l l i p h o r a augur ( F i g . 88) may be seen a 

r a t h e r spongy s t r u c t u r e . 

The r e s p i r a t o r y horns o f a l l s i x B r i t i s h species of Calliphora 

are shown i n Figs. 78-83. Their s t r u c t u r e i s a r e l i a b l e i d e n t i f i c a t i o n 

guide, but i t i s i n t e r e s t i n g t o note t h a t the horns of C. alpina and 

C. subalpina, once placed i n the d i s t i n c t genus Acrophaga, resemble 

one another more c l o s e l y than any other p a i r o f C a l l i p h o r a species. Of 

a l l the characters studied i n these two species, the shape of the 

r e s p i r a t o r y horn i s the only one t h a t i s shared between them and not 

by any other species, and i s the only immature feature t h a t can be 

described as an 'Acrophaga' character. 

4.3.6 Adult Eclosion 

At the time o f a d u l t emergence from the puparium, the a n t e r i o r 

end or operculum o f the puparium breaks i n t o two parts along two l i n e s 

o f cleavage. The f i r s t , which may be termed the tru e 'cyclorrhaphous' 

l i n e occurs a t the boundary o f segments 4 and 5, while the second l i n e 

of weakness extends from the a n t e r i o r end o f the puparium t o the f i r s t 
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l i n e ( F i g . 191). This second l i n e always runs i n such a way t h a t the 

dorsa l 'cap' bears the l a r v a l a n t e r i o r s p i r a c l e s . The t h i r d i n s t a r 

cephalophoryngeal skeleton i s t o be found adhering t o the v e n t r a l 

'cap'. 

This method o f eclosion seems t o be the r u l e i n most 

Cyclorrhapha, although i n many Acalypterates the second l i n e i s 

absent, the cap breaking o f f i n one p a r t . I t i s i n t e r e s t i n g t o note 

t h a t i n those D i p t e r a f a m i l i e s o f disputed systematic postion ( i . e . 

the Higher Brachycera and the Cyclorrhapha Aschiza) the l i n e s of 

cleavage are more complex than i n the Cyclorrhapha Schizophora. Thus, 

i n some Pipunculidae the 'cap' f r a c t u r e s i n t o f i v e parts (Clausen, 

1940). I n many Phoridae a second l i n e o f f r a c t u r e e x i s t s as i n 

Cal l i p h o r i d e a e , but i t i s d o r s a l , running between the r e s p i r a t o r y 

horns (Disney, 1983). The horns themselves l i e on the caps, whereas i n 

C a l l i p h o r i d a e they always t o remain on the main body of the puparium. 

I t i s a matter o f common knowledge t h a t the f u l l y expanded 

C a l l i p h o r i d a d u l t i s appreciably longer and st o u t e r than the puparium 

from which i t emerged. And yet t h i s i s not always so among the 

Cyclorrhapha. For example, Skidmore (1967) states t h a t , i n 

Heleomyzidae, the a d u l t f l y i s approximately as long as i t s puparium 

(excluding the wings) and less s t o u t . I t i s possible t h a t t h i s i s 

connected w i t h the f a c t t h a t these species do not possess exter n a l 

r e s p i r a t o r y horns and the pupa i s , t h e r e f o r e , much smaller than the 

puparium (see 4.3.5). 
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C H A P T E R F I V E 

THE CEPHALOPHARYNGEAL SKELETON 

The larvae of the Bluebottle hatch within two days 
in the warm weather. Whether inside my apparatus, 
indirect contact with the piece of meat, or 
outside, on the edge of a slit that enables them 
to enter, they set to work at once. They do not 
eat, in the strict sense of the word, that is to 
say, they do not tear their food, do not chew it 
by means of implements of mastication. Their 
mouth-parts do not lend themselves to this sort of 
work. These mouth-parts are two horny spikes, 
sliding one upon the other, with curved ends that 
do not face, thus excluding the possibility of any 
function such as seizing or grinding. 

Jean Henri Fabre 

The L i f e o f the Fly 

5.1 I n t r o d u c t i o n 

The l i t e r a t u r e on the cephalopharyngeal skeleton i s , l i k e t h a t 

on l a r v a l morphology g e n e r a l l y , scattered throughout the l i t e r a t u r e . 

However, a number o f works deal w i t h the skeleton i n d e t a i l , and a few 

are l a r g e l y or mainly devoted t o t h i s s t r u c t u r e alone. Weismann (1864) 

was the f i r s t t o give a d e s c r i p t i o n o f the C a l l i p h o r i d skeleton. 

Lowne's (1890-92) work d e a l t w i t h the skeleton i n some d e t a i l , but h i s 

s t r u c t u r a l i n t e r p r e t a t i o n s were f a u l t y and w i l l be discussed below. 

Snodgrass (1924), working on the l a r v a o f Rhagoletis pomonella 

( T e p h r i t i d a e ) made an important c o n t r i b u t i o n t o knowledge o f the 

s t r u c t u r e and f u n c t i o n o f the skeleton, but he also made a few minor 
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m i s - i n t e r p r e t a t i o n s . M i l l e r (1932) presented what i s probably the best 

account of the f u n c t i o n a l morphology of the C a l l i p h o r i d skeleton, and 

some o f h i s f i n d i n g s t h a t were supposedly r e f u t e d by l a t e r workers are 

upheld i n the present work. Ludwig (1949) studied the s t r u c t u r e and 

embryology of the C a l l i p h o r i d l a r v a l head, i n c l u d i n g the skeleton. 

Roberts (1969, 1971) i n v e s t i g a t e d the f u n c t i o n a l morphology of various 

Calypterate lar v a e , i n c l u d i n g C a l l i p h o r i d a e , and r e l a t e d i t t o t h e i r 

feeding h a b i t s . 

As noted a t various p o i n t s above, the descriptions of l a r v a l 

C a l l i p h o r i d species were made usu a l l y on a piecemeal basis, and many 

o f these d e s c r i p t i o n s included a f i g u r e o f the skeleton, almost always 

i n l a t e r a l view. This meant t h a t those s c l e r i t e s t h a t were best 

st u d i e d from the v e n t r a l or dorsal aspect were ignored. I n s p i t e o f 

the large number o f i l l u s t r a t i o n s t h a t have been published, there i s 

an almost t o t a l lack o f c r i t i c a l discussion of tho taxonomic val.ue of 

the various s c l e r i t e s (except where a more or less major d e v i a t i o n 

from the 'normal' c o n d i t i o n occurs, such as the loss of a s c l e r i t e ) . 

The aim o f t h i s chapter i s , t h e r e f o r e , t o describe the basic 

s t r u c t u r e o f the skeletons o f the three l a r v a l i n s t a r s and t o discuss 

the taxonomic value o f each s c l e r i t e . Also, c e r t a i n s c l e r i t e s whose 

s t r u c t u r e or f u n c t i o n i s i n dispute w i l l be discussed. F i r s t , however, 

the homology and musculature o f the skeleton w i l l be b r i e f l y 

discussed. 

5.2 Homology of the S c l e r i t e s 

The homology o f the Cyclorrhaphous l a r v a l head w i t h the 



- 65 -

p r i m i t i v e Dipteran head continues t o be a matter of dispute. I n the 

words o f T r a x l e r (1976), "Probably no other p a r t of i n s e c t anatomy has 

been subjected t o such a diverse amount of i n t e r p r e t a t i o n as t h a t of 

the cephalopharyngeal apparatus of d i p t e r a n larvae." This f a s c i n a t i n g 

t o p i c has not been researched by the author, and the phylogenetic 

a n a l y s i s presented i n a l a t e r chapter i s confined t o r e l a t i o n s h i p s 

w i t h i n the Cyclorrhapha. However, a very b r i e f resume i s given here. 

B a s i c a l l y , there are two areas o f dispute. F i r s t l y , there are 

those who believe t h a t the p a r t s o f the skeleton are not homologous 

w i t h the head p a r t s o f other i n s e c t s . The f i r s t t o express t h i s view 

was Weismann (1864) who postulated newly evolved s t r u c t u r e s t o account 

f o r the mouth-hooks. Snodgrass (1924, 1935) suggested t h a t the head of 

a Cyclorrhaphous l a r v a was invaginated and t h a t the skeleton was 

derived from the w a l l s o f the i n v a g i n a t i o n ; he d i d not believe t h a t 

the skeleton was homologous w i t h the p r i m i t i v e head capsule. Oldroyd 

(1954) also thought the skeleton was "a secondary development of 

j o i n t e d hooks", but he omitted t h i s statement from the t h i r d e d i t i o n 

o f h i s book (1970). 

The opposing school of thought considered t h a t the skeleton was 

derived from the head capsule o f the p r i m i t i v e insect and was not a 

new s t r u c u t r e . The works o f de Meijere (1916) and Cook (1949) 

i n d i c a t e d s t r o n g l y t h a t t h i s was the case; l a t e r . Hartley (1963) 

presented f u r t h e r evidence t o support t h i s p o i n t of view. I t i s now 

g e n e r a l l y accepted t h a t t h i s view i s more l i k e l y t o be t r u e (Teskey, 

1981). The d i f f i c u l t y w i t h t h i s theory, however, i s the lack o f any 

recognised t r a n s i t i o n a l forms between the more p r i m i t i v e Diptera and 

the Cyclorrhapha, such as do e x i s t between the Nematocera and 

Brachycera. 
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The second area o f dispute i s among those who accept t h a t the 

pa r t s o f the skeleton are homologous w i t h the p r i m i t i v e head, but 

disagree as t o which p a r t i c u l a r s c l e r i t e s were derived from which 

a n c e s t r a l p a r t s . For example Holmgren (1904), Hartley (1963) and 

Roberts (1971) believed t h a t the mouth hooks were derived from the 

an c e s t r a l mandibles, whereas de Meifere (1916) and Menees (1961) 

b e l i e v e d t h a t the mouth hooks were modified maxillae. There seems t o 

be general agreement, however, t h a t the skeleton arose through the 

f u s i o n o f pa r t s o f the e x t e r n a l head s t r u c t u r e s (the mouthparts) and 

the ten t o r i u m . 

C l e a r l y fur t h i e r studies are needed t o resolve t h i s problem. I t 

i s suggested t h a t d e t a i l e d studies on the larvae of the Phoridae and 

the Platypezidae, i n view o f t h e i r intermediate p o s i t i o n between the 

Brachycera and the Cyclorrhaph Aschiza, may be of value i n c l a r i f y i n g 

these issues. 

I n view of the widespread disagreement regarding the homology of 

the s c l e r i t e s , i t must be pointed out t h a t the terms used t o designate 

the s c l e r i t e s i n t h i s work are not intended t o be statements of 

homology. The terms used are simply those t h a t have the most 

widespread usage i n the l i t e r a t u r e . 

5.3 Musculature 

T h i r d i n s t a r s o f C a l l i p h o r a v i c i n a and L u c i l i a s e r i c a t a were 

dissected and sectioned (see Mate r i a l s and Methods) w i t h the aim o f 

studying the muscles associated w i t h the skeleton. The purpose of t h i s 

i n v e s t i g a t i o n was (a) t o attempt t o f i n d i n t e r s p e c i f i c d i f f e r e n c e s i n 

the musculature, and (b) t o resolve some points of dispute a r i s i n g 

from the work of previous authors. 

No d i f f e r e n c e s o f systematic value were found between the two 
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species. However, i t i s f e l t t h a t species having a very d i f f e r e n t l y 

shaped skeleton from the above two species, e.g. P r o t o c a l l i p h o r a 

azurea may w e l l r e v e a l d i f f e r e n c e s i n the musculature. 

The r e s u l t s o f t h i s i n v e s t i g a t i o n w i l l not be presented i n f u l l 

here, since few new f i n d i n g s were made, and l i t t l e has been added t o 

the works o f M i l l e r , Ludwig and Roberts c i t e d above. Exceptions, 

however, are the muscles c o n t r o l l i n g the mouth hooks and t h e i r 

associated s t r u c t u r e s , the attachment o f which has been i n dispute. 

These r e s u l t s are presented a t the appropriate points below. 

5.4 The F i r s t I n s t a r Skeleton 

I n the f i r s t i n s t a r the skeleton consists of f i v e element types 

(Figs. 213 & 214 ). At the a n t e r i o r end l i e the two mouth-hooks which 

are s t r o n g l y angled s t r u c t u r e s , o f t e n o f diagnostic value, being very 

robust and thickened a n t e r i o r l y i n c e r t a i n species, and g i v i n g the 

impression o f being more acutely angled i n these species (compare 

Figs. 256 and 257 ) . A n t e r i o r t o the mouth hooks there are o f t e n 

present a number o f very weakly s c l e r o t i s e d t o o t h - l i k e s t r u c t u r e s 

which u s u a l l y d i f f i c u l t t o discern and are o f t e n i n v i s i b l e . They l i e 

embedded i n the c u t i c l e . These s t r u c t u r e s are of no use i n 

i d e n t i f i c a t i o n ; I term these the a n t e r i o r t e e t h , and they are omitted 

from the species i l l u s t r a t i o n s . Immediately p o s t e r i o r and v e n t r a l t o 

the mouth hooks on e i t h e r side l i e a group of three or four 

i l l - d e f i n e d s c l e r i t e s termed the c h i t i n i s e d t e e t h . These rod- or 

club-shaped s t r u c t u r e s seem t o be o f l i t t l e systematic use, apart from 

the f a c t t h a t they are c o n s t a n t l y very f a i n t i n some species. 

P o s t e r i o r and dorsal t o the mouth hooks l i e s what may be termed 

the parastomal-pharyngeal s c l e r i t e . This i s the l a r g e s t s i n g l e 
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s c l e r i t e i n the f i r s t i n s t a r skeleton, but i t i s convenient t o 

consider i t i n p a r t s . The a n t e r i o r h a l f i s composed of the two arms o f 

the parastomal s c l e r i t e which extend a n t e r i o r l y t o j o i n together and 

from the median t o o t h , and p o s t e r i o r l y t o merge w i t h the v e n t r a l 

cornua ( F i g . 213). Dorsal t o he v e n t r a l cornua l i e the dorsal cornua 

which u n i t e a n t e r i o r l y t o form the dorsal arch. The v e n t r a l and dorsal 

cornua are j o i n e d by the l a t e r a l p l a t e s . The most use f u l systematic 

f e a t u r e shown by t h i s s c l e r i t e i s the narrowest width of the l a t e r a l 

p l a t e i n r e l a t i o n t o the le n g t h of the median t o o t h . The shape of the 

median t o o t h i s also a u s e f u l character, being narrower i n r e l a t i o n t o 

the basal p a r t o f the hypostomal s c l e r i t e (see below), when viewed 

l a t e r a l l y , i n some species, but not so i n others. 

The hypostomal s c l e r i t e l i e s v e n t r a l t o the parastomal s c l e r i t e ; 

as noted above, the thickness o f the basal p a r t o f t h i s s c l e r i t e ( i n 

l a t e r a l view) i s o f diagnostic use. I n a d d i t i o n , there e x i s t s i n 

C a l l i p h o r a v o m i t o r i a (and, i n a much less developed form, i n some 

other species, e.g. C. loewi ) a more or less rounded s c l e r i t e l y i n g 

p o s t e r i o r t o the mouth-hook ( F i g . 247 ); I have termed t h i s the 

post-mandibular s c l e r i t e . As i t e x i s t s only i n some species i t i s , 

t h e r e f o r e , o f d i a g n o s t i c value. 

The above account r e f e r s t o the s i t u a t i o n i n most f i r s t i n s t a r 

l a r v a e , but the f i r s t i n s t a r skeleton i n P r o t o c a l l i p h o r a species i s 

very d i f f e r e n t . I n t h i s genus the hypostomal s c l e r i t e i s absent 

(Figs.281 & 282-). The mouth hooks are very robust f o r a f i r s t i n s t a r , 

and the parastomal bars do not meet and j o i n a n t e r i o r l y t o form a 

median t o o t h , but each bar a r t i c u l a t e s separately w i t h the mouth hook 

a n t e r i o r t o i t . Between the two bars l i e two p l a t e - l i k e s c l e r i t e s . 

This s i t u a t i o n was not observed i n any other genus. 

I n the genus Amenia, the f i r s t i n s t a r skeleton i s very much 

reduced, u n s c l e r o t i s e d and extremely d i f f i c u l t t o examine, being 
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e f f e c t i v e l y transparent; some d e t a i l s can be made out using phase 

c o n t r a s t microscopy. A l l t h a t can be seen i s a very slender pharyngeal 

s c l e r i t e ( F i g . 292 ). I n a d d i t i o n , two s c l e r o t i s e d plates are present 

on the c u t i c l e i n the mouth region. F i r s t i n s t a r Amenia l a r v a are 

u t e r i n e and do not leave the uterus u n t i l a f t e r the f i r s t moult. No 

larvae o f the subfamily Phumosiinae were examined, but according t o 

Ferrar (1978), the f i r s t i n s t a r o f Euphumosia papua (Guerin) also has 

a very reduced skeleton. His i l l u s t r a t i o n shows i t t o be very s i m i l a r 

t o those o f Amenia species. 

Lowne (1890) t o t a l l y m i s i n t e r p r e t s the s t r u c t u r e of the f i r s t 

i n s t a r skeleton. I n h i s i l l u s t r a t i o n on p.45, he shows the parasternal 

bars extending forwards t o meet, and apparently fuse w i t h , what i s 

obviously the hypostomal s c l e r i t e . The arms o f the hypostomal s c l e r i t e 

are i l l u s t r a t e d as meeting and f u s i n g a n t e r i o r l y t o form what i s 

obviously the median t o o t h . As seen above, the median t o o t h i s formed 

by the f u s i o n o f the parastomal bars, the hypostomal s c l e r i t e being a 

separate s t r u c t u r e l y i n g beneath them. Furthermore, Lowne states t h a t 

he was "unable t o f i n d any trace of t h i s s c l e r i t e [ i . e . the hypostomal 

s c l e r i t e ] before the second moult". As we have seen, t h i s i s not the 

case, t h i s s c l e r i t e being present both i n the f i r s t and second i n s t a r s 

(see below). 

5.5 The Second I n s t a r Skeleton 

The skeleton i n t h i s i n s t a r i s a more complex s t r u c t u r e than 

t h a t o f the f i r s t i n s t a r (Figs. 215 & 216). Each mouth-hook consists o f 

an elongate basal p a r t w i t h a posterodorsal horn, and an a n t e r i o r 

curved t o o t h . The length o f the t o o t h i n r e l a t i o n t o the length o f the 

base i s important i n d i s t i n g u i s h i n g c e r t a i n species of L u c i l i a 
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(Figs. 258 & 260 ). The thickness o f the curved area of the t o o t h i n 

r e l a t i o n t o the p o s t e r i o r p a r t o f the t o o t h which merges i n t o the base 

i s o f great diagnostic value, e s p e c i a l l y i n the genera Calliphora 

(Figs. 236 and 237) and L u c i l i a . V e n t r a l l y there i s present a dental 

s c l e r i t e which i s attached t o , and i s p a r t o f , the mouth-hook, u n l i k e 

the s i t u a t i o n i n the t h i r d i n s t a r (see below). The s c l e r o t i s e d 

connection between the dental s c l e r i t e and the mouth-hook may l i e 

deeply i n the t i s s u e s i n some species and may thus give the misleading 

impression t h a t the two elements are p h y s i c a l l y separate (compare 

Figs. 239 and 240). 

V e n t r a l t o the p o s t e r i o r p a r t o f the mouth-hook base l i e s the 

l i g u l o i d arch, which i s , when viewed v e n t r a l l y or d o r s a l l y , a s i n g l e , 

r a t h e r weakly s c l e r o t i s e d band l y i n g between l;he t.wo moul.h-hooks; in 

the species studied i t i s too v a r i a b l e t o be of taxonomic use. 

P o s t e r i o r t o the mouth-hooks l i e s the H-shaped hypostomal s c l e r i t e 

which i s g r e a t l y v a r i a b l e between conspecific i n d i v i d u a l s . From the 

arms o f the H a n t e r i o r t o the cross bar d o r s a l l y on e i t h e r side there 

a r i s e s a t h i n dorsal process i n most species; i t i s , however absent 

from c e r t a i n species e.g. Elephantoloemus i n d i c u s , while i n others, 

e.g. P r o t o c a l l i p h o r a spp., i t i s unusually robust (Fig.283 ). 

I n some species, e.g. Amenia sp. ( F i g . 290 ) the hypostomal 

s c l e r i t e i s very s t r o n g l y l i n k e d w i t h the pharyngeal s c l e r i t e , so much 

so t h a t Ferrar (1976) states t h a t i n Amenia spp. there i s only a 

s i n g l e continuous s c l e r i t e p o s t e r i o r t o the mouth-hooks. Detailed 

examination, however, w i l l r eveal the f a c t t h a t the hypostomal and 

pharyngeal s c l e r i t e s are separate. Ven t r a l t o the a n t e r i o r p a r t of the 

hypostomal s c l e r i t e lies a hypostomal p l a t e on e i t h e r side; they are of 
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no taxonomic value i n t h i s i n s t a r . 

The pharyngeal s c l e r i t e c onsists o f v e n t r a l and dorsal cornua 

and l a t e r a l p l a t e s , as i n the f i r s t i n s t a r . A n t e r i o r l y the parastomal 

s c l e r i t e s are reduced t o two narrow bars; they are o f no systematic 

use. On the other hand, the narrowest width of the l a t e r a l p l a t e i n 

r e l a t i o n t o the l e n g t h o f the mouth-hook i s a h i g h l y r e l i a b l e 

character (compare Figs. 236 and 237 ). Areas of very weak or no 

s c l e r o t i s a t i o n (windows) are present on the dorsal and v e n t r a l cornua 

i n some species, and t h i s f e a t u r e i s o f some supporting diagnostic 

use, but i s subject t o a great deal o f v a r i a t i o n (see below). Often 

windows are present only on the v e n t r a l cornua. 

5.6 The T h i r d I n s t a r Skeleton 

The s t r u c t u r e o f the t h i r d i n s t a r skeleton (Figs.217 and 218) i s 

e s s e n t i a l l y s i m i l a r t o t h a t o f the second i n s t a r , w i t h some important 

d i f f e r e n c e s , the pharyngeal s c l e r i t e i s ( r e l a t i v e t o the mouth-hooks) 

much l a r g e r and more elongate, and a good deal more heavily 

s c l e r o t i s e d . The general shape o f the mouth-hooks i s very d i f f e r e n t , 

l a c k i n g the 'angled' appearance o f the second i n s t a r equivalent 

(compare Figs. 215 and 217). 

The mouth-hook con s i s t s e s s e n t i a l l y o f a broad basal p a r t and a 

curved t o o t h ( F i g . 219 )• The basal p a r t consists of a dorsal horn, a 

dorsa l r i d g e , a p o s t e r i o r condyle and a v e n t r a l angle (See Fig. 219 )• 

On the outer side o f the basal p a r t there i s a large depression 

( F i g . 121), i n the middle o f which l i e s a pore which leads t o the 

hollow lumen o f the mouth-hook. A very u s e f u l diagnostic feature i s 
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the l e n g t h of the mouth-hook i n r e l a t i o n t o the length of the base 

( F i g . 219; compare e.g. Figs. 224 & 267). The general form and degree 

o f curvature o f the t o o t h are also u s e f u l (compare Figs. 225 and 262). 

The base also shows several features of systematic value, e s p e c i a l l y 

i n the degree o f prominence o f the dorsal horn (compare Figs. 226 & 227) 

and the shape o f the dorsal r i d g e (compare Figs. 224 & 289 ). Although 

these features are somewhat v a r i a b l e and d i f f i c u l t t o q u a n t i f y , they 

are nevertheless u s e f u l and are best represented by i l l u s t r a t i o n 

r a t h e r than by a c t u a l measurements. 

Ve n t r a l t o the mouth-hook there l i e s a small dental s c l e r i t e , 

which, although f r e q u e n t l y r e f e r r e d t o i n the l i t e r a t u r e as though i t 

were a s i n g l e s c l e r i t e , i s , i n f a c t , a complex of two s t r u c t u r e s set 

a t r i g h t angles t o one another ( F i g . 220 ). Unit B of the complex i s 

roughly t r i a n g u l a r i n o u t l i n e and l i n k s t o the more rounded u n i t A by 

means o f an elongate process ( p ) . Unit A was not found t o be of much 

dia g n o s t i c use, but u n i t B, although v a r i a b l e , does e x h i b i t some 

u s e f u l i n t e r s p e c i f i c v a r i a t i o n . This l i e s mainly i n i t s size i n 

r e l a t i o n t o the mouth-hook; again i t was not possible t o q u a n t i f y t h i s 

f e a t u r e p r e c i s e l y , i t being best represented by i l l u s t r a t i o n (compare 

e.g. Figs. 234 and 235 ). The dental s c l e r i t e as a whole i s 

p r o p o r t i o n a t e l y much smaller i n c e r t a i n species, e.g. Chrysomya 

bezziana, and t o t a l l y absent i n others, e.g. P r o t o c a l l i p h o r a azurea 

( F i g . 272 and 284). 

I t i s important a t t h i s p o i n t t o draw a t t e n t i o n t o some e r r o r s 

i n the i l l u s t r a t i o n s by Lowne (1890). His i l l u s t r a t i o n on p.45 shows 

the mouth-hook possessing a p o s t e r i o r l y elongated and peg-like 

condyle. I have not seen such a s t r u c t u r e i n Calliphora v i c i n a (the 
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species described by Lowne) or any other species. Another, r a t h e r 

remarkable f e a t u r e i l l u s t r a t e d by Lowne, i s a thumb-like v e n t r a l angle 

possessing a brush o f h a i r s a t i t s v e n t r a l t i p . Apart from the q u i t e 

unusual shape o f the angle, I have not seen any such h a i r s on any of 

the species s t u d i e d ; furthermore, i t i s d i f f i c u l t t o see how Lowne 

could have made such an e r r o r , there being no st r u c t u r e s i n t h a t area 

t h a t could be mistaken f o r h a i r s . I t i s j u s t possible t h a t Lowne, 

seeing the mouth-hooks as mandible homologues, may have assumed t:ha1. 

the v e n t r a l angle had a s i m i l a r s t r u c t u r e t o the hairy prost,hec.;i of 

many i n s e c t s . 

The mode o f f u n c t i o n i n g of the mouth-hooks has been a matter of 

some dispute among previous authors, and so an account of my studies 

on t h i s aspect i s given here. The abductor or elevator apodeme 

attaches t o the do r s a l horn i n the manner shown i n F i g . 219 ; i n other 

words i t reaches the horn from a p o s t e r i o r d i r e c t i o n . This was shown 

by Ludwig (1949) and Roberts (1971), but M i l l e r (1932) shows the 

apodeme as i n s e r t i n g from a posterodorsal d i r e c t i o n . Dissections o f 

C a l l i p h o r a quadrimaculata (the species studied by M i l l e r ) durinjL^ the 

present study have shown t h a t the i n s e r t i o n i s i d e n t i c a l to the 

s i t u a t i o n i n C. v i c i n a and L. s e r i c a t a . 

Regarding the p o i n t o f i n s e r t i o n o f the adductor or depressor 

apodeme. M i l l e r s t a t e d t h a t t h i s was at the v e n t r a l angle of the 

mouth-hook i t s e l f . This was challenged by both Ludwig and Roberts, who 

s t a t e d t h a t the apodeme i n s e r t e d on the dental s c l e r i t e . Teskey (1981) 

q u i t e r i g h t l y p o i n t e d out t h a t i f the apodeme i n s e r t e d on the dental 

s c l e r i t e then the dental s c l e r i t e must be attached f i r m l y t o the 

mouth-hook base. However, he apparently accepted Ludwiy's anti Hobor l . i ; ' 
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views as he i l l u s t r a t e s Phormia regina w i t h the apodeme i n s e r t i n g on 

the dental s c l e r i t e . 

My studies on t h i s precise p o i n t have shown t h a t the s i t u a t i o n 

i s r a t h e r more complex. By dissections o f f r e s h larvae and moving o f 

p a r t s by p u l l i n g on the apodeme, and by close examination o f f l a t 

s l i d e • preparations and o f sections, the f o l l o w i n g was deduced ( i n 

C a l l i p h o r a v i c i n a ) . Two apodemes are involved. One proceeds forwards 

t o a t t a c h t o the v e n t r a l t i p of u n i t B o f the dental s c l e r i t e and then 

continues a n t e r i o r l y t o at t a c h t o the t i p and a n t e r i o r margin of the 

v e n t r a l angle ( F i g . 120 ). The second apodeme i n s e r t s broadly onto 

u n i t B o f the dent a l s c l e r i t e . The s i t u a t i o n i s shown dia g r a m a t i c a l l y 

i n F i g . 219). 

The s t r u c t u r e o f the mouth-hook as seen w i t h the S.E.M. shows 

two f e a t u r e s o f i n t e r e s t . F i r s t l y , a v e n t r o - l a t e r a l ridge may be seen 

running along the whole length o f the t o o t h (Figs. 124 and 125 ), and 

the v e n t r a l surface o f the t o o t h between the two ridges i s r e l a t i v e l y 

f l a t . The second f e a t u r e o f i n t e r e s t i s the very smooth surface of the 

mouth-hook when compared w i t h the r e s t o f the skeleton. 

Between the two mouth-hooks there l i e s a s i n g l e unpaired 

s t r u c t u r e , the o r a l s c l e r i t e ( F i g . 218). This s c l e r i t e has o f t e n been 

s t a t e d t o be e i t h e r present or absent i n c e r t a i n species i n the 

l i t e r a t u r e (e.g. Zumpt, 1965; Oldroyd and Smith, 1973) and has been 

used e s p e c i a l l y t o d i s t i n g u i s h between Cal l i p h o r a and L u c i l i a . 

However, t h i s study has shown t h a t i t i s always present i n the great 

m a j o r i t y o f species, except i n the species of P r o t o c a l l i p h o r a . The 

e r r o r o r i g i n a l l y arose because the s c l e r i t e i s unpigmented i n many 

species and i s , t h e r e f o r e , d i f f i c u l t t o see. Since i t was thought t o 
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be absent from many species i t was termed the 'accessory' o r a l 

s c l e r i t e , but the f i r s t a d j e c t i v e should perhaps now be dropped from 

the terminology. 

The o r a l s c l e r i t e i s best examined from the v e n t r a l aspect 

( F i g . 218 ). I t c o n s i s t s o f a main, r o d - l i k e s t r u c t u r e which tapers 

a n t e r i o r l y , and a p o s t e r i o r p a i r of narrow, curved s t r u c t u r e s ; I term 

these c o l l e c t i v e l y the wish-bone s t r u c t u r e . I n a d d i t i o n , a t a more 

v e n t r a l l e v e l , there a r i s e s from the c e n t r a l rod a p a i r of wi n g - l i k e 

s t r u c t u r e s . I t i s important t o note t h a t the wish-bone s t r u c t u r e l i e s 

on a more dorsal.plane than the wing s t r u c t u r e , since focus adjustment 

w i l l be r e q u i r e d t o examine both these s t r u c t u r e s under the 

microscope. This may be seen c l e a r l y i n Figs. 138 & 139 of Cal l i p h o r a 

s t y g i a ; F i g . 138 shows the wish-bone s t r u c t u r e from the v e n t r a l 

aspect, while F i g . 139 shows the wing s t r u c t u r e i n the same specimen 

i n the same p o s i t i o n . The wish-bone s t r u c t u r e may be discerned through 

the wing s t r u c t u r e i n the second f i g u r e . 

The o r a l s c l e r i t e i s extremely u s e f u l i n i d e n t i f i c a t i o n a t the 

species l e v e l . I t s most u s e f u l f e a t u r e i s the extent of pigmentation. 

I n some species, e.g. C a l l i p h o r a c r o c e i p a l p i s , p r a c t i c a l l y the whole 

s t r u c t u r e i s pigmented ( F i g . 132 ). I n others, l i k e L u c i l i a s e r i c a t a , 

the s t r u c t u r e i s t o t a l l y unpigmented ( F i g . 145 ). I n those species i n 

which a t l e a s t some pigmentation occurs, pigment i s always present at 

the wider p o s t e r i o r end o f the rod, a t the j u n c t i o n w i t h the wing and 

wish-bone s c l e r i t e s . This 'minimum pigmentation' s i t u a t i o n occurs 

e.g. i n C a l l i p h o r a hortona ( F i g . 140 ). I n other species almost the 

whole o f the rod may be pigmented, as i n e.g. Calliphora uralensis 

( F i g . 128 ), or a t l e a s t an extensive p a r t o f i t as i n e.g. Calliphora 
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v i c i n a ( F i g . 126 ) and Ca l l i p h o r a v o m i t o r i a ( F i g . 127 ). I n many 

species, e.g. Chrysomya megacephala ( F i g . 145 ) and Chrysomya 

mar g i n a l i s ( F i g . 1 4 7 ) , the pigment i s us u a l l y confined t o the basal 

p a r t o f the rod. The wing and wishbone s t r u c t u r e s are also subject t o 

pigmentation. A u s e f u l f e a t u r e d i s t i n g u i s h i n g Calliphora a l p i n a ( F i g . 

129 ) from C a l l i p h o r a subalpina ( F i g . 130 ) i s the f a c t t h a t the 

wish-bone s t r u c t u r e i s pigmented i n the former, but not i n the l a t t e r . 

The wing s t r u c t u r e i s also pigmented i n some species, but I have never 

seen a species where t h i s s t r u c t u r e i s pigmented and the wish-bone 

s t r u c t u r e i s not, although the reverse i s o f t e n the case. 

Apart from pigmentation, the shape of the o r a l s c l e r i t e as a 

whole i s a u s e f u l diagnostic f e a t u r e , e s p e c i a l l y the form o f the basal 

p a r t o f the rod. This may taper g e n t l y t o form a cone shape as i n 

C a l l i p h o r a subalpina ( F i g . 130) and Chrysomya marginalis ( F i g . 147 ), 

or may expand t o form a broad, rounded base as i n Calliphora v i c i n a 

( F i g . 126 ) and C a l l i p h o r a a l p i n a ( F i g . 129 ). I n L u c i l i a s e r i c a t a 

( F i g . 145 ) the base i s very narrow. 

As might be expected, the above features e x h i b i t a c e r t a i n 

amount o f v a r i a t i o n , but they are, nevertheless, very r e l i a b l e guides 

t o i d e n t i f i c a t i o n . F i n a l l y , i t must be pointed out t h a t , i n the 

l i t e r a t u r e , reference i s f r e q u e n t l y made t o the spheric a l accessory 

o r a l s c l e r i t e o f L u c i l i a ampullacea which i s o f t e n depicted as shown 

i n F i g . 264 ). This s c l e r i t e i s not s p h e r i c a l , but i t appears so since 

i t i s pigmented only a t i t s p o s t e r i o r end, i n the same way as the 

species discussed above. 

Teskey (1981) s t a t e d t h a t the f u n c t i o n o f the 'accessory', o r a l 

s c l e r i t e was unknown. However, Roberts (1971) had shown t h a t , i n 
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C a l l i p h o r a v o m i t o r i a , the apodeme of an o r a l s c l e r i t e elevator muscle 

i n s e r t s on the basal p a r t o f the rod. Retraction of the muscle p u l l s 

i n the o r a l s c l e r i t e and the upper l i p t o which i t i s attached, thus 

c l o s i n g the mouth ( F i g . 113 ). These f i n d i n g s were confirmed by the 

present study. 

The mouth-hook condyle a r t i c u l a t e s p o s t e r i o r l y w i t h the 

hypostomal s c l e r i t e ( F i g . 218). This s c l e r i t e i s H-shaped, w i t h the 

cross-bar o f the H sunk v e n t r a l t o the l e v e l of the r e s t of the 

s c l e r i t e t o form a v e n t r a l p r o j e c t i o n when viewed l a t e r a l l y . The 

hypostomal s c l e r i t e u s u a l l y lacks a dorsal process i n the t h i r d 

i n s t a r , but one i s present i n P r o t o c a l l i p h o r a spp. Generally, the 

hypostomal s c l e r i t e i s o f l i t t l e use i n i d e n t i f i c a t i o n , being r a t h e r 

v a r i a b l e . However, although i t s length i n most species i s less than 

the l e n g t h o f a mouth-hook, i n Stomorhina c r i b r a t a (Fig. 294 ) i t i s 

longer. Also, i n some species i t i s c o n s i s t e n t l y much shorter ( i n 

r e l a t i o n t o the mouth-hook) than usual and t h i c k e r i n l a t e r a l view, 

e.g. Chrysomya r u f i f a c i e s ( F i g . 275). Another feature of some use i n 

i d e n t i f i c a t i o n i s the r e l a t i v e thickness of the cross-bar, being very 

robust i n e.g. C a l l i p h o r a v i c i n a ( F i g . 148 ) , but much narrower i n 

other species, e.g. L u c i l i a s e r i c a t a ( F i g . 162 ). I t i s very broad i n 

Chrysomya albiceps ( F i g . 164). 

Hewitt (1914) s t a t e d t h a t the duct o f the s a l i v a r y gland entered 

the pharynx a n t e r i o r t o the cross-bar o f the hypostomal s c l e r i t e . 

M i l l e r (1932) disputed t h i s , s t a t i n g t h a t the duct entered the pharynx 

immediately behind the cross-bar. However, Hewitt was working on a 

Muscid (Musca domestica) not a C a l l i p h o r i d . During the course of t h i s 

study, many n o n - C a l l i p h o r i d cyclorrhapha were examined, i n c l u d i n g 
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Musca domestica, and i n a l l these species the s a l i v a r y duct was found 

t o j o i n the pharynx p o s t e r i o r t o the cross-bar. 

V e n t r a l t o the a n t e r i o r p a r t of the hypostomal s c l e r i t e l i e the 

two hypostomal p l a t e s ( F i g . 218 ). The p o s t e r i o r parts o f these 

comma-shaped s t r u c t u r e s a r t i c u l a t e w i t h the hypostomal s c l e r i t e at the 

angles made by the cross-bar and the side-branches of the s c l e r i t e 

a n t e r i o r l y . Each hypostomal p l a t e i s more or less uniformly 

s c l e r o t i s e d , except a t the p o s t e r o - v e n t r a l p a r t which i s weakly 

s c l e r o t i s e d and p e r f o r a t e d ( F i g . 148 ). (N.B.: The plates are mounted 

on t h e i r sides and appear i n t h i s p o s i t i o n i n the photographs; i n l i f e 

the p e r f o r a t e d p a r t s l i e v e n t r a l l y ) . 

The hypostomal p l a t e s are o f diagnostic use i n many ways. 

F i r s t l y , the degree o f pigmentation varies i n t e r s p e c i f i c a l l y , e.g. the 

p l a t e s are much darker (black) i n C a l l i p h o r a v i c i n a and C a l l i p h o r a 

quadrimaculata (Figs. 148 and 155 ), but are much l i g h t e r coloured i n 

other species, appearing orange i n Cynomyiopsis cadaverina (F i g . 160 ) 

or orange-brown i n L u c i l i a s e r i c a t a . Secondly, size i s a very useful 

f e a t u r e , but i s best used when comparing two or more species, r a t h e r 

than f o r the i d e n t i f i c a t i o n o f any one species. I t i s very u s e f u l , 

e.g. when separating C a l l i p h o r a v i c i n a ( F i g . 148 ) which has large 

p l a t e s from C a l l i p h o r a subalpina ( F i g . 151) w i t h i t s r e l a t i v e l y small 

p l a t e s . Some species, e.g. Chrysomya bezziana, have p a r t i c u l a r l y small 

p l a t e s ( F i g . 165). The t h i r d f e ature of taxonomic use i s the shape of 

the p l a t e . The range o f i n t e r s p e c i f i c v a r i a t i o n w i t h i n one genus, e.g. 

C a l l i p h o r a i s not very great, but i t i s u s e f u l when comparing genera, 

e.g. C a l l i p h o r a and L u c i l i a . I n the l a t t e r genus the fenestra t ;Rd a ren 

o f the p l a t e c o n s i s t e n t l y l.akeB up a ].;ir/.',or propotM. i on oC I.In; 
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s t r u c t u r e ( F i g . 162 ). I n the genus Chrysomya however, the pla t e s do 

vary g r e a t l y between species; compare, e.g. the d i s t i n c t i v e p lates of 

Ch. albiceps ( F i g . 164 ) w i t h those of Ch. bezziana (F i g . 165 ). I n 

P r o t o c a l l i p h o r a spp. the p l a t e s are elongate and the fenestrated area 

i s s i t u a t e d a n t e r i o r l y ( F i g . 166). 

Lying v e n t r a l t o the mouth-hooks between the hypostomal pl a t e s 

and the dental s c l e r i t e s i s the l i g u l o i d arch ( F i g . 218 ). I n many 

species i t i s a r a t h e r d i f f u s e band of s c l e r o t i s a t i o n as, e.g. i n 

Ga l l i p h o r a augur ( F i g . 152 ). I n other species, e.g. Calliphora v i c i n a 

and C a l l i p h o r a c r o c e i p a l p i s (Figs. 148 and 157 ) the band i s broader 

and more h e a v i l y s c l e r o t i s e d . On the other hand, the band i s weaker i n 

other species, l i k e C a l l i p h o r a u r a l e n s i s ( F i g . 149 ) and Cal l i p h o r a 

subalpina ( F i g . 151) • I n Chrysomya bezziana ( F i g . 165 ) the band i s 

very narrow and weak, but shows areas of heavier s c l e r o t i s a t i o n along 

i t s l e n g t h . The shape o f the arch i s also o f t e n of diagnostic value; 

e.g. i n C a l l i p h o r a quadrimaculata ( F i g . 154 ) i t i s st r o n g l y V-shaped, 

whereas i n A l d r i c h i n a grahami i t i s more U-shaped (Fig. 161 ). I n some 

species the main body o f the arch i s weak, but the peripheries are 

very h e a v i l y s c l e r o t i s e d and assume very d i s t i n c t i v e shapes. Examples 

are C a l l i p h o r a hortona ( F i g . 158 ) and Chrysomya albiceps ( F i g . 164). 

I n a d d i t i o n t o the above c h a r a c t e r i s t i c s , the l i g u l o i d arch 

possesses a row o f t e e t h on i t s a n t e r i o r edge. These te e t h are very 

d i f f i c u l t t o see; they are of l i t t l e taxonomic value apart from the 

f a c t t h a t they are more prominent i n those species where the arch as a 

whole i s h e a v i l y s c l e r o t i s e d . 

The l a r g e s t s i n g l e s t r u c t u r e i n the t h i r d i n s t a r skeleton i s the 

pharyngeal s c l e r i t e ( F i g . 218 ). The form of t h i s s c l e r i t e i s 
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e s s e n t i a l l y s i m i l a r t o the second i n s t a r equivalent, although i t i s 

r e l a t i v e l y more elongate and narrower d o r s o v e n t r a l l y . Although t h i s 

s c l e r i t e i s one i n d i v i s i b l e whole, i t i s convenient t o discuss the 

taxonomic value o f p a r t i c u l a r areas of i t : separately. 

The two a n t e r i o r parastomal bars are o f l i m i t e d use 

taxonomically. They are us u a l l y t h i n , elongate s t r u c t u r e s ( F i g . 218 ) 

w i t h no d i s t i n g u i s h i n g f e a t u r e s . I n some species, e.g. Calliphora 

v o m i t o r i a ( F i g . 112), there i s a tendency f o r some specimens t o have 

the t i p o f the bars upturned, but t h i s i s a very v a r i a b l e feature and 

i s no use i n i d e n t i f i c a t i o n . However, i n some species the t i p i s 

s t r o n g l y curved upwards and backwards, e.g. i n L u c i l i a bufonivora 

( F i g . 2 6 7 ) ; i n these species the feature i s a constant and r e l i a b l e 

f e a t u r e . I n P r o t o c a l l i p h o r a spp. the bars are unusually t h i c k 

( F i g . 284 ) . I n a very few species, e.g. Stomorhina c r i b r a t a 

( F i g . 294 ) and Chrysomya r u f i f a c i e s ( F i g . 275 ) the parastomal bars 

are t o t a l l y l a c k i n g . 

The parastomal bars are i n t e g r a l p a r t s o f the pharyngeal 

s c l e r i t e as a whole. I n t h i s connection Lowne's (1890) i l l u s t r a t i o n 

(p.45) i s misleading, since i t shows the bars as, e i t h e r separate 

s t r u c t u r e s , or as s c l e r i t e s t h a t are hinged t o the main body o f the 

pharyngeal s c l e r i t e . 

Lying between the parastomal bars i s a very f a i n t l y s c l e r o t i s e d 

s t r u c t u r e , the epipharyngeal s c l e r i t e . I t i s usu a l l y very d i f f i c u l t t o 

see, and i s best examined from the dorsal aspect ( F i g . 163 ). I t bears 

a number o f p e r f o r a t i o n s through which, according t o Roberts (1971), 

sensory processes pass. This s c l e r i t e was not found t o be o f any 

systematic use, other than being somewhat more heavily s c l e r o t i s e d i n 
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c e r t a i n species. I t i s not a very r e l i a b l e f e a t u r e , however. 

Snodgrass (1924) reported the presence of a 'bridge p l a t e ' i n 

roughly the same p o s i t i o n as the epipharyngeal s c l e r i t e i n Rhagoletis 

pomonella ( T e p h r i t i d a e ) . I have never seen any such p l a t e i n any 

T e p h r i t i d or other Cyclorrhaphous l a r v a , although I have not seen 

Rh. pomonella. From h i s i l l u s t r a t i o n ( p i . 3 ) , t h i s s t r u c t u r e appears 

s i m i l a r t o the l i g u l o i d arch, although, o f course, i t i s i n the wrong 

p o s i t i o n . However, the l i g u l o i d arch i s v i s i b l e d o r s a l l y and i t i s 

possible t h a t Snodgrass m i s i n t e r p r e t e d i t s p o s i t i o n . 

Behind, and on e i t h e r side o f , the epipharyngeal s c l e r i t e there 

l i e two elongate areas o f sclerot.i i-ation, the epipharyngeal aciculae 

( F i g . 112 ). These are o f no r s a l taxonomic value, being h i g h l y 

v a r i a b l e i n degree o f s c l e r o t i s a t i o n ; however, they do seem t o be more 

developed i n C a l l i p h o r a spp. than i n any other genus. 

The dorsal arch e x h i b i t s a c e r t a i n amount o f i n t e r s p e c i f i c 

v a r i a t i o n . I n some genera, e.g. P r o t o c a l l i p h o r a ( F i g . 284 ), the arch 

i s c o n s i s t e n t l y weak, appearing pointed i n l a t e r a l view . I n other 

genera, e s p e c i a l l y Chrysomya, t h i s f e ature d i f f e r s between species, 

being robust i n e.g. Ch. p u t o r i a ( F i g . 271 ), but weak i n Ch. 

albiceps ( F i g . 274). I n the genera C a l l i p h o r a and L u c i l i a the arch i s 

r a t h e r constant i n appearance and i s o f no systematic use. 

Between the dorsal arch and the parastomal bars v e n t r a l l y l i e s 

an area o f d i f f u s e s c l e r o t i s a t i o n , the ocular depression, 

l i g h t - s e n s i t i v e c e l l s l i e i n t h i s depression, which provides a dark 

background so t h a t these c e l l s can obtain a d i r e c t i o n a l perception of 

i l l u m i n a t i o n (Roberts, 1971). The depression varies widely i n form and 

i s thus o f no systematic value; nonet.hel esn, i t . i w i mfjor l.ant, l.o 



- 82 -

recognise i t s p h y s i c a l l i m i t s when examining specimens. This i s 

because, when viewed l a t e r a l l y , the depression may obscure the l i m i t s 

o f the a n t e r i o r margin o f the l a t e r a l p l a t e ( F i g . 217 ). Strong l i g h t 

and c a r e f u l focussing overcomes t h i s problem. Some previous authors, 

e.g. Zumpt (1965), have f a i l e d t o allow f o r t h i s feature and 

consequently i n many o f t h e i r i l l u s t r a t i o n s the a n t e r i o r margin of the 

l a t e r a l p l a t e apperas t o extend forward more than i t a c t u a l l y does. 

The i r r e g u l a r o u t l i n e betrays the f a c t t h a t i t i s the ocular 

depression and not the margin of the l a t e r a l p l a t e t h a t i s 

i l l u s t r a t e d . An example o f t h i s k i n d o f i l l u s t r a t i o n i s given i n 

F i g . 223 (compare w i t h F i g . 217). 

The narrowest width o f the l a t e r a l p l a t e i n r e l a t i o n t o the 

mouth-hook i s a u s e f u l d i a g n o s t i c f e a t u r e i n c e r t a i n cases. I n many 

species, as i n most C a l l i p h o r a spp., the l a t e r a l p l a t e i s more or less 

as wide as the mouth-hook i s long, but i n others, e.g. Chrysomya 

albiceps ( F i g . 274 ) i t g r e a t l y exceeds the length of the mouth-hook. 

I n Cochliomyia hominivorax ( F i g . 277) and c e r t a i n L u c i i i n spp., amon/', 

othe r s , the width o f the p l a t e i s appreciably less than the moul.h-hook 

l e n g t h . 

The r e l a t i v e lengths of the dorsal and v e n t r a l cornua are also 

u s e f u l . The v e n t r a l cornu i s always shorter than the dorsal; however, 

i n many species, e.g. C a l l i p h o r a v o m i t o r i a ( F i g . 225 ) the v e n t r a l 

cornu i s appreciably longer than h a l f the length of the d o r s a l , while 

i n o t h e r s , e.g. Cynomya mortuorum ( F i g . 262 ) , the v e n t r a l cornu i s 

equal t o , or s l i g h t l y longer than, h a l f the length of the dorsal 

cornu. 

The shape o f the poaterodcjrr.al [ ifoceeir; o f l.h<: vcn l . r ' a l cor'i i i i h; 
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o f some l i m i t e d diagnostic value. I t i s not a very r e l i a b l e character, 

but i s o f some use as a general guide when d i s t i n g u i s h i n g between 

c e r t a i n species, e.g. compare Chrysomya albiceps (Fig. 274 ) and 

Chrysomya r u f i f a c i e s ( F i g . 275). 

The dorsal cornu e x h i b i t s two features of diagnostic use. 

F i r s t l y , i t s shape, i . e . the o u t l i n e of i t s dorsal margin when viewed 

l a t e r a l l y , v a r i e s between species, but i s not on i t s own a very 

r e l i a b l e f e a t u r e when dealing w i t h c l o s e l y r e l a t e d species. Thus, the 

o u t l i n e shows a pronounced curve i n C a l l i p h o r a vomitoria ( F i g . 225 ), 

but tends t o be much s t r a i g h t e r i n C a l l i p h o r a subalpina ( F i g . 228 ). 

Secondly, the dorsoventral thickness of the cornu i s of some use. This 

f e a t u r e i s c l o s e l y l i n k e d w i t h the previous f e a t u r e , i n other words, 

the g r e a t e r the thickness the greater the curve. The two extreme 

c o n d i t i o n s of t h i s f e a t u r e may be seen i n the very narrow dorsal cornu 

o f P o l l e n i a r u d i s ( F i g . 295 ) and the very broad cornu o f 

P r o t o c a l l i p h o r a azurea ( F i g . 284). 

The presence or absence o f 'windows' on the dorsal and v e n t r a l 

cornua, although much used i n the l i t e r a t u r e , was found t o be an 

u n r e l i a b l e f e a t u r e . The f e a t u r e i s p a r t i c u l a r l y u n r e l i a b l e i n the 

dorsal cornu, being somewhat more constant i n the v e n t r a l . However, 

oc c a s i o n a l l y c e r t a i n species and not others w i l l show p a r t i c u l a r l y 

prominent windows, and i n these cases reference t o them i s included i n 

the species d e s c r i p t i o n s . 

I t i s o f t e n repeated i n the l i t e r a t u r e (e.g. Zumpt, 1965) t h a t 

the Sarcophagidae may be d i s t i n g u i s h e d from the C a l l i p h o r i d a e by 

v i r t u e o f the f a c t t h a t the former always possess a deep c l e f t i n the 

d o r s a l cornu (Fig. 317) while the l a t t e r never do. This i s i n c o r r e c t . 
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C e r t a i n C a l l i p h o r i d a e , e.g. Auchmeromyia l a t e o l a ( F i g . 394 ) and 

Stomochina c r i b r a t a ( F i g . 294 ) do possess such a c l e f t . The c l e f t i s 

simply a 'window' t h a t reaches the margin of the cornu. 

I n an attempt t o determine whether 'windows' are simply areas of 

weak s c l e r o t i s a t i o n or a c t u a l holes, the pharyngeal s c l e r i t e of a few 

specimens o f C a l l i p h o r a v i c i n a were dissected out and examined under 

the S.E.M. The r e s u l t s showed t h a t the 'window' i s not a p e r f o r a t i o n , 

but an area o f weak s c l e r o t i s a t i o n (Figs..122 and 123). 

The pharyngeal ridges (Figs. 118 and 218 ) were stat e d by K e i l i n 

(1912) t o be present only i n saprophagous larvae, while p a r a s i t i c 

larvae lacked them. Dowding (1967) s t a t e d t h a t these ridges were used 

t o concentrate the ingested food o f saprophagous larvae, but were 

absent from p a r a s i t i c larvae whose food was more n u t r i t i o u s and d i d 

not r e q u i r e concentrating. During t h i s study several p a r a s i t i c 

species, e.g. P r o t o c a l l i p h o r a spp. and Chrysomya bezziana were found 

t o possess such r i d g e s , and i t would seem t h a t K e i l i n ' s g e n e r a l i s a t i o n 

does not hold i n a l l cases. I t i s i n t e r e s t i n g to note t h a t Ferrar 

(1979) i n h i s study o f the Muscidae, a r r i v e d a t s i m i l a r conclusions t o 

mine. 

The ridges are T-shaped and, i n the t h i r d i n s t a r , seven are 

present (plus two one-lipped s t r u c t u r e s , one on e i t h e r side, which are 

not v i s i b l e v e n t r a l l y ) . This number seems t o be constant throughout 

the C a l l i p h o r i d a e and, t h e r e f o r e , these s t r u c t u r e s are o f no 

d i a g n o s t i c value. One i n t e r e s t i n g discovery made, however, was t h a t 

only f i v e ridges e x i s t i n the f i r s t i n s t a r ( F i g . 119), 

F i n a l l y , two other s t r u c t u r e s , although devoid of taxonomic 

value, deserve mention i n order t o avoid confusion, since they are 
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us u a l l y d i f f i c u l t t o see, but i n some preparations are very v i s i b l e . 

This may give the impression t h a t i n t e r s p e c i f i c d i f f e r e n c e s e x i s t , 

which i s not a c t u a l l y the case. The f i r s t s t r u c t u r e i s the prothoracic 

membrane which covers the atri u m , or t h a t area between the mouth-hooks 

and the pharyngeal s c l e r i t e ( F i g . 223 ). The second group o f 

s t r u c t u r e s are the unpigmented pharyngeal phragmata t h a t extend 

backwards from the cornua ( F i g . 223 ). The mouth-hook muscles 

o r i g i n a t e from-the p o s t e r i o r phragnea o f the v e n t r a l cornu. 

5.7 Ecdysis 

Ecdysis, or the shedding of the l a r v a l c u t i c l e , occurs twice 

du r i n g the l i f e o f the l a r v a , between the f i r s t and second, and second 

and t h i r d i n s t a r s . (The t h i r d i n s t a r l a r v a l c u t i c l e i s not shed, but 

heurdens and darkens t o form the puparium, as explained above. 

Apol y s i s , however, does occur, followed by a pharate s t a t e during 

which a pupal c u t i c l e forms beneath the puparium. A pupa-adult 

ap o l y s i s occurs l a t e r , so t h a t the emerging a d u l t sheds both pupal and 

l a r v a l ( p u p a r i a l ) c u t i c l e s ) . 

During each moult, not only the c u t i c l e i s shed, but also the 

cephalopharyngeal skeleton. Before the skeleton i s shed, the new 

skeleton begins t o form. This means t h a t , from time t o time, i t i s 

poss i b l e t o come across a l a r v a whose skeleton includes elements of 

two i n s t a r s . Such specimens must be recognised f o r what they are, i . e . 

' i n t e r s t a g e s ' between i n s t a r s . I n the past, such interstages have 

caused confusion; f o r example, an i l l u s t r a t i o n by H a l l (1948: p i . 45), 

l a b e l l e d as the f i r s t i n s t a r skeleton of Cynomyiopsis cadaverina, i s 
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w i t h o u t doubt such an i n t e r s t a g e , c o n t a i n i n g both f i r s t and second 

i n s t a r elements. I n h i s d e s c r i p t i o n . H a l l r e f e r s t o the f i r s t i n s t a r 

mouth-hooks as 'strongly arched'; t h i s s t r u c t u r e i s , however, the 

developing second i n s t a r mouth-hook. Figs. 221 and 222 are examples 

of such i n t e r s t a g e s . 

I n t e r s t a g e s may also be recognised by the examination of the 

a n t e r i o r and p o s t e r i o r s p i r a c l e s , where the developing s t r u c t u r e s of 

the f o l l o w i n g i n s t a r may be seen. 

5.8 The V a r i a t i o n o f S c l e r o t i s a t i o n 

During the course o f t h i s work i t was noticed t h a t the degree of 

v a r i a t i o n o f the form and extent of pigmentation o f the 

cephalopharyngeal skeleton was much greater i n the t h i r d i n s t a r than 

i n the f i r s t and second i n s t a r s . S i m i l a r r e s u l t s were reported above 

(4.2.6) f o r the p o s t e r i o r s p i r a c l e s . 

Conventional taxonomic wisdom has always considered colour 

characters u n r e l i a b l e , more so i n burrowing or subterranean animals i n 

which colour i s perhaps less subject t o s e l e c t i v e pressures, than i n 

s u r f a c e - d w e l l i n g ones. C a l l i p h o r i d larvae, being s t r o n g l y negatively 

p h o t o t a c t i c , spend most o f t h e i r l i v e s burrowing deeply i n t o the 

t i s s u e s o f the carcase or under i t . They may, t h e r e f o r e , be termed 

'geophilous' f o r our purposes, and the extent o f pigmentation must be 

expected t o be p a r t i c u l a r l y v a r i a b l e i n t h i s group. 

Due t o the f a c t t h a t the larvae of C a l l i p h o r i d a e are r e l a t i v e l y 

f e a t u r e l e s s and uniform i n s t r u c t u r e as a group, the t r a d i t i o n a l 

taxonomy o f these larvae has r e l i e d h e a v i l y on the hard, pigmented 
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p a r t s , e s p e c i a l l y the cephalopharyngeal skeleton and the p o s t e r i o r 

s p i r a c l e s . This i s r e f l e c t e d i n the f a c t t h a t i l l u s t r a t i o n s o f the 

cephalopharyngeal skeleton by previous authors are i n v a r i a b l y shaded, 

showing areas o f l i g h t e r pigmentation. I n my opinion, t h i s can be 

misleading, as i t suggests r a t h e r constant d i f f e r e n c e s between species 

which do not, i n f a c t , e x i s t . I n t h i s t h e s i s , a l l i l l u s t r a t i o n s are 

d e l i b e r a t e l y o u t l i n e s only, and are not shaded. (Another reason f o r 

avoid i n g shading i s t h a t i t obscures the l i m i t s o f the various 

s c l e r i t e s . ) 

I n order t o c l a r i f y the above remarks, an example of the s o r t of 

v a r i a t i o n t h a t occurs w i l l now be given. I f the i l l u s t r a t i o n given i n 

t h i s t h e s i s o f the t h i r d i n s t a r skeleton o f Calliphora v i c i n a be 

compared w i t h the i l l u s t r a t i o n s given by H a l l (1948) and Schumann 

(1954) o f the same s t r u c t u r e i n the same species, a great degree of 

d i f f e r e n c e w i l l be seen i n the form of the dorsal and v e n t r a l cornua, 

although a l l three i l l u s t r a t i o n s were f a i t h f u l l y drawn from actual 

specimens. I t i s obvious t h a t C. v i c i n a cannot be i d e n t i f i e d on the 

basis o f the form o f the pharyngeal s c l e r i t e alone. Also, the size of 

the windows, e s p e c i a l l y those on the dorsal cornua, i s very v a r i a b l e , 

and the use of KOH f o r c l e a r i n g has been found t o cloud the issue 

f u r t h e r , as specimens l a c k i n g a window on the dorsal cornu may 

'acquire' windows a f t e r KOH treatment. 

I t i s obvious from these remarks t h a t great caution must be 

exercised when the i d e n t i f i c a t i o n o f t h i r d i n s t a r larvae i s made on 

the basis o f the shape and degree o f pigmentation of the skeleton, 

e s p e c i a l l y the pharyngeal s c l e r i t e . This does not mean, however, t h a t 

t h i s s r u c t u r e i s wi t h o u t value, f o r i t i s , indeed, one of the most 
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u s e f u l and e a s i l y observed s t r u c t u r e s , but i t i s important t o be aware 

o f the extent and manner i n which i t v a r i e s . What caused confusion i n 

the past was not so much the u n r e l i a b i l i t y o f the skeleton as a 

systematic character, but a lack o f understanding of i t s morphological 

v a r i a b i l i t y . 

The question why the cephalopharyngeal skeleton v a r i e d much more 

i n the t h i r d i n s t a r than i n the e a r l i e r i n s t a r s was considered. A 

poss i b l e answer i s t h a t , since the t h i r d i n s t a r i s of much greater 

d u r a t i o n than e i t h e r o f the f i r s t two i n s t a r s , i t i s l i k e l y t h a t 

f u r t h e r s c l e r o t i s a t i o n occurs w i t h age. Observation showed t h a t l a r g e r 

t h i r d i n s t a r larvae tend t o possess more robust skeletons than smaller 

ones. 

An attempt was made t o t e s t t h i s hypothesis. Ten larvae o f 

C a l l i p h o r a v i c i n a were k i l l e d and preserved a few hours a f t e r moiiltinj.', 

t o the t h i r d i n s t a r , and a f u r t h e r ten from the same batch were 

s i m i l a r l y t r e a t e d a f t e r three days. The f o l l o w i n g measurements of a l l 

these larvae were taken: E n t i r e length o f skeleton, length of 

mouth-hook, le n g t h o f dorsal cornu, length o f v e n t r a l cornu and 

gr e a t e s t diameter o f the p o s t e r i o r s p i r a c l e . 

I t would seem from Table VI t h a t f u r t h e r s c l e r o t i s a t i o n does 

occur w i t h age. This increase i n size occurs without moulting; t h i s i s 

i n t e r e s t i n g i n view o f the statement, o f t e n made i n the l i t e r a t u r e , 

t h a t i n s e c t growth i s discontinuous and moulting must occur before any 

growth can take place. E.g. Wigglesworth (1974) says th a t moulting " i s 

the only means by which hard p a r t s can increase i n s i z e " . I t seems t o 

fne t h a t growth can, and does, occur t o an appreciable extent between 

moults; t h i s i s evidenced, f o r example, by the very great increase i n 



TABLE VI 

Means and Standard Deviations o f C. v i c i n a s k e l e t a l sl.ruct.ur-f.'s on I s i . 
and 4th days of t h i r d i n s t a r growth. 



1 Whole 1 Mouth- 1 1 
Dorsal | Ventral | Posterior 

1 skeleton | hook 1 cornu 1 cornu 1 s p i r a c l e 

\ \i 1 STD 1 \i 1 STD 1 M 1 STD 1 M 1 STD 1 \i |STD 

I Day 1 
I Day 4 

1.04 

1.51 

0.05 0.25 

0.04 0.46 

0.01 0.71 

0.01 |1.1 

0.02 0.51 

0.00 10.71. 

0.01 |0.20 

0.01 o..!;-' 

0.01 

o.o;' 



- 89 -

size o f t h i r d i n s t a r l a r v a ' as a whole, between the time of the second 

moult and the time i t ceases feeding. 

5.9 Biometrics 

The use o f r e l a t i v e measurements of the s k e l e t a l elements has 

long been a standard technique i n Vertebrate Zoology, and i s 

f r e q u e n t l y used f o r diagnostic purposes. Therefore, during the ea r l y 

stages o f t h i s work, i t was decided t o attempt t o diagnose species on 

t h i s b a s i s . 

The method used was as f o l l o w s : T h i r t y t h i r d i n s t a r specimens 

each o f C a l l i p h o r a v i c i n a , C a l l i p h o r a v o m i t o r i a and C a l l i p h o r a 

u r a l e n s i s were mounted on s l i d e s i n the usual way (see above) t a k i n g 

p a r t i c u l a r care t o a l i g n the skeletons c o r r e c t l y , so t h a t they would 

present a s t r i c t l y l a t e r a l view, and not a s l i g h t l y dorso- or 

v e n t r o l a t e r a l view. This was done i n order t o render the measurements 

s t r i c t l y comparable. Eight measurements o f the skeleton were taken 

( F i g . 217 ), These were as f o l l o w s : 

BH = Length of mouth-hook base from v e n t r a l angle t o dorsal 

horn 

LH = T o t a l length o f mouth-hook from condyle t o t i p o f t o o t h 

LB = Length o f mouth-hook base from condyle t o base of t o o t h 

HB = Height o f mouth-hook base from v e n t r a l angle t o dorsal 

r i d g e 

LP = Narrowest width of l a t e r a l p l a t e 

LDC = Length of dorsal cornu 

LVC = Length of v e n t r a l cornu 

LHS = Length o f hypostomal s c l e r i t e 
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The data were fed i n t o a computer f o r di s c r i m i n a n t f u n c t i o n 

a n a l y s i s . Using t h i s method the computer attempts t o c l a s s i f y 

c o r r e c t l y each specimen (90 i n t o t a l ) according t o each v a r i a b l e . The 

r e s u l t s are presented i n Table V I I . 

I t i s obvious from these r e s u l t s t h a t c e r t a i n measurements, e.g. 

the lengths of the mouth-hook and the v e n t r a l cornu, are more u s e f u l 

than others i n i d e n t i f i c a t i o n . I t i s also clear t h a t , although a 

p a r t i c u l a r measurement may be of l i m i t e d use i n o v e r a l l 

i d e n t i f i c a t i o n , i t may be o f great use i n diagnosing or separating two 

of the species. An example i s the length o f the l a t e r a l p l a t e . This 

measurement c o r r e c t l y c l a s s i f i e s 93.3% of C. v i c i n a and 90% of 

C. v o m i t o r i a , but only 50.0% o f C. u r a l e n s i s . As a r e s u l t , the o v e r a l l 

diagnosing power o f t h i s measurement i s low (77.78%). A more extreme 

case i s the height o f the mouth-hook base which c l a s s i f i e d none of the 

C. u r a l e n s i s specimens c o r r e c t l y . These r e s u l t s are not s u r p r i s i n g , 

since C. u r a l e n s i s i s i n many ways intermediate between the other two 

species morphologically. 

C. v i c i n a and C. vomitoria-are by f a r the commonest b l u e - b o t t l e 

species i n the B r i t i s h I s l e s , C. u r a l e n s i s being found only i n 

northern and western Scotland. For most p r a c t i c a l purposes, t h e r e f o r e , 

the problem w i l l be a matter of deciding whether a p a r t i c u l a r specimen 

i s C. v i c i n a or C. v o m i t o r i a . Therefore, the analysis was repeated, 

t h i s time o m i t t i n g the C. u r a l e n s i s data. The r e s u l t s are presented i n 

Table V I I I . 

I t i s c l e a r t h a t the diagnosing power of several measurements 

has increased d r a m a t i c a l l y , e.g. LDC, LHC, LP and, i n p a r t i c u l a r LVC, 

on the basis of which a l l the specimens were c o r r e c t l y c l a s s i f i e d . 



TABLE V I I 

Results o f Discriminant Function Analysis using Three Species 



% C. v i c i n a 
c o r r e c t l y 
c l a s s i f i e d 

% C. v o m i t o r i a 1 ° 
c o r r e c t l y | 
c l a s s i f i e d | 

i C. u r a l e n s i s | 
c o r r e c t l y | 
c l a s s i f i e d | 

% Tot a l i 
c o r r e c t l y | 
c l a s s i f i e d | 

1 BH 83.3 66.7 1 33 1 61.1 1 
1 LH 96.7 76.7 1 66.7 1 80.0 1 
i LB 50.0 90.0 1 56.7 1 65.56 1 

1 HB 80.0 76.7 1 0.0 1 5;̂ .;'2 1 

1 LP 93.3 90.0 1 50.0 1 77.7H 1 

1 LDC 93.3 80.0 1 60.0 1 77.78 1 

i LVC 96.7 90.0 1 80.0 1 88.89 1 

1 LHC 1 100 86.7 1 40.0 1 75.56 1 



TABLE V I I I 

Results of D i s c r i m i n a n t Function Analysis using Two Species 



% C. v i c i n a 
c o r r e c t l y 
c l a s s i f i e d 

% C. v o m i t o r i a 1 
c o r r e c t l y | 
c l a s s i f i e d | 

% Total i 
c o r r e c t l y [ 
c l a s s i f i e d | 

i BH 83.3 93.3 1 88.33 1 

1 LH 96.7 100 1 98.33 1 

1 LB 100 90.0 i 95.0 1 
1 HB 80.0 76.7 1 78.33 1 

1 LP 100 93.3 1 96.67 1 

i LDC 100 96.7 1 98.33 1 

1 LVC 100 100 1 100 1 
1 LHC 100 96.7 1 98.33 1 
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As noted above t h i s method o f diagnosis was explored during the 

e a r l y stages o f the work before more conventional taxonomic characters 

were discovered. I t was decided, t h e r e f o r e , t o discontinue t h i s l i n e 

o f research since other characters were found, which would be of more 

p r a c t i c a l assistance t o the general worker wishing t o i d e n t i f y 

specimens, and who would not have access t o a computer. 

However, t h i s i s not t o say t h a t t h i s method should not be 

explored f u r t h e r . P r e l i m i n a r y studies on several Acalypterate f a m i l i e s 

i n d i c a t e t h a t t h i s method could be extremely u s e f u l f o r the s p e c i a l i s t 

wishing t o separate c l o s e l y r e l a t e d species, and may, indeed, be tho 

only method whereby such species can be i d e n t i f i e d r e l i a b l y . 

Furthermore, a d d i t i o n a l measurements may be added. Also, m e r i s t i c 

data, such as the number o f a n t e r i o r s p i r a c u l a r lobes or the number of 

spines per u n i t area, may u s e f u l l y be t r i e d . 

I n s p i t e o f i t s l i m i t e d use t o the f i e l d worker, i t i s f e l t t h a t 

d i s c r i m i n a n t f u n c t i o n analysis i s p o t e n t i a l l y a very powerful t o o l f o r 

the s p e c i a l i s t taxonomist. I t would be p a r t i c u l a r l y useful f o r the 

s p e c i a l i s t asked.to i d e n t i f y specimens from incomplete remains such as 

occur, e.g. i n archaeological deposits. I n such s i t u a t i o n s , tho 

p u p a r i a l operculum, w i t h the t h i r d i n s t a r skeleton attached, i s o f t e n 

found w e l l preserved although the remainder o f the puparium may be 

absent. 
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C H A P T E R S I X 

THE CEPHALOPHORYNGEAL SKELETON IN NON-CALLIPHORID CALYPTERATA 

6.1 I n t r o d u c t i o n 

Evidence i s given i n Chapter 11 f o r the view t h a t the larvae o f 

Ca l l i p h o r i d a e are among the most p r i m i t i v e i n the Calypterata. I t i s 

thus possible t o i n t e r p r e t the s t r u c t u r e o f the skeletons of the other 

Calypterate D i p t e r a i n the l i g h t o f the discussion of the C a l l i p h o r i d 

s keleton i n the previous chapter. 

With the possible exception o f the Sarcophagidae and Muscidae, 

l i t t l e i s known o f the range of form and the d e t a i l e d s t r u c t u r e of the 

skeletons o f n o n - C a l l i p h o r i d Calypterates. The reasons f o r t h i s are 

not hard t o f i n d . Regarding f a m i l i e s l i k e the Tachinidae and 

Cuterebridaev the a d u l t taxonomy i s i n such an un s a t i s f a c t o r y s t a t e , 

t h a t taxonomic studies on the larvae cannot yet progress meaningfully 

(but see l a t e r discussion on the value o f immature stage taxonomy i n 

Tachinidae ( 1 1 . 3 ) ) . 

Paradoxically, the opposite reason i s the cause of the paucity 

o f knowledge o f the skeleton i n the f a m i l i e s Oestridae and 

Gasterophilidae. The larvae (and a d u l t s ) o f these f a m i l i e s are so 

well-known and r e l a t i v e l y e a s i l y i d e n t i f i a b l e using e x t e r n a l features, 

t h a t the s k e l e t a l s t r u c t u r e s were ignored since there was no need to 

search f o r diagno s t i c characters by d i s s e c t i o n . 

During the present study, a large number of non-Calliphorid 
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C a l y p t e r a t e l a r v a e were s t u d i e d ; a f u l l l i s t o f sPecies examined w i l l 

be f o u n d i n Chapter 1 1 . The main aim o f t h e p r e s e n t c h a p t e r , 

t h e r e f o r e , i s t o p r e s e n t new o b s e r v a t i o n s on t h e b a s i c s t r u c t u r e o f 

t h e t h i r d i n s t a r s k e l e t o n s o f C a l y p t e r a t a and t o draw a t t e n t i o n t o 

c e r t a i n e r r o r s o f i n t e r p r e t a t i o n made by p r e v i o u s a u t h o r s . The 

p o s s i b l e d i a g n o s t i c v a l u e o f t h e v a r i o u s s t r u c t u r e s w i l l a l s o be 

d i s c u s s e d . S p e c i a l a t t e n t i o n i s g i v e n t o t h e f a m i l i e s c o m p r i s i n g t h e 

C a l l i p h o r i d - l i n e o f e v o l u t i o n ( i . e . t h e f a m i l y " T a c h i n i d a e " sensu 

l a t o ) , b u t b r i e f comments w i l l a l s o be made on t h e r e m a i n i n g f a m i l i e s 

i n t h e c h a p t e r on E v o l u t i o n and Phylogeny. 

6.2 Sarcophagidae 

T h i s f a m i l y i s v e r y c l o s e l y r e l a t e d t o t h e C a l l i p h o r i d a e and i t 

i s g e n e r a l l y agreed t h a t t h e two f a m i l i e s a r e s i s t e r groups. C e r t a i n l y 

t h e l a r v a e o f Sarcophagidae a r e m o r p h o l o g i c a l l y more s i m i l a r t o t h e 

C a l l i p h o r i d a e t h a n t o any o t h e r C a l y p t e r a t e group. 

Much has been p u b l i s h e d on t h e s k e l e t o n s o f l a r v a l Sarcophagidae 

( e . g . Hafez, 1940; C a n t r e l l , 1981); however, as i n C a l l i p h o r i d a e , most 

a u t h o r s were c o n t e n t t o produce i l l u s t r a t i o n s showing t h e g e n e r a l form 

( u s u a l l y i n l a t e r a l v i e w ) o f t h e s k e l e t o n , and no a t t e m p t was made t o 

e v a l u a t e t h e taxonomic i m p o r t a n c e and degree o f v a r i a b i l i t y o f t h e 

v a r i o u s s c l e r i t e s . Such an a n a l y s i s now f o l l o w s , d e a l i n g w i t h t h e 

s c l e r i t e s i n t h e o r d e r adopted w i t h t h e C a l l i p h o r i d a e i n t h e p r e v i o u s 

c h a p t e r . 

The mouth-hooks a r e o f e s s e n t i a l l y t h e same form as i n 

C a l l i p h o r i d a e , a l t h o u g h t h e r e i s a tendency i n some s p e c i e s f o r t h e 
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base t o be e l o n g a t e d d o r s o v e n t r a l l y ( i . e . t h e d i s t a n c e between t h e 

d o r s a l h o r n and t h e v e n t r a l a n g l e i s i n c r e a s e d ) , e.g. as i n Sarcophaga 

a r g y r o s t o m a ( F i g 317 ) . I n many s p e c i e s , t h e v e n t r a l a n g le i s cu r v e d 

and p o i n t e d i n a manner r e m i n i s c e n t o f many a c a l y p t e r a t e l a r v a e , e.g. 

as i n H e l i c o p h a g e l l a melanura ( F i g . 3 1 8 ) . 

The o r a l s c l e r i t e i s t y p i c a l l y unpigmented and o f t e n much 

red u c e d , s i n c e t h e mouth-hooks are u s u a l l y s e t c l o s e r t o g e t h e r t h a n i s 

t h e case i n C a l l i p h o r i d s . However, i n Brachycoma d e v i a t h e o r a l 

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

p i g m e n t a t i o n b e i n g m a i n l y i n t h e r o d and wing s t r u c t u r e s , n o t i n t h e 

wish-bone s t r u c t u r e . T h i s p i g m e n t a t i o n i s i n t r i g u i n g , f o r two reasons. 

F i r s t l y , t h i s i s t h e f i r s t r e c o r d o f t h e presence o f a pigmented o r a l 

s c l e r i t e o u t s i d e t h e C a l l i p h o r i d a e ( n o t i n c l u d i n g t h e p a i r e d o r a l bars 

o f M u s c i d a e ) . Secondly, i n a l l C a l l i p h o r i d a e t h a t possess a pigmented 

o r a l s c l e r i t e . t h e l a r v a l h a b i t s a re saprophagous or ' g e n e r a l i s e d ' ; no 

o b l i g a t e p a r a s i t i c , p r e d a t o r y o r t e r m i t o p h i l o u s s p e c i e s ( i . e . no 

s p e c i a l i s e d ' s p e c i e s ) i n C a l l i p h o r i d a e possesses a pigmented o r a l 

s c l e r t i e . Brachycoma d e v i a i s a h i g h l y s p e c i a l i s e d s p e c i e s , b e i n g a 

p r e d a t o r i n t h e n e s t s o f bees (Bombus s p p . ) . 

The S a r c o p h a g i d d e n t a l s c l e r i t e i s e s s e n t i a l l y s i m i l a r t o t h e 

C a l l i p h o r i d s t r u c t u r e , b e i n g composed o f two u n i t s as d e s c r i b e d i n t h e 

p r e v i o u s c h a p t e r . The range o f form i s s i m i l a r t o t h e range i n 

C a l l i p h o r i d a e . 

The l i g u l o i d a r c h does n o t e x h i b i t t h e same range o f 

i n t e r s p e c i f i c v a r i a t i o n as i t does i n t h e C a l l i p h o r i d a e , b e i n g 

t y p i c a l l y b r o a d , and e i t h e r h e a v i l y o r weakly pigmented (compare 

F i g s . 167 and 168). Teeth a r e sometimes p r e s e n t i n t h e more h e a v i l y 
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p i g mented s p e c i e s , b u t a r e d i f f i c u l t t o d i s c e r n . 

The hypostomal p l a t e s e x h i b i t a g r e a t range o f i n t e r - s p e c i f i c 

v a r i a t i o n . They a r e t y p i c a l l y r a t h e r rounded, as i n Sarcophaga 

a r g y r o s t o m a ( F i g . 170 ) , b u t a r e o f t e n c u r v e d i n a c h a r a c t e r i s t i c 

manner as i n Brachycoma d e v i a and B o e t t c h e r i s c a p e r e g r i n a ( F i g . 167 ) ; 

i n s p e c i e s h a v i n g t h i s f o r m o f hypostomal.. p l a t e , t h e a n t e r i o r ends o f 

t h e p l a t e s are a l m o s t t o u c h i n g . I n o t h e r s p e c i e s , e.g. T r i c h a r a e a 

b r e v i c o r n i s , t h e p l a t e s have a c h a r a c t e r i s t i c p a r a l l e l o g r a m shape 

( F i g . 1 6 9 ) . 

The hypostomal s c l e r i t e i s a l s o a v e r y u s e f u l d i a g n o s t i c 

f e a t u r e , e x h i b i t i n g perhaps an even g r e a t e r range o f i n t e r s p e c i f i c 

v a r i a t i o n t h a n t h e C a l l i p h o r i d a e ; i t may be s h o r t and r o b u s t , as i n 

B o e t t c h e r i s c a p e r e g r i n a ( F i g . 1 6 7 ) , o r s l e n d e r and e l o n g a t e , as i n 

T r i c h a r a e a b r e v i c o r n i s ( F i g . 168). 

The p a r a s t e r n a l b a r s , as i n C a l l i p h o r i d a e , a r e o f l i t t l e 

d i a g n o s t i c v a l u e , a l t h o u g h t h e y do seem t o be s h o r t e r and t h i c k e r i n 

some s p e c i e s t h a n i n o t h e r s ; t h i s f e a t u r e r e l i a b l y s e p a r a t e s 

T r i c h a r a e a b r e v i c o r n i s ( l o n g and n a r r o w) from most Sarcophaga, 

Parasarcophaga and B o e t t c h e r i s c a spp ( s h o r t and t h i c k ) . The b a r s seem 

t o be v e r y o f t e n p l a c e d more v e n t r a l l y ( i . e . c l o s e r t o t h e hypostomal 

s c l e r i t e ) t h a n i n C a l l i p h o r i d a e , making i t d i f f i c u l t t o d i s t i n g u i s h 

them. I t i s a l s o r a t h e r d i f f i c u l t t o d i s c e r n t h e p o s t e r i o r l i m i t s o f 

t h e h y p o s t o m a l s c l e r i t e , w h i c h i s o f t e n so s t r o n g l y a p p l i e d t o t h e 

p h a r y n g e a l s c l e r i t e t h a t t h e two s c l e r i t e s may appear as one 

s t r u c t u r e . Arnaud (1954) i l l u s t r a t e d t h e s k e l e t o n o f H i l a r e l l a 

h i l a r e l l a ( Z e t t e r s t e d t ) ; h i s f i g u r e shows the hypostomal and 

p h a r y n g e a l s c l e r i t e s as one s t r u c t u r e , and no parastomal bars are 
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p r e s e n t . I have n o t seen t h i s s p e c i e s , b u t I c o n s i d e r i t h i g h l y 

u n l i k e l y t h a t t h e two s c l e r i t e s a r e f u s e d , as i n a l l Sarcophagid and 

C a l l i p h o r i d s p e c i e s t h a t I have examined, i n c l u d i n g those p r e v i o u s l y 

i l l u s t r a t e d as h a v i n g f u s e d hypostomal and p h a r y n g e a l s c l e r i t e s , these 

two s c l e r i t e s were f o u n d , by d i s s e c t i o n , t o be d i s c r e t e . The absence 

o f p a r a s t o m a l b a r s f r o m H i l a r e l l a i s , o f cour s e , p o s s i b l e , b u t a l l 

Sarcophagidae examined by me possessed p a r a s t o m a l b a r s . 

The e p i p h a r y n g e a l s c l e r i t e i s o f t e n c o n s i d e r a b l y more developed 

t h a n i n C a l l i p h o r i d a e , e.g. as i n T r i c h a r a e a b r e v i c o r n i s ( F i g . i 6 8 ) . 

b u t i t i s a l s o o f t e n o n l y weakly developed i n o t h e r s p e c i e s . 

The d o r s a l and v e n t r a l cornua a re o f e s s e n t i a l l y t h e same form 

as i n C a l l i p h o r i d a e , a l t h o u g h t h e d o r s a l c o r n u i s t y p i c a l l y ' c l e f t ' 

( F i g . 317 ) . T h i s s o - c a l l e d c l e f t i s n o t h i n g more t h a n a window t h a t 

r eaches t h e m a r g i n . As was p o i n t e d o u t i n t h e p r e v i o u s c h a p t e r , some 

C a l l i p h o r i d a e a l s o possess such a c l e f t , and t h e c h a r a c t e r can no 

l o n g e r be r e g a r d e d as d i a g n o s t i c f o r Sarcophagidae, a l t h o u g h i t i s 

t r u e t h a t i t i s o n l y r a r e l y f o u n d i n C a l l i p h o r i d a e , whereas i t i s t h e 

r u l e i n Sarcophagidae. The Sarcophagid d o r s a l c o r n u was n o t examined 

by S.E.M. d u r i n g t h e p r e s e n t s t u d y , b u t i t i s probable t h a t t h e c l e f t 

i s o n l y an area o f weak s c l e r o t i s a t i o n , r a t h e r t h a n an a c t u a l gap o r 

p e r f o r a t i o n . I n some s p e c i e s , t h e window o f t h e d o r s a l c o r n u (which i s 

always l a r g e , compared w i t h t h e s i t u a t i o n i n C a l l i p h o r i d a e ) does n o t 

r e a c h t h e m a r g i n , e.g. as i n Parasarcophaga c r a s s i p a l p i s . 

The v e n t r a l c o r n u shows t h e same range o f form as i n 

C a l l i p h o r i d a e ; i t i n v a r i a b l y possesses a window which i n some s p e c i e s , 

e.g. T r i c h a r a e a b r e v i c o r n i s , reaches t h e ma r g i n . V e n t r a l r i d g e s were 

p r e s e n t i n a l l s p e c i e s examined, a l t h o u g h C a n t r e l l (1981) s t a t e s t h a t 
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t h e y a r e absent f r o m B l a e s o x i p h a spp. 

6.3 T a c h i n i d a e 

The known l a r v a e o f t h e s p e c i e s o f t h i s v a s t f a m i l y e x h i b i t a 

r e m a r k a b l e range o f i n t e r s p e c i f i c v a r i a t i o n , a f a c t which seems t o 

s u p p o r t t h e f o r m e r d i v i s i o n o f t h i s f a m i l y i n t o a number o f s e p a r a t e 

f a m i l i e s ( e . g . D e x i i d a e , R u t i l i i d a e e t c . ) . At any r a t e , when 

s u f f i c i e n t s p e c i e s a re c r i t i c a l l y d e s c r i b e d , t h e s u b f a m i l i a l l i m i t s o f 

t h e T a c h i n i d a e may t u r n o u t t o be more c l e a r l y d e f i n e d i n the l a r v a l , 

r a t h e r t h a n t h e a d u l t , s t a g e . 

Due t o t h e g r e a t s t r u c t u r a l m o d i f i c a t i o n shown by some s p e c i e s , 

i t w i l l n o t be p o s s i b l e t o d i s c u s s each i n d i v i d u a l s c l e r i t e i n t u r n , 

as was done f o r t h e Sarcophagidae. Rather, t h e s k e l e t o n o f one o f t h e 

more 'normal' s p e c i e s w i l l be d e s c r i b e d , f o l l o w e d by a d i s c u s s i o n o f 

how t h e s k e l e t o n s o f o t h e r s p e c i e s d e v i a t e from t h i s p l a n . T h i s i s 

done p u r e l y f o r t h e sake o f convenience, and i s n o t i n t e n d e d t o i m p l y 

t h a t t h e 'normal' c o n d i t i o n about t o be d e s c r i b e d i s n e c e s s a r i l y the 

a n c e n t r a l c o n d i t i o n . 

The mouth-hooks o f Z y g o b o t h r i a c i l i a t a ( F i g . 309 ) are s i m i l a r t o 

t h o s e o f C a l l i p h o r i d a e , b u t t h e v e n t r a l a n g l e i s g r e a t l y produced 

v e n t r a l l y . No t r a c e o f an o r a l s c l e r i t e i s p r e s e n t . The d e n t a l 

s c l e r i t e i s a b s e n t , as w e l l as t h e l i g u l o i d a r c h . The hypostomal 

p l a t e s a r e p r e s e n t and f u s e d ( F i g . 310 ) , t h e whole s t r u c t u r e h a v i n g 

o n l y two p e r f o r a t i o n s . The hypostomal s c l e r i t e i s r o b u s t and g e n e r a l l y 

s i m i l a r t o t h e C a l l i p h o r i d s c l e r i t e . 

The p h a r y n g e a l s c l e r i t e c o n s i s t s o f a v e r y broad d o r s a l c o r n u ; 
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i t l a c k s a window and i s r a t h e r r e m i n i s c e n t o f P r o t o c a l l i p h o r a spp. 

The v e n t r a l c o r n u possesses a l a r g e , round window, b u t o t h e r w i s e i s 

v e r y s i m i l a r t o t h e C a l l i p h o r i d s t r u c t u r e . V e n t r a l . r i d g e s , 

p a r a s t o m a l b a r s and e p i p h a r y n g e a l s c l e r i t e a r e a l l absent. 

I n many s p e c i e s , e.g. A r g y r o p h y l a x a u r e i v e n t r i s ( F i g . 308 ) and 

P l e s i o c y p t e r a sp. i n d e t ( F i g . 3 1 4 ) , t h e d o r s a l h o r n i s e x t r e m e l y l o n g , 

and may be as l o n g as, o r l o n g e r t h a n , t h e mouth-book t o o t h . I n o t h e r 

s p e c i e s , t h e mouth-hook i s s t r o n g l y a p p l i e d t o t h e hypostomal 

s c l e r i t e , as i n Phryxe v u l g a r i s ( F i g . 3 1 6 ) , and i t i s v e r y d i f f i c u l t 

t o s e p a r a t e t h e two s c l e r i t e s d u r i n g d i s s e c t i o n . Complete f u s i o n o f 

b o t h t h e s e s c l e r i t e s o c c u r s i n S c h i s t o c e r c o p h a g a dampfi ( F i g . 311 ) . I 

i n f e r t h a t t h e r e s u l t i n g s t r u c t u r e i s a p r o d u c t o f f u s i o n r a t h e r t h a n 

l o s s o f t h e hypostomal s c l e r i t e , because o f the presence o f tho 

v e n t r a l l y produced c r o s s - b a r t y p i c a l o f t h e hypostomal s c l e r i t e , a ; 

w e l l as t h e presence o f t h e hypostomal p l a t e s i m m e d i a t e l y i n f r o n t o f 

i t . 

The o r a l and d e n t a l s c l e r i t e s were absent from a l l s p e c i e s 

s t u d i e d . The l i g u l o i d a r c h was absent f r o m most s p e c i e s , b u t was 

p r e s e n t i n a v e r y weak f o r m i n A r g y r o p h y l a x a u r e i v e n t r i s . The 

hyposto m a l p l a t e s a r e t y p i c a l l y p r e s e n t ( f u s e d o r s e p a r a t e ) and t h e 

f e n e s t r a t i o n s seem always t o be f u s e d t o a s i n g l e p e r f o r a t i o n p er 

p l a t e . 

The range o f fo r m o f t h e hypostomal s c l e r i t e i s v e r y great,, 

b e i n g v e r y s h o r t and t h i c k , as i n Phryxe v u l g a r i s ( F i g . 316 ) , o r l o n g 

and n a r row as i n Medina e g r e g i a ( F i g . 312 ) . I n some s p e c i e s , e.g. 

A c t i a p a i n e i ( F i g . 315) t h e hypostomal and p h a r y n g e a l s c l e r i t e s a r e 

s t r o n g l y f u s e d . An a d d i t i o n a l , and r a t h e r p u z z l i n g , f e a t u r e o f t h i s 
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s p e c i e s , i s t h e presence o f an e l o n g a t e , r a t h e r weakly s c l e r o t i s e d , 

s t r u c t u r e v e n t r a l t o t h e hypostomal s c l e r i t e ; I have n o t been a b l e t o 

a s c e r t a i n t h e o r i g i n o f t h i s s t r u c t u r e . The hypostomal s c l e r i t e i n 

P l e s i o c y p t e r a seems t o be d i s p l a c e d v e n t r a l l y and t h e p h a r y n g e a l 

s c l e r i t e produced a n t e r i o r l y above i t ( F i g . 3 1 4 ) . 

The d o r s a l c o r n u i s t y p i c a l l y v e r y b r o a d ( F i g s . 308, 309 and 

314) J w h i l e t h e v e n t r a l c o r n u i s u s u a l l y unremarkable. I n Phryxe 

v u l g a r i s ( F i g . 316 ) t h e d o r s a l and v e n t r a l cornua meet and f u s e t o 

f o r m a s i n g l e b r o a d , p o s t e r i o r s c l e r i t e . I n most T a c h i n i d s , t h e d o r s a l 

a r c h s l o p e s backwards, as e.g. i n Z y g o b o t h r i a c i l i a t a , b u t i n a few 

s p e c i e s , e.g. Medina e g r e g i a i t c u r v e s f o r w a r d s as i n most 

C a l l i p h o r i d s . The l a t e r a l p l a t e may be v e r y b r o a d , as i n P l e s i o c y p t e r a 

( F i g . 314 ) , o r v e r y narrow and e l o n g a t e ( d o r s o v e n t r a l l y ) , as i n 

S c h i s t o c e r c o p h a g a d a m p f i ( F i g . 3 1 1 ) . The whole p h a r y n g e a l s c l e r i t e i n 

T a c h i n i d s i s t y p i c a l l y much s h o r t e r t h a n i t s C a l l i p h o r i d and 

S a r c o p h a g i d c o u n t e r p a r t s . Both s e t s o f cornua are t y p i c a l l y d e v o i d o f 

windows. 

The r e m a r k a b l e s p e c i e s T h e r o b i a a b d o m i n a l i s deserves s p e c i a l 

m e n t i o n , as i t possesses s e v e r a l most unusual f e a t u r e s . F i r s t l y , i t 

possesses w e l l d e v e l o p e d p a r a s t o m a l b a r s ( F i g . 3 1 3 ) ' T h i s i s t h e f i r s t 

such r e c o r d f r o m a T a c h i n i d s p e c i e s ; t h e absence o f these s t r u c t u r e s 

i s u s u a l l y c o n s i d e r e d t o be d i a g n o s t i c o f t h e T a c h i n i d a e . Secondly, 

t h e presence o f a w e l l - d e f i n e d window on t h e d o r s a l c o r n u i s a l s o 

unknown amongst o t h e r T a c h i n i d a e . T h i r d l y , t h e presence o f an o c u l a r 

d e p r e s s i o n i s c e r t a i n l y a t y p i c a l , a l t h o u g h a s i m i l a r s t r u c t u r e e x i s t s 

i n S c h i s t o c e r c o p h a g a dampfi ( F i g . 311 ) . I t s most t y p i c a l l y T a c h i n i d 

f e a t u r e i s t h e absence o f t h e d e n t a l s c l e r i t e . 
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(The i d e n t i t y o f t h i s l a r v a i s n o t i n doubt. A d u l t s r e a r e d from 

t h e same b a t c h o f l a r v a e were i d e n t i f i e d by Dr R.W. Crosskey o f t h e BM 

(N H ) ) . 

I n some ways i t i s n o t unexpected t h a t T h e r o b i a s h o u l d have such 

an u n u s u a l s k e l e t o n . The t r i b e t o which i t bel o n g s , t h e O r m i i n i , 

c o n t a i n s some o f t h e most a b e r r a n t a d u l t forms i n t h e T a c h i n i d a e ; t h e 

f i r s t i n s t a r l a r v a e have been d e s c r i b e d as " t h e most p e r f e c t l y formed 

p l a n i d i u m o c c u r r i n g i n t h e D i p t e r a " (Crosskey, 1973). 

I t i s c l e a r f r o m t h e l i m i t e d s t u d i e s u n d e r t a k e n d u r i n g t h e 

p r e s e n t work t h a t an immense range o f form e x i s t s i n T a c h i n i d l a r v a e . 

Hennig's (1952) account g i v e s l i t t l e i n d i c a t i o n o f t h i s range, 

a l t h o u g h he h i g h l i g h t s t h e g r e a t range o f s t r u c t u r e o f t h e p o s t e r i o r 

s p i r a c l e s . A wide and i m p o r t a n t f i e l d a w a i t s t h e a t t e n t i o n o f a f u t u r e 

w o r k e r . 

6.4 O e s t r i d a e 

The s t r u c t u r e o f t h e O e s t r i d s k e l e t o n , a l t h o u g h h i g h l y 

s p e c i a l i s e d , e x h i b i t s a g r e a t e r u n i f o r m i t y o f s t r u c t u r e i n t h e f a m i l y , 

t h a n does t h a t o f t h e T a c h i n i d a e . 

The mouth-hooks a r e c h a r a c t e r i s t i c a l l y r o b u s t and v e r y s t r o n g l y 

c u r v e d . I n Oestrus o v i s , t h e sheep n o s t r i l f l y , t h e mouth-hook t o o t h 

i s n o t , r e l a t i v e t o most o t h e r O e s t r i d s , e x c e s s i v e l y c u r v e d ( F i g . 3 2 6 ) , 

whereas i n Pharyngobolus a f r i c a n u s , a p a r a s i t e o f t h e A f r i c a n e l e p h a n t 

( L o x o d o n t a a f r i c a n a ) , t h e c u r v a t u r e i s v e r y pronounced indeed 

( F i g . 325 ) . The r e g i o n o f t h e d o r s a l h o r n i n these two s p e c i e s i s 

i n t e r e s t i n g , as a much more weakly pigmented area o f t h e mouth-hook i s 
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a p p a r e n t i n t h i s r e g i o n , e s p e c i a l l y i n 0. o v i s . At f i r s t s i g h t , t h e 

i m p r e s s i o n i s t h a t o f a deep c l e f t a n t e r i o r t o t h e d o r s a l h o r n and 

p o s t e r i o r t o t h e t o o t h . T h i s l e d t o Cameron (1932) g i v i n g an erroneous 

i l l u s t r a t i o n o f t h i s s p e c i e s , o m i t t i n g t h e weakly s c l e r o t i s e d . p a r t . 

T h i s e r r o r l e d t o a n o t h e r , as Cameron d i d n o t c o n s i d e r t h e base o f t h e 

mouth-hook t o be p a r t o f t h e mouth-hook a t a l l ; he termed t h e d o r s a l 

p a r t o f t h e base " t h e hypopharyngeal s c l e r i t e " and t h e v e n t r a l p a r t 

" t h e a n t e r i o r t r a n s v e r s e s c l e r i t e " by which I un d e r s t a n d him t o mean 

t h e l i g u l o i d a r c h . T h i s i n t e r p r e t a t i o n cannot be c o r r e c t . F i r s t l y , i t 

i s o b v i o u s t h a t t h e a n t e r i o r r i d g e o f t h e weakly s c l e r o t i s e d p a r t i s 

e q u i v a l e n t t o t h e d o r s a l r i d g e i n C a l l i p h o r i d a e , and t h e p o s t e r i o r 

r i d g e t o t h e d o r s a l h o r n . Secondly, t h e p e r f o r a t i o n i n t h e c e n t r e o f 

t h e s t r u c t u r e shows c l e a r l y t h a t t h i s i s t h e base o f t h e mouth-hook, 

such a p e r f o r a t i o n e x i s t i n g i n t h e mouth-hook base i n C a l l i p h o r i d a e , 

Sarcophagidae and T a c h i n i d a e (see 5.6). T h i r d l y , t h e e l e v a t o r apodeme 

i n s e r t s a t t h e t o p o f t h i s s t r u c t u r e (Cameron's hypopharyngeal 

s c l e r i t e ) , w h i l e t h e d e p r e s s o r apodeme i s a t t a c h e d t o t h e v e n t r a l p a r t 

(Cameron's a n t e r i o r t r a n s v e r s e s c l e r i t e ) . C l e a r l y , t h i s s t r u c t u r e i s 

t h e mouth-hook base. 

I n b o t h O e s t r u s and Pharyngobolus a s m a l l d e n t a l s c l e r i t e i s 

p r e s e n t , a l t h o u g h t h i s i s absent f r o m a l l t h e o t h e r s p e c i e s examined. 

No o r a l s c l e r i t e was d i s c e r n i b l e i n any s p e c i e s . A l i g u l o i d a r c h i s 

p r e s e n t i n Oestrus o v i s ; i t i s a weakly pigmented V-shaped s t r u c t u r e , 

b e a r i n g s t r o n g t e e t h on i t s a n t e r i o r edge. The l i g ' u l o i d a r c h i s absent 

f r o m t h e r e m a i n i n g s p e c i e s , e x c e p t Tracheomyia macropi, where i t i s a 

r o b u s t , r o d - l i k e s c l e r i t e . 



102 -

The hypostomal p l a t e s e x h i b i t an i n t e r e s t i n g range o f fo r m , 

b e i n g s l e n d e r and r o d - l i k e i n Oestrus o v i s ( F i g . 326 ) , b u t v e r y l a r g e 

i n Tracheomyia m a c r o p i , a p a r a s i t e o f - kangaroos (Macropus spp.) 

( F i g . 324 ) . I n Cephenomyia a u r i b a r b i s , a r e d deer (Cervus e l a p h u s ) 

p a r a s i t e , t h e p l a t e s a r e f u s e d and o n l y two f e n e s t r a t i o n s a r e p r e s e n t 

( F i g . 328 ) . R h i n o e s t r u s v a n z y l i , a p a r a s i t e o f t h e s p r i n g b o k 

( A n t i d o r c a s m a r s u p i a l i s ) , i s unusual i n t h a t i t l a c k s a l l t h e minor 

s c l e r i t e s ( o r a l and d e n t a l s c l e r i t e s and l i g u l o i d a r c h ) , i t does, 

however, possess v e r y s m a l l hypostomal p l a t e s ( F i g . 3 2 7 ) . 

The hypostomal s c l e r i t e may be e i t h e r f r e e o r f u s e d t o t h e 

p h a r y n g e a l s c l e r i t e . When i t i s f r e e (as i n Oe s t r u s , R h i n o e s t r u s and 

Pha r y n g o b o l u s ) i t i s a unrema r k a b l e , H-shaped, r a t h e r r o b u s t s c l e r i t e . 

When i t i s f u s e d t o t h e p h a r y n g e a l s c l e r i t e , as i n Tracheomyia and 

Cephenomyia, i t i s V-shaped, w i t h a weakly pigmented c r o s s - b a r 

c o n n e c t i n g t h e two arms o f t h e V, which j o i n and are c o n t i n u o u s w i t h 

t h e f u s e d v e n t r a l c ornua o f t h e p h a r y n g e a l s c l e r i t e ( F i g . 3 2 8 ) . 

The two s e t s o f cornua a re t y p i c a l l y almost t o u c h i n g , o r 

t o u c h i n g , as i n Oest r u s o v i s ( F i g . 326 ) . I n pharyngobolus a f r i c a n u s 

( F i g . 325 ) , t h e d o r s a l and v e n t r a l cornua f u s e . No p a r a s t o m a l bars 

were f o u n d i n any o f t h e s p e c i e s , and windows were p r e s e n t o n l y i n 

Tracheomyia ( F i g . 324). 

6.5 C u t e r e b r i d a e 

The s k e l e t o n o f C u t e r e b r i d s appears t o be a s i m p l i f i e d v e r s i o n 

o f t h e O e s t r i d s t r u c t u r e . I n C u t e r e b r a Hpp., the mouth-hookn ar'f I . I P ^ M : 

i n r e l a t i o n t o t h e remainder o f t h e s k e l t o n , b u t are o t h e r w i s e 



- 103 -

unre m a r k a b l e ( F i g . 3 2 9 ) . P o s t e r i o r t o t h e mouth-hooks l i e s a r o b u s t , 

H-shaped, hypostomal s c l e r i t e , b e h i n d which l i e s a s h o r t p h a r y n g e a l 

s c l e r i t e w i t h a b r o a d d o r s a l c o r n u . Parastomal bars a r e absent. The 

shape o f t h e p h a r y n g e a l s c l e r i t e i s amazingly v a r i a b l e 

i n t e r s p e c i f i c a l l y and o f no d i a g n o s t i c use whatsoever. I n a d d i t i o n , 

t h e r e i s p r e s e n t i n C u t e r e b r a a v e r y f i n e l i g u l o i d a r c h which 

possesses many t e e t h on i t s a n t e r i o r m a r g i n . The l i g u l o i d a r c h i s 

absent f r o m t h e o t h e r C u t e r e b r i d s p e c i e s examined. D e n t a l and o r a l 

s c l e r i t e s and hypostomal p l a t e s a re absent f r o m a l l s p e c i e s . 

Only two s t r u c t u r e s may be s a i d t o have any r e a l d i a g n o s t i c 

v a l u e . The f i r s t i s t h e l i g u l o i d a r c h , b y - v i r t u e o f i t s presence i n 

C u t e r e b r a and absence f r o m o t h e r genera. The second i s t h e mouth-hook, 

w h i c h may be v e r y l a r g e , as i n Dermatobia h o m i n i s , a p a r a s i t e o f Man 

and many o t h e r mammals ( F i g . 330 ) , o r v e r y much s m a l l e r , as i n 

A l o u a t t a m y i a b a e r i , a p a r a s i t e o f how l e r monkeys ( F i g . 3 3 1 ) . The form 

o f t h e mouth-hook i s a l s o v e r y d i f f e r e n t between t h e two s p e c i e s . 

The hypostomal s c l e r i t e i s v e r y v a r i a b l e i n t r a s p e c i f i c a l l y , b u t 

does seem t o be c o n s i s t e n t l y r e l a t i v e l y l o n g e r i n A l o u a t t a m y i a . 

6.6 G a s t e r o p h i l i d a e 

Zumpt (1965) says t h a t t h e genus G a s t e r o p h i l u s i s "today t h e 

most i n t e n s i v e l y s t u d i e d group o f o e s t r o i d f l i e s " , and t h a t t h e i r 

eggs, l a r v a e and a d u l t s a re e x t r e m e l y w e l l known. While t h i s i s 

c e r t a i n l y t r u e , i t i s a l s o t r u e t o say t h a t t h e s k e l e t o n s o f these 

larvae a r e e f f e c t i v e l y t o t a l l y unknown. I have n o t been a b l e t o f i n d a 

s i n g l e i l l u s t r a t i o n o r d e s c r i p t i o n i n t h e l i t e r a t u r e , except f o r 
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f i g u r e s o f t h e p r o t r u d i n g mouth-hooks i n g e n e r a l i l l u s t r a t i o n s o f t h e 

whole l a r v a . 

The f a m i l y i s d i v i d e d i n t o f o u r s u b f a m i l i e s : G a s t e r o p h i l i n a e , 

C o b b o l d i i n a e , R u t t e n i i n a e and N e o c u t e r e b r i n a e . The f i r s t o f these 

c o n s i s t s o f s p e c i e s t h a t a r e p a r a s i t i c i n h o r s e s and r h i n o c e r o s e s , 

w h i l e t h e s p e c i e s o f t h e t h r e e r e m a i n i n g s u b f a m i l i e s are a l l p a r a s i t i c 

i n e l e p h a n t s . M a t e r i a l o f o n l y t h e f i r s t two s u b f a m i l i e s was a v a i l a b l e 

f o r s t u d y . 

The s k e l e t o n s t r u c t u r e i s v e r y u n u s u a l , and t h e two s u b f a m i l i e s 

s t u d i e d d i f f e r e d markedly i n t h e i r b a s i c p l a n s . 

I n t h e G a s t e r o p h i l i n a e t h e e n t i r e s k e l e t o n i s f u s e d i n t o one 

whole s t r u c t u r e ; F i g . 320 i s a l a t e r a l view o f t h e s k e l e t o n o f 

Gyr o s t i g m a p a v e s i i , a p a r a s i t e o f t h e two A f r i c a n s p e c i e s o f 

r h i n o c e r o s . The mouth-hooks a r e v e r y l a r g e and s t r o n g l y c u r v e d , w i t h 

t h e v e n t r a l a n g l e p o i n t i n g a n t e r i o r l y . P o s t e r i o r l y , t h e mouth-hooks 

f u s e w i t h t h e hypostomal s c l e r i t e ( F i g . 321) which i s a s h a l l o w 

V-shaped s t r u c t u r e . The hypostomal s c l e r i t e f u s e s p o s t e r i o r l y t o t h e 

p h a r y n g e a l s c l e r i t e ( F i g . 321) a l t h o u g h a c o n n e c t i o n between t h e two 

s c l e r i t e s can be c l e a r l y seen. The p h a r y n g e a l s c l e r i t e i s v e r y 

l o n g , b u t r a t h e r i l l - d e f i n e d as f a r as i t s p o s t e r i o r l i m i t s are 

concerned. The d o r s a l a r c h i s produced a n t e r i o r l y and p r o j e c t s 

between t h e mouth-hooks. The whole s t r u c t u r e , i n c l u d i n g t h e 

mouth-hooks, a l t h o u g h v e r y r o b u s t , i s v e r y weakly pigmented, t h e 

mouth-hooks a p p e a r i n g orange and t h e p h a r y n g e a l s c l e r i t e p a l e y e l l o w 

under t h e m i c r o s c o p e . The d o r s a l a r c h i s r a t h e r more h e a v i l y pigmented 

t h a n t h e r e s t o f t h e p h a r y n g e a l s c l e r i t e , a p p e a r i n g orange l i k e t h e 

mouth-hooks; t h e l i n k between t h e two h a l v e s o f t h e a r c h i s absent. No 
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t r a c e o f o r a l o r d e n t a l s c l e r i t e s , o r o f t h e l i g u l o i d a r c h , hypostomal 

p l a t e s o r p a r a s t o m a l b a r s was p r e s e n t . 

I n t h e genus G a s t e r o p h i l u s , e.g. i n G. pecorum, a p a r a s i t e o f 

B u r c h e l l ' s Zebra ( F i g . 323 ) , t h e c o n n e c t i o n o r groove l y i n g between 

t h e h y p o s t o m a l s c l e r i t e and t h e p h a r y n g e a l s c l e r i t e i s absent, and 

f u s i o n i s c o m p l e t e . A p a r t f r o m t h i s d i f f e r e n c e , t h e b a s i c p l a n o f t h e 

G a s t e r o p h i l u s s k e l e t o n i s e s s e n t i a l l y s i m i l a r t o t h a t o f Gyrostigma, 

a l t h o u g h t h e d o r s a l h o r n i s more pronounced i n G a s t e r o p h i l u s . 

The mouth-hooks o f G a s t e r o p h i l i n a e deserve s p e c i a l mention. 

Under low-power, t h e y appear t o have a r e t i c u l a t e d p a t t e r n on t h e i r 

s u r f a c e s , b u t under h i g h t h i s i s r e v e a l e d as a c o v e r i n g o f o v e r l a p p i n g 

p l a t e s , r a t h e r l i k e t i l e s on a r o o f , g i v i n g t h e mouth-hook an a l l 

r o u n d s e r r a t e d edge ( F i g . 177 ) . Presumably t h i s a i d s i n e n a b l i n g t h e 

l a r v a t o o b t a i n a g r i p on t h e mucous membranes o f the h o s t ' s stomach. 

T h i s s t r u c t u r e i s i n marked c o n t r a s t t o t h e smooth mouth-hooks o f a l l 

o t h e r C y c l o r r h a p h a s t u d i e d . 

The s k e l e t o n o f C o b b o l d i i n a e , as e x e m p l i f i e d by P l a t y c o b b o l d i a 

l o x o d o n t i s , a p a r a s i t e o f t h e A f r i c a n e l e p h a n t ( F i g . 322 ) , i s v e r y 

d i f f e r e n t . The mouth-hooks a r e f r e e ( n o t f u s e d t o t h e hypostomal 

s c l e r i t e ) and, w h i l e s t r o n g l y c u r v e d , n o t as s t r o n g l y c u r v e d as i n 

G a s t e r o p h i l i n a e . They possess w e l l - d e v e l o p e d d o r s a l horns and are a l s o 

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

weakly developed. 

P o s t e r i o r t o t h e mouth-hooks l i e s a s i n g l e , median s c l e r i t e 

( F i g . 323 ) ; t h i s may be t h e f u s e d hypostomal p l a t e s , b u t I am n o t 

c e r t a i n o f t h i s . The hypostomal s c l e r i t e i s f u s e d p o s t e r i o r l y t o t h e 

p h a r y n g e a l s c l e r i t e ; t h e two l a t e r a l h a l v e s o f t h e r e s u l t i n g s t r u c t u r e 
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ar e j o i n e d t o g e t h e r by a c o n n e c t i o n which i s s t r o n g l y r e m i n i s c e n t o f 

t h e s u t u r e s between t h e v a r i o u s bones o f t h e mammalian s k i i l l . 

A n t e r i o r l y , t h e arms o f t h e hypostomal s c l e r i t e are h o l l o w e d o u t t o 

accomodate t h e mouth-hook c o n d y l e s . The d o r s a l cornua a re v e r y narrow 

and e x t r e m e l y weakly pigmented, and t h e d o r s a l a r c h does n o t p r o j e c t 

a n t e r i o r l y . 

W h i l e a d i s c u s s i o n o f phylogeny i s d e a l t w i t h i n a l a t e r 

c h a p t e r , i t i s , perhaps, w o r t h w h i l e making a few comments here on t h e 

s y s t e m a t i c p o s i t i o n o f G a s t e r o p h i l i d a e . P r e v i o u s a u t h o r s have d i f f e r e d 

as t o where t h e f a m i l y ' s a f f i n i t i e s l i e ; some i n c l u d e d t h e group as a 

s u b f a m i l y o f O e s t r i d a e , o t h e r s as a s u b f a m i l y o f Muscidae, and y e t 

o t h e r s have p l a c e d i t as a s e p a r a t e f a m i l y o f A c a l y p t e r a t a e . I t i s n o t 

i n t e n d e d here t o d i s c u s s t h e v a r i o u s p o i n t s o f view, b u t merely t o 

su g g e s t t h a t a d e t a i l e d s t u d y o f t h e s k e l e t o n s o f G a s t e r o p h i l i d s o f 

a l l i n s t a r s may c o n t r i b u t e t o a s o l u t i o n o f t h e problem. The p r e s e n t 

s t u d y i s t o o l i m i t e d t o enable any deep a n a l y s i s t o be made, b u t i t i s 

i n t e r e s t i n g t o n o t e t h a t t h e C o b b o l d i i n e s k e l e t o n ( F i g . 3 2 2 ) i s v e r y 

s i m i l a r t o , and d e r i v a b l e f r o m , an O e s t r i d s k e l e t o n o f t h e Cephenomyia 

t y p e ( F i g . 3 28). A l l t h a t i s r e q u i r e d t o a r r i v e a t t h e C o b b o l d i i n e 

s k e l e t o n f r o m t h e Cephenormyia one, i s t h e l o s s o f the hypostomal 

s c l e r i t e c r o s s - b a r and t h e f u s i o n o f t h e two arms o f the s c l e r i t e . I f 

t h e s i n g l e , median s c l e r i t e i n Cobboldiinae i s indeed t h e p r o d u c t o f 

t h e f u s i o n o f t h e hypostomal p l a t e s , t h e n t h i s s t r u c t u r e i s v e r y 

o b v i o u s l y d e r i v a b l e f r o m t h e f u s e d p l a t e s o f Cephenomyia. F u r t h e r 

s t u d i e s on t h i s group would be o f g r e a t i n t e r e s t . 
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6.7 Hypodermatidae 

Zumpt (1965) says o f t h e t h i r d i n s t a r l a r v a o f Hypoderma: "The 

c e p h a l o s k e l e t o n i s s t r o n g l y reduced and e x t e r n a l mouth-hooks a r e n o t 

v i s i b l e . " 

D u r i n g t h e course o f t h i s work d i s s e c t i o n s o f t h e t h r e e B r i t i s h 

s p e c i e s o f Hypoderma (H. b o v i s , H. d i a n a and H. l i n e a t u m ) were 

c a r r i e d o u t . I n none o f t h e s e s p e c i e s c o u l d any t r a c e o f t h e s k e l e t o n 

be f o u n d ; i n f a c t , i t appears t o have been t o t a l l y l o s t d u r i n g t h e 

c o u r s e o f e v o l u t i o n . The f i r s t i n s t a r i s s t a t e d by Zumpt t o possess a 

s k e l e t o n , b u t he does n o t comment on t h i s s t r u c t u r e i n t h e second 

i n s t a r . No m a t e r i a l o f t h e e a r l i e r i n s t a r s were a v a i l a b l e f o r s t u d y . 

The o n l y s c l e r o t i s e d p a r t s n o t e d i n t h e t h i r d i n s t a r were 

pi g m e n t e d p l a t e s p l a c e d around t h e mouth. 
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C H A P T E R S E V E N 

SYSTEMATIC ACCOUNT: 1. CALLIPHORINAE 

7.1 I n t r o d u c t i o n 

I n t h i s and t h e f o l l o w i n g two c h a p t e r s t h e f u l l d e s c r i p t i o n s o f 

t h e s p e c i e s s t u d i e d a r e p r e s e n t e d . I f a g i v e n stage i s absent from a 

p a r t i c u l a r s p e c i e s d e s c r i p t i o n , t h i s i s because no m a t e r i a l was 

a v a i l a b l e f o r s t u d y . 

No synonymies a r e g i v e n , b u t f u l l synonymies o f t h e s p e c i e s 

d e a l t w i t h may be f o u n d i n t h e works o f K l o e t and Hincks ( 1 9 7 6 ) , Zumpt 

( 1 9 5 6 a ) , D e l f i n a d o and Hardy ( 1 9 7 7 ) , Crosskey e t . a l ( 1 9 8 0 ) , Kurahashi 

( 1 9 7 1 ) , Stone e t a l ( 1 9 6 5 ) , H a l l (1948) and Guimaraes (1977). 

A l l d e s c r i p t i o n s i n t h i s and t h e f o l l o w i n g two c h a p t e r s are o f 

t h e l a r v a l s t a g e s o n l y . The eggs have been d e a l t w i t h i n Chapter 3, 

and t h e i n f o r m a t i o n on t h e p u p a r i a i s g i v e n i n Tables I I I and IV • 

The s p i n a l f e a t u r e s o f t h e p u p a r i a a r e , o f c o u r s e , t h e same as those 

o f t h e t h i r d i n s t a r . I n o r d e r t o save space, a l l measurements and 

m e r i s t i c d a t a a r e o m i t t e d f r o m t h e d e s c r i p t i o n s and are i n c l u d e d i n 

Tab l e s I I , H I and I V . 

Two c h a r a c t e r s have been o m i t t e d f r o m t h e d e s c r i p t i o n s o f 

s p e c i e s o f C a l l i p h o r i n a e ; t h e se are t h e p a r a s t o m a l bars and t h e 

p o s t e r i o r s p i r a c l e s . A l t h o u g h t h e s e c h a r a c t e r s a re u s e f u l i n t h e 

f a m i l y as a whole, t h e y a re v e r y u n i f o r m i n t h e p r e s e n t s u b f a m i l y . I n 

a l l s p e c i e s o f C a l l i p h o r i n a e examined, t h e p a r a s t o m a l bars are p r e s e n t 
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and unremarkable except i n L. bufonivora. The p o s t e r i o r s p i r a c l e s have 

a peritreme of medium thickness ( F i g . 204 ) , the button i s always 

pigmented (although, as seen above, some specimens are only f a i n t l y 

pigmented) and the sun-ray s t r u c t u r e i s well-developed and without 

d i s t i n g u i s h i n g f e a t u r e s . 

7.2 Genus C a l l i p h o r a Robineau-Desvoidy 

C a l l i p h o r a v i c i n a Robineau-Desvoidy 

F i r s t I n s t a r . Skeleton ( F i g . 246) w i t h l a t e r a l p l a t e slender, breadth 

a t narrowest p o i n t about h a l f length of median t o o t h ; v e n t r a l and 

dorsal cornua s l i g h t l y divergent; basal s e c t i o n of hypostomal s c l e r i t e 

i n l a t e r a l view much t h i c k e r than greatest thickness of median tooth 

i n l a t e r a l view; median t o o t h longer than length o f mouth-hook; dorsal 

horn o f median t o o t h not prominent. A n t e r i o r s p i n a l bands (segs. 2-12) 

complete on 2-9, very f a i n t d o r s a l l y on 10, absent d o r s a l l y on 11 and 

12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

6-11), incomplete d o r s a l l y on 6, complete d o r s a l l y on 7-11; 

s e m i - c i r c l e of spines v e n t r a l l y around anal area on seg. 12. 

Second I n s t a r . Skeleton ( F i g . 236 ) w i t h breadth of l a t e r a l p l a t e a t 

narrowest p o i n t much less than length o f mouth-hook; mouth-hook horns 

u s u a l l y angled; t o o t h o f mouth-hook much thickened at region of 

cur v a t u r e , such t h a t the t o o t h i s considerably t h i c k e r there than i t 

i s a t i t s basal p a r t . A n t e r i o r s p i n a l bands (segs. 2-12) complete 
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on 2-9, incomplete d o r s a l l y on 10-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 6-11), complete on 7-11, incomplete 

d o r s a l l y on 6; sometimes very few spines present v e n t r a l l y on 5. Patch 

o f spines d o r s a l l y and v e n t r a l l y on anal region of seg. 12. 

T h i r d I n s t a r . Skeleton ( F i g . 224 ) w i t h mouth-hook to o t h usually only 

s l i g h t l y longer than depth o f mouth-hook base; o r a l s c l e r i t e heavily 

pigmented i n rod and wishbone s t r u c t u r e areas, wing s t r u c t u r e weakly 

pigmented, base o f rod considerably ( F i g . 126 ) thickened; dental 

s c l e r i t e u s u a l l y slender w i t h comma-shaped t a i l ; l i g u l o i d arch broad 

( F i g . 126); hypostomal p l a t e s large and h e a v i l y pigmented ( F i g . 148 ); 

hypostomal s c l e r i t e cross-bar broad ( F i g . 148 ); window cle a r on 

v e n t r a l cornu, u s u a l l y absent on dorsal cornu; posterodorsal process 

o f v e n t r a l cornu weakly developed; dorsal cornu only s l i g h t l y arched 

d o r s a l l y ; angle between dorsal and v e n t r a l cornua sharp, not roundly 

arched. A n t e r i o r s p i n a l bands (segs. 2-12), incomplete d o r s a l l y on 

10-12, although t h a t on 10 o f t e n present i n very f a i n t form; bands on 

6-11 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11), t h a t on 6 

v e n t r a l and weak, those on 7-9 incomplete d o r s a l l y and those on 10 and 

11 complete. Semi-circle o f spines present dorsal and v e n t r a l t o anus 

( F i g . 205). Very few spines present between anus and anal lobes, and 

these weakly pigmented. A l l spines o f bands pointed and moderately 

pigmented ( F i g . 40 ). Width o f base of each o f P̂ , P̂  and P̂  much less 

than distance between them. P̂  closer t o P̂  than t o P̂ . 
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Taxonomic Remarks 

The above d e s c r i p t i o n s r e f e r wholly t o B r i t i s h specimens and 

d i f f e r s l i g h t l y from those o f H a l l (1948), who studied North American 

specimens. I n p a r t i c u l a r , the d i s t r i b u t i o n o f the bands seems t o be 

d i f f e r e n t i n Nearctic specimens; f o r example. H a l l states t h a t the 

a n t e r i o r bands of segments 2-7 i n the f i r s t i n s t a r are complete (the 

others being incomplete), but i n B r i t i s h specimens these bands are 

also complete on segments 8 and 9. Also, H a l l states t h a t the number 

o f lobes o f the a n t e r i o r s p i r a c l e s has the same range i n both second 

and t h i r d i n s t a r s ; t h i s i s not so i n B r i t i s h specimens, although there 

i s a degree of overlap. He also states t h a t the number of lobes i s 7-9 

(most o f t e n 8) i n the t h i r d i n s t a r , while Schumann (1954), working on 

Middle European specimens, states t h a t the number i s 7-10; i n the 

specimens o f Durham m a t e r i a l examined not a s i n g l e specimen had only 7 

lobes, and only r a r e l y was one w i t h 8 lobes seen (although very few 

specimens examined from the south o f England had only 7 lobes). The. 

usual range i n B r i t i s h specimens i s 9-11. 

Specimens examined: U.K. (Durham, London, Norwich); U.S.A. 

(Washington S t a t e ) ; Japan. 

Biology and D i s t r i b u t i o n 

This species i s a widespread and common synanthropic 

carrion-breeder i n the H o l a r c t i c , A f r o t r o p i c a l , O r i e n t a l and 

Au s t r a l a s i a n regions. I t i s a known myiasis agent i n Man and a number 

of w i l d and domestic mammal species (Zumpt, 1965). 
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C a l l i p h o r a v o m i t o r i a (Linnaeus) 

F i r s t I n s t a r . Skeleton ( F i g . 247 ) w i t h l a t e r a l p l a t e robust, breadth 

a t narrowest p o i n t equal t o (or greater than) length of median t o o t h ; 

dorsal and v e n t r a l cornua d i s t i n c t l y divergent; basal s e c t i o n , of 

hypostomal s c l e r i t e i n l a t e r a l view narrower than median tooth i n 

l a t e r a l view; median t o o t h about same length as mouth-hook, or very 

s l i g h t l y longer; dorsal horn o f median tooth prominent. A n t e r i o r 

s p i n a l bands (segs. 2-12), complete d o r s a l l y on 2-7, f a i n t d o r s a l l y on 

8, incomplete d o r s a l l y on 9-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 7-11) v e n t r a l l y and v e n t r o l a t e r a l l y on 

7-10, v e n t r a l l y and d o r s a l l y (but not m i d - l a t e r a l l y ) on 11. Patch of 

strong spines present d o r s a l l y on anal region, weaker spines 

v e n t r a l l y . 

Second I n s t a r . Skeleton ( F i g . 237 ) w i t h breadth of l a t e r a l p l a t e at 

narrowest p o i n t appreciably greater than length of mouth-hook; 

mouth-hook horns u s u a l l y short and not angled; tooth of mouth-hook 

t a p e r i n g a t region o f curvature, such t h a t the to o t h i s considerably 

narrower a t t h i s area than i t i s a t basal area of t o o t h . A n t e r i o r 

s p i n a l bands (segs. 2-12), complete on 2-9, f a i n t d o r s a l l y on 10-11, 

absent d o r s a l l y on 12; bands on 6-12 c l e f t v e n t r a l l y . Posterior s p i n a l 

bands (segs. 7-11), incomplete d o r s a l l y on 7-10; v e n t r a l and dorsal 

(but absent l a t e r a l l y ) on 11. Anus w i t h spines d o r s a l l y and v e n t r a l l y , 

but very few l a t e r a l l y . 
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T h i r d I n s t a r . Skeleton ( F i g . 225) w i t h mouth-hook to o t h usually longer 

than depth o f mouth-hook base; rod of o r a l s c l e r i t e heavily pigmented, 

wing and wish-bone s t r u c t u r e s unpigmented, base of rod thickened 

( F i g . 127); dental s c l e r i t e u s u a l l y robust, r a r e l y w i t h comma-shaped 

t a i l ; l i g u l o i d arch broad w i t h w e l l - d e f i n e d a n t e r i o r t e e t h ; hypostomal 

p l a t e s l a r g e and h e a v i l y pigmented; hypostomal s c l e r i t e cross-bar 

broad; windows c l e a r on v e n t r a l cornua, usually absent on dorsal 

cornua; posterodorsal process of v e n t r a l cornu prominent; dorsal cornu 

s t r o n g l y arched d o r s a l l y ; angle between dorsal and v e n t r a l cornua 

sharp (not roundly arched). A n t e r i o r s p i n a l bands (segs. 2-12), 

complete on 2-10, very f a i n t ( s i n g l e row) or absent d o r s a l l y on 11, 

incomplete d o r s a l l y on 12; bands on 6-12 c l e f t v e n t r a l l y . Posterior 

s p i n a l bands (segs. 6-11), incomplete d o r s a l l y on 6-9, present 

v e n t r a l l y and d o r s a l l y (but not l a t e r a l l y ) on 10-11, although often 

f a i n t or absent d o r s a l l y as w e l l . Spines l a r g e , w i t h rounded t e e t h , 

never w i t h more than one t o o t h each ( F i g . 41). Anal region covered 

w i t h spines, i n c l u d i n g area between anus and anal lobes; patch of 

dark spines present dorsal t o anus ( F i g . 206). P̂ , P̂  and P̂  more or 

less e q u i d i s t a n t from one another, or P̂  s l i g h t l y closer t o P̂ . Width 

o f base o f each o f P , P and P not less than distances between them. 

Taxonomic Remarks 

The t h i r d i n s t a r was described (by i l l u s t r a t i o n ) by H a l l (1948). 

The f e a t u r e s shown by H a l l , however, are not s u f f i c i e n t t o d i s t i n g u i s h 

t h i s species from C. v i c i n a . C. v o m i t o r i a i s very d i s t i n c t i v e i n a l l 
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i t s l a r v a l stages. I t i s , g e n e r a l l y , much more heavily s c l e r o t i s e d 

than any other species o f B r i t i s h C a l l i p h o r a , having, i n p a r t i c u l a r , 

large p o s t e r i o r s p i r a c l e s and strong spines i n the t h i r d i n s t a r . These 

spines are a very r e l i a b l e diagnostic character; specimens from Japan 

and the U.S.A. t h a t were examined could e a s i l y be disti n g u i s h e d from 

specimens of C. v i c i n a from those countries on the basis of the form 

o f the spines. 

Specimens examined: U.K. (Durham); U.S.A. (Washington S t a t e ) ; 

Japan. 

Biology and D i s t r i b u t i o n 

This species i s a common carrion-breeder throughout the 

H o l a r c t i c region and, t o a lesser extent, the O r i e n t a l and 

Aus t r a l a s i a n regions; i t i s absent from the A f r o t r o p i c a l region 

(Zumpt, 1965). I t i s a known myiasis agent. 

C a l l i p h o r a u r a l e n s i s Villeneuve 

F i r s t I n s t a r . Skeleton ( F i g . 248 ) w i t h length o f mouth-hook to o t h 

u s u a l l y only s l i g h t l y less than length o f base; l a t e r a l p l a t e s l i g h t l y 

narrower a t narrowest p o i n t than length o f median to o t h ; v e n t r a l and 

dorsal cornua s l i g h t l y divergent; basal s e c t i o n o f hypostomal s c l e r i t e 

i n l a t e r a l view not t h i c k e r than greatest thickness of median to o t h i n 

l a t e r a l view; median t o o t h longer than mouth-hook; dorsal arch w i t h 

d i s t i n c t v e n t r a l curve. A n t e r i o r s p i n a l bands (segs. 2-12), complete 

on 2-9; band on 8 w i t h unpigmented spines d o r s a l l y ; incomplete on 
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10-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

7-11), incomplete on 7-9, but w i t h f a i n t patchy areas of spines 

d o r s o - l a t e r a l l y ; complete on 10-11, but weak d o r s a l l y . Patch of spines 

present do r s a l t o anus. 

Second I n s t a r . Skeleton ( F i g . 238 ) w i t h breadth of l a t e r a l p l a t e a t 

narrowest p o i n t less than length of mouth-hook; mouth-hook horns 

r a t h e r long; mouth-hook uniform i n thickness from base t o area of 

curvature, such t h a t the dorsal and v e n t r a l margins of t h i s area 

appear p a r a l l e l i n l a t e r a l view. A n t e r i o r s p i n a l bands (segs. 2-12), 

complete on 2-8; band on 9 very f a i n t and w i t h weakly pigmented spines 

d o r s a l l y ; incomplete or f a i n t d o r s a l l y on 10-11 (although band on 10 

us u a l l y f a i n t d o r s a l l y ) . Patch of strong spines present dorsal to anus 

and s e m i - c i r c l e o f spines v e n t r a l t o anus. 

T h i r d I n s t a r . Skeleton ( F i g . 226 ) w i t h t o o t h of mouth-hook t y p i c a l l y 

much longer than depth o f base; o r a l s c l e r i t e rod l a r g e l y pigmented, 

except a t t i p ; wing and wish-bone s t r u c t u r e s unpigmented; base of rod 

only s l i g h t l y thickened ( F i g . 128 ); dental s c l e r i t e v a r i a b l e , but 

r a r e l y w i t h comma-shaped t a i l ; l i g u l o i d arch weak ( F i g . 149 ); 

hypostomal p l a t e s w e l l pigmented, but p o s t e r i o r section tapering 

(Fig.149); hypostomal s c l e r i t e cross-bar broad; windows present on 

v e n t r a l cornua, but. u s u a l l y absent on dorsal cornua; posterodorsal 

process on v e n t r a l cornu prominent; dorsal cornua well-arched 

d o r s a l l y ; angle between dorsal and v e n t r a l cornua us u a l l y wide. 

A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-8; f a i n t d o r s a l l y on 

9; incomplete on 10-12; bands on 8-12 c l e f t v e n t r a l l y . Posterior 
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s p i n a l bands (segs. 7-11), incomplete on 7-8, f a i n t d o r s a l l y on 9; 

complete on 10-11. Spines well-pigmented, f r e q u e n t l y w i t h two or three 

t e e t h ( F i g . 42 )• Patch o f strong spines present dorsal t o anus and 

many strong spines i n a wide s e m i - c i r c l e v e n t r a l l y ; some spines 

between anus and anal lobes. P̂  s l i g h t l y closer t o P̂  or P̂ , P̂  and P̂  

e q u i d i s t a n t ; P^ prominent. Width of base of each of P̂ , P̂  and P̂  less 

than distances between them. 

Taxonomic Remarks 

This species i s , t o my knowledge, pre v i o u s l y undescribed i n the 

immature stages. I t shows several features t h a t are intermediate 

between C. v i c i n a and C. v o m i t o r i a , i n p a r t i c u l a r , the s t r u c t u r e of 

the mouth-hook i n the second i n s t a r , and the SDF and spine s t r u c t u r e 

i n the t h i r d . As a whole, however, t h i s species appears ( i n the l a r v a l 

stages) t o be r a t h e r more c l o s e l y r e l a t e d t o C. vo m i t o r i a , although i n 

the a d u l t stage i t i s very s i m i l a r t o C. v i c i n a . 

Specimens examined: Scotland ( A i l s a C r a i g ) . 

Biology and D i s t r i b u t i o n 

This species i s a carrion-breeder of northern Europe, but i t i s 

also found i n the mountainous regions of c e n t r a l Europe (Zumpt, 1956a). 

I n the B r i t i s h I s l e s i t i s confined t o northern and western Scotland 

(van Emden, 1954). I t i s not known t o cause myiasis. 
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Ca l l i p h o r a a l p i n a ( Z e t t e r s t e d t ) 

F i r s t I n s t a r . Skeleton ( F i g . 249) w i t h l a t e r a l p l a t e very slender and 

much narrower a t narrowest p o i n t than length o f median to o t h (as 

narrow a t narrowest p o i n t as length of mouth-hook t o o t h ) ; v e n t r a l and 

dorsal cornua e f f e c t i v e l y p a r a l l e l a t extreme ends; basal section o f 

hypostomal s c l e r i t e i n l a t e r a l view much t h i c k e r than greatest 

thickness o f median t o o t h i n l a t e r a l view; median tooth longer than 

mouth-hook. A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9; 

incomplete on 10-11; bands on 6-12 c l e f t v e n t r a l l y . Posterior s p i n a l 

bands (segs. 6-11), incomplete on 6; complete on 7-11; i n a d d i t i o n , 

there are o f t e n a few v e n t r a l spines on 5. Patch o f spines present 

dorsal t o anus. 

Second I n s t a r . Skeleton ( F i g . 239 ) w i t h narrowest width o f l a t e r a l 

p l a t e much narrower than length o f mouth-hook; mouth-hook horns long, 

almost as long as mouth-hook base; t o o t h of mouth-hook very 

considerably thickened at area of curvature and c o n s t r i c t e d a t base of 

t o o t h . A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9; incomplete 

on 10-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

5-11), incomplete on 5-6; complete on 7-11. Patch of spines present 

d o r s a l l y t o anus. 

T h i r d I n s t a r . Skeleton ( F i g . 227) w i t h t o o t h o f mouth-hook not longer 

than depth o f base; o r a l s c l e r i t e rod well-pigmented, wish-bone 

s t r u c t u r e well-pigmented, but wing s t r u c t u r e unpigmented, base of rod 

g r e a t l y thickened ( F i g . 129 ); dental s c l e r i t e u sually w i t h 
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comma-shaped t a i l ; l i g u l o i d arch weak; hypostomal plates moderately 

pigmented; hypostomal s c l e r i t e cross-bar narrow; clear windows usually 

present on v e n t r a l and dorsal cornua; dorsal cornu slender and not 

s t r o n g l y arched; posterodorsal process of v e n t r a l cornu not prominent, 

angle between dorsal and v e n t r a l cornua sharp; mouth-hook w i t h a very 

prominent horn; area between horn and base of t o o t h usually arched. 

A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-6; f a i n t d o r s a l l y on 

7; incomplete on 8-12. P o s t e r i o r s p i n a l bands (segs. ' i - l 1 ), bands on 

5-10 v e n t r a l only; band on 11 v e n t r a l and d o r s a l , with a bare nrefi 

l a t e r a l l y . A l l bands are d i f f i c u l t t o discern. Spines pointed and 

weakly pigmented ( F i g . 43). Spines i n anal region d i s t r i b u t e d i n a 

manner s i m i l a r t o C. v i c i n a . P̂ , P̂  and P̂  e q u i d i s t a n t from one 

another or P s l i g h t l y closer t o P . Distances between p a p i l l a e 

g r e a t e r than width of bases. 

Taxonomic Remarks 

This species i s r e a d i l y d i s t i n g u i s h a b l e from C. v i c i n a by the 

characters i n the key (see Chapter 10). C. alp i n a i s previously 

undescribed i n the immature stages. 

Specimens examined: England (Durham) 

Biology and D i s t r i b u t i o n 

This European carrion-breeder i s confined to northern B r i t a i n , 

Scandinavia and the Alps (Zumpt, 1956a). I t i s not known as an agent 

o f myiasis. 
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Ca l l i p h o r a subalpina Ringdahl 

F i r s t I n s t a r . Skeleton ( F i g . 250) w i t h l a t e r a l p l a t e much narrower at 

narrowest p o i n t than l e n g t h of median t o o t h ; v e n t r a l and dorsal cornua 

s l i g h t l y divergent; basal s e c t i o n of hypostomal s c l e r i t e less t h i c k i n 

l a t e r a l view than g r e a t e s t thickness o f median t o o t h ; median tooth a 

l i t t l e longer than mouth-hook. A n t e r i o r s p i n a l bands (segs. 2-12), 

complete on 2-9; f a i n t d o r s a l l y on 10; incomplete on 11-12. Posterior 

s p i n a l bands (segs. 5-11), band on 5 v e n t r a l only; complete on G-11. 

Patch o f spines present dorsal t o anus. 

Second I n s t a r . Skeleton ( F i g . 240 ) w i t h narrowest width of l a t e r a l 

p l a t e less than l e n g t h o f mouth-hook; mouth-hook horns r a t h e r long, 

almost as long as mouth-hook t o o t h from base t o area o f curvature; 

t o o t h o f mouth-hook much thickened at area of curvature. A n t e r i o r 

s p i n a l bands (segs. 2-12), complete on 2-9; incomplete on 10-12; bands 

on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 5-11), 

incomplete on 5-6; complete on 7-11. Patch o f spines present dorsal 

and v e n t r a l t o anus. 

T h i r d I n s t a r . Skeleton ( F i g . 228 ) w i t h mouth-hook tooth not longer 

than depth o f base; o r a l s c l e r i t e rod p a r t l y pigmented ( F i g . 130 ), 

pigmented area t a p e r i n g a n t e r i o r l y t o form cone-shape; wing and 

wish-bone s t r u c t u r e s unpigmented; dental s c l e r i t e very slender and 

w i t h comma-shaped t a i l ; hypostomal p l a t e s ( F i g . 151 ) moderately 

pigmented, weakly pigmented v e n t r a l l y ; l i g u l o i d arch very weak; 

hypostomal s c l e r i t e cross-bar narrow ( F i g . 151 ); windows usually very 
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large and c l e a r on v e n t r a l cornua; dorsal cornua very slender and w i t h 

only a very s l i g h t dorsal curve; v e n t r a l cornua short, s l i g h t l y more 

than h a l f the length o f the dorsal cornu; angle between dorsal and 

v e n t r a l cornua sharp. A n t e r i o r s p i n a l bands (segs. 2-12) complete on 

2-8; incomplete on 9-12; bands on 7-12 c l e f t v e n t r a l l y . Posterior 

s p i n a l bands (segs. 5-11); incomplete on 6 and 7; complete on 8-11; 

band on 5 v e n t r a l only. Anal s p i n a l arrangement s i m i l a r t o C. v i c i n a . 

P̂  s l i g h t l y closer t o P̂ . Width o f p a p i l l a r bases less then distance 

between them. 

Taxonomic Remarks 

This species i s p r e v i o u s l y undescribed i n the immature stages. 

Specimens examined: England (Durham); Japan. 

Biology and D i s t r i b u t i o n 

This carrion-breeding species i s r e s t r i c t e d t o the mountainous 

or upland regions o f northern and c e n t r a l Europe (Zumpt, 1956a), and 

the n o r t h e r n p a r t s o f the Palaearctic region as f a r east as Japan 

(Kano and Shinonaga, 1968). I t i s not known t o cause myiasis. 

C a l l i p h o r a loewi Enderlein 

F i r s t I n s t a r . Skeleton ( F i g . 251) w i t h mouth-hook to o t h almost as long 

as base; l a t e r a l p l a t e narrower a t narrowest p o i n t than length o f 

median t o o t h ; v e n t r a l and dorsal cornua p a r a l l e l or s l i g h t l y divergent 
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at p o s t e r i o r t i p s ; basal s e c t i o n o f hypostomal s c l e r i t e i n l a t e r a l 

view more or less as t h i c k as greatest thickness of median t o o t h ; 

median t o o t h w i t h prominent horn and longer than mouth-hook; a very 

weak patch o f s c l e r o t i s a t i o n i s present dorsal t o the c h i t i n i s e d 

t e e t h . A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-8; f a i n t 

d o r s a l l y on 9; incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 6-11), incomplete on 6-7; complete on 

8-11. Very few, weakly s c l e r o t i s e d spines present d o r s a l l y and 

v e n t r a l l y i n anal r e g i o n . 

Second I n s t a r . Skeleton ( F i g . 241) w i t h l a t e r a l p l a t e narrower a t 

narrowest p o i n t than l e n g t h o f mouth-hook; mouth-hook to o t h much 

t h i c k e r a t area o f curvature than a t basal area o f t o o t h . A n t e r i o r 

s p i n a l bands (segs. 2-12), complete on 2-8, f a i n t d o r s a l l y on 9; 

incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . Posterior s p i n a l 

bands (segs. 6-11), incomplete on 6-7; complete d o r s a l l y on 8-11. 

Patch o f spines present dorsal t o anus. 

T h i r d I n s t a r . Skeleton ( F i g . 229) w i t h mouth-hook to o t h usually 

longer than depth o f base; o r a l s c l e r i t e rod well-pigmented; wing 

and wish-bone s t r u c t u r e s pigmented; base o f rod moderately thickened 

( F i g . 131); dent a l s c l e r i t e slender, w i t h comma-shaped t a i l ; 

l i g u l o i d arch d i f f u s e ; hypostomal p l a t e s moderately pigmented; 

hypostomal s c l e r i t e cross-bar narrow; window cle a r on v e n t r a l 

cornu; angle between dorsal and v e n t r a l cornua sharp. Ante r i o r 

s p i n a l bands (segs. 2-12), complete on 2-B; f a i n t d o r f i a l l y on 

9; incomplete on 10-12; bands on 7-12 c l e f t venLr;.iily. Fost-.cri.or 
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s p i n a l bands (segs. 5-11), v e n t r a l only on 5-6; f a i n t d o r s a l l y on 7-8; 

complete on 9-11. Anal s p i n a l arrangement s i m i l a r t o C. v i c i n a . P̂  

c l o s e r t o P̂  than t o P̂ . Distances between p a p i l l a e greater than width 

o f bases. 

Taxonomic Remarks 

The t h i r d i n s t a r o f t h i s species has been described by I s h i j i m a 

(1967) working on Japanese specimens. The present d e s c r i p t i o n d i f f e r s 

from h i s i n t h a t the v e n t r a l cornu i s not abnormally short i n r e l a t i o n 

t o the dorsal cornu, u n l i k e C. subalpina. I have examined Japanese 

specimens and f i n d t h a t t h i s i s a very v a r i a b l e character i n those 

specimens. 

Dr L. Davies (pers. comm.) t e l l s me t h a t he i s informed by Dr G. 

Shewell t h a t the Nearctic C. mortica Shannon i s synonymous with 

C. l o e w i , on the basis o f an examination of a d u l t B r i t i s h and 

Norwegian specimens sent t o him by Dr Davies. 

Specimens examined: England (Durham); Japan. 

Biology and D i s t r i b u t i o n 

This carrion-breeding species i s an i n h a b i t a n t of the northern 

and mountainous areas o f the Palaearctic region (Zumpt, 1956a); the 

above-mentioned new synonymy means t h a t the range o f t h i s species 

includes the northern Nearctic. C_; L oewi i s not known t o cause 

myiasis. 
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Ca l l i p h o r a l a t a C o q u i l l e t t 

T h i r d I n s t a r . Skeleton ( F i g . 231) w i t h mouth-hooks robust; rod of o r a l 

s c l e r i t e pigmented along most of i t s le n g t h ; wing and wish-bone 

s t r u c t u r e s unpigmented; rod thickened at base ( F i g . 133); dental 

s c l e r i t e p r o p o r t i o n a t e l y l a r g e ; l i g u l o i d arch well-pigmented, but 

narrow ( F i g . 156); hypostomal p l a t e s moderately pigmented and 

r e l a t i v e l y ( t o other C a l l i p h o r a spp.) small ( F i g . 156); hypostomal 

s c l e r i t e cross-bar narrow; windows large on both dorsal and v e n t r a l 

cornua; angle between dorsal and v e n t r a l cornua not very wide. 

A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9, f a i n t d o r s a l l y on 

10, incomplete on 11 and 12. P o s t e r i o r s p i n a l bands (segs. 6-11), 

incomplete on 6-9, present d o r s a l l y and v e n t r a l l y (but not l a t e r a l l y ) 

on 10 and 11. Spines pointed, moderately pigmented, o f t e n w i t h two 

t e e t h . Anal region covered w i t h spines; d i s t r i b u t i o n of spines between 

anus and anal p a p i l l a e intermediate between C. v i c i n a and C. vomitoria 

(Figs. 205 and 206). P^ clo s e r t o P̂  than t o P̂ ; P̂  w e l l developed; 

distances between f i r s t three p a p i l l a e greater than broadest base of 

each p a p i l l a . 

Taxonomic Remarks 

Kano and Okazaki (1955) described the t h i r d i n s t a r of t h i s 

species and compared i t w i t h C. v o m i t o r i a . Their key t o separate these 

two species does not work, since i t states t h a t the distance between 

the p o s t e r i o r s p i r a c l e s i s less than the diameter of one s p i r a c l e i n 

C. l a t a , but greater i n C. v o m i t o r i a - t h i s i s d e f i n i t e l y not the 
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case, the SDF being w e l l below one i n both species. Kano and Okazaki 

worked w i t h Japanese m a t e r i a l , and the d e s c r i p t i o n above i s also based 

on Japanese m a t e r i a l . I n a d d i t i o n , Japanese C. vomitoria were examined 

(see remarks under C. v o m i t o r i a ) . 

Kano and Okazaki used the s p i n a l band patterns ( e s p e c i a l l y on 

segment 10) t o d i s t i n g u i s h between these species. This i s a d i f f i c u l t 

character, and the most u s e f u l feature d i s t i n g u i s h i n g the two species 

i s the shape o f the spines (compare Figs. 41 and 51). 

Specimens examined: Japan. 

Biology and D i s t r i b u t i o n 

This species i s known only from S i b e r i a and Japan (Zumpt, 

1956a). I s h i j i m a (1967) s t a t e s t h a t i t breeds i n "dead mammals, f i s h , 

b i r d s , p r i v i e s , garbage and human faeces". Unknown to cause myiasis. 

C a l l i p h o r a l i v i d a H a l l 

T h i r d I n s t a r . Skeleton w i t h mouth-hook t o o t h longer than depth 

o f base; rod o f o r a l s c l e r i t e well-pigmented along more than 

h a l f i t s l e n g t h ; wing and wish-bone s t r u c t u r e s unpigmented;. 

rod somewhat thickened a t base; dental s c l e r i t e robust; 

l i g u l o i d arch narrow; hypostomal p l a t e s moderately pigmented; 

hypostomal s c l e r i t e cross-bar narrow; windows clear on v e n t r a l 

cornua; r a r e l y on dorsal cornua; angle between dorsal and 

v e n t r a l cornua sharp. A n t e r i o r s p i n a l bands (aegs. 2-12), complete 

on 2-9, incomplete; on 10-12; bands on 6-12 c l e f t , vcml,t-;.rLIy. Posterior 
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s p i n a l bands (segs. 6-11), complete on 9-11 (although sometimes very 

f a i n t on 9 ) , incomplete on 6-8. Anal spines r a t h e r s i m i l a r i n 

d i s t r i b u t i o n to C. v i c i n a ; very few sp i n e s v e n t r a l l y between anus and 

ana l l o b e s . Spines pointed, moderately pigmented; each spine with one 

tooth only, tooth o f t e n very s h o r t with broad base. c l o s e r to 

than to P^; d i s t a n c e between p a p i l l a e g r e a t e r than width of t h e i r 

bases. 

Taxonomic Remarks 

The t h i r d i n s t a r was des c r i b e d by H a l l (1948) who s t a t e d t h a t 

the a n t e r i o r s p i r a c l e s had 8 lobes; i n the specimens seen by me the 

number was 10-11. Furthermore, H a l l s t a t e s t h a t the a n t e r i o r s p i n a l 

bands a r e complete only on segments 2-8, t h a t on segment 9 being 

incomplete. I n f a c t , i t i s complete on t h i s segment, but i s d i f f i c u l t 

t o see, a s i t c o n s i s t s o f only two or three rows o f spinres dors.'jlly. 

T h i s type of e r r o r i s very common i n previous d e s c r i p t i o n s and 

emphasises the need f o r good l i g h t i n g when examining the s p i n a l bands. 

Specimens examined: U.S.A. (G e o r g i a ) . 

Biology and D i s t r i b u t i o n 

T h i s c a r r i o n - b r e e d i n g s p e c i e s i s widespread i n North America 

( H a l l , 1948). 



- 126 -

C a l l i p h o r a terraenovae Macquart 

F i r s t I n s t a r . Skeleton with l a t e r a l p l a t e robust, more or l e s s as wide 

a t narrowest p o i n t as length of median tooth; v e n t r a l and d o r s a l 

cornua divergent; b a s a l s e c t i o n of hypostomal s c l e r i t e i n l a t e r a l view 

l e s s t h i c k than g r e a t e s t t h i c k n e s s of median tooth i n l a t e r a l view; 

median tooth longer than length of mouth-hook; d o r s a l horn of median 

tooth prominent. A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9, 

incomplete on 9-12, bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l 

bands (se g s . 6-11), complete on 10-11, incomplete on 6-9. 

Second I n s t a r . S k e l e t o n ( F i g . 243) with l a t e r a l p l a t e narrower "at 

narrowest p o i n t than length of mouth-hook; mouth-hook horns s h o r t ; 

tooth of mouth-hook narrower a t ar e a of curvature than a t base of 

tooth. A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9, incomplete 

on 9-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

6-11), incomplete on 6-9, complete on 10-11; patches of spines present 

d o r s a l and v e n t r a l to anus. 

T h i r d I n s t a r . S k e l e t o n with mouth-hook tooth g r e a t e r than length 

of base; rod of o r a l s c l e r i t e well-pigmented (except a t t i p ) 

and s l i g h t l y t hickened a t base; wing and wish-bone s t r u c t u r e s 

unpigmented; d e n t a l s c l e r i t e moderately robust; l i g u l o i d arch 

broad, d a r k l y pigmented and with a n t e r i o r teeth; hypostomal 

p l a t e s well-pigmented and l a r g e ; hypostomal s c l e r i t e c r o s s - b a r 

broad; windows l a r g e on v e n t r a l cornua, not obvious on d o r s a l 
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cornua; angle between d o r s a l and v e n t r a l cornua sharp; d o r s a l cornua 

r e l a t i v e l y s l e n d e r . A n t e r i o r s p i n a l bands (segs. 2-12), complete on 

2-10 (although f a i n t d o r s a l l y on 10), incomplete on 11-12; bands on 

6-12 only p a r t i a l l y c l e f t . P o s t e r i o r s p i n a l bands (segs. 6-12), 

incomplete on 6, complete on 7-12 ( f a i n t d o r s a l l y on 7 ) ; many spines 

i n a r e a between anal lobes and anus, with a patch of spines d o r s a l to 

anus. Spines pointed, well-pigmented and ofte n with two or three teeth 

( F i g . 52 ) . P^, P^ and P^ e q u i d i s t a n t ; bases of P2~^3 

d i s t a n c e s between them; p a p i l l a e a l l well-developed, P somewhat 
o 

upward p o i n t i n g . 

Taxonomic Remarks 

Due to the f a i n t n e s s of a n t e r i o r s p i n a l band 10 d o r s a l l y i n the. 

t h i r d i n s t a r . H a l l (1948) s t a t e d t h a t t h i s band was incomplete, a 

s i m i l a r e r r o r to the one he made with the previous s p e c i e s . H a l l 

d e s c r i b e d only the t h i r d i n s t a r of t h i s s p e c i e s . 

Specimens examined: U.S.A. (Colorado). 

Biology and D i s t r i b u t i o n 

T h i s i s a common c a r r i o n - b r e e d e r i n North America, e s p e c i a l l y i n 

the Rocky Mountain d i s t r i c t s ( H a l l , 1948). 

C a l l i p h o r a c r o c e i p a l p i s Jaennicke 

F i r s t I n s t a r . Skeleton ( F i g . 252 ) with width of l a t e r a l p l a t e a t 
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narrowest p o i n t a p p r e c i a b l y g r e a t e r than h a l f the length of median 

tooth; v e n t r a l and d o r s a l cornua s l i g h t l y divergent; b a s a l s e c t i o n of 

hypostomal s c l e r i t e i n l a t e r a l view l e s s t h i c k than g r e a t e s t t h i c k n e s s 

of median tooth i n l a t e r a l view; median tooth equal to, or very 

s l i g h t l y longer than, length of mouth-hook; d o r s a l horn of median 

tooth moderately prominent. A n t e r i o r s p i n a l bands (segs. 2-12), 

complete on 2-9, incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 6-11), incomplete on 6-9, complete on 

10-11. Patch of s p i n e s present v e n t r a l to anus. 

Second I n s t a r . Skeleton ( F i g . 242 ) with breadth of l a t e r a l p l a t e a t 

narrowest p o i n t much l e s s than length of mouth-hook; mouth-hook horns 

robust; tooth of mouth-hook t h i c k e r a t area of curvature than a t base 

of tooth. A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9, 

incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l 

bands ( s e g s . 6-11), incomplete on 6-9, complete on 10-11. Patch of 

s p i n e s p r e s e n t v e n t r a l to anus. 

T h i r d I n s t a r . Skeleton ( F i g . 234 ) with mouth-hook tooth only s l i g h t l y 

longer than depth of mouth-hook base; rod, wing and wish-bone 

s t r u c t u r e s of o r a l s c l e r i t e h e a v i l y pigmented ( F i g . 132 ); base of rod 

s l i g h t l y thickened; dental s c l e r i t e very slender; l i g u l o i d arch 

moderately pigmented, with a n t e r i o r t e e t h ; hypostomal p l a t e s w e l l -

pigmented ( F i g . 157 ) ; hypostomal s c l e r i t e c r o s s - b a r broad ( F i g . 157 ); 

windows o f t e n c l e a r on v e n t r a l cornua, u s u a l l y absent on d o r s a l 

cornua; p o s t e r o d o r s a l process of v e n t r a l cornu prominent; d o r s a l cornu 

only s l i g h t l y arched d o r s a l l y . A n t e r i o r s p i n a l bands (segs. 2-12), 
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complete on 2-10, incomplete on 11-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (se g s . 6-11), incomplete on 6-7, complete (but 

f a i n t ) on 8-11. Anal spine d i s t r i b u t i o n s i m i l a r to C. v i c i n a . P a p i l l a e 

moderately developed; P^ c l o s e r to P^ than to P^. Distances between 

p a p i l l a e g r e a t e r than width of p a p i l l a e bases. A l l spines pointed, 

o f t e n with two t e e t h ; s p i n e s u s u a l l y not arranged i n d e f i n i t e rows 

( F i g . 5 0 ) . 

Taxonomic Remarks 

The immature s t a g e s of t h i s s p e c i e s are p r e v i o u s l y undescribed. 

They are very s i m i l a r to those of C. v i c i n a , but are, nonetheless, 

s e p a r a b l e from the l a t t e r s p e c i e s (see key i n Chapter 10). 

Specimens examined: South A f r i c a (Cape P r o v i n c e ) . 

Biology and D i s t r i b u t i o n 

T h i s i s a common c a r r i o n - b r e e d e r of the southern, e a s t e r n and 

upland, r e g i o n s of the A f r o t r o p i c a l region (Zumpt, 1956b). I t i s 

recorded a s a m y i a s i s agent. 

C a l l i p h o r a augur ( F a b r i c i u s ) 

F i r s t I n s t a r . S k e l e t o n with l a t e r a l p l a t e robust, more or l e s s equal 

to l e n g t h o f median tooth, but a l i t t l e l e s s than length of 

mouth-hook; v e n t r a l and d o r s a l cornua divergent; b a s a l s e c t i o n of 

hypostomal s c l e r i t e i n l a t e r a l view l e s s t h i c k than g r e a t e s t t h i c k n e s s 

of median tooth i n l a t e r a l view; mouth-hook s l i g h t l y longer than 
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median tooth; median tooth robust and arched d o r s a l l y ; c h i t i n i s e d 

t e e t h absent; a weak post-mandibular s c l e r i t e present. A n t e r i o r s p i n a l 

bands ( s e g s . 2-12), complete on 2-8 ( f a i n t d o r s a l l y on 9 ) , incomplete 

on 10-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

6-11), incomplete on 6-7 (sometimes f a i n t l y complete on 7 ) , complete 

on 8-11. Patch of s p i n e s present d o r s a l to anus. 

Second I n s t a r . Skeleton with width of l a t e r a l p l a t e a t narrowest point, 

l e s s than length of mouth-hook;, tooth of mouth-hook thickened a t area 

of c u r v a t u r e , but l e s s so than i n C. v i c i n a ; v e n t r a l and d o r s a l cornua 

more or l e s s p a r a l l e l or s l i g h t l y converging. A n t e r i o r s p i n a l bands 

(s e g s . 2-12), complete on 2-8, incomplete on 8-12; bands on 6-12 c l e f t 

v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11), incomplete on 6-7, 

complete on 8-11. Patch of sp i n e s present d o r s a l to anus. 

T h i r d I n s t a r . Skeleton ( F i g . 232) with mouth-hook l.ooth up.ually lo;-;;; 

than depth of base; o r a l s c l e r i t o with h e a v i l y p i/'.rri(;ii l.cd r-od, .ind 

unpigmented wing and wish-bone s t r u c t u r e s ; base of rod. thickened; 

d e n t a l s c l e r i t e s l e n d e r ; l i g u l o i d arch r a t h e r narrow, but we l l - d e f i n e d 

( F i g . 152); hypostomal p l a t e s r e l a t i v e l y s m a l l , and weakly pigmented 

a t the edges; hypostomal s c l e r i t e c r o s s - b a r r a t h e r narrow ( F i g . 152); 

windows c l e a r on v e n t r a l cornua, u s u a l l y absent from d o r s a l cornua; 

p o s t e r o d o r s a l process of v e n t r a l cornu prominent; angle between 

v e n t r a l and d o r s a l cornua roundly arched. A n t e r i o r s p i n a l bands (segs. 

2-12), complete on 2-10 (although often f a i n t d o r s a l l y on 10), 

incomplete on 11-12; hands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l 
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bands (seg s . 6-11), incomplete on 6-9, complete on 10-11. Anal spines 

d i s t r i b u t e d i n a manner s i m i l a r to C. v i c i n a . P a p i l l a e s m a l l ; P^, P^ 

and Pg e q u i d i s t a n t ; d i s t a n c e s between p a p i l l a e g r e a t e r than width of 

bases. Spines s m a l l , pointed and r a t h e r weakly pigmented ( F i g . 46 ) ; 

h a r d l y ever with more than one tooth. 

Taxonomic Remarks 

The t h i r d i n s t a r was described by F u l l e r (1932), but her 

d e s c r i p t i o n i s inadequate to d i s t i n g u i s h t h i s s p e c i e s from other 

A u s t r a l i a n C a l l i p h o r a . For example, she s t a t e s t h a t the d e t a i l s of the 

s p i n u l a t i o n i s i d e n t i c a l i n t h i s s p e c i e s and i n C. s t y g i a . T h i s i s 

d e f i n i t e l y not so, as there are very d i s t i n c t i v e d i f f e r e n c e s between 

these two s p e c i e s , both i n the s t r u c t u r e of the spines themselves and 

the p a t t e r n of the bands. O'Flynn and Moorhouse (1980) published 

photographs of the s k e l e t o n s of the e a r l y i n s t a r s , but, as C a n t r e l l 

(1982) p o i n t s out, such photographs " l a c k c l a r i t y " and are of l i t t l e 

use i n i d e n t i f i c a t i o n (see M a t e r i a l s and Methods). 

Specimens examined: A u s t r a l i a (Queensland, New South Wales). 

Biology and D i s t r i b u t i o n 

T h i s i s a c a r r i o n - b r e e d e r s p e c i a l i s i n g i n small c a r c a s s e s l i k e 

s m a l l b i r d s , s n a i l s and i n s e c t s (Zumpt, 1965). I t i s a myiasis agent, 

and an important s h e e p - s t r i k e f l y i n A u s t r a l i a . I t i s l i m i t e d to 

A u s t r a l i a and Tasmania. 
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C a l l i p h o r a s t y g i a ( F a b r i c i u s ) 

Second I n s t a r . Skeleton ( F i g . 244 ) with width of l a t e r a l p l a t e a t 

narrowest p o i n t l e s s than length of mouth-hook; area of curvature of 

mouth-hook tooth more or l e s s equal i n t h i c k n e s s to base of tooth. 

A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-8 (although f a i n t 

d o r s a l l y on 6, 7 and 8 ) ; incomplete on 9-12; bands on 6-12 c l e f t 

v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11), incomplete on 6-10, 

complete on 11. Patch of sp i n e s present d o r s a l l y and v e n t r a l l y around 

anus. 

T h i r d I n s t a r . Skeleton ( F i g . 230 ) with mouth-hook tooth long-curved 

and a p p r e c i a b l y longer than depth of base; rod of o r a l s c l e r i t e 

well-pigmented (except a t t i p ) and thickened b a s a l l y ; wing and 

wish-bone s t r u c t u r e s unpigmented; dental s c l e r i t e moderately robust 

( F i g . 230); l i g u l o i d a r c h r a t h e r broad, but d i f f u s e ; hypostomal p l a t e s 

l a r g e and well-pigmented; hypostomal s c l e r i t e c r o s s - b a r narrow; 

windows u s u a l l y c l e a r , on v e n t r a l cornua, absent on d o r s a l cornua; 

p o s t e r o d o r s a l process on. v e n t r a l cornu prominent; d o r s a l cornu only 

s l i g h t l y arched d o r s a l l y ; angle between d o r s a l and v e n t r a l cornua 

roundly arched. A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9 

(although f a i n t d o r s a l l y on 9 ) , incomplete on 10-12; bands on 5-12 

c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11), incomplete on 

a l l segments. Anal region h e a v i l y spined, r a t h e r s i m i l a r to C. 

vo m i t o r i a , with patch of heavy s p i n e s p r e s e n t d o r s a l to anus. Spines 

s t r o n g and rounded, but l i g h t l y pigmented ( F i g . 4 7 ) . 
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Taxonomic Remarks 

Zumpt (1965) d e s c r i b e d the t h i r d i n s t a r of t h i s s p e c i e s , but h i s 

d e s c r i p t i o n i s inadequate to d i s t i n g u i s h i t from C. augur or any other 

A u s t r a l i a n s p e c i e s of the genus. 

Specimens examined: A u s t r a l i a (Queensland); new Zealand. 

Biology and D i s t r i b u t i o n 

T h i s i s a common c a r r i o n - b r e e d e r of A u s t r a l i a , Tasmania and New 

Zealand. I t i s an agent of m y i a s i s , being an important cause of 

s h e e p - s t r i k e , e s p e c i a l l y i n New Zealand. 

C a l l i p h o r a ochracea S c h i n e r 

T h i r d I n s t a r . S k e l e t o n with mouth-hook tooth long-curved and longer 

than depth of base; d o r s a l horn prominent; rod of o r a l s c l e r i t e 

pigmented along about h a l f i t s length; wing and wish-bone s t r u c t u r e s 

unpigmented; rod cone-shaped ( F i g . 137); dental s c l e r i t e robust; 

l i g u l o i d a r c h r a t h e r narrow, but well-pigmented; hypostomal p l a t e s 

s m a l l and only moderately pigmented; hypostomal s c l e r i t e c r o s s - b a r 

narrow ( F i g . 159); windows u s u a l l y c l e a r on v e n t r a l cornua; d o r s a l 

cornu not arched; v e n t r a l cornu s l i g h t l y longer than h a l f the length 

of d o r s a l cornu; p o s t e r o d o r s a l process of v e n t r a l cornu prominent; 

angle between d o r s a l and v e n t r a l cornua roundly arched. A n t e r i o r 

s p i n a l bands (segs. 2-12), complete on 2-6, incomplete on 7-12; 

none of the bands a p p r e c i a b l y c l e f t , but segs. 5-12 with small 
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bare v e n t r a l a r e a . P o s t e r i o r s p i n a l bands (segs. 5-11); incomplete on 

5-10, complete on 11. Spines i n a n a l r e g i o n s i m i l a r to C. s t y g i a . 

Spines moderately pigmented, s m a l l , with one or two teeth per spine. 

P o s t e r i o r p a p i l l a e well-developed and l a r g e r than i n any other 

. C a l l i p h o r a sp. 

Taxonomic Remarks 

T h i s s p e c i e s was de s c r i b e d by F u l l e r (1931), but again her 

d e s c r i p t i o n i s not d e t a i l e d enough to enable r e l i a b l e i d e n t i f i c a t i o n . 

Specimens examined: A u s t r a l i a (Queensland). 

Biology and D i s t r i b u t i o n 

T h i s i s a common c a r r i o n - b r e e d e r of A u s t r a l i a ( F u l l e r , 1931). I t 

i s not known to cause m y i a s i s . 

C a l l i p h o r a quadrimaculata (Swederus) 

T h i r d i n s t a r . Skeleton ( F i g . 233) with length of mouth-hook tooth 

longer than depth of base; o r a l s c l e r i t e t o t a l l y unpigmented; dental 

s c l e r i t e moderately robust; l i g u l o i d arch well-pigmented and V-shaped, 

with row of a n t e r i o r t e e t h ; hypostomal p l a t e s r a t h e r s m a l l but 

well-pigmented; hypostomal s c l e r i t e c r o s s - b a r narrow ( F i g . 155); small 

windows p r e s e n t on v e n t r a l cornua, absent on d o r s a l cornua; d o r s a l 

cornu not s t r o n g l y arched d o r s a l l y ; angle between d o r s a l and v e n t r a l 

cornua roundly arched. A n t e r i o r s p i n a l bands (segs. 2-12), complete on 
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2-11 (although often f a i n t d o r s a l l y on 11), incomplete on 12; bands on 

6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 8-11); incomplete 

on 8-9, complete on 10-11. Anal region with many strong s p i n e s . Spines 

l a r g e and rounded, with well-pigmented bases ( F i g . 48 ) . Anal p a p i l l a e 

very well-developed. 

Taxonomic Remarks 

M i l l e r (1932) d e s c r i b e d t h i s s p e c i e s i n the t h i r d i n s t a r , but 

h i s concern was mainly with the f u n c t i o n a l morphology of the s k e l e t o n , 

not with i d e n t i f i c a t i o n . However, h i s d e s c r i p t i o n of the s k e l e t o n i s 

very d e t a i l e d and a c c u r a t e . 

Specimens examined: New Zealand. 

Biology and D i s t r i b u t i o n 

T h i s s p e c i e s i s endemic i n New Zealand. I t breeds i n c a r r i o n , 

and has a l s o been recorded as a m y i a s i s agent. 

C a l l i p h o r a hortona (Walker) 

F i r s t I n s t a r . Skeleton ( F i g . 253) with l a t e r a l p l a t e robust, width a t 

narrowest p o i n t equal to, or g r e a t e r than, length of median tooth; 

v e n t r a l and d o r s a l cornua s l i g h t l y divergent; b a s a l s e c t i o n of 

hypostomal s c l e r i t e more or l e s s as t h i c k i n l a t e r a l view as t h i c k n e s s 

of median tooth i n l a t e r a l view; mouth-hook considerably longer than 

median tooth; d o r s a l horn of median tooth not prominent. A n t e r i o r 
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s p i n a l bands (segs. 2-12), complete on 2-9, incomplete on 10-12; bands 

on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 7-11), 

incomplete on 7-19, complete on 11. 

Second I n s t a r . Skeleton ( F i g . 245 ) with l a t e r a l p l a t e r e l a t i v e l y 

robust, but narrower a t narrowest point than length of mouth-hook; 

mouth-hook horns s h o r t ; tooth of mouth-hook only s l i g h t l y thickened; 

d o r s a l cornu much narrower i n t h i s s p e c i e s than any other member of 

the genus. A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9, 

incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l 

bands ( s e g s . 7-11), incomplete on 7-10, complete on 11. 

T h i r d I n s t a r . S k e l e t o n ( F i g . 235 ) with mouth-hook tooth longer than 

depth o f base; rod of o r a l s c l e r i t e pigmented only a t i t s base, never 

along more than a q u a r t e r of i t s length; wing and wish-bone s t r u c t u r e s 

unpigmented ( F i g . 140 ) ; dental s c l e r i t e robust; l i g u l o i d arch v(3ry 

c h a r a c t e r i s t i c a l l y shaped ( F i g . 158 ) , with middle pa r t weakly 

pigmented and l a t e r a l ends h e a v i l y pigmented; hypostomal p l a t e s r a t h e r 

s m a l l and moderately pigmented; hypostomal s c l e r i t e c r o ss-bar narrow; 

v e n t r a l cornua with s m a l l windows, d o r s a l cornua u s u a l l y without; 

d o r s a l cornu only s l i g h t l y arched d o r s a l l y ; angle between d o r s a l and 

v e n t r a l cornua sharp, not roundly arched. A n t e r i o r s p i n a l bands (segs. 

2-12), complete on 2-9, incomplete on 10-12; bands on 6-12 c l e f t 

v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs 7-11), incomplete on 7-10, 

complete on 11. Spines s m a l l , pointed and weakly pigmented ( F i g . 49 ) , 

very r a r e l y with two t e e t h . P o s t e r i o r p a p i l l a e moderately developed; 

P^, P^ and Pg e q u i d i s t a n t . 
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Taxonomic Remarks 

Only the t h i r d i n s t a r of t h i s s p e c i e s was described by M i l l e r 

(1939). The d e s c r i p t i o n i s one of the most d e t a i l e d of the e a r l y 

d e s c r i p t i o n s . However, i t contained a number of e r r o r s ; e.g. there i s 

no mention of the o r a l s c l e r i t e and i t does not appear i n the 

i l l u s t r a t i o n of the s k e l e t o n . 

Specimens examined: New Zealand. 

Biology and D i s t r i b u t i o n 

T h i s s p e c i e s i s endemic i n New Zealand and has a r a t h e r unusual 

l i f e - h i s t o r y f o r a C a l l i p h o r i d . Zumpt (1965) s t a t e s that i t breeds 

mainly i n decaying seaweed on the sea-shore. He a l s o s t a t e s that i t 

has been recorded from a few c a s e s of s h e e p - s t r i k e . The specimens 

examined by me a l l came from a laboratory c u l t u r e i n New Zealand where 

the l a r v a e were r e a r e d on cow-dung. As f a r as I am aware, t h i s s p e c i e s 

has never been found i n c a r r i o n . 

7.3 Genus Cynomya Robineau-Desvoidy 

Cynomya mortuorum (Linnaeus) 

F i r s t I n s t a r . Skeleton ( F i g . 257 ) with l a t e r a l p l a t e very narrow a t 

narrowest po i n t , about equal i n t h i c k n e s s to depth of b a s a l s e c t i o n of 

hypostomal s c l e r i t e i n l a t e r a l view; v e n t r a l and d o r s a l cornua 
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convergent; b a s a l s e c t i o n of hypostomal s c l e r i t e almost as t h i c k as 

g r e a t e s t t h i c k n e s s of median tooth i n l a t e r a l , view; median tooth 

longer than mouth-hook. A n t e r i o r s p i n a l bands (segs. 2-12), complete 

on 2-8 ( o f t e n f a i n t , or completely absent, d o r s a l l y on 8 ) , incomplete 

on 9-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

6- 1 1 ) , f a i n t d o r s a l l y on 6, complete on 7-11, sometimes very few 

s p i n e s v e n t r a l l y on 5. Patch of sp i n e s present d o r s a l to anus. 

Second I n s t a r . Skeleton ( F i g . 259 ) with l a t e r a l p l a t e narrower a t 

narrowest point than length of mouth-hook; mouth-hook tooth thickened 

a t a r e a of cu r v a t u r e i n a manner r e m i n i s c e n t of C. v i c i n a , but the t i p 

of the tooth i s more c l e a r l y defined and pointed than i n C. v i c i n a . 

A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9, incomplete on 

10-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (sags. 

7- 11), complete on 8-11, f a i n t d o r s a l l y on 7. Patch of s|)ines prcscni. 

d o r s a l l y to anus, and s e m i - c i r c l e of sp i n e s present v e n t r a l l y . 

T h i r d I n s t a r . Skeleton ( F i g . 262 ) with mouth-hook tooth longer than 

depth of base; d o r s a l margin of tooth ( i n l a t e r a l view) s t r a i g h t , and 

c u r v i n g r a t h e r a b r u p t l y a t the t i p ; o r a l s c l e r i t e rod pigmented along 

a l i t t l e more than h a l f i t s length ( F i g . 1 4 1 ) ; rod not much thickened 

b a s a l l y ; wing and wish-bone s t r u c t u r e s unpigmented; dental s c l e r i t e 

robust; l i g u l o i d a r c h somewhat d i f f u s e ; hypostomal p l a t e s weakly 

pigmented and s m a l l ; hypostomal s c l e r i t e c r o s s - b a r narrow; ventral, 

cornu very t h i c k p o s t e r i o r l y and with prominent posterodorsal process; 

v e n t r a l cornu s l i g h t l y more than h a l f the length of d o r s a l cornu; 

windows on both cornua very s m a l l or absent; angle between d o r s a l and 
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v e n t r a l cornua sharp. A n t e r i o r s p i n a l bands (segs. 2-12), complete on 

2-8, incomplete on 9-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r 

s p i n a l bands (segs. 7-11), incomplete on 7-9, complete on 10-11, Anal 

s p i n a l arrangement s i m i l a r to C. v i c i n a . P l a r g e r than P and P ; P 

c l o s e r to P^ than to P^. D i s t a n c e s between p a p i l l a e g r e a t e r than width 

of bases. Spines s m a l l , pointed and darkly pigmented. ( F i g . 53) 

Taxonomic Remarks 

Schumann's (1954) d e s c r i p t i o n of t h i s s p e c i e s agrees c l o s e l y 

with the p r e s e n t one, showing t h a t t h i s s p e c i e s shows much l e s s 

g e o g r a p h i c a l v a r i a t i o n than other s p e c i e s i n the subfamily f o r which 

other d e s c r i p t i o n s are a v a i l a b l e . However, i n Schumann's d e s c r i p t i o n 

of German specimens the f i r s t i n s t a r s k e l e t o n seems to be r a t h e r more 

robust than they are i n B r i t i s h specimens. 

Specimens examined: U.K. (Durham). 

Biology and D i s t r i b u t i o n 

T h i s s p e c i e s i s widely d i s t r i b u t e d i n the northern p a r t s of the 

H o l a r c t i c r e g i o n , and has been recorded as f a r e a s t as Turkestan 

(Zumpt, 1956a). I t i s a c a r r i o n - b r e e d e r and i s not known to cause 

m y i a s i s . 
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7.4 Genus Cynomyopsis Townsend 

Cynomyopsis cadaverina (Robineau-Desvoidy) 

T h i r d I n s t a r . Skeleton with mouth-hook tooth much longer than depth of 

base; d o r s a l margin of tooth s t r a i g h t i n l a t e r a l view and abruptly 

curved a t t i p ; o r a l s c l e r i t e rod pigmented along about two-thirds of 

i t s l e n g t h and thickened b a s a l l y ( F i g . 142); wing and wish-bone 

s t r u c t u r e s unpigmented; de n t a l s c l e r i t e robust; l i g u l o i d arch weak; 

hypostomal p l a t e s s m a l l and weakly pigmented ( F i g . 160); hypostomal 

s c l e r i t e c r o s s - b a r narrow; windows un c l e a r on e i t h e r cornu; v e n t r a l 

cornu s l i g h t l y more than h a l f length of d o r s a l cornu; posterodorsal 

process of v e n t r a l cornu prominent; angle between v e n t r a l and d o r s a l 

cornua wider than i n Cy. mortuorum. A n t e r i o r s p i n a l bands (segs. 

2-12), complete on 2-9 (although f a i n t d o r s a l l y on 9 ) , incomplete on 

10-12; bands on 5-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

5-12) complete on 9-11, incomplete on 5-8. Spines present d o r s a l and 

v e n t r a l to anus, but no s p i n e s between anus and anal lobes. Spines 

s l e n d e r and weakly pigmented; each spine with one tooth, very r a r e l y 

indeed with two t e e t h . P^ much l a r g e r than P^ or P^; P^ c l o s e r to, and 

s m a l l e r than, P^. 

Taxonomic Remarks 

T h i s s p e c i e s i s very s i m i l a r to Cynomya mortuorum, a f a c t which 

supports the view t h a t the genus Cynomyopsis i s synonymous with 

Cynomya. The s p e c i e s was d e s c r i b e d by H a l l (1948) and h i s d e s c r i p t i o n 
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i s s i m i l a r to the above, although he used u n r e l i a b l e c h a r a c t e r s , e.g. 

button pigmentation, to d i s t i n g u i s h i t from other s p e c i e s . The 

d e s c r i p t i o n of the s k e l e t o n i s inadequate. 

Specimens examined: U.S.A. (Ohio, Washington S t a t e ) . 

Biology and D i s t r i b u t i o n 

T h i s N e a r c t i c s p e c i e s favours p a r t i c u l a r l y p u t r i d c a r r i o n i n 

which to breed ( H a l l , 1948). I t i s a l s o known as a secondary invader 

i n a number of ca s e s of m y i a s i s . 

7.5. Genus T r i c e r a t o p y g a Rohdendorf 

T r i c e r a t o p y g a c a l l i p h o r o i d e s Rohdendorf 

F i r s t I n s t a r . S k e l e t o n ( F i g . 256 ) with l a t e r a l p l a t e narrower a t 

narrowest point than length of median tooth; basal sect, ion of 

hypostomal s c l e r i t e t h i c k e r than g r e a t e s t t h i c k n e s s of median tooth i n 

l a t e r a l view; median tooth longer than mouth-hook; v e n t r a l and do r s a l 

cornua divergent; many c h i t i n i s e d t e e t h p r e s e n t . A n t e r i o r s p i n a l bands 

(segs . 2-12), complete on 2-10, incomplete on 11-12; bands on 6-12 

c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11), incomplete on 

6-7, f a i n t d o r s a l l y on 8, complete on 9-11. 

T h i r d I n s t a r . Skeleton ( F i g . 261 ) with very robust mouth-hooks; 

mouth-hook tooth not longer than depth of base; o r a l s c l e r i t e with 

well-pigmented rod and wish-bone s c l e r i t n ; winy s t r i K - t u t - c u n p i yinnti I.IMI ; 
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rod club-shaped ( F i g . 143 ) ; dental s c l e r i t e moderately robust; 

l i g u l o i d a r c h narrow; hypostomal p l a t e s moderately pigmented; 

hypostomal s c l e r i t e very t h i c k i n l a t e r a l view; d o r s a l cornu narrow, 

with a more or l e s s s t r a i g h t d o r s a l margin; v e n t r a l cornu s l i g h t l y 

more than h a l f length of d o r s a l cornu and with prominent posterodorsal 

p r o c e s s ; windows pr e s e n t on v e n t r a l cornua, absent from d o r s a l cornua; 

angle between d o r s a l and v e n t r a l cornua wide. A n t e r i o r s p i n a l bands 

(segs . 2-12), complete on 2-10, incomplete on 11-12; bands on 6-12 

c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (seg s . 6-11), incomplete on 

6-7, f a i n t d o r s a l l y on 8, complete on 9-11. Spines present d o r s a l and 

v e n t r a l to anus. Spines r a t h e r broad with pointed t i p s and moderately 

pigmented; only one tooth per spine. c l o s e r to P^ than to P^. 

Taxonomic Remarks 

I s h i j i m a (1967) d e s c r i b e d the t h i r d i n s t a r , but h i s d e s c r i p t i o n 

r e l i e s h e a v i l y , on u n r e l i a b l e c h a r a c t e r s , such as the p o s t e r i o r 

s p i r a c u l a r peritreme, and i s of l i t t l e use i n s e p a r a t i n g i t from other 

s p e c i e s . He uses the s p i r a c u l a r c h a r a c t e r to d i s t i n g u i s h Triceratopyga 

from C a l l i p h o r a on the b a s i s of the presence or absence of an inner 

p e r i t r e m a l p r o j e c t i o n . As seen above (4.2.6) t h i s c h a r a c t e r i s 

p a r t i c u l a r l y u n r e l i a b l e . 

Specimens examined: Japan. 

Biology and D i s t r i b u t i o n 

T h i s c a r r i o n - b r e e d i n g s p e c i e s i s found i n S i b e r i a , China and 

Japan. I t i s not known to cause m y i a s i s . 
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7.6 Genus A l d r i c h i n a Townsend 

A l d r i c h i n a grahami ( A l d r i c h ) 

T h i r d I n s t a r . S k e l e t o n with mouth-hook tooth longer than depth of 

base; o r a l s c l e r i t e rod pigmented b a s a l l y , and r a t h e r weakly more 

a n t e r i o r l y ( F i g . 144); rod much thickened b a s a l l y ; wing s t r u c t u r e 

unpigmented; wish-bone s t r u c t u r e weakly pigmented; dental s c l e r i t e 

r a t h e r s m a l l ; l i g u l o i d arch well-pigmented and U-shaped ( F i g . 161) 

pigment concentrated mainly a t edges of arch; hypostomal s c l e r i t e s 

moderately pigmented; hypostomal s c l e r i t e c r o s s - b a r narrow ( F i g . 161); 

windows u s u a l l y p r e s e n t on v e n t r a l and d o r s a l cornua; d o r s a l cornu 

s t r o n g l y arched d o r s a l l y ; angle between v e n t r a l and d o r s a l cornua very 

wide. A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-9, (although 

u s u a l l y f a i n t d o r s a l l y on 9 ) , incomplete on 11-12; bands on 7-12 with 

a very s m a l l s p i n e l e s s median ar e a v e n t r a l l y . P o s t e r i o r s p i n a l bands 

(s e g s . 6-11), incomplete on 6-9; complete on 10-11. Spines with one 

pointed tooth each ( F i g . 54) and weakly pigmented. P , P and P 

e q u i d i s t a n t . 

Specimens examined: Japan; Canada. 

Taxonomic Remarks 

T h i s s p e c i e s was d e s c r i b e d by I s h i j i m a (1967); again, the 

c h a r a c t e r s he uses are not s u f f i c i e n t to d i s t i n g u i s h i t from other 

C a l l i p h o r i n a e . 
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Biology and D i s t r i b u t i o n 

T h i s c a r r i o n - b r e e d i n g s p e c i e s occurs i n S i b e r i a , China, Japan 

and. North America (Zumpt, 1956a). I t i s not known to cause m y i a s i s . 

7.7 Genus E u c a l l i p h o r a Townsend 

E u c a l l i p h o r a l a t i f r o n s (Hough) 

F i r s t I n s t a r . Skeleton with l a t e r a l p l a t e narrower a t narrowest point 

than l e n g t h of median tooth; b a s a l s e c t i o n of hypostomal s c l e r i t e i n 

l a t e r a l view l e s s t h i c k than t h i c k n e s s of median tooth i n l a t e r a l 

view; median tooth and mouth-hook approximately equal i n length; 

c h i t i n i s e d t e e t h absent, but two d i f f u s e areas of weak s c l e r o t i s a t i o n 

p r e s e n t . A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-8, 

incomplete on 9-12; bands on 6-12 s l i g h t l y c l e f t v e n t r a l l y . P o s t e r i o r , 

s p i n a l bands (segs. 7-11) incomplete on 7-9, complete on 10-11. 

T h i r d I n s t a r . Skeleton with mouth-hook tooth s h o r t e r than depth of 

base; o r a l s c l e r i t e rod pigmented along most of i t s length, and 

somewhat thickened b a s a l l y ; wing and wish-bone s t r u c t u r e s unpigmented; 

d e n t a l s c l e r i t e s l e n d e r ; l i g u l o i d a r c h narrow and weakly pigmented; . 

hypostomal p l a t e s moderately pigmented; hypostomal s c l e r i t e r a t h e r 

broad i n l a t e r a l view; windows l a r g e on v e n t r a l cornua, absent from 

d o r s a l cornua; v e n t r a l cornu s l i g h t l y longer than d o r s a l cornu;. angle 

between d o r s a l and v e n t r a l cornua wide. Anterior s p i n a l bands 



- 145 -

(se g s . 2-12), complete on 2-8, incomplete on 9-12, bands on 6-12 c l e f t 

v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 7-11), incomplete on 7-9, 

complete on 10-11. Spines with one pointed tooth each and moderately 

pigmented. 

Taxonomic Remarks 

T h i s s p e c i e s i s p r e v i o u s l y undescribed. H a l l (1948) described 

the second and t h i r d i n s t a r s of " E u c a l l i p h o r a l i l a e a " , but i t i s not 

c e r t a i n to which s p e c i e s he was r e f e r r i n g . His d e s c r i p t i o n i s not 

d e t a i l e d enough f o r comparison with the above, although h i s 

i l l u s t r a t i o n of the t h i r d i n s t a r s k e l e t o n i s s i m i l a r to mine. 

Specimens examined: Canada ( O n t a r i o ) . 

Biology and D i s t r i b u t i o n 

T h i s i s a c a r r i o n - b r e e d i n g s p e c i e s of the N e a r c t i c region. 

7.8 Genus L u c i l i a Robineau-Desvoidy 

The genus L u c i l i a i s here i n t e r p r e t e d i n the wide sense to 

i n c l u d e P h a e n i c i a Robineau-Desvoidy, and not i n the r e s t r i c t e d sense 

of American authors. The genus H e m i p y r e l l i a Townsend, formerly a 

subgenus of L u c i l i a , i s t r e a t e d s e p a r a t e l y below. 
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L u c i l i a s e r i c a t a (Meigen) 

F i r s t I n s t a r . Skeleton ( F i g . 254 ) with l a t e r a l p l a t e a t narrowest 

p o i n t more or l e s s equal to length of median tooth; b a s a l s e c t i o n of 

hypostomal s c l e r i t e more or l e s s equal i n t h i c k n e s s to t h i c k n e s s of 

median tooth i n l a t e r a l view; mouth-hook obtuse-angled. A n t e r i o r 

s p i n a l bands (segs. 2-12), complete on 2-6, incomplete on 7-12; bands 

on 6-12 with small s p i n e l e s s patch v e n t r a l l y . P o s t e r i o r s p i n a l bands 

(s e g s . 6-11), a l l incomplete. Few c o l o u r l e s s spines d o r s a l to anus. 

Second I n s t a r . Skeleton ( F i g . 258 ) with mouth-hook as long as, or 

s l i g h t l y longer than, length of base; a r e a of curvature of tooth only 

very s l i g h t l y thickened. A n t e r i o r s p i n a l bands (segs. 2-12), complete 

on 2-6, incomplete on 7-12; bands on 6-12 with small s p i n e l e s s patch 

v e r i t r a l l y . P o s t e r i o r s p i n a l bands (segs. 5-11) a l l incomp 1 et,(;. I''f:w 

c o l o u r l e s s s p i n e s d o r s a l to anus. 

T h i r d I n s t a r . Skeleton (Fig.265 ) with mouth-hook tooth appreciably 

longer than depth of base; o r a l s c l e r i t e narrow and t o t a l l y 

unpigmented; de n t a l s c l e r i t e r a t h e r s l e n d e r ; l i g u l o i d arch narrow and 

weakly pigmented; hypostomal p l a t e s s m a l l and weakly pigmented; 

hypostomal s c l e r i t e narrow i n l a t e r a l view and cr o s s - b a r narrow 

( F i g . 162) ; windows u s u a l l y only on v e n t r a l cornua; v e n t r a l cornu with 

prominent p o s t e r o d o r s a l process; angle between d o r s a l .iruJ vcnl.ral 

cornua wide. Ant.nrior i j p i i i a l . Ij.-inda (se^-'y,. ; • ' - ! ; ' ) , corriii I c l.f on '.'->'•, 

incomplete on 9-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l 
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bands ( s e g s . 6-11), incomplete on 6-9, f a i n t d o r s a l l y on 10, complete 

on 11. Very few s p i n e s p resent d o r s a l to anus. P^, P^ and P^ small and 

e q u i d i s t a n t . A l l s p i n e s s m a l l , pointed and weakly pigmented; hardly 

ever with more than one tooth. ( F i g . 56) 

Taxonomic Remarks 

T h i s s p e c i e s has been de s c r i b e d by H a l l (1948) and Kano and Sato 

(1952) i n a l l l a r v a l s t a g e s . H a l l ' s d e s c r i p t i o n i s by f a r the more 

d e t a i l e d , but h i s emphasis on u n r e l i a b l e c h a r a c t e r s has meant th a t 

t h i s s p e c i e s could not be r e l i a b l y separated from other members of the 

genus. Unfortunately, Zumpt (1965) used Kano and Sato's much l e s s 

d e t a i l e d d e s c r i p t i o n i n h i s book on m y i a s i s . 

Specimens examined: U.K. ( l a b . c u l t u r e o r i g i n a t i n g from 

Weybridge); U.S.A.; Japan; South A f r i c a ; A u s t r a l i a . 

Biology and D i s t r i b u t i o n 

A very common ca r r i o n - b r e e d e r and f a c u l t a t i v e p a r a s i t e of the 

H o l a r c t i c region; i t has a l s o been introduced i n t o c e r t a i n p a r t s of 

the southern hemisphere, notably A u s t r a l i a , New Zealand and South 

A f r i c a . I t i s an important agent of s h e e p - s t r i k e i n many p a r t s of the 

world and i t s biology has. been i n t e n s i v e l y studied (see No r r i s , 1965; 

Zumpt, 1965). 
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L u c i l i a c a e s a r (Linnaeus) 

F i r s t I n s t a r . Skeleton with l a t e r a l p l a t e more or l e s s a t narrowest 

p o i n t equal to length of median tooth; b a s a l s e c t i o n of hypostomal 

s c l e r i t e more or l e s s equal i n t h i c k n e s s to median tooth i n l a t e r a l 

view; mouth-hook obtuse-angled. A n t e r i o r s p i n a l bands (segs. 2-12), 

complete on 2-7, incomplete on 8-12; bands on 6-12 with small 

s p i n e l e s s a r e a v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11) a l l 

incomplete-. Few c o l o u r l e s s s p i n e s d o r s a l to anus. 

Second I n s t a r . S k e l e t o n with mouth-hook tooth as long as, or longer 

than, l e n g t h of base; a r e a of curvature of tooth only very s l i g h t l y 

t h i c k e n e d . A n t e r i o r s p i n a l bands (segs. 2-12), complete on 2-7,. 

incomplete on 8-12; bands on 6-12 with small s p i n e l e s s area v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 6-11) a l l incomplete. Few c o l o u r l e s s 

s p i n e s d o r s a l to anus. 

T h i r d I n s t a r . S k e l e t o n with mouth-hook .tooth appreciably longer 

than depth of base; o r a l s c l e r i t e narrow and t o t a l l y unpigmented; 

d e n t a l s c l e r i t e s l e n d e r ; l i g u l o i d arch narrow and moderately 

pigmented; hypostomol p l a t e s s m a l l and weakly pigmented; hypostomal 

s c l e r i t e narrow i n l a t e r a l view and c r o s s - b a r narrow; windows 

u s u a l l y only on v e n t r a l cornua; angle between d o r s a l and v e n t r a l 

cornua wide. A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-9, 

incomplete or f a i n t on 10, incomplete on 11-12; bands on 6-12 

c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11) complete on 6-7, 

f a i n t d o r s a l l y on 8-9, incomplete on 10-11. Spines present i n s e v e r a l 
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rows d o r s a l to anus, with a c o n c e n t r a t i o n of spines c e n t r a l l y ; only 

one row of s p i n e s v e n t r a l to anus. A l l sp i n e s s m a l l , one-pointed and 

weakly pigmented. P^, P^ and P^ sm a l l and e q u i d i s t a n t . 

Taxonomic Remarks . 

There i s no previous d e s c r i p t i o n of t h i s s p e c i e s i n any d e t a i l . 

Zumpt (1965) s a y s . t h a t he could not d i s t i n g u i s h i t from L. i l l u s t r i s 

(Meigen). 

Specimens examined: U.K. (Durham). 

Biology and D i s t r i b u t i o n 

T h i s i s a common ca r r i o n - b r e e d e r of the Western P a l a e a r c t i c . I t 

i s known to cause m y i a s i s i n sheep and Man (Zumpt, 1965). 

L u c i l i a c u p r i n a (Wiedemann) 

F i r s t I n s t a r . S k e l e t o n ( F i g . 255 ) with l a t e r a l p l a t e a t narrowcsl, 

p o i n t more or l e s s equal to length of median tooth; b a s a l s e c t i o n of 

hypostomal s c l e r i t e more or l e s s equal i n t h i c k n e s s to t h i c k n e s s of 

median tooth i n l a t e r a l view; mouth-hook acute-angled; d o r s a l arch 

r o b u s t . A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-7, incomplete 

on 8-12; bands on 7-12 with s m a l l s p i n e l e s s area v e n t r a l l y . P o s t e r i o r 

s p i n a l bands (se g s . 7-11) incomplete on a l l segments. Few f a i n t spines 

d o r s a l to anus. 
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Second I n s t a r . S k e l e t o n ( F i g . 260 ) with mouth-hook tooth as long as, 

or s h o r t e r than, length of base; area of curvature of tooth narrower 

than b a s a l area. A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-8, 

incomplete on 9-12; bands on 7-12 with small s p i n e l e s s area v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 7-11) incomplete on a l l segments. Few 

s p i n e s p r e s e n t d o r s a l to anus. 

T h i r d I n s t a r . Skeleton ( F i g . 266 ) with mouth-hook tooth appreciably 

longer than depth of base; o r a l s c l e r i t e t o t a l l y unpigmented .and 

narrow; de n t a l s c l e r i t e moderately developed; l i g u l o i d arch narrow and 

weakly pigmented; hypostomal p l a t e s weakly pigmented, but of moderate 

s i z e , hypostomal s c l e r i t e broader i n l a t e r a l view than most s p e c i e s of 

L u c i l i a , but c r o s s - b a r narrow; windows l a r g e on v e n t r a l cornua, absent 

from d o r s a l cornua; d o r s a l cornu s h o r t r e l a t i v e to v e n t r a l cornu; 

angle between d o r s a l and v e n t r a l cornua very wide. Anterior s p i n a l 

bands (seg s . 2-12) complete on 2-9, f a i n t d o r s a l l y on 10, incomplete 

on 11-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

7-11) incomplete on 7-10, complete on 11. S i n g l e patch of strong 

h e a v i l y pigmented s p i n e s present d o r s a l to anus. Spines small 

one-pointed and moderately pigmented. P^ c l o s e r to P^ than P^; a l l 

p a p i l l a e very s m a l l . 

Taxonomic Remarks 

T h i s s p e c i e s was d e s c r i b e d by Waterhouse and Paramonov (1950), 

Kano and Sato (1952) and Zumpt (1965). A l l three d e s c r i p t i o n s a m 

d e t a i l e d , but do not permit r e l i a b l e s e p a r a t i o n from 1.. scric.-ita ( s e c 
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Chapter 1 0 ) . 

Specimens examined: South A f r i c a ; A u s t r a l i a . 

Biology and D i s t r i b u t i o n 

T h i s i s a common c a r r i o n - b r e e d e r of A f r i c a and T r o p i c a l A s i a , 

and has a l s o been introduced i n t o A u s t r a l i a (Zumpt, 1965). I t i s a 

very important agent o f s h e e p - s t r i k e i n the southern hemisphere. 

L u c i l i a ampullacea V i l l e n e u v e 

F i r s t I n s t a r . S k e l e t o n with l a t e r a l p l a t e a t narrowest point more or 

l e s s equal to len g t h o f median tooth; b a s a l s e c t i o n o f hypostomal 

s c l e r i t e more or l e s s equal i n t h i c k n e s s to median tooth i n l a t e r a l 

view; mouth-hook acute-angled. A n t e r i o r s p i n a l bands (segs. 2-12) 

complete on 2-7, incomplete on 8-12; bands on 7-12 with c l e a r 

s p i n e l e s s a r e a v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 7-11) 

incomplete on a l l segments. Few sp i n e s d o r s a l to anus. 

Second I n s t a r . Skeleton with mouth-hook tooth as long as, or longer 

than, l e n g t h of base; a r e a of curvature of tooth only very s l i g h t l y 

t h i c k e n e d . A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-7, 

incomplete on 8-12; bands on 7-12 with s m a l l s p i n e l e s s area v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 7-11) a l l incomplete. Few spines present 

d o r s a l to anus. 
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T h i r d I n s t a r . S keleton ( F i g . 264) with mouth-hook tooth only s l i g h t l y 

longer than depth of base; o r a l s c l e r i t e rod pigmented b a s a l l y ; wing 

and wish-bone s t r u c t u r e s unpigmented; dental s c l e r i t e robust; l i g u l o i d 

a r c h narrow and moderately pigmented; hypostomal p l a t e s moderately 

pigmented and of moderate s i z e ; hypostomal s c l e r i t e narrow i n l a t e r a l 

view, but c r o s s - b a r s l i g h t l y broader than most L u c i l i a spp.; very 

s m a l l windows sometimes present on d o r s a l and v e n t r a l cornua; d o r s a l 

cornu d i s t i n c t l y narrower than i n other L u c i l i a spp. Anterior spinal, 

bands ( s e g s . 2-12) complete on 2-9, incomplete on 10-12; bands on 6-12 

c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11) incomplete on 

6-9, complete on 10-11. A few rows of weak sp i n e s present d o r s a l to 

anus; a s i n g l e row v e n t r a l l y . A l l s p i n e s weakly pigmented, small and 

one-pointed. P a p i l l a e s m a l l and e q u i d i s t a n t . 

Taxonomic Remarks 

T h i s i s the s p e c i e s t h a t was o r i g i n a l l y describee) by Kano and 

Sato (1952) as p o s s e s s i n g a "reduced accessory o r a l s c l e r i t e " (sec 

5.6); as seen above, however, the s c l e r i t e i s not reduced and i s 

p r e s e n t i n most s p e c i e s , the l a c k of pigmentation i n many s p e c i e s 

g i v i n g the impression of absence. 

Specimens examined: Japan. 

Biology and D i s t r i b u t i o n 

T h i s i s a c a r r i o n - b r e e d e r of the P a l a e a r c t i c and Orif:rit:al 

r e g i o n s . I t i s recorded as a myiaaxK agent,. 
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L u c i l i a porphyrina (Walker) 

T h i r d I n s t a r . Skeleton with mouth-hook tooth appreciably longer than 

depth of base; o r a l s c l e r i t e rod and wish-bone s t r u c t u r e pigmented; 

wing s t r u c t u r e unpigmented; de n t a l s c l e r i t e slender;, l i g u l o i d arch 

narrow and weakly pigmented; hypostomal p l a t e s small and weakly 

pigmented; hypostomal s c l e r i t e narrow i n l a t e r a l view, c r o s s - b a r 

narrow but broader than L. s e r i c a t a ; windows u s u a l l y absent from 

d o r s a l and v e n t r a l cornua; angle between d o r s a l and v e n t r a l cornua 

sharp. A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-8, incomplete 

or f a i n t on 9, incomplete on 10-12; bands on 7-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 7-11) incomplete on 7-9, complete on 

10-11. Anal s p i n e s p resent d o r s a l l y and l a t e r a l l y , but not v e n t r a l l y 

to anus. Spines s m a l l , one-pointed and weakly pigmented. P a p i l l a e 

s m a l l and e q u i d i s t a n t . 

Taxonomic Remarks 

I s h i j i m a (1967) p u b l i s h e d a photograph of a l a t e r a l View of the 

s k e l e t o n ; t h i s i s m i s l e a d i n g s i n c e the specimen was. b o i l e d i n KOH 

p r i o r to mounting. The r e s u l t i s t h a t the o r a l s c l e r i t e pigmentation 

i s not v i s i b l e and the pharyngeal s c l e r i t e appears reduced, due to 

l o s s o f pigmentation from the d o r s a l region of the d o r s a l cornu. 

Specimens examined: Japan. 
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Biology and D i s t r i b u t i o n 

T h i s O r i e n t a l s p e c i e s i s normally a carrion-breeder, but has 

been recorded by Dasgupta (1962) as p a r a s i t i s i n g toads (Bufo 

m e l a n o s t i c t u s ) . 

L u c i l i a bufonivora Moniez 

Second I n s t a r . Skeleton with mouth-hook tooth p a r a l l e l sided from base 

to a r e a o f c u r v a t u r e , such t h a t the a r e a of curvature i s n e i t h e r 

t h i c k e r nor narrower than b a s a l area; d o r s a l horn very w e l l developed. 

A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-10, incomplete on 

11-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (6-11) 

a l l complete. 

T h i r d I n s t a r . Skeleton ( F i g . 267) with mouth-hook tooth considerably 

longer than base of depth, much more so than any other C a l l i p h o r i n e ; 

d o r s a l horn w e l l developed; o r a l s c l e r i t e narrow and t o t a l l y 

unpigmented; de n t a l s c l e r i t e very s l e n d e r ; l i g u l o i d arch very weakly 

pigmented and d i f f u s e ; hypostomal p l a t e s small and weakly pigmented; 

parastomal b a r s c h a r a c t e r i s t i c a l l y curved; v e n t r a l cornu very broad i n 

l a t e r a l view; s m a l l windows present on d o r s a l and v e n t r a l cornua; 

angle between d o r s a l and v e n t r a l cornua sharp. A n t e r i o r s p i n a l bands 

( s e g s . 2-12) complete on 2-11, incomplete on 12; bands on 6-12 c l e f t 

v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 7-11) a l l complete. Spines 

r a t h e r long, pointed and weakly pigmented ( F i g . 57). P^, P^ and P^ 

s m a l l and e q u i d i s t a n t . 
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Taxonomic Remarks 

Schumann (1954) d e s c r i b e d the t h i r d i n s t a r of t h i s s p e c i e s , but 

h i s d e s c r i p t i o n and h i s i l l u s t r a t i o n of the s k e l e t o n are so 

fundamentally d i f f e r e n t to the above t h a t I must assume t h a t the 

a d u l t s were m i s i d e n t i f l e d . L. bufonivora has a very d i s t i n c t i v e 

s k e l e t o n , but t h a t f i g u r e d by Schumann i s i n d i s t i n g u i s h a b l e from any 

other L u c i l i a spp. 

Specimens examined: U.K. (Norfolk, Manchester). 

Biology and D i s t r i b u t i o n 

T h i s H o l a r c t i c s p e c i e s i s an o b l i g a t e p a r a s i t e of v a r i o u s 

s p e c i e s of frogs and toads (Brumpt, 1934). 

L u c i l i a c a e r u l e i v i r i d i s Macquart 

T h i r d I n s t a r . Skeleton with mouth-hook tooth s l i g h t l y longer than 

depth of base; o r a l s c l e r i t e narrow and t o t a l l y unpigmented; dental 

s c l e r i t e s l e n d e r ; l i g u l o i d arch narrow and weakly pigmented; 

hypostomal p l a t e s s m a l l and weakly pigmented; hypostomal s c l e r i t e very 

narrow i n l a t e r a l view; c r o s s - b a r narrow; sm a l l windows often present 

on v e n t r a l cornua, absent from d o r s a l cornua; v e n t r a l cornu with 

prominent p o s t e r o - d o r s a l process; angle between d o r s a l and v e n t r a l 

cornua sharp. A n t e r i o r s p i n a l bands (se g s . 2-12) complete on 2-9, 

f a i n t d o r s a l l y on 10, incomplete on 11-12; bands on 7-12 c l e f t 
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v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 7-11) incomplete on 7-10, 

complete on 11. Anal s p i n e s i n two or three rows d o r s a l l y and one row 

v e n t r a l l y . Spines s m a l l , pointed and weakly pigmented. 

Taxonomic Remarks 

H a l l ' s (1948) d e s c r i p t i o n does not permit r e l i a b l e s e p a r a t i o n of 

t h i s s p e c i e s from other N e a r c t i c L u c i l i a (see Chapter 10). 

Specimens examined: U.S.A. 

Biology and D i s t r i b u t i o n 

T h i s i s a common n e a r c t i c c a r r i o n - b r e e d e r . I t i s recorded as 

ca u s i n g m y i a s i s i n an unwounded k i t t e n (Davis, 1928). 

L u c i l i a p a l l e s c e n s Shannon 

T h i r d I n s t a r . Skeleton with mouth-hook tooth s l i g h t l y longer than 

depth of base; o r a l s c l e r i t e narrow and t o t a l l y unpigment(;d; dental 

s c l e r i t e s l e n d e r ; l i g u l o i d arch robust and h e a v i l y pigmented; 

hypostomal p l a t e s s m a l l and weakly pigmented; hypostomal s c l e r i t e 

narrow i n l a t e r a l view and c r o s s - b a r narrow; small windows often 

p r e s e n t on v e n t r a l cornua; v e n t r a l cornu with prominent postero-

d o r s a l p r o c e s s ; d o r s a l cornu s t r o n g l y arched; angle between d o r s a l 

and v e n t r a l cornua wide. A n t e r i o r s p i n a l bands (segs. 2-12) complete 

on 2-9, incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 6-11) incomplete on 6-10, complete on 
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11. Anal s p i n e s p r e s e n t i n p r o f u s i o n d o r s a l l y , one or two rows 

v e n t r a l l y . Spines l a r g e and well-pigmented f o r a L u c i l i a sp.; spines 

one-pointed. 

Taxonomic Remarks 

The remarks under the previous s p e c i e s apply. 

Specimens examined: U.S.A. (Washington, D.C.). 

Biology and D i s t r i b u t i o n 

T h i s c a r r i o n - b r e e d i n g s p e c i e s i s s a i d to be mainly r e s t r i c t e d to 

the southern United S t a t e s ( H a l l , 1948). I t i s not known to cause 

m y i a s i s . 

7.9 Genus H e m i p y r e l l i a Townsend 

H e m i p y r e l l i a l i g u r r i e n s (Wiedemann) 

F i r s t I n s t a r . Skeleton with l a t e r a l p l a t e a t narrowest point equal to 

l e n g t h of median tooth; b a s a l s e c t i o n of hypostomal s c l e r i t e more or 

l e s s equal i n t h i c k n e s s to median tooth i n l a t e r a l view; mouth-hook 

acute-angled. A n t e r i o r s p i n a l bands (segs. 2-12) complete on .2-5, 

incomplete on 6-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l 

bands ( s e g s . 6-11) a l l incomplete. Very few unpigmented spines d o r s a l 

to anus. 
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Second I n s t a r . Skeleton with mouth-hook tooth longer than length of 

base, and a b r u p t l y curved a t t i p ; a r e a o f cu r v a t u r e o f tooth e i t h e r 

not thickened or only very s l i g h t l y t h i c k e r than b a s a l area of tooth. 

A n t e r i o r s p i n a l bands (se g s . 2-12) complete on 2-5, incomplete on 

6-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

6-11) a l l incomplete. Few unpigmented s p i n e s d o r s a l to anus. 

T h i r d I n s t a r . Skeleton with mouth-hook tooth longer than depth of 

base; o r a l s c l e r i t e rod pigmented along p o s t e r i o r h a l f , wing and 

wish-bone s t r u c t u r e s t o t a l l y unpigmented; dental s c l e r i t e moderately 

robust; l i g u l o i d a r c h narrow and weakly pigmented; hypostomal p l a t e s 

s m a l l and weakly pigmented; hypostomal s c l e r i t e narrow i n l a t e r a l view 

and c r o s s - b a r narrow; s m a l l windows often present on v e n t r a l cornua, 

absent from d o r s a l cornua; d o r s a l cornu s t r o n g l y arched; v e n t r a l cornu 

with prominent p o s t e r o d o r s a l p r o c e s s ; angle between d o r s a l and v e n t r a l 

cornua wide. A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-8, f a i n t 

d o r s a l l y on 9, incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 7-11) incomplete on 7-10, complete on 

11. Three or four rows of weak sp i n e s d o r s a l to anus, one row 

v e n t r a l l y . A l l s p i n e s s m a l l , one-pointed and weakly pigmented. 

Taxonomic Remarks 

T h i s s p e c i e s was w e l l described by Kano and Sato (1952) and 

t h e i r d e s c r i p t i o n agrees w e l l with the above. Nevertheless, t h e i r 

i l l u s t r a t i o n s show t h a t they have t o t a l l y m i s i n t e r p r e t e d '.many of the 
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s m a l l e r s c l e r i t e s . 

Specimens examined: Japan. 

Biology and D i s t r i b u t i o n 

T h i s i s a c a r r i o n - b r e e d e r of the O r i e n t a l and E a s t e r n 

P a l a e a r c t i c r e g i o n s . I t i s not known to cause m y i a s i s . 

H e m i p y r e l l i a f e r n a n d i c a (Macquart) 

T h i r d I n s t a r . Skeleton ( F i g . 263 ) with mouth-hook tooth not longer, 

and may be s h o r t e r , than depth of base; o r a l s c l e r i t e narrow with 

b a s a l p a r t of rod pigmented; dental s c l e r i t e moderately robust; 

l i g u l o i d a r c h narrow and weakly pigmented; hypostomal p l a t e s s m a l l and 

weakly pigmented; hypostomal s c l e r i t e narrow i n l a t e r a l view and 

c r o s s - b a r narrow; d o r s a l cornu s t r o n g l y arched; v e n t r a l cornu with 

prominent p o s t e r o d o r s a l process; angle between d o r s a l and v e n t r a l 

cornua wide. A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-9, 

incomplete on 10-12; bands on 7-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l 

bands ( s e g s . 7-11) incomplete on 7-9, complete on 10-11. Anal spines 

p r e s e n t d o r s a l to anus only. Spines s m a l l , one-pointed and weakly 

pigmented. 

Taxonomic Remarks 

T h i s s p e c i e s i s p r e v i o u s l y undescribed i n the l a r v a l stage. 

Specimens examined. Congo [ Z a i r e ] ( U e l e ) . 
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Biology and D i s t r i b u t i o n 

T h i s i s a very common ca r r i o n - b r e e d e r of A f r i c a . I t i s not known 

to cause m y i a s i s , according to the l i t e r a t u r e (but see 7.11). 

7.10 Biology of C a l l i p h o r i n a e 

The l a r v a l s t r u c t u r e of the C a l l i p h o r i n a e i s g e n e r a l l y r a t h e r 

uniform when compared with the Chrysomyiinae. T h e i r h a b i t s too are 

r a t h e r uniform, being e s s e n t i a l l y c a r r i o n - b r e e d e r s with some s p e c i e s 

a c t i n g as f a c u l t a t i v e p a r a s i t e s o c c a s i o n a l l y . 

Only two exceptions to t h i s r u l e are known to me: L u c i l i a 

bufonivora, the only o b l i g a t e p a r a s i t i c C a l l i p h o r i n e known, and 

C a l l i p h o r a hortona, the only s p e c i e s known to me to breed mainly i n 

decaying vegetable matter (seaweed). As pointed out above, C. hortona 

i s a l s o known as a m y i a s i s agent and dung-breeder, but not as a 

c a r r i o n - b r e e d e r . T h i s seems to me most unusual and f u r t h e r s t u d i e s on 

t h i s s p e c i e s seem to be i n d i c a t e d . 

The extent to which C a l l i p h o r i n e s breed i n dung i s not r e a l l y 

known. Kano and Shinonaga (1963) s t a t e t h a t C. vomitoria breeds i n 

human f a e c e s and I s h i j i m a (1967) r e f e r s to C. l a t a as a breeder i n 

garbage and human f a e c e s , but none of these authors c i t e any s p e c i f i c 

data. Haddow and Thomson (1937) s t a t e t h a t Bogdanov reared 11 

gene r a t i o n s o f C. v i c i n a on human f a e c e s , and t h i s i s the only record 

I know of concerning t h i s h a b i t i n C. v i c i n a . The extent to which 

dung-breeding may take p l a c e i n Nature has not been studied, and i s 

w e l l worth i n v e s t i g a t i n g ; I have never re a r e d any C a l l i p h o r i n e from 

dung. 
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7.11 New Host Records f o r C a l l i p h o r i n a e 

The f o l l o w i n g new host records came to l i g h t during the present 

study: 

1. C i v e t t i c t i s c i v e t t a (Mammalia: V i v e r r i d a e ) p a r a s i t i s e d by 

H e m i p y r e l l i a f e r n a n d i c a . Specimens i n a tube l a b e l l e d "Congo, 

1937" from the Musee Royale de L'Afrique C e n t r a l e , Tervuren, 

Belgium. 

2. Testudo hermanni ( R e p t i l i a : T e s t u d i n i d a e ) p a r a s i t i s e d by C. 

v i c i n a and L. ampullacea. Specimens from c a p t i v e t o r t o i s e s a t 

the I n s t i t u t f u r P a r a s i t o l o g i c , Vienna, A u s t r i a , 1983. Two 

t o r t o i s e s were involved, one of which was attacked by both 

s p e c i e s and one by C. v i c i n a alone. 
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C H A P T E R E I G H T 

SYSTEMATIC ACCOUNT: 2. CHRYSOMYIINAE 

8.1 I n t r o d u c t i o n 

U n l i k e the C a l l i p h o r i n a e , the Chrysomyiinae show a great 

d i v e r s i t y i n the s t r u c t u r e of the p o s t e r i o r s p i r a c l e s . The parasternal 

b a r s are u s u a l l y p r e s e n t , but are absent from a few s p e c i e s ; i n the 

d e s c r i p t i o n s the parastomal bars are to be taken as present, u n l e s s 

otherwise s t a t e d . A f u l l d e s c r i p t i o n of the p o s t e r i o r s p i r a c l e s i s 

i n c l u d e d i n each s p e c i e s d e s c r i p t i o n . 

8.2 Genus Chrysomya Robineau-Desvoidy 

Chrysomya p u t o r i a (Wiedemann) 

F i r s t I n s t a r . Skeleton ( F i g . 280 ) with l a t e r a l p l a t e a t narrowest 

p o i n t a p p r e c i a b l y wider than length of median tooth; b a s a l s e c t i o n of 

hypostomal s c l e r i t e i n l a t e r a l view more or l e s s the same t h i c k n e s s as 

median tooth; mouth-hooks well-developed and of p e c u l i a r s t r u c t u r e , 

being composed of the hook i t s e l f p l u s a very deeply pigmented and 

l a r g e post-mandibular s c l e r i t e which i s c l o s e l y apposed to the 

p o s t e r i o r p a r t of the hook, the whole strucl.iire bcii ng apprcjc i Iy 

longer khan m<,'(iian l;o()tli; cli i I . i n 1 I-UMI l,iM;l.h very l'>iij.'.; (I(>i';;;il .iiid 

v e n t r a l cornua not divergent; d o r s a l p a r t of v e n t r a l coriiu with broad. 
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d i f f u s e a r e a of s c l e r o t i s a t i o n . A n t e r i o r s p i n a l bands (segs. 2-12), 

complete on 2-9, f a i n t d o r s a l l y on 10, incomplete on 11-12; bands on 

7-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 7-11), incomplete 

on 7-9, complete, but very f a i n t l a t e r a l l y , on 10-11. Very few spines 

p r e s e n t d o r s a l to anus. 

Second I n s t a r . S k e l e t o n ( F i g . 279) with l a t e r a l p l a t e a t narrowest 

p o i n t equal to len g t h o f mouth-hook; mouth-hook tooth d e s c r i b e s a 

smooth, t a p e r i n g curve, but with a d i s t i n c t bulge about midway along 

r e g i o n of c u r v a t u r e . A n t e r i o r s p i n a l bands (segs. 2-12), complete on 

2-8, f a i n t d o r s a l l y on 9, incomplete on 10-12; bands on 6-12 c l e f t 

v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 8-11), incomplete on 8-10, 

complete on 11; very few sp i n e s present v e n t r a l l y on 7. Spines present 

v e n t r a l l y and d o r s a l l y to anus. 

T h i r d I n s t a r . Skeleton ( F i g . 271) with mouth-hook tooth longer than 

depth o f base; mouth-hook with prominent d o r s a l r i d g e ; o r a l s c l e r i t e 

t o t a l l y unpigmented; de n t a l s c l e r i t e robust; l i g u l o i d arch shallow 

V-shaped and well-pigmented; hypostomal p l a t e s weakly pigmented but 

l a r g e ; hypostomal s c l e r i t e c r o s s - b a r narrow; windows small on both 

d o r s a l and v e n t r a l cornua; p o s t e r o d o r s a l process of v e n t r a l cornu 

prominent. P o s t e r i o r s p i r a c l e s with t h i c k peritreme and unpigmented 

button; sun-ray s t r u c t u r e well-developed. A n t e r i o r s p i n a l bands 

(s e g s . 2-12) complete on 2-7, f a i n t d o r s a l l y on 8, incomplete on 

9-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

8-11) a l l incomplete. Spines present d o r s a l l y and v e n t r a l l y to anus, 

but no s p i n e s between anus and a n a l p a p i l l a e . Spines pointed, most 
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with two or three t e e t h . P^ s m a l l e r than P^ and P^, c l o s e r to P^ than 

to P^ and s e t s l i g h t l y c l o s e r to l a r v a l midline than P^ and P^. 

Taxonomic Remarks 

T h i s s p e c i e s i s p r e v i o u s l y undescribed i n the immature st a g e s . 

Due to the very c l o s e s i m i l a r i t y of the a d u l t s of t h i s s p e c i e s to 

Ch. chloropyga, the two forms have often been thought to be the same 

s p e c i e s (Zumpt, 1965). As a r e s u l t , Zumpt has suggested t h a t the 

l a r v a l s t r u c t u r e of Ch. p u t o r i a would "probably c o i n c i d e with those of 

Ch. chloropyga". I t does not, although the two forms are r a t h e r 

s i m i l a r (see comments under Ch. chloropyga). 

Specimens examined: Lab. c u l t u r e from Tanzanian stock 

(Dar-es-Salaam). 

Biology and D i s t r i b u t i o n 

T h i s i s a common s p e c i e s of West, C e n t r a l and East. A f r i c a , 

e s p e c i a l l y the warmer p a r t s of these r e g i o n s . I t i s known as a 

c a r r i o n - and dung-breeder, and a l s o as a m y i a s i s agent (Oldroyd and 

Smith, 1973). 

Chrysomya chloropyga (Wiedemann) 

T h i r d I n s t a r . Skeleton ( F i g . 270 ) with mouth-hook tooth longer l.han 

depth of base; mouth-hook with prominent d o r s a l r i d g e ; o r a l s c l e r i t e 

t o t a l l y unpigmented; d e n t a l s c l e r i t e robust; l i g u l o i d arch shallow 
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V-shaped and moderately pigmented; hypostomal p l a t e s weakly pigmented, 

but l a r g e ; hypostomal s c l e r i t e c r o s s - b a r narrow; windows small on both 

d o r s a l and v e n t r a l cornua; p o s t e r o d o r s a l process of v e n t r a l cornu 

prominent. P o s t e r i o r s p i r a c l e s with t h i c k peritreme and unpigmented 

button; sun-ray s t r u c t u r e well-developed. A n t e r i o r s p i n a l bands (segs. 

2-12) complete on 2-7, f a i n t d o r s a l l y on 8, incomplete on 9-12; bands 

on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 7-11) 

incomplete on 7-10, complete on 11. Spines present a l l round anus 

i n c l u d i n g a r e a between anus and an a l lobes. Spines pointed, most with 

two or th r e e t e e t h ; whole spine u s u a l l y broader than i n Ch. p u t o r i a . 

P^ s m a l l e r than P^ and P^. 

Taxonomic Remarks 

The t h i r d i n s t a r was i l l u s t r a t e d by Patton and Evans (1929); the 

i l l u s t r a t i o n i s u n c l e a r and the b r i e f accompanying d e s c r i p t i o n 

inadequate. 

Zumpt (1965) b e l i e v e s t h a t t h i s s p e c i e s and Ch. p u t o r i a are 

synonyms, s i n c e intermediate forms (of the a d u l t ) are to be found. 

However, he s t a t e s t h a t c r o s s i n g experiments have shown th a t the 

two forms are a t l e a s t p a r t l y g e n e t i c a l l y i s o l a t e d and, ther e f o r e , 

f o r p r a c t i c a l purposes he favoured the r e t e n t i o n of bol.li ti.iincs 

f o r the two forms. Pont ( i n Crosskey, 1980) considered Ch. p u t o r i a 

a synonym of Ch. chloropyga; Pont ( p e r s . comm.) t e l l s me tha t 

t h i s move was made a f t e r c o n s u l t a t i o n with Zumpt. F i n a l l y , Mr P.E. 

Hulley ( p e r s . comm.) of Grahamstown, South A f r i c a , t e l l s me tha t both 

forms occur around h i s home and d i f f e r so much i n appearance and 
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s e a s o n a l i t y , t h a t he i s i n no doubt t h a t they are separate s p e c i e s 

(see Biology and D i s t r i b u t i o n ) . 

The most u s e f u l f e a t u r e s i n d i s t i n g u i s h i n g t h i r d i n s t a r 

Ch. chloropyga from Ch. p u t o r i a are the s p i n a l p a t t e r n s i n the anal 

r e g i o n , and, to a l e s s e r extent, the form of the spines themselves. 

Specimens examined: South A f r i c a (Cape P r o v i n c e ) . 

Biology and D i s t r i b u t i o n 

T h i s i s a c a r r i o n - and dung-breeder of the cooler p a r t s of 

southern A f r i c a and the upland areas f a r t h e r north (but see comments 

by Hulley above). I t i s a l s o a m y i a s i s agent (Zumpt, 1965). 

Chrysomya m a r g i n a l i s (Wiedemann) 

T h i r d I n s t a r . Skeleton ( F i g . 269 ) with mouth-hooks pro p o r t i o n a t e l y 

l a r g e ; mouth-hook tooth longer than depth of base; mouth-hook with 

prominent d o r s a l r i d g e ; o r a l s c l e r i t e h e a v i l y pigmented a t base of rod 

and wing and wish-bone s t r u c t u r e s ; unpigmented along most of rod, rod 

t a p e r i n g from base to t i p and, as a whole, r a t h e r robust; dental 

s c l e r i t e robust; l i g u l o i d arch narrow and moderately pigmented; 

hypostomal p l a t e s s m a l l and moderately pigmented; hypostomal s c l e r i t e 

medium-sized; d o r s a l cornu r a t h e r narrow and l a c k i n g windows; v e n t r a l 

cornua with s m a l l windows. P o s t e r i o r s p i r a c l e with t h i c k peritreme and 

unpigmented button, sun-ray s t r u c t u r e well-developed. A n t e r i o r s p i n a l 

bands (seg s . 2-12) complete on 2-11, incomplete on 12; bands on 6-12 

c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 5-11) a l l incomplete. 
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Anal s p i n e s present a l l round anus, but fewer between anus and anal 

p a p i l l a e . Spines with rounded t i p s , never forked ( F i g . 58). P^ c l o s e r 

to P^ than to P^. 

Taxonomic Remarks 

T h i s s p e c i e s has not p r e v i o u s l y been described i n the l a r v a l 

s t a ge. 

Specimens examined: South A f r i c a ( N a t a l ) ; Namibia. 

Biology and D i s t r i b u t i o n 

T h i s i s a very common c a r r i o n breeder of A f r i c a south of the 

Sahara, southern A r a b i a and I n d i a west of the Indus V a l l e y (Zumpt, 

1965). I t i s a l s o known as a m y i a s i s agent. 

Chrysomya megacephala ( F a b r i c i u s ) 

Second I n s t a r . Skeleton with l a t e r a l p l a t e a t narrowest point equal to 

length of mouth-hooks; mouth-hook horns small and rounded; mouth-hook 

tooth smoothly c u r v i n g and, while t h i c k a t base of tooth, not t h i c k e r 

a t t h a t a r e a than a t a r e a of c u r v a t u r e . A n t e r i o r s p i n a l bands (segs. 

2-12) complete on 2-9, f a i n t d o r s a l l y on 10, incomplete on 11-12; 

bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 7-11) 

incomplete on 7-10, complete on 11. Spines present a l l round anal 

r e g i o n . 
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T h i r d I n s t a r . Skeleton ( F i g . 268 ) with mouth-hook tooth much longer 

than depth of base; o r a l s c l e r i t e s m a l l and pigmented a t base of rod 

and a t wing and wish-bone s t r u c t u r e s ( F i g . 146 ); rod unpigmented 

a n t e r i o r l y and t a p e r i n g ; dental s c l e r i t e weak; l i g u l o i d arch narrow 

but well-pigmented; hypostomal p l a t e s well-pigmented; windows u s u a l l y 

p r e s e n t on v e n t r a l and d o r s a l cornua; angle between d o r s a l and v e n t r a l 

cornua wide. P o s t e r i o r s p i r a c l e s with peritremes only moderately t h i c k 

and button unpigmented. A n t e r i o r s p i n a l bands (segs. 2-12) complete on 

2-8, absent l a t e r a l l y but present d o r s a l l y and v e n t r a l i y on 9, 

incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y ; bands on 2-8 with 

a n t e r i o r p l e u r a l band. P o s t e r i o r s p i n a l bands (segs. 6-11) incomplete 

on 6-10, complete on 11 but f a i n t v e n t r a l l y . Spines present a l l round 

a n a l r e g i o n , but fewer between anus and anal p a p i l l a e . Spines often 

with two or three t e e t h , each with rounded t i p . P^ c l o s e r to P^ than 

to P 3 . 

Taxonomic Remarks 

The t h i r d i n s t a r was described by Patton (1922) and Patton and 

Evans (1929), but the d e s c r i p t i o n s are inadequate. The specimens 

examined by these authors were b o i l e d i n KOH and t h i s i s , no doubt, 

why no t r a c e of the pigmentation of the o r a l s c l e r i t e remained i n 

t h e i r p r e p a r a t i o n s , s i n c e they make no mention of t h i s s t r u c t u r e i n 

t h e i r d e s c r i p t i o n , nor does i t f i g u r e i n t h e i r i l l u s t r a t i o n . 

The form of the s p i n e s i s the most r e l i a b l e feature t h a t may be 

used to s e p a r a t e t h i r d i n s t a r Ch. magacephala from Ch. m a r g i n a l i s . 

Specimens examined: A u s t r a l i a (Oueenjiland); Japan; Java. 
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Biology and D i s t r i b u t i o n 

T h i s i s a very common ca r r i o n - b r e e d e r of the O r i e n t a l and 

A u s t r a l a s i a n r e g i o n s , and a l s o the neighbouring p a r t s of the 

P a l a e a r c t i c region, such as China and Japan. I t i s known to cause 

m y i a s i s . 

Chrysomya p i n g u i s (Walker) 

Second I n s t a r . S k e l e t o n with l a t e r a l p l a t e a t narrowest width l e s s 

than l e n g t h of mouth-hook; mouth-hook horns s h o r t and rounded; tooth 

of mouth-hook s h o r t and rounded; mouth-hook tooth smoothly curved, but 

t h i c k e r a t a r e a of cu r v a t u r e than a t i t s base. A n t e r i o r s p i n a l bands 

(s e g s . 2-12) complete on 2-9, incomplete on 10-12; bands on 6-12 c l e f t 

v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11) incomplete on 6-10, 

v e n t r a l and d o r s a l (but not l a t e r a l ) on 11. Spines present a l l round 

a n a l r e g i o n . 

T h i r d I n s t a r . S k e l e t o n ( F i g . 273) with mouth-hook tooth longer than 

depth o f base; o r a l s c l e r i t e s m a l l and pigmented only a t base of rod . 

and wing and wish-bone s t r u c t u r e s ; dental s c l e r i t e weak; l i g u l o i d arch 

narrow and weakly pigmented; hypostomal p l a t e s small and weakly 

pigmented; windows u s u a l l y p resent on d o r s a l and v e n t r a l cornua; 

p o s t e r o d o r s a l process of v e n t r a l cornu prominent; angle between 

v e n t r a l and d o r s a l cornua sharp. P o s t e r i o r s p i r a c l e with peritreme 

t h i c k , e s p e c i a l l y towards button area; button unpigmentcd. Ant;erior 

s p i n a l bands (segs. 2-12) complete on 2-8, complete (but very f a i n t 
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d o r s a l l y ) on 9-12; bands on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l 

bands ( s e g s . 6-11) a l l incomplete. Spines present surrounding anus, 

but not very numerous v e n t r a l l y . Spines u s u a l l y with two or three 

rounded t e e t h each, P^ c l o s e r to P^ than to P^. 

Taxonomic Remarks 

I s h i j i m a (1967) d e s c r i b e d the t h i r d i n s t a r , but h i s d e s c r i p t i o n 

d i f f e r s c o n s i d e r a b l y from the above, e s p e c i a l l y with regards the 

d e t a i l s of s p i n u l a t i o n . For example, he s t a t e s t h a t the a n t e r i o r 

s p i n a l bands are complete on segments 2-10, but incomplete on 11-12; 

the s i t u a t i o n d e s c r i b e d . i n the above i s very d i f f e r e n t . 

Specimens examined: Japan. 

Biology and D i s t r i b u t i o n 

T h i s i s a c a r r i o n - and dung-breeding s p e c i e s of the O r i e n t a l and 

e a s t e r n P a l a e a r c t i c r e g i o n s (Zumpt, 1956a). I t i s not known to cause 

m y i a s i s . 

Chrysomya bezziana V i l l e n e u v e 

Second I n s t a r . S k e l e t o n with mouth-hook tooth much longer than length 

of base; d o r s a l horns prominent; l a r g e windows present on v e n t r a l 

cornua, absent from d o r s a l cornua. A n t e r i o r s p i n a l bands (segs. 

2-12) a l l complete, 6-12 with well-developed p l e u r a l bands; bands 

on 6-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11) 



- 171 -

very v a r i a b l e , u s u a l l y a l l incomplete, but sometimes f a i n t l y complete 

on 10-11. 

T h i r d I n s t a r . Skeleton ( F i g . 272) with mouth-hook tooth considerably 

longer than depth of base; o r a l s c l e r i t e t o t a l l y unpigmented; dental 

s c l e r i t e very weak; l i g u l o i d arch narrow and very weakly pigmented, 

with a r e a s of h e a v i e r pigmentation along i t s length ( F i g . 165); 

hypostomal p l a t e s s m a l l and moderately pigmented; hypostomal s c l e r i t e 

c r o s s - b a r medium-sized ( F i g . 165); v e n t r a l and d o r s a l cornua with very 

s m a l l windows or windows absent; angle between d o r s a l and v e n t r a l 

cornua sharp. P o s t e r i o r s p i r a c l e s very h e a v i l y s c l e r o t i s e d ; peritreme 

incomplete; sun-ray s t r u c t u r e weak. A n t e r i o r s p i n a l bands (segs. ?-].'/) 

a l l complete and broad; 6-12 with p l e u r a l bands; bands on 6-12 cleJ't 

v e n t r a l l y . P o s t e r i o r s p i n a l bands very v a r i a b l e , u s u a l l y present 

v e h t r a l l y (very few s p i n e s ) on 6-9, but f a i n t l y complete d o r s a l l y on 

10-11; o f t e n no bands a t a l l on one or a l l of segs. 6-9. Anus e n t i r e l y 

surrounded by s p i n e s ; s p i n e s somewhat weaker between anus and anal 

p a p i l l a e . Spines l a r g e with rounded t i p s , never forked ( F i g . 63). P^ 

c l o s e r to P^ than to P^. 

Taxonomic Remarks 

The immature s t a g e s were d e s c r i b e d by Zumpt (1965) and K i t c h i n g 

(1976b). The former author gave very b r i e f d e s c r i p t i o n s , and the 

l a t t e r gave very d e t a i l e d d e s c r i p t i o n s based on S.E.M. examination, 

but ignored the s t r u c t u r e of the s k e l e t o n . T h i s i s the most v a r i a b l e 

s p e c i e s , with regard to the p a t t e r n of s p i n u l a t i o n , t h a t I have 
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examined. 

Specimens examined: Uganda; Oman (Khabura); Papua New Guinea. 

Biology and D i s t r i b u t i o n 

T h i s i s the Old World screw-worm f l y , an o b l i g a t e p a r a s i t e of 

Man and domestic animals i n A f r i c a and the t r o p i c a l p a r t s of A s i a . I t 

a l s o occurs i n New Guinea, but, apparently, not i n A u s t r a l i a . 

Chrysomya s e m i m e t a l l i c a (Malloch) 

T h i r d I n s t a r . S k e l e t o n with mouth-hook tooth longer than depth of 

base; o r a l s c l e r i t e narrow and t o t a l l y unpigmented; dental s c l e r i t e 

weak; l i g u l o i d arch broad but very weakly pigmented; hypostomal p l a t e s 

s m a l l and weakly pigmented; windows l a r g e on v e n t r a l cornua; angle 

between v e n t r a l and d o r s a l cornua wide. P o s t e r i o r s p i r a c l e with t h i c k 

peritreme; button unpigmented. A n t e r i o r s p i n a l bands (segs. 2-12) 

complete on 2-8, incomplete on 9-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (seg s . 6-11) a l l incomplete. Spines present 

densely a l l round a n a l region. Spines with 2-4 teeth each. c l o s e r 

to P^ than to P^. 

Taxonomic Remarks 

K i t c h i n g and Voeten (1977) published a S.E.M. d e s c r i p t i o n of 

t h i s s p e c i e s , but did not examine the s k e l e t o n . (See Chapter 10 for a 

d i s c u s s i o n of K i t c h i n g ' s Chrysomya c h a r a c t e r s ) . 

Specimens examined: A u s t r a l i a . 
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Biology and D i s t r i b u t i o n . . 

This i s a carrion-breeder o f Northern A u s t r a l i a . I t i s also 

recorded from dung and as a myiasis agent. 

Chrysomya saffranea (Big o t ) 

T h i r d I n s t a r . Skeleton w i t h mouth-hook t o o t h longer than depth of 

base; o r a l s c l e r i t e . t o t a l l y unpigmented; dental s c l e r i t e moderately 

developed; l i g u l o i d arch narrow and very weakly pigmented; hypostomal 

p l a t e s small and weakly pigmented; large windows present on v e n t r a l 

cornua; angle between dorsal and v e n t r a l cornua wide; posterodorsal 

process o f v e n t r a l cornu prominent. P o s t e r i o r s p i r a c l e w i t h t h i c k 

p eritreme; b u t t o n unpigmented. A n t e r i o r s p i n a l bands (segs. 2-12) 

complete on 2-8, incomplete on 9-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 6-11) a l l incomplete. Spines present a l l 

round anal area, but somewhat less densely than i n Ch. semimetallica. 

P̂  c l o s e r t o P̂  than P̂ . 

Taxonomic Remarks 

K i t c h i n g (1976b) published a S.E.M. d e s c r i p t i o n of t h i s species, 

but, as w i t h the preceding species, he d i d not examine the skeleton. 

Specimens examined: A u s t r a l i a . 
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Biology and D i s t r i b u t i o n 

This carrion-breeding species i s found i n northern A u s t r a l i a and 

Papua New Guinea. I t i s known t o cause myiasis. 

Chrysomya albiceps (Wiedemann) 

Second I n s t a r . Skeleton ( F i g . 278 ) w i t h very well-developed 

mouth-hooks; mouth-hook w i t h very deep base, somewhat reminiscent of 

Sarcophaga spp.; mouth-hooks as long as, or s l i g h t l y longer than 

narrowest w i d t h of l a t e r a l p l a t e ; t o o t h of mouth-hook p a r a l l e l - s i d e d 

from base t o area of curvature, t a p e r i n g from t h a t p o i n t t o t i p ; base 

o f mouth-hook t r i a n g u l a r and very d i f f e r e n t i n shape from a l l previous 

Chrys.omya spp.; dental s c l e r i t e not fused t o mouth-hook base; windows 

present on dorsal and v e n t r a l cornua. Body processes as i n t h i r d 

i n s t a r , but s h o r t e r . Spines as i n t h i r d i n s t a r . 

T h i r d I n s t a r . Skeleton ( F i g . 274 ) w i t h l a t e r a l p l a t e at narrowest 

p o i n t much greater than length of mouth-hook; mouth-hook tooth much 

longer than depth o f base; base r a t h e r elongate; o r a l s c l e r i t e narrow 

and t o t a l l y unpigmented; l i g u l o i d arch very weakly pigmented 

c e n t r a l l y , but very broad and h e a v i l y pigmented p e r i p h e r a l l y , and 

hypostomal p l a t e s pointed a n t e r i o r l y and h e a v i l y pigmented (F i g . 164); 

de n t a l s c l e r i t e weak; hypostomal s c l e r i t e very broad i n l a t e r a l view 

and ccDss-bar very broad ( F i g . 164); windows u s u a l l y present on dorsal 

and v e n t r a l cornua; posterodorsal process of v e n t r a l cornu 

well-developed. P o s t e r i o r s p i r a c l e w i t h peritreme of medium thickncs;-;; 
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bu t t o n unpigmented. Body processes present and as described above 

(4.2.4.3); process 1 lacks spines on i t s s t a l k (Fig.114), but spines 

are present on the s t a l k s o f a l l other processes. Spines round and 

knob-like ( F i g . 71) d i s t r i b u t e d a l l over c u t i c l e , but spines long at 

t i p s o f processes. Many o f the knob-like spines possessing 3-4 p o i n t s , 

parastomal bars absent. 

Taxonomic Remarks 

This i s one o f the 'hairy' maggots. I t has been described by 

Patton and Evans (1929), Zumpt (1965) and K i t c h i n g (1976b). None of 

these d e s c r i p t i o n s enable separation o f t h i s species from the c l o s e l y 

r e l a t e d Ch. r u f i f a c i e s , however. 

Specimens examined: Congo [ Zaire ] ; Oman (Khabura); South 

A f r i c a ( N a t a l ) . 

Biology and D i s t r i b u t i o n 

This c a r r i o n - and dung-breeder i s found throughout A f r i c a and 

southern Europe, and also i n the extreme western parts of the O r i e n t a l 

r e g i o n . I t i s known t o cause myiasis and i s o f t e n predatory upon other 

l a r v a e . 

Chrysomya r u f i f a c i e s (Macquart) 

Second I n s t a r . Skeleton w i t h mouth-hook length equal to, or a l i l . l . l e 

s h o r t e r than, narrowest width of l a t e r a l p l a t e ; base of 
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mouth-hook w i t h very large weakly s c l e r o t i s e d area c e n t r a l l y ; dental 

s c l e r i t e robust and not fused t o mouth-hook; shape o f mouth-hook base 

s i m i l a r t o Ch. al b i c e p s ; dorsal and v e n t r a l cornua w i t h c l e a r windows; 

hypostomal s c l e r i t e long and v e n t r a l p r o j e c t i o n unusually long. Spines 

and body processes as i n t h i r d i n s t a r . 

T h i r d I n s t a r . Skeleton ( F i g . 275 ) w i t h l a t e r a l p l a t e a t narrowest 

p o i n t much greater than length o f mouth-hook; mouth-hook t o o t h much 

greate r than depth o f base; base r a t h e r elongate; o r a l . s c l e r i t e narrow 

and t o t a l l y unpigmented; l i g u l o i d arch as i n Ch. albiceps; hypostomal 

p l a t e s as i n Ch. albiceps; dental s c l e r i t e weak; hypostomal s c l e r i t e 

very broad i n l a t e r a l view and cross-bar very broad; windows present 

on dorsal and v e n t r a l cornua; posterodorsal process of v e n t r a l cornu 

very well-developed. P o s t e r i o r s p i r a c l e w i t h peritreme very t h i c k and 

almost complete (the two arms o f the peritreme surrounding the button 

almost meeting.); sun-ray s t r u c t u r e r a t h e r weak. Body processes as 

described above (4.2.4.3). Spines round and knob-like w i t h 2-4 t e e t h 

each. Anus completely surrounded w i t h spines. Many spines present on 

s t a l k o f process 1. Parastomal bars absent. 

Taxonomic Remarks 

This species has o f t e n been thought o f as a synonym of 

Ch. albiceps on the basis o f t h e i r great s i m i l a r i t y , both as adults 

and as l a r v a e . However, several w e l l - d e f i n e d and constant characters 

enable separation o f these two forms. 

The most r e l i a b l e f e a t u r e separating t h i s species from 
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Ch. albiceps i s the presence o f many spines on the s t a l k of process 1. 

Specimens examined: Japan; A u s t r a l i a . 

Biology and D i s t r i b u t i o n 

This carrion-breeding and myiasis-causing species i s widespread 

i n the O r i e n t a l and Australasian regions. 

Chrysomya i n c i s u r a l i s (Macquart) 

T h i r d I n s t a r . .Skeleton w i t h length of mouth-hook much greater than 

depth o f base; dental s c l e r i t e robust; l i g u l o i d arch not examined; 

hypostomal plates narrow i n l a t e r a l view, but not minutely examined; 

l a t e r a l p l a t e at narrowest p o i n t much greater than length of 

mouth-hook; o r a l s c l e r i t e t o t a l l y unpigmented; v e n t r a l cornu with 

prominent posterodorsal process; c l e a r windows present on v e n t r a l 

cornua; windows absent from dorsal cornua; parostomal bars absent; 

angle between dorsal and v e n t r a l cornua sharp. P o s t e r i o r s p i r a c l e w i t h 

peritreme complete and t h i c k . Body processes as described above 

(4.2.4.3); process 1 covered w i t h spines; process 4a present. Spines 

a t t i p s o f processes r e l a t i v e l y shorter than t h e i r equivalents i n 

Ch. albiceps and Ch. r u f i f a c i e s ; a l l other spines end c o n i c a l l y (or 

w i t h rounded p o i n t s ) ; spines are d i s t r i b u t e d a l l over body surface, 

i n c l u d i n g anal region. 
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Taxonomic Remarks 

The above d e s c r i p t i o n . i s based on the examination of only a 

s i n g l e specimen, as no other m a t e r i a l was forthcoming. K i t c h i n g and 

Voeten (1977) published a S.E.M. d e s c r i p t i o n o f t h i s species, but 

ignored the s k e l e t a l s t r u c t u r e s . Their d e s c r i p t i o n i s of l i m i t e d use 

(see remarks i n Chapter 10). 

Specimen examined: A u s t r a l i a (Queensland). 

Biology and D i s t r i b u t i o n 

This i s an endemic species of eastern A u s t r a l i a . According to 

K i t c h i n g and Voeten (1977) " v i r t u a l l y nothing i s known of i t s 

b i o l o g y " . 

Chrysomya varipes (Macquart) 

T h i r d I n s t a r . Skeleton w i t h mouth-hook much longer than width of 

l a t e r a l p l a t e a t narrowest p o i n t ; mouth-hook tooth much longer than 

depth o f base; o r a l s c l e r i t e narrow and t o t a l l y unpigmented; dental 

s c l e r i t e robust; l i g u l o i d arch r a t h e r broad, but very weakly 

pigmented; hypostomal p l a t e s small and weakly pigmented, rat h e r 

s i m i l a r t o . L u c i l i a spp.; hypostomal. s c l e r i t e narrow i n l a t e r a l 

view; cross-bar narrow; dorsal cornua r e l a t i v e l y narrow and l a c k i n g 

windows; v e n t r a l cornua w i t h c l e a r windows; posterodorsal process of 

v e n t r a l cornu not prominent; angle between dorsal and v e n t r a l cornua 
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wide; parastomal bars present. Posterior s p i r a c l e w i t h peritreme t h i c k 

and incomplete; sun-ray s t r u c t u r e very weak. A n t e r i o r s p i n a l bands 

(segs. 2-12) complete on 2-5, incomplete on 6-12. No p o s t e r i o r s p i n a l 

bands present. Four body processes present on each of segs. 5-11. 

Spines w i t h 2-4 t e e t h each. Spines densely present dorsal and v e n t r a l 

t o anus, but less densely between the anus and anal p a p i l l a e . 

Taxonomic Remarks 

F u l l e r (1932) described the t h i r d i n s t a r , and her d e s c r i p t i o n 

agrees c l o s e l y w i t h the present one. 

Specimens examined: A u s t r a l i a . 

Biology and D i s t r i b u t i o n 

This carrion-breeding species i s r e s t r i c t e d t o A u s t r a l i a . I t i s 

known t o cause myiasis ( N o r r i s , 1959). 

8.3 Genus Cochliomyia Townsend 

Cochliomyia hominivorax Coquerel 

T h i r d I n s t a r . Skeleton ( F i g . 277) w i t h mouth-hook very long, more or 

less l e n g t h o f v e n t r a l cornu; mouth-hook t o o t h much longer than depth 

o f base; o r a l s c l e r i t e narrow and t o t a l l y unpigmented; l i g u l o i d arch 

weakly pigmented; hypostomal p l a t e s moderately pigmented; hypostomal 

s c l e r i t e broad i n l a t e r a l view; cross-bar broad; dental s c l e r i t e very 



- 180 

small; d o r s a l cornu very narrow; windows present on v e n t r a l cornua, 

absent from dorsal cornua; l a t e r a l p l a t e at narrowest p o i n t 

considerably less than length o f mouth-hook; angle between dorsal and 

v e n t r a l cornua wide. P o s t e r i o r s p i r a c l e w i t h peritreme incomplete; 

sun-ray s t r u c t u r e well-developed; s p i r a c l e s sunk i n shallow p i t . 

A n t e r i o r , s p i n a l bands (segs. 2-12) complete on 2-10; o f t e n not quite 

complete d o r s a l l y on 11, incomplete on 12; bands on 6-12 c l e f t 

v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 5-11) a l l incomplete; spines 

on a l l p o s t e r i o r bands (except 11) p o i n t i n g backwards. Spines present 

dorsal and v e n t r a l t o anus, w i t h very few between anus and anal 

p a p i l l a e . Spines strong and well-pigmented w i t h 1 or 2 teeth each. A l l 

p o s t e r i o r p a p i l l a e weakly developed. 

Taxonomic Remarks 

This species was e x c e l l e n t l y described by Laake, Cushing and 

Parish (1936) and the present d e s c r i p t i o n agrees c l o s e l y w i t h t h e i r s . 

However, the above d e s c r i p t i o n includes mention of the s p i n a l 

morphology, which i s l a c k i n g i n t h e i r d e s c r i p t i o n . 

Specimens examined: U.S.A. (Texas); Mexico. 

Biology and D i s t r i b u t i o n 

This i s the New World screw-worm f l y of the southern United 

States and South America. I t i s an o b l i g a t e p a r a s i t e on a wide v a r i e t y 

o f w i l d and domestic animals, and also on Man. 
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Cochliomyia macellaria ( F a b r i c i u s ) 

F i r s t I n s t a r . Skeleton w i t h l a t e r a l p l a t e a t narrowest p o i n t more or 

less equal t o length o f median t o o t h ; basal section of hypostomal 

s c l e r i t e i n l a t e r a l view s l i g h t l y less t h i c k than depth of median 

t o o t h ; weakly pigmented post-mandibular s c l e r i t e present; one large 

c h i t i n i s e d t o o t h present; mouth-hook acute-angled; dorsal cornu very 

robust and arched; v e n t r a l cornu r e l a t i v e l y broad and with l a r g e , 

c l e a r window; dorsal and v e n t r a l cornua divergent. A n t e r i o r s p i n a l 

bands (segs. 2-12) complete on 2-8, incomplete on 9-12; bands on 6-12 

c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 6-11) a l l incomplete. 

Very few spines present dorsal t o anus. 

Second I n s t a r . Skeleton w i t h l a t e r a l p l a t e at narrowest p o i n t less 

than l e n g t h o f mouth-hook; mouth-hook to o t h s l i g h t l y narrower at area 

o f curvature than a t i t s base. A n t e r i o r s p i n a l bands (segs. 2-12) 

complete on 2-9, incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . 

P o s t e r i o r s p i n a l bands (segs. 6-11) a l l incomplete. Spines present 

d o r s a l l y and v e n t r a l l y t o anus. 

T h i r d I n s t a r . Skeleton ( F i g . 276) w i t h mouth-hook t o o t h longer than 

depth o f base; whole mouth-hook much less than length of v e n t r a l 

cornu; o r a l s c l e r i t e narrow and t o t a l l y unpigmented; dental s c l e r i t e 

robust; windows seemingly absent from both dorsal and v e n t r a l cornua; 

l a t e r a l p l a t e at narrowest p o i n t less than length of mouth-hook; 

dorsa l cornu more robust than i n Co. hominlvorax; 1 i jt'.ii I n id arch narrow 

and weakly pigmented; hypostomaL plates moderately pigmented; 
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hypostomal s c l e r i t e narrow i n v e n t r a l view and cross-bar narrow; angle 

between dorsal and v e n t r a l cornua wide. P o s t e r i o r s p i r a c l e w i t h 

peritreme narrow and incomplete; sun-ray s t r u c t u r e , e s p e c i a l l y 

intermediate s t r u c t u r e , r a t h e r weak. A n t e r i o r s p i n a l bands (segs. 

2-12) complete on 2-10 (10 o f t e n w i t h 'bald' patch at mid-dorsal 

region) incomplete on 11-12; bands on 6-12 c l e f t v e n t r a l l y . Posterior 

s p i n a l bands (segs. 5-10) a l l incomplete. Anal spines arranged i n 

c h a r a c t e r i s t i c p a t t e r n . Spines strong and well-pigmented, w i t h 2 or 3 

t e e t h each. A l l p a p i l l a e weakly developed, except P̂  which i s 

moderately developed. 

Taxonomic Remarks 

The present d e s c r i p t i o n agrees very w e l l w i t h t h a t of Laake, 

Cushing and Parish (1936), but, as w i t h the previous species, these 

authors omitted any mention o f s p i n a l morphology. 

Specimens examined: U.S.A. 

Biology and D i s t r i b u t i o n 

This carrion-breeding and f a c u l t a t i v e myiasis agent i s 

widespread i n the Nearctic and Neotropical regions as f a r north as 

southern Canada and southwards t o Argentina. 
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8.4 Biology of Chrysomyiinae 

The d i v e r s i t y o f l a r v a l s t r u c t u r e i n t h i s subfamily i s coupled 

w i t h a d i v e r s i t y o f h a b i t s . Thus c a r r i o n - and dung-breeding species 

are known, as w e l l as o b l i g a t e parasites and predators upon other 

larvae. Some species, e.g. Chrysomya albiceps, are capable of breeding 

on c a r r i o n , dung and l i v i n g hosts, and also o f preying upon other 

Dipt e r a larvae i n the breeding medium. 

Although much i s known o f the b i o l o g i c a l importance of many 

species as sheep-strike agents ( N o r r i s , 1959), l i t t l e i s known of the 

favoured pabula o f the various species i n the w i l d . For example, i s 

dung or c a r r i o n the main r e s e r v o i r of the many f a c u l t a t i v e p a r a s i t i c 

species i n v o l v e d i n sheep-strike? The answer t o t h i s question should 

go a long way towards lessening the problem. 

8.5 New Host Record f o r Chrysomyiinae 

During the present study the f o l l o w i n g new host record came t o 

l i g h t : 

C i v e t t i c t i s c i v e t t a (Mammalia: V i v e r r i d a e ) p a r a s i t i s e d by 

Chrysomya albiceps. Data from tube l a b e l l e d "Congo, 1937" from Musee 

Royale de L'Afrique Centrale, Tervuren, Belgium. 
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C H A P T E R N I N E 

SYSTEMATIC ACCOUNT: 3. PHORMIINAE AND OTHER GROUPS 

9.1 I n t r o d u c t i o n 

The group o f species d e a l t w i t h i n t h i s chapter show a great 

d i v e r s i t y i n the s t r u c t u r e o f the parastomal bars and p o s t e r i o r 

s p i r a c l e s and f u l l d e s c r i p t i o n s o f these s t r u c t u r e s are included f o r 

each species. 

9.2 Phormiinae 

9.2.1 Genus Phormia Robineau-Desvoidy 

Phormia terraenovae Robineau-Desvoidy 

F i r s t I n s t a r . Skeleton w i t h l a t e r a l p l a t e a t narrowest p o i n t a t l e a s t 

as broad as (u s u a l l y broader than) length o f median t o o t h ; basal 

s e c t i o n o f hypostomal s c l e r i t e i n l a t e r a l view as t h i c k as, or t h i c k e r 

than, thickness of median t o o t h ; mouth-hooks acute-angled; v e n t r a l and 

dorsal cornua divergent; median t o o t h r a t h e r uniform i n thickness and 

l a c k i n g a pronounced horn. A n t e r i o r s p i n a l bands (segs. 2-12) complete 

on 2-7, f a i n t d o r s a l l y on 8 and 9, incomplete on 10-12; bands on 6-12 

c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 8-11) a l l incomplete. 

Spines present d o r s a l l y i n anal region. 
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Second I n s t a r . Skeleton w i t h l a t e r a l p l a t e a t narrowest po i n t more or 

less equal t o length of mouth-hook; mouth-hook to o t h tapering beyond 

area o f curvature; mouth-horn angled; sub-mandibular bars slender; 

dental s c l e r i t e slender; dorsal and v e n t r a l cornua w i t h clear windows. 

A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-7, f a i n t d o r s a l l y on 

8 and 9, incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . Posterior 

s p i n a l bands (segs. 8-11) a l l incomplete. Spines present d o r s a l l y and 

v e n t r a l l y i n anal r e g i o n . P o s t e r i o r p a p i l l a e well-developed. 

T h i r d I n s t a r . Skeleton ( F i g . 289) w i t h mouth-hooks of c h a r a c t e r i s t i c 

shape, the horn being followed by a depression a n t e r i o r l y which i s i n 

t u r n f o l l o w e d by a small elevated node, followed by the to o t h tapering 

t o a p o i n t ; o r a l s c l e r i t e r a t h e r broad, but t o t a l l y unpigmented; 

mouth-hook t o o t h longer than depth o f base; dental s c l e r i t e somewhat 

elongate; l i g u l o i d arch well-pigmented; hypostomal plates small and 

weakly pigmented; hypostomal s c l e r i t e narrow i n l a t e r a l view and 

cross-bar narrow; parastomal bars short ; windows usually present on 

v e n t r a l cornua, absent from dorsal cornua; angle between dorsal and 

v e n t r a l cornua sharp. P o s t e r i o r s p i r a c l e w i t h peritreme incomplete, or 

very weakly pigmented i n button area; s p i r a c l e s set i n deep p i t . 

A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-7, f a i n t d o r s a l l y on 

8 and 9, incomplete on 10-12; bands on 6-12 c l e f t v e n t r a l l y . Posterior 

s p i n a l bands (segs. 8-11) a l l incomplete. Poste r i o r p a p i l l a e very 

well-developed; P̂  c l o s e r t o P̂  than t o P̂ ; P^ very large and p o i n t i n g 

dorsally;P much smaller than P or P . Spines pointed and moderately 

well-pigmented, many w i t h 2 or 3 t e e t h per spine. Rows of spines 

present d o r s a l l y and v e n t r a l l y t o anus. 
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Taxonomic Remarks 

The present d e s c r i p t i o n does not agree w i t h t h a t of H a l l (1948), 

e s p e c i a l l y as regards the s p i n u l a t i o n ; H a l l ' s d e s c r i p t i o n does not 

enable separation from c l o s e l y r e l a t e d species. 

Specimens examined: U.K.; Finland. 

Biology and D i s t r i b u t i o n 

This species has a wide d i s t r i b u t i o n i n the northern H o l a r c t i c . 

I t i s a carrion-breeder, but i t i s also known as an agent o f myiasis 

and a p a r a s i t e of n e s t l i n g b i r d s . 

Phormia regina (Meigen) 

F i r s t I n s t a r . Skeleton w i t h l a t e r a l p l a t e a t narrowest p o i n t greater 

than l e n g t h of median t o o t h ; basal se c t i o n of hypostomal s c l e r i t e i n 

l a t e r a l view t h i c k e r than greatest depth of median too t h ; mouth-hooks 

acute-angled; v e n t r a l and dorsal cornua p a r a l l e l at t i p s ; median tooth 

r a t h e r uniform i n thickness and l a c k i n g a prominent dorsal horn. 

A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-10, incomplete on 

11-12; bands on 9-12 c l e f t v e n t r a l l y . P o s t e r i o r s p i n a l bands (segs. 

8-11) incomplete on 8-10, complete on 11. Double row of spines present 

dor s a l t o anus. 

Second I n s t a r . Skeleton ( F i g . 287) w i t h l a t e r a l p l a t e at narrowest 
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p o i n t narrower than length o f mouth-hook; mouth-hook w i t h pronounced 

curved d o r s a l horn; sub-mandibular bars slender; windows present on 

v e n t r a l cornua, u s u a l l y absent from dorsal cornua; dental s c l e r i t e 

slender. P o s t e r i o r s p i r a c l e w i t h peritreme very weakly pigmented 

opposite inner aperture. A n t e r i o r s p i n a l bands (segs. 2-12) complete 

on 2-10, incomplete on 11-12; bands on 6-12 c l e f t v e n t r a l l y . Posterior 

s p i n a l bands (segs. 6-11) incomplete on 6-9, complete on 10-11. A few 

spines present d o r s a l l y and v e n t r a l l y t o anus. 

T h i r d I n s t a r . Skeleton ( F i g . 288 ) w i t h mouth-book tooth robust, and 

sharply curved; mouth-hook base w i t h prominent dorsal horn; mouth-hook 

t o o t h s l i g h t l y longer than depth of base; o r a l s c l e r i t e narrow and 

t o t a l l y unpigmented; dental s c l e r i t e slender; l i g u l o i d arch moderately 

pigmented; hypostomal p l a t e s weakly pigmented; hypostomal s c l e r i t e 

narrow i n l a t e r a l view and cross-bar narrow; windows present on 

v e n t r a l cornua, absent from dorsal cornua; angle between v e n t r a l and 

dorsal cornua wide. P o s t e r i o r s p i r a c l e w i t h peritreme incomplete. 

A n t e r i o r s p i n a l bands (segs. 2-12) complete on 2-9, f a i n t d o r s a l l y on 

10, incomplete on 11-12; bands on 6-12 c l e f t v e n t r a l l y . Posterior 

s p i n a l bands (segs. 6-12) incomplete on 6-9, complete on 10-11. Rows 

of spines present v e n t r a l t o anus, w i t h 'patch of spines d o r s a l l y . 

Spines st r o n g and moderately pigmented, each o f t e n w i t h 2 or 3 t e e t h . 

A l l p a p i l l a e very well-developed. 

Taxonomic Remarks 

This species was described by H a l l (1948), but the above 



- 188 -

d e s c r i p t i o n d i f f e r s from h i s as regards the d e t a i l s of the s p i n u l a t i o n 

(see remarks under Phormia terraenovae). 

Specimens examined: U.S.A. (Washington S t a t e ) . 

Biology and D i s t r i b u t i o n 

This species belongs t o the northern H o l a r c t i c and any. records 

from more southern p a r t s , e.g. southern England, are probably of 

escapees from l a b o r a t o r y c u l t u r e s . Ph. regina i s a carrion-breeder and 

a myiasis agent, 

9.2.2 Genus Boreellus A l d r i c h and Shannon 

Boreellus a t r i c e p s ( Z e t t e r s t e d t ) 

T h i r d I n s t a r . Skeleton ( F i g . 286 ) w i t h mouth-hook to o t h greater than 

depth o f base; o r a l s c l e r i t e narrow and t o t a l l y unpigmented; dental 

s c l e r i t e slender; l i g u l o i d arch moderately pigmented; hypostomal 

p l a t e s weakly pigmented; hypostomal s c l e r i t e narrow i n l a t e r a l view 

and cross-bar narrow; windows present on v e n t r a l cornua, usually 

absent from dorsal cornua; angle between dorsal and v e n t r a l cornua 

v a r i a b l e . P o s t e r i o r s p i r a c l e w i t h peritreme incomplete. A n t e r i o r 

s p i n a l bands (segs. 2-12) complete on 2-11 ( o f t e n weak d o r s a l l y on 11) 

incomplete on 12; bands on 6-12 c l e f t v e n t r a l l y . Posterior s p i n a l 

bands (segs. 5-11) incomplete on 5-10, complete on 11. Spines w i t h two 

or three t e e t h each. 
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Taxonomic Remarks 

This species i s p r e v i o u s l y undescribed i n the l a r v a l stage. The 

above d e s c r i p t i o n i s based on an examination of only 5 specimens, 

which, however, showed features t h a t enable t h e i r separation from the 

two Phormia species. 

Specimens examined: Canada ( B a f f i n I s l a n d ) . 

Biology and D i s t r i b u t i o n 

This i s a H o l a r c t i c carrion-breeding species, r e s t r i c t e d t o the 

areas n o r t h o f the A r c t i c c i r c l e . I t i s thus the most n o r t h e r l y 

b l o w f l y species known, and the vernacular name " A r c t i c Blowfly" i s 

hereby proposed f o r i t . 

9.2.3 Genus P r o t o c a l l i p h o r a Hough 

P r o t o c a l l i p h o r a azurea (Falle n ) 

F i r s t I n s t a r . Skeleton (Figs. 281 & 282) of p e c u l i a r s t r u c t u r e ; median 

t o o t h l a c k i n g and parastomal bars not meeting and fus i n g ; mouth-hooks 

smoothly curved and w i t h prominent dorsal horns; hypostomal s c l e r i t e 

absent, but two small s c l e r i t e s present between the parastomal bars 

a n t e r i o r l y ; c h i t i n i s e d t e e t h absent; l a t e r a l p l a t e at narrowest width 

almost twice l e n g t h o f mouth-hook; dorsal cornu broad; v e n t r a l and 

dor s a l cornua widely divergent. Spines covering whole body surface. 
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Second I n s t a r . Skeleton ( F i g . 283 ) w i t h l a t e r a l p l a t e at narrowest 

p o i n t g r e a t e r than length of mouth-hook; mouth-hook str o n g l y curved; 

hypostomal s c l e r i t e robust and w i t h very t h i c k dorsal process; angle 

between dorsal and v e n t r a l cornua sharp; windows present on v e n t r a l 

cornua; a t most only a narrow v e n t r a l l i n e o f weak s c l e r o t i s a t i o n on 

dorsal cornu; dorsal cornu broad. Spines covering whole body surface. 

T h i r d I n s t a r . Skeleton ( F i g . 284 ) w i t h l a t e r a l p l a t e at narrowest 

p o i n t more than twice the length of mouth-hook; o r a l s c l e r i t e absent; 

dental s c l e r i t e fused t o mouth-hook; l i g u l o i d arch absent; hypostomal 

p l a t e s elongate and w i t h fenestrated area s;i l;uat.ed a n t e r i o r l y 

( F i g . 166); mouth-hook t o o t h more or less equal to depth of base; 

mouth-hook small, w i t h short pointed t o o t h and prominent dorsal horn; 

hypostomal s c l e r i t e broad i n l a t e r a l view, but cross-bar narrow 

( F i g . 166); posterodorsal process o f v e n t r a l cornu prominent; dorsal 

cornu very broad, a t l e a s t as wide as ( o f t e n wider than) v e n t r a l 

cornu; angle between v e n t r a l and dorsal cornua sharp; windows present 

on v e n t r a l cornua, a t most only a narrow v e n t r a l l i n e of weak 

s c l e r o t i s a t i o n on dorsal cornua; parastomal bars short and t h i c k . 

P o s t e r i o r s p i r a c l e w i t h apertures almost p a r a l l e l , anastomosing bands 

few i n number; sun-ray s t r u c t u r e weak; peritreme t h i n and weakly 

pigmented-, e s p e c i a l l y i n button region. Spines very long and pointed 

( F i g . 67) covering whole o f body surface, but very weak at p o s t e r i o r 

margins o f segments. Spines generally p o i n t p o s t e r i o r l y , but on dorsal 

h a l f o f segments they p o i n t d o r s a l l y or posterodorsally; on the 

v e n t r a l h a l f o f segments they p o i n t v e n t r a l l y or p o s t e r o v e n t r a l l y ; on 

12th segment they p o i n t a n t e r i o r l y and p o s t e r i o r l y ; 2nd segment w i t h 
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only very small spines; 1st segment f l a t t e n e d a n t e r o - p o s t e r i o r l y t o 

form a sucker, w i t h f r i n g e o f very long, h a i r - l i k e spines (Fig. 68); 

f l a t t e n e d a n t e r i o r p a r t o f 1st segment w i t h very small spines. A l l 

p a p i l l a e weakly developed. 

Taxonomic Remarks 

Rohdendorf (1957) described the t h i r d i n s t a r , but d i d not 

examine the skeleton. I n other ways h i s d e s c r i p t i o n agrees cl o s e l y 

w i t h the present one. The e a r l y i n s t a r s are previously undescribed. 

Specimens examined: U.K. (Durham). 

Biology and D i s t r i b u t i o n 

This species i s an o b l i g a t e blood-sucking p a r a s i t e of n e s t l i n g 

b i r d s , u s u a l l y Passerines. Zumpt (1965) gives a l i s t of recorded 

hosts. P. azurea i s widely d i s t r i b u t e d i n Europe from B r i t a i n t o the 

Urals; i t i s also found i n North A f r i c a and western Asia. According to 

Zumpt (1965) i t may be found even f u r t h e r east. 

P r o t o c a l l i p h o r a avium Shannon and Dobroscky 

T h i r d I n s t a r . Skeleton w i t h l a t e r a l p l a t e at narrowest p o i n t more 

than l e n g t h of mouth-hook; o r a l s c l e r i t e absent; dental s c l e r i t e 

fused t o mouth-hook base; l i g u l o i d arch absent; mouth-hook to o t h 

r a t h e r curved and s l i g h t l y longer than depth of base; hypostomal 

s c l e r i t e broad i n l a t e r a l view; hypostomal p l a t e s elongate; parastomal 
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bars s h o r t and very t h i c k ; posterodorsal process o f v e n t r a l cornu 

prominent; dorsal cornu very broad, but not q u i t e twice as broad as 

v e n t r a l cornu; windows present and large on v e n t r a l cornua, a t most 

only a narrow l i n e o f weak s c l e r o t i s a t i o n on dorsal cornua; angle 

between v e n t r a l and dorsal cornua r a t h e r wide. P o s t e r i o r s p i r a c l e w i t h 

apertures almost p a r a l l e l ; anastomosing bands few i n number; sun-ray 

s t r u c t u r e weak; peritreme t h i n and weakly pigmented, e s p e c i a l l y i n 

bu t t o n area, although sometimes pigmented on v e n t r a l side of button. 

S p i n u l a t i o n s i m i l a r t o P. azurea, but sucker h a i r s much weaker. 

Taxonomic Remarks 

H a l l (1948) described t h i s species and h i s d e s c r i p t i o n agrees 

g e n e r a l l y w i t h the above, although i t i s not d e t a i l e d enough f o r 

c r i t i c a l comparison. He erected the genus Apaulina t o include a l l the 

American P r o t o c a l l i p h o r a species, but t h i s move was not generally 

accepted. There are no l a r v a l features t h a t could j u s t i f y separation 

o f these species i n t o two genera. 

Specimens examined: Canada. 

Biology and D i s t r i b u t i o n 

P. avium i s an o b l i g a t e blood-sucker o f n e s t l i n g b i r d s . H a l l 

(1948) gives an extensive l i s t o f hosts of t h i s species. I t includes a 

number o f crow species (Corvidae) and b i r d s o f prey ( A c c i p i t r i d a e ) . I t 

i s a widespread Nearctic species. 
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P r o t o c a l l i p h o r a s i a l i a Shannon & Dobroscky 

T h i r d I n s t a r . Skeleton ( F i g . 285 ) w i t h l a t e r a l p l a t e at narrowest 

p o i n t more than l e n g t h o f mouth-hook; mouth-hook tooth not greater 

than depth o f base; o r a l s c l e r i t e absent; dental s c l e r i t e fused t o 

mouth-hook; l i g u l o i d arch absent; hypostomal plates elongate; 

hypostomal s c l e r i t e broad i n l a t e r a l view; posterodorsal process of 

v e n t r a l cornu prominent; dorsal cornu broader than v e n t r a l cornu; 

windows present on v e n t r a l cornua, at most t h i n v e n t r a l l i n e s of weak 

s c l e r o t i s a t i o n on dorsal cornua; angle between dorsal and v e n t r a l 

cornua wide; parastomal bars short and t h i c k . Posterior s p i r a c l e with 

peritreme t h i n and weakly pigmented; button unpigmented, except weakly 

v e n t r a l l y . S p i n u l a t i o n as i n P. azurea; sucker h a i r s strong. 

Taxonomic Remarks 

This species i s pr e v i o u s l y undescribed i n the l a r v a l stage. I t 

i s e a s i l y separable from P. avium on the basis of the strong sucker 

h a i r s . 

Specimens examined: U.S.A. 

Biology and D i s t r i b u t i o n 

This i s an o b l i g a t e blood-sucker of n e s t l i n g b i r d s . I t i s 

r e s t r i c t e d t o the Nearctic region. 
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9.3 Other Genera 

9.3.1 Genus Amenia Robineau-Desvoidy 

Amenia i m p e r i a l i s Robineau-Desvoidy 

Second I n s t a r . Skeleton ( F i g . 291 ) h i g h l y s p e c i a l i s e d ; mouth-hook 

t o o t h extremely long, much longer than depth o f base, str o n g l y curved 

and a b r u p t l y bent so t h a t i t p o i n t s p o s t e r i o r l y ; v e n t r a l margin of 

mouth-hook base rounded; an elongate, p a i r e d s c l e r o t i s e d s t r u c t u r e 

present between the mouth-hooks a n t e r i o r l y ; mouth-hook dorsal horn 

prominent and rounded; dental s c l e r i t e small and very weak; hypostomal 

p l a t e s robust and p o s t e r i o r l y s i t u a t e d ; l i g u l o i d arch broad; 

hypostomal s c l e r i t e long and s l i g h t l y curved; hypostomal processes 

absent; pharyngeal s c l e r i t e elongate and slender; dorsal arch robust 

and produced a n t e r i o r l y t o curve over hypostomal s c l e r i t e ; dorsal 

cornu very narrow; parastomal bars absent; l a t e r a l p l a t e extremely 

narrow; windows absent from a l l cornua. A n t e r i o r s p i r a c l e s w i t h narrow 

trunks and very many lobes c l u s t e r e d i n t r e e - l i k e fashion. Posterior 

s p i r a c l e w i t h peritreme incomplete, but t h i c k ; two apertures present, 

outer one l a r g e r and s t r o n g l y curved so t h a t a large area separates 

the two apertures a t the centre. A n t e r i o r s p i n a l bands (segs. 2-10) 

complete on 2-8, incomplete on 9 and 10; bands on 5-10 c l e f t 

v e n t r a l l y ; a n t e r i o r p a r t o f each c l e f t band connected w i t h main band 

by only very few spines; on 9 and 10 bands broken above c l e f t p a r t 

r e s u l t i n g i n l a t e r a l patches of spines. Posterior s p i n a l bands (segs. 

5-11) incomplete on 5-8, f a i n t d o r s a l l y on 9, complete on 10 and 11. 
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V-shaped patch o f spines present v e n t r a l l y and l a t e r a l l y around anus. 

A l l spines pointed, w i t h rounded bases ( F i g . 70 ) and densely packed. 

P o s t e r i o r p a p i l l a e very weak; P̂  closer t o P̂  than t o P̂ . A f i n e 

covering o f h a i r s present on a l l segments, e s p e c i a l l y seg. 12. 

Taxonomic Remarks 

The above d e s c r i p t i o n i s based upon the examination of only a 

s i n g l e specimen derived from the uterus of an a d u l t . The second i n s t a r 

was described by Ferrar (1976), but h i s d e s c r i p t i o n d i f f e r s 

considerably from mine i n the d e t a i l s of the skeleton. The main 

d i f f e r e n c e i s t h a t Ferrar believes t h a t there i s only "a s i n g l e large 

pharyngeal (or basal) s c l e r i t e " l y i n g behind the mouth-hooks. His 

f i g u r e shows the hypostomal s c l e r i t e and the pharyngeal s c l e r i t e as 

one continuous s t r u c t u r e , and the dorsal arch not produced a n t e r i o r l y . 

I t i s easy t o see how such an i n t e r p r e t a t i o n was a r r i v e d a t , since i f 

the s l i d e p r e p a r a t i o n was made without attempting t o separate the 

s c l e r i t e s s l i g h t l y , the hypostomal s c l e r i t e would l i e very c l o s e l y t o 

the pharyngeal, g i v i n g the appearance i n Ferrar's f i g u r e . Ferrar also 

omitted mention o f the dental s c l e r i t e . 

The genus Amenia and r e l a t e d genera (subfamily Ameniinae) used 

t o be regarded as Tachinidae, but Crosskey (1965) t r a n s f e r r e d them t o 

C a l l i p h o r i d a e , while recognising t h a t they are i n many ways 

intermediate between C a l l i p h o r i d a e and Sarcophagidae. Crosskey's 

conclusions were based on a study o f a d u l t characters; the l a r v a l 

f e a t u r e s c o n t r i b u t e l i t t l e t o a r e s o l u t i o n of the problem due t;o t h e i r 

h i g h l y s p e c i a l i s e d nature. The specimen examined belonged t.o the 
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subspecies d u b i t a l i s Malloch. 

Specimen- examined: A u s t r a l i a (Northern T e r r i t o r y ) . 

Biology and D i s t r i b u t i o n 

L i t t l e i s known o f the biology of t h i s species, but the evidence 

suggests t h a t i t i s an o b l i g a t e p a r a s i t e o f s n a i l s . The female i s 

macrolarviparous and gives b i r t h t o a second i n s t a r l a r v a , which i s 

the stage t h a t i s though t o enter the s n a i l (see remarks under the 

f o l l o w i n g species). A. i m p e r i a l i s i s a n a t i v e o f A u s t r a l i a . 

Amenia leonina ( F a b r i c i u s ) 

F i r s t I n s t a r . Skeleton ( F i g . 292 ) very slender and very weakly 

pigmented; seemingly composed o f one elongate s c l e r i t e ; two small, 

moderately w e l l s c l e r o t i s e d p l a t e s present at anteroventral region of 

f i r s t segment, appearing as compound granular or p o s t i c u l a t e 

s t r u c t u r e s when viewed from the v e n t r a l aspect, r a t h e r than as two 

d i s c r e t e s c l e r i t e s . A n t e r i o r sensory p a p i l l a e t o t a l l y l a c k i n g . 

P o s t e r i o r s p i r a c l e s o f the normal bilobed k i n d but very small. Spinal 

bands absent, except f o r the f o l l o w i n g : r a t h e r weakly pigmented, 

pointed spines present a t buccal region; patch of heavily s c l e r o t i s e d 

r o d - l i k e spines present v e n t r a l l y at a n t e r i o r parts of segments 5 and 

6; patch of w e l l s c l e r o t i s e d , pointed spines present on e i t h e r side of 

anus. Mouth w e l l developed. Minute h a i r s present a t p o s t e r i o r part of 

segment 12. 
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Second I n s t a r . Skeleton ( F i g . 290) h i g h l y s p e c i a l i s e d ; w i t h mouth-hook 

t o o t h extremely long and abr u p t l y curved beyond base so t h a t the t i p 

p o i n t s p o s t e r i o r l y ; dorsal horn o f mouth-hook very prominent and 

rounded; v e n t r a l margin o f mouth-hook base rounded i n l a t e r a l view; 

dental s c l e r i t e absent; l i g u l o i d arch weak; hypostomal plates narrow; 

hypostomal s c l e r i t e curved and l a r g e r a n t e r i o r l y than p o s t e r i o r l y ; 

pharyngeal s c l e r i t e slender but elongate; dorsal arch produced 

a n t e r i o r l y so as t o curve over hypostomal s c l e r i t e ; l a t e r a l p l a t e very 

narrow; parastomal bars absnet; dorsal cornua w i t h d i s t i n c t windows; 

v e n t r a l , cornua w i t h i n d i s t i n c t windows. A n t e r i o r s p i r a c l e s w i t h narrow 

trunks and numerous lobes arranged i n t r e e - l i k e fashion ( F i g . 293 ). 

Po s t e r i o r s p i r a c l e w i t h two apertures, outer one g r e a t l y curved; 

peritreme incomplete. A n t e r i o r s p i n a l bands (segs. 2-12) complete on 

2-8 (although band on 8 broken l a t e r a l l y a t two p o i n t s ) incomplete on 

9-12; bands on 5-12 c l e f t v e n t r a l l y , and both a n t e r i o r and p o s t e r i o r 

p a r t s o f c l e f t band separated from main band by a cle a r spineless 

area; band on 12 f a i n t . P o s t e r i o r s p i n a l bands (segs. 6-11) incomplete 

on 6-9 (although some weak spines present d o r s a l l y on 8 and 9) 

complete on 10 and 11. Row of spines present dorsal t o anus and 

s e m i - c i r c l e o f spines present v e n t r a l to anus. Fine h a i r s present on 

body surface, e s p e c i a l l y segment 12. 

Taxonomic Remarks 

Ferrar (1976) described a l l three i n s t a r s of t h i s species, but 

i l l u s t r a t e d only the t h i r d i n s t a r skeleton. His d e s c r i p t i o n of the 

second i n s t a r skeleton contains the same e r r o r s as h i s d e s c r i p t i o n of 
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A. i m p e r i a l i s . Only one specimen each of the f i r s t and second i n s t a r s 

were a v a i l a b l e f o r study. The specimens belonged t o the subspecies 

albomaculata Macquart. 

Specimens examined: A u s t r a l i a (Northern T e r r i t o r y ) . 

Biology and D i s t r i b u t i o n 

Ferrar (1976) c i t e s d e f i n i t e evidence t h a t t h i s species i s 

p a r a s i t i c on s n a i l s . I t i s known only from A u s t r a l i a . 

9.3.2 Genus Stomorhina Rondani 

Stomorhina c r i b r a t a Bigot 

T h i r d I n s t a r Skeleton. This d e s c r i p t i o n i s based on the s k e l e t a l 

remains i n the p u p a r i a l operculum of a s i n g l e specimen (Fig. 294 ). 

Mouth-hook o f r a t h e r i r r e g u l a r shape; o r a l s c l e r i t e not d i s c e r n i b l e ; 

dental s c l e r i t e rounded; l i g u l o i d arch not d i s c e r n i b l e ; hypostomal 

p l a t e s r a t h e r well-pigmented; hypostomal s c l e r i t e rather long, longer 

than mouth-hook; cross-bar p o s t e r i o r l y s i t u a t e d ; two hypostomul 

processes present; parastomal bars absent; l a t e r a l p l a t e much wider 

than l e n g t h of mouth-hook; s l i t - l i k e windows present on v e n t r a l 

cornua; dorsal cornua deeply c l e f t ; posterodorsal processes present; 

parastomal bars absent; l a t e r a l p l a t e much wider than length of 

mouth-hook; s l i t - l i k e windows present on v e n t r a l cornua; dorsal cornua 

deeply c l e f t ; posterodorsal process of v e n t r a l cornu not prominent; 

angle between dorsal and v e n t r a l cornua wide. A d d i t i o n a l l a r v a l 
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features gleaned from the puparium: only two apertures present i n 

p o s t e r i o r s p i r a c l e ; no spines whatsoever apparent on the c u t i c l e . 

Taxonomic Remarks 

As f a r as I am aware, t h i s species i s previously undescribed i n 

any of i t s immature stages. 

Specimen examined: South A f r i c a ( N a t a l ) . 

Biology and D i s t r i b u t i o n 

This species i s found a l l over A f r i c a and as f a r north as the 

Middle East (Zumpt, 1956b). Nothing i s known o f i t s biology, but the 

r e l a t e d S. lunata (Fabricus) i s known as a predator upon locust 

egg-pods (Cuthbertson, 1935). 

9.3.3 Genus T r i c y c l e a Wulp 

T r i c y c l e a deemingi Zumpt 

T h i r d I n s t a r . Skeleton ( F i g . 296 ) w i t h mouth-hook t o o t h longer than 

depth o f base; o r a l s c l e r i t e very much reduced and not pigmented; 

dental s c l e r i t e elongate; hypostomal p l a t e s d i f f u s e ; hypostomal 

s c l e r i t e narrow i n l a t e r a l view; l i g u l o i d arch very weakly pigmented; 

parastomal bars present; whole skeleton r a t h e r weakly pigmented. 

Antenno-maxillary ( F i g . 298) complex p r o t r u d i n g and well-dcvelopeiJ; 
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antennae and m a x i l l a r y palps long; supramaxillary p a p i l l a e very 

well-developed; o r a l r i d g e s on upper l i p produced t o form elongate 

feathery s t r u c t u r e s ; many h a i r - l i k e spines a n t e r i o r l y on the body; 

spines weakly pigmented and di v i d e d i n t o many long branches. Twelfth 

segment w i t h h i g h l y s c l e r o t i s e d anal pad ( F i g . 297). 

Taxonomic Remarks 

This species i s pr e v i o u s l y undescribed, but, as f a r as the 

presence o f a w e l l - s c l e r o t i s e d pad on the t w e l f t h segment i s 

concerned, T. deemingi resembles T. pallens Curran as described by 

Cuthbertson (1937). 

Specimens examined: N i g e r i a . 

Biology and D i s t r i b u t i o n 

This species i s an o b l i g a t e t e r m i t o p h i l e (Zumpt, 1973) as many 

other T r i c y c l e a species seem t o be. T. deemingi i s known only from 

West A f r i c a . 

9.3.4 Genus Auchmeromyia Brauer and Bergenstamm 

Auchmeromyia l u t e o l a ( F a b r i c i u s ) 

T h i r d I n s t a r . Skeleton ( F i g . 304) w i t h mouth-hook t o o t h much longer 

than depth o f base; mouth-hook dorsal horn prominent; o r a l s c l e r i t e 

not d i s c e r n i b l e ; dental s c l e r i t e boomerang-shaped; l i g u l o i d arch 
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absent; hypostomal p l a t e s robust and long; hypostomal s c l e r i t e r a t h e r 

broad i n l a t e r a l view; parastomal bars present, t h i c k and long, longer 

than hypostomal s c l e r i t e ; l a t e r a l p l a t e narrower than length of 

mouth-hook; angle between dorsal and v e n t r a l cornua very wide; dorsal 

cornu broad, but w i t h deep c l e f t ; v e n t r a l cornu without prominent 

posterodorsal horn, but w i t h c l e a r window. A n t e r i o r s p i r a c l e s w i t h 

broad trunks and w i t h lobes s i t u a t e d i n a row a t same l e v e l , not 

arranged i n a fan-shape. P o s t e r i o r s p i r a c l e w i t h three p a r a l l e l 

apertures; peritreme very t h i n and very weakly s c l e r o t i s e d ; sun-ray 

s t r u c t u r e not d i s c e r n i b l e . Body, surface uniformly covered w i t h weak 

spines. C u t i c l e much f o l d e d . Strong spines present i n three 

s e m i - c i r c l e s on e i t h e r side o f the mouth-hooks. Other spines very 

weakly pigmented and small; spines pointed, w i t h one p o i n t which i s 

o f t e n s l i g h t l y c l e f t a t the t i p . P o s t e r i o r p a r t s of segments w i t h 

s h o r t e r , broader spines. Five long, t h i n p o s t e r i o r p a p i l l a e present. 

Taxonomic Remarks 

Although t h i s well-known species has been described many times 

(e.g. Rouband, 1913; Zumpt, 1965) the de s c r i p t i o n s are l a c k i n g i n 

d e t a i l , perhaps because the l a r v a i s so d i s t i n c t i v e t h a t i t cannot be 

mistaken f o r any other species. The skeleton i s previously 

undescribed. 

Specimens examined: Congo [ Zaire ] . 
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Biology and D i s t r i b u t i o n 

This i s the notorious Congo Floor Maggot which sucks the blood 

o f Man a t n i g h t . Much has been published about i t s biology (e.g. 

Garrett-Jones, 1951). I t i s r e s t r i c t e d t o the A f r o t r o p i c a l region, and 

i s absent from Madagascar. 

9.3.5 Genus Elephantoloemus Austen 

Elephantoloemus indicus Austen 

Second I n s t a r . Skeleton ( F i g . 306 ) w i t h l a t e r a l p l a t e a t narrowest 

p o i n t narrower than l e n g t h o f mouth-hook; mouth-hook to o t h longer than 

depth o f base; hypostomal s c l e r i t e l a c k i n g hypostomal processes; 

dorsal and v e n t r a l cornua d i v e r g i n g ; dorsal cornu broad and w i t h deep 

c l e f t ; v e n t r a l cornu w i t h s l i t - l i k e window and tape r i n g p o s t e r i o r l y , 

l a c k i n g a prominent postero-dorsal process. Whole body surface covered 

w i t h small spines. 

T h i r d I n s t a r . Skeleton ( F i g . 307 ) w i t h mouth-hook tooth much longer 

than depth o f base; o r a l s c l e r i t e seemingly absent; l i g u l o i d arch 

absent; den t a l s c l e r i t e fused t o mouth-hook base; parastomal bars 

absent; windows small on v e n t r a l cornua, absent from dorsal cornua; 

dorsal cornu much wider than v e n t r a l cornu; postero-dorsal process o f 

v e n t r a l cornu prominent and backward p o i n t i n g ; l a t e r a l p l a t e narrower 

than l e n g t h o f mouth-hook; angle between dorsal and v e n t r a l cornua 

wide. A n t e r i o r s p i r a c l e s w i t h lobes i n t r e e - l i k e c l u s t e r . Posterior 
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s p i r a c l e s s i t u a t e d more or less d o r s a l l y ; s p i r a c l e s very weakly 

c l e r o t i s e d and apertures r a d i a t e from dorsal p o i n t ( i . e . s p i r a c l e s 

upside down w i t h reference t o usual c o n d i t i o n ) ; peritreme very weak, 

but complete; no normal sun-ray s t r u c t u r e ( b l i s t e r s t r u c t u r e s absent, 

but intermediate s t r u c t u r e present) but f i n e filaments r a d i a t e from 

but t o n and t i p s o f apertures (opposite ends t o b u t t o n ) . Whole body 

surface covered w i t h very small, weakly pigmented spines on a n t e r i o r 

p a r t s o f segments, and unpigmented spines on p o s t e r i o r parts of 

segments. Strong spines present e i t h e r side of mouth-hook. No 

p o s t e r i o r p a p i l l a e evident. 

Taxonomic Remarks 

Austen (1930) f i r s t described t h i s f l y and i t s l a r v a , although 

he d i d not include a d e s c r i p t i o n of the skeleton. His l a r v a l 

d e s c r i p t i o n , though not d e t a i l e d , i s adequate f o r the r e c o g n i t i o n o f 

t h i s d i s t i n c t i v e species. The second i n s t a r i s previously undescribed. 

Specimens examined: Burma. 

Biology and D i s t r i b u t i o n 

This species i s an o b l i g a t e cutaneous p a r a s i t e of the Indian 

Elephant (Elephas maximus). Although o f great v e t e r i n a r y importance, 

e s p e c i a l l y i n view o f the f a c t t h a t the Indian Elephant i s a domestic 

animal i n l a r g e p a r t s o f Asia, very l i t t l e i s known of the biology of 

t h i s f l y . As Zumpt (1965) po i n t s out very l i t t l e seems t o be known o f 

the arthropod p a r a s i t e s o f the Indian Elephant. E. indicus i s known 

only from Burma. 
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9.3.6 Genus Booponus A l d r i c h 

Booponus intonsus A l d r i c h 

T h i r d I n s t a r . Skeleton ( F i g . 305 ) w i t h mouth-hook to o t h much longer 

than depth o f base; o r a l s c l e r i t e absent; dental s c l e r i t e fused to 

mouth-hook base; l i g u l o i d arch absent; hypostomal plates 

well-pigmented; parastomal bars absent; hypostomal s c l e r i t e broad i n 

l a t e r a l view; windows large on both dorsal and v e n t r a l cornua; dorsal 

arch weak, s l o p i n g backwards. Po s t e r i o r s p i r a c l e s very weakly 

s c l e r o t i s e d ; three apertures almost p a r a l l e l ; peritreme weak and 

hardly d i s c e r n i b l e ; sun-ray s t r u c t u r e absent. Spines d i s t r i b u t e d 

i r r e g u l a r l y over body surface; spines weakly pigmented and c o n i c a l , 

w i t h rounded bases. 

Taxonomic Remarks 

Patton (1936) described the t h i r d i n s t a r , and h i s d e s c r i p t i o n i s 

q u i t e adequate f o r s p e c i f i c i d e n t i f i c a t i o n as was the d e s c r i p t i o n of 

Woodworth and Ashcroft (1923), the discoverers o f t h i s f l y . 

Specimens: examined: The P h i l i p p i n e s . 

Biology and D i s t r i b u t i o n 

This species i s an o b l i g a t e p a r a s i t e of water-buffaloes, c a t t l e 

and goats. The larvae burrow under the s k i n around the hoofs and lower 

legs o f these animals. B. intonsus i s known only from the P h i l i p p i n e s 

and the Celebes. 
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9.3.7 Genus Cordylobia Grunberg 

Cordylobia anthropophaga (Blanchard) 

Second I n s t a r . Skeleton w i t h l a t e r a l p l a t e at narrowest p o i n t narrower 

than l e n g t h o f mouth-hook; mouth-hook w i t h r a t h e r short t o o t h , but 

w i t h very prominent dorsal horn; dorsal and v e n t r a l cornua diverging; 

d o r s a l cornu deeply c l e f t . Spines covering most of segments 1-9, w i t h 

very few spines on the l a s t three segments. A n t e r i o r h a l f of body 

broader than p o s t e r i o r h a l f . 

T h i r d I n s t a r . Skeleton ( F i g . 299) w i t h mouth-hook tooth longer than 

depth o f base; o r a l s c l e r i t e not d i s c e r n i b l e ; dental s c l e r i t e fused to 

mouth-hook base; l i g u l o i d arch absent; hypostomal plates small; 

hypostomal s c l e r i t e broad i n l a t e r a l view; parasternal bars present and 

r a t h e r t h i c k ; dorsal cornu somewhat broader than v e n t r a l cornu; 

windows f a i n t on a l l cornua; l a t e r a l p l a t e narrower than length of 

mouth-hook; posterodorsal process of v e n t r a l cornu prominent. 

P o s t e r i o r s p i r a c l e s w i t h apertures s l i g h t l y bent; peritreme very weak 

and incomplete d o r s a l l y and v e n t r a l l y ; button dorsal; sun-ray 

s t r u c t u r e absent; s p i r a c l e s i n v e r t e d . Spines scattered unevenly over 

body surface; very few spines on l a s t 3 segments, and these mainly at 

a n t e r i o r and p o s t e r i o r margins. A l l spines short, t h i c k and with 

rounded t i p s . No p o s t e r i o r p a p i l l a e evident. 
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Taxonomic Remarks 

Blacklock and Thompson (1923) described t h i s species i n great 

d e t a i l and t h e i r d e s c r i p t i o n agrees w e l l w i t h the present one. 

However, Zumpt (1965) s t a t e s t h a t i n some specimens of the t h i r d 

i n s t a r , the l a s t 3 segments are also covered w i t h spines and t h a t t h i s 

character i s a v a r i a b l e one. A l l specimens seen by me had very few 

spines on these segments. F i n a l l y , i t i s i n t e r e s t i n g t o note t h a t the 

i n v e r s i o n o f the p o s t e r i o r s p i r a c l e has never been r e f e r r e d t o i n the 

l i t e r a t u r e . 

Specimens examined: N i g e r i a ; Congo [ Zaire ] ; Uganda. 

Biology and D i s t r i b u t i o n 

This, the l a r v a of the Tumbu F l y , i s an important o b l i g a t e 

cutaneous p a r a s i t e o f Man and w i l d and domestic animals i n A f r i c a ; i t 

i s also known from Arabia. 

Cordylobia ruandae Fain 

T h i r d I n s t a r . Skeleton ( F i g . 301) w i t h mouth-hooks short, shorter than 

depth o f base; o r a l s c l e r i t e absent; dental s c l e r i t e fused to 

mouth-hook base; hypostomal s c l e r i t e robust; parastomal bars extremely 

broad, but weakly pigmented; dorsal cornu very broad; v e n t r a l cornu 

very long and narrow; l a t e r a l p l a t e equal t o , or less than, length of 

mouth-hook; l i g u l o i d arch absent. P o s t e r i o r s p i r a c l e s s i m i l a r t o 

C. anthropophaga ( F i g . 303 ). Body surface covered w i t h spines. 
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i n c l u d i n g l a s t 3 segments. Spines arranged i n ro s e t t e s ( F i g . 76). 

Taxonomic Remarks 

The t h i r d i n s t a r was described by Zumpt (1965). His d e s c r i p t i o n 

agrees c l o s e l y w i t h the above. 

Specimens examined: Ruanda ( A s t r i d a ) . 

Biology and D i s t r i b u t i o n 

This species seems t o be an o b l i g a t e p a r a s i t e of the Af r i c a n 

f o r e s t mouse, Grammomys dolichurus. I t i s known only from Ruanda. 

Cordylobia r o d h a i n i Gedoelst 

T h i r d I n s t a r . Skeleton ( F i g . 302 ) w i t h mouth-hook t o o t h longer than 

depth o f base; o r a l s c l e r i t e absent; dental s c l e r i t e fused t o 

mouth-hook base; parastomal bars very s h o r t ; l a t e r a l p l a t e narrower 

than l e n g t h o f mouth-hook; windows o f t e n present, but weak, on v e n t r a l 

cornua, absent from do r s a l cornua; posterodorsal process of v e n t r a l 

cornu prominent; dorsal cornu r a t h e r narrow; v e n t r a l cornu long 

p o s t e r i o r t o posterodorsal process; dorsal and v e n t r a l cornua r a t h e r 

close together. P o s t e r i o r s p i r a c l e s w i t h very tortuous apertures, the 

outer aperture o f each s p i r a c l e o f t e n broken i n t o two apertures; 

peritreme weak; sun-ray s t r u c t u r e absent. Spines scattered a l l over 

body surface; l a s t 3 segments w i t h very few spines; spines r a t h e r 

longer than i n C. anthropophoaga and pointed. 
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Taxonomic Remarks 

Zumpt (1965) described and f i g u r e d t h i s species, and h i s 

i l l u s t r a t i o n o f the t h i r d i n s t a r shows the l a s t three segments as 

densely covered w i t h spines as the other segments. I t i s probable, 

t h e r e f o r e , t h a t , as i n C. anthropophaga, t h a t t h i s i s a v a r i a b l e 

character. 

Specimens examined: Congo (Uele). 

Biology and D i s t r i b u t i o n 

This i s an o b l i g a t e p a r a s i t e of Man and w i l d animals; domestic 

animals do not seem t o be p a r a s i t i s e d . C. r o d h a i n i i s r e s t r i c t e d t o 

the f o r e s t e d regions o f A f r i c a . 

9.3.8 Genus P o l l e n i a Robineau-Desvoidy 

P o l l e n i a r u d i s ( F a b r i c i u s ) 

T h i r d I n s t a r . Skeleton ( F i g . 295 ) w i t h mouth-hooks r e l a t i v e l y 

enormous; mouth-hook t o o t h much longer than depth of base; o r a l 

s c l e r i t e absent; l i g u l o i d arch absent; hypostomal plates robust; 

d e n t a l s c l e r i t e fused t o mouth-hook base; hypostomal s c l e r i t e 

moderately robust and w i t h cross-bar a n t e r i o r l y s i t u a t e d ; parastomal 

bars very s h o r t ; dorsal cornu very narrow; l a t e r a l p l a t e very narrow; 

dors a l and v e n t r a l cornua more or less equal i n length. Posterior 

s p i r a c l e s set i n a aomewhat sunken p i t ; aper'Lures r'ftl:h»;r' at.rdn^.'.ly 
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di v e r g i n g ( F i g . 101 )• Spines d i s t r i b u t e d unevenly over body surface; 

spines very small and weakly pigmented or t o t a l l y unpigmented. 

Taxonomic Remarks 

This species has been described by K e i l i n (1915), De Coursey 

(1927) and H a l l (1948). A l l these d e s c r i p t i o n s are useful f o r r e l i a b l e 

i d e n t i f i c a t i o n and. the present d e s c r i p t i o n adds l i t t l e t o what i s 

already known. Tawfik and El-Hus.seini (1972) described the l a r v a of 

P o l l e n i a dasypoda p o r t c h i n s k i and t h e i r d e s c r i p t i o n shows t h i s 

species t o be very s i m i l a r t o P. r u d i s . 

Specimens examined: Canada ( O n t a r i o ) . 

Biology and D i s t r i b u t i o n 

This widespread H o l a r c t i c species i s known t o be an o b l i g a t e 

p a r a s i t e o f earthworms ( K e i l i n , 1915). However, Dr J. Satche l l (pers. 

comm.) t e l l s me t h a t , i n over t h i r t y years study of earthworms i n 

B r i t a i n , he has never come across a s i n g l e specimen p a r a s i t i s e d by 

t h i s f l y . 

9.3.9. Biology o f Phormiinae and other Groups 

The species d e a l t w i t h i n t h i s chapter e x h i b i t a great d i v e r s i t y 

o f s t r u c t u r e and biology and t h e i r h a b i t s have been b r i e f l y discussed 

under the r e l e v a n t headings, and only some comments on the biology of 

P r o t o c a l l i p h o r a azurea w i l l be made here. 
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During the f i e l d w o r k c a r r i e d out f o r the present study, i t was 

noted t h a t very many P. azurea specimens could be reared from one 

nest. I n one case, over 300 f l i e s were reared from a swallow's nest 

a f t e r a l l f i v e n e s t l i n g s had flown, apparently none the worse f o r the 

presence o f such large numbers o f p a r a s i t e s . The larvae examined from 

nests i n which the n e s t l i n g s were s t i l l being reared, were o f t e n found 

t o be f u l l o f blood, but never d i d I witness a l a r v a a c t u a l l y sucking 

the blood o f a n e s t l i n g . I n a l l nests examined by me, the larvae were 

always found deep i n the nest d e b r i s , not on the n e s t l i n g s (except i n 

one case when a s i n g l e f i r s t i n s t a r was seen crawling along the 

abdomen o f a n e s t l i n g swallow). Careful examination of n e s t l i n g b i r d s 

revealed no marks suggesting a t t a c k by the p a r a s i t e , and the n e s t l i n g s 

always appeared t o be healthy, although i t i s o f t e n stated i n the 

l i t e r a t u r e (e.g. Zumpt, 1965) t h a t heavy i n f e s t a t i o n s w i l l r e s u l t i n 

the death o f the b i r d s . 

Mr N. Aebischer (pers. comm.) has suggested t h a t the maggots may 

a c t u a l l y suck the blood, not o f the n e s t l i n g s , but of the adults when 

they stay i n the nest a t n i g h t . The h i g h l y vascularised brood pouch 

may a t t r a c t the lar v a e . This idea i s supported by the f a c t t h a t the 

pa r a s i t e s always seem t o l i e deep i n the nest m a t e r i a l during the day. 

This would i n d i c a t e t h a t they probably feed a t n i g h t , when the parent 

b i r d would be present. Further studies on t h i s i n t e r e s t i n g f l y are 

needed, e s p e c i a l l y w i t h regard t o i t s e f f e c t on b i r d populations. 
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9.3.10 New Host Records 

New host records t h a t came t o l i g h t during the present study are 

as f o l l o w s : 

1. Herpestes g a l e r e l l a sanguineus (Mammalia: Viverridae) 

p a r a s i t i s e d by Cordylobia anthropophaga. Data from tube l a b e l l e d 

"Congo, 1950" from Musee Royale de L'Afrique Centrale, Tervuren, 

Belgium. 

2. C e r t h i a f a m i l i a r i s (Aves: Certhiidae) (Tree-creeper), 

p a r a s i t i s e d by P r o t o c a l l i p h o r a azurea. Collected by J. 

Richardson i n May 1983 a t the f i e l d s t a t i o n of Durham 

U n i v e r s i t y , Durham. 

3. An u n i d e n t i f i e d l a r v a sent t o me by the Musee Royale de 

L'Afrique Centrale was l a b e l l e d " I n t e s t i n , Potamochere 

[ probably Potamochoerus porcus, the red r i v e r - h o g ] I . 1938, 

Malela". The l a r v a possessed anal pads s i m i l a r t o those of 

T r i c y c l e a , but I could not i d e n t i f y i t . 
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C H A P T E R T E N 

IDENTIFICATION OF SPECIMENS 

10.1 I n t r o d u c t i o n 

I t i s extremely d i f f i c u l t t o give a w a t e r t i g h t d e f i n i t i o n o f a 

C a l l i p h o r i d l a r v a . I t i s not d i f f i c u l t , however, t o d i s t i n g u i s h 

C a l l i p h o r i d larvae from most other Calypterates (except, perhaps, 

Sarcophagidae and Anthomyiidae), since the larvae of Tachinidae, 

Oestridae, Rhinophoridae, Muscidae, Fanniidae, Gasterophilidae, 

Hypodermatidae and Cuterebridae are very d i s t i n c t i v e and usually 

e a s i l y recognisable f o r what they are (see Chapter 11 f o r b r i e f 

c h a r a c t e r i s a t i o n s o f these f a m i l i e s ) . 

The Sarcophagidae and Anthomyiidae, however, present problems, 

as there i s no set o f characters t h a t can e a s i l y separate them from 

C a l l i p h o r i d a e . Even the oft - r e p e a t e d characters t h a t are claimed .to 

separate Sarcophagidae from C a l l i p h o r i d a e i n the l i t e r a t u r e (e.g. 

Teskey, 1981) have been found during t h i s study t o be i l l - f o u n d e d . For 

example, i t i s o f t e n s t a t e d t h a t the Sarcophagidae possess a deep 

i n c i s i o n i n the t h i r d i n s t a r dorsal cornu and p o s t e r i o r s p i r a c l e s set 

i n a deep p i t , while C a l l i p h o r i d a e do not possess these characters. In 

f a c t , many C a l l i p h o r i d a e do possess one or both of these characters 

and, moreover, many Sarcophagidae, e s p e c i a l l y the subfamily 

Sarothromyiinae as already shown by H a l l (1932), do not possess a deep 

t e r m i n a l p i t . 
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Another important problem i s the f a c t t h a t C a l l i p h o r i d a e , 

Sarcophagidae and Anthomyiidae not only s t r o n g l y resemble one another, 

but also resemble the larvae o f the vast assemblage of 

"Acalypterates". These f a c t s make i t extremely d i f f i c u l t t o give a 

r e l i a b l e d e f i n i t i o n o f the f a m i l y C a l l i p h o r i d a e ; f u r t h e r d e t a i l e d 

s t u d i e s are u r g e n t l y needed. 

I n t h i s s e c t i o n i d e n t i f i c a t i o n keys are given f o r 

c a r r i o n - b r e e d i n g and myiasis-causing agents only. There are two 

reasons f o r t h i s . F i r s t l y , the. . l o c a t i o n of these larvae w i l l 

immediately exclude a large number o f other Cyclorrhapha and thus make 

the problem o f i d e n t i f i c a t i o n much easier. Secondly, the larvae of the 

more s p e c i a l i s e d groups, such as the t e r m i t o p h i l o u s species or s n a i l -

p a r a s i t e s are so incompletely known, t h a t r e l i a b l e i d e n t i f i c a t i o n i s 

v i r t u a l l y impossible. 

10.2 Examination o f Specimens 

When examining a l a r v a f o r i d e n t i f i c a t i o n the f o l l o w i n g 

procedure should be followed: Whenever possible examine the l a r v a 

a l i v e ; i f i t i s very a c t i v e i t may be slowed down by r e f r i g e r a t i o n of 

i t s medium as recommended by Ferrar (1979). The number o f lobes of 

both a n t e r i o r s p i r a c l e s can be counted much more e a s i l y i n the l i v i n g , 

than i n the preserved l a r v a ; o f t e n , too, i t i s much easier than i n a 

slide-mounted specimen, as the cephalopharyngeal. skeleton beneath may 

render the s p i r a c l e s opaque. Next, the l a r v a may be k i l l e d and 

preserved by dropping i n t o a c e t i c a l c o h o l . I f the l a r v a i s required 

f o r immediate examination, dropping i n t o almost b o i l i n g water w i l l 
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k i l l the l a r v a i n s t a n t l y ; i t may then be preserved i n acetic alcohol. 

The whole l a r v a should then be examined under the stereoscopic 

microscope and d e t a i l s o f the s p i n a l bands and p o s t e r i o r p a p i l l a e , and 

the s p i r a c l e distance f a c t o r (see 4.2.6) noted. The p o s t e r i o r 

s p i r a c l e s may e a s i l y be examined by pushing the l a r v a ( p o s t e r i o r end 

upwards) i n t o wet sand i n a watch-glass. A slide-mount may then be 

prepared by c u t t i n g o f f the a n t e r i o r p a r t o f the l a r v a (the f i r s t 

three segments) w i t h a sharp s c a l p e l , washing i t q u i c k l y i n water and 

p l a c i n g i t on a s l i d e . For the sake o f stan d a r d i s a t i o n I always place 

the specimen on the s l i d e f a c i n g towards the l e f t . A drop o f Berlese's 

F l u i d may then be added on top of the specimen, a f t e r which a 

c o v e r s l i p i s placed, and gen t l y pressed onto the specimen; f u r t h e r 

mountant may then be added around the edges of the c o v e r s l i p . (Wetting 

the underside o f the c o v e r s l i p w i t h Berleses F l u i d before p l a c i n g i t 

on the specimen reduces the r i s k of a i r bubbles forming i n the 

pre p a r a t i o n . ) I t i s important, when preparing a s l i d e of the l a t e r a l 

aspect o f the skeleton, t o a l i g n the skeleton properly, i n other 

words, both dorsal cornua, both v e n t r a l cornua and both mouth-hooks 

should l i e p r e c i s e l y on top o f one another so t h a t the p r o f i l e of only 

one mouth-hook, one dorsal cornu and one v e n t r a l cornu may be seen. 

This may be done simply by moving the c o v e r s l i p by means of prcissing 

onto i t w i t h a pkir of forceps or a seeker and pushing i t up and down 

the s l i d e , the l a t t e r being examined under the stereomicroscope a l l 

the w h i l e . I f a pre p a r a t i o n o f a v e n t r a l view i s desired, t h i s must be 

performed very c a r e f u l l y by pressing the c o v e r s l i p down very gently 

(the specimen i s , o f course, placed w i t h the v e n t r a l side upwards); as 

soon as the mouth-hooks are seen t o p a r t and t h e i r t i p s p o i n t 



- 215 -

l a t e r a l l y , then there i s no danger of the specimen t w i s t i n g and a f i r m 

press w i t h the seeker w i l l secure the specimen i n p o s i t i o n . The 

p r e p a r a t i o n may then be examined under the compound microscope f o r 

d e t a i l s o f the skeleton and the s p i n a l morphology. For the reasons 

s t a t e d e a r l i e r (2.3) KOH should not be used unless the l a r v a i s badly 

discoloured due t o poor preservation (e.g. i n a l c o h o l ) . I n such cases, 

d i s s e c t i o n of the skeleton may be necessary. This operation may be 

done using two p a i r s o f f i n e forceps t o remove the r a t h e r b r i t t l e 

musculature around the skeleton. The l a t t e r can then be mounted as 

above, and p a r t s o f the c u t i c l e may be mounted separately f o r 

examination of the spines. I n a l l larvae, c u t t i n g o f f the rear p o r t i o n 

o f the t w e l f t h segment and slide-mounting as above w i l l reveal d e t a i l s 

o f the p o s t e r i o r s p i r a c l e s , e.g. the sun-ray s t r u c t u r e . 

As regards puparia, i t i s e s s e n t i a l t o f i n d and examine the 

opercula, as one o f these w i l l contain the t h i r d i n s t a r skeleton which 

must be examined. The opercula may be mounted i n Berlese's f l u i d as 

above. Liv e , i n t a c t puparia may be dissected or, of course, reared out 

t o the a d u l t stage. 

When using Berlese's F l u i d i t i s important to use the c o r r e c t 

formula, as several i n c o r r e c t ones have been used i n the past, 

r e s u l t i n g i n badly mounted specimens. The f o l l o w i n g i s the c o r r e c t 

formula (adapted from Lewis, 1973): 

Gum Arabic, picked lumps 12gm 

C h l o r a l hydrate c r y s t a l s 20gm 

G l a c i a l a c e t i c a c i d 5ml 

50% w/w glucose syrup 5ml 

D i s t i l l e d water • 30-40ml 
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The c o n s t i t u e n t s are dissolved at room temperature i n the order shown, 

and f i l t e r e d over glass wool t o remove dust. The mixture i s allowed t o 

evaporate at not more than 30°C t i l l i t reaches the required 

consistency. Glyceel i s a t r o u b l e - f r e e r i n g i n g medium. 

10.3 Key t o B r i t i s h Carrion-breeding C a l l i p h o r i d Genera 

The f o l l o w i n g keys should enable r e l i a b l e separation of a l l 

genera o f B r i t i s h carrion-breeding C a l l i p h o r i d s . 

F i r s t I n s t a r s 

1 Hairs on 12th segment strong and well-pigmented, v i s i b l e under 

low power ( F i g . 73) 

Calliphora 

Hairs on 12th segment weak and almost unpigmented, v i s i b l e only 

under very high power ( F i g . 74) 2 

2 L a t e r a l p l a t e broader than mouth-hook length 

Phormia 

L a t e r a l p l a t e less broad than mouth-hook length 3 
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3 Hypostomal s c l e r i t e and mouth-hook robust ( F i g . 257 ) 

Cynomya 

Hypostomal s c l e r i t e and mouth-hook weak (Fig.254 ) 

L u c i l i a 

Second I n s t a r s 

1 Mouth-hook evenly curved, not hooked; sub-mandibular s c l e r i t e s 

present ( F i g . 287) 

Phormia 

Mouth-hook d e f i n i t e l y hooked; sub-mandibular s c l e r i t e s absent 

( F i g . 237) 

2 Mouth-hook t o o t h long before area of curvature (Fi g . 258 ) 

L u c i l i a 

Mouth-hook t o o t h short before area of curvature (Fi g . 236 ) 3 

3 Mouth-hook t o o t h very a b r u p t l y curved (Fi g . 259) 

Cynomya 

Mouth-hook t o o t h not so abr u p t l y curved ( F i g . 238) 

Calliphora 
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Th i r d I n s t a r s 

1 Oral s c l e r i t e almost wholly pigmented (F i g . 126 ) 2 

Oral s c l e r i t e unpigmented, or at most only at base of rod 

(Fig. . 145) 3 

2 Mouth-hook t i p c u r v i n g a b r u p t l y (Fig.262 ) 

Cynomya 

Mouth-hook t i p more smoothly curved ( F i g . 224) 

C a l l i phor.i 

3 Dorsal margin o f mouth-hook ( i n l a t e r a l view) w i t h d i s t i n c t node 

at base of t o o t h ( F i g . 289) 

Phormia 

Dorsal margin o f mouth-hook smoothly curved 

L u c i l i a 
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Puparia 

1 P o s t e r i o r p a p i l l a e very prominent and p o s t e r i o r s p i r a c l e s set i n 

deep p i t ( F i g . 97); puparium almost black i n colour 

Phormia 

P o s t e r i o r p a p i l l a e at most only s l i g h t swellings and p o s t e r i o r 

s p i r a c l e s not set i n p i t ; puparium dark-brown or reddish-

brown 2 

2 Oral s c l e r i t e unpigmented or at most pigmented only at base of 

rod; pupal r e s p i r a t o r y horn a t most 70 u i n length (usually 

only 60-65 u ) and smooth ( F i g . 85 ) 

L u c i l i a 

Oral s c l e r i t e almost wholly pigmented; pupal r e s p i r a t o r y horn 

w e l l . over 100 p i n length and w i t h carunculations and p i t s 

(Figs. 78 and 84) . 3 

3 Mouth-hook t i p a b r u p t l y curved ( F i g . 262 ); pupal r e s p i r a t o r y 

horn w i t h 2 or 3 d i s t i n c t lobes (Fig.. 84 ) 

Cynomya 

Mouth-hook t i p more smoothly curved ( F i g . 225); r e s p i r a t o r y horn 

w i t h o u t w e l l - d e f i n e d lobes (Fig;.. 79 ) 

C a l l i p h o r a 
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10.4 Key t o World Genera o f t h i r d i n s t a r larvae causing Myiasis i n 

Mammals, i n c l u d i n g Man. 

Zumpt (1965) gave keys t o myiasis-causing larvae, using many 

u n r e l i a b l e characters t h a t o f t e n made the keys d i f f i c u l t or impossible 

t o use. He also keyed out many species on b i o l o g i c a l information 

alone; e.g. He keys out Elephantoloemus indicus as " P a r a s i t i c on 

Indi a n Elephants". This i s not good p r a c t i c e because, although E. 

ind i c u s i s not known t o p a r a s i t i s e anything other than Indian 

Elephants, Indian Elephants are known t o be p a r a s i t i s e d by other 

C a l l i p h o r i d s . I n a d d i t i o n , knowledge of new species gained during t h i s 

study (but unknown t o Zumpt) has shown t h a t c e r t a i n characters, while 

r e l i a b l e i n the range o f species studied by Zumpt, can no longer be 

used r e l i a b l y . 

The keys by Oldroyd and Smith (1973) are incomplete and based 

l a r g e l y on the keys o f Zumpt (1965) and James (1947). 

The f o l l o w i n g key u t i l i s e s only s t r u c t u r a l features, a.l l.hougli 

some supporting d i s t r i b u t i o n a l data i s given. 

1 Long processes present on body segments 

Chrysomya ( p a r t ) 

No such processes present 2 
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2 Spines l o c a l i s e d i n bands along a n t e r i o r and p o s t e r i o r margins 

of segments 3 

Spines d i s t r i b u t e d i r r e g u l a r l y over whole body surface and not 

l o c a l i s e d i n d i s c r e t e bands 9 

3 P o s t e r i o r s p i r a c u l a r peritreme complete 4 

P o s t e r i o r s p i r a c u l a r peritreme incomplete 6 

[ Note: I n d i v i d u a l s keying out a t 4 may occasionally have a 

weakly pigmented button area. The button, however, i s alw.iys 

d i s t i n c t i n these species, even i f weakly pigmented, which i s 

not the case w i t h the species keying out at 6. ] 

4 Spines robust, w i t h rounded t i p s (Figs. 41 and 48) 

Calliphora ( p a r t ) 

Spines small, w i t h pointed t i p s (Figs. 40 and 56) 5 

5 Mouth-hook t o o t h much longer than depth of base (Fig. 265) 
L u c i l i a and Memipyrellia 

- Mouth-hook t o o t h only s l i g h t l y longer than depth of base 

( F i g . 224) 

C a l l i p h o r a ( p a r t ) 
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[ NOTE 1: The t r a d i t i o n a l method of separating Calliphora from 

L u c i l i a i n the l i t e r a t u r e i s the pigmentation of the o r a l 

s c l e r i t e ( s t a t e d as the presence or absence of the o r a l 

s c l e r i t e ; see 5.6). I t has been shown i n t h i s work, however, 

t h a t some L u c i l i a spp. do possess at l e a s t p a r t l y pigmented 

o r a l s c l e r i t e s and t h a t some Ca l l i p h o r a spp. possess 

unpigmented ones. However, the species o f Calliphora outside 

New Zealand always possess a pigmented o r a l s c l e r i t e , and i n 

the Western Pa l a e a r c t i c and Nearctic regions i t i s , i n 

p r a c t i c e , possible t o separate C a l l i p h o r a from L u c i l i a on the 

basis o f the f a c t t h a t the former possess a pigmented o r a l 

s c l e r i t e and the l a t t e r an unpigmented one. The only species of 

L u c i l i a from these regions t h a t i s known t o have a p a r t l y 

pigmented o r a l s c l e r i t e i s L. ampullacea. 

NOTE 2: L u c i l i a and Hemipyrellia are very d i f f i c u l t t o separate 

as larvae. However, the only two-species o f Hemipyrellia whose 

larvae are known both have p a r t l y pigmented o r a l s c l e r i t e s , 

whereas most L u c i l i a species have unpigmented ones. Zumpt 

(1965) included Hemipyrellia i n h i s a d u l t key although i t was 

not known t o cause myiasis, but he included i t because i t "may 

y e t be found t o be involved i n myiasis". Pont ( i n Crosskey, 

1980) regards Hemipyrellia as a common myiasis agent, although 

the only record I know o f a species o f Hemipyrellia a c t i n g i n 

t h i s way i s the record c i t e d i n t h i s t h e s i s (see. 6.11) ] . 
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6 P o s t e r i o r p a p i l l a e long and prominent 

Phormia 

P o s t e r i o r p a p i l l a e o f normal shape 7 

7 Peritreme a t button area w i t h d i s t i n c t b i f u r c a t i o n 

Chrysomya ( p a r t ) 

Peritreme ending a b r u p t l y a t button area 8 

8 Spines very large and rounded, never forked ( F i g . 63 ); Old 

World Tropics only 

Chrysomya bezziana 

Spines smaller and o f t e n forked (Figs. 64 & 65)New World only 

Cochliomyia 

9 P o s t e r i o r s p i r a c u l a r apertures sinuous (Fig.302 ) 

Cordylobia 

P o s t e r i o r s p i r a c u l a r apertures s t r a i g h t (Fig.204 ) 10 

10 Dorsal cornu deeply i n c i s e d (Fig.304 ); parastomal bars present 

Auchmeromyia 

Dorsal cornu not i n c i s e d ; parastomal bars absent 11 
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11 Spiracles i n v e r t e d ( i . e . button dorsal) and s i t u a t e d d o r s a l l y 

Elephantoloemus 

Spiracles not i n v e r t e d and s i t u a t e d p o s t e r i o r l y 

Booponus 

I n a d d i t i o n t o the above, the Nearctic species P a r a l u c i l i a 

wheeleri (Hough) has been recorded from myiasis wounds(Hall, 1948). No 

m a t e r i a l was a v a i l a b l e f o r study, but, according to Hall.'s 

i l l u s t r a t i o n , the t h i r d i n s t a r possesses a heavily pigmented o r a l 

s c l e r i t e . The a d u l t d e s c r i p t i o n i s very s i m i l a r t o t h a t of Cochliomyia 

hominivorax w i t h which i t i s probably congeneric. 

10.5 Key t o the B r i t i s h Species of C a l l i p h o r a 

F i r s t I n s t a r s 

1 L a t e r a l p l a t e as broad as, or broader than, mf;dl.iri l.ool.ti 

( F i g . 247) 

vomitoria 

L a t e r a l p l a t e narrower than length of median to o t h (Fig.246 ) 2 

2 Dorsal arch w i t h d i s t i n c t v e n t r a l curve (Fig.248 ) 
u r a l e n s i s 

Dorsal arch without such a curve 3 
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3 A n t e r i o r s p i n a l bands complete on segs. 2-8 only 

loewi 

A n t e r i o r s p i n a l bands complete on segs. 2-9 4 

4 Basal s e c t i o n o f hypostomal s c l e r i t e t h i c k e r than depth of 

median t o o t h 5 

Basal s e c t i o n o f hypostomal s c l e r i t e narrower than depth of 

median t o o t h 

subalpina 

5 L a t e r a l p l a t e width greater than length o f mouth-hook to o t h 

v i c i n a 

L a t e r a l p l a t e width less than length o f mouth-hook tooth 

a l p i n a 

Second I n s t a r s 

1 Mouth-hook t o o t h wider a t area o f curvature than at base 

( F i g . 236) 2 

Mouth-hook t o o t h not wider at area o f curvature than at base 5 
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2 A n t e r i o r s p i n a l bands complete on segs. 2-9 

A n t e r i o r s p i n a l bands complete on segs. 2-8 only 

3 Patch o f spines present dorsal and v e n t r a l t o anus 

Patch o f spines present only dorsal t o anus 

4 P̂  c l o s e r t o P̂  than t o P̂  

P̂ , P̂  and Pg e q u i d i s t a n t 

loewi 

a l p i n a 

vicma 

subalp i na 

5 Width o f mouth-hook t o o t h at area of curvature approx. equal t o 

wid t h a t base 

ural e n s i s 

Width o f mouth-hook t o o t h at area o f curvature less than width 

a t base 

vomitoria 
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T h i r d I n s t a r s 

1 A n t e r i o r s p i r a c l e s w i t h 9-12 lobes 

A n t e r i o r s p i r a c l e s w i t h 5-8 lobes 

2 S p i r a c l e distance f a c t o r below 1 

S p i r a c l e distance f a c t o r 1 or more 

v i c i n a ( p a r t ) 

3 Spines robust, w i t h rounded t i p s ( F i g . 41 ); arrangement o f anal 

spines as i n F i g . 206) 

vomi t o r i a 

Spines normal, w i t h pointed t i p s , each spine o f t e n w i t h two 

t e e t h ( F i g . 42); arrangement o f anal spines as i n Fig. 207 

uralensis 

4 A n t e r i o r s p i n a l bands incomplete only on segs. 10-12 5 

A n t e r i o r s p i n a l bands incomplete on segs. 8-12 or 9-12 6 
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5 Spi r a c l e distance f a c t o r 1-1.2; p o s t e r i o r s p i n a l band incomplete 

on seg. 9; s p i r a c l e size 0.23-0.28mm 

v i c i n a ( p a r t ) 

S p i r a c l e distance f a c t o r 1.3-1.67; p o s t e r i o r s p i n a l band 

complete on seg. 9;. s p i r a c l e size 0.17-0.19mm 

loewi 

6 S p i r a c l e distance f a c t o r 1-1.2 

subalpina 

S p i r a c l e distance f a c t o r 1.70 or over 

Puparia 

1 A n t e r i o r s p i r a c l e s w i t h 9-12 lobes 

A n t e r i o r s p i r a c l e s w i t h 5-8 lobes 

2 Spines robust, w i t h rounded t i p s ( F i g . 104 ) 

alpina 

v o m i t o r i a 

Spines normal, w i t h pointed t i p s 
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3 Spi r a c l e distance f a c t o r 0.48-0.52 

ur a l e n s i s 

S p i r a c l e distance f a c t o r 0.77-1.38 

v i c i n a ( p a r t ) 

4 S p i r a c l e distance f a c t o r w e l l below 1 (0.6-0.8) 5 

Spi r a c l e distance f a c t o r higher, above 0.0 (> 

5 A n t e r i o r s p i n a l bands on segs. 10-12 incomplete; p o s t e r i o r 

s p i n a l bands on segs. 7-8 incomplete 

v i c i n a ( p a r t ) 

A n t e r i o r s p i n a l bands on segs. 9-12 incomplete; p o s t e r i o r s p i n a l 

bands on segs. 7-8 complete 

subalpina 

6 A n t e r i o r s p i n a l band on seg. 8 incomplete; s p i r a c l e dist.anco 

f a c t o r high (1.55-1.58) 

al p i n a 

A n t e r i o r s p i n a l band on seg. complete; s p i r a c l e distance f a c t o r 

lower ( a t most 1.47) 7 
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7 P o s t e r i o r s p i n a l band on seg. 9 incomplete; s p i r a c l e distance 

f a c t o r low (0.77-1.11); s p i r a c l e size 0.20-0.25mm 

v i c i n a ( p a r t ) 

P o s t e r i o r s p i n a l band on seg. 9 complete; s p i r a c l e distance 

f a c t o r high (1.43-1.47); s p i r a c l e size 0.15-0.18mm 

loewi 

10.6 Key t o A f r i c a n C a l l i p h o r a 

The only C a l l i p h o r a species endemic t o A f r i c a i s C. c r o c e i p a l p i s 

(Zumpt, 1956a). However, Pont ( i n Crosskey, 1980) includes C. v i c i n a 

i n the Catalogue o f A f r o t r o p i c a l species, and i t i s also possible t h a t 

C. v o m i t o r i a may be introduced from time t o time. For these reasons, a 

key i s here presented f o r separation o f these three species. 

F i r s t I n s t a r s 

1 L a t e r a l p l a t e as broad as, or broader than, length of median 

t o o t h 

v o m i t o r i a 

L a t e r a l p l a t e narrower than length o f median to o t h 2 
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2 Basal s e c t i o n o f hypostomal s c l e r i t e t h i c k e r than greatest depth 

o f median t o o t h ; p o s t e r i o r s p i n a l bands complete on segs. 7-11 

v i c i n a 

Basal s e c t i o n o f hypostomal s c l e r i t e narrower than greatest 

depth o f median t o o t h ; p o s t e r i o r s p i n a l bands complete on segs. 

10-11 

c r o c e i p a l p i s 

Second I n s t a r s 

1 Mouth-hook t o o t h t h i c k e r a t area of curvature than at base 

(Figs. 236 and 242) 2 

Mouth-hook t o o t h narrower a t area of curvature than a t base 

( F i g . 237) 

vomitoria 

2 P o s t e r i o r s p i n a l bands complete on segs. 7-11 

v i c i n a 

P o s t e r i o r s p i n a l bands complete on segs. 10-11 only 

c r o c e i p a l p i s 
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Th i r d I n s t a r s 

1 Spines l a r g e , w i t h rounded t i p s ( F i g . 41 ) 

v o m i t o r i a 

Spines smaller, w i t h pointed t i p s (Figs. 40 and 50) 2 

2 A n t e r i o r s p i n a l bands complete on segs. 2-9; p o s t e r i o r spinal 

bands complete on segs. 9-11 

v i c i n a 

A n t e r i o r s p i n a l bands complete on segs. 2-10; p o s t e r i o r s p i n a l 

bands complete on segs. 8-11 

cr o c e i p a l p i s 

10.7 Key t o Carrion-breeding Phormiinae 

This group comprises a l l Phormiinae other than the b i r d 

blood-sucking species o f P r o t o c a l l i p h o r a i . e . the genera Phormia and 

Bor e e l l u s , w i t h two species i n the former genus and only a s i n g l e 

species i n the l a t t e r . U n fortunately, only t h i r d i n s t a r s o f Boreellus 

were a v a i l a b l e f o r study and so t h i s genus cannot be included i n the 

keys t o the e a r l y i n s t a r s . 
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F i r s t I n s t a r s 

1 A n t e r i o r s p i n a l bands complete on segs. 2-7; p o s t e r i o r s p i n a l 

bands a l l incomplete 

Phormia terraenovae 

A n t e r i o r s p i n a l bands complete on segs. 2-10; p o s t e r i o r s p i n a l 

band complete on seg. 11 

.Phormia regina 

Second I n s t a r 

1 P o s t e r i o r s p i n a l bands a l l incomplete 

Phormia terraenovae 

P o s t e r i o r s p i n a l bands complete on segs. 10-11 

Phormia regina 

T h i r d I n s t a r s and Puparia 

1 P o s t e r i o r s p i n a l bands a l l incomplete 
Phormia terraenovae 

At l e a s t some p o s t e r i o r s p i n a l bands complete 2 
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2 A n t e r i o r s p i n a l bands complete on segs. 2-9 ( o f t e n 2-10) 

Phormia regina 

A n t e r i o r s p i n a l bands complete on 2-11 

Boreellus a t r i c e p s 

10.8 Genus Chrysomya 

Ten species o f Chrysomya are known t o cause myiasis i n Man and 

animals (Zumpt, 1965), but only nine are known i n the immature stages 

(Ch. i n c l i n a t a Walker i s unknown). Zumpt keyed out ei g h t species i n 

h i s key, but several p a i r s o f species are made t o key out together; 

these p a i r s o f species have been found t o be separable during the 

present study. Oldroyd and Smith (1973) repeat Zumpt's key and 

erroneously s t a t e t h a t i t includes a l l species known t o cause myiasis. 

K i t c h i n g (1976b) and K i t c h i n g and Voeten (1977) described and keyed 

c e r t a i n A u s t r a l i a n species of Chrysomya as a r e s u l t o f S.E.M. 

examination. I t i s most unfortunate, however, t h a t these authors 

m i s i n t e r p r e t e d the s p i n a l bands, r e f e r r i n g t o the a n t e r i o r bands of 

segments as p o s t e r i o r bands (presumably r e f e r r i n g t o the segments 

a n t e r i o r t o these bands). This m i s i n t e r p r e t a t i o n may cause great 

confusion unless t h i s e r r o r i s understood. 

I n t h i s s e c t i o n keys are given t o separate c e r t a i n p a i r s of very 

s i m i l a r species. 

10.8.1 Ch. albiceps and Ch. r u f i f a c i e s 

Hairy maggots have been found p a r a s i t i s i n g mammals i n the New 
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World (Gagne, 1982), although the genus Chrysomya does not occur 

n a t u r a l l y i n t h a t p a r t o f the World. Several species of Chrysomya have 

been introduced i n t o B r a z i l (Gui maraes, 1976). For these reasons i t i s 

desi r a b l e t o be able t o i d e n t i f y the larvae i n order t o determine from 

which p a r t o f the World the f l i e s are being introduced. 

The t h i r d i n s t a r s o f Ch. albiceps and Ch. r u f i f a c i e s may be 

separated as f o l l o w s : 

1 Spines present on s t a l k o f process 1 ( F i g . 115 ); s p i r a c l e 

distance f a c t o r 0.36-0.059 

r u f i f a c i e s 

Spines absent from s t a l k o f process 1 ( F i g . 114 ); s p i r a c l e 

distance f a c t o r 0.22-0.24 

albiceps 

10.8.2 Ch. marginalis and Ch. megacephala 

These two species are d i s t i n c t i v e Chrysomya i n t h a t they are the 

only species of the genus known t o possess a p a r t l y pigmented o r a l 

s c l e r i t e i n the t h i r d i n s t a r . Although they only overlap i n a small 

p a r t o f t h e i r range, a key t o separate them may be h e l p f u l . 
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1 Spines rounded and unforked ( F i g . 58 ); a n t e r i o r s p i n a l bands 

complete on segs. 2-11 

marginalis 

Spines round and o f t e n forked ( F i g . 59 ); a n t e r i o r s p i n a l bands 

complete on segs. 2-8 

megacephala 

10.8.3 Ch. p u t o r i a and Ch. chloropyga 

I t i s not y e t c e r t a i n whether these two forms a c t u a l l y do 

represent two d i f f e r e n t species (see comments under these species i n 

7.2). The t h i r d i n s t a r s are, however, separable as f o l l o w s : 

1 Spines present dorsal and v e n t r a l t o anus, but not between anus 

and anal lobes ( F i g . 211 ); spines 3- pointed, but narrow 

( F i g . 61 ) 

p u t o r i a 

Spines present a l l around anus ( F i g . 212); spines 3- pointed and 

broader ( F i g . 60 ) 

chloropyga 
l 

10.9 Genus L u c i l i a 

Five species o f L u c i l i a are known to cause myiasis i n mammals. 

These are L. s e r i c a t a , L. cuprina, L. caesar, L. .-mipul l.iinea and 
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L. i l l u s t r i s (Meigen). Unfortunately, no m a t e r i a l of the last-named 

s p e c i e s was a v a i l a b l e f o r study. 

However, L. s e r i c a t a and L. cup r i n a are the only two s p e c i e s of 

economic importance and they are the only L u c i l i a s p e c i e s known to 

a t t a c k sheep i n the southern hemisphere. Waterhouse and Paramonov 

(1950) and Zumpt (1965) gave keys to separate these two s p e c i e s , using 

c h a r a c t e r s of the p o s t e r i o r s p i r a c l e s and p o s t e r i o r p a p i l l a e . However, 

these c h a r a c t e r s are u n r e l i a b l e , and I was unable to separate the two 

s p e c i e s u s i n g these keys. 

The f o l l o w i n g keys are based on a study of m a t e r i a l from 

A u s t r a l i a and South A f r i c a (where these s p e c i e s are p a r t i c u l a r l y 

important as s h e e p - s t r i k e a g e n t s ) . B r i t i s h , North American and 

Japanese m a t e r i a l o f L. s e r i c a t a was a l s o s t u d i e d . 

F i r s t I n s t a r s 

1 D o r s a l arch weak and parasternal bars long (Fig.254 ) 

s e r i c a t a 

D o r s a l a r c h robust and parasternal bars s h o r t ( F i g . 255) 

cupr i n a 

Second I n s t a r s 

1 Mouth-hook tooth t h i c k a t ar e a of curvature ( F i g . 258) 

sforicat.a 

Mouth-hook tooth narrow a t a r e a o f curvature ( F i g . 260) 

cuprina 



- 238 -

T h i r d I n s t a r s 

1 Very few s p i n e s present d o r s a l to anus ( F i g . 210 ); s p i r a c l e 

d i s t a n c e f a c t o r 1-1.8 

s e r i c a t a 

Strong patch of s p i n e s present d o r s a l to anus ( F i g . 209 ) ; 

s p i r a c l e d i s t a n c e f a c t o r 0.67-0.75 

cuprina 

[ NOTE: No puparia of L. c u p r i n a were a v a i l a b l e f o r study. 

However, the s p i n a l c h a r a c t e r used i n t h i s key may be expected 

to be r e t a i n e d i n the puparium and should enable reli.-jl)lc 

s e p a r a t i o n of the two s p e c i e s . ] 

10.10 Key to T h i r d I n s t a r s of Cochliomyia 

Laake, Gushing and P a r i s h (1936) published on e x c e l l e n t 

comparative account of Co. hominivorax (as Co. americana Gushing and 

Patton) and Co. m a c e l l a r i a . T h e i r d e s c r i p t i o n s enable r e l i a b l e 

s e p a r a t i o n of the two s p e c i e s , and i n the f o l l o w i n g key the s p i n a l 

c h a r a c t e r i s used. They have the advantage of being easy to see, as 

w e l l as being r e l i a b l e . 
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1 Spines forked, with rounded t i p s ( F i g . 64) 

m a c e l l a r i a 

Spines pointed, and sometimes c l e f t a t the t i p ( F i g . 65) 

hominivorax 

10.11 Key to t h i r d I n s t a r s of Cordylobia 

Zumpt (1965) gave a r e l i a b l e key to the s p e c i e s of Cordylobia. In 

the f o l l o w i n g key, however, c h a r a c t e r s t h a t can a l s o be seen i n the 

puparium are used. 

1 P o s t e r i o r s p i r a c u l a r a p e r t u r e s very tortuous ( F i g . 302) 

rodhaini 

P o s t e r i o r s p i r a c u l a r a p e r t u r e s only s l i g h t l y sinuous ( F i g . 303) 

2 

2 Spines s h o r t and t h i c k ; mouth-hook long ( F i g . 299) 

an thropophaga 

Spines d i s t r i b u t e d i n 'clumps' ( F i g . 76); mouth-hook s h o r t 

( F i g . 301) 

ruandae 
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10.12 Nomenclature 

During the course of t h i s work, i t was n o t i c e d t h a t the names of 

s e v e r a l s p e c i e s , o f t e n of medical importance (e.g. Auchmeromyia 

l u t e o l a ) , were r e c e n t l y changed. While name-changes are often 

j u s t i f i e d , most of the names i n question were changed on the b a s i s of 

primary j u n i o r homonymy i . e . on the b a s i s of the f a c t t h a t the name 

used to be a homonym when i n the genus i n which i t was o r i g i n a l l y 

d e s c r i b e d , but ceased to be a homonym ( i n any r e a l sense) when i t was 

t r a n s f e r r e d to i t s p r e s e n t genus. I t i s , n e v e r t h e l e s s , s t i l l regarded 

as a homonym by the I n t e r n a t i o n a l Code of Z o o l o g i c a l Nomenclature and, 

accord i n g to the Rules, must be changed. 

T h i s i s not the p l a c e to enter i n t o a d e t a i l e d d i s c u s s i o n of the 

Code; my aim i s simply to po i n t out t h a t t h i s s o r t of Rule i s not 

conducive to nomenclatureal s t a b i l i t y and, moreover, i s very much 

a g a i n s t the s p i r i t and purpose f o r which the I n t e r n a t i o n a l Commission 

f o r Z o o l o g i c a l Nomenclature was o r i g i n a l l y founded. 
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C H A P T E R E L E V E N 

EVOLUTION AND PHYLOGENY 

I will set down a tale... It may be history, it may 
be only legend.. .It may have happened, it may not 
have happened: but it could have happened. 

Mark Twain 

The P r i n c e and the Pauper 

11.1 I n t r o d u c t i o n 

Although much has been published on the e v o l u t i o n and phylogeny 

of D i p t e r a as an Order, notably by Hennig (1973), Rohdendorf (1974), 

Oldroyd (1977) and Hackman and Vaisanen (1982), remarkably l i t t l e 

d e t a i l e d work has been done on the G a l y p t e r a t a or i t s c o n s t i t u e n t 

groups. Moreover, most of the work done has been l a r g e l y s p e c u l a t i v e , 

with l i t t l e d e t a i l e d a n a l y s i s of evidence. Exceptions are the works of 

Roback (1951) on the C a l y p t e r a t e s as a wholej Papavero (1977) on the 

O e s t r i d a e and G r i f f i t h s (1972) on the e n t i r e Cyclorrhapha. 

Phylogenetic works concerned with l a r v a e have been mentioned e a r l i e r 

(Chapters 4 and 5 ) . A l l these works, and other l e s s important ones, 

w i l l be d i s c u s s e d a t the appropriate p o i n t s below. 

The purpose of t h i s chapter i s twofold. F i r s t l y , to present 

evidence supporting c e r t a i n hypotheses of e v o l u t i o n a r y trends, both 

w i t h i n the C a l l i p h o r i d a e and i n the Cyclorrhapha as a whole. Secondly, 

to a n a l y s e phylogenetic r e l a t i o n s h i p s w i t h i n the C a l l i p h o r i d a e , and 

between i t and other groups of the Gyclorrhapha. 
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11.2 M a t e r i a l s and Methods 

The methods used i n the f o l l o w i n g phylogenetic a n a l y s i s are those 

expounded by Hennig (1965, 1966a). T h i s i s not the place f o r a f u l l 

treatment of Hennig's methodology, but a few comments are here made 

and a few terms are defined. 

I n any group of c l o s e l y r e l a t e d s p e c i e s , a c e r t a i n number of 

c h a r a c t e r s w i l l be shared among them. Any one of these c h a r a c t e r s w i l l 

be found to e x i s t i n a somewhat d i f f e r e n t s t a t e i n each s p e c i e s . E.g., 

i n a group of c l o s e l y r e l a t e d f l y s p e c i e s , some may have long wings, 

o t h e r s s h o r t wings, and y e t others no wings a t a l l . A b a s i c task of 

p h y l o g e n e t i c a n a l y s i s i s to determine which of these c h a r a c t e r s t a t e s 

i s the a n c e s t r a l or p r i m i t i v e (plesiomorphic) c o n d i t i o n , and which i s 

the d e r i v e d or advanced (apomorphic) c o n d i t i o n . 

The f a c t t h a t two s p e c i e s share a common c h a r a c t e r s t a t e does not 

n e c e s s a r i l y mean t h a t they are c l o s e l y r e l a t e d . T h i s i s the case i f 

the shared s t a t e i s the plesiomorphic c o n d i t i o n . I t i s a l s o thn case 

i f the c h a r a c t e r s t a t e arose more than once i tidopfindcn l.ly 

(convergence). Only i f i t can be shown t h a t the c h a r a c t e r s t a t e i s a 

t r u e shared apomorphy can we p o s t u l a t e t h a t the two s p e c i e s are 

c l o s e l y r e l a t e d . Such a shared d e r i v e d s t a t e (synapomorphy) must be 

shown to have a r i s e n only once i n the shared ancestry of the two 

s p e c i e s . 

I n order to be able to a n a l y s e the c h a r a c t e r s t a t e s w i t h i n a 

f a m i l y , i t i s n e c e s s a r y to study groups r e l a t e d to i t , e s p e c i a l l y the 

s i s t e r - g r o u p . A s i s t e r - g r o u p i s a group which shares a common 

ance s t o r with another group, the common imc.eator ()C 'iri;.'. i i i i i ( | i i< ! I.o l . l i c i i c 



- 243 -

two groups. There are sound reasons f o r b e l i e v i n g t h a t the 

s i s t e r - g r o u p of the C a l l i p h o r i d a e i s the Sarcophogidae. 

The f o l l o w i n g are the s p e c i e s of Cyclorrhapha (other than 

G a l l i p h o r i d a e ) t h a t were s t u d i e d i n the immature stages f o r 

comparative purposes. 

Sarcophagidae 

Sarcophaga argyrostoma 

Sarcophaga c a r n a r i a 

Brachicoma d e v i a 

Parasarcophaga knabi 

Parasarcophaga r u f i c o r n i s 

Parasarcophaga s i m i l i s 

Parasarcophaga misera 

Parasarcophaga c r a s s i p a l p i s 

Parasarcophaga a l b i c e p s 

T r i c h a r a e a b r e v i c o r n i s 

Hybopygia v a r i a 

Oxysarcodexia thornax 

Oxysarcodexia confusa 

P a t o n e l l a resona 

R a v i n i a b e l f o r d i 

C h a e t o r a v i n i a advena 

C h a e t o r a v i n i a almeidai 

Engelimyia ionops 

Adiscochaeta abnormis 
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B o e t t c h e r i s c a p e r e g r i n a 

B o e t t c h e r i s c a s e p t e n t r i o n a l i s 

H e l i c o p h a g e l l a melanura 

Leucomyia c i n e r e a 

W o h l fahrtia v i g i l 

T a c h i n i d a e 

O e s t r i d a e 

Argyrophylax a u r e i v e n t r i s 

Phryxe v u l g a r i s 

Zygobothria c i l i a t a 

P l e s i o c y p t e r a sp. 

Medina eg r e g i a 

Metagonistylum minense 

Therobia abdominalis 

Mycteromyia phasmatophaga 

A c t i a p a i n e i 

Schistocercophaga dampfi 

Oestrus o v i s 

Cephenemyia trompe 

Tracheomyia macropi 
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Hypodermatidae 

Hypoderma bovis 

Hypoderma diana 

Hypoderma lineatum 

G a s t e r o p h i l i d a e 

G a s t e r o p h i l u s i n t e s t i n a l i s 

G a s t e r o p h i l u s pecorum 

Gyrostigma p a v e s i i 

P l a t y c o b b o l d i a loxodonta 

C u t e r e b r i d a e 

Cuterebra c h i q u i b u l e n s i s 

Cuterebra sp. 

Dermatobia hominis 

Alouattamyia b a e r i 

Muscidae 

Musca domestica 

Muscina pabulorum 

Hydrotaea dentipes 

P o l i e t e s l a r d a r i a 
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Anthomyiidae 

Hylemya b r a s s i c a e 

D r o s o p h i l i d a e 

Drosophila melanogaster 

D r o s o p h i l a f u n e b r i s 

D rosophila simulans 

Sphaeroceridae 

Leptocera cambrica 

Leptocera caenosa 

Leptocera heteroneura 

Leptocera z o s t e r a e 

Copromyza sp. 

P i o p h i l i d a e 

P i o p h i l a c a s e i 

Lonchaeidae 

Lonchaea chorea 
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T e p h r i t i d a e 

T e p h r i t i s bordanae 

Dryomyzidae 

Dryomyza a n i l i s 

Agromyzidae 

Phytomyza i l i c i s 

Sciomyzidae 

Sepedon sp. 

Coelopidae 

Coelopa f r i g i d a 

M i l i c h i i d a e 

M i l i c h i a ludens 
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Ephydridae 

Ephydra a f g h a n i c a 

Teichomyza f u s c a 

Conopidae 

Physocephala sp. 

Syrphidae 

Myathropa f l o r e a 

The above l i s t i n c l u d e s only those s p e c i e s s t u d i e d i n d e t a i l . 

Many other s p e c i e s , only s u p e r f i c i a l l y examined, are not included i n 

the l i s t . 

11.3 The Taxonomic Value of Ch a r a c t e r s of Immature Stages 

The taxonomic value of c h a r a c t e r s of immature stajM.-i.; h.-is lonj'. 

been a matter of dispute (Hennig, 1966), and many workorK si,i I I. 

b e l i e v e t h a t such c h a r a c t e r s should not be considered i n taxonomic or 

ph y l o g e n e t i c r e s e a r c h . There appear to be two reasons f o r t h i s point 

of view. F i r s t l y , i t i s argued t h a t , because i n s e c t l a r v a e ( e s p e c i a l l y 

among the Holometabola) a r e caenogenetic, i . e . secondary forms not 

resembling the a n c e s t r a l c o n d i t i o n , the c h a r a c t e r s of these e a r l y 

ontogenetic stages cannot be seen to r e c a p i t u l a t e phylogeny (van 



- 249 -

Emden, 1957). Therefore, i t i s concluded t h a t " l a r v a l c h a r a c t e r s 

cannot be regarded as a gen e r a l r u l e to be of o v e r r i d i n g importance 

f o r the taxonomy" (van Emden, (1957). T h i s view has p e r s i s t e d f o r a 

long time, perhaps because of the p a r t i a l t r u t h i t co n t a i n s . C e r t a i n l y 

the l a r v a e of Holometabola are caenogenetic; no-one, as f a r as I know, 

has s e r i o u s l y suggested t h a t the a n c e s t r a l blowfly resembled a maggot. 

But t h i s i s m i s s i n g the poi n t . The point i s t h a t comparative s t u d i e s 

of modern-day maggots w i l l give us a good idea of what the ancestral, 

maggot looked l i k e , and thus w i l l t e l l us a good deal about the 

e v o l u t i o n of a group. 

The second reason put forward f o r ignoring immature c h a r a c t e r s 

was brought to my a t t e n t i o n by Dr L. Davies (pers. comm.). Although 

not s u b s c r i b i n g to t h i s view h i m s e l f , he informs me th a t some workers 

hold t h i s view because immature stages do not reproduce. T h i s s t r i k e s 

me as a s t a r t l i n g h y pothesis, s i n c e i t seems to imply t h a t immature 

s t a g e s a r e sep a r a t e organisms having a gene-flow of t h e i r own, which 

i s c l e a r l y not the case. A l l animals, to a gr e a t e r or l e s s e r extent, 

change i n appearance during t h e i r ontogenetic development; i n 

Holometabolous i n s e c t s t h i s change happens to be gr e a t and sudden, but 

t h i s i s ha r d l y a reason f o r ig n o r i n g the pr e - a d u l t c h a r a c t e r s . I n any 

cas e , immature stages do reproduce e v e n t u a l l y and are themselves 

reproduced by the a d u l t . These well-known f a c t s seem to have caused 

conf u s i o n i n the p a s t . For example, van Emden (1957) s t a t e s t h a t the 

s t r u c t u r e of the egg chorion r e f l e c t s the shape of the f o l l i c u l a r 

c e l l s i n the o v a r i o l e and t h a t , t h e r e f o r e , c h o r i o n i c s t r u c t u r e i s , i n 

r e a l i t y , an a d u l t c h a r a c t e r . He d i s t i n g u i s h e s such c h a r a c t e r s from 

what he c a l l s the " t r u l y embryological egg c h a r a c t e r s " . In my opinion. 
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t h i s i s a meaningless d i s t i n c t i o n , s i n c e both s e t s of c h a r a c t e r s are 

u l t i m a t e l y d e r i v e d from the a d u l t . 

I n p r i n c i p l e , t h e r e f o r e , the c h a r a c t e r s of immature stages are 

equal to those of the a d u l t s i n value. I n p r a c t i c e , however, i t i s 

u s u a l l y found t h a t e i t h e r the a d u l t s or the l a r v a e of a group b e t t e r 

c h a r a c t e r i s e t h a t group. For example, Crowson (1970) s t a t e s t h a t , of 

the two Coleoptera f a m i l i e s E l a t e r i d a e and Garabidae, the s u b d i v i s i o n s 

of the former are more c l e a r l y expressed i n the l a r v a l stages, whereas 

the r e v e r s e i s tr u e of the l a t t e r f a m i l y . 

Much i s oft e n made of the f a c t t h a t a c l a s s i f i c a t i o n based on 

l a r v a l c h a r a c t e r s w i l l almost always be d i f f e r e n t from one based on 

a d u l t c h a r a c t e r s . As Hennig (1966a) p o i n t s out, " I n many ca s e s the 

a s s e r t e d incongruence between l a r v a l and imaginal systems i s based on 

the f a c t t h a t only degree of s i m i l a r i t y i s considered, without r a i s i n g 

the question of whether the s i m i l a r i t y r e s t s on symplesiomorphy 

[ shared p r i m i t i v e c h a r a c t e r s t a t e s ] or synapomorphy." One may add 

t h a t convergence i s another question t h a t ought to be r a i s e d . 

Of course, many entomologists do recognise the value of immature 

s t a g e s i n taxonomy. Nevertheless, the use of these stages i n taxonomic 

work remains a minority a c t i v i t y . However, s e v e r a l works have appeared 

i n which immature stages have been c r i t i c a l l y s t u d i e d from the 

taxonomic and phylogenetic viewpoints, e.g. Davies (1965) on 

S i m u l i i d a e and Disney (1983a) on Dixidae. 

Regarding the C a l l i p h o r i d a e , the major s u b - d i v i s i o n s of the 

fa m i l y seem to be more evident i n the a d u l t stage, but many of the 

g e n e r i c or sub-generic groupings, and even s p e c i e s , seem more c l e a r l y 

expressed i n the l:hi.rd l a r v a l i r iBt . - i r . In the I'o II ow i nj,'. phy I oj/.ciir I. i c. 
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a n a l y s i s only immature c h a r a c t e r s w i l l be used to i n f e r r e l a t i o n s h i p s , 

but t h i s i s not meant to r e f l e c t an opinion t h a t adult c h a r a c t e r s are 

not u s e f u l i n t h i s r e s p e c t , but simply t h a t a d u l t taxonomy i s l a r g e l y 

out o f the scope o f t h i s t h e s i s , although r e f e r e n c e w i l l be made to 

the work of others i n t h i s f i e l d . 

F i n a l l y , i t i s p o s s i b l e t h a t the l o n g e v i t y of a p a r t i c u l a r stage 

may be r e l a t e d to i t s taxonomic use. I n the Coleoptera examples c i t e d 

above, Crowson (1970) s t a t e s t h a t i t may not be a c c i d e n t a l t h a t the 

l a r v a e are l o n g - l i v e d and the a d u l t s are s h o r t - l i v e d i n the 

E l a t e r i d a e , whereas the r e v e r s e i s tr u e o f the Carabidae. I n my own 

l i m i t e d s t u d i e s on the Oes t r i d a e , which have very l o n g - l i v e d l a r v a e , 

Crowson's p o i n t f i n d s s t r o n g support. 

The same may be true of Tachinidae, many of which overwinter as 

ful l - g r o w n l a r v a e (Clausen, 1940). I t i s well-known t h a t the 

i d e n t i f i c a t i o n of T a c h i n i d s i s not easy, but i t has hardly ever been 

thought worthwhile to question whether t h i s i s because l.he s p e c i e s 

f e a t u r e s may be more c l e a r l y expressed i n the l a r v a l s t a g e s . I n a 

l a r g e l y overlooked paper, Thompson (1922) makes the fo l l o w i n g remarks: 

" I t sometimes happens t h a t s p e c i e s belonging to t h i s group [ i . e . 

T a c h i n i d a e ] , though e a s i l y separated by constant and w e l l marked 

c h a r a c t e r s i n the l a r v a l stage, are i n the a d u l t stage so s i m i l a r t h a t 

i t i s only p o s s i b l e to separate them by c h a r a c t e r s whose value i n the 

group as a whole i s so open to question, t h a t to admit t h e i r v a l i d i t y 

i n g e n e r a l would be to plunge the taxonomy of the family i n t o 

i n e x t r i c a b l e d i s o r d e r . " He goes on to d e s c r i b e three larval, s p e c i e s 

p a r a s i t i s i n g P y r a u s t a n u b i l a l i s (Lepidoptera: P y r a l i d a e ) . Each of 

these t h r e e s p e c i e s c o n s i s t e n t l y developed i n t o one adul t ' s p e c i e s ' . 
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Paraphorocera s e n i l i s Rondani. The i d e n t i f i c a t i o n of the a d u l t s was 

c a r r i e d out by V i l l e n e u v e . 

I n s p i t e of these o b s e r v a t i o n s , Tachinidae s p e c i a l i s t s have 

continued to ignore the l a r v a e i n t h e i r d e f i n i t i o n s of s p e c i e s . I n a 

group whose b i o l o g i c a l importance (to man, a t any r a t e ) l i e s i n the 

a c t i v i t i e s of the l a r v a e , such n e g l e c t i s ex t r a o r d i n a r y . 

11.4 L i n e s of Evidence 

I n t h i s s e c t i o n the v a r i o u s l i n e s of evidence used to deduce the 

plesiomorphic and apomorphic s t a t e s of c h a r a c t e r s are di s c u s s e d . L i n e s 

of evidence t h a t are of p o t e n t i a l , i f l i t t l e a c t u a l , use are a l s o 

b r i e f l y d i s c u s s e d . 

11.4.1 Evidence from Palaeontology 

Very few f o s s i l C a l y p t e r a t e s are known. According to Rohdendorf 

(1974) only about twenty s p e c i e s of "not e x a c t l y d i s t i n c t 

r e p r e s e n t a t i v e s " of the group are known from the T e r t i a r y . 

Rohdendorf's work i s r e s t r i c t e d to f o s s i l a d u l t forms, but, i n 

a d d i t i o n , about s i x or seven d i f f e r e n t f i n d s of f o s s i l puparia have 

been made ( G a u t i e r , 1974; K i t c h i n g , 1980). 

The o l d e s t a l l e g e d f o s s i l puparia known are a few specimens from 

the L a t e Cretaceous (70 m i l l ion y e a r s B.P.) of Al b e r t a . These were 

o r i g i n a l l y d e s c r i b e d by McAlpine (1970) as Cretaphormia f o w l e r i . These 

remains were sent to me on loan by Dr McAlpine, i n i t i a l l y with bhe 

i n t e n t i o n of S.E.M. examination. Unfortunately, the rock to which 
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t h e s e f o s s i l s a re a t t a c h e d was t o o l a r g e t o f i t i n t o t h e vacuum 

chamber, and p e r m i s s i o n t o c u t i t was n o t f o r t h c o m i n g . The specimens 

were, t h e r e f o r e , examined under a s t e r e o m i c r o s c o p e a t m a g n i f i c a t i o n s 

o f up t o X320; i n a d d i t i o n , photographs a t X50 m a g n i f i c a t i o n were 

t a k e n and p h o t o g r a p h i c s l i d e s made, which were p r o j e c t e d a t much 

g r e a t e r m a g n i f i c a t i o n o n t o a s c r e e n . The f o l l o w i n g are t h e r e s u l t s as 

compared w i t h McAlpine's d e s c r i p t i o n . 

The f o u r specimens were d e s i g n a t e d A,B,C and D by McAlpine. 

Specimens A and C a r e e l o n g a t e s t r u c t u r e s ( F i g . 186 i s o f C). Specimen 

B i s a h o l l o w i n t h e r o c k and specimen D i s a broad, f l a t t e n e d o b j e c t 

( F i g . 1 8 7 ) . 

Specimens A and C were d e s c r i b e d by McAlpine as p o s s e s s i n g t w e l v e 

"body" segments. A l t h o u g h t h e specimens u n d o u b t e d l y have an a n n u l a t e d 

appearance, I c o u l d n o t c o u n t a d e f i n i t e number o f r i n g s . McAlpine 

d e s c r i b e d c e r t a i n g r a n u l a t i o n s on t h e s u r f a c e as " t r a c e s o f 

i n t e g u m e n t a l s p i n e s " ; h i g h m a g n i f i c a t i o n f a i l e d t o r e v e a l any 

s t r u c t u r e f o r t h e s e g r a n u l a t i o n s , b e i n g s i m p l y l a r g e r i n c r u s t a t i o n s 

w i t h w h i c h t h e specimens a r e c o v e r e d . He f u r t h e r s t a t e s t h a t specimen 

C ( t h e h o l o t y p e ) possesses t h r e e p o s t e r i o r p a p i l l a e ; I c o u l d d e t e c t 

none. 

On t h e o t h e r hand, t h e l e n g t h s o f these specimens (about 12-13mm) 

i s w i t h i n t h e range o f b l o w f l y p u p a r i a l s i z e . F u r t h e r m o r e , t h e Shape 

F a c t o r f o r t h e h o l o t y p e (0.39) i s t y p i c a l f o r a C a l l i p h o r i d puparium, 

a l t h o u g h McAlpine d i d n o t use t h i s measurement i n h i s d e s c r i p t i o n . A 

f u r t h e r s u p p o r t i n g p i e c e o f evidence i s t h e break a t t h e (presumably) 

a n t e r i o r end o f t h e 'puparium' ( t h e l e f t hand s i d e i n F i g . 186 ) . T h i s 

may r e p r e s e n t t h e b r o k e n - o f f caps o f t h e puparium, t h e upper one b e i n g 

a b s e n t . 
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Specimen B, t h e h o l l o w , was d e s c r i b e d by McAlpine as b e i n g t h e 

i n n e r s u r f a c e o f a puparium and p o s s e s s i n g p h a r y n g e a l s c l e r i t e s t h a t 

were " c l e a r l y e v i d e n t " . I c o u l d f i n d no t r a c e o f such s c l e r i t e s . 

Specimen D ( F i g . 187) i s d e s c r i b e d by McAlpine as a puparium. I 

c a n n o t agree w i t h t h i s as i t i s q u i t e t h e wrong shape. I t does, 

however, resemble t h e abdomen o f an a d u l t f l y . I t measures 6mm a t i t s 

b r o a d e s t p a r t and about 5.5mm i n l e n g t h ; these are almost e x a c t l y t h e 

d imensions o f t h e abdomen o f a modern b l o w f l y s p e c i e s . 

A p a r t f r o m h i s e v a l u a t i o n o f these specimens as f o s s i l s , McAlpine 

makes two o t h e r s t a t e m e n t s t h a t r e q u i r e comment. F i r s t l y , he s t a t e s 

t h a t specimen C i s l y i n g on i t s s i d e , i . e . t h e uppermost s u r f a c e i s 

l a t e r a l w h i l e t h e s i d e n e a r e s t t h e camera ( i n the p h o l o g r a p h ) i s 

v e n t r a l . I f i t i s a puparium t h e n t h i s can h a r d l y be t h e case, s i n c e 

t h e manner o f b r e a k i n g o f t h e caps (one d o r s a l and one v e n t r a l ) 

i n d i c a t e s t h a t t h e uppermost s u r f a c e would be d o r s a l ( o r p o s s i b l y 

v e n t r a l ) , b u t c e r t a i n l y n o t l a t e r a l . Secondly, McAlpine's s t a t e m e n t 

t h a t t w e l v e body segments a r e a p p a r e n t i s c u r i o u s , s i n c e , a l t h o u g h i t 

i s t r u e t h a t C y c l o r r h a p h o u s l a r v a e have t w e l v e apparent segments, o n l y 

e l e v e n a r e n o r m a l l y v i s i b l e i n t h e puparium, due t o t h e c o n t r a c t i o n o f 

t h e c e p h a l i c segment i n t o t h e f i r s t t h o r a c i c . 

I n c o n c l u s i o n , a l l t h a t can be s a i d i s t h a t these remain;, 

p o s s i b l y r e p r e s e n t t h e p u p a r i a and abdomen o f a Cyclorrhaphous f l y -

S i z e w o u ld i n d i c a t e t h a t i t was a C a l y p t e r a t e . However, I f i n d no 

f e a t u r e s t o j u s t i f y McAlpine's s t a t e m e n t t h a t t h e y are C a l l i p h o r i d a e 

as opposed t o any o t h e r group o f C a l y p t e r a t e s . I t i s p o s s i b l e t h a t 

t h e y r e p r e s e n t an a n c e s t r a l s p e c i e s t o these modern g r o u p i n g s . 

F i n a l l y , I see no v a l u e i n g i v i n g t h e se remains a f o r m a l name. 
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The second o l d e s t f o s s i l s examined by me were from t h e 

P l i o c e n e / P l e i s t o c e n e boundary ( i . e . t h e T e r t i a r y / Q u a t e r n a r y boundary) 

o f t h e Makapan V a l l e y , South A f r i c a , a s s o c i a t e d w i t h remains o f 

A u s t r a l o p i t h e c u s D a r t . These f o s s i l s a re p u p a r i a l i n t e r n a l c a s t s , i . e . 

no e x t e r n a l f e a t u r e s were v i s i b l e . They were t h o u g h t t o be f l y p u p a r i a 

because a few w e l l - p r e s e r v e d specimens w i t h e x t e r n a l f e a t u r e s p r e s e n t 

( s p i n e s , s p i r a c l e s e t c . ) were fou n d among them ( K i t c h i n g , 1959 and 

1980). R e g r e t t a b l y , none o f these w e l l - p r e s e r v e d specimens were 

a v a i l a b l e f o r e x a m i n a t i o n . 

The o n l y f e a t u r e s t h a t c o u l d be used t o a t t e m p t an i d e n t i f i c a t i o n 

o f t h e s e r a t h e r n o n d e s c r i p t remains were s i z e and t h e Shape F a c t o r . I n 

s i z e t h e y v a r i e d f r o m 10-15 mm i n l e n g t h . The Shape F a c t o r ranged from 

0.44-0.57. These measurements f a l l w i t h i n t h e range o f many b l o w f l y 

s p e c i e s and cannot be used t o suggest any p a r t i c u l a r genus o r s p e c i e s . 

The r emains a r e about 1.9 m i l l i o n y e a r s o l d . 

The most r e c e n t f o s s i l s examined were remains a s s o c i a t e d w i t h t h e 

bones o f t h e W o o l l y Rhinoceros (Coelodonta a n t i q u i t a t i s ) and t h e 

Steppe B i s o n ( B i s o n p r i s o u s ) f r o m t h e Late P l e i s t o c e n e (about 75,000 

y e a r s o l d ) o f Belgium. These were s t u d i e d by G a u t i e r and Schumann 

(1973) and G a u t i e r ( 1 9 7 4 ) , who a r r i v e d a t t h e c o n c l u s i o n t h a t t h e y 

were t h e remains o f Phormia t e r r a e n o v a e . T h e i r c o n c l u s i o n was based on 

t h e shape o f t h e mouth-hook and t h e s i z e o f t h e p o s t e r i o r s p i r a c l e , 

and t h e i r i l l u s t r a t i o n s show these f e a t u r e s c l e a r l y . These s t r u c t u r e s , 

however, were n o t r e p r e s e n t e d i n t h e m a t e r i a l s e n t t o me, which was 

m o s t l y p i e c e s o f c u t i c l e . The s p i n e s show t h e o c c a s i o n a l b i f u r c a t e d 

ones t y p i c a l o f Ph. t e r r a e n o v a e (among o t h e r s ) ( F i g . 185 ) . The 

p e r i p h e r a l row o f s m a l l e r s p i n e s i s a l s o t y p i c a l o f t h i s s p e c i e s 
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(compare F i g s . 184 and 69). These r e s u l t s s u p p o r t t h e f i n d i n g s o f t h e 
above a u t h o r s . 

R e g a rding p h y l o g e n y , these f o s s i l s t e l l us l i t t l e . I f t h e y a re 

i n d e e d a l l f o s s i l p u p a r i a ( t h e r e i s no doubt about t h e B e l g i a n 

specimens) t h e n a l l we can say i s t h a t , i n s i z e a t l e a s t , these 

i n s e c t s have changed l i t t l e s i n c e t h e l a t e Cretaceous. I f t h e Canadian 

specimens are t r u e p u p a r i a , t h e n t h i s i s t h e o n l y evidence o f 

C a l y p t e r a t e f l i e s e x i s t i n g i n t h e Mesozoic. 

A word o f c a u t i o n i s necessary r e g a r d i n g t h e drawi n g o f 

p h y l o g e n e t i c c o n c l u s i o n s f r o m f o s s i l s . As Eldred g e and C r a c r a f t (1980) 

p o i n t o u t t h e presence o f a c h a r a c t e r s t a t e i n an a n c i e n t f o s s i l does 

n o t n e c e s s a r i l y mean t h a t t h i s i s t h e p l e s i o m o r p h i c c o n d i t i o n , s i n c e 

t h a t l i n e a g e may s i m p l y have d i e d o u t a f t e r e v o l v i n g a d e r i v e d 

c h a r a c t e r s t a t e , w h i l e t h e t r u l y p l e s i o m o r p h i c c o n d i t i o n may have 

p e r s i s t e d i n t h e l i n e a g e t h a t s u r v i v e s t o t h e p r e s e n t day. As 

proposed by Hennig ( 1 9 8 1 ) , t h e s t a r t i n g p o i n t o f p h y l o g e n e t i c r e s e a r c h 

s h o u l d be t h e Recent Animal Kingdon, and t h e f o s s i l s s h o u l d be 

a n a l y s e d i n t h e l i g h t o f knowledge g a i n e d i n t h i s way, r a t h e r t h a n 

v i c e v e r s a . T h i s does n o t mean, o f c o u r s e , t h a t f o s s i l s i n t h e i r own 

r i g h t c a n n o t t e l l us a good d e a l about t h e h i s t o r y o f a group, b u t i n 

terms o f a t t e m p t i n g t o e s t a b l i s h t h e p l e s i o m o r p h i c e x p r e s s i o n o f a 

c h a r a c t e r t h e y s h o u l d be used w i t h c a u t i o n . 

P u p a r i a a re v e r y d u r a b l e o b j e c t s , w h i l e a d u l t f l i e s are 

p a r t i c u l a r l y f r a g i l e . I t i s l i k e l y , t h e r e f o r e , t h a t many f o s s i l i s e d 

p u p a r i a e x i s t i n Nature b u t are o v e r l o o k e d , and i t i s a l s o l i k e l y t h a t 

f u t u r e p a l a e o n t o l o g i c a l r e s e a r c h on t h e C y c l o r r h a p h a w i l l depend on 

f i n d s o f p u p a r i a . There a re s e v e r a l areas o f the W(n-l.(l I.ha I. would 
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r e p a y i n v e s t i g a t i o n i n t h i s f i e l d ; i n B r i t a i n t h e i n t e r b a s a l t i c A r d t u n 

L e a f Beds (Eocene) o f t h e I s l e o f M u l l , S c o t l a n d , seem p r o m i s i n g . 

T h e i r age ( a b o u t 60 m i l l i o n y e a r s B.P.) i n d i c a t e s t h a t t h i s may be a 

l i k e l y a r e a f o r remains o f e a r l y C a l y p t e r a t e s . A w e l l - p r e s e r v e d 

T i p u l i d and a B i b i o n i d were d i s c o v e r e d i n t h e s e beds (Zeuner, 1941). 

11.4.2 Evidence f r o m P a r a s i t o l o g y 

The p a r a s i t e s ( o r h o s t s ) o f a n i m a l groups have o f t e n been used t o 

i n f e r t h e i r r e l a t i o n s h i p s (Crowson, 1970). The b a s i c p r i n c i p l e i s t h a t 

t h e e v o l u t i o n o f a group o f p a r a s i t e s w i l l p a r a l l e l t h a t o f i t s h o s t s 

t o a g r e a t e r o r l e s s e r e x t e n t . T h i s p r i n c i p l e has been s e t up f o r m a l l y 

as F a h r e n h o l z ' s Rule, w h i c h i s d i s c u s s e d a t l e n g t h by Hennig (1966). 

However, b e f o r e l o o k i n g a t t h e h o s t s o f t h e C a l l i p h o r i d a e w i t h t h e 

purpose o f l e a r n i n g something about t h e e v o l u t i o n o f t h e group, i t i s 

n e c e s s a r y t o answer a more fundamental q u e s t i o n f i r s t . 

The C a l l i p h o r i d a e are d i v i d e d i n t o o b l i g a t e p a r a s i t e s and 

o b l i g a t e saprophages, w i t h a v a s t a r r a y o f n o r m a l l y saprophagous 

s p e c i e s t h a t can a l s o a c t as f a c u l t a t i v e p a r a s i t e s . The q u e s t i o n i s 

w h ether p a r a s i t i s m o r saprophagy i s t h e p r i m i t i v e , a n c e s t r a l h a b i t . 

The q u e s t i o n may be a p p l i e d t o t h e whole o f t h e C y c l o r r h a p h a . 

K e i l i n (1915) n o t e d t h a t C y c l o r r h a p h a l a r v a e are v e r y u n i f o r m i n 

s t r u c t u r e , b u t e x h i b i t a v e r y g r e a t d i v e r s i t y i n l i f e - h a b i t , whereas 

O r t h o r r h a p h a l a r v a e e x h i b i t g r e a t s t r u c t u r a l d i v e r s i t y which i s n o t 

accompanied by g r e a t b i o l o g i c a l d i v e r s i t y . K e i l i n asks how, t h e n , can 

one e x p l a i n t h e g r e a t d i v e r s i t y o f C y clorrhaphous l a r v a l hnbit-.s 

c o u p l e d w i t h such u n i f o r m i t y o f s t r u c t u r e ? He concluded t h a t t h e 



- 258 -

a n c e s t r a l C y c l o r r h a p h a n must have f o l l o w e d a l i f e - h a b i t f rom which t h e 

l a t e r g r e a t d i v e r s i t y was d e r i v e d . He f u r t h e r concluded t h a t t h i s 

a n c e s t r a l h a b i t must have been p a r a s i t i s m . His reasons f o r h o l d i n g 

t h i s v i e w a r e as f o l l o w s : 

1. A v e r y l a r g e number o f p a r a s i t i c s p e c i e s are known among t h e 

D i p t e r a , b u t t h e y a r e a l m o s t a l l C y c l o r r h a p h a , n o t O r t h o r r h a p h a . 

P a r a s i t i s m among t h e O r t h o r r h a p h a i s e x t r e m e l y r a r e . 

2. L a r v i p a r i t y and p u p i p a r i t y , b o t h a d a p t a t i o n s t o t h e p a r a s i t i c 

h a b i t , a r e a g a i n l i m i t e d e x c l u s i v e l y t o t h e Cy c l o r r h a p h a and are 

absent f r o m t h e O r t h o r r h a p h a , 

3. Only i n t h e C y c l o r r h a p h a a re f o u n d an enormous fauna o f 

saprophagous and m y i a s i s - c a u s i n g s p e c i e s . The l a t t e r may be c o n s i d e r e d 

t o be a s o r t o f t r a n s i t i o n between p a r a s i t i c l a r v a e w i t h a l o n g , 

t e r m i n a l saprophagous p e r i o d , and t r u l y saprophagous l a r v a e . 

T h e r e f o r e , so K e i l i n argued, a l l f r e e - l i v i n g Cyclorrhaphous 

l a r v a e a r e s e c o n d a r i l y so. The p e c u l i a r form o f t h e f r e e - l i v i n g 

C y c l o r r h a p h o u s maggot i s an example o f t h e i r r e v e r s i b i l i t y o f 

e v o l u t i o n . 

Zumpt (1965) h e l d t h e o p p o s i t e v i e w , b e l i e v i n g t h a t t h e p a r a s i t i c 

h a b i t i n m y i a s i s - c a u s i n g s p e c i e s i s d e r i v e d from t h e f r e e - l i v i n g 

saprophagous h a b i t . He saw t h e a n c e s t r a l s p e c i e s o f m y i a s i s - c a u s i n g 

f l i e s as b e i n g v e r y u n s p e c i a l i s e d f e e d e r s l i k e t h e modern Muscina 

s t a b u l a n s ( F a l l . ] (Muscidae) which i s saprophagous on dead v e r t e b r a t e s 

and i n s e c t s , a scavenger i n wasps' n e s t s , a p r e d a t o r on o t h e r maggots 

and, o c c a s i o n a l l y , a m y i a s i s agent. 

He h y p o t h e s i s e d two r o o t s t o m y i a s i s : a saprophagous and a 

s a n g u i n i v o r o u s r o o t . He saw t h e saprophagous r o o t as b e g i n n i n g w i t h 
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s p e c i e s t h a t b r e d i n c a r c a s s e s , which l a t e r became f a c u l t a t i v e 

p a r a s i t e s o f s u p p u r a t i n g wounds. T h i s was t h e n f o l l o w e d by a 

f a c u l t a t i v e p a r a s i t i c h a b i t on unwounded t i s s u e s , which e v e n t u a l l y 

became an o b l i g a t e p a r a s i t i c h a b i t . Zumpt saw i n t e s t i n a l p a r a s i t e s as 

a r i s i n g f r o m l a r v a e a c c i d e n t a l l y swallowed i n f o o d . 

The s a n g u i n i v o r o u s r o o t arose f r o m l a r v a e t h a t preyed upon o t h e r 

maggots. Such l a r v a e may have a c c i d e n t a l l y p i e r c e d t h e s k i n o f a b i r d 

o r mammal i n i t s n e s t o r burrow, t h u s o b t a i n i n g a b l o o d meal; these 

l a r v a e w o u l d have e v o l v e d i n t o o b l i g a t e b l o o d s u c k e r s . Zumpt o f f e r s no 

e v i d e n c e t o s u p p o r t h i s hypotheses. 

My own v i e w , l i k e Zumpt's, i s t h a t saprophogy was t h e a n c e s t r a l 

h a b i t , b o t h among t h e C a l l i p h o r i d a e and t h e C y c l o r r h a p h a as a whole. 

I n response t o K e i l i n ' s t h r e e p o i n t s c i t e d above, t h e f o l l o w i n g 

answers can be made: 

1. W h i l e i t i s t r u e t h a t an enormous number o f C y c l o r r h a p h a are 

p a r a s i t i c , i t i s a l s o t r u e t h a t a t l e a s t an e q u a l , i f n o t g r e a t e r , 

number a r e saprophagous. P a r a s i t i s m , w h i l e n o t as common i n t h e 

O r t h o r r h a p h a , i s c e r t a i n l y n o t r a r e i n t h a t Suborder; t h e v e r y l a r g e 

f a m i l y B o m b y l i i d a e , and a l s o t h e N e m e s t r i n i d a e , A c r o c e r i d a e and many 

A s i l i d a e are p a r a s i t i c as l a r v a e . 

2. The o c c u r r e n c e o f l a r v i p a r i t y and p u p i p a r i t y i n t h e 

C y c l o r r h a p h a does n o t i n i t s e l f i n d i c a t e t h a t t h e a n c e s t r a l h a b i t was 

p a r a s i t i c . 

3. K e i l i n ' s t h i r d p o i n t may be argued b o t h ways; i n o t h e r words 

t h e m y i a s i s h a b i t can e a s i l y be d e r i v e d f r o m t h e saprophagous h a b i t , 

as shown by Zumpt. 
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P o i n t s i n s u p p o r t o f Zumpt's view a r e : 

1. The p a r a s i t i c h a b i t among C a l y p t e r a t e s i s o f t e n l i n k e d w i t h 

f e a t u r e s t h a t a r e o b v i o u s l y d e r i v e d , e.g. t h e r e d u c t i o n o f a d u l t 

m o u t h p a r t s and t h e l a c k o f a d u l t f e e d i n g i n t h e O e s t r i d a e . 

2. The wi d e s p r e a d saprophagous h a b i t among t h e C y c l o r r h a p h a , 

even i n many f a m i l i e s t h a t c o n t a i n p a r a s i t i c s p e c i e s , would i n d i c a t e 

t h a t t h i s h a b i t i s p r i m i t i v e . 

3. P a r a s i t i s m i s an a l l - e m b r a c i n g t e r m t h a t covers many 

d i f f e r e n t phenomena. For example, t h e p a r a s i t o i d h a b i t o f T a c h i n i d a e 

i s a v e r y d i f f e r e n t phenomenon fr o m t h e m y i a s i s - c a u s i n g h a b i t s o f 

b l o w f l i e s , and i t i s d i f f i c u l t t o see how one h a b i t c o u l d have a r i s e n 

f r o m t h e o t h e r . I t i s , however, easy t o see how a g e n e r a l i s e d f e e d e r 

l i k e Muscina s t a b u l a n s (see above) c o u l d have developed any o f t h e 

l i f e - h a b i t s c o v e r e d by t h e t e r m ' P a r a s i t i s m ' . I t i s v e r y l i k e l y , 

t h e r e f o r e , t h a t p a r a s i t i s m arose i n d e p e n d e n t l y many t i m e s i n t h e 

e v o l u t i o n o f t h e C y c l o r r h a p a as a whole and p r o b a b l y i n t h e 

C a l l i p h o r i d a e as w e l l . 

R e g a r ding t h e p e c u l i a r f o r m o f t h e Cyclorrhaphous l a r v a , t h i s 

must have e v o l v e d i n response t o t h e saprophagous h a b i t , and does n o t 

i n d i c a t e t h a t t h e a n c e s t r a l h a b i t was p a r a s i t i c . I t s i m p l y shows t h a t 

t h e 'maggot-form' i s so s u c c e s s f u l t h a t i t enabled t h e C y c l o r r h a p h a t o 

i n v a d e a wide v a r i e t y o f h a b i t a t s . 

I n t h i s t h e s i s , t h e r e f o r e , t h e h y p o t h e s i s i s t h a t saprophagy i s 

t h e p l e s i o m o r p h i c h a b i t and p a r a s i t i s m t h e apomorphic. K e i l i n ' s view 

i s n o t a c c e p t e d , a l t h o u g h i t has l o n g been accepted by many 

p a r a s i t o l o g i s t s ( e . g . R o t h s c h i l d and Clay, 1952). 

The secoru] q u o B t i o n t o annwfjr I B : Wliijt, c;iri t.h<; ;i<:l.ii,il I K H I I . ! ; M C 
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t h e C a l l i p h o r i d a e t e l l us about t h e e v o l u t i o n o f t h e group? 

The f o l l o w i n g groups a re known as h o s t s o f C a l l i p h o r i d a e : 

1 . Mammalia. Most known C a l l i p h o r i d p a r a s i t e s a r e p a r a s i t e s o f 

Mammals. They are r e c o r d e d f r o m a l a r g e number o f w i l d and domestic 

mammals (Zumpt 1965). 

2. Aves. The genus P r o t o c a l l i p h o r a i s a bl o o d - s u c k e r o f many 

b i r d s p e c i e s . 

3. R e p t i l i a . Very few r e c o r d s known. Zumpt (1965) c i t e s a case 

o f a gecko ( N a u l t i n u s elegans Gray) as a h o s t o f C a l l i p h o r a s t y g i a i n 

A u s t r a l i a . Specimens f r o m p a r a s i t i s e d t o r t o i s e s (Testudo hermanni) 

k e p t i n c a p t i v i t y i n Vienna, A u s t r i a , and s e n t t o me prov e d t o be 

L u c i l i a a mpullacea and C a l l i p h o r a v i c i n a . 

4. Amphibia. L u c i l i a b u f o n i v o r a and L. p r o p h y r i n a are known as 

o b l i g a t e and f a c u l t a t i v e p a r a s i t e s r e s p e c t i v e l y , o f Anura. 

5. Mollusca-Gastropoda. A few s p e c i e s a re known as p a r a s i t e s o f 

s n a i l s . 

6. A n n e l i d a - O l i g o c h a e t a . P o l l e n i a r u d i s i s r e c o r d e d as a 

p a r a s i t e o f earthworms. 

7. There a r e few known t r u e i n s e c t p a r a s i t e s . But t h e r e are 

many t e r m i t o p h i l o u s and myrmecophilous s p e c i e s , and a l s o some are 

p r e d a t o r y on l o c u s t egg-pods. 

I t i s o b v i o u s f r o m t h e above t h a t Mammals are t h e main 

h o s t - g r o u p and, as p o i n t e d o u t by Hennig ( 1 9 8 1 ) , i t would be a 

f a s c i n a t i n g t a s k t o s t u d y how f a r t h e C y c l o r r h a p h a p a r a l l e l l e d t h e 

e v o l u t i o n o f t h e Mammalia and f l o w e r i n g p l a n t s d u r i n g t h e T e r t i a r y . As 

n o t e d above, many k i n d s o f mammals, i n c l u d i n g w i l d ones, may be 

p a r a s i t i s e d , b o t h by o b l i g a t e and f a c u l t a t i v e s p e c i e s . However, t h e 
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i n t e r e s t i n g p o i n t i s t h a t t h e r e are v e r y few r e c o r d s o f s p e c i e s o f 

C a l l i p h o r a , L u c i l i a ( e x c e p t L. b u f o n i v o r a ) o r Chrysomya p a r a s i t i s i n g 

w i l d mammals i n t h e w i l d s t a t e . A l l r e c o r d s known t o me are e i t h e r 

f r o m zoo a n i m a l s o r a n i m a l s i n an urban s i t u a t i o n . Domestic mammals 

ar e f r e q u e n t l y p a r a s i t i s e d by b l o w f l i e s , however. Even t h e o b l i g a t e 

p a r a s i t e Chrysomya b e z z i a n a has never been r e c o r d e d from a w i l d mammal 

i n t h e w i l d s t a t e , w h i l e i t i s r e c o r d e d f r o m twenty-one zoo mammal 

s p e c i e s f r o m kangaroos (Macropus r u f a ) t o P o l a r bears ( T h a l a r c t o s 

m a r i t i m u s ) by Spradbery and Vanniasingham ( 1 9 8 0 ) . D u r i n g many ye a r s o f 

c o l l e c t i n g Zumpt (1965) has never r e c o r d e d Ch. b e z z i a n a from a w i l d 

A f r i c a n mammal, i n s p i t e o f t h e abundance o f t h i s s p e c i e s i n A f r i c a . 

What does t h i s i n d i c a t e ? I suggest t h a t these s p e c i e s may have 

e v o l v e d t h e p a r a s i t i c h a b i t i n a s s o c i a t i o n w i t h Man. F u r t h e r evidence 

i n s u p p o r t o f t h i s v i e w i s t h a t , o f t h e s i x B r i t i s h s p e c i e s o f 

C a l l i p h o r a , t h e o n l y two known t o cause m y i a s i s i n any animal are t h e 

two s y n a n t h r o p i c s p e c i e s C. v i c i n a and C. v o m i t o r i a . 

The endemic s p e c i e s o f C a l l i p h o r a i n A u s t r a l i a i n c l u d e some, 

e.g. C. augur and C. s t y g i a , t h a t are known t o be i m p o r t a n t agents o f 

sheep m y i a s i s , y e t none o f t h e s e s p e c i e s has ever been r e c o r d e d as a 

p a r a s i t e o f any i n d i g e n o u s m a r s u p i a l , b a t , o r d i n g o . T h i s would 

s u g g e s t t h a t t h e p a r a s i t i c h a b i t e v o l v e d a f t e r t h e a r r i v a l o f Man w i t h 

h i s f l o c k s o f sheep t o A u s t r a l i a , and t h a t p r i o r t o t h i s these f l i e s 

must have b r e d e x c l u s i v e l y i n a n i m a l c a r c a s s e s . T h i s seems t o s u p p o r t 

s t r o n g l y t h e v i e w t h a t p a r a s i t i s m i n these s p e c i e s arose i n 

a s s o c i a t i o n w i t h Man, and i n response t o t h e a t t r a c t i o n o f t h e 

u n h y g i e n i c c o n d i t i o n s p r e v a i l i n g i n human d w e l l i n g s and b a r n s . I t i s 

p o s s i b l e t h a t C a l l i p h o r i d s do n o t p a r a s i t i s e w i l d animals b o t h because 
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o f t h e i r g e n e r a l l y c l e a n e r c o n d i t i o n ( i n t h e w i l d ) and because t h a t 

n i c h e has a l r e a d y been f i l l e d by t h e O e s t r i d a e and G a s t e r o p h i l i d a e . 

I f t h i s p r o p o s a l i s t r u e , i t would p r o b a b l y f o l l o w t h a t t h e 

p a r a s i t i c h a b i t e v o l v e d a f t e r Man became s e t t l e d i n communities. I n 

t h i s c o n n e c t i o n , a paper by P i e r c e (1945) i s i n t e r e s t i n g . He d e s c r i b e s 

some f o s s i l p u p a r i a , w h i c h he named P r o t o c h r y s o m y i a h o w a r d i , from t h e 

r e m a i n s o f an e x t i n c t v u l t u r e , T e r a t o r n i s m e r r i a m i , from t h e 

P l e i s t o c e n e o f C a l i f o r n i a . He d e s c r i b e s t h e a s s o c i a t i o n as 'a case o f 

m y i a s i s ' . W h i l e t h i s i s p o s s i b l e , t h e r e seems t o be n o t h i n g t o 

i n d i c a t e t h a t i t was a n y t h i n g o t h e r t h a n saprophagy. 

F u r t h e r i n v e s t i g a t i o n o f t h i s p o i n t would be o f g r e a t i n t e r e s t . 

11.4.3 Evidence f r o m Comparative Morphology 

T h i s i s one o f t h e most i m p o r t a n t l i n e s o f evidence. The method 

o f Outgroup Comparison, i n p a r t i c u l a r , has been w i d e l y used i n 

p h y l o g e n e t i c work ( E l d r e d g e and C r a c r a f t , 1980; W i l e y , 1981). The 

b a s i c p r i n c i p l e o f t h i s method i s t h a t , i f a c h a r a c t e r e x i s t s i n , say, 

two c o n d i t i o n s w i t h i n a t a x o n , t h e c o n d i t i o n which occurs i n r e l a t e d 

forms o u t s i d e t h a t t a x o n i s p r o b a b l y p l e s i o m o r p h i c w i t h i n i t . 

The r e l a t e d forms u s u a l l y compared i n t h i s manner a r e comprised 

w i t h i n t h e s i s t e r - g r o u p . However, s t r o n g s u p p o r t i n g evidence may be 

f o u n d by s t u d y i n g r e l a t e d groups as w e l l as t h e s i s t e r - g r o u p . The 

r e a s o n f o r d o i n g t h i s i s t h a t a c h a r a c t e r may occur i n two s t a t e s i n 

b o t h s i s t e r - g r o u p s . I n such cases i t i s necessary t o t r e a t b o t h these 

s i s t e r - g r o u p s as one group and a n a l y s e t h e c h a r a c t e r s o f i t s s i s t e r -

g r o u p , i f known. A g r e a t d e a l may be l e a r n t by l o o k i n g a t a wide range 
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o f r e l a t e d forms ( i n t h e p r e s e n t case, t h e C y c l o r r h a p h a ) and n o t i n g 

how wi d e s p r e a d a c h a r a c t e r - s t a t e i s . A v e r y widespread c h a r a c t e r - s t a t e 

i s p r o b a b l y p r i m i t i v e . 

Much use o f t h i s l i n e o f r e a s o n i n g w i l l be made i n t h e f o l l o w i n g 

p h y l o g e n e t i c a n a l y s i s . 

11.4.4 Evidence f r o m Ontogeny 

As was seen above ( 1 1 . 3 ) , t h e l a r v a e o f Holometabolous i n s e c t s 

a r e c a e n o g e n e t i c and t h e i r f e a t u r e s c a n n o t , t h e r e f o r e , be seen as 

r e c p i t u l a t i n g t h e f e a t u r e s o f t h e a n c e s t r a l a d u l t . N e v e r t h e l e s s , i t 

must be seen t h a t d u r i n g t h e o n t o g e n e t i c development o f t h e l a r v a 

i t s e l f , t h e f e a t u r e s expressed d u r i n g t h e e a r l y stages might shed some 

l i g h t on what t h e a n c e s t r a l l a r v a l o o k e d l i k e . I n o t h e r words, t h e 

p l e s i o m o r p h i c e x p r e s s i o n o f a c h a r a c t e r s h o u l d appear b e f o r e t h e more 

s p e c i a l i s e d , apomorphic e x p r e s s i o n . 

Some use w i l l be made o f t h i s k i n d o f r e a s o n i n g , a l t h o u g h i t 

w i l l always be used i n s u p p o r t o f o t h e r e v i d e n c e . 

11.4.5 Evidence f r o m G e n e t i c s 

Species a r e n o t m o r p h o l o g i c a l l y , b u t g e n e t i c a l l y d e f i n e d 

p o p u l a t i o n s . A l t h o u g h n o t a w a t e r t i g h t d e f i n i t i o n , t h e b i o l o g i c a l 

s p e c i e s may be d e f i n e d as a group o f p o p u l a t i o n s t h a t may f r e e l y 

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

p o p u l a t i o n s ( C a i n , 1963). 

I n p r i n c i p l e , t h e r e f o r e , a u s e f u l method o f i n v e s t i g a t i n g 
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whether two c l o s e l y r e l a t e d forms a r e a c t u a l l y d i f f e r e n t s p e c i e s o r 

n o t , i s by h y b r i d i s a t i o n e x p e r i m e n t s . T h i s i s n o t always p r a c t i c a b l e . 

I n t h e C a l l i p h o r i d a e s e v e r a l p a i r s o f such c l o s e l y r e l a t e d forms 

a r e known. Chrysomya p u t o r i a and Ch. c h l o r o p y g a a re a case i n p o i n t . 

These have been grouped t o g e t h e r as one s p e c i e s by many a u t h o r s , b u t 

T i y b r i d i s a t i o n e x p e r i m e n t s have shown t h e y a re g e n e t i c a l l y i s o l a t e d 

(Zumpt, 1965). No such work appears t o have been c a r r i e d o u t on 

a n o t h e r such p a i r o f s p e c i e s , Ch. a l b i c e p s and Ch. r u f i f a c i e s , 

a l t h o u g h t h e y were f o u n d t o be q u i t e e a s i l y s e p a r a b l e on s t r u c t u r a l 

grounds d u r i n g t h e course o f t h i s work. 

C a l l i p h o r a v i c i n a and C. v o m i t o r i a were once c o n s i d e r e d t o be 

t h e same s p e c i e s (Townsend, 1937), a l t h o u g h t h i s view has l o n g been 

r e j e c t e d . The l a r v a e a r e e a s i l y s e p a r a b l e , and a t t e m p t s by me t o 

h y b r i d i s e t h e s e s p e c i e s i n t h e l a b o r a t o r y f a i l e d . 

11.4.6 Evidence f r o m P h y s i o l o g y 

D u r i n g t h e course o f t h i s work a l i m i t e d number o f experiments 

on t h e r a t e o f development o f v a r i o u s s p e c i e s were conducted, and i t 

was n o t e d t h a t c e r t a i n s p e c i e s develop f a s t e r t h an o t h e r s under 

s i m i l a r c o n d i t i o n s . Now, i t i s known t h a t o b l i g a t e p a r a s i t e s such as 

t h e O e s t r i d a e and G a s t e r o p h i l i d a e develop s l o w l y (have a l o n g l a r v a l 

l i f e ) whereas saprophagous s p e c i e s such as P i o p h i l a c a s e i develop 

r e l a t i v e l y r a p i d l y (Zumpt, 1965). F u r t h e r m o r e , from t h e 

above-mentioned e x p e r i m e n t s i t was n o t e d t h a t C a l l i p h o r a v i c i n a 

d e v e l o p e d f a s t e r t h a n t h e more advanced ( s t r u c t u r a l l y ) C. v o m i t o r i a . 

I t i s p o s s i b l e , t h e r e f o r e , t h a t r a p i d development may be a p r i m i (vLve 

f e a t u r e . 
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The above p r o p o s a l i s a v e r y t e n t a t i v e one and t h i s c h a r a c t e r 

w i l l n o t be used i n t h e p h y l o g e n e t i c a n a l y s i s , s i n c e i t i s p r o b a b l y 

v e r y much s u b j e c t t o r e v e r s i o n d u r i n g e v o l u t i o n . 

A n o t h e r p i e c e o f p h y s i o l o g i c a l e v i d e n c e may be f o u n d i n t h e 

n u t r i t i v e r e q u i r e m e n t s o f f l i e s . I n t h e v a s t m a j o r i t y o f b l o w f l y 

s p e c i e s t h a t have been s t u d i e d , i t was f o u n d t h a t a p r o t e i n meal was 

r e q u i r e d by t h e female t o mature her f i r s t b a t c h o f eggs (anautogeny). 

The o b l i g a t e p a r a s i t e Chrysomya b e z z i a n a i s autogenous, n o t r e q u i r i n g 

a b l o o d meal i n o r d e r t o d e v e l o p t h e f i r s t b a t c h o f eggs (Spradbery 

and Schweizer, 1970). A d u l t O e s t r i d a e do n o t f e e d a t a l l (Papavero, 

1977). 

These f a c t s would seem t o i n d i c a t e t h a t autogeny i s an advanced 

c h a r a c t e r i s t i c . T h i s i s because i t i s l i n k e d t o t h e p a r a s i t i c h a b i t 

and, i n t h e C a l l i p h o r i d a e a t l e a s t , anautogeny i s v e r y widespread. 

11.4.7 Evidence f r o m Zoogeography 

The taxonomy o f t h e C a l l i p h o r i d a e (based on a d u l t c h a r a c t e r s ) i s 

n o t y e t s t a b i l i s e d and t h e World fauna has been r a t h e r p a t c h i l y 

i n v e s t i g a t e d ; t h i s a p p l i e s i n p a r t i c u l a r t o t h e N e o t r o p i c a l , O r i e n t a l 

and A u s t r a l a s i a n r e g i o n s . T h i s f a c t makes any z o o g e o g r a p h i c a l a n a l y s i s 

d i f f i c u l t , s i n c e even t h e number o f s p e c i e s o c c u r r i n g i n these r e g i o n s 

i s n o t ( a t l e a s t f o r most genera) known. I t i s , . t h e r e f o r e , n o t 

p o s s i b l e t o h y p o t h e s i s e an a r e a o f o r i g i n , based upon a knowledge o f 

t h e number o f modern s p e c i e s . 

However, one g e n e r a l comment may be made. The C a l l i ( ) h o r i d a e as a 

whole (and a l s o i t s c o n s t i t u e n t s u b f a m i l i e s and genera) show a 
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c o n t i n u o u s p a t t e r n o f d i s t r i b u t i o n . T h i s would almost c e r t a i n l y 

i n d i c a t e t h a t t h e g r o u p i s a young one and a t i t s most e v o l u t i o n a r i l y 

s u c c e s s f u l s t a g e . 

The d i p t e r o u s f a u n a o f New Zealand i s a l a r g e l y endemic one 

(H e n n i g , 1966b). Such a r e l i c t f a u n a may be expected t o e x h i b i t a 

number o f p l e s i o m o r p h i c f e a t u r e s when compared t o t h e i r c l o s e s t 

r e l a t i v e s . I n f a c t , t h e endemic s p e c i e s o f New Zealand C a l l i p h o r a do 

e x h i b i t such f e a t u r e s w h i c h have been deduced t o be p r i m i t i v e from 

o t h e r e v i d e n c e . T h e r e f o r e , t h e s e s p e c i e s may o f f e r s t r o n g s u p p o r t i n g 

e v i d e n c e . I t i s r e g r e t t a b l e t h a t none o f t h e endemic s p e c i e s o f t h e 

Madagascan f a u n a were a v a i l a b l e f o r s t u d y . 

Three genera o f C a l l i p h o r i d a e a r e r e a s o n a b l y well-known 

t a x o n o m i c a l l y . The numbers o f s p e c i e s o f each genus known i n each 

zoogeographic r e g i o n a r e l i s t e d i n t h e f o l l o w i n g t a b l e . 

Genus 

Region C a l l i p h o r a L u c i l i a Chrysomya 

P a l a e a r c t i c 11 15 4 

O r i e n t a l 10 9 10 

A f r o t r o p i c a l 1 4 12 

A u s t r a l a s i a n 32 4 9 

N e a r c t i c 8 12 -

N e o t r o p i c a l 4 16 -

[ N.B. Three s p e c i e s o f Chrysomya have r e c e n t l y been i n t r o d u c e d by Man 

i n t o t h e Americas ] 
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A g l a n c e a t t h e t a b l e w i l l show t h a t , w h i l e i t i s d i f f i c u l t t o 

come t o any d e f i n i t e c o n c l u s i o n s r e g a r d i n g L u c i l i a and Chrysomya 

d i s t r i b u t i o n , i t would be l o g i c a l t o propose t h a t A u s t r a l a s i a was 

p r o b a b l y t h e a r e a o f o r i g i n o f t h e genus C a l l i p h o r a . T h i s h y p o t h e s i s 

i s f u r t h e r s u p p o r t e d by t h e f a c t t h a t some o f t h e most p r i m i t i v e 

members o f t h e genus occur i n t h i s r e g i o n . 

11.4.8 Evidence f r o m C l i m a t o l o g y 

F a i r c h i l d (1969) d i s c u s s e d t h e p o s s i b l e r o l e t h a t c l i m a t e may 

have p l a y e d i n t h e e v o l u t i o n and d i s t r i b u t i o n o f t h e Tabanidae. He 

b e g i n s by p u t t i n g f o r w a r d h i s b e l i e f t h a t i n s e c t s as a Class, and 

p r o b a b l y most Orders and F a m i l i e s , e v o l v e d i n t h e T r o p i c s , i . e . those 

a r e a s where t h e t e m p e r a t u r e r a r e l y i f ever i s low enough t o s t o p 

i n s e c t a c t i v i t y . He reasons t h a t , i f t h i s i s so, t h e n t h e a b i l i t y t o 

s u r v i v e and r e p r o d u c e o u t s i d e t h e T r o p i c s i s an a c q u i r e d a d a p t a t i o n , 

and he n o t e s t h a t t h e D i p t e r a have been u n u s u a l l y s u c c e s s f u l i n t h i s 

r e s p e c t . C o l d a d a p t a t i o n and t h e consequent movement o u t o f t h e 

T r o p i c s would, t h e r e f o r e , mean movement i n t o an environment o f lower 

c o m p e t i t i o n and l e s s e n e d s e l e c t i o n p r e s s u r e . I t would t h e n f o l l o w t h a t 

e v o l u t i o n would be slowed by c o l d c l i m a t e s , and t h a t movement by a 

c o o l - a d o p t e d t a x o n back i n t o t h e T r o p i c s would be i n c r e a s i n g l y 

d i f f i c u l t . Since movement o f i n s e c t s would be more p r e v a l e n t i n t o c o o l 

r e g i o n s f r o m t h e T r o p i c s , and e v o l u t i o n would be expected t o be sl o w e r 

i n c o o l a r e a s , t h e r e s h o u l d be a g r a d u a l a c c u m u l a t i o n o f l e s s 

s p e c i a l i s e d t a x a i n c o o l a r e a s , i n o t h e r words, c o o l areas a c t as 

t r a p s f o r p r i m i t i v e s t a g e s i n t h e e v o l u t i o n o f a group. 
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This i n t e r e s t i n g idea i s s t r o n g l y supported by the present 

study. Those character-states t h a t have been i n f e r r e d to be apomorphic 

are c e r t a i n l y f a r more common i n the warmer p a r t s of the World. 

However, t h i s l i n e o f reasoning cannot r e a l l y be used d i r e c t l y , since 

e v o l u t i o n , although slow i n c o l d areas, c e r t a i n l y does not cease, and 

many cold-adapted species do possess advanced c h a r a c t e r i s t i c s . Rather, 

the r e s u l t s of the present study may be seen as evidence supporting 

F a i r c h i l d ' s hypothesis, r a t h e r than v i c e versa. 

11.4.9 Evidence from Previous Taxonomic Work 

Any piece o f taxonomic work i s b u i l t upon previous s t u d i e s , and, 

as p o i n t e d out above (11.3) i t i s believed t h a t the main subdivisions 

o f the C a l l i p h o r i d a e are b e t t e r expressed i n the a d u l t stage. These 

d i v i s i o n s are, t h e r e f o r e , accepted i n the present work; t h e i r main 

value l i e s i n showing t h a t c e r t a i n characters have evolved more than 

once i n the f a m i l y . 

On the other hand various generic groupings w i l l be questioned, 

although no formal changes o f nomenclature are proposed. 

11.5 Character States 

I n t h i s s e c t i o n an analysis o f a v a r i e t y o f characters w i l l be 

made. For each character evidence w i l l be presented t o support 

hypotheses concerning the plesiomorphic and apomorphic expressions o f 

t h a t character. 

A l l references t o apomorphy and plesiomorphy made i n t h i s 



- 270 -

s e c t i o n r e f e r t o the c o n d i t i o n w i t h i n the Ca l l i p h o r i d a e alone, unless 

otherwise s t a t e d . 

11.5.1 Characters o f the T h i r d I n s t a r l a r v a 

11.5.1.1 Spine S t r u c t u r e and Pigmentation 

Small f i n e - p o i n t e d spines are the plesiomorphic expression o f 

t h i s character. Large, rounded spines, and spines w i t h more than one 

t o o t h are apomorphic expressions. Darkly pigmented spines are also 

apomorphic, while l i g h t l y or unpigmented spines are plesiomorphic. 

Evidence: Fine, unpigmented spines are the r u l e i n the 

Sarcophagidae. Such spines are also very widespread amongst other 

Cyclorrhapha, much more so than strong, h e a v i l y pigmented spines (see 

Figs. 180 & 181). I n a d d i t i o n , the f i r s t or second i n s t a r C a l l i p h o r i d s 

examined hardly ever possessed strong, dark spines, t h i s feature 

always appearing ( i f i t does appear) only i n the t h i r d i n s t a r . 

11.5.1.2 Spine Banding 

Dor s a l l y incomplete banding on the p o s t e r i o r segments i s a 

plesiomorphic f e a t u r e . 

Evidence: Many Sarcophagidae possess incomplete s p i n a l bands, 

although they are complete i n a few species. However, i n the vast 

array o f Acalypterates studied incomplete banding of most (not only 

the p o s t e r i o r ) segments was the r u l e , e.g. i n Drosophila melanogaster 

a l l bands are incomplete d o r s a l l y . 
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11.5.1.3 Number o f lobes o f A n t e r i o r S piracle 

A g r e a t number o f lobes (12-13) i s the plesiomorphic c o n d i t i o n , 

w i t h fewer lobes as an apomorphic f e a t u r e . 

Evidence: A great number o f lobes i s always e x h i b i t e d by the 

Sarcophagidae, and i s the r u l e among most Cyclorrhapha. However, i n 

the Tachinidae, Muscidae and Anthomyiidae the character i s as vari e d 

as i n the C a l l i p h o r i d a e , although there i s , nevertheless, a greater 

tendency t o a higher number among the three former f a m i l i e s than i n 

the C a l l i p h o r i d a e . I t seems t h a t m e r i s t i c characters tend towards a 

r e d u c t i o n i n number during e v o l u t i o n (Crowson, 1970), although 

increases i n number have oc c a s i o n a l l y been known. 

11.5.1.4 P o s t e r i o r S p i r a c l e Size and Distance Factor 

The Spiracle Distance Factor o f the ancestral C a l l i p h o r i d was 

probably between 1.2-1.8, although t h i s character was found d i f f i c u l t 

t o analyse. Among the Sarcophagidae the same range o f f a c t o r s e x i s t s 

as i n the C a l l i p h o r i d a e , so outgroup comparison i s not o f much use on 

t h i s occasion. 

Evidence: The range o f 1.2-1.8 i s very common i n the 

C a l l i p h o r i d a e . Highly s p e c i a l i s e d larvae have e i t h e r a very low SDF 

(e.g. Chrysomya bezziana: 0.11-0.13) or a very high SDF (e.g. 

Auchmeromyia l u t e o l a : 4-5.3). Therefore, e v o l u t i o n seems t o have gone, 

on occasion, i n opposite d i r e c t i o n s , the p r i m i t i v e c o n d i t i o n i n t h i s 

case being a t n e i t h e r extreme. 

Size o f the p o s t e r i o r s p i r a c l e i s l i n k e d t o the SDF; the lower 
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the SDF ( s p i r a c l e s close together) the greater the diameter of the 

s p i r a c l e . 

11.5.1.5 Ecdysial Scar Pigmentation 

Although t h i s i s a veiriable character which may be misleading i n 

i d e n t i f i c a t i o n , nevertheless there i s a strong tendency towards lack 

o f pigmentation i n many species. I t i s t e n t a t i v e l y proposed t h a t the 

unpigmented c o n d i t i o n i s plesiomorphic. 

Evidence: The overwhelming m a j o r i t y of Sarcophagidae lack 

pigmentation i n t h i s area ( F i g . 182 ) . Some spe c i a l i s e d Sarcophagids, 

however, do have the button pigmented, e.g. Brachicoma devia 

( F i g . 183 a p a r a s i t e o f Hymenopterous larvae. Due t o the sp e c i a l i s e d 

nature o f t h i s species, however, one can conclude t h a t i t i s the 

apomorphic expression i n Sarcophagidae as w e l l . 

11.5.1.6 P o s t e r i o r Spiracle Anastomoses 

A great number o f anastomoses i n the s p i r a c u l a r s l i t s i s the 

plesiomorphic c o n d i t i o n . 

Evidence: The s p i r a c u l a r s l i t s o f Sarcophagidae possess a large 

number o f anastomoses. Those C a l l i p h o r i d a e t h a t possess only a few 

anastomoses are s p e c i a l i s e d p a r a s i t e s , e.g. P r o t o c a l l i p h o r a and 

Auchmeromyia. 
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11.5.1.7 The Sun-Ray Str u c t u r e 

The sun-ray s t r u c t u r e as a well-developed feature i s the 

plesiomorphic expression. 

Evidence: The sun-ray s t r u c t u r e i s u s u a l l y well-developed i n the 

Sarcophagidae. Specialised species, e.g. P r o t o c a l l i p h o r a spp. have 

very much reduced sun-ray s t r u c t u r e s . I n the genus Chrysomya the SR 

s t r u c t u r e i s well-developed i n most species, except i n Ch. bezziana, 

an o b l i g a t e p a r a s i t e , where i t i s l a c k i n g . 

The i n t e r s p i r a c u l a r b r i s t l e s of c e r t a i n Cyclorrhapha, e.g. 

Drosophilidae and Coelopidae are probably homologous w i t h the SR 

s t r u c t u r e , as t h e i r form and arrangement i s s i m i l a r to the C a l l i p h o r i d 

s t r u c t u r e , but much more pronounced ( F i g . 178). 

11.5.1.8 Body Processes 

The body processes o f the 'hairy' maggots are c l e a r l y an 

apomorphic f e a t u r e . 

Evidence: The vast m a j o r i t y o f C a l l i p h o r i d s lack such processes, 

and they are t o t a l l y absent from the Sarcophagidae. The only 

comparable s t r u c t u r e s known t o me among the Calypterata are the body 

processes o f Fannia (Muscidae). Body processes probably arose 

independently twice i n the C a l l i p h o r i d a e ; once i n the 'hairy' maggots, 

and once i n Chrysomya varipes. The reason f o r t h i s b e l i e f i s t h a t 

Ch. varipes possesses only two processes per segment and the skeleton 

i s o f a very d i f f e r e n t type t o the one shared i n common by the 'hairy' 

maggot species. 
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11.5.1.9 P o s t e r i o r P a p i l l a e Size and P o s i t i o n 

Medium-sized p a p i l l a e (as e.g. i n C a l l i p h o r a v i c i n a ) are the 

plesiomorphic c o n d i t i o n . Also, P̂ , P̂  and P̂  e q u i d i s t a n t i s 

plesiomorphic. 

Evidence: The above c o n d i t i o n i s very common w i t h i n the fa m i l y 

and i s also the r u l e i n Sarcophagidae. Furthermore, a l l f i r s t i n s t a r s 

possess t h i s character i n t h i s c o n d i t i o n , even i n those species whose 

t h i r d i n s t a r s possess e i t h e r very well-developed or very reduced 

p a p i l l a e . This character has evolved i n two d i r e c t i o n s , the 

plesiomorphic expression being intermediate. 

11.5.1.10 Shape Factor 

A Shape Factor of 0.20-0.25 i s probably the plesiomorphic 

c o n d i t i o n . 

Evidence: This i s a range t y p i c a l of most Calliphoridae and 

Sarcophagidae. C a l l i p h o r i d species w i t h a higher Shape Factor range 

are s p e c i a l i s e d p a r a s i t e s , e.g. P r o t o c a l l i p h o r a azurea (0.29-0.34) and 

Cordylobia r o d h a i n i (0.49-0.51). A lower Shape Factor i s l i n k e d t o the 

p r i m i t i v e curvature so widespread among the Cyclorrhapha. This 

p r i m i t i v e shape i s l o s t i n larvae w i t h a high Shape Factor. 

11.5.1.11 Mouth-Hook Length 

Very long and very short mouth-hooks are apomorphic expressions 

o f t h i s character. The plesiomorphic c o n d i t i o n i s probably t h a t found 
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i n species l i k e L u c i l i a s e r i c a t a and C a l l i p h o r a v i c i n a . 

Evidence: Very long and very short hooks are present i n 

s p e c i a l i s e d p a r a s i t e s , e.g. long i n L u c i l i a bufonivora, while i n 

other, saprophagous, L u c i l i a species i t i s sho r t e r . The mouth-hook i s 

very s h o r t i n P r o t o c a l l i p h o r a spp. I n most Sarcophagids the c o n d i t i o n 

i s s i m i l a r t o the hypothesised plesiomorphic c o n d i t i o n i n 

C a l l i p h o r i d a e . 

11.5.1.12 The Oral S c l e r i t e 

An unpigmented o r a l s c l e r i t e i s the plesiomorphic expression. 

Evidence: Most C a l l i p h o r i d s lack a pigmented o r a l s c l e r i t e . 

Hardly any Sarcophagidae possess pigmented o r a l s c l e r i t e s . The o r a l 

s c l e r i t e i s widespread among the Cyclorrhapha, but i s hardly ever 

pigmented (see Figs. 174 and 175). 

Skidmore (pers. comm.) suggests t h a t the o r a l s c l e r i t e i n 

C a l l i p h o r i d a e may have ar i s e n from the f u s i o n of paired o r a l s c l c r i l . c K 

such as are present i n some Muscidae, suggesting t h a t these paired 

s t r u c t u r e s are p r i m i t i v e . Hartley (1963) also implies t h a t the complex 

s t r u c t u r e s present i n Limmophora (Muscidae) are p r i m i t i v e . However, 

the widespread presence o f the C a l l i p h o r i d - t y p e o r a l s c l e r i t e among 

the Cyclorrhapha i s strong evidence t o suggest t h a t t h i s i s the 

p r i m i t i v e c o n d i t i o n , and t h a t the paired Muscid s t r u c t u r e s arose from 

the s p l i t t i n g up o f the o r a l s c l e r i t e . 
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11.5.1.13 The L i g u l o i d Arch 

A broad, s t r a i g h t , well-pigmented l i g u l o i d arch i s the 

plesiomorphic expression. 

Evidence: The c o n d i t i o n i s widespread among the unspecialised 

C a l l i p h o r i d a e . P a r a s i t i c species tend t o have modified arches. Broad, 

well-pigmented arches are the r u l e among the Sarcophagidae (Figs. 167 

and 170). 

This s t r u c t u r e i s very v a r i a b l e i n the Cyclorrhapha as a whole. 

I t i s t o t a l l y absent from many, e.g. P i o p h i l a casei ( F i g . 176), while 

i t i s very well-developed i n others. Teskey (1981) has suggested t h a t 

the dentate arch of. many Sciomyzidae may be homologous w i t h the 

l i g u l o i d arch ( F i g . 171). I f t h i s i s so, then t h i s i s an extreme 

c o n d i t i o n o f the s t r u c t u r e . The l i g u l o i d arch seems to be absent from 

most Tachinidae and Oestridae. 

11.5.1.14 The Dental S c l e r i t e 

A well-developed dental s c l e r i t e , as i n most Calliphora spp. i s 

the plesiomorphic expression; i t s re d u c t i o n or t o t a l absence i s 

apomorphic. 

Evidence: Sarcophagidae almost always possess a well-developed 

de n t a l s c l e r i t e . A robust s c l e r i t e i s also very widespread among the 

C a l l i p h o r i d s , and i s reduced (e.g. i n Chrysomya bezziana) or absent 

( i n P r o t o c a l l i p h o r a spp.) i n p a r a s i t i c species. 

Once again, the dental s c l e r i t e i s very v a r i a b l e i n the 

Cyclorrhapha. I t appears t o be absent from most Tachinidae (Figs. 308 

and 309) and Oestridae and also from many Acalypterates, although most 

of the l a t t e r possess i t . 
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11.5.1.15 The Hypostomal Plates 

Weakly pigmented hypostomal p l a t e s s i t u a t e d close together are 

probably plesiomorphic expressions. 

Evidence: This c o n d i t i o n i s prevalent among the Sarcophagidae 

(Figs. 167 and 169), although great v a r i a t i o n occurs i n t h i s s t r u c t u r e 

w i t h i n the C a l l i p h o r i d a e . I n most Cyclorrhapha the plates are not very 

h e a v i l y pigmented and are s i t u a t e d close t o one another 

(Figs. 172 and 176). T o t a l f u s i o n seems t o have occurred i n many 

Tachinidae ( F i g . 310 ) and i n many Acalypterates, such as Lonchaea 

chorea. 

I n P r o t o c a l l i p h o r a spp. the p l a t e s s i t u a t e d close together are 

probably a secondary f e a t u r e , since the p l a t e apertures are a n t e r i o r 

i n t h i s genus, whereas they are p o s t e r i o r i n most Cyclorrhapha (see 

Fig.: 166). 

11.5.1.16 The Hypostomal S c l e r i t e 

1. A long hypostomal s c l e r i t e ( i . e . only s l i g h t l y shorter than 

the mouth-hook) i s probably plesiomorphic. 

2. A narrow ( i n l a t e r a l view) hypostomal s c l e r i t e i s 

plesiomorphic. 

3. A narrow cross-bar of the hypostomal s c l e r i t e i s 

plesiomorphic. 

Evidence f o r (1) and ( 2 ) : These cond i t i o n s are widespread i n the 

C a l l i p h o r i d a e , but great v a r i a t i o n between Sarcophagid species e x i s t s 

as regards t h i s character. Long, narrow hypostomal s c l e r i t e s seem t o 
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be plesiomorphic i n the Cyclorrhapha as a whole (See Fig. 173). 

Evidence f o r ( 3 ) : This c o n d i t i o n i s widespread i n the 

C a l l i p h o r i d a e and Sarcophagidae" (Figs. 148 and 168 ). Very t h i c k 

cross-bars e x i s t i n such species as Chrysomya albiceps, which e x h i b i t 

a great number o f apomorphic features i n the l a r v a as a whole and i n 

the skeleton i n p a r t i c u l a r . 

11.5.1.17 The Parastomal Bars 

Narrow, elongate parastomal bars are the plesiomorphic 

c o n d i t i o n . Thickened, a n t e r i o r l y t a p e r i n g bars, and absence of bars 

are apomorphic f e a t u r e s . 

Evidence: The hypothesised plesiomorphic c o n d i t i o n i s very 

common both i n both C a l l i p h o r i d a e and Sarcophagidae. Those l a c k i n g 

bars are o v e r a l l h i g h l y s p e c i a l i s e d , e.g. Stomorhina c r i b r a t a and 

Chrysomya s u f i f a c i e s . Thick bars are present i n the sp e c i a l i s e d genus 

P r o t o c a l l i p h o r a . 

Parastomal bars are very common among the Cyclorrhapha, although 

they are absent from Tachinidae ( F i g . 309 ), Muscidae and Oestridae. As 

a r u l e , they are present i n the Acalypterates ( F i g . 173). 

11.5.1.18 The Dorsal Cornu 

A dorsal cornu of medium thickness (as i n Calliphora v i c i n a ) i s 

plesiomorphic. The presence o f a c l e f t i n the cornu i s apomorphic. 

Evidence: With the C a l l i p h o r i d a e , species w i t h much enlarged 

(e.g. P r o t o c a l l i p h o r a ) or much reduced (e.g. P o l l e n i a ) dorsal cornua 
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are s p e c i a l i s e d p a r a s i t e s . The thickness o f the dorsal cornu i n 

Sacophagidae i s s i m i l a r t o the hypothesised ancestral c o n d i t i o n . Most 

C a l l i p h o r i d a e do not possess a c l e f t i n the cornu, although most 

Sarcophagidae do. Nevertheless, I do not t h i n k t h a t i s a plesiomorphic 

f e a t u r e because, i n C a l l i p h o r i d a e , i t i s present only i n s p e c i a l i s e d 

species (Stomorhina, Auchmeromyia). A c l e f t i s absent from most 

Cyclorrhapha. 

the dorsal cornu i s narrow i n most Muscidae, but i s very large 

i n Tachinidae (Figs. 306 6 309), Oestridae and Cuterebridae. I t i s 

i n t e r e s t i n g t o note t h a t these three groups are p a r a s i t i c . I n the 

d i s t a n t l y r e l a t e d p a r a s i t i c f a m i l y , Conopidae, the dorsal cornu i s 

much enlarged ( F i g . 319). 

11.5.1.19 The V e n t r a l Cornu 

The v e n t r a l cornu v a r i e s i n t e r s p e c i f i c a l l y according t o whether 

i t i s long or s h o r t i n r e l a t i o n t o the dorsal cornu. Short v e n t r a l 

cornua seem t o be present i n species w i t h a large number of p r i m i t i v e 

f e a t u r e s , and y e t long cornua are much more widespread i n 

C a l l i p h o r i d a e and Sarcophagidae and most Cyclorrhapha. I t i s , 

t h e r e f o r e , t e n t a t i v e l y proposed t h a t s h o r t cornua are the apomorphi.c 

expression. 

11.5.1.20 The L a t e r a l Plate 

A l a t e r a l p l a t e narrower than the length of the mouth-hook i s 

plesiomorphic. 
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Evidence: This c o n d i t i o n i s very common i n Calliphoridae and 

Sarcophogidae. Those C a l l i p h o r i d s w i t h very broad l a t e r a l p l ates are 

s p e c i a l i s e d predatory (e.g. the 'hairy' 1Chrysomya spp.) or p a r a s i t i c 

(e.g. P r o t o c a l l i p h o r a ) species. The hypothesised plesiomorphic 

c o n d i t i o n i s also the r u l e among most Cyclorrhapha, e s p e c i a l l y the 

saprophagous species. 

11.5.1.21 The Pharyngeal Ridges 

Well-developed pharyngeal ridges are the plesiomorphic 

c o n d i t i o n . 

Evidence: This i s a very widespread c o n d i t i o n among 

C a l l i p h o r i d a e and Sarcophagidae and most Cyclorrhapha (although absent 

from Tachinidae). I n C a l l i p h o r i d a e , pharyngeal ridges are lacking only 

i n a few s p e c i a l i s e d species (e.g. Auchmeromyia). 

11.5.2 Characters o f the Second I n s t a r Larva 

11.5.2.1 The Mouth-Hook 

A mouth-hook w i t h a g r e a t l y thickened area of curvature i s the 

plesiomorphic c o n d i t i o n . 

Evidence: This i s a very widespread c o n d i t i o n among the? 

C a l l i p h o r i d a e . Also, i t i s s t r o n g l y l i n k e d t o a number of 

plesiomorphic features i n the t h i r d i n s t a r . Mouth-hooks w i t h narrow 

areas o f curvature are almost always associated w i t h apomorphic 

f e a t u r e s i n the t h i r d i n s t a r , e.g. strong spines. 
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11.5.2.2 The Hypostomal Process 

A t h i n hypostomal process i s plesiomorphic. I t s absence or great 

t h i c k e n i n g are apomorphic expressions. 

Evidence: Thin hypostomal processes are very widespread i n 

C a l l i p h o r i d a e . They are absent from the p a r a s i t i c Elephantoloemus 

i n d i c u s and are g r e a t l y thickened i n P r o t o c a l l i p h o r a spp. 

11.5.3 Characters o f the F i r s t I n s t a r Larva 

11.5.3.1 The Mouth-Hook 

A s t r o n g l y angled mouth-hook i s the plesiomorphic expression. 

Evidence: This c o n d i t i o n i s both widespread i n the Calliphoridae 

and l i n k e d t o a number of plesiomorphic features i n the t h i r d i n s t a r . 

11.5.3.2 The Post-Mandibular S c l e r i t e 

The presence o f t h i s s c l e r i t e i s apomorphic, as i t i s very rare 

i n the f a m i l y . I t probably arose more than once during the course of 

e v o l u t i o n . 

11.5.3.3 The L a t e r a l Plate 

A l a t e r a l p l a t e narrower than the length of the mouth-hook i s 

plesiomorphic. 

Evidence: This c o n d i t i o n i s very widespread i n the 
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C a l l i p h o r i d a e . L a t e r a l p l a t e s broader than the length of the 

mouth-hook are l i n k e d t o various apomorphic features i n the t h i r d 

i n s t a r . 

11.5.3.4 The P o s t e r i o r Hairs 

the presence o f well-developed h a i r s i s an apomorphic fe a t u r e . 

Evidence: The absence o f these h a i r s , or the presence o f very 

f i n e h a i r s , i s widespread i n C a l l i p h o r i d a e . They seem t o be t o t a l l y 

absent from the Sarcophagidae. 

11.5.4 Characters o f the Egg 

11.5.4.1 The Median Area 

An a n t e r i o r l y forked median area i s the apomorphic expression. 

Evidence: The eggs o f a l l Sarcophagidae and Muscidae examined 

d i d not have an a n t e r i o r l y forked median area. This seems t o be the 

r u l e i n most Cyclorrhapha (Hinton, 1981). 

11.5.4.2 The Hatching Pleats 

Raised, well-developed hatching p l e a t s are the apomorphic 

expression. 

Evidence: This c o n d i t i o n i s the m i n o r i t y c o n d i t i o n w i t h i n the 

C a l l i p h o r i d a e . I t i s absent from the Sarcophagidae examined. This 

f e a t u r e seemed t o have evolved many times i n the Cyclorrhapha, e.g. i t 

i s present i n many Muscidae (Ferrar, 1979). 
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11.5.4.3 Pl a s t r o n Craters 

The presence o f these c r a t e r s appears t o be an apomorphic 

f e a t u r e . I t i s very r a r e i n the C a l l i p h o r i d a e . I t i s also present i n 

some Muscidae (Hinton, 1981) and appears t o be an adaptation t o dry 

h a b i t a t s . I t was not present i n any Sarcophagidae examined. 

11.6 Phylogeny o f Selected Groups of Ca l l i p h o r i d a e 

I n t h i s s e c t i o n a phylogenetic r e c o n s t r u c t i o n of f i v e groups of 

C a l l i p h o r i d a e i s presented. These rec o n s t r u c t i o n s are based e n t i r e l y 

on l a r v a l characters, although a d u l t characters w i l l be mentioned 

o c c a s i o n a l l y i n order t o discuss previous authors' views on the l i m i t s 

o f genera. Adult characters were i n i t i a l l y taken from the l i t e r a t u r e 

and were not pers o n a l l y i n v e s t i g a t e d ; a l l such characters were, 

however, checked by me on specimens i n the c o l l e c t i o n s o f the B r i t i s h 

Museum (Natural H i s t o r y ) and, i n the case of Calliphora c r o c e i p a l p i s , 

on specimens loaned by Dr L. Davies. 

11.6.1 The Genus C a l l i p h o r a 

The phylogeny o f the genus C a l l i p h o r a (mainly the A u s t r a l i a n 

species) has been discussed by Patton (1935), Hardy (1937) and 

Kurahashi (1971). None o f these authors undertook any d e t a i l e d 

a n a l y s i s o f cha r a c t e r - s t a t e s and t h e i r phylogenetic trees give no 

i n d i c a t i o n as t o how t h e i r conclusions were reached. Kurahashi'H t.reo 

o f the phylogeny o f the Calliphora-group shows four taxa o r i g i n a t i n g 

from the same p o i n t i n the eladogram. 
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Nevertheless, these authors d i d note a number o f what they 

considered t o be p r i m i t i v e features i n the adults of some species 

w i t h i n the group. For example, Kurahashi establishes the basal 

dichotomy o f h i s t r e e on whether the eyes o f the male are dicho p t i c or 

not. ( I i n f e r t h i s from the t e x t o f the paper, since he does not 

a c t u a l l y make i t c l e a r which character he i s using t o e s t a b l i s h the 

dichotomy). This basal dichotomy divides the group i n t o Calliphora 

sensu s t r i c t o on the one hand, and a group o f other, more p r i m i t i v e , 

genera (those w i t h d i c h o p t i c eyes i n the male) on the other. This 

l a t t e r group includes the genera A l d r i c h i n a , Triceratopyga, 

E u c a l l i p h o r a and (although not d e a l t w i t h by Kurahashi) Cynomya and 

Cynomyopsis. Although p r i m i t i v e i n many features, these genera show a 

number o f apomorphic features i n the a d u l t , e s p e c i a l l y i n the 

s t r u c t u r e o f the hypopygium. The present study shows t h a t they have a 

l a r g e number o f p r i m i t i v e features i n the l a r v a l and egg stages, but 

also show a few apomorphic fe a t u r e s , e s p e c i a l l y i n regard t o the 

number o f lobes o f the a n t e r i o r s p i r a c l e . 

Regarding C a l l i p h o r a sensu s t r i c t o , i t was suggested above 

(11.4.7) t h a t t h i s genus o r i g i n a t e d i n Au s t r a l a s i a , because of the 

gre a t number o f species oc c u r r i n g there and because of the presence of 

many p r i m i t i v e features among some o f the representatives i n t h a t 

area. For example, the pigmentation of the o r a l s c l e r i t e , which i s 

such a f e a t u r e o f t h i s genus, i s shown a t i t s most p r i m i t i v e c o n d i t i o n 

i n many Aus t r a l a s i a n species, e s p e c i a l l y those of New Zealand, where 

the pigmentation i s at a minimum. 

C. c r o c e i p a l p i s i s the only species o f the genus known t o occur 

i n the A f r o t r o p i c a l r e g i o n . Zumpt (1956b) states t h a t i t i s 
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intermediate between C. v i c i n a and C. v o m i t o r i a . This i s c e r t a i n l y 

t r u e i n the a d u l t stage, the buccae being black, w i t h black h a i r s , but 

the l a r v a l stages show immediately t h a t i t s a f f i n i t i e s l i e w i t h 

C. v i c i n a r a t h e r than C. v o m i t o r i a . I n f a c t , i t i s very d i f f i c u l t t o 

separate the larvae o f C. v i c i n a and C. c r o c e i p a l p i s , whereas i t i s 

very easy t o d i s t i n g u i s h between them on the one hand, and 

C. v o m i t o r i a on the other. Hennig {1966b) quotes Seguy (1940) as 

saying t h a t C. c r o c e i p a l p i s (as C. a n t a r c t i c a ) evolved from 

C. v o m i t o r i a ; I cannot agree w i t h t h i s . 

The p r a c t i c a l d i f f i c u l t y i n attempting t o reconstruct 

phylogenies based on immature characters i s the small number of 

species known as l a r v a e . While i t i s possible (as set out above) to 

work out the apomorphic and plesiomorphic states of characters, i t 

would serve l i t t l e purpose t o present a cladogram o f a group o f which 

only a few species have been studied. A cladogram f o r the genus 

C a l l i p h o r a on a World basis cannot, t h e r e f o r e , be constructed. 

However, since a l l the species of C a l l i p h o r a from B r i t a i n have 

been st u d i e d i t i s possible t o construct a cladogram f o r the species 

o f t h i s area. The method used was t o define each taxon (or clade) on 

the basis o f a t l e a s t one apomorphy unique t o i t i n the group i n 

question. The r e s u l t i s shown i n F i g . 332. 

I t w i l l be immediately obvious t h a t there i s a weakness i n the 

cladogram.. This occurs a t the p o i n t i n d i c a t e d by the arrow. I t i s a 

weakness because t h a t p a r t i c u l a r clade i s defined on the basis of a 

plesiomorphy, not an apomorphy, and thus, we are l e f t w i t h a r e s i d u a l 

p a r a p h y l e t i c group. The reason t h i s has happened i s a lack o f data. 

Further s t u d i e s , e s p e c i a l l y on a d u l t characters should go a long way 
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towards s o l v i n g the problem. 

Two i n t e r e s t i n g p o i n t s emerge from the cladogram. F i r s t l y , 

C. u r a l e n s i s i s seen t o be more c l o s e l y r e l a t e d t o C. vomitoria than 

t o C. v i c i n a , although i t more c l o s e l y resembles the l a t t e r species i n 

the a d u l t stage. Secondly, C. subalpina appears more clo s e l y r e l a t e d 

t o C. loewi than t o C. a l p i n a , although C. a l p i n a and subalpina were 

a t one time grouped together i n a separate genus Acrophaga. 

I n the case o f C. u r a l e n s i s , I b e l i e v e t h a t the cladogram shows 

t h a t the a d u l t characters are i n v a l i d f o r phylogenetic purposes, since 

t h i s species i s s t r o n g l y l i n k e d w i t h C. v o m i t o r i a by synapomorphies i n 

the l a r v a l stages. I n the case o f C. subalpina, however, I believe 

t h a t the a d u l t characters are more s i g n i f i c a n t , a b e l i e f supported by 

the f a c t t h a t the cladogram i s weak at t h i s p o i n t . 

11.6.2 The Subfamily Phormiinae 

This subfamily i s u s u a l l y d i v i d e d i n t o three genera: Phormia, 

Boreellus and P r o t o c a l l i p h o r a . The l a t t e r genus i s sometimes s p l i t 

i n t o P r o t o c a l l i p h o r a sensu s t r i c t o and Trypocalliphora (Zumpt, 1956a). 

The present study supports the view t h a t P r o t o c a l l i p h o r a and 

T r y p o c a l l i p h o r a could u s e f u l l y be regarded as separate genera. 

Regrettably, no specimens o f T r y p o c a l l i p h o r a were a v a i l a b l e f o r study. 

However, the i l l u s t r a t i o n s by Zumpt (1965) and Hakanen et a l (1974) of 

T r y p o c a l l i p h o r a l i n d n e r i Peus were studied and compared w i t h the 

species o f P r o t o c a l l i p h o r a examined. The most obvious d i f f e r e n c e was 

the absence of the sucker o f the pseudocephalon i n Trypocalliphora. 

This i s not s u r p r i s i n g , since the l a t t e r genus i s not a bloodsucker. 
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but a subcutaneous p a r a s i t e o f b i r d n e s t l i n g s (Zumpt, 1965). These two 

f a c t s would seem t o j u s t i f y the s p l i t t i n g o f the genus. 

Regarding Phormia and Boreellus, i t i s d i f f i c u l t t o see any 

j u s t i f i c a t i o n f o r the existence o f two genera i n t h i s case. H a l l 

(1948) s t a t e s t h a t (on a d u l t characters) the genus Boreellus i s very 

d i s t i n c t among the Phormiinae, since the head i s elongate, the a p i c a l 

c e l l o f the wing i s closed and the a r i s t a pubescent. I studied adults 

o f the two Phormia and s i n g l e Boreellus species and I f i n d t h a t , as 

f a r as these three characters are concerned, Phormia terraenovae i s 

i n t e r m e d i a t e between Phormia regina and Boreellus a t r i c e p s . 

Furthermore, the larvae o f a l l three species are exceedingly s i m i l a r 

and very d i f f i c u l t t o t e l l apart. 

A cladogram o f the d i v i s i o n s o f the Phormiinae i s presented 

( F i g . 333). 

11.6.3 The Genus Cordylobia 

The three known species o f t h i s p a r a s i t i c group show characters 

i n t h e i r immature stages t h a t enable a well-founded phylogenetic 

hypothesis t o be proposed. This i s shown i n F i g . 335. 

The cladogram i s i n t e r e s t i n g since i t shows t h a t C. r o d h a i n i 

( o r i g i n a l l y described by Gedoelst (1909) as a species o f Cordylobia, 

but l a t e r Surcouf (1914) t r a n f e r r e d i t t o the new genus S t a s i s i a ) 

stands apart from the other two species. Zumpt (1965) r e u n i t e d the two 

genera, on the basis o f Fain's (1953) d e s c r i p t i o n o f C. ruandae which 

i s i n many ways intermediate between the other two species. I see no 

value i n r e t a i n i n g two generic names f o r the species o f t h i s group. 
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11.6.4 The Genus Chrysomya 

Less than h a l f the known species o f t h i s genus were studied 

d u r i n g the course o f t h i s work. I t i s , t h e r e f o r e , not possible t o 

produce a meaningful cladogram o f species. 

However, there i s a great d i v e r s i t y among the species o f 

Chrysomya, both s t r u c t u r a l and b i o l o g i c a l . This means t h a t groups of 

species can be recognised w i t h i n the genus. These are as f o l l o w s : 

Species Group A: The 'hairy' maggots: Saprophagous, f a c u l t a t i v e 

p a r a s i t i c , predatory, e.g. Chrysomya albiceps. 

Species Group B: 'Smooth' l a r v a e , l a c k i n g a pigmented o r a l s c l e r i t e : 

Saprophagous, f a c u l t a t i v e p a r a s i t i c , e.g. Chrysomya chloropyga. 

Species Group C: Chrysomya bezziana, the only known o b l i g a t e p arasite 

i n the genus. 

Species Group D: 'Smooth' larvae w i t h a pigmented o r a l s c l e r i t e , e.g. 

Chrysomya m a r g i n a l i s . 

A cladogram ( F i g . 334) has been t e n t a t i v e l y constructed t o show 

the r e l a t i o n s h i p s between these groups. I t w i l l be seen t h a t only the 

basal dichotomy could be es t a b l i s h e d f u l l y on apomorphic grounds. The 

ro u t e l e a d i n g t o group B, i n p a r t i c u l a r , i s not w e l l supported i n t h i s 

way. I n f a c t , t h i s i s not s u r p r i s i n g , since o f a l l species-groups 

w i t h i n the genus, t h i s i s the most p r i m i t i v e i n o v e r a l l morphology, 

and although i t i s always desirable t o e s t a b l i s h clades on the basis 

of apomorphies, i t must not be f o r g o t t e n t h a t , when species s p l i t up, 

one o f the two r e s u l t i n g lineages may remain fundamentally unchanged 

from the a n c e s t r a l stock. 

I t has been assumed t h a t the pigmentation of the o r a l s c l e r i t e , 

although probably evolved many times i n the C a l l i p h o r i d a e , d i d not 
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evolve more than once i n each genus. This view i s held because those 

species t h a t possess t h i s f e a t u r e have a number of other apomorphic 

feat u r e s i n common. 

F i n a l l y , i t i s i n t e r e s t i n g t o note t h a t no o b l i g a t e parasites 

among C a l l i p h o r i d a e possess pigmented o r a l s c l e r i t e s , and even 

unpigmented ones are much reduced i n some o f these species. 

Furthermore, those species t h a t are more successful than others as 

f a c u l t a t i v e p a r a s i t e s also do not have pigmented s c l e r i t e s , e.g. 

L u c i l i a spp., a:ithough the less successful (as parasites) Calliphora 

spp. do possess pigmented s c l e r i t e s . 

.11.6.5 The Genus L u c i l i a 

The species o f t h i s genus studied during t h i s work are too few 

and from too widely d i s t a n t p a r t s of the World to make an analysis 

p o s s i b l e . However, a few comments may be made. 

The larvae o f L u c i l i a spp. are remarkably uniform and r e t a i n a 

l a r g e number o f p r i m i t i v e f e a t u r e s . L. bufonivora possesses more 

derived features than most other species and these are doubtless 

associated w i t h i t s p a r a s i t i c h a b i t . L. ampullacea i s the only species 

known t o have a pigmented o r a l s c l e r i t e . I n the r e l a t e d genus 

He m i p y r e l l i a (once submerged i n the genus L u c i l i a ) the two species 

s t u d i e d both had pigmented o r a l s c l e r i t e s . The two genera are 

separated mainly on the basis of the presence of long, erect., dense 

h a i r s on the supraspiracular convexity (between the p o s t e r i o r t h o r a c i c 

s p i r a c l e and the h a l t e r e ) i n Hemipyrellia; these are absent from 

L u c i l i a sensu s t r i c t a . I have examined t h i s character, but i t does not 
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seem t o warrant the e r e c t i o n o f a separate genus. I t i s possible t h a t 

L. ampullacea i s an intermediate form between the two 'genera'. 

11.7 A f f i n i t i e s o f the C a l l i p h o r i d a e w i t h i n the Calypterata 

A great deal o f thought was given t o the problem of s e t t i n g up a 

cladogram o f the Calypterata based on immature characters, but i t was 

not p o s s i b l e t o reach any strong conclusions based on a c l a d i s t i c 

a n a l y s i s . I t would seem t h a t the major groups of Calypterates are 

b e t t e r defined i n the a d u l t stage, as i s the case w i t h the major 

d i v i s i o n s o f C a l l i p h o r i d a e . Nevertheless, several i n t e r e s t i n g f a c t s 

emerge. 

The C a l l i p h o r i d a e and Sarcophagidae appear t o have the most 

p r i m i t i v e larvae o f a l l Calypterates, i n t h a t they most resemble the 

species o f the vast assemblage o f 'Acalypterates'. (The 'Acalypterata' 

are now seen as a number o f separate groupings each equal i n rank to 

the Muscoid Calypterata (Hackman and Vaisanen, 1982), but t h i s subject 

i s not pursued f u r t h e r here.) I t also seems cle a r t h a t the 

Sarcophagidae are the s i s t e r - g r o u p o f the C a l l i p h o r i d a e , according t o 

both a d u l t and immature characters. 

A r a t h e r s u r p r i s i n g observation i s t h a t the Anthomyiidae also 

have p r i m i t i v e larvae and are very s i m i l a r t o the C a l l i p h o r i d a e and 

Sarcophagidae. This f a m i l y i s normally associated w i t h the Muscidae, 

which have very d i f f e r e n t l a r v a e , e x h i b i t i n g a large number of 

apomorphic f e a t u r e s ; these include the loss o f the parastomal bars, 

the loss ( o r r e d u c t i o n ) o f one mouth-hook and the frequent possession 

o f complex, p a i r e d o r a l s c l e r i t e s , although many species lack these 

l a t t e r (e.g. Musca domestica). 
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The Tachinidae, Oestridae, Gasterophilidae and Cuterebridae show 

the f o l l o w i n g apomorphic f e a t u r e s : loss o f parastomal bars, loss o f 

denta l s c l e r i t e and great enlargement o f the dorsal cornu. The 

Hypodermatidae have e f f e c t i v e l y l o s t a l l t r ace o f the skeleton. No 

Rhinophoridae were a v a i l a b l e f o r study, but the w e l l - i l l u s t r a t e d 

papers by Thompson (1934) and Bedding (1973) were c a r e f u l l y studied. 

These show t h a t t h i s f a m i l y , as regards the skeleton, i s very s i m i l a r 

t o Tachinidae, l a c k i n g as they do parastomal bars and dental 

s c l e r i t e s . 

These f a c t s would seem t o bracket C a l l i p h o r i d a e , Sarcaphagidae 

and Anthomyiidae together, w i t h Rhinophoridae being grouped w i t h 

Tachinidae and the other p a r a s i t i c groups. Muscidae seems t o stand 

alone; i t s larvae are without doubt the most advanced i n the 

Calypterata. 

The phylogeny o f the Calypterates cannot be resolved w i t h the 

a v a i l a b l e data. Further studies are needed. Previous work has not been 

o f much assistance i n t h i s f i e l d . Roback (1951) discussed the 

e v o l u t i o n o f the Calypterata using a d u l t and l a r v a l morphology, but 

h i s phylogenetic t r e e i s unsupported by evidence. A paper by Greene 

(1925) does l i t t l e t o resolve the issue. 

G r i f f i t h s (1972) c a r r i e d out a c l a d i s t i c analysis o f the whole 

Cyclorrhapha, w i t h p a r t i c u l a r reference t o the male post-abdomen. 

While t h i s work i s a very u s e f u l c o n t r i b u t i o n t o the subject, i t i s of 

l i t t l e use i n the present context, since he groups Tachinidae, 

C a l l i p h o r i d a e , Sarcophagidae, Oestridae, Gasterophilidae, Cuterebridae 

and Hypodermatidae under the name Tachinidae and considers them as one 

f a m i l y . His study, t h e r e f o r e , does not analyse the a f f i n i t i e s o f these 

groups. 
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F i n a l l y , the a f f i n i t i e s of one other group was considered. The 

Prosthetosomatinae are a group known only from l a r v a l forms, a l l of 

which are t e r m i t o p h i l o u s ( S i l v e s t r i , 1920). Hennig (1952, 1973) 

included them i n the Muscidae, but l a t e r Pont ( i n Crosskey, 1980) 

t r a n s f e r r e d them t o the C a l l i p h o r i d a e . During t h i s study, I was able 

t o examine one species of t h i s group, Tetraplastocerus transvaalensis 

S i l v e s t r i from South A f r i c a . The skeleton i s very C a l l i p h o r i d - l i k e i n 

appearance, bearing well-developed parastomal bars. The c u t i c l e bears 

numerous segmented out-growths ( F i g . 179 ) which i n t u r n bear many 

h a i r - l i k e p r o j e c t i o n s . The C a l l i p h o r i d , T r i c y c l e a deemingi, another 

t e r m i t o p h i l o u s species, possesses elongate antennae and feathery 

p r o j e c t i o n s around the mouth, and i t would seem t h a t a l l these 

s t r u c t u r e s are adaptations t o the t e r m i t o p h i l o u s h a b i t . I would, 

t h e r e f o r e , support Pont's view t h a t they are C a l l i p h o r i d a e ; i n any 

case, they are c e r t a i n l y not Muscidae. I t has been suggested (Smith, 

1975) t h a t , i f these larvae are reared out t o the a d u l t stage, they 

would prove t o be well-known species. A l l attempts t o rear them have 

f a i l e d , however ( F e r r a r , pers. comm.). 

11.8 Conclusion 

I t i s c l e a r from the above t h a t many phylogenetic questions 

cannot be resolved using immature characters alone, e s p e c i a l l y i n the 

area o f the higher categories. Much, however, may be done on the 

generic and s p e c i f i c l e v e l s when the immature stages of more species 

become known. I n a d d i t i o n , the phylogenetic analysis o f a d u l t 

characters should c o n t r i b u t e a good deal of information towards a 

r e s o l u t i o n o f the problem. 
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C H A P T E R T W E L V E 

CONCLUSION 

12.1 I n t r o d u c t i o n 

I n the i n t r o d u c t i o n t o t h i s t h e s i s the value of studying the 

immature stages o f b l o w f l i e s was discussed, and the uses of such 

st u d i e s i n the various f i e l d s o f human a c t i v i t y enumerated. I n t h i s 

f i n a l chapter, i t i s proposed t o set these studies f u r t h e r i n t o 

context and t o discuss c e r t a i n i n d i c a t i o n s f o r f u t u r e work. 

12.2 Taxonomy and Functional Morphology 

I t i s o f t e n s t a t e d t h a t the best or most usef u l taxonomic 

characters are non-adaptive ones. I must stress a t the outset t h a t I 

am s t r o n g l y opposed t o t h i s p o i n t of view, f o r two reasons. F i r s t l y , 

i t i s very d i f f i c u l t t o know, at any r a t e during the e a r l y stages of a 

taxonomic study, which characters are adaptive and which are not. 

Charles Darwin, i n the O r i g i n of Species, (1859), wrote: 

...we ought...to be extremely cautious i n 
pretending t o decide what s t r u c t u r e s now are, or 
have formerly been, of use t o each species. 

One hundred years l a t e r , Manton (1959) made the same p o i n t . She 

wrote: 
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...many o f our so-called 'non-adaptive' characters 
o f taxonomic usefulness may be no more than an 
admission o f abysmal ignorance. Functional studies 
o f arthropod morphology have shown the purposes of 
some f i f t y s a l i e n t characters of the trunk region 
of myriapods, features which are diagnostic of 
classes and o f t h e i r component orders, and which 
have h i t h e r t o had only a c l a s s i f i c a t o r y 
s i g n i f i c a n c e f o r us. 

The second reason why I do not believe t h a t adaptive characters 

are o f no use i n taxonomy (or vice versa), i s the simple f a c t t h a t 

very many groups are taxonomically defined on the basis of adaptive 

characters; the wings o f bats, the f l i p p e r s o f seals, the d e n t i t i o n of 

Carnivores, the feathers o f b i r d s , the winglessness of f l e a s , the 

h a l t e r e s o f f l i e s - a l l these are e x c e l l e n t c l a s s i f i c a t o r y characters 

f o r the groups i n question, and yet no-one would s e r i o u s l y suggest 

t h a t these features are non-adaptive. 

The same i s t r u e on the s p e c i f i c l e v e l . I n the Mammalian family 

Bathyergidae (the A f r i c a n Mole-Rats), two r e l a t e d species, the h a i r y 

mole-rat and the naked mole-rat, e x i s t i n East A f r i c a . The f i r s t 

species burrows underground, but o f t e n comes to the surface. The 

second species behaves s i m i l a r l y , but r a r e l y , i f ever, comes to the 

surface. C l e a r l y hairlessness i n t h i s species i s an adaptive character 

- one which i s also an e x c e l l e n t diagnostic character of the species. 

The relevance of t h i s discussion t o the present work i s obvious. 

Many characters o f taxonomic use i n immature Calliphoridae do suggest 

a f u n c t i o n a l adaptive s i g n i f i c a n c e , and i t seems to me t o be the 

taxonomist's duty t o p o i n t out the possible f u n c t i o n a l s i g n i f i c a n c e o f 

a character. This i s e s p e c i a l l y t r u e w i t h characters whose f u n c t i o n a l 

s i g n i f i c a n c e i s already known to us, e.g. the median area i n the egg, 

and the mouth-hooka i n the l a r v a . Any deviations i n t-.hetic charact.nr-i; 
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from the 'normal' p a t t e r n surely must suggest t o us a f u n c t i o n a l or 

adaptive s i g n i f i c a n c e . We should be prepared t o erect hypotheses as t o 

the possible f u n c t i o n o f these s t r u c t u r e s , and t o t e s t these 

hypotheses by f u r t h e r s t u d i e s . Thus the presence of a very broad 

median area i n the egg o f C a l l i p h o r a a l p i n a and a very narrow one i n 

t h a t o f Chrysomya p u t o r i a must suggest a possible adaptive 

s i g n i f i c a n c e . The f i r s t i n s t a r larvae o f Amenia spp. possess a very 

reduced skeleton, and i t i s known t h a t i t i s u t e r i n e and has no use 

f o r such a s t r u c t u r e ; i t i s thus an adaptive f e a t u r e . The second 

i n s t a r possesses enormous mouth-hooks, and i t i s known t h a t i t i s t h i s 

stage t h a t attacks the s n a i l host; i t i s thus an adaptive feature too. 

These features are also h i g h l y diagnostic o f the group. 

A l l t h i s does not mean t h a t any fe a t u r e t h a t may serve t o 

d i s t i n g u i s h one species from another i s necessarily adaptive, but I 

be l i e v e t h a t one must not close one's eyes t o such a p o s s i b i l i t y . 

12.3 B i o l o g i c a l Studies 

I n t h i s s e c t i o n I would l i k e t o make a plea f o r f u r t h e r studies 

on the biology o f the non-carrion feeding C a l l i p h o r i d a e , i . e . those 

t h a t are associated w i t h (or thought t o be associated with) 

i n v e r t e b r a t e s . Remarkably l i t t l e i s known o f the biology o f the 

Ameniinae, and v i r t u a l l y nothing about the large subfamily 

Phumosiinae. These l a t t e r may be s n a i l - p a r a s i t e s l i k e Ameniinae, but 

t h i s i s only what i s i n f e r r e d from t h e i r l a r v a l s t r u c t u r e (Ferrar, 

1978). (The Phumosiinae are macro-larviparous, and a l l known larvae 

were dissected from females.) Of the s i x or seven known B r i t i s h 
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species o f P o l l e n i a only one has been studied b i o l o g i c a l l y and nothing 

i s known of the l a r v a l h a b i t a t o f the other species. The large number 

o f t e r m i t o p h i l o u s species found i n A f r i c a should also repay study, as 

would the huge subfamily Rhiniinae (over 110 species i n the O r i e n t a l 

r e g i o n alone); an i n d i c a t i o n of our lack of knowledge i s t h a t we have 

s u b s t a n t i a l b i o l o g i c a l data f o r only a s i n g l e Rhiniine species 

(Stomorhina lunata) and t h a t from a paper published i n 1935 

(Cuthbertson). 

The C a l l i p h o r i d a e are usually thought of as p r i m a r i l y 

carrion-breeders, and yet the m a j o r i t y of World species do not come to 

c a r r i o n t r a p s . What, then, are t h e i r breeding habitats? C l e a r l y , a 

r i c h f i e l d awaits the f u t u r e researcher. 

12.4 Phylogeny 

I n Chapter 11 the value o f a d u l t studies i n phylogenetic 

research was stressed. I would l i k e here t o mention b r i e f l y two other 

f i e l d s o f research. 

Comparative biochemical data i s almost t o t a l l y l a c k i n g f o r 

C a l l i p h o r i d s . There i s no doubt t h a t such data would make a powerful 

t o o l i n f u t u r e phylogenetic research. For example I r w i n (1976) used 

haemolymph p r o t e i n s t o c o n s t r u c t an e l e c t r o p h o r e t i c key f o r the 

Chironomidae o f Lough Neagh i n Northern I r e l a n d . 

The second f i e l d o f research i s genetics. This was b r i e f l y 

touched upon above (11.4.5), but I would l i k e t o p o i n t out here t h a t 

the many studies on Drosophila genetics have shed much l i g h t on the 

r e l a t i o n s h i p s between the species (e.g. Bodmer and Ashburner, 1984). 
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However, I b e l i e v e a word of caution i s needed, f o r the f o l l o w i n g 

reason: Close genetic r e l a t i o n s h i p does not necessarily imply close 

phylogenetic r e l a t i o n s h i p . I n a group of three species A, B and C, B 

may be more c l o s e l y r e l a t e d g e n e t i c a l l y t o C, but more cl o s e l y r e l a t e d 

p h y l o g e n e t i c a l l y t o A. 

- This idea i s best i l l u s t r a t e d by reference t o three actual 

species, say, the salmon, the l u n g f i s h and the cow ( F i g . 336). No-one 

w i l l disagree, w i t h the phylogenetic hypothesis represented i n the 

diagram. The l u n g f i s h i s c l e a r l y more c l o s e l y r e l a t e d g e n e t i c a l l y t o 

the salmon. But i t shares a more recent common ancestor w i t h the cow 

and t h e r e f o r e , i t i s more c l o s e l y r e l a t e d t o i t p h y l o g e n e t i c a l l y than 

i t i s t o the salmon. The reason t h a t many p h y l o g e n e t i c i s t s f i n d t h i s 

idea unacceptable i s because they tend t o ignore the events occurring 

a f t e r a species s p l i t s up ( p o i n t X on the diagram). What has occurred 

a f t e r the s p l i t i n t h i s case i s t h a t the l u n g f i s h has remained 

v i r t u a l l y unchanged since p o i n t X, whereas the other l i n e evolved at a 

much f a s t e r r a t e t o produce the cow. 

12.5 The Immature Stages o f other Cyclorrapha 

. The present study has shown t h a t many characters do e x i s t 

whereby i d e n t i f i c a t i o n o f immature stages may be performed. The 

comparative studies on other Cyclorrhapha c a r r i e d out during the 

phylogenetic p a r t o f the present study have shown t h a t many characters 

e x i s t t h a t may r e l i a b l y separate species o f the f a m i l i e s Drosophilidae 

and Sphaeroceridae, and I have used these characters successfully w i t h 

m a t e r i a l from archaeological deposits. 
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I t i s h i g h l y probable t h a t the biometric methods discussed above 

(5.8) would be found u s e f u l i n dealing w i t h 'Acalypterate' larvae. At 

present, even the f a m i l i e s o f Cyclorrhapha are d i f f i c u l t or impossible 

t o i d e n t i f y i n the l a r v a l stages. I n Teskey's (1981) recent key, up t o 

t h i r t e e n d i f f e r e n t f a m i l i e s o f Cyclorrhapha key out at the same p o i n t . 

I d e n t i f i c a t i o n of the immature stages of Cyclorrhapha should 

g r e a t l y f a c i l i t a t e studies on the biology o f these most i n t e r e s t i n g 

i n s e c t s . 
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Figs. 1-8. Eggs. (1) C a l l i p h o r a v i c i n a , (2) C a l l i p h o r a 
v o m i t o r i a , (3) C a l l i p h o r a u r a l e n s i s , (4) C a l l i p h o r a 
a l p i n a , (5) C a l l i p h o r a subalpina, (6) C a l l i p h o r a l o e w i , 
(7) C a l l i p h o r a quadrimaculata, (8) C a l l i p h o r a s t y g i a . 
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Figs. 9-16. Eggs. (9) C a l l i p h o r a ochracea, (10) C a l l i p h o r a 
s t y g i a , (11) C a l l i p h o r a ochracea (showing break i n 
median area and p l a s t r o n c r a t e r ) , (12) C a l l i p h o r a 
a l p i n a , (13) Cynomya mortuorum, (14) Triceratopyga 
c a l l i p h o r o i d e s , (15) L u c i l i a s e r i c a t a , (16) L u c i l i a 
s e r i c a t a . 





Figs. 17-24. Eggs. (17) H e m i p y r e l l i a l i g u r r i e n s , (18) 
Phormia re g i n a , (19) Chrysomya bezziana, (20) Chrysomya 
bezziana, (21) Chrysomya p u t o r i a , (22) Chrysomya p u t o r i a 
(showing break i n median area), (23) Auchmeromyia 
l u t e o l a , (24) Auchmeromyia l u t e o l a (showing r i d g e s ) . 





Figs. 25-32. Eggs. (25) Protocalliphora azurea, (26) 
Protocalliphora azurea, (27) Protocalliphora azurea 
(median area), (28) Calliphora quadrimaculata (median 
area), (29) Calliphora v i c i n a (showing hatching pleat 
breaking), (30) Calliphora vomitoria (showing chorion 
r e t i c u l a t i o n s ) , (31) Calliphora vicina (T.S.), (32) 
Calliphora vicina (T.S.). Figs. 31 and 32 (x330). 
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Figs. 33-39. Eggs. (33) L u c i l i a sericata (T.S.), (34) 
Cynomya mortuorum (T.S.), (35) Phormia terraenovae 
(T.S.), (36) Chrysomya bezziana (T.S.), (37) Muscina 
pabulorum, (38) Muscina pabulorum, (39) Calliphora 
vicina (posterior end). Figs. 33-36 (x330). 
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Figs. 40-47. Spines (x330). (40) Calliphora vicina, (41) 
Calliphora vomitoria, (42) Calliphora uralensis, (43) 
Calliphora alpina, (44) Calliphora subalpina, (45) 
Calliphora loewi, (46) Calliphora augur, (47) Calliphora 
stygia. 
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Figs. 48-55. Spines (x330). (48) Calliphora quadrimaculata, 
(49) Calliphora hortona, (50) Calliphora croceipalpis, 
(51) Calliphora l a t a , (52) Calliphora terraenovae, (53) 
Cynomya mortuorum, (54) Aldrichina grahami, (55) 
Hemipyrellia l i g u r r i e n s . 
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Figs. 56-63. Spines (x330). (56) L u c i l i a sericata, (57) 
L u c i l i a bufonivora, (58) Chrysomya marginalis, (59) 
Chrysomya megacephala, (60) Chrysomya chloropyga, (61) 
Chrysomya putoria, (62) Chrysomya pinguis, (63) 
Chrysomya bezziana. 
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Figs. 64-71. Spines. (64) Cochliomyia macellaria (x330), 
(65) Cochliomyia hominivorax (x330), (66) Phormia 
reg'ina, (67) Protocalliphora azurea, (68) 
Protocalliphora azurea (sucker hairs, x330), (69) 
Phormia terraenovae, (70) Amenia imperialis (2nd instar, 
x330), (71) Chrysomya albiceps. 





Figs. 72-79. (72) Posterior hairs on f i r s t instar Calliphora 
vicina (x500), (73) Posterior hairs on f i r s t instar 
Calliphora vomitoria (x500), (74) Posterior hairs on 
f i r s t i nstar L u c i l i a sericata (x500), (75) Posterior 
hairs on f i r s t instar Calliphora vicina, (76) Spines of 
Cordylobia ruandae (x330), (77) Spines of L u c i l i a 
sericata (cross-section, x400), (78) Pupal respiratory 
horn of Calliphora vicina, (79) Pupal respiratory horn 
of Calliphora vomitoria. 





Figs. 80-87. Pupal respiratory horns. (80) Calliphora 
uralensis, (81) Calliphora alpina, (82) Calliphora 
subalpina, (83) Calliphora loewi, (84) Cynomya 
mortuorum, (85) L u c i l i a sericata, (86) Phormi.a 
terraenovae, (87) Chrysomya megacephala. 







F i g s . 102-109. (102) Auchmeromyia l u t e o l a puparium, (103) 
C o r d y l o b i a anthropophaga puparium, (104) C a l l i p h o r a 
v o m i t o r i a s p i n e s , (105) C a l l i p h o r a a l p i n a c u t i c u l a r 
s t r u c t u r e , (106) Auchmeromyia l u t e o l a p o s t e r i o r s p i r a c l e 
( x 3 3 0 ) , (107) C a l l i p h o r a v i c i n a a n t e r i o r s p i r a c l e , (108) 
C a l l i p h o r a v i c i n a p a p i l l a P^, (109) C a l l i p h o r a v i c i n a 
p a p i l l a P^. 
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F i g s . 110-117. (110) C a l l i p h o r a v i c i n a p a p i l l a P , (111) 
Chrysomya m a r g i n a l i s a n t e r i o r s e n s o r y p a p i l l a e ( x 3 3 0 ) , 
(112) C a l l i p h o r a v o m i t o r i a a c i c u l a e (A) ( x l 5 0 ) , (113) 
C a l l i p h o r a v o m i t o r i a o r a l s c l e r i t e ( x 3 3 0 ) , (114) 
Chrysomya a l b i c e p s p r o c e s s 1 ( x 2 0 0 ) , (115) Chrysomya 
r u f i f a c i e s p r o c e s s 1 ( x 2 0 0 ) , (116) C a l l i p h o r a v o m i t o r i a 
(L.S.) showing t o n g u e - l i k e organ ( x 3 3 0 ) , (117) Same as 
(116) showing whole t o n g u e - l i k e o r g a n . 





F i g s . 118-125. (118) C a l l i p h o r a augur p h a r y n g e a l r i d g e s 
( v e n t r a l v i e w ) ( x 3 3 0 ) , (119) Phormia t e r r a e n o v a e 
p h a r y n g e a l r i d g e s (T.S. o f f i r s t i n s t a r ) ( x 5 0 0 ) , (i ; ' ( ) ) 
C a l l i p h o r a v o m i t o r i a mouth-hook (T.S.) D -- D f ; r i t . a l 
s c l e r i t e , A = Apodeme, V = V e n t r a l a n g l e , (121) 
Cynomyopsis c a d a v e r i n a mouth-hook showing p e r f o r a t i o n 
( x 2 0 0 ) , (122) C a l l i p h o r a v i c i n a s k e l e t o n , (123) 
C a l l i p h o r a v i c i n a v e n t r a l c o r n u , (124 and 125) 
C a l l i p h o r a v i c i n a mouth-hook. 





F i g s . 126-133. O r a l s c l e r i t e s ( x 3 0 0 ) . (126) C a l l i p h o r a 

y i c i n a , (127) C a l l i p h o r a v o m i t o r i a , (128) C a l l i p h o r a 

C a l l i p h o r a C a l l i p h o r a a l p i n a . (130) 
C a l l i p h o r a l o e w i , (132) 
C a l l i p h o r a l a t a . 





F i g s . 134-141. O r a l s c l e r i t e s ( x 3 0 ( ) ) . (134) Cal l i p h i o r n 
t e r r a e n o v a e , (135) C a l l i p h o r a l i v i d a , ( 136) C a l l i p h o r a 
augur, (137) C a l l i p h o r a o c h r a c e a , ( 1 3 8 ) C a l l i p h o r a 
s t y g i a ( s howing wish-bone s t r u c t u r e ) , (139) C a l l i p h o r a 
s t y g i a ( s howing w i n g s t r u c t u r e ) , (140) C a l l i p h o r a 
h o r t o n a , (141) Cynomya mortuorum. 





F i g s . 142-149 ( x 3 0 0 ) . (142) Cynomyopsis c a d a v e r i n a o r a l 
s c l e r i t e , (143) T r i c e r a t o p y g a c a l l i p h o r o i d e s o r a l 
s c l e r i t e , (144) A l d r i c h i n a grahami o r a l s c l e r i t e , (145) 
L u c i l i a s e r i c a t a o r a l s c l e r i t e , (146) Chrysomya 
megacephala, (147) Chrysomya m a r g i n a l i s , (148) 
C a l l i p h o r a v i c i n a h y p o s t o m a l p l a t e s , (149) C a l l i p h o r a 
u r a l e n s i s h ypostomal p l a t e s . 
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F i g s . 150-157. Hypostomal p l a t e s e t c . ( x 3 0 0 ) . (150) 
C a l l i p h o r a l o e w i , (151) C a l l i p h o r a s u b a l p i n a , :(152) 
C a l l i p h o r a augur, (153) C a l l i p h o r a s t y g i a , (154 and 155) 
C a l l i p h o r a q u a d r i m a c u l a t a , (156) C a l l i p h o r a l a t a . (157) 
C a l l i p h o r a c r o c e i p a l p i s . 
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F i g s . 158-165. Hypostomal p l a t e s e t c . ( x 3 0 0 ) . (158) 
C a l l i p h o r a h o r t o n a , (159) C a l l i p h o r a o c h r a c e a , (160) 
Cynomyopsis c a d a v e r i n a , (161) A l d r i c h i n a g r a h a m i , (162) 
L u c i l i a s e r i c a t a , (163) L u c i l i a s e r i c a t a , showing 
e p i p h a r y n g e a l s c l e r i t e ( E ) , (164) Chrysomya a l b i c e p s , 
(165) Chrysomya b e z z i a n a . 





F i g s . 166-173. S k e l e t o n s ( x 3 0 0 ) . (166) P r o t o c a l l i p h o r a 
a z u r e a , (167) B o e t t c h e r i s c a p e r e g r i n a , (168) T r i c h a r a e a 
b r e v i c o r n i s ( e p i p h a r y n g e a l s c l e r i t e ) , (169) Same as 
(168) showing hypostomal p l a t e s , (170) Sarcophaga 
a r g y r o s t o m a , (171) Sepedon sp. , (172) Drosoph i La 
me l a n o g a s t e r v e n t r a l view, (173) D r o s p h i l a melanogasl^er 
l a t e r a l v i e w . 





F i g s . 174-181. (174) Dryomyza a n i l i s o r a l s c l e r i t e ( x 3 0 0 ) , 
(175) Coelopa f r i g i d a o r a l s c l e r i t e ( x 3 0 0 ) , (176) 
P i o p h i l a c a s e i h y p o s t o m a l p l a t e s ( x 3 0 0 ) , (177) 
G y r o s t i g m a p a v e s i i mouth-hook (xSOO), (178) Coelopa 
f r i g i d a p o s t e r i o r s p i r a c l e (xSOO), (179) 

T e t r a p l a s t o c e r u s t r a n s v a a l e n s i s p r o c e s s ( x 3 3 0 ) , (180) 
Muscina pabulorum s p i n e s ( x 3 0 0 ) , (181) Dryomyza a n i l i s 
s p i n e s (x300) ( b l a c k p a r t i c l e s a r e f u n g a l s pores upon 
w h i c h l a r v a was f e e d i n g ) . 





F i g s . 182-185. (182) Sarcophaga a r g y r o s t o m a p o s t e r i o r 
s p i r a c l e ( x 3 0 0 ) , (183) Brachycoma d e v i a p o s t e r i o r 
s p i r a c l e ( x 3 0 0 ) , (184 and 185) F o s s i l Phormia 
t e r r a e n o v a e from Belgium. 
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F i g s . 186-187. " C r e t a p h o r m i a f o w l e r i " ( x l O ) . (186) F o s s i l 
'C , (187) F o s s i l 'D' . 





F i g s . 188-193. (188) Egg morphology (MA = Median a r e a , MP = 
M i c r o p y l a r p l a t e , C = C h o r i o n , HP - H a t c h i n g p l e a t ) , 
(189) A n t e r i o r p a r t o f puparium (PR = Pupal r e s p i r a l . o r y 
h o r n ) , (190) A n t e r i o r end o f l a r v a (A - Antenna, S = 
S u p r a m a x i l l a r y p a p i l l a e , MP = M a x i l l a r y p a l p , 0 = O r a l 
p a p i l l a , M = Mouth-hook), (191) P u p a r i a l c l e a v a g e (A = 
A n t e r i o r s p i r a c l e , S = S k e l e t o n , B = Main l i n e o f 
b reakage, SL = Second l i n e o f b r e a k a g e ) , (192) L a r v a l 
c u r v a t u r e , (193) S p i n a l p a t t e r n a t v e n t r a l r e g i o n o f 
segments 6 and 7. 
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F i g s . 194-198. (194) Whole t h i r d i n s t a r , (195) Processes o f 
" h a i r y " maggot, (196) P l e u r a l band ( P ) , (197) I ' o s l . c r i o r 
end o f l a r v a (S = S p i r a c l e , WA = W r i n k l e d a r e a , A ^ 
Anus, AL = Anal l o b e , P^ - P^ = P o s t e r i o r p a p i l l a e ) , 
(198) A n t e r i o r end o f l a r v a (C = C e p h a l i c segment, T -
F i r s t t h o r a c i c segment, N = Newport's segment). 
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F i g s . 199-204. (199) T r a c h e a l system ( 1 = A n t e r i o r p a r t , 2 = 
P o s t e r i o r p a r t , A = A n t e r i o r s p i r a c l e , LB = L a t e r a l 
b r a n c h , C = C e r v i c a l a n a s t o m o s i s , LT = L a t e r a l t r u n k , T 
= T e n t h c r o s s - b r a n c h , P = P o s t e r i o r s p i r a c l e ) , (200) 
T h i r d i n s t a r a n t e r i o r s p i r a c l e , (201) F i r s t i n s t a r 
p o s t e r i o r s p i r a c l e , (202) Second i n s t a r p o s t e r i o r 
s p i r a c l e , (203) Pupal r e s p i r a t o r y a p p a r a t u s . (H = Horn, 
F = F e l t chamber, IS = I n t e r n a l s p i r a c l e , T = T r a c h e a ) , 
(204) T h i r d i n s t a r p o s t e r i o r s p i r a c l e s (A = A p e r t u r e , P 
= P e r i t r e m e , B = B u t t o n , BS = B l i s t e r s t r u c t u r e , IS = 
I n t e r m e d i a t e s t r u c t u r e , IPP = I n t e r n a l p e r i t r e m a l 
p r o j e c t i o n ) . 
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Figs. 205-212. Anal spine p a t t e r n . (205) C a l l i p h o r a v i c i n a , 
(206) C a l l i p h o r a v o m i t o r i a , (207) C a l l i p h o r a u r a l e n s i s , 
(208) Cynomya mortuorum, (209) L u c i l i a cuprina, (210) 
L u c i l i a s e r i c a t a , (211) Chrysomya p u t o r i a , (212) 
Chrysomya chloropyga. 
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Figs. 213-214. Terminology o f f i r s t i n s t a r cephalopharyngeal 
sk e l e t o n , (213) L a t e r a l view, (214) V e n t r a l view. M = 
Mouth-hook, MT = Median t o o t h , CT = C h i t i n i s e d t e e t h , H 
= Hypostomal s c l e r i t e , P = Parastomal s c l e r i t e , DA = 
Dorsal arch, DC = Dorsal cornu, LP = L a t e r a l p l a t e , VC = 
V e n t r a l cornu. 
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Figs. 215-216. Terminology o f second i n s t a r 
cephalopharyngeal ske l e t o n . (215) L a t e r a l view, (216) 
V e n t r a l view. M = Mouth-hook, D = Dental s c l e r i t e , L -
L i g u l o i d arch, HP = Hypostomal p l a t e , P = Parastomal 
bar, H = Hypostomal s c l e r i t e , DA = Dorsal arch, DC = 
Dorsal cornu, LP = L a t e r a l p l a t e , VC = V e n t r a l cornu. 
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Figs. 217-218. Terminology o f t h i r d i n s t a r cephalopharyngeal 
skeleton. (217) L a t e r a l view, (218) V e n t r a l view. OS = 
Oral s c l e r i t e , M = Mouth-hook, D = Dental s c l e r i t e , L = 
L i g u l o i d arch, HP = Hypostomal p l a t e , H = Hypostomal 
s c l e r i t e , P = Parastomal bar, DA = Dorsal arch, OD = 
Ocular depression, LP = L a t e r a l plae, DC = Dorsal cornu, 
PP = Posterodorsal process, W = Window, VC = V e n t r a l 
cornu, PR = Pharyngeal r i d g e s . 
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Figs. 219-223. (219) Mouth-hook anatomy (T = Tooth, « = 
Dorsal r i d g e , H = Dorsal horn, C = Condyle, V - Ventral 
angle, EA = Elevator apodeme, DA = Depressor apodemes), 
(220) Dental s c l e r i t e ( 1 = L e f t l a t e r a l view, 2 = 
P o s t e r i o r view, A = U n i t A, B = U n i t B, P = Process), 
(221) I n t e r s t a g e 1/11 (S = Second i n s t a r element), (222) 
I n t e r s t a g e 11/111 (T = T h i r d i n s t a r element), (223) 
Skeleton (M - Prothoracic membrane, 0 = Margin o f ocular 
depression, P = Unpigmented phragmata). 
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Figs. 224-229. T h i r d i n s t a r skeletons (x65). (224) 
C a l l i p h o r a v i c i n a , (225) C a l l i p h o r a v o m i t o r i a , (226) 
C a l l i p h o r a u r a l e n s i s , (227) C a l l i p h o r a a l p i n a , (228) 
C a l l i p h o r a subalpina, (229) C a l l i p h o r a l o e w i . 
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Figs. 230-235. T h i r d i n s t a r skeletons (x60). (230) 
C a l l i p h o r a s t y g i a , (231) C a l l i p h o r a l a t a , (232) 
C a l l i p h o r a augur, (233) C a l l i p h o r a quadrimaculata, (234) 
C a l l i p h o r a c r o c e i p a l p i s , (235) C a l l i p h o r a hortona. 
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Figs. 236-245. Second i n s t a r skeletons. (236) C a l l i p h o r a 
v i c i n a (x65), (237) C a l l i p h o r a v o m i t o r i a (x65), (238) 
C a l l i p h o r a u r a l e n s i s (x65), (239) C a l l i p h o r a a l p i n a 
(x65), (240) C a l l i p h o r a subalpina (x65), (241) 
C a l l i p h o r a loewi (x65), (242) C a l l i p h o r a c r o c e i p a l p i s 
(x45), (243) C a l l i p h o r a terraenovae (x45), (244) 
C a l l i p h o r a s t y g i a (x45), (245) C a l l i p h o r a hortona (x45). 
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Figs. 246-253. F i r s t instar skeletons (xl40), (246) 
Calliphora vicina, (247) Calliphora vomitoria, (248) 
Calliphora uralensis, (249) Calliphora alpina, 
Calliphora subalpina, (251) Calliphora loewi, (252) 
Calliphora croceipalpis, (253) Calliphora hortona. 
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Figs. 254-260. (254-257 F i r s t instar skeletons, xl40; 
258-260 Second instar skeletons, x65). (254) L u c i l i a 
sericata, (255) L u c i l i a cuprina, (256) Triceratopyga 
calliphoroides, (257) Cynomya mortuorum, (258) L u c i l i a 
sericata, (259) Cynomya mortuorum, (260) L u c i l i a 
cuprina. 





Figs. 261-267. Third instar skeletons. (261) Triceratopyga 
calliphoroides (x65), (262) Cynomya mortuorum (xr)5), 
(263) Hemipyrellia fernandica (x65), (264) Lucili.a 
ampullacea (x85), (265) L u c i l i a sericata, (266) L u c i l i a 
cuprina, (267) L u c i l i a bufonivora. 
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Figs. 268-273. Third instar skeletons (x75). (260) Chrysomya 
megacephala, (269) Chrysomya marginalis, (270) Chrysomya 
chloropyga, (271) Chrysomya putoria, (272) Chrysomya 
bezziana, (273) Chrysomya pinguis. 





Figs. 274-280. Skeletons (x75). (274) Third instar Chrysomya 
albiceps, (275) Third instar Chrysomya r u f i f a c i e s , (276) 
Third instar Cochliomyia macellaria, (277).Third instar 
Cochliomyia hominovorax, (278) Second instar Chrysomya 
albiceps, (279) Second instar Chrysomya putoria, (280) 
F i r s t instar Chrysomya putoria. 





Figs. 281-289. Skeletons. (281) F i r s t instar Protocalliphora 
azurea (Ventral) (x75), (282) Same i n l a t e r a l view, 
(283) Second instar Protocalliphora azurea (x75), (284) 
Third instar Protocalliphora azurea (x65), (285) Third 
instar Protocalliphora s i a l i a (x65), (286) Third instar 
Boreellus atriceps (x65), (287) Second instar Phormia 
regina (x75), (288) Third instar Phormia regina (x65), 
(289) Third instar Phormia terraenovae (x65). 





Figs. 290-298. (290) Second instar Amenia leonina (x75), 
(291) Second instar Amenia imperialis (x75), (292) F i r s t 
i n s t a r Amenia leonina (x70), (293) Amenia leonina 
anterior spirncle, (294) Stomorhina cri b r a t a t h i r d 
i n s t a r (x60), (295) Pollenia rudis t h i r d instar (x60), 
(296) Tricyclea deemingi t h i r d instar (x75), (297) 
Tricyclea deeming! posterior end (S = Spiracle, A = Anal 
p l a t e ) , (298) Tricyclea deemingi anterior end (A = 
Antenna, M = Maxillary Palp, F = Feathery processes). 
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Figs. 299-307 (x70). (299) Third instar Cordylobia 
anthropophaga, (300) Third instar Cordylobia rodhaini, 
(301) Third instar Cordylobia ruandae, (302) Posterior 
spiracle, Cordylobia rodhaini, (303) Posterior spiracle, 
Cordylobia ruandae, (304) Third instar Auchmeromyia 
luteola, (305) Third instar Booponus intonsus, (306) 
Second instar Elephantoloemus indicus, (307) Third 
instar Elephantoloemus indicus. 





Figs. 308-316. Skeletons o f Tachinidae (x75; except (310) = 
x l 3 0 ) . (308) Argyrophylax a u r e i v e n t r i s , (309) 
Zygobothria c i l i a t a , (310) Z. c i l i a t a v e n t r a l view o f 
a n t e r i o r end, (311) Schistocercophaga dampfi, (312) 
Medina egregla, (313) Therobia abdominalis, (314) 
Pl e s i o c y p t e r a sp., (315) A c t i a p a i n e i , (316) Phryxe 
v u l g a r i s . 
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Figs. 317-323. Skeletons. (317) Sarcophaga argyrostoma 
(x70), (318) Helicophagella melanura (xl20)-, (319) 
Physocephala sp. (x70), (320) Gyrostigma p a v e s i i (x55), 
(321) G. p a v e s i i ( v e n t r a l ) (x55), (322) Platycobboldia 
loxodonta ( v e n t r a l ) (x55), (323) Gasterophilus pecorum 
(x55). 
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Figs. 324-331. Skeletons (x55). (324) Tracheomyia macropi, 
(325) Pharyngobolus a f r i c a n u s , (326) Oestrus o v i s , (327) 
Rhinoestrus v a n z y l i , (328) Cephenomyia a u r i b a r b i s , (329) 
Cuterebra sp., (330) Dermatobia hominis, (331) 
Alouattamyia b a e r i . 





Figs. 332-336. Cladograms. (332) B r i t i s h C a l l i p h o r a species 
(Characters: 1 = C u t i c l e s t r u c t u r e , 2 = SDF, 3 = Spines, 
4 = SDF, 5 = Anal spine p a t t e r n , 6 = A n t e r i o r s p i r a c l e , 
7 = V e n t r a l cornu), (333) Phormiinae genera (Characters: 
1 = Spines, 2 = Oral h a i r s , 3 = P o s t e r i o r p a p i l l a e ) , 
(334) Chrysomya species groups (Characters: 1 = Body 
processes, 2 = P o s t e r i o r s p i r a c l e , 3 = Oral s c l e r i t e , 4 
= Spines, 5 = P o s t e r i o r s p i r a c l e , 6 = Parasternal bars, 7 

Hypostomal p l a t e s ) , (335) Cordylobia species 
(Characters: 1 = Parasternal bars, 2 = Mouth-hook, 3 = 
Spines, 4 = P o s t e r i o r s p i r a c l e ) , (336) Genetic and 
phylogenetic r e l a t i o n s h i p not n e c e s s a r i l y i d e n t i c a l (C = 
Cow, L = Lungfish, S = Salmon). 
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