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I . 

A b s t r a c t , 

T h i s s h o r t t e r m r e s e a r c h was conscerned w i t h an. Agromyzid 
p a r a s i t e -Phyto/nyza i l i c l s, C u r t , -?/hieh a t t a c k s young 
u n t h i c k e n e d l e a v e s o f l i e * a q u i f o l i u m , c a u s i n g t h e f o r m a t i o n 
o f brown- y e l l o w b l o t c h e s o r mines on t h e l e a f surface.. Pew 
p a p e r s r e l a t e d t o P. i l i c i s have been p u b l i s h e d , and no r e c o r d e d 
work has been g i v e n f o r t h e N o r t h E a s t a r e a o f E n g l a n d , d e s p i t e 
t h e f a c t t h a t t h e h o l l y l e a f m i n e r / h o l l y t r e e a s s o e i a t i o . n 
p r o v i d e s a u s e f u l system f o r t h e s t u d y o f p l a n t - i n s e c t 
r e l a t i o n s h i p s . • • 

Aims o f t h e i n v e s t i g a t i o n were t o d e t e r m i n e w h e t h e r d i f f e r e n c e s 
i n l e v e l s o f i n f e s t a t i o n e x i s t e d between t r e e s o f v a r y i n g age 
and sex w i t h i n t h e same a r e a . V a r i a t i o n i n i n f e s t a t i o n w i t h 
h e i g h t and a s p e c t was i n v e s t i g a t e d , t o g e t h e r w i t h egs m o r t a l i t y . 
L a t e r m o r t a l i t y f a c t o r s by b i r d - a t t a c k and d i f f e r e n t s n e e i e s 
o f p a r a s i t e s was a l s o examined. Tne l i i e - c y c l e o f P . i l i c i s 
and i t s p a r a s i t e s was r e c o r d e d f r o m t n e mature l a r v a l - 7?.du3t 
s t a g e s . A d u l t S p h e g i g a s t e r f l a v i c o r n i s were r e c o r d e d i r o m 
s u c t i o n - t r a p s o n l y . ~~ ~ ~~ 

The s t u d y was c a r r i e d out w i t h i n H o l l i n g s i d e Wood.Durham c i t y 
G.R. NZ,276 4 0 5 . S i x t e e n h o l l y bushes w t f f "\amined on t h e b ^ s i f 
o f t h e i r i s o l a t i o n o r p r o x i m a t y t o o t h e r h o l l y bushes, o o s i t i c m 
w i t h r e s p e c t t o o t h e r v e g e t a t i o n , h e i g h t an'* riiameur, degree 
o f h e a l t h i n e s s based on t h e numb- r o"f l e a v i s t> r c w l ^ , s c , and 
p o s i t i o n , w i t h r e p e c t t o g r a d i e n t w i t n i n t h e main wood. S i x 
s u c t i o n - t r a p s were s e t up w i t h i n a ,°roup of t h r r e adj^c^nt". t 'e» 
a t v a r y i n g h e i g h t i n t e r v a l s w i t h i n I r e b n i v t "r* t y C i * ] d - s t r > 1 o^. 
The s i z e o f bushes examined v a r i e d between 1.7-M.o m e t r e s . 
Problems . w i t h s a m p l i n g a r e d i s c u s s e d , and i t was d e c i d e d t o 
sample between 325-4300 l e a v e s d c p r i o i n ; on t h e «*ir° 0' t x i & bv> ". 
The i d e a l sample s i z e was 800-1000 I t - y e s , Leaves w»rc c x a n i n c - i 
f o r t h e p resence o f eggs, t h e number o f esgs p e r l e a f , t h e 
p o s i t i o n a l o n g t h e m i d r i b , t h e number of mines p e r l e a f and• 
t h e i r p o s i t i o n on t h e l e a f . Each mine was examined f o r b i r d -
a t t a c k , and f o r t h e presence of b o t h l=»rva i and pup'-si p a r a ^ i t ^ . 
L e a l - s e c t i o n s were o b t a i n e d from each t r - e i o r Je^v^s o f t b r 

1977 season, t o d e t e r m i n e whether c u t i c l e f h i c K n ^ s s i>« f I v n c c * 
t h e l e v e l o f i n f e s t a t i o n between t r e e s . C u t i c l e t n i c i o i e s s 
was f o und t o be u n i m p o r t a n t i n - d e t e r m i n i n g " h t t h f r m l e a l v 
mined or n o t , however c u t i c l e t h i c k n e s s u l t i m a t e l y i s i m p o r t a n t 
s i n c e a d u l t P . i l i c i s can o n l y a t l a c * y o u n^ l e a v e s wnere +n' 
c u t i c l e i s u n d e v e l o p e d . 

A v a r i a t i o n i n t h e t i m e o f emergence f o r a d u l t P . - i l i c i s was 
o b s e r ved when compared w i t h a c c o u n t s g i v e n by M a l i and T a y l o r 
( 1 9 0 7 ) , T)ownes(1931)? a l t h o u g h t h e g e n e r a l p a t t e r n o f t h e 
l i f e - c y c l e was . s i m i l a r . 
No s i g n i f i c a n t d i f f e r e n c e i n t h e l e v e l o f i n f e s t a t i o n was 
observed between, t r e e s , a l t h o u g h t o t a l mine and egg number 
v a r i e d s i g n i f i c a n t l y . S p a t i a l d i s t r i b u t i o n a i d n o t appear t o 
i n f l u e n c e t h e d e n s i t y o f mines, and no s i g n i f i c a n t d i f f e r e n c e 
i n p o p u l a t i o n d e n s i t y w i t h r e g a r d t o - p o s i t i o n w i t h i n H o l l i n s r s i d e 
Wood was f o u n d . Aspect and h e i g h t i n f l u e n c e d b o t h t o t a l mine 
and egg number. 

Egg m o r t a l i t y was observed t o v a r y between t r e e s b u t d i f f e r ' rtc* 
were n o t s i g n i f i c a n t . E g g d e n s i t y was observed t o i n f l u e n c e 
t h e v i a b i l i t y o f eggs w i t h i n * t lie . l e a f , b u t t h e r e l a t i o n s h i p 
was d e n s i t y - i n d e p e r i d a n t . I 

M a j o r source;.! o f m o r t a l i t y were a t t a c k by f e e d i n g b i r d s , a t t a c h . 
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by the l a r v a l p a r a s i t e , C. gemma,and by an undetermined 
m o r t a l i t y f a c t o r i n f l u e n c i n g s u r v i v a l i n the e a r l y s t a g e s 
development. Thepupal p a r a s i t e s observed .were C.syma and. 
S . f l a v i c o r n i s . 
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4, 
1. I n t r o d u c t i o n 

1 a. The h o s t , l i e x a q u i f o 1 iuin 

The h o l l y t r e e I l e x a q u i f o l i u m i s w i d e s p r e a d as an u n d e r s t o r e y 
component o f many t y p o s o f woodland; i n scrub communities and as 
a hedgerow t r e e , o f t e n b e i n g p l a n t e d f o r t h i s r e a s o n. I t s 
d i s t r i b u t i o n i s probably d e t e r m i n e d mainly by i t s . s e n s i t i v i t y 
t o p r o l o n g e d f r o s t . P e t e r k i n and L l o y d ( 1 9 6 7 ) , f o u n d i t t o be 
a b s e n t f r o m a r e a s where t h e mean t e m p e r a t u r e o f t h e c o l d e s t 
months o f t h e y e a r f a l l s below - 0.5°C and i t has been suggested 
t h a t t h e e a s t e r n boundary of h o l l y i s determined by t h e degree 
o f w i n t e r co1d, ( I v e r s e n 1944). 

Be Candolle (1855) and I v e r s e n (1944) a l s o found h o l l y d i s t r i b u t i o n 
t o be I n f l u e n c e d by t h e mean temperature o f t h e warmest month, 
b e i n g absent from a r e a s where t h i s did not exceed 12 !G„ I n 
B r i t a i n h o l l y i s n a t u r a l l y absent^ from a r e a s where t h e J u l y 
t e m p e r a t u r e f a i l s to exceed 12.8 0. . 
( P i g , 1) 

I n accordance w i t h P e t e r k i n and LLoyd ( 1 9 6 7 ) , no s u b s p e c i e s have 
been d e s c r i b e d , although 140 f o r m s have been named, many of w h i c h 
a r e o f h o r t i c u l t u r a l o r i g i n ( D a l l i m o r e 1908). V a r i e t i e s have been 
based on t h e p e n d u l o u s h a b i t , c o l o u r o f b a r k , y e l l o w b e r r i e s , 
v a r i e g a t e d f o l i a g e , l e a f shape and s i z e , l e a f c u r v a t u r e , number 
o f s p i n e s and t h e i r abnormal occurance on t h e l e a f s u r f a c e ( E l w e s 
and Henry 1 9 1 3 ) . • 

The l e a v e s grow up t o 10 cms l o n g and 40 en? i n a r e a , and are 
a l t e r n a t e - and s i m p l e . H o l l y l e a v e s i n c r e a s e i n a r e a i n the 
second and subsequent y e a r s , a l t h o u g h shaded l e a v e s are t h i n n e r 
and l a r g e r i n a r e a . T h e i r shape i s o v a t e , e l l i p t i c o r o b l o n g , 
t h e m a r g i n b e i n g u n d u l a t e o r s i n u a t e - d e n t a t e , w i t h l a r g e s p i n e 
p o i n t e d t e e t h . However l e a v e s o f o l d e r t r e e s and i n d i v i d u a l s i n 
shaded h a b i t a t s t e n d t o become e n t i r e , r e t a i n i n g o n l y t h e sharp 
a p i c a l s p i n e . The a d a x i a l s u r f a c e of t h e lea.ves i s d a r k - g r e e n 
and g l o s s y , t h e l o w e r s u r f a c e b e i n g yellow-green and non-glossy. 

Shoot e x t e n s i o n , l e a f f o r m a t i o n and root e l o n g a t i o n commences e a r l y 
i n May, and e x t e n d s over 2 months, however i n t h e Durham c i t y a r e a 
G-.R. NZ 276 405, where s a m p l i n g was c a r r i e d out, c l i m a t i c f a c t o r s 
were l e s s f a v o r a b l e , hence maximum l e a f e x t e n s i o n was r e t a r d e d 
u n t i l l a t e June. 

l b . I n s e c t s p e c i e s a s s o c i a t e d w i t h I l e x a q u i f o l i u m 

H o l l y has a s m a l l number o f a s s o c i a t e d i n s e c t soeci.es compared 
w i t h o t h e r t e m p e r a t u r e r e g i o n t r e e s , Southwood (1961) h y p o t h e s i z e d 
t h a t t h e number o f i n s e c t s p e c i e s a s s o c i a t e d w i t h a t r e e was a• 
r e f l e c t i o n o f t h e c u m u l a t i v e abundance of t h a t t r e e i n a p a r t i c u l a r 
country t h r o u g h o u t r e c e n t g e o l o g i c a l h i s t o r y . Thus t h e dominant 
n a t i v e t r e e s s h o u l d have most i n s e c t s p e c i e s , t h e r e c e n t l y i n t r o d u c 
ones f e w e s t . 

http://soeci.es
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H o l l y i s r e p o r t e d t o have 7 a s s o c i a t e d i n s e c t s p e c i e s i n B r i t a i n , 
w h i l e t h a t o f oak -(Onerous s p . ) , •has 284, (Southwood 1961). The 
l a c k o f i n s e c t s on h o l l y t h r o u g h o u t t h e g e o g r a p h i c a l range i s 
marked and i s assumed to he a s s o c i a t e d w i t h e i t h e r s t r u c t u r a l or 
b i o c h e m i c a l f e a t u r e s . H i s t o l o g i c a l h a r r i e r s t o pathogenic and 
i n s e c t a t t a c k i n c l u d e t h e c u t i c l e and epidermis ("Ripley and 
Van Heerdan 1 9 3 9 ; Tanton 1962; Agarwal 1969; Feeny 1 9 7 0 ) . 
P l a n t s a l s o c o n t a i n secondary s u b s t a n c e s , i . e . p h e n o l s , t a n n i n s , 
l i g n i n s , a l k a l o i d e s and g l y c o s i d e s which reduce i n f e c t i o n i n 
s p e c i f i c s p e c i e s o f p l a n t s and d i g e s t i o n by i n s e c t f e e d e r s , 
( i ' r a c m t e l 1953 , 59, 69; L i p k e and F r a e n k e l 1956 , Wood 1 9 6 7 ) , 

f e e n y ( 1 9 7 0 ) , found t h a t the c o n c e n t r a t i o n i n t h e s p r i n g o f 
f e e d i n g c a t e r p i l l e r s o f the w i n t e r moth O p e r o p h t e r a brumata L., 
and o t h e r s p e c i e s o f L e p i d o p t e r a on oak t r e e s i n Engrand, were 
r e l a t e d t o s e a s o n a l changes i n the t e x t u r e and c h e m i c a l composition 
of t h e l e a v e s . L e a f 'toughness was though to be t h e c h i e f p r o x i m a t e 
f a c t o r p r e v e n t i n g w i n t e r moth l a r v a e from, f e e d i n g n o r m a l l y on 
mature oak l e a v e s , t h e most i m p o r t a n t u l t i m a t e f a c t o r b e i n g 
s e a s o n a l d e c l i n e i n a v a i l a b l e n i t r o g e n . T h i s d e c l i n e i s due t o 
t h e decrease i n l e a f p r o t e i n c o n c e n t r a t i o n and to i n c r e a s e d 
c o n c e n t r a t i o n o f l e a f t a n n i n s . The a b i l i t y of t a n n i n s t o form 
complexes w i t h p r o t e i n s , and t h e r e f o r e reduce the a v a i l a b i l i t y 
of n i t r o g e n . t o p l a n t f e e d e r s , i s b e l i e v e d t o enhance t h e i r 
d e f e n s i v e f u n c t i o n i n p l a n t s . Thus a l t h o u g h t h e r e appears t o be a 
s u f f i c i e n t • s u o o l y o f f o o d , i t may n o t be a v a i l a b l e a s . s u i t a b l e 
food f o r phytophagous i n s e c t s and o t h e r h e r b i v o r e s . • The f a c t t h a t 
t a n n i n s are' w i d e s p r e a d w i t h i n the p l a n t kingdom may suggest a 
s i m i l a r phenomenon e x i s t s w i t h o t h e r p l a n t / t r e e s p e c i e s . 

.Bracjsen, an u n d e r s t o r e y shrub, i s a l s o known to have a range o f 
s p e c i f i c c h e m i c a l d e f e n c e s . These i n c l u d e bound c y a n i d e m o l e c u l e s 
i n a d d i t i o n t o e c d y s o n e s j t h e l a t t e r a c t i n g as a defence a g a i n s t 
i n s e c t s s i n c e i t p r e v e n t s l a r v a e from c o m p l e t i n g t h e i r l i f e - c y c l e . 

O t h e r f a c t o r s b e s i d e s c h e m i c a l defense may i n f l u e n c e h e r b i v o r e 
d i v e r s i t y a s s o c i a t e d w i t h a p a r t i c u l a r p l a n t s p e c i e s , i . e . i t 
i s known t h a t t h e number o f i n s e c t s f e e d i n g on a p l a n t i s a 
f u n c t i o n of the g e o g r a p h i c a l range of the s p e c i e s and of t h e p l a n t 
a r c h i t e c t u r e . Thus t r e e s b e i n g more complex t h a n g r a s s e s , t e n d 
t o have more a v a i l a b l e n i c h e s , r e s u l t i n g i n reduced c o m p e t i t i o n 
f o r food and space between i n s e c t f e e d e r s . 

Few. papers r e l a t e d to I l e x a q u i f o l i u m and i t s p a r a s i t e s have beer-
p u b l i s h e d , t h u s i t i s d i f f i c u l t "to postulate' r e a s o n s why i n s e c t 
f e e d e r s occur w i t h such low frequency; a l t h o u g h s t r u c t u r a l d efence 
mechanisms appear most obvious. . . . .. _ • . • 

P e t e r k i n and LLoyd (1967) have-summarized, t h e i n s e c t * f e e d e r s .and"-' 
p l a n t pathogens a s s o c i a t e d w i t h I l e x a q u i f o l i u m as: f o l l o w s ;~ 

H e m i p t e r a - A p h i d i d a e A p h i s i l i c i s Kalt.- . . 
L e p i d o p t e r a ~ G-eometridae ' A c a s i s v i n o t a t a Hb. .•" /:.;. 

L y c a e r i d a e C e l a s t T i n a a r g i o l u s L. 1 s t b r o o d 
m a i n l y on f l o w e r buds o f h o l l y , second m a i n l y on f l o w e r buds o f 
i v y . 



7. 

Tor t i c i d a e Rhopobota naevana l i b . 
D i p t e r a ~ Agromyzidae PhyToiibyza i l i c i s " / C u r t , 

P l a n t Pathogens (Moore.1 9 5 9 ) 

A j r m i l l a r j L a m e l i e a ( V a h l ex. f r . ) Krummer, 
h e l i c u L s i d i u m i j i f ) a _ c u j . Pate 
Phy_ i J o° i i f 1 nju\i ( i Grove (Peace 1962) „ 
1' - l_iL . 2 -* ^ y Sac c a r do. 
£_ u * _ i _ i i i _ Grey. 
j in boi j _L 2J l i l l l ^ 'fd^nhagen and Young ( H e r r i d g e 196 .3) . 

The most i m p o r t a n t p a r a s i t e o f I l e x a q u i f o l i u m i s t h e h o l l y 
l e a f m i n e r , Phytomysa i l i c i s C u r t , w h i c h spends t h e whole o f t h e 
l a r v a l perio"d""witFin" t h e l e a f o f t h e h o s t p l a n t , and i s r e s p o n s i b l e 
f o r t h e f o r m a t i o n ox y e l l o w - b r o n z e b l o t c h e s observed on t h e l e a v e s 
o f i n f e c t e d t r e e s . The p a r a s i t e i s u n u s u a l amongst t h e Agromyzidae 
i n t h a t i t p u p a t e s w i t h i n t h e l e a f . O t h e r s p e c i e s o f Agromyzidae 
i . e . Phytomyza c o n i i and P.n s p o n d y l i i , on c o m p l e t i o n o f f e e d i n g , 
l e a v e t h e mine t h r o u g h a s e m i c i r c u l a r e x i t s l i t b e f o r e p u p a t i o n . 
( T i e r i n g 1 9 5 1 ) . 

Pew p a p e r s r e l a t e d t o P. i l i c i s have been p u b l i s h e d s i n c e M i a l l 
and T a y l o r p u b l i s h e d t h e i r paper i n 1 9 0 7 , on t h e s t r u c t u r e and. 
l i f e h i s t o r y o f t h e h o l l y - f l y , A s m a l l account i s g i v e n i n Lewis 
and T a y l o r ( 1 9 7 4 ) , h u t t h e main papers are an ac c o u n t by Cameron 
( 1 9 3 9 ) on t h e h o l l y l e a f m i n e r and i t s p a r a s i t e s , and t h a t "by-
Owen ( 1975)? r e l a t e d t o t h e e f f i c i e n c y o f b l u e - t i t s Parus c a e r u 1eng 
p r e y i n g on t h e l a r v a e o f P. i l i c i s . 

The r e a s o n s why so l i t t l e work has c e n t r e d around I l e x a q u i f o l i u m 
and i t s i n s e c t p a r a s i t e s i s p r o b a b l y r e l a t e d t o i t s l a c k o f 
economic i m p o r t a n c e i n t h i s c o u n t r y , Cameron's work i n N o r t h 
A m e r i c a was i n i t i a t e d because o f t h e need t o c o n t r o l t h e u n l i m i t e d 
s p r e a d o f t h e a c c i d e n t a l l y i n t r o d u c e d l e a f m i n e r t o t h a t c o u n t r y . 
On t h e west c o a s t o f B r i t i s h Columbia, European h o l l y i s e x t e n s i v e l 
c u l t i v a t e d and s i n c e i t cannot b e ' s u c c e s s f u l l y grown i n o t h e r p a r t s 
o f N o r t h America, an i n d u s t r y has de v e l o p e d . However t h e h o l l y 
l e a f m i n e r , u n r e s t r a i n e d due t o t h e absence o f n a t u r a l enemies i n 
t h i s a r e a , has r e s u l t e d i n as many, as 75 - 80 $ o f l e a v e s b e i n g 
d i s f i g u r e d as a r e s u l t o f mine f o r m a t i o n . . Hence f r o m a c o m m e r c i a l 
p o i n t o f v i e w t h e t r e e s a re reduced i n v a l u e and a r e a l s o r e n d e r e d 
l e s s o r n a m e n t a l and a t t r a c t i v e . The o v e r a l l e f f e c t has n o t been 
d e m o s t r a t e d , b u t i t .is p o s s i b l e t h a t l e a f - b l o t c h i n g may have 
ad v e r s e e f f e c t s on t h e h e a l t h o f t r e e s , due t o t h e w h o l e s a l e 
r e m o v a l o f ph o t ©synthetically a c t i v e c e i l s . 

I n B r i t a i n h o l l y grows e x t e n s i v e l y , hence i t s e o o n o m i c r i m p o r t a n c e 
. i s r e d u c e d . _ . -.. \. . ,v 

The h o l l y l e a f m i n e r / h o l l y , t r e e a s s o c i a t i o n ' p r o v i d e s , a. -.useful.. . 
system f o r t h e s t u d y o f p l a n t / i n s e c t r e l a t i o n s h i p . T h i s . 
r e l a t i o n s h i p may be i n t h e f o r m o f s h e l t e r , ' f o o d o r t r a n s p o r t , 
and f o r P« i l i c i s - i s e s s e n t i a l f o r t h e c o m p l e t i o n o f t h e l i f e -
c y c l e , 



Phytoiayza i l i c i s p r o v i d e s a u s e f u l t o o l i n t h e s t u d y o f 
i n s e c t p o p u l a t i o n dynamics. Prom mine examinations, m o r t a l i t y 
f a c t o r s , p a r a s i t e s p e c i e s a t t a c k i n g b o t h l a r v a e / a n d ' t h e number 
o f h e a l t h y a d u l t s emerging can be d e t e r m i n e d and can be used i n 
t h e c o n s t r u c t i o n o f l i f e - t a b l e s . Many v a r i a b l e s c o n t r i b u t e t o 
m o r t a l i t y i n a p o p u l a t i o n , however t h e main f l u c t u a t i o n s are 
u s u a l l y due t o o n l y a few f a c t o r s , i . e . k e y - f a c t o r s . Prom a n a l y s i s 
of l i f e - t a b l e s i t i s p o s s i b l e to d e t e r m i n e t h e k e y - f a c t o r f o r 
p o p u l a t i o n change and d e n s i t y - dependant e f f e c t s . ( M o r r i s 1 9 5 9 , 
V a r l e y and G r a d w e l l 1963). An•example of the use of l i f e - t a b l e 
d a t a i n determining k e y - f a c t o r s i s ' g i v e n by W i l l i a m s o n ( 1 9 7 2 ) , 
f o r t h e p i n e - l o o p e r moth, B u p a l l n s p i n i a r i u s , where t h e k e y - f a c t o r 
was l a r v a l m o r t a l i t y . However" f o r t l i i s~Tnve s t i g a t i on k e y - f a c t or 
a n a l y s i s was i m p o s s i b l e s i n c e P . _ i l i c i s was a t t h e l a r v a l -• p u p a l 
stage before t h e study was i n i t i a t e d , ~hen.ce t h e r e was i n s u f f i c i e n t -
d a t a. 

http://~hen.ce
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D i s t a n c e f r o m L e a f base 
f o r egg l a y i n g By P. i l i c i s , 

2 i 3~i" " "4--fcms 
D i s t a n c e - f r o m base 
o f l e a f a l o n g m i 6 r i b 



The egg h a t c h e s , b u t t h e f i r s t s t a g e l a r v a remains i n t h e m i d r i b 
u n t i l September - November, when' i t l e a v e s t h e c e n t r a l v e s s e l s 
and e n t e r s t h e s o f t ' g r e e n o u t e r t i s s u e s . The l a r v a f e e d s on 
t h e parenchyma below t h e e p i d e r m i s u n t i l l a r g e b l o t c h e s appear on 
t h e l e a f s u r f a c e . The mine r e a c h e s maximum s i z e i n March., and 
u s u a l l y o c c u r s on t h e upper e p i d e r m i s , a l t h o u g h i t can be f o u n d 
on b o t h s u r f a c e s . Between J u l y and March t h e l a r v a m o u l t s t w i c e 
p a s s i n g t h r o u g h 3 l a r v a l s t a g e s , t h e f i r s t l a s t i n g f r o m J u l y t o 
December, t h e • s e c o n d f r o m December t o J a n u a r y , ?>nd t h e t h i r d f r o m 
F e b r u a r y u n t i l t h e f o r m a t i o n o f the pupae l a t e i n March. B e f o r e 
p u p a t i n g t h e mature l a r v a p r e p a r e s a t h i n t r i a n g u l a r a r e a on t h e 
c u t i c l e o f t h e l e a f , a g a i n s t w h i c h a h i n g e d emergence p l a t e o f 
s i m i l a r s i z e on t h e puparium. w i l l a b u t , so t h a t escape by t h e mature 
f 1 y w i 1 1 be e a s i l y a c c o r a p l i s h e d . 

W h i l s t f e e d i n g on t h e l e a f t i s s u e s t r i e l a r v a l i e s on i t s s i d e , b u t 
b e f o r e e n t e r i n g t n e p u p a l s t a g e i f t u r n s o n t o it;- . ; back so t h a t t h e 
v e r t i c a l s u r f a c e i s p r e s s e d a g a i n s t t h e e p i d e r m i s and i t s a n t e r i o r 
s p i r a c l e s are p r o j e c t e d t h r o u g h t h e a t t e n u a t e d a r e a o f t h e c u t i c l e . 
The imago makes i t s escape f r o m t h e l e a f by p r e s s i n g t h e p t i l i n u m 
a g a i n s t t h e h i n g e d emergence p l a t e on t h e puparium., w h i c h i n t u r n 
b r e a k s t h r o u g h t h e t h i n c u t i c l e above i t . (A d e t a i l e d , account 
i s g i v e n by M i a l l and T a y l o r ( 1 9 0 7 ) . 

2.3 P a r a s i t e s o f Phytomyza i l i c i s 

B e f o r e 1939, o n l y one p r e v i o u s r e c o r d o f a p a r a s i t e o f t h e h o l l y 
l e a f - m i n e r was r e c o r d e d - Dacnusa. maculata,G-our ( B r a c o n i d ) , on 
P. i l i c i s i n I t a l y . Cameron (193S; was t h e f i r s t t o r e c o r d t h e 
l i s t e d s p e c i e s o f p a r a s i t e s on P. i l i c i s . 

C h a l c i d o i d e a 

E u l o p h i d a e 1. C h r y s o c h a r i s gemma ( C u r t ) , Walk. 
2. G h r y s o c h a r i s ayma, Walk. 
~" P I s t i r o t~r op i s amy n t as, Walk. 
4. C l o s t e r o c e r u s t r i ~ f a.sciatus , Walk. 
5'» Tetracaine a sp. 

P t e r o m a l i d a e 6. S p h e g i g a s t e r f l a v i c o r n i s , Walk. 
7. C r y t o g a s t e r v u l g a r i s , Walk. 
8. Eut e l u s s p ~ : ' 

I c hneumanoidea 
B r a c o n i c a " 9. Opius i l i c i s , N i x o n . 

A key t o t h e i d e n t i f i c a t i o n o f a l l s p e c i e s a t v a r i o u s s t a g e s o f 
development i s g i v e n by Cameron ( 1 9 3 9 ) . A b r i e f d i s c r i p t i o n 
and l i f e - h i s t o r y o f t h e p a r a s i t e s f o u n d d u r i n g t h i s ' . . i n v e s t i g a t i o n 
o n l y w i l l be g i v e n . Any s u p p l e m e n t a r y i n f o r m a t i o n i s g i v e n . i n 
d e t a i l i n t h e f o r e m e n t i o n e d p a p e r . • • 

•a) C h r y s o c h a r i s gemma. ( C u r t ) " , Walk. : : 

T h i s was obs e r v e d t o be t h e commonest p a r a s i t e - o f t h e h o l l y 
l e a f - m i n e r i n t h e South o f Eng l a n d . (Cameron 1939) 30-40^ o f 
f l y l a r v a e f o u n d d u r i n g t h e i n v e s t i g a t i o n , by Cameron (1937-
1 9 3 8 ) , were a t t a c k e d by t h i s s p e c i e s . I n 1938, a t Burnham Beeches, 
Bucks. 7.1 f r o m a 100 p o s s i b l e h o s t s were i n f e c t e d . The s p e c i e s 
i s w i d e l y d i s t r i b u t e d t h r o u g h o u t Europe, A f r i c a , A m e r i c a and ' 
A u s t r a l a s i a . 



Female 0. gemma have an u n u s u a l h a b i t o f o v e r w i n t e r i n g i n t h e 
a d u l t s t a g e . Egg l a y i n g o c c u r s t o w a r d s t h e end o f F e b r u a r y i n 
S o u t h e r n E n g l a n d . A s m a l l number o f f e m a l e s may be f o u n d t o 
o v i p o s i t e as l a t e as A p r i l , a l t h o u g h few h o s t l a r v a e a r e 
a v a i l a b l e . A s i n g l e egg i s l a i d t h r o u g h t h e c u t i c l e o f t h e l e a f , 
and i s d e p o s i t e d i n t h e body c a v i t y o f t h e l a r v a . S u p e r p a r a s i t i s m 
may o c c u r b u t i s i n f r e q u e n t . 

A t t a c k e d l a r v a e o f P. i l i c i s become y e l l o w and have a d i r t y 
p a l e y e l l o w c o l o u r , * * V h i c F " c o n t r a s t s w i t h t h e t u r g i d b r i g h t s h i n y 
lemon c o l o u r o f h e a l t h y l a r v a e • 

I n c u b a t i o n o f t h e p a r a s i t e eggs l a s t s f r o m 7 - 10 days, a c c o r d i n g 
t o t e m p e r a t u r e a f t e r w h i c h t h e f i r s t s t a g e l a r v a e appear. The 
l a r v a i s assumed t o pass t h r o u g h at l e a s t t h r e e d i s t i n c t s t a g e s 
and i s mature a f t e r 16-20 days. A f t e r f e e d i n g i s co m p l e t e d t h e 
l a r v a r e m a i n s i n t h e r e s t i n g s tage f o r 8-10 days b e f o r e t h e 
f o r m a t i o n o f pre p u p a , hence l a r v a l l i f e l a s t s f o r a p p r o x i m a t e l y 
4 weeks. Time spent i n t h e p r e p u p a l and p u p a l s t a g e s i s 4 and 
38 days r e s p e c t i v e l y . Cameron (1939) q u o t e s pupae o f 0. gemma 
as b e i n g f o u n d f r o m 1 2 t h A p r i l onwards. A' d e s c r i p t i o n " o f the"™™ 
d e v e l o p m e n t a l s t a g e s i s g i v e n by Cameron (1939)= 

C h r y s o c h a r i s syma, Walk. 

C_̂__ syma i s a p a r a s i t e o f the pupa and has o n l y been r e c o r d e d i n 
England", S c o t l a n d and France. 

When the. . f a c t t h a t t h i s p a r a s i t e a t t a c k s t h e pupae o n l y i s 
c o n s i d e r e d , t h e g e n e r a l b i o l o g y o f t h e s p e c i e s i s s i m i l a r t o t h a t 
g i v e n f o r C. gemma. Eggs are l a i d , i n t e r n a l l y i n t h e f l y pupae',, 
d u r i n g A p r i l , d e p e n d i n g on t h e a v a i l a b i l i t y o f t h e l a t t e r . L a r v a l 
development i s s i m i l a r t o t h a t o f C. gemma; t h e p r e p u p a l and p u p a l 
s t a g e s l a s t i n g f o r l i and 19 days." A d u l t emergence was f o u n d t o 
o c c u r f r o m e a r l y J u l y onwards. A g a i n a d e s c r i p t i o n o f t h e 
d e v e l o p m e n t a l s t a g e s i s g i v e n i n d e t a i l by Cameron (1939)-

c.) S p h e g i g a s t e r f l a v i c o r n i s , Walk. 

The s p e c i e s was f o u n d t o be f a i r l y w e l l d i s t r i b u t e d t h r o u g h o u t 
a r e a s examined by Cameron. I t s g e o g r a p h i c a l range i s N o r t h and 
C e n t r a l Europe, A s m a l l number o f h o s t r e c o r d s a r e a v a i l a b l e and 
i t appears t h a t members o f t h e genus S p h e g i g a s t e r p a r a s i t i z e l e a f 
m i n i n g and s t e m - b o r i n g , D i p t e r a , i n a d d i t i o n t o g a l l - m a k i n g s p e c i e s 
o f t h e f a m i l y Cecidomyidae. A few s p e c i e s a l s o a t t a c k a p h i d s . 

A c c o r d i n g t o Cameron ('1939) f t h e p a r a s i t e becomes a c t i v e on"::the 
h o l l y t r e e i n e a r l y A p r i l . O v i p o s i t i o n i s t i m e consuming, since'/*; 
t h e i n s e c t must bore t h r o u g h t h e c u t i c l e o f t h e l e a f 'and t h e t o u g h 
s k i n o f t h e p u p a r i u m , and u s u a l l y e x t e n d s over 30 m i n u t e s . The 
egg i s t h e n d e p o s i t e d e x t e r n a l l y on t h e pupa o f Phytomyza i l i c i s . ' . ' ' 
I n c u b a t i o n l a s t s f r o m 4 - 7 days c o n c l u d i n g i n t h e emergence•of 
t h e f i r s t s t a g e l a r v a , w h i c h f e e d s e x t e r n a l l y 'on t h e h o s t pupa^i^m 
F i v e l a r v a l s t a d i a e x i s t . The -'larva f e e d s a c t i v e l y f o r 11 - 13 ' 
days , a f t e r w h i c h i t e n t e r s a r e s t i n g p e r i o d s p a n n i n g 5 days b e f o r e 
i t becomes a prepupa. Tne p r e p u p a l and p u p a l s t a g e s l a s t f o r 2 
days and 6 days r e s p e c t i v e l y , and a d u l t s emerge f r o m l a t e June 
onwards a l t h o u g h some i n d i v i d u a l s f a i l t o complete metamorphosis 
u n t i l t h e m i d d l e o f August. 
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I n t h i s i n v e s t i g a t i o n p a r a s i t e s were o b s e r v e d a t t h e mature 
l a r v a l stage -onwards. A key f o r c l a s s i f i c a t i o n o f l a r v a l , 
p r e p u p a and p u p a l s t a g e s i s e x p l a i n e d i n Cameron (1939)• 



2 . 4 Sample a r e a . 

The a r e a chosen f o r I n v e s t i g a t i o n r i m s p a r a l l e l to H o i J i n T i d e 
Lane, Durham c i t y , G.R. HZ.276 40b, and i s p a r t o f the main 
H o l l i n g s i d e Wood. The a p p r o x i m a t e a r e a I s i n d i c a t e d on P i g . 3a. 
and spans 116 m e t r e s a l o n g t h e l e n g t h of t h e l a n e , and 37 m e t r e s 
i n t o t h e wood. The wood i s d e c i d u o u s , p r o m i n e n t s n e c i e s o f t r e e s 
'being oak (Quereus j>atraea), "beech (Fagus s v l v a t i c a ) , sycamore 
( Acer pseudo-pl - a^nus)'', s i l v t - r b i r c h ( i c luJ;, m. n d u l J ) , w i t h a it ' 
s p e c i e s of rfcots P i n e ( P i n u s s v l v e s t r i s T . h o l l y Drooagates b o t h 
f r o m seed and v i a under grouno r h i ' o mc", thus young b a s u t s te ud 
t o s p r e a d l a t e r a l l y and are o f t e n c l u m i e d wiubin a b m a l l a r e a . 

S i x t e e n h o l l y bushes were chosen f o r e x a m i n a t i o n on t h e b a s i s o f 
t h e i r i s o l a t i o n o r p r o x i m a t y t o o t h e r h o l l y bushes, p o s i t i o n w i t h 
r e s p e c t to o t h e r v e g e t a t i o n , h e i g h t and d i a m e t e r , degree o f 
h e a l t h i n e s s based on t h e number of l e a v e s p e r t w i g , sex and p o s i t i o n 
w i t h r e s p e c t t o g r a d i e n t w i t h i n t h e main wood.. 
( T a b l e 1 . ) . 

T r e e s examined were of v a r i e d m o r p h o l o g y . M u l t i - s t e m m e d s t r u c t u r e s 
were examined e.g. Tree 10, where t h r e e i n d i v i d u a l t r e e s arose f r o m 
a s i n g l e main s t r u c t u r e . O t h e r 'bushes were s m a l l } h a v i n g no p r o m i n e n 
main s t r u c t u r e but seemed t o be formed f r o m a mass o f l a t e r a l 
b r a n c h e s . Under shade c o n d i t i o n s b r a n c h e s t e n d to become p e n d u l o u s , 
and on r e a c h i n g t h e ground t h e s e f o r m a d v e n t i t i o u s r o o t s , t h u s 
r o o t s u c k e r s are common e.g. T r e e s 4 and 7. The o l d e r hence t a l l e r 
t r e e s t e n d e d t o have f e w e r l e a v e s per b r a n c h a t h i g h e r l e v e l s , t h e 
f o r m e r h a v i n g fewer t e e t h per l e a f , and these were o b s e r v e d t o be 
l e s s s h i n y when compared w i t h l e a v e s t a k e n f r o m lower l e v e l s . 
A s p e c t was a l s o f o u n d t o i n f l u e n c e t h e number o f l e a v e s f o u n d p e r 
b r a n c h . 

Thus t r e e s examined v a r i e d i n g r o w t h f o r m and p o s i t i o n w i t h r e s p e c t 
t o t h e l a n e . Those n e a r e s t H o l l i n g s i d e Lane were assumed t o s u f f e r 
more f r o m exposure s i n c e ' they were not as s h e l t e r e d as t r e e s 
w i t h i n t h e wood i t s e l f . However t h e y were overshadowed t o a l e s s e r 
degree by dominant v e g e t a t i o n . A f t e r 6 m e t r e s , t h e ground s l o p e d 
s t e e p l y d o w n h i l l , ( 1 : 2 g r a d i e n t ) , hence t r e e s examined on t h e s e 
s i t e s ( 3, 4, '3 , 6,7, 8,10,15 ,16) e x p e r i e n c e d d i f f e r i n g p h y s i c a l 
c o n d i t i o n s - l e a c h i n g , w a t e r a v a i l a b i l i t y - from t h o s e s i t u a t e d a t 
t h e t o p o f th's s l o p e (1,2,11,12,13,14). 

S i x - s u c t i o n - t r a p s were s e t up i n a. group o f t h r e e a d j a c e n t t r e e s , 
s i t u a t e d on s l o p i n g t e r r a i n , w i t h i n Durham U n i v e r s i t y f i e l d " 
s t a t i o n ( P i g 3 a . ) 5 a t v a r y i n g h e i g h t s above ground l e v e l t o m o n i t o r 
t h e emergence o f P.- i l i c i s a d u l t f l i e s o f t h e 1977 season, and 
t h o s e a d u l t f l i e s d u r i n g e g g - l a y i n g . The t r a p s were a l s o - i n t e n d e d 
t o m o n i t o r t h e number o f p a r a s i t i c f l i e s o f Phytomyza i l i c i s . 

D e t a i l s f o r each t r e e sampled and t h e i r p r o x i m a t y t o each o t h e r 
i s g i v e n i n P i g . 3b, Table 1. 
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3. Ketaod 
33 1 . ' Sampling • -

Trie a i m o f t h e i n v e s t i g a t i o n was t o measure t h e l e v e l o f i n f e s t a t i o n ; 
w i t h i n a d e f i n e d a r e a , t h u s t r e e s examined had t o he r e p r e s e n t a t i v e 
o f t h e s i z e and age range o f I l e x a q u i f o l i u m w i t h i n t h e area-. The 
s i z e o f bushes and t r e e s examined v a r i e d between 1.70 and 9»60 
metres, arid t h i s c o u p l e d w i t h t h e i r r e g u l a r g r o w t h p a t t e r n o f 
I l e x posed a m a j o r problem w i t h r e g a r d t o c h o o s i n g a s u i t a b l e 
s a m p l i n g method, s i n c e one method was n o t a p p l i c a b l e t o a l l t r e e s . 

An i n i t i a l sample o f 100 l e a v e s was t a k e n f r o m each t r e e t o e s t i m a t e ; 
t h e l e v e l of i n f e s t a t i o n . S t o k e s ( 1 9 6 3 ) , e s t i m a t e d a minimum 
sample s i s e of 750 leaves, c o n c l u d i n g t h a t t h i s e s t i m a t e would 
l i e ' w i t h i n l O f o f t h e c o r r e c t f i g u r e f o r i n f e s t a t i o n . I n t h i s 
i n v e s t i g a t i o n the e f f e c t o f p a r a s i t i s m was i n v e s t i g a t e d and s i n c e 
p e r c e n t a g e p a r a s i t i s m was f o u n d t o - v a r y between t r e e s , i t was 
n e c e s s a r y t o sample as many l e a v e s as was p r a c t i c a l ( i . e . 325 -
4300 l e a v e s d e p e n d i n g on t h e s i z e o f the t r e e ) . C o l l e c t i o n o f 
d a t a v/as c a r r i e d o u t f r o m m i d - A p r i l u n t i l l a t e J u l y , t h u s o n l y 
t h e l a t t e r n a i f o f the complete g r o w t h c y c l e was examined f o r • 
1977 season and t h e b s g i n i n g o f the 1978 season. 

V a r i a t i o n i n t h e l e v e l o f i n f e s t a t i o n w i t h a s p e c t and h e i g h t was 
i n v e s t i g a t e d and i s d i s c u s s e d l a t e r . Assuming no s i g n i f i c a n t 
v a r i a t i o n i n i n f e s t a t i o n w i t h b o t h a s p e c t and h e i g h t , t h e n a random • 
s a m p l i n g method can be a d o p t e d . However s h o u l d a d i f f e r e n c e 
between d i f f e r e n t a r e a s o f t h e same t r e e be f o u n d , t h e n i d e a l l y 
more l e a v e s s h o u l d be sampled f r o m a r e a s i n d i c a t i n g l o w e s t 
i n f e s t a t i o n . I t i s e x t r e m e l y d i f f i c u l t t o o b t a i n a g e n u i n e l y 
random sample o f s h o o t s o r l e a v e s and i n t h i s s t u d y p o p u l a t i o n 
d e n s i t y i s ex p r e s s e d as t h e v a l u e p e r 100 l e a v e s sampled. As t h e 
number o f l e a v e s sampled f o r each t r e e v a r i e d , t h i s was a good 
method f o r making comparisons between t r e e s . To g e t an a b s o l u t e 
e s t i m a t e o f p o p u l a t i o n d e n s i t y i s d i f f i c u l t s i n c e t h e t o t a l number ' 
o f l e a v e s on t h e t r e e i s r e q u i r e d and t h i s posed a n o t h e r u n s o l v e d 
s a m p l i n g p r o b l e m , w h i c h i s d i s c u s s e d i n d e t a i l l a t e r . 

V a r i o u s sample s i z e s were t a k e n f o r e a r l i e r t r e e s examined t o 
e s t i m a t e t h e minimum sample s i z e r e q u i r e d and t h e v a r i a t i o n i n 
a c c u r a c y w i t h i n c r e a s e d s a m p l i n g e f f o r t . R e s u l t s a r e d i s c u s s e d 
l a t e r . * 

I n i t i a l l y f o r Tree 1 . 42 t w i g s o f s i m i l a r l e n g t h were sampled 
t o i n v e s t i g a t e v a r i a t i o n i n l e v e l s o f i n f e s t a t i o n w i t h a s p e c t f 

and 6' t w i g s were a l s o sampled per' 50 cm h e i g h t i n t e r v a l t o 
i n v e s t i g a t e h e i g h t v a r i a t i o n . A l t h o u g h .these t w i g s were o f s i m i l e s : 
l e n g t h , t h e number o f l e a v e s supported'by- t aoh t w i g v a r i e d and 
posedj problems w i t h d a t a a n a l y s i s . Thus t h e ; number o f -twigs 
sampled p e r t r e e was reduced and t h e f i n a l number o f l e a \ r s ^ e r 
sample was Kept c o n s t a n t f o r ease i n s t a t i s x i c a i a n a l y s i s . The 
metnod used was s i m p l e . Twigs were sampled a t r e g u l a r i n t e r v a l s , 3 3 ' • : 
s t a r t i n g f r o m t h e base o f t h e bush and sampled r a n d o m l y o v e r t h e 
e n t i r e bush t o t h e apex. The f i n a l number o f l e a v e s o b t a i n e d 
p e r t r e e depended on t h e s i z e o f t h e sample t r e e . 
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A l l l e a v e s sampled were examined f o r t h e presence o f eggs, and 
egg numbers p e r l e a f were r e c o r d e d . The p o s i t i o n o f eggs a l o n g 
t h e m i d r i b was a l s o measured. Presence o r absence o f a mine on 
a l e a f was r e c o r d e d , t o g e t h e r w i t h t h e number o f mines s u p p o r t e d 
by t h e l e a f and t h e i r p o s i t i o n , i . e . w h e t h e r on t h e a d a x i a l o r 
a b a x i a l l e a f s u r f a c e . Each mine was examined f o r b i r d a t t a c k 
c h a r a c t e r i z e d by a Y-shaped peck-mark w i t h i n t h e mine, f o r s m a l l 
t r i a n g u l a r emergence h o l e s c h a r a c t e r i s t i c o f a d u l t P. i l i c i s 
and f o r s m a l l round emergence h o l e s c h a r a c t e r i s t i c o f t h e a d u l t 
p a r a s i t e s o f t h e l e a f - m i n e r , ( l e w i s and T a y l o r , 1974). Opened 
mines were examined and c o n t e n t s i d e n t i f i e d under a b i n o c u l a r 
m i c r o s c o p e . Thus i t was p o s s i b l e t o d e t e r m i n e t h e number o f a d u l t s 
w h i c h had emerged s u c c e s s f u l l y , t h e number o f i n d i v i d u a l s , i . e . 
b o t h mature l a r v a e and pupae w h i c h were p a r a s i t i z e d , t h e s p e c i e s 
o f p a r a s i t e p r e s e n t , t h e e x t e n t o f development and f i n a l l y t h e 
number o f i n d i v i d u a l s w h i c h had d i e d f r o m u n d e t e r m i n e d f a c t o r s . 
Mines f r o m w h i c h G. gemma, t h e l a r v a l p a r a s i t e had emerged, were 
c h a r a c t e r i z e d by t h e absence o f t h e orange p u p a l case o f P. i l i c i s , 
c o u p l e d w i t h t h e b l a c k s h i n y remains o f t h e O h r y s o c h a r i s p u p a l 
case. 

I n d i v i d u a l s e x t r a c t e d f r o m t h e mines were a l s o measured. 

A 100 l e a v e s p e r t r e e were sampled f o r t h e new seasons g r o w t h 
and t h e number o f eggs p e r 100 l e a v e s d e t e r m i n e d . 
3.2 S u c t i o n - t r a p s . 

S i x s u c t i o n - t r a p s , were e s t a b l i s h e d a t t h r e e h e i g h t i n t e r v a l s , 
1.3 and 6 metres above ground l e v e l , w i t h i n a clump o f t h r e e 
n o l l y t r e e s w i t h i n t h e f i e l d - s t a t i o n s i t e ( P i g . 3 a ) , and o p e r a t e d 
f r o m two b a t t e r y c h a r g e r s . These were emptied a t weekl y i n t e r v a l s 
t h r o u g h o u t t h e i n v e s t i g a t i o n and t h e c o n t e n t s examined. The t r a p s 
were s e t up d u r i n g t h e m i d d l e o f A p r i l , when a d u l t G. gemma are 
abundant and c o n t i n u e d r u n n i n g u n t i l l a t e J u l y , when i t was hoped 
t o sample a l l a d u l t p a r a s i t e s and a d u l t P. i l i c i s . I n s e c t s were 
i d e n t i f i e d t o f a m i l y l e v e l i n i t i a l l y b u t d e t a i l e d e x a m i n a t i o n 
o f t r a p c o n t e n t s was t o o time-consuming, t h u s t r a p c o n t e n t s were 
o n l y examined f o r l e a f - m i n e r s and t h e i r p a r a s i t e s . 

3.3 L e a f - s e c t i o n . 

The l e v e l o f i n f e s t a t i o n by P. i l i c i s i s known t o f l u c t u a t e 
between sample t r e e s , and s i n c e i t was one o f aims o f t h e i n v e s t 
i g a t i o n t o d e t e r m i n e p o s s i b l e causes f o r t h i s v a r i a t i o n , b o t h 
l e a f and c u t i c l e t h i c k n e s s f o r I l e x a q u i f o l i u m l e a v e s was measured. 

A random sample o f 7 l e a v e s f r o m 1977 season, w h i c h had been mined 
and a f u r t h e r sample o f 7 l e a v e s w i t h o u t mines were o b t a i n e d f o r 
each t r e e , so t h a t a t o t a l o f 14 l e a v e s were t a k e n f o r t h e e n t i r e 
t r e e . O b v i o u s l y c u t i c l e t h i c k n e s s w i l l have i n c r e a s e d s i n c e 
t h e eggs were f i r s t l a i d , b u t i t was hoped t h a t any v a r i a t i o n i n 
b o t h l e a f and c u t i c l e t h i c k n e s s would s t i l l e x i s t between t r e e s . 
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An i n i t i a l sample o f l e a v e s f r o m a s i n g l e h o l l y t r e e was t a k e n 
t o d e t e r m i n e w h e t h e r any r e l a t i o n s h i p 'between s i z e , l e a f t h i c k 
n e s s and c u t i c l e , t h i c k n e s s f o r b o t h the u p p e r and l o w e r e p i d e r m i s 
e x i s t e d . S i z e was f o u n d t o i n f l u e n c e b o t h l e a f and c u t i c l e t h i c k 
n e s s , ( s e c t i o n 4 . 4 ) , t h u s t h e s i z e ' of sampled l e a v e s f o r a l l t r e e s 
was k e p t as u n i f o r m as p o s s i b l e . .During t h e c u r r e n t seasons 
g r o w t h , l e a v e s o f v a r i o u s s i z e s were sampled f r o m t h e same t r e e t o 
m o n i t o r c u t i c l e d evelopment, s i n c e i t i s a t t h i s s t a g e t h a t l e a v e s 
a r e a t t a c k e d by P. _ i l i c i n . 

F o r a l l l e a v e s sampled a t h i n s e c t i o n was t a k e n a c r o s s the m i d r i b 
(Pig.17 ) and t h e t h i c k n e s s o f t h e l e a f a t s i t e s a,b,c were 
measured. I n i t i a l l y c u t i c l e t h i c k n e s s was measured a t t h e t h r e e 
p o i n t " , b u t l i t t l e v a r i a t i o n between a and c was f o u n d , t h u s 
measurements were reduced t o a and b. A t r a n s v e r s e s e c t i o n was 
p r e p a r e d f o r each l e a f as f o l l o w s .and mean v a l u e s f o r l e a f and 
c u t i c l e t h i c k n e s s o b t a i n e d f o r each t r e e . 

T-B* ' s e c t i o n s :-

A l l s e c t i o n s were f i ^ e d . i n R a w l i n s f l u i d o v e r n i g h t . They were 
t h e n i?iiiiiGrsed i n 7G# a l c o h o l f o r a p p r o x i m a t e l y 1 hour, a f t e r 
which, t h e y were t r a n s f e r r e d to 95$ and two changes o f a b s o l u t e 
a l c o h o l r e s p e c t i v e l y , f o r 1 h o u r d u r a t i o n w i t h each change o f 
f l u i d . Tne s e c t i o n s were t h e n p l a c e d i n a 1:1 a l c o h o l / x y l e n e 
f l u i d f o r 1 h o u r , followed by two changes o f pure xylene f o r 
I hour w i t h each change of f l u i d . S e c t i o n s were t r a n s f e r r e d to 
a xylene/wax m i x t u r e a t 57°Gfor 1 hour. Three changes o f f r e s h 
wax was used over a 12 hour p e r i o d . The t h i r d change was l e f t 
o v e r n i g h t . The t i s s u e s were then blocked i n f r e s h wax c o n t a i n i n g 
0. 5$ c e r e s i n and l e f t t o h a r d e n . 7.5 yu. s e c t i o n s w e r e c u t on a 
m i c r o t o m e and f l o a t e d on warm w a t e r t o f l a t t e n t h e w a x - s e c t i o n s . 
Each group o f l e a v e s were p l a c e d on a g l a s s s l i d e , ' w h i c h had been 
s p o t t e d w i t h egg albumin/1hymo1 m i x t u r e and. smeared o v e r t h e s l i d e 
t o p r e v e n t c l o u d i n g o f t h e f i n a l t i s s u e - s e c t i o n . The s l i d e s were 
d r i e d on a h o t - p l a t e at 37°C» 

P i n a l l y the i m m e r s i o n p r o c e s s was r e v e r s e d f o r each s l i d e , each 
change o f f l u i d l a s t i n g f o r 1 h o u r . The s l i d e s were t h e n immersed 
i n w a t e r and s t a i n e d w i t h Ifo aqueous s a f r a n i n . The s t a i n i n g 
p r o c e s s was t a k e n bacn to the xylene stage and each s e c t i o n mounted 
i n a D.P.X. mountant and l e f t to harden. 

Each s e c t i o n was measured f o r l e a f t h i c k n e s s at X40 m a g n i f i c a t i o n , 
and f o r c u t i c l e t h i c k n e s s at X400. A l l v a l u e s were c o n v e r t e d t o 
cms. 



2.1. 

4. D i s c u s s i o n , o f r e s u l t s . 

4.1 Data f o r i n d i v i d u a l t r e e s . 

4.1.1 Problems w i t h sample s i z e . 

When Stokes ( 1 9 6 9 ) * c a r r i e d o u t h i s i n v e s t i g a t i o n on Phytomyza 
i l i c i s f o r A n c i e n t Camp a r e a o f N o r t h Wales, t h e sampling 
method adopted was e x t r e m e l y complex and r e s u l t e d i n 100 - 150 
l e a v e s b e i n g sampled f o r each s i t e . I n t h i s i n v e s t i g a t i o n t h e 
a c c u r a c y a s s o c i a t e d w i t h a s m a l l sample s i z e , and t h a t o f a 
l a r g e r sample was compared f o r each t r e e . The p r o b l e m w i t h a 
s m a l l sample s i z e , apart f r o m b e i n g u n r e p r e s e n t a t i v e o f t h e 
e n t i r e t r e e , i s t h a t a s m a l l i n c r e a s e i n t o t a l egg o r mine number 
p e r hundred l e a v e s sampled, r e s u l t s i n a c o n s i d e r a b l y h i g h e r 
e s t i m a t e o f i n f e s t a t i o n . Phytomyza mines are c l e a r l y v i s i b l e t h u s 
f r o m a s m a l l s a m p l e , l e v e l s o f i n f e s t a t i o n f o r t h e e n t i r e t r e e t e n d 
to be o v e r e s t i m a t e d as a r e s u l t o f s u b j e c t i v e e r r o r s , hence by 
u s i n g l a r g e samples f o r o v e r a l l e s t i m a t e s of i n f e s t a t i o n , , a n d by 
s a m p l i n g t w i g s o f s i m i l a r s i z e o n l y , i t was hoped t o reduce t h e 
amount o f s u b j e c t i v i t y . 

The p h y s i c a l d e s c r i p t i o n o f each t r e e examined t o g e t h e r w i t h 
p r o x i m a t e v e g e t a t i o n i s g i v e n i n Table 1 , and t h e e x t e n t o f 
i s o l a t i o n o f each t r e e i s i n d i c a t e d i n F i g . 3b. Prom a t h e o r e t i c a l 
v i e w p o i n t t h e p r o x i m a t y o f t r e e s t o each o t h e r was assumed t o 
i n f l u e n c e t h e l e v e l o f i n f e s t a t i o n o f i n d i v i d u a l t r e e s , t h e 
r e a s o n i n g b e i n g t h a t t r e e s c l o s e r t o g e t h e r are more l i k e l y t o be 
r e i n f e c t e d by a d u l t Phytomyza f r o m a d j a c e n t t r e e s , w h i l s t t r e e s 
f u r t h e r from t h e main c o n c e n t r a t i o n o f a d u l t f l i e s prove l e s s 
f a v o u r a b l e h o s t s , s i n c e more t i m e i s wasted t r a v e l l i n g between 
t r e e s and s e a r c h i n g f o r s u i t a b l e o v i p o s i s i t l o n s i t e s . Measurements 
of h e i g h t and d i a m e t e r f o r t h e sample t r e e s i n d i c a t e b o t h age and 
g r o w t h v i g o u r , and t h i s may a l s o i n f l u e n c e l e v e l s o f i n f e s t a t i o n , 
s i n c e h e a l t h y t r e e s p resumably p r o v i d e a more f a v o u r a b l e environment 
f o r t h e c o m p l e t i o n o f t h e l i f e - c y c l e . 

T r e e s sampled can be c a t e r g o r i s e d on t h e b a s i s of p o s i t i o n w i t h i n 
the wood; i . e . t h o s e s i t u a t e d on t h e edge o f t h e wood a t t h e t o p 
of t h e bank ( T r e e s 1,2,11,13$14), t h o s e i n t e r m e d i a t e r y i n p o s i t i o n 
( T r e e s 3»5,8,9 S10), and f i n a l l y t h o s e a t the base o f t h e s l o p e 
p o s i t i o n e d w i t h i n t h e wood i t s e l f . 

A summary of t h e number o f samples and sample s i z e i s g i v e n i n 
Table 3 . The r e s u l t s based on 100 l e a v e s sampled i s g i v e n i n 
T a b l e 4 , Fig.4 . G e n e r a l l y a b i g g e r sample s i z e r e d u c e s t h e 
e s t i m a t e d v a l u e s f o r egg d e n s i t y , t o t a l mines o b s e r v e d and t h a t 
f o r i n f e s t a t i o n . E x c e p t i o n s t o t h i s are e s t i m a t e s f o r Trees 6 and 
7, where va.lues i n c r e a s e d w i t h sample s i z e . A summary o f r e s u l t s 
f o r a l l p a r a m e t e r s i n v e s t i g a t e d f o r 16 t r e e s , t o g e t h e r w i t h t h e 
t o t a l number o f l e a v e s sampled i s g i v e n i n Table 5 . l a r g e 
d e v i a t i o n s i n e s t i m a t e s f o r a l l p a r a m e t e r s were o b s e r v e d f o r T r e e s 
2, 6, 7,9,11-» a c c o r d i n g t o t h e number o f l e a v e s sampled. 

Por Tree 1 , T a b l e 3 and 4 , t h r e e samples were t a k e n , i . e . 100, 
1,384 and 3?108 l e a v e s , and as f o r a l l r e s u l t s , t h e number o f 
l e a v e s w i t h mines, t o t a l number o f mines, t o t a l number o f eggs 
was d e t e r m i n e d . These v a l u e s were e x p r e s s e d p e r 100 .leaves,-, i n 
o r d e r t h a t comparisons between samples and u l t i m a t e l y between 
t r e e s , c o u l d be made. 
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? 4 . 
T a b l e , , . , t . . 

S»IARY^£JRESIJLTS FOR ALL TERES BASED 
ON 3.00 LEAVES SAMPLED 

|*"™™*Tree No. Mines per 100 
Leaves 

Eggs per 100 
Leaves 

I n f e s t a t i o n 

1 15.00 17.00 1 % u u 11.65 

2 17.00 le.oo 20.90 
1 7 # 0 ° 11.20 

5 15.00 
• 

18.00 K on 18.35 

4 16.82 17.76 16,85 
15.20 

5 29.66 37.29 . 27.00 g;5Q 

6 20,39 26.21 , f i . 22.00 
' J - 8 * 5 14.5 

7 24.30 29.91 23,5 

8 9.62 10.58 8.8 t j 
9 21600 27.00 2i .r-'o 2 1 * 8 4 

14,16 
10 309 00 45.00 26,00 5°*5 21 o 

11 18,00 24*00 1 / 9 U U 13,24 

12 18.00 28@00 

13 12.00 13,00 12,00 ^.24 

14 25.00 •38,00 * 4 * 0 0 19,73 

15 14*00 | 16.00 16,36 
^•oo 9,64 

16 
-

14.00 j 21.00 
1 1 A . - , 15« 2^ 
* 8,75 
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Levels of i n f e s t a t i o n (%) 
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E s t i m a t e s o f i n f e s t a t i o n f o r 'Tree 1 w i t h 100 l e a v e s was 15 -
3.35, f o r 1,384 and 3»108 l e a v e s , e s t i m a t e s were 11.56 - 2 . 38 
and 10.3.6 - 0.5 r e s p e c t i v e l y . Thus f o r a, X 300 f o l d i n c r e a s e 
i n l e a v e s sampled estiirtat.es f o r i n f e s t a t i o n were re d u c e d "by 
33$. C o n s i d e r i n g r e s u l t s f o r 100 l e a f - s a m p l e and 1,000 l e a f -
sample, no d i f f e r e n c e i n t h e o v e r a l l l e v e l o f i n f e s t a t i o n was 
f o u n d s i n c e t h e c o n f i d e n c e i n t e r v a l s o v e r l a p p e d . 

For Tree 2, t h r e e samples were t a k e n b u t v/ere o f 100,900 and 
1,384 l e a v e s . V a l u e s f o r i n f e s t a t i o n a g a i n were v a r i e d , 17.0"^-
3.76, 7.22 - 0.8 and 8.74 - 0 . 89 r e s p e c t i v e l y . . Thus a X9 f o l d 
i n c r e a s e i n sample s i z e r e d u c e d t h e e s t i m a t e by 41$. L i t t l e 
d i f f e r e n c e was f o u n d betwwen 900 and 1,384 l e a f - s a m p l e s . 

Four samples v/ere t a k e n f o r Tree 3. These were o f 100, 1,403, 
1,600, and 4 , 300 l e a v e s as g i v e n i n T a b l e 3 and 4 » -Again v a r i a t i o n 
was observed w i t h sample s i z e . For 100 l e a v e s , e s t i m a t e s were 
15.0 i 3.35, f o r 1,403 l e a v e s - 15.97 - 0.98, f o r 1,600 l e a v e s 
16. 31 ^ 0 . 9 8 , and f i n a l l y f o r 4,300 l e a v e s - 17. 84 0.58. 
Thus f o r Tree 3? e x c l u d i n g t h e r e s u l t s f o r s m a l l sample s i z e , 
i n c r e a s i n g t h e number o f l e a v e s sampled f r o m 1403 t o 4,300 
i m p r o v e d t h e e s t i m a t e t o such a s m a l l degree when maximum v a l u e s 
were c o n s i d e r e d , t h a t u n d e r n o r m a l s a m p l i n g p r o c e e d u r e s , i t 
a p p ears 1,000 l e a v e s are s u f f i c i e n t t o g i v e r e l i a b l e e s t i m a t e s . 
I n t h i s i n v e s t i g a t i o n , an i d e a o f t h e number and a l s o s p e c i e s 
o f p a r a s i t e s a t t a c k i n g Phytomyza was r e q u i r e d , t h u s i t was 
n e c e s s a r y t o sample as many I T a v e s as was p r a c t i c a l i n t e r m s o f 
t i m e and e f f e c t upon t h e h o s t t r e e . 

For Tree 6, a X2-g f o l d i n c r e a s e i n sample s i z e had l i t t l e i n f l u e n c e 
on t h e o v e r a l l e s t i m a t e s f o r i n f e s t a t i o n , however t h e e r r o r s 
i n v o l v e d w i t h t o o s m a l l a sample s i z e i s i n d i c a t e d f o r Tree 7, 
T a b l e 3©* 

Thus t h e i d e a l minimum samples s i z e f o r a l l t r e e s , was t a k e n as 
800 - 1,000 l e a v e s where t h e s i z e o f t h e t r e e s p e r m i t t e d . The 
sample s i z e t a k e n f o r Tree 16 was t o o low f o r an a c c u r a t e e s t i m a t e . 
A more r e a l i s t i c f i g u r e would be a p p r o x i m a t e l y 10$. I d e a l l y more . 
l e a v e s s h o u l d have been c o l l e c t e d . 

4.1.2. Summary o f r e s u l t s f o r a l l p a r a m e t e r s i n v e s t i g a t e d . 

The r e s u l t s f o r t o t a l egg - d e n s i t y , mine number, and o v e r a l l 
i n f e s t a t i o n f o r t h e 16 sample t r e e s i s g i v e n i n T a b l e ? . U s i n g 
Ch.i--squa.re t t ; s t s t h e d i f f e r e n c e s f o r a l l p a r a m e t e r s between t r e e s 
was i n v e s t i g a t e d f o r s i g n i f i c a n c e . When v a l u e s f o r i n f e s t a t i o n 
were compared X was f o u n d to be 30.2. T h i s was s i g n i f i c a n t a t 
5$ l e v e l . The r e s u l t was i n s i g n i f i c a n t at t h e 1$ l e v e l . The 
t r e e s were r a n k e d a c c o r d i n g t o s i z e and t e s t e d u s i n g a 2X2 
c o n t i n g e n c y - t e s t , t o d e t e r m i n e w h e t h e r h e i g h t o f t r e e s was 
t h e f a c t o r c a u s i n g t h e observed v a r i a t i o n . R e s u l t s were 
i n s i g n i f i c a n t a t 5$ l e v e l . Thus t h e o v e r a l l l e v e l s o f i n f e s t a t i o n 
a r e i n d e p e n d e n t o f h e i g h t and i t was assumed i n d e p e n d a h t o f t h e 
d i a m e t e r o f bushes a l t h o u g h t h i s was n o t t e s t e d . 

http://estiirtat.es
http://Ch.i--squa.re
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C a l c u l a t e d X v a l u e s f o r e g g - d e n s i t y v a r i a t i o n between t r e e s 
and t o t a l mine v a r i a t i o n gave v a l u e s o f 50.24 and 33.85 
r e s p e c t i v e l y . B o t h r e s u l t s were s i g n i f i c a n t a t 5/'° and la/> l e v e l 
o f s i g n i f i c a n c e . From Table 5 , u s i n g egg-data 'as e s t i m a t e s o f 
p o p u l a t i o n density,.Phytomyza•density i s h i g h e s t f o r T r e e s ' 5 , 
6 , 10, 12 and 15. Those l e a s t a f f e c t e d b e i n g Trees 1,2 ,8 and 1 3 . 
Lowest v a l u e s were observed f o r Trees 1 and 2, and t h e s e were 
t h e most i s o l a t e d ( P i g , 3 b ) . Trees 4 and 5 were clumped i n t o 
a s m a l l a r e a , s i m i l a r l y f o r Trees 6 and 7, w i t h a p p r o x i m a t e l y 
15 m e t r e s between t h e s e a r e a s . E g g - d e n s i t y e s t i m a t e s were c l o s e 
f o r T r e es 4 and 5? b u t n o t so f o r 6 and 7. Trees 8 - 1 4 were 
clumped w i t h i n a r e s t r i c t e d a r e a t h u s assuming t r i e p r e v i o u s 
h y p o t h e s i s i s c o r r e c t e g g - d e n s i t y was e x p e c t e d t o be h i g h e r 
w i t h i n t h i s a r e a . When mean v a l u e s were compared f o r t h e t h r e e 
m a i n a r e a s , e g g - d e n s i t y was g r e a t e s t fxjr u n i t s 6 - 7 } t h u s a l t h o u g h 
i s o l a t e d t r e e s t ended t o have l o w e r p o p u l a t i o n d e n s i t y o f Phytomyza, 
l i t t l e d i f f e r e n c e was observed between m o d e r a t e l y spaced t r e e s 
and t h o s e w i t h i n a r e s t r i c t e d space. 

Prom T a b l e s ! and5 i t would appear t r e e s n e a r e s t t h e r o a d have l o w e r 
l e v e l s 6'f i n f e s t a t i o n compared w i t h t h o s e f u r t h e r i n t o t h e wood. 
Areas where g r e a t e s t d i f f e r e n c e between e g g - d e n s i t y e x i s t e d were f o r 
t h o s e t r e s s a t t h e t o p o f t h e s l o p e and t h o s e s i t u a t e d on t h e slope.. 
Comparisons o f t h e mean v a l u e s f o r e g g - d e n s i t y gave t - 1.06' a t 
5$ l e v e l o f s i g n i f i c a n c e . The t a b u l a t e d v a l u e was 2.31, t h e r e f o r e 
t h e d i f f e r e n c e was i n s i g n i f i c a n t . 

T r e e s 3 and 10.were female t r e e s , i d e n t i f i e d by t h e r e d b e r r i e s 
f r o m t h e p r e v i o u s season, and t h e s e were f o u n d t o have h i g h v a l u e s 
f o r b o t h t o t a l egg number and mine number. However no c o n c l u s i o n s 
c o u l d be drawn s i n c e i t was v e r y d i f f i c u l t t o sex t h e r e m a i n i n g 
t r e e s . Absence o f b e r r i e s was n o t an a c c u r a t e i n d i c a t i o n of sex,, 
hence f o r d i s c r i m i n a t i o n between t r e e s , more e f f o r t s h o u l d have 
been p u t i n t o s e x i n g them p r i o r t o t h e i n v e s t i g a t i o n * . 

4.1 .3 Aspect v a r i a t i o n . 

I n v e s t i g a t i o n i n t o p o s s i b l e v a r i a t i o n s i n t h e l e v e l o f i n f e s t a t i o n 
w i t h a s p e c t was c a r r i e d o u t f o r Trees 1,2 , 3,4,5, and 9 , i . e . o v e r 
the s i z e range o f t r e e s sampled. 

F o r Tree 1 , T a b l e t , 4 2 twigs were sampled p e r s i d e of t h e t r e e f o r , 
8,11 h e i g h t s and t h e s e were of s i m i l a r l e n g t h s . However t h e 
number of l e a v e s p e r t w i g v a r i e d . Those on t h e E a s t - f a c i n g s i d e 
were more sparse p r o b a b l y due t o c o m p e t i t i o n f o r l i g h t w i t h 
n e i g h b o u r i n g v e g e t a t i o n . L e a f number on t h e W e s t - f a c i n g s i d e was 
h i g h e s t hence g r o w t h was more v i g o u r o u s . Thus e q u a l numbers p e r 
s i d e o f t h e t r e e were u l t i m a t e l y sampled. The s i z e f o r Tree 1 
was 346 l e a v e s s i n c e t h i s was t h e maximum p o s s i b l e f o r t h e E a s t e r n 
a s p e c t w i t h o u t c a u s i n g damage to the t r e e . ( T a b l e 6.b). 
Comparisons f o r t h e d i f f e r e n t sample s i z e s are i n d i c a t e d i n T a b l e 6c 
t h e e r r o r i n v o l v e d w i t h r e duced sample s i z e b e i n g s l i g h t e x c e p t 
f o r r e s u l t s f r o m West-side, where sample .size had been reduced by 
69$ . The c a l c u l a t e d v a l u e f o r X s"to t e s t f o r d i f f e r e n c e s i n 
i n f e s t a t i o n w i t h a s p e c t , u s i n g -data f o r t o t a l mine numbers was 
6.40 f o r 3 degrees o f f r e e d o m a t t h e 5$ l e v e l o f s i g n i f i c a n c e 
( A p p e n d i x 2.). T h i s was l o w e r t h a n t a b u l a t e d v a l u e s f o r X2,, 
hence no s i g n i f i c a n t d i f f e r e n c e r e s u l t e d , a l t h o u g h f r o m Table 6e, 
b o t h i n f e s t a t i o n and t o t a l mine d e n s i t y appeared t o be h i g h e r on 
l a s t and S o u t h - f a c i n g s i d e s . 



-p 
o 
0 ) 
PH 
CQ 

oj 

fa 
- P 

m 
• H 
o 

•H 

•H 

03 
N 

O 
- P 

r H 

fa U 
OS 

O - H 
• H a 
- P - H 
CCi CQ 

4 j 
CQ 
CD O 

• H Jtfj 
• H 

fa £ 
O H J 

r H C M 
CD -^r 
> 
CD t ! 

r H O 

• 'r-l CD 
a i CQ 

V O ,c] Ctl 
• o fa 

V Q • - H 
v - - P CD 

CD 

p Q) fn 
a3 M n5 

EH EH >-

O 
r H 
EH 
<3 
EH 
CO 
M P3 
PH CO 

^ , H + 

' fa 
C Q ' 

CO 

. < • 
t fa 

CQ fa 
fa fa O 
1—1 o 

C O 

7 ^ 
C O o o 
O O 

PH fa O 
« 3 CO 
EH • O 
O O O 
E - i fa 

fa 
o co 

EH • fa 
O O H 
P J t*. •*=•! 

C O 

EH 
h i ,JS 

CO 

PH CO 

° P 
- a ! 

O O fa 
EH S hi 
EH 

EH 
O 
M 
PM 
C O 

[-... Q 11— K A > - M - - H - ; LTA, L ( A 

O A l i A i O K A | C M C M , U A LfA 

X> ^c j - OA O- : C A r ~ | C M fa 

CM 

CD 

O A 

O A 
O A 

O 

CO 
O A 

tr— 

v o 

v o 

LfA 
C M 

00 

C M 
iCO 

o 

o 
v o 

CO 

K A 
« 

o 

vo 
O A 

C M 
O A 

U A 

V 
CM 

C O 

O A 
O A 

CO 

O 

o 

VO 

o 
v o 

U A 
U A 

AO 
VO 

V 
U A 
U A 

O 

c o 

LCA 
O A 

U A 

K A 

o 

O A 
O A 

O A 
LCA 
C O 

CO 

CD 
N 

•H 
CQ 

CD 
r H 
P 

s 
« Ci3 fa m 

v o 
-p 

• £ 
T - a ! 

- P 
CD CQ 
CD f! 
U O 

EH O 

A . O V O 

! LCA vo 
ICA K A 
K A CD 

vo -=;!- , co 
KA o } c\] co 

a 
H 
EH 
EH 
CO 1 
PH + 

fa 
C O 

fa 
C O 

C O 

^— h ^ 

CO h i 

§ o 
H O 
S v -

I - a ! 
fa fa 

C O 
CD O 
CD O 
fa -r-

fa. 

h i o CO 
EH • O 
O O O 
EH fa fa 

fa 
fa O CO 
EH • 
O O H 
EH S a 

C O 
&q c o 
p> W M 
-a! EH fa 
H H H 

a > s 

PH C O 

d ° § 
R • «i o a fa 
B-s fa fa 

EH 
O 
H 
PH 
CO 

D — K > < C M O A 

V 

v o 
« 

U A 

LCA 
O A 

o 
O A 

U A 

V O 
K A 

V O 

LCA 
U A 

"=H-
LCA 

v o 
-=H-
K A 

fa 

O A 
V D 

O 

V O 
V O 

co 
O A 

o 

v o 
U A 

O 

CO 
K A 

K A 

V O 

K A 

C D V O 

V 
co 
K A 

C O 

C O 
O A 

U A 
C M 

O A 

o 

LCA 
K A 

C M 
K A 

O A 
CM 

V O 

K A 

V O 
LfA 

C M 

K A 

CM 
K A 

K A 
LCA 

K A 

o 
'Hr 

v o 

K A 

CO 



EH o w 
PH 
CO 
<4 

C O 
H 

O p 
EH . , <tj 
O O H 

D— v o 
V D ^ t " 
•̂ t- K N h(N 

-t— v o 
V D y d -
V O K N 

to 

O N v o 
U N ^ 
0 3 K N 

o 
M 
EH 

EH 
CO ' 

0 1 

o 
LfN 

V O 
v o 

V O 
U N 

K N K N O 
K N O C M 

• • • o 
f — O N v o 

1 

f -

1 

U N 

1 i 
V O 

o K N C M K N 

• 9 • a 
O A C M O N o 

LfN 
UN 

LfN 
LfN 

0 0 

0 3 
C M 

K N 

+ 

CO 

o U N C M 
c— O N C O V O 

* « • 
o 

o 
C M 

o 
* ^— t— 

o 
M 
EH < 
EH 
CO 

H 

CO t-q 
S O 

C M 

V O 

V C 

UN 

I T N 
C M 

co 

O N 
V O 

o 

-3-
C M 

co 
co 
K N 

co 

L!N 
LfN 

V O 
U N 

O N 

" 3 -
O 
O N 

o 
V O 

c o 

C O 
O N 

o 

O N 
O N 

CO 

UN 
CM 

O N 

C O 

C M 

K N 

CO 

CO 
0 ) O 
Ct> o 

O N 
O N 

o 
C M 

V O 
K N 

O N 

V O 
LfN O 

O O 

U N 
O N 

U N 

C M 
N N 



31, 

A s i g n i f i c a n t d i f f e r e n c e however i n t h e number o f eggs l a i d 
p e r 100 l e a v e s w i t h a s p e c t was observed. The c a l c u l a t e d X ^ 
was 13.1 compared w i t h a t a b u l a t e d v a l u e o f 7.81. T h i s was 
s i g n i f i c a n t a t b o t h 5 and l'/> l e v e l s (Appendix2 ) . Fewer eggs 
were l a i d on Noth-facing l e a v e s , maximum v a l u e s f o r l e a v e s on 
E a s t e r n - f a c i n g a r e a s , p o s s i b l y because t h e l a t t e r i s more s h e l t e r e d 

F o r Tree 2 t h e f i n a l sample s i z e was 346 p e r side, o f t h e t r e e . 
Comparisons i n t h e l e v e l o f i n f e s t a t i o n f o r t o t a l mine d a t a gave 
a s i g n i f i c a n t d i f f e r e n c e w i t h a s p e c t a t 5 and Vfo l e v e l s o f 
s i g n i f i c a n c e , ( T a b l e T b ) ( A p p e n d i x 2 ) . For egg d e n s i t y d a t a , 
a s i g n i f i c a n t d i f f e r e n c e was observed a t b o t h l e v e l s o f s i g n i f i c a n c 
(Appendix2 ) . Maximum eggs were l a i d on E a s t - f a c i n g l e a v e s , 
however f e w e s t eggs were f o u n d on Westerly l e a v e s . T o t a l mine d a t a 
gave a s i m i l a r r e s u l t , N o r t h and S o u t h - f a c i n g l e a v e s h a v i n g s i m i l a r 
l e v e l s o f i n f e s t a t i o n ( T a b l e 7 c ) . 

F o r Tree 3? 400 l e a v e s were sampled per s i d e o f t h e t r e e and t h e 
v a r i a t i o n w i t h a s p e c t i s i n d i c a t e d i n TableBb. R e s u l t s f o r b o t h 
egg d e n s i t y and t o t a l mine number were s i g n i f i c a n t a t b o t h 5 and 
Ifo l e v e l s o f s i g n i f i c a n c e ( A p p e n d i x 2 ) . However i n f e s t a t i o n 
was l o w e s t on t h e E a s t e r n - s i d e i . e . 11.00 - 1.5, and h i g h e s t on 
t h e W e s t e r n - f a c e i . e . 22.50 - 2.08. C o r r e s p o n d i n g v a l u e s f o r eggs 
p e r 100 l e a v e s were 14.50 and 32.00. 

For t h e s e t h r e e t r e e s a comparison between t h e r e s u l t s based 
on a c o n s t a n t sample o f t w i g s and t h a t f o r c o n s t a n t l e a f number 
were compared, (Table.s 6c, 7c, 8 C ) . A sample s i z e o f 300 - 400 
l e a v e s were taken as t h e most p r a c t i c a l . 

For Tree 4, t h e t o t a l sample, s i z e was 346 l e a v e s p e r s i d e o f t h e 
t r e e (Table9 ) . Values f o r Xs" f o r b o t h e g g - d e n s i t y and t o t a l 
mine number g^ave s i g n i f i c a n t r e s u l t . For t o t a l mine number t h e 
c a l c u l a t e d Xr~ was 3.8.17 compared t o a tabula-ted v a l u e o f 7.81, 
and t h a t f o r e g g - d e n s i t y was 31.43 compared with. 7.81. These 
were s i g n i f i c a n t even a t t h e 1$ l e v e l ( A p p e n d i x 2 ) . I n t e r m s 
o f e g g - d e n s i t y d a t a , t h e l o w e s t p o p u l a t i o n d e n s i t i e s were o b s e r v e d 
f o r E a s t and S o u t h - f a c i n g s i d e s , maximum f o r t h e West s i d e . T h i s 
t r e n d was o b s e r v e d f o r t o t a l mine d a t a . 

F o r Tree 5, t h e sample s i z e was 400 l e a v e s , ( T a b l e 10 ) . An 
i n s i g n i f i c a n t d i f f e r e n c e s a t t h e 5f° l e v e l was observed f o r t o t a l 
mine data ( A p c e n d i x 2 ) , i . e . c a l c u l a t e d v a l u e f o r X'1 was 7.19, 
compared w i t h a t a b u l a t e d v a l u e . o f 7.81. For e g g - d e n s i t y data, 
xbhe r e s u l t was s i g n i f i c a n t a t b o t h 5 and 1$ l e v e l s i . e . c a l c u l a t e d 
v a l u e f o r X K was 15.22 compared w i t h a t a b u l a t e d v a l u e o f 7.81, 
D i f f e r e n c e s between egg number was s m a l l f o r E a s t , N o r t h and 
S o u t h e r n a s p e c t s 5 l o w e s t v a l u e s a p p e a r i n g f o r t h e West s i d e . 
S i m i l a r t r e n d s were observed w i t h t o t a l mine d a t a . 

For Tree 9, a t o t a l sample s i z e o f 300 l e a v e s per s i d e o f t h e t r e e 
was used ( T a b l e n ) . No s i g n i f i c a n t d i f f e r e n c e was observed f o r 
b o t h e g g - d e n s i t y and t o t a l mine number ( A p p e n d i x 2 ) a l t h o u g h f r o m 
raw d a t a , E a s t e r n a r e a s had h i g h e r v a l u e s f o r b o t h egg and mine 
number. 
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3 8 . 

Thus a difference; i n the l eve l of i n fes ta t i on w i th aspect 
was observed fo r most trees invest igated, however no constant 
trend w a s observed., Generally maximum in fes ta t i on was observed 
f o r East- fac ing areas. 

4 .1 .4 . Height v a r i a t i o n . 

Var ia t ion i n the l eve l of i n fes ta t i on wi th height was tested 
f o r Trees 1 , 3 and 1 0 , Itwas d i f f i c u l t to sample trees at heights 
above 5.5 m, besides any resu l ts obtained would be unre l iab le 
since branches near the crown of t a l l t rees tend to produce fewer 
leaves per tw ig . 

For Tree 1 , samples of 6 twigs per 50 cm height i n te rva l s were 
taken fo r each side of the t r ee . (Table 1 2 ) . As no s ign i f i can t 
d i f ference i n i n f es ta t i on was found wi th aspect, the values were 
bulked and expressed as given i n Table 1 3 . A s i gn i f i can t 
d i f fe rence i n t o t a l mine number wi th height was observed. The 
calculated value fo r was 21.95 which i s s i gn i f i can t at both 
5 and Ifo leve ls (Appendix 2 ) . The highest incidence of mines 
was observed fo r the height i n t e r v a l , 1 0 0 - 150cm, lowest leve ls 
of i n f es ta t i on being associated wi th branches nearest the ground, 
and at the crown of the tree (P ig^ ) , A s ign i f i can t d i f ference 
f o r bulked data was observed again at 5 and 1 $ s i gn i f i can t l e v e l s , 
f o r egg data (Appendix 2 ) . However although the number of twigs 
sampled was constant, the t o t a l number of leaves var ied . Thus 
although a d i f ference was observed when t o t a l mine data was compared 
w i t h , height , when these resu l ts were expressed per 100 leaves, 
l i t t l e va r i a t i on was observed. 

Since egg d i s t r i b u t i o n was influenced by aspect, tes ts fo r s i g n i f i c a 
d i f fe rence i n egg density w i th both aspect and height w e r e car r ied 
out. For the East- fac ing area of Tree 1 , (Appendix 3 ) , : a s i g n i f i c a 
d i f ference resul ted at 5$ l e v e l , i . e . calculated X^ was 1 5 . 9 5 
compared w i th a tabulated value of 9.49. However at the 0 - 5 0 cm 
height i n t e r v a l , again leaves were sparse, thus resu l t s oMained 
were erroneous and i t i s probable that eg=--density i s independant 
o f he ight . For other aspects tested s ign i f i can t resu l ts were 
obtained but once more the sample size was inconsistent w i th 
regard to the number, hence no conclusions were drawn wi th regard 
t o s igni f icance although from raw data i t appears that populat ion 
density i s higher i n the 100 - 150 cm i n t e r v a l . 

For Tree 3 , the problem of varying t o t a l lea f number sampled w i th 
each height i n t e r v a l was overruled, since a constant sample size 
of 300 leaves was used (Table 1 4 ) . X s- resu l t s fo r both t o t a l 
mine number and egg-density indicate s i gn i f i can t resu l t s at both 
5 and Ifo leve ls (Appendix 3 ) . For t o t a l mine data, highest 
i n f e s t a t i o n occurred between in te rva ls 0 ~ 5 0 and 200 cms, maximum 
values peaking at 50 - 100 cm i n t e r v a l . From 300 cms upwards 
the l eve l of i n f e s t a t i o n t a i l e d o f f . Simi lar trends were observed 
from egg-density data, except that levels remained s ta t ionary 
between 150 and 400 cm dropping rap id ly from 400cm upwards. For 
Tree 6 , no va r i a t i on i n t o t a l mine data or egg-density was observed 
w i t h height . (Table 15 ) , (Appendix 3 ) . 
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PIG .5 
Variation i n t o t a l egg/mine numbers with height 
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4 6 , 

T r e e 1 0 w a s v e r y l a r g e , t h r e e m a i n s t e m s a r i s i n g f r o m a s i n g l e 

r h i z o m e , t h u s a n i n i t i a l s a m p l e w a s t a k e n ( T a b l e - 1 6 a ) . A 

s i g n i f i c a n t d i f f e r e n c e w a s o b s e r v e d ( A p o e n d i x 3 ) a t 1 $ l e v e l 

u s i n g t o t a l m i n e d a t a , l o w e s t l e v e l s o f i n f e s t a t i o n b e i n g ' r e c o r d e d 

f o r e x t r e m e h e i g h t s . R e s u l t s f o r t h e m a i n s a m p l e s a r e g i v e n i n 

T a b l e 1 6 b . R e s u l t s f o r e g g - d e n s i t y a n d t o t a l m i n e n u m b e r w e r e 

v e r y s i g n i f i c a n t a t 1 $ l e v e l , i . e . f o r m i n e d e n s i t y t h e c a l c u l a t e d 

v a l u e f o r X 5 - w a s 5 3 * 3 7 c o m p a r e d w i t h a t a b u l a t e d v a l u e o f 1 8 . 4 8 

a n d t h a t f o r e g g - d e n s i t y w a s 8 0 . 4 5 c o m p a r e d w i t h 1 8 . 4 8 f o r 

t a b u l a t e d v a l u e s ( A p p e n d i x 3 ) . H i g h e s t v a l u e s f o r b o t h e g g a n d 

m i n e d a t a w e r e f o u n d a t 5 0 - 1 0 0 c m s . A f t e r 2 5 0 . c m s , v a l u e s 

f o r b o t h p a r a m e t e r s w e r e r e d u c e d c o n s i d e r a b l y . 

I n s u m m a r y , i t v / o u l d a p p e a r t h a t t h e l e v e l o f i n f e s t a t i o n f o r 

P h y t o m y z a i s i n f l u e n c e d b y h e i g h t , m i n i m u m v a l u e s b e i n g r e c o r d e d 

f r o m 3 - 0 e m s u p w a r d s . 

4 . 2 . E g g d i s t r i b u t i o n a n d e g g m o r t a l i t y . 

T h e f r e q u e n c y o f 2 o r m o r e m i n e s p e r l e a f w a s v e r y l o w f o r a l l 
t r e e s e x a m i n e d ( T a b l e 1 . 7 ) . F o r T r e e s 1 , 2 , 4 , 7 , 8 , 9 , 1 1 , 1 2 , 1 3 , 1 6 , 
t h e m a x i m u m m i n e n u m b e r w a s 2 . M a x i m u m m i n e n u m b e r f o r t h e 
r e m a i n i n g t r e e s w a s 3 ? b u t t h e i n c i d e n c e o f 3 m i n e s 

p e r l e a f w a s v e r y l o w i n c o m p a r i s o n . Y r t i e r e 3 m i n e s w e r e f o u n d 
g e n e r a l l y o n l y 1 o f t h e s e d e v e l o p e d s u c c e s s f u l l y t o t h e p u p a l 
s t a g e . U s u a l l y t h e s e c o n d a n d t h i r d m i n e s v / e r e e m p t y op c o n t a i n e d 
s h r i v e l l e d c o n t e n t s , e . g . f o r T r e e 3 » 3 m i n e s w e r e f o u n d o n o n e 
l e a f . T w o w e r e v e r y s m a l l h e n c e t h e l a r v a e h a d s u f f e r e d f r o m 
e a r l y m o r t a l i t y f a c t o r s . T h e t h i r d d e v e l o p e d n o r m a l l y b u t w a s 
a t t a c k e d b y b i r d s . O n a f e w o c c a s i o n s 3 p u p a e w e r e f o u n d w i t h i n 
a s i n g l e l e a f , a l t h o u g h m i n e s w e r e f o r m e d o n b o t h s i d e s o f t h e 
l e a f t o r e d u c e c o m p e t i t i o n f o r f o o d . I t f o l l o w s t h a t 2 l a r v a e 
w i t h i n a l e a f w i l l d e v e l o p m o r e s u c c e s s f u l l y c o m p a r e d w i t h 3 ? 

E v e n s o t h e n u m b e r o f l e a v e s h a v i n g 2 m i n e s o f w h i c h o n l y 1 
d e v e l o p e d n o r m a l l y , w a s h i g h . F o r T r e e 1 1 , f o r a s a m p l e o f 4 5 
l e a v e s w h e r e 1 e g g h a d g i v e n r i s e t o 1 m i n e , t h e n u m b e r o f e m p t y 
m i n e s a n d t h o s e c o n t a i n i n g d e a d l a r v a e w a s d e t e r m i n e d , a n d w a s 
f o u n d t o b e 1 7 . 7 8 $ . A s i m i l a r e s t i m a t e f o r l e a v e s c o n t a i n i n g 
2 m i n e s , g a v e a v a l u e o f 2 3 . 3 3 $ . T h u s i t v / o u l d a p p e a r t h a t 
c o m p e t i t i o n b e t w e e n s e v e r a l l a r v a e . w i t h i n t h e l e a f r e d u c e s t h e 
s u r v i v a l o f a n y o n e . 

F o r e g g - d e n s i t y p e r l e a f , m a x i m u m n u m b e r s o b s e r v e d w e r e 5 p e r 

l e a f , a l t h o u g h t h e f r e q u e n c y w a s l o w i . e . T r e e s 3 , 6 , 9 , 1 0 , 1 4 a n d 

1 5 . T h e f r e q u e n c y o f v i a b l e e g g s , i . e . t h o s e d e v e l o p i n g t o f o r m 

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

i n c r e a s e s . W h e r e 5 e g g s p e r l e a f w e r e l a i d , t h e m a x i m u m n u m b e r 

s u r v i v i n g t o t h e l a r v a l s t a g e w a s 2 . T h e d i s t r i b u t i o n o f 

P h y t o m y z a e g g s f o r a l l t r e e s w a s e x a m i n e d a n d i n e v e r y c a s e w a s 

f o u n d t o b e c l u m p e d ( T a b l e 1 8 ) , T r e e 1 5 h a d t h e l a r g e s t n u m b e r 

o f l e a v e s w i t h 5 e g g s p e r l e a f . 
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Table ..VI 

(Tree 1 .) 

Frequency-

Eggs 

1. 

2. 

3. 

4. 

5. 

(Tree 2 . ) 

Frequency 

Eggs 

1 . 

2. 

3. 

4 . 

5. 

(Tree 3 .) 

Frequency 

Eggs 

1 . 

2. 

3. 

4. 

5. 

Distribution of P. i l i c i s eggs over I l e x Aquafolium 

Mines 1 2 3 

248 

48 13 -

11 2 

2 

Mines 1 2 

93 

19 3 

3 1 

Mines 1 2 

536 

170 24 

34 7 

8 3 

- 2 
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Table .AT. 

(Tree 4) 

Frequency 

Eggs Mines 1 2 5 

1. - 155 

2. 30 9 -

3. 10 2 -

4. 1 1 

5. -

(Tree 5.) 

Frequency 

Eggs Mines 1 2 3 

1. - 230 

2. - 72 22 

3. 21 8 0 

4. 7 4 2 

5. - 3 _ 

(Tree 6.) 

Frequency 

Eggs Mines 1 2 3 

1. - 167 

2. - 49 14 -

3. 8 4 1 

4. 2 

5. 1 
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Table ..17. 

(Tree 7 . ) 
Frequency 

Eggs Mines 1 2 3 

1. - 48 

2. 9 1 -

3. 3 

4. -

5. 

(Tree 8.) 

Frequency 

Eggs Mines 1 2 3 

1. 45 

2. - 17 2 

3. „ * -

4. 1 

5. 

(Tree 9.) 

Frequency 

Eggs Mines 1 2 3 

1. - 121 

2. 36 4 -

3. 7 2 -

4. 4 2 -

5. 1 1 -
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Table .17.. 

(Tree 10.) 
Frequency 

Eggs Mines 1 

1. - 340 

2. - 94 

3. - 32 

4. - 10 

5. - 1 

(free 11.) 

Frequency 

Eggs Mines 1 

1. - 56 

2. - 11 

3. - 1 

4. 

5. 

(Tree 12.) 

Frequency 

Eggs Mines 1 

1. 1 101 

2. - 37 

3. 1 13 
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Table ..\J. 

(Tree 13.) 
Frequency 

Eggs Mines 1 2 3 

1. - 61 -

2 . - 14 5 -

3 . 1 1 -

4. - 2 

5. -

(Tree 14 . ) 

Frequency 

Eggs Mines 1 2 3 

1. - 169 

2. - 35 8 -

3. - 10 4 -

4. 1 1 1 

5« •* 1 — — 

(Tree 15 . ) 

Frequency 

Eggs Mines 1 2 3 

1. - 129 

2. -» 38 10 -

3. 10 8 1 

4. - 2 2 1 

5. - 2 
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Table , J J . . 

(Tree 16.) 

Frequency 

Eggs Mines 1 2 J 

1. - 45 

2. 7 5 -

3. 2 

-̂ * «w "1 ^ ' a * 

5 • *W «0 OT <•» 
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The p e r c e n t a g e m o r t a l i t y , o f eggs f o r each t r e e , i . e . ( t o t a l 
number o f eggs) - ( t o t a l number of v i a b l e mines produced), 
d i v i d e d by t o t a l egg number was determined ( T a b l e 19a). A d d i t i o n a l 
i n f o r m a t i o n f o r egg m o r t a l i t y i s g i v e n i n Table 19b.- Prom T a b l e ± c\ 
g e n e r a l l y t h e h i g h e r the. t o t a l number of eggs, t h e h i g h e r t h e 
p e r c e n t a g e f a i l u r e r a t e f o r egg development t o the l a r v a l s t a g e . 
For T a b l e 19b u s i n g i n f o r m a t i o n f o r t h e e n t i r e t r e e , t h i s t r e n d 
was n o t so a p p a r e n t . Maximum egg m o r t a l i t y was observed f o r Trees 
3 , 5,8, 9,10,12 5 and 15. Minimum egg m o r t a l i t y was observed f o r 
T r e e s 1,2 and 16. 

o.. 

F i g . 9 i n d i c a t e s t o t a l egg number p l o t t e d a g a i n s t t o t a l v i a b l e 
mines p r o d u c e d . From r e g r e s s i o n a n a l y s i s , v a l u e s f o r t h e s t r a i g h t 
l i n e e q u a t i o n , y = mx+c were g i v e n as y =. 0.73 x + 4.86, c o r r e l a t i o n 
c o e f f i c i e n t ( r ) o f 0.9985. When egg m o r t a l i t y p e r 100 l e a v e s 
was p l o t t e d a g a i n s t e gg d e n s i t y p e r 100 l e a v e s , a s t r a i g h t l i n e 
g r a p h y = 0.0027x -- 0.0081 was f o u n d , and r e q u a l l e d 0.947 
(Fig.10 ) . 

From. F i g . 1 1 p e r c e n t a g e egg m o r t a l i t y v e r s u s egg number, an r 
value o f 0.31 was o b s e r v e d , which i s ( s i g n i f i c a n t a t 5$ l e v e l 
o f s i g n i f i c a n c e o n l y . The v a l u e s f o r t h e s t r a i g h t l i n e e q u a t i o n 
wejre y = 0.0098x-f 20,17. Fo r a d e n s i t y - d e p e n d a n t r e l a t i o n s h i p 
to| o p e r a t e , an i n c r e a s e i n e g g - d e n s i t y s h o u l d r e s u l t i n a 
p r o p o r t i o n a l i n c r e a s e i n egg m o r t a l i t y . A l t h o u g h t h i s was o u t l i n e d 
t o some d e g r e e i n F i g . H , t h e f l u c t u a t i o n around m o r t a l i t y v a l u e s 
f o r low l e v e l s o f egg numbers i s t o o g r e a t . When t h e f r e q u e n c y 
d a t a f o r egg numbers p e r l e a f Table 17, was e x p r e s s e d as $ v a l u e s 
f o r t o t a l egg d e n s i t y p e r t r e e , t r e e s e x p e c t e d t o have H i g h e r $ 
m o r t a l i t y assuming reduced s u r v i v a l o f eggs w i t h i n c r e a s i n g number 
borne p e r l e a f , were Trees 3,5,8,9,10,12, and 15. Those w i t h 
h i g h e s t s u r v i v a l were f o r Trees 1, 2, 4,6 ?7,13»14, and 16, ( T a b l e 13a.) 
These r e s u l t s were c o n f i r m e d i n Table 20. Thus i t appears t h a t 
e g g - d e n s i t y p e r l e a f i s i m p o r t a n t i n d e t e r m i n i n g t h e number o f 
eggs w h i c h s u r v i v e d p e r l e a f 5 hence t o t a l v i a b l e number f o r t h e 
e n t i r e t r e e . However t h e r e l a t i o n s h i p between egg m o r t a l i t y 
and e g g - d e n s i t y was assumed t o be d e n s i t 3 r - i n d e p e n d a n t . 

4.3- Major s o u r c e s o f l a r v a l and p u p a l m o r t a l i t y f o r P. i l i c i s . 

Egg m o r t a l i t y was observed t o range f r o m 8.79$> - 32.32CA ( T a b l e \°^a-). 
F a c t o r s i n f l u e n c i n g s u r v i v a l o f b o t h pupae and l a r v a e w i t h i n t h e 
mine were i n v e s t i g a t e d , and r e c o r d e d as i n Table 2 l . Each f a c t o r 
was exp r e s s e d as a f« v a l u e o f t h e t o t a l number o f mines r e c o r d e d 
f o r each t r e e a s ' g i v e n . From t h e p o i n t o f v i e w ' o f mine m o r t a l i t y 
m a j o r f a c t o r s i n f l u e n c i n g t h e s u r v i v a l o f P. i l i c i s was a t t a c k by 
b i r d s and i n f e s t a t i o n by t h e l a r v a l p a r a s i t e , " G h ^ s o c h a r i s gemma. 
.A l a r g e p r o p o r t i o n o f mines examined were f o u n d t o be empty, 
and t h e s e w e r e g e n e r a l l y o f s m a l l d i a m e t e r , (compare 0.5x0.75 cm 
w i t h 3.0x1.38 cm f o r a mine c o n t a i n i n g P. i l i c i s pupae). Obvi o u s l y * 
t h e s e eggs had d e v e l o p e d t o t h e e a r l y l a r v a l s t a g e , b u t re a s o n s 
f o r l a r v a l m o r t a l i t y were u n d e t e r m i n e d . Where more t h a n 1 mine 
was f o u n d per l e a f i t i s l i k e l y t h a t some f a c t o r i s o p e r a t i n g 
t o ensure t h e s u r v i v a l o f 1 l a r v a a t t h e expence o f o t h e r s , 
however t h i s does n o t e x p l a i n why empty-mines were r e c o r d e d f o r 
l e a v e s w i t h o n l y 1 mine. 



Table 

Percentage Mortality of eggs from sampled Trees 

Tree Mo. Total No. of No. Surviving °/o Mortality 
Eggs Laid to produce mines of Eggs 

Tree 1. 417 340 18.47 

Tree 2. 149 124 16.78 

Tree 3. 1105 804 27.24 

Tree 4. 277 219 20.93 

Tree 5. 571 411 28.02 

Tree 6. 345 272 21.16 

Tree 7. 77 62 20.83 

Tree 8. 99 67 32.32 

Tree 9. 262 286 29.01 

Tree 10. 847 617 28.15 

Tree 11. 88 67 23.86 

Tree 12. 262 182 30.53 

Tree 13. 113 90 20.35 

Tree 14. 314 245 21.97 

Tree 15. 312 227 27.24 

Tree 16. 91 83 8.79 



Table ,X9X> 

Estimates of Egg f a i l u r e to produce viable larvae 

(Tree 1 . ) 
(Bulked Data) 

Aspect 

East 

West 

North 

South 

Total No. of 
Eggs 

98 

115 

67 

137 

Total No. of 
Mines 

77 

96 

60 

107 

fo F a i l u r e of 
Eggs Larvae 

21.43 

16.52 

10.45 

27.01 

Height 

0-5Gcms 

50-100cms 

100-50cms 

150-2QOcms 

200-250cms 

200-300cms 

Total No. of 

Eggs 

60 

64 

103 

80 
73 

37 

Total No. of 
Mines 

51 

57 

75 

65 

63 

29 

fo F a i l u r e of 
Eggs Larvae 

15.00 

10.94 

27.18 

18.75 

13.69 

21.62 

(Tree 2 . ) 

Aspect 

East 

West 

North 

South 

Total No. of 
Eggs 

65 

20 

34 

30 

Total No. of 
Mines 

48 

18 

29 

29 

fo F a i l u r e of 
Eggs Larvae 

26.15 

10.00 

14.71 

3.33 



(Tree 3 .) 

Aspect 

East 

West 

North 

South 

Total l o . of 

Eggs 

58 

128 

80 

94 

Height 

0-50cms 

50-100cms 

100-150cms 

150-200cms 

200-250cms 

250-300cms 

300-350cms 

350-400oms 

400-450cms 

Total No. of 
Eggs 

97 

131 

104 

84 

78 

79 

68 

69 

35 

Total No. of 
Mines 

47 

94 

59 

69 

°/o F a i l u r e of 
Eggs Larvae 

18.97 

26.56 

26.25 

26.60 

Total Ho. of 
Mines 

71 

86 

76 

67 

59 

61 

52 

35 

28 

fo F a i l u r e of 
Eggs Larvae 

26.80 

34.35 

26.92 

20.24 

24.36 

22.78 

23.54 

49.28 

20.00 

(Tree 4 . ) 

Aspect Total No. of Total No. of % Fail u r e of 
Eggs Mines Eggs Larvae 

East 51 39 23.53 

Vest 103 76 26.21 

North 57 46 19.30 

South 47 40 14.89 
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(Tree 5.) 

Aspect Total No. of 
Eggs 

130 

97 
158 

142 

Total No. of 
Mines 

89 

75 

105 

107 

fo F a i l u r e of 
Eggs Larvae 

31.54 

22.68 

33.54 

24.65 

(Tree 9.) 

Aspect 

East 

West 

North 

South 

Total No. of 
Eggs 

52 

46 

47 

41 

Total No. of 
Mines 

41 

33 

33 

34 

fo F a i l u r e of 
Eggs Larvae 

21.15 

28.26 

29.79 

17.07 

(Tree 6 . ) 

Height 

0-50cms 

50-100cms 

100-150cms 

50-200cws 

Total No. of 
Eggs 

40 

34 

33 

44 

Total No. of 
Mines 

32 

26 

24 

33 

fo F a i l u r e of 
Eggs Mines . 

20.00 

23.53 

27.27 

25.01 
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(Tree 10.) 

Height Total No. of 
Eggs 

Total No. of 
Mines 

fo F a i l u r e of 
Eggs Mines 

0-50cms 119 79 33.61 

50-100cms 124 98 20.97 

100-150cms 100 78 22.01 

150-200cms 122 83 31.97 

200-250cme 104 76 26.93 

250-300cms 54 39 27.78 

300-350cms 64 50 20.63 

350-400cms 45 36 20.00 
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Table 

Egg - frequency data f o r leaves with 1 and 3 eggs per l e a f , 

expressed as a % of t o t a l frequency recordings f o r a l l trees. 

Tree No. 1 egg per l e a f 3 eggs per l e a f 

1 59.14 3.11 

2 62.42 2.68 

3 48.51 3.71 

4 55.96 4.33 

5 40.28 5.02 

6 61.40 3.77 

7 62.34 3.90 

8 48.45 4.04 

9 46.18 5.34 

10 40.14 6.73 

11 63.63 0 

12 38.98 22.90 

13 53.98 5.31 

14 53.82 13.37 

15 41.35 18.27 

16 49.45 6.59 
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T o t a l mine number 
o o 

H O 
« 

J5 



Egg m o r t a l i t y per 100 leaves p l o t t e d 
a g a i n s t egg d e n s i t y per 100 leaves. 
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FIG. 1 1 . 
% • egg m o r t a l i t y p l o t t e d against egg number. 
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f a c t o r s i n f l u e n c i n g s u r v i v a l . o f P. i l i c i s within the l e a f are 
given i n Table _21, Pigs.1? ,13,14,* and15 . With the e x c e p t i o n 
o f Trees 6,11,13 and 1.6, the major .cause of m o r t a l i t y w i t h i n the 
l e a f was a t t a c k due t o 'bird-feeding. A t t a c k by b i r d s was moat 
prominent, f o r Trees 2,5 ,9 and 10, accounting f o r 70.16, 57.18, 

.49.46 and 48.62$ of t o t a l f a c t o r s r e s p e c t i v e l y , ( F i g . 1 3 ) Trees 
l e a s t a f f e c t e d were 6,7,13,14,15» and 16, where values f o r 
bird-pecks were 19.85, 37.10, 24.44, 24 . 9 0 , 15.86 and 8.44$. 

For Tree 6, 37.50$ pf l a r v a e s u r v i v e d t o the.- pupal stage ( P i g . 13 ) 
Of the remaining f a c t o r s l a r v a l p a r a s i t i s m "by Chrysocharts gemma 
was the most im p o r t a n t cause of m o r t a l i t y , and t h i s accounted f o r 
22 .06$. Attacic by b i r d - f e e d i n g accounted f o r 19.85$. 
For Tree 11,, a t t a c k on mines by fe e d i n g b i r d s , the number o f 
su c c e s s f u l l a r v a e s u r v i v i n g t ~> the pupal stage, and the t o t a l 
number of empty mines observed were found t o be of equal value 
when expressed as a percentage o f t o t a l r ecordings (Pig.13 ) . They 
each accounted f o r 23.88$ of t o t a l r e c o r d i n g s . 

For Tree 13, the prominent f a c t o r was a t t a c k by C* gemma, and 
t h i s was t r u e f o r Tree 16. Values observed were 32.22$' 'and 
33-73$ r e s p e c t i v e l y . Highest l a r v a l s u r v i v a l t o the pupal stage 
was observed f o r Trees 14 and 15, i . e . 57.14 and 33.48$. 
Prom Pig,13 ,14, and .15, the v a r i a t i o n i n importance of each f a c t o r 
with respect t o sample t r e e s i s o u t l i n e d . The number o f larvae-
s u r v i v i n g t o p u p a t i o n was under 40$ f o r a l l s i t e s examined, 'except 
f o r Tree 14, where s u r v i v a l was e x c e p t i o n a l , i . e . 57.14$. Trees 
1,6,9,15 and 16, h«d values of 33.30 - 37.50$ f o r l a r v a l ~ pupae 
s u r v i v a l . Minimum s u r v i v a l due t o the i n f l u e n c e of other m o r t a l i t y 
f a c t o r s was observed f o r Trees 2,3,10, and 12, where values between 
16.48 - 20.16 were recorded. The incidence of 0. gemma, a t t a c k i n g 
l a r v a l P. i l i c i s was recorded i n Pig.14. The p a r a s i t e was not 
recorded f o r Trees 1 and 2. Maximum incidence was recorded f o r 
Trees 13,15, and 16 i . e . 32 .22 , 31.28 and 33.73$ r e s p e c t i v e l y . . 
Larvae l e a s t a f f e c t e d by the p a r a s i t e were from Trees 3,5 and 14, 
where values of 8.88, 3.72 and 9.00 were recorded. 

I n r e l a t i o n t o ot h e r f a c t o r s i n f l u e n c i n g s u r v i v a l o f P. i l i c i s 
w i t h i n the mine, the number o f empty mines recorded were low. 
Trees where maximum numbers of empty mines were recorded were 
13,15 and 16 (Pig..15'), where values of 14.44, 16.74 and 20.48 
were observed. Mines l e a s t a f f e c t e d were f o r Trees 9 and 10. 
The v a r i a t i o n i n the number o f unhealthy P . i l i c i s l a r v a e e x t r a c t e d 
from the mines i s give n i n Pig.15 , t h i s f a c t o r b e ing o f l e a s t 

.importance. The hi g h e s t values f o r unhealthy l a r v a e were recorded 
f o r Trees 6,7 and 11, i . e . 6.25, 8.06 and 14.93$-
Chi-square t e s t s f o r s i g n i f i c a n t d i f f e r e n c e s between t r e e s f o r 
b i r d - p e c k s , a t t a c k by C. gemma, the number o f empty mines and 
su c c e s s f u l development t o pupal stages were t e s t e d . I t was thought 
i n i t i a l l y t h a t e r r o r would be i n t r o d u c e d i n t o the r e s u l t s , since 
a l l t r e e s .v/ere sampled w i t h i n a given time p e r i o d , hence exposure 
time f o r the l a s t t r e e s t o be examined would be g r e a t e r , e s p e c i a l l y 
w i t h regard t o b i r d - a t t a c k . 



Table 21. 
Factors i n f l u e n c i n g P» i l i c i s s u r v i v a l a f t e r successful egg 
development ( t o the pupal s t a g e ) . •> 

M o r t a l i t y 
Factor 

Factor expressed 
as % of t o t a l 

B i r d peck 175 5 1 . 4 7 

Chrysocharis, 
^emma-larval 
P a r a s i t e 

0 0 

Unhealthy 
P. i l i c i s 
l a r v a e 

12 3.52. 

Empty mines 29 8 .53 

Larvae 
s u r v i v i n g t o 
pupal stage. 

124 3 6 . 4 7 

M o r t a l i t y 
Factor 

Factor expressed 
as % o f t o t a l 

B i r d peck 87 7 0 . 1 6 

Chrysocharis 
gemma. 0 0 

Unhealthy 
P. i l i c i s 
l a r v a e 

3 2 . 4 2 

Empty mines 9 7 . 2 6 

Larvae 
s u r v i v i n g t o 
pupal stage. 

25 2 0 . 1 6 

M o r t a l i t y 
Factor 

Values expressed 
as % of t o t a l . 

B i r d peck 459 5 7 . 3 8 

C. gemma 
l a r v a l 
p a r a s i t e 

71 8.88 

Unhealthy 
P. i l i c i s 
l a r v a e 

33 4 . 1 3 

Empty mines 74 9 . 2 5 

Larvae 
s u r v i v i n g t o 
pupal stage. 

163 20.38 



6 9 . 

M o r t a l i t y 
Factor 

Factor expressed 
as % of t o t a l 

B i r d peck 70 33.82 

C. gemma 47 22 . 7 1 

Unhealthy 
P. i l i c i s 
lavae 

13 6.28 

Empty mines 23 11 .11 

Larvae 
s u r v i v i n g t o 
pupal stage 

54 2 6 . 0 9 

M o r t a l i t y 
Factor 

Factor expressed 
as % o f t o t a l 

B i r d peck 215 57.18 

C. gemma 14 3-72 

' Unhealthy 
P. i l i c i s 
l a r v a e 

23 6 .12 

Empty mines 29 7 . 7 1 

Larvae t o 
Pupae 95 2 5 . 2 7 

M o r t a l i t y 
Factor 

Factor expressed 
as % of t o t a l 

B i r d peck 54 1 9 . 8 5 

C. gemma 60 2 2 . 0 6 

Unhealthy 
P. i l i c i s 
l a r v a e 

17 6 .25 

Empty mines 39 1 4 . 3 4 

Larvae 
s u r v i v i n g 
t o pupae 

102 3 7 . 5 0 



70, 

M o r t a l i t y -
Factor 

Factor expressed 
as % of t o t a l 

B i r d peck 23 37.10 

C, gemma 12 19 .35 

Unhealthy 
P. i l i c i s 
l a r v a e 

5 8.06 

Empty mines 6 9.68 

Larvae 
s u r v i v i n g t o 
pupal stages 

17 2 7 . 4 2 

TREE 7. 

M o r t a l i t y 
Factor 

Factor expressed 
as % o f t o t a l 

B i r d peck 30 4 4 . 7 8 

C. gemma 10 14 .93 

Unhealthy 
P. i l i c i s 2 2 . 9 9 

Empty mines 8 1 1 . 9 4 

Larvae 
s u r v i v i n g 
t o pupae 

17 2 5 . 3 7 

TREE 8. 

M o r t a l i t y 
Factors 

Factors expressed 
as % o f t o t a l 

B i r d peck 92 4 9 . 4 6 

C. gemma 20 10 .75 

Unhealthy 
P. i l i c i s . 10 5 . 3 8 

Empty mines 2 1.075 

Larvae 
s u r v i v i n g t o 
pupae 

62 3 3 . 3 3 

TREE 9. 



71. 

M o r t a l i t y -
Factor 

Factors expressed 
as % of t o t a l • 

B i r d peck 500 4 8 . 6 2 

C. gemma 96 1 5 . 5 6 

Unhealthy 
P. i l i c i s 
l a r v a e 

27 4 . 3 8 

Empty mines 142 2 3 . 0 1 

Larva 
s u r v i v i n g t o 
pupae 

122 1 9 . 7 7 

TREE 1 0 . 

M o r t a l i t y 
Factor 

Factors expressed 
as % of t o t a l 

B i r d peck 16 23.88 

C. gemma 9 1 3 . 4 3 

Unhealthy 
P. i l i c i s 
l a r v a e 

10 1 4 . 9 3 

Empty mines 16 23.88 

Larvae 
s u r v i v i n g 
t o pupal 
stage 

16 23.88 

TREE 1 1 . 

M o r t a l i t y 
Factor 

Factor expressed 
as % o f t o t a l 

B i r d peck 60 3 2 . 9 7 

C. gemma 39 2 1 . 4 3 

Unhealthy 
P. i l i c i s 
l a r v a e 

6 3 . 2 9 

Empty mines 45 2 4 . 7 3 

Larvae t o 
pupal stage 24 2 6 . 6 7 



M o r t a l i t y 
Factor 

Factor expressed 
as % of t o t a l 

B i r d peck 22 2 4 . 4 4 

C . gemma 29 3 2 , 2 2 

Unhealthy 
P. i l i c i s 
l a r v a e 

2 2 .22 

Empty mines 13 1 4 . 4 4 

Larvae t o 
pupal stage 24 2 6 . 6 7 

M o r t a l i t y 
Factor 

Factor expressed 
as % of t o t a l 

B i r d peck 61 2 4 . 9 0 

C. gemma 22 9 . 0 0 

Unhealthy 
P. i l i c i s 
l a r v a e 

2 0.80 

Empty mines 20 8 . 16 

Larvae 
s u r v i v i n g to 
pupal stage 

140 5 7 . 1 4 

M o r t a l i t y 
Factor 

Factor expressed 
as % of t o t a l 

B i r d peck 36 1 5 . 8 6 

C. gemma 71 31.28 

Unhealthy 
P. i l i c i s 
l a r v a e 

5 • 2 . 2 0 

Empty mines 38 1 6 . 7 4 

Larvae 
s u r v i v i n g t o 
pupal stage 

76 3 3 . 4 8 
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M o r t a l i t y 
Factor 

Exprressed as 
% of t o t a l 

B i r d peck 7 8 . 4 4 

C. gemma 28 3 3 . 7 3 

Unhealthy 
P. i l i c i s 
l a rvae 

4 4.82 • 

Empty mines 17 20.48 

Larvae 
s u r v i v i n g 
t o pupal 
stagec 

27 3 2 . 5 3 

TREE 1 6 . 

/ 

/ 
/ 
/ 



Summary o f the f a c t o r s i n f l u e n c i n g s u r v i v a l o f P. i l i c i s w i t h i n 
the mine t o the pupal stage, expressed as a histogram, 

TREE 1 . 

P. i l i c i s l a r v a e (unhealthy)« 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

TREE 2 . 

P. i l i c i s l a r v a e ( u n h e a l t h y ) . 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

TREE 3 . 

C. gemma ( l a r v a l p a r a s i t e ) . 

P. i l i c i s l a r v a e ( u n h e a l t h y ) . 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

—( —I 1 1 i + 1 1 1 i — 
10 20 30 40 50 60 70 80 90 100 % m o r t a l i t y f a c t o r . 
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PIG. 12 
Summary o f the f a c t o r s i n f l u e n c i n g s u r v i v a l o f P. i l i c i s w i t h i n 
the mine t o the pupal stage, expressed as a histogram. , 

f 

TREE 4 . I 
t 

C. gemma. 
f 

P._ i l i c i s l a r v a e (unhealthy) ] 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

TREE 5 . 

G. gemma. 

P. i l i c i s l a r v a e (unhealthy) 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

A !-

TREE 6 . 

C. gemma. 

P. i l i c i s l a r v a e (unhealthy), 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. /' 

-f 1 H 1 »-
f- i 1- . , 

10 20 30 40 50 60 70 80 90 100 % m o r t a l i t y f a c t o r . 



7 6 , 

FIG. 12. 
Summary o f the f a c t o r s i n f l u e n c i n g s u r v i v a l of P. i l i c i s w i t h i n 
the mine t o the pupal stage, expressed as a histogram. 

TREE 7 . 

C. gemma. 

P.' i l i c i s l a r v a e ( u n h e a l t h y ) . 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

TREE 8. 

C. gemma. 

P. i l i c i s l a r v a e ( u n h e a l t h y ) . 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

TREE 9 . 

C. gemma.. 

P. i l i c i s l a r v a e ( u n h e a l t h y ) . 

Empty mines, 

P. i l i c i s pupae. 

B i r d pecks. 

^ { , ^ 1 .J j , j _ 

10 20 30. 40 50 60 70 80 90 100 % m o r t a l i t y f a c t o r . 



77 . 
FIG. 12 
Summary of the f a c t o r s i n f l u e n c i n g s u r v i v a l o f P. i l i c i s w i t h i n the mine 
t o the pupal stage s expressed as a histogram. 

TREE 10 . 

C. gemma. 

P. i l i c i s l a r v a e ( u n h e a l t h y ) . 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

TREE 1 1 . 

1 C. gemma. 

P. i l i c i s l a r v a e ( u n h e a l t h y ) . 

\ Empty mines. 

P. i l i c i s pupae. 

Bird pecks. 

TREE 1 2 . 

C. gemma. 

P. i l i c i s l a r v a e ( u n h e a l t h y ) . 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. / 

1 , j j 1 —i 1 f \ — 
10 20 JO 40 50 60 70 80 ' 90 100 % m o r t a l i t y f a c t o r . 
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Summary of the f a c t o r s i n f l u e n c i n g s u r v i v a l o f P.' i l i c i s w i t h i n 
the mine t o the pupal stage, expressed as a histogram. 

TREE 1 3 . 

C. gemma. 

P. i l i c i s l arvae ( u n h e a l t h y ) , 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

TREE 1 4 . 

C, gemma 

P. i l i c i s l a r v ae (unhealthy) 

Empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

TREE 1 5 . 

C. gemma. 

P. i l i c i s l a r v a e ( u n h e a l t h y ) , 

Empty mines, 

P. i l i c i s pupae. 

B i r d pecks. 

j , j 1 1 1 j 1 , 
10 20 30 40 50 60 70 80 90 100 % m o r t a l i t y f a c t o r . 



7.9. 

P i g . 12. 
Summary of the f a c t o r s i n f l u e n c i n g s u r v i v a l o f P . i l i c i s _ _ 
w i t h i n ' the mine t o the pupal stage, expressed aiTlTTalstogram. 

C.gemma. 

P. i l i c i s u n h ealthy l a r v a e 

empty mines. 

P. i l i c i s pupae. 

B i r d pecks. 

10 30 50 70 90 io M o r t a l i t y Factor. 
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Thus t h e s e t r e e s w o u l d appear t o have s u f f e r e d more m e r e l y 
because t h e y were exposed f o r a l o n g e r p e r i o d "before any 
measurements were t a k e n . From F i g . 1 3 , however t h i s seems 
u n l i k e l y . 

The c a l c u l a t e d X f o r v a r i a t i o n i n b i r d - f e e d i n g between t r e e s 
was 2 2 . 8 5 ( A p p e n d i x 4 ) . The t a b u l a t e d v a l u e a t 5$ s i g n i f i c a n c e 
was 25, t h u s no s i g n i f i c a n t d i f f e r e n c e between t r e e s was o b s e r v e d . 
The. d i f f e r e n c e f o r G. gemma, between t r e e s was s i g n i f i c a n t . The 
c a l c u l a t e d X ?- o f 3 2 .37 "was s i g n i f i c a n t a t 1$ l e v e l . No s i g n i f i c a n t , 
d i f f e r e n c e between t r e e s w i t h r e g a r d t o unknown m o r t a l i t y was 
o b s e r v e d . A c a l c u l a t e d v a l u e f o r X^ o f 17.24 was o b t a i n e d . 
S i g n i f i c a n t d i f f e r e n c e s between t r e e s f o r l a r v a e t o pupae s u r v i v a l 
was o b t a i n e d a t 5$ l e v e l i . e . c a l c u l a t e d X* o f 25.43 compared 
w i t h t a b u l a t e d v a l u e s o f 2 5 , a l t h o u g h t h i s was i n s i g n i f i c a n t a t 
1 $ l e v e l . These c a l c u l a t i o n s were based on Table 22 , where 
r e s u l t s were e x p r e s s e d as v a l u e s per 100 l e a v e s . T h i s method 
o f e x p r e s s i o n was good f o r t o t a l egg number and mine, number d a t a , 
however s i n c e t h e number o f b i r d - p e c k s , and a t t a c k by l a r v a l 
p a r a s i t e s , depended on t.he number o f eggs s u r v i v i n g t o produce 
mines i . e . t o t a l mine number p e r t r e e , i t was b e t t e r t o e x p r e s s 
t h e s e v a l u e s as $ r e s u l t s f o r t o t a l mine number as i n T a b l e 2 1 . 
Where $ v a l u e s were compared, s i g n i f i c a n t d i f f e r e n c e s were o b t a i n e d 
f o r a l l p a r a m e t e r s between t r e e s , and t h i s was assumed t o be t h e 
most a c c u r a t e r e p r e s e n t a t i o n o f t h e d a t a . 

L a r v a e s u r v i v i n g t o t h e p u p a l s t a g e , a p a r t f r o m f u r t h e r a t t a c k 
by f e e d i n g b i r d s a r e l i a b l e t o a t t a c k by p u p a l p a r a s i t e s . The 
s p e c i e s o f p a r a s i t e s observed d u r i n g t h i s i n v e s t i g a t i o n , were 
G h r y s o c h a r i s syma and S p h e g i g a s t e r f l a v i c o r n i s . C. syma was f o u n d 
f r o m t h e mature i r v a l s t age t o t h e a d u l t stage o n l y . S. f l a v i c o r n t s 
was r e c o r d e d f r o m t h e mature - p r e p u p a l s t a g e . A d e t a i l e d ' 
d i s c u s s i o n w i l l be g i v e n l a t e r . 

A summary f o r p a r a s i t e s p e c i e s and numbers o f i n d i v i d u a l p a r a s i t e s 
r e c o r d e d f o r each t r e e i s g i v e n i n Table23 , t o g e t h e r w i t h v a l u e s 
f o r n o n - p a r a s i t i s e d pupae. Each f i g u r e i s e x p r e s s e d as a $ o f t h e 
t o t a l r e c o r d i n g s . The v a r i a t i o n i n t h e e x t e n t o f a t t a c k by ea.ch 
s p e c i e s f o r t h e t r e e s examined i s g i v e n i n F i g . 1 6 . 0. syma 
i s t h e most i m p o r t a n t p u p a l p a r a s i t e and was r e c o r d e d f r o m a l l 
t r e e s . H i g h e s t f i g u r e s f o r p a r a s i t i s m hy t h i s , s p e c i e s was f o r 
T r e e s 4 and 6 , where v a l u e s o f 5 5 . 5 6 and 56 . 8 6 were o b t a i n e d . 
Lowest i n c i d e n c e was observed f o r Trees 1 , 7 and 8 , $ p a r a s i t i s m 
b e i n g 4 . 03 . , 11.76 and 5-8$ r e s p e c t i v e l y . The $ p a r a s i t i s m by 
S p h e g i g a s t e r f l a v i c o r n l s f l u c t u a t e d between t r e e s , h a v i n g l e a s t 
e f f e c t on pupae e x t r a c t e d f r o m Trees 1,14,15 and 16. H i g h e s t 
l e v e l s o f a t t a c k were r e c o r d e d f o r T r e e s 4 , 5,6,9,10 and 11 where 
v a l u e s o f 1 8 . 5 2 , 2 1 . 0 5 , 25.49, 25.80, 2 9.41 and 3 1 . 2 5 were o b t a i n e d , 
$ p u p a l p a r a s i t i s m , r e c o r d e d f o r Trees 1 , 2 , 3 , 5, 6,7,'14,15 and 16 
f e l l between 0 - 5 0 $ . V a l u e s between 50$ and 82$, were o b s e r v e d 
f o r r e m a i n i n g t r e e s . D i f f e r e n c e s between t r e e s was t e s t e d u s i n g 
X ^ t e s t s and s i g n i f i c a n t d i f f e r e n c e s were observed a t 1 $ l e v e l . 

A summary o f $ pupae r e s i s t i n g p a r a s i t i s m ..is o u t l i n e d i n T a b l e 2 3 . 
H e a l t h i e s t pupae were r e c o r d e d f r o m Trees 1 ,2,7 and 8 , lea,st 
p u p a l s u r v i v a l b e i n g observed f r o m T r e e s 4,6 , 9 , 1 0 and 1 1 . 
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T a b l e 23. 

Summary f o r p a r a s i t e species and numbers a t t a c k i n g P. i l i c i s pupae, 

Pa r a s i t e s Expressed 
as % o f t o t a l 

Chrysocharis 5 4.03 

Sphegigaster 
f l a v i c o r n i s 4 3.23 

U n i d e n t i f i e d 
p a r a s i t e s 3 2.42 

Non-paras i t izec 
pupae 

1 112 90.32 

TREE 1 . 

P a r a s i t e s Expressed 
as % o f t o t a l 

C. syma 45 27.61 

S. (plavicornis 14 

U n i d e n t i f i e d 
P a r a s i t e s 3 1.84 

Non-
p a r a s i t i z e d 
pupae 

01 61.96 

TREE 3. 

P a r a s i t e s Expressed 
as % o f t o t a l 

C. suma 26 27.37 

S. f l a v i c o r n i s 20 21.05 

U n i d e n t i f i e d 
p a r a s i t e s 0 0 

Non-
p a r a s i t i z e d 
pupae 

49 51.58 

Parasites Expressed 
as % of t o t a l 

Chrysocharis 7 28.00 

Sphegigaster 
f l a v i c o r n i s 2 a. 00 

U n i d e n t i f i e d 
p a r a s i t e s 0 0 

Non-paras i t ized 
pupae 

16 64.00 

TREE 2. 

Parasites Expressed 
as % o f t o t a l 

C. syma 30 55.50 

S. F l a v i c o r n i s 10 18.52 

U n i d e n t i f i e d 
P a r a s i t e s 3 • 7.41 

Non-
p a r a s i t i z e d 
pupae 

10 18.52 

TREE 4 . 

Parasites Expressed 
as % o f t o t a l 

C. syma 58 56,86 

S. f l a v i c o r n i s 26 25.49., 

U n i d e n t i f i e d 
p a r a s i t e s 

Non-
p a r a s i t i z e d 
pupae 

18 / 
/' 

17.65 

TREE 5. TREE 6. 
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P a r a s i t e s Expressed 
as % o f 
l e a f t o t a l 

C. syma 2 11.76 

S. f l a v i c o r n i s 2 11.76 

U n i d e n t i f i e d 
p a r a s i t e s -
Non-parasitized, 
pupae 

13 76.47 

TREE 7. 

P a r a s i t e s Expressed 
as % o f c 
t o t a l 

,C. syma 24 88 .70 

S. f l a v i c o r n i n s 16 25.80 

U n i d e n t i f i e d 
p a r a s i t e s 0 0. 

Non-paras i t i z ed 
pupae 

22 35.48 

TEE E 9. 

P a r a s i t e s Expressed 
as % of 
t o t a l 

C. syma 6 37.50 

S. p l a v i c o r n i s 5 31.25 

U n i d e n t i f i e d 
p a r a s i t e s 

-

Non-parasitized 
pupae 

5 31.25 

TREE 11. 

Parasites 
• 

Expressed 
as % o f 
l e a f t o t a l 

C. syma 1 ' (2) 5.8 (11.6) 

S. p l a v i c o r n i s 1 (2) 5.8 (11.6) 

• U n i d e n t i f i e d 
p a r a s i t e s ' 0 0 

Non-parasitized 
pupae 

15 88 .24 

THEE 8. 

Paras i t e s Expressed 
as % o f 
t o t a l 

syma 14 40.20 

S. f l a v i c o r n i s 30 29.41 

U n i d e n t i f i e d 
p a r a s i t e s 2 1.96 

Non-parasitized 
pupae 

29 28.43 

TREE 10. 

Parasites Expressed 
as % o f 
t o t a l 

C. syrna 14 46.67 

S. f l a v i c o r n i s 5 16.67 

U n i d e n t i f i e d 
p a r a s i t e s 

- /-

Non-parasitized 
pupae 

11 36.67 

TREE 12. 
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™ — ™ ™ — • .•III, 

P a r a s i t e s Expressed 
as % o f t o t a l 

P a r a s i t e s Expressed 
as % o f t o t a l 

C. syma 9 37.50 G. syma 57 40.71 

S. f l a v i c o r n i s 4 16.67 S. F l a v i c o r n i s 25 1.79 

U n i d e n t i f i e d 
p a r a s i t e s 

U n i d e n t i f i e d 
•parasites -0 

N o n — p a r a s i t i z e d 
pupae 

11 45.80 
...... .. ' i 

N o n - parasitized 
pupae 

4L43 

TREE 13. TREE 14. 

P a r a s i t e s Expressed 
as % o f t o t a l 

P a r a s i t e s Expressed 
as % o f t o t a l 

C. syma 33 43.42 C. syma 12 44.44 

S. f l a v i c o r n i s 2 2.63 S. f l a v i c o r n i s 1 3.70 

U n i d e n t i f i e d 
p a r a s i t e s — 

U n i d e n t i f i e d 
p a r a s i t e s — 

Non-parasitized 
pupae 

41 53.95 Non-paras i t i z e d 
pupae . 

14 51.85 

TREE 15. TREE 16. 
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Thus summarizing f o r a l l i n f o r m a t i o n o b t a i n e d , and t a k i n g t o t a l 
egg number as e s t i m a t e s o f p o p u l a t i o n d e n s i t y p e r t r e e , f o r Tree 
1 f o r 100 eggs o r i g i n a l l y l a i d :-

1. 18.47 succumbed t o egr?: m o r t a l i t y . 
2. 41.97 were e a t e n by b i r d s , 
3. 9.83 d i e d due t o unknown causes. 
4. 2.88 were k i l l e d by p u p a l p a r a s i t e s . 
5. 26.86 were assumed t o emerge s u c c e s s f u l l y . 

S i m i l a r d a t a was o b t a i n e d f o r o t h e r s t u d y t r e e s and summarized 
i n T a b l e 24. Hence a f t e r a l l m o r t a l i t y f a c t o r s have been accounted 
f o r , t h o s e pupae u n a f f e c t e d c o u l d be assumed t o emerge s u c c e s s f u l l y . 
T h i s a s s u m p t i o n may over e s t i m a t e emergence s i n c e i t i s p o s s i b l e 
t h a t f u r t h e r m o r t a l i t y w i l l be encured e s p e c i a l l y by b i r d - a t t a c k . 
V a l u e s o b t a i n e d f o r t r e e s s t u d i e d l a t e r i n t h e s a m p l i n g program 
were more a c c u r a t e s i n c e P. i l i c i s had begun t o emerge and a c t u a l 
v a l u e s were r e c o r d e d and used i n comparisons. For., most t r e e s 
s a m p l i n g was completed b e f o r e a d u l t emergence, hence i d e a l l y , 
l a t e r samples f o r a l l t r e e s s h o u l d have been t a k e n , b u t due t o 
a t i m e r e s t r i c t i o n t h i s was n o t f e a s i b l e . The f i n a l sample was 
t a k e n f o r Tree 14 on 17.7.78, and a t t h i s p o i n t 46 f r o m a p o s s i b l e 
58 pupae emerged, and 3 o f t h e r e m a i n i n g pupae were dead. 
A c c o r d i n g t o M i a l l and T a y l o r ( 1 9 0 8 ) , a d u l t Phytomyza were abundant 
t h r o u g h o u t June t h u s i t i s d i f f i c u l t t o p o s t u l a t e w h ether r e m a i n i n g 
pupae are l a t e r i n development because o f t h e l e s s f a v o u r a b l e 
c l i m a t e e x p e r i e n c e d i n N o r t h e r n areas when compared w i t h s i t e s 
s t u d i e d by t h e f o r e m e n t i o n e d w o r k e r s , o r whether t h e s e pupae are 
u n h e a l t h y hence w i l l f a i l t o complete development r e g a r d l e s s . 
A d u l t s were r e c o r d e d f o r Trees 12,14,15, and 16, i . e . f r o m 12 .7 .7^8 
onwards. The a c t u a l r e c o r d i n g s f o r emergence are g i v e n i n Table ̂ 4 t 

Thus by comparing t h e v a l u e s f o r assumed P. i l i c i s emergence, a f t e r -
a l l m o r t a l i t y f a , c t o r s have o p e r a t e d , e x c l u d i n g Tree 1 , t h e v a l u e s 
range between 3.42 and 18.47%§ a s i g n i f i c a n t d i f f e r e n c e a t b o t h 
5% and Ifc l e v e l s e x i s t i n g . Most f l i e s were assumed t o emerge f r o m 
T r e e s 1 , 7 , and. 14, t h u s f o r Tree 1 even t h o u g h i n f e s t a t i o n was low, 
t h e number o f s u c c e s s f u l emerging a d u l t s was t h e h i g h e s t . 
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SUMMARY OF FACTOR INFIUENCINC TIIli; iAJRVIVAL OF 100 EGGS OF P.ILICIS 
SAMPLED "PI'M TRIW 

TREE No. EG
G 
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AL
IT
Y 

W t o 
PI 

EH 

0 0 

Pi EH fa 
P I fc> | 

CA
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ES
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EM
ER
GE
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1 18,47 41.97 9.83 0 2.88 26.86 — 

2 l6 c 7 8 58,39 8.05 0 6.04 10.74 
3 27.24 41.54 9.68 6.43 5.61 9.14 -
4 20*93 25.27 13.00 16.97 15.88 3.61 
5 28.02 37.65 9.11 2.45 8.06 8.58 
6 21,16 15.65 16.23 17.39 24.35 5.22 
7 20.83 29.87 14.29 15.58 5.19 16.88 -
8 32.32 30.30 10.10 10.10 2.02 15.15, -
9 29.01 35.11 4.58 7.63 15.27 8.40 -

10 28 c15 35o42 19.95 11.33 8.62 3.42 -
11 23.86 I80I8 29.55 1.02 12.50 5.62 -
12 30.53 22.90 1.91 14.89 7.25 4.20 4.00 12/7/78 

13 20.53 19.47 13.27 25.56 11.50 9.73 
14 21.97 19.43 7.01 7.01 26.11 18.47 14.33 17/7/78 
15 27.24 11.54 13.78 22.76 11.22 13.14 4.49 13/7/78 
16 8.79 7.69 23.08 30.77 14.39 15.38 2.02 13/7/78 



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

The r e s u l t s o f v a r i o u s p a r a m e t e r s - l e a f l e n g t h , w i d t h , and 
l e a f t h i c k n e s s , measured a t t h r e e s i t e s a,b, and c on t h e l e a f 
c o r r e s p o n d i n g t o t h e m i d r i b and two p o i n t s e i t h e r s i d e o f t h e 
mi d r i b " ; w i t h i n t h e l e a f h l a d e i s g i v e n i n Table25 . , These 
p o i n t s c o r r e s p o n d e d t o e g g - l a y i n g s i t e s and areas where l e a f 
p i e r c i n g was common. Measurements f o r c u t i c l e t h i c k n e s s at, 
t h e s e s i t e s f o r "both t h e upp e r and l o w e r e p i d e r m i s i s a l s o 
g i v e n i n T a b l e 2 5 . A l l measurements are i n mm, and t h e l e a v e s 
were sampled f r o m t h e same t r e e s , F i g . 1 8 i n d i c a t e s l e a f l e n g t h 
p l o t t e d a g a i n s t l e a f w i d t h * ., These were s i g n i f i c a n t l y c o r r e l a t e d 
i . e . r = 6.9181. The s t r a i g h t l i n e e q u a t i o n o b t a i n e d was 
y = 0.67x - 2 . 5 . For l e a f t h i c k n e s s measurements t a k e n i n t h e 
l e a f "blade p l o t t e d a g a i n s t l e a f l e n g t h ( F i g . 1 9 ) , a s i g n i f i c a n t 
c o r r e l a t i o n was o b t a i n e d . Values f o r t h e s t r a i g h t l i n e e q u a t i o n 
were y - 128.14x - 6.64, when r = 0.51. For l e a f t h i c k n e s s 
measured a c r o s s t h e m i d r i b , t h e s t r a i g h t l i n e e q u a t i o n o b t a i n e d 
was y - 58.36x - 7.48, w i t h r =• 0.78. Thus i t would appear t h a t 
l e a f l e n g t h and m i d r i b t h i c k n e s s are more s t r o n g l y a s s o c i a t e d . 
When l e a f t h i c k n e s s was p l o t t e d a g a i n s t l e a f w i d t h , r was 0 .52 
f o r measurements o f l e a f t h i c k n e s s t a k e n w i t h i n t h e l e a f b l a d e , 
and r was 0.67 when measured a t t h e m i d r i b . V a l u e s f o r t h e 
s t r a i g h t l i n e e q u a t i o n o b t a i n e d were y - 120x - 14.48 and y -
36.77x - 5.81 r e s p e c t i v e l y ( F i g 20 ) . l e a f l e n g t h was p l o t t e d 
a g a i n s t c u t i c l e t h i c k n e s s a t t h e t h r e e s i t e s f o r b o t h t h e upp e r 
and l o w e r e p i d e r m i s ( F i g . 21,2.2), ( T a b l e 2 5 .) The mean v a l u e s f o r 
c u t i c l e t h i c k n e s s a t t h e m i d r i b f o r t h e upper and l o w e r e p i d e r m i s 
u s i n g t h e range o f l e a v e s p r o v i d e d i n Tab l e 25we.re compared. 
The mean v a l u e s were e q u i v a l e n t , and any d i f f e r e n c e s i n i n d i v i d u a l 
r e c o r d i n g s were i n s i g n i f i c a n t . Thus an r v a l u e f o r l e a f l e n g t h 
p l o t t e d a g a i n s t c u t i c l e t h i c k n e s s f o r t h e upper e p i d e r m i s o n l y 
was o b t a i n e d , l e a f l e n g t h and c u t i c l e t h i c k n e s s a t b o t h ' t h e 
m i d r i b and w i t h i n t h e l e a f were n o t s i g n i f i c a n t l y c o r r e l a t e d . 
The r v a l u e f o r c u t i c l e t h i c k n e s s a t t h e m i d r i b a g a i n s t l e a f l e n g t h 
was 0 . 3 0 1 . An r v a l u e o f 0.08 was o b t a i n e d f o r c u t i c l e t h i c k n e s s 
w i t h i n t h e l e a f b l a d e p l o t t e d a g a i n s t l e a f l e n g t h ( F i g . 23 ) . 
Where l e a f t h i c k n e s s was p l o t t e d a g a i n s t c u t i c l e t h i c k n e s s a t the 
m i d r i b , an i n s i g n i f i c a n t r e s u l t was o b t a i n e d i-.e. r - 0.108 ( F i g . 24) * 
Thus f o r t h e s i z e range o f l e a v e s sampled, l e a f s i z e and l e a f 
t h i c k n e s s were f o u n d t o be s i g n i f i c a n t l y c o r r e l a t e d , w h i l s t c u t i c l e 
t h i c k n e s s i s independant o f l e a f s i z e d e s p i t e t h e trend, o f in c r e a s i n g : 
c u t i c l e t h i c k n e s s w i t h l e a f s i z e as i n d i c a t e d i n Figs.21,22,23,24. 

Leaves o f t h e c u r r e n t seasons g r o w t h were c o l l e c t e d on 22.6.78, 
when l e a f e x p a n s i o n was on t h e i n c r e a s e . L e a f measurements were 
o b t a i n e d as d e s c r i b e d e a r l i e r . R e s u l t s f o r l e a f l e n g t h , w i d t h , 
l e a f t h i c k n e s s measured a t t h e t h r e e f o r e m e n t i o n e d s i t e s , and 
c u t i c l e t h i c k n e s s f o r t h e upper e p i d e r m i s o n l y a re g i v e n i n Tab l e 26. 
The v a l u e s f o r s i t e s a and c were b u l k e d and t h e mean v a l u e s 
o b t a i n e d . For group 1 , i t was d i f f i c u l t t o measure t h e c u t i c l e 
t h i c k n e s s s i n c e t h e l e a v e s were young and f r a g i l e and a l l 
d i f f e r e n t i a t i o n was i n t h e e a r l y s t a g e s . F i v e l e a v e s were sampled 
p e r group and mean v a l u e s o b t a i n e d . From Table 2 6 , as l e a f s i z e 
i n c r e a s e s t h e l e a f expands and t h e c u t i c l e t h i c k n e s s i n c r e a s e s 
b o t h i n t h e l e a f b l a d e and a c r o s s t h e m i d r i b . Fig.25 i n d i c a t e s 
how t h e c u t i c l e d e velopes w i t h i n c r e a s e i n age and s i z e . 
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F i g 18. L e a f w i d t h p l o t t e d a g a i n s t l e a f l e n g t h . 
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Fig - 1 9. L e n g t h o f l e a v e s p l o t t e d a g a i n s t mean l e a f t h i c k n e s s a c r o s s 

l e a f e i t h e r s i d e o f m i d r i b , ( l ) / a g a i n s t l e a f t h i c k n e s s 
I a t t h e midrib« ( 2 ) . 

( 1 ) ( 2 ) 

/ 

07*2 0.4^ 0^6 0^8 1^0 l.V TI4 1.6 mm. 
L e a f t h i c k n e s s . 

F i g 20. 
L e a f w i d t h p l o t t e d a g a i n s t mean l e a f t h i c k n e s s f o r ( 1 /2) 

( 2 ) 

( 1 ) 

0.8 0.6 0.2 0.4 1.0 1.4 mm. Le a f t h i c k n e s s 
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P i g 21a. L e a f l e n g t h , p l o t t e d a g a i n s t c u t i c l e t h i c k n e s s 
( u p p e r e p i d e r m i s . ) 

1x10" 4 2 3 4 5 6 7 
C u t i c l e t h i c k n e s s . 

F i g 21b. ' 

S 1x10"2 2 3. 4 5 7 8 mm, 
L e a f l e n g t h p l o t t e d a g a i n s t c u t i c l e 
t h i c k n e s s ( l o w e r e p i d e r m i s ) 

y. 

l x l O ^ T 3" -J— 5 & ' 1 8r ¥ lxltf*S 5 ~ 4 5~~ 6T~ f 6^nm. 
C u t i c l e t h i c k n e s s . 
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Pig.22a. Leaf l e n g t h p l o t t e d a g a i n s t c u t i c l e t h i c k n e s s 

at the m i d r i b f o r lower and upper epidermis. 

* Upper epidermis. 

"3.0x10*1x10-* 2~ 3 4 5 £ 7 fc 9~~TxlO^ L ~ J m.ia0 

C u t i c l e t h i c k n e s s 
*'ig 22b. 

^ Lower epidermis, 

X 

/ 
/ 

8 x 1 0 ^ 1 x 1 ^ 2 " "3" "J" ~t~ 6 " ^ ^ & ~ ~ 9 ~ ~ l x l ^ ^ 
C u t i c l e t h i c k n e s s 

mm. 
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F i g 2 3 C u t i c l e t h i c k n e s s p l o t t e d against l e a f l e n g t h ( " b l a a e ) 
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?it';» 24. • L^ax t h i . ri^rieos p l o t t e d a i net c ' u txo l« a tM.ekn^ws 
(across rui d r x b ) . ' 
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Comparisons of new l e a f c u t i c l e t h i c k n e s s a t the m i d r i b w i t h 
c u t i c l e t h i c k n e s s a t the m i d r i b f o r the previous seasons growth 
gave a s i g n i f i c a n t d i f f e r e n c e i n values even at Vfo l e v e l o f 
s i g n i f i c a n c e ( t - 5.5). Thus new l e a f t i s s u e o f f e r s l e s s 
r e s i s t a n c e t o p e n e t r a t i n g organisms, hence they are more prone 
t o a t t a c k compared w i t h o l d e r leaves f o r which the defence 
b a r r i e r i s more developed. 
E a r l y i n the i n v e s t i g a t i o n i t was hypothesized t h a t l e a f c u t i c l e 
t h i c k n e s s may i n f l u e n c e the r a t e of i n f e s t a t i o n of i n d i v i d u a l 
t r e e s by .P. i l i c i s , since t h i n n e r leaves are more e a s i l y p e n e t r a t e d 
by the o v i p o s i t o r . This hypothesis was i n v e s t i g a t e d , but since 
l e a f s i z e and th i c k n e s s have been shown t o be c o r r e l a t e d , leaves 
used i n comparisons between t r e e s were of a s i m i l a r s i z e t o reduce 
e r r o r . Mean l e a f t h i c k n e s s of mined leaves were compared w i t h the 
t h i c k n e s s of unmined leaves, (Tahle27 ) . These r e s u l t s were 
r e l a t e d t o estimates f o r p o p u l a t i o n d e n s i t y of P. i l i c i s per t r e e 
u s i n g egg number per 100 leaves. 

When l e a f t h i c k n e s s f o r the two sets of leaves (Table 27), were 
compared u s i n g a 2 x 2 contingency t e s t , r e s u l t s obtained proved 
t h a t the observed d i f f e r e n c e s i n l e a f t h i c k n e s s f o r mined and 
unmined leaves was i n s i g n i f i c a n t . Thus the choice of l e a f f o r 
o v i p o s i t i o n and u l t i m a t e l y the o v e r a l l r a t e o f i n f e s t a t i o n was 
independant of l e a f t h i c k n e s s . 

The values f o r the c u t i c l e t h i c k n e s s measured a t t h r e e p o i n t s 
compared w i t h values f o r p o p u l a t i o n d e n s i t y are given i n Table28 
f o r the upper epidermis o n l y . The values obtained a t a and c 
were bulked and mean values used. 
Prom Table 28, t r e e s w i t h lowest p o p u l a t i o n d e n s i t i e s were Trees 
1,2,8 511 and 13. For Tree 1,2 and 11 the values f o r c u t i c l e 
t h i c k n e s s were h i g h thus i n f e s t a t i o n would be expected t o be lower 
i n these cases since a developed c u t i c l e w i l l impede o v i p o s i t i o n . 
For Tree 13, c u t i c l e t h i c k n e s s was ver y low hence egg d e n s i t y was 
expected t o be h i g h e r . For h i g h p o p u l a t i o n d e n s i t i e s i . e . Trees-
5,6 and 15, the values f o r c u t i c l e t h i c k n e s s were h i g h . I n these 
cases f o l l o w i n g a s i m i l a r argument, i n f e s t a t i o n was expected t o 
be lower, since a t h i c k e r c u t i c l e was assumed t o impede egg l a y i n g 
by a d u l t Phytomyza . When c u t i c l e t h i c k n e s s and p o p u l a t i o n d e n s i t y 
were t e s t e d , again u s i n g a 2 x 2 contingency t e s t , r e s u l t s obtained 
were i n s i g n i f i c a n t . Thus i t would appear t h a t the i n t e n s i t y o f 
i n f e s t a t i o n i s independent of c u t i c l e t h i c k n e s s . However i t i s 
obvious t h a t c u t i c l e t h i c k n e s s i s important i n egg l a y i n g since 
only new growth i s i n f e s t e d . Hence i t i s probable t h a t d i f f e r e n c e s 
i n the c u t i c l e t h i c k n e s s f o r i n d i v i d u a l leaves On the sample t r e e s 
do not impede o v i p o s i t i o n by a d u l t l e a f miners, p r o v i d i n g the 
c u t i c l e i s below the c r i t i c a l l e v e l . A l l measurements concerning 
l e a f data was c a r r i e d out on i n f e s t e d leaves of the 1977 season, 
hence i t would have been u s e f u l , time p r o v i d e d , t o f o l l o w the 
increase i n c u t i c l e t h i c k n e s s of the new ,season*s growth t o 
determine the c r i t i c a l c u t i c l e t h i c k n e s s .preventing f u r t h e r egg 
l a y i n g . Also comparisons between p o p u l a t i o n d e n s i t y and l e a f 
parameters are more meaningful a t the b e g i n i n g of the season where 
e r r o r between t r e e s due t o p o s s i b l e d i f f e r e n c e s i n r a t e s o f 
development are minimal. 



T a b l e 27 . 

106. 

R e s u l t s f o r l e a f t h i c k n e s s between mined and unmined l e a v e s 

Tree No. x L e a f t h i c k n e s s of l e a v e s x Leal' t h i c k n e s s of l e a v e s 
w i t h Mines ( mm) without Mines (mm) 100 Lea 

a b c a b c 

2 . O o 5 5 1 . 3 2 0 . 5 0 0 . 4 7 1 . 2 8 0 . 4 6 1 0 . 7 7 

3 . 0 . 4 3 1 . 1 2 0 . 4 5 0 . 4 3 1 . 0 7 0 . 4 2 2 5 . 7 0 

4 . 0 . 4 6 1 . 0 7 0 . 4 1 0 . 4 1 1 . 1 0 0 . 4 1 1 8 , 5 8 

5 . 0 . 3 9 1 . 1 0 0 . 4 1 0 . 3 9 0 . 9 6 0 . 4 3 3 . 2 4 

6 . 0 . 3 9 1 . 2 4 0 . 4 1 0 . 4 3 1 . 1 7 0 . 4 3 3 2 . 0 6 

7 . 0 . 3 6 1 . 1 3 0 . 4 1 0 . 4 5 1 . 1 5 0 . 4 4 2 3 . 7 0 

8 . 0 . 3 7 1 . 0 1 0 . 3 7 0 . 3 7 1 . 0 1 0 . 3 3 1 4 o 0 8 

9 . 0 . 5 1 1 . 1 2 0 . 5 2 0 . 4 6 1 . 0 3 0 . 4 4 1 8 . 7 1 

1 0 . 0 . 3 5 0 . 9 7 0 . 3 5 0 . 4 2 1 . 0 8 0 . 4 3 3 1 . 3 7 

1 1 . 0 . 4 9 1 . 0 0 . 4 2 0 . 4 9 1 . 1 0 0 . 4 9 1 3 . 0 6 

1 2 . 0 . 4 2 1 . 0 8 0 . 4 6 0 . 4 0 1 . 0 5 0 . 4 0 3 0 . 9 3 

1 3 . 0 . 4 3 1 . 0 3 0 . 4 5 0 . 3 7 0 . 9 3 0 . 4 1 1 5 * 8 3 

1 4 . 0 . 3 9 0 . 9 6 0 . 4 1 0 . 4 0 0 . 9 5 0 . 4 2 8 . 2 1 

1 5 . 0 . 3 9 0 . 9 8 0 . 3 8 0 . 3 8 0 . 9 5 0 . 3 2 4 0 . 2 1 

16. 0 . 4 1 1 . 0 6 0 . 3 9 0 . 3 5 1 . 0 0 0 . 3 6 2 0 . 8 9 



R e s u l t s f o r c u t i c l e t h i c k n e s s measured at the midrib f o r Trees 
1 - 16" 

Eggs per 100 l e a v e s 

13.42 

1 0 . 7 7 

2 5 . 7 0 

18.58 

33.24 

32.06 

23.70 

14.08 

18.71 

3 1 . 3 7 

13.06 

" 30.93 

15.83 

28.21 

40.21 

2 0 . 8 9 

x C u t i c l e t h i c k n e s s 
b a Tree No. 

0.015 0.008 1 . 

0.013 0.008 2 . 

0.01 0.006 3. 

0.013 0.01 4 . 

0.015 0.008 5o 

0 . 0 1 5 0.009 60 

0.008 0.006 7. 

0.011 0.008 80 

0.013 0.008 9 . 

0.013 0.008 10. 

0.013 0 . 0 0 8 1 1 . 

0.01 0.008 12. 

0.009 0.006 13. 

0.015 0.01 14. 

0.01 0.006 15. 

0.01 0.008 16. 
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Pig.SVs T.S.Leaf-section taken across the mine caused by 
burrowing P . i l i c i s . l a r v a . 

a.Across the m i d r i b . 
[mag 

b . W i t h i n the l e a f lamina. 
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121. 

Table 

Tree No. P. i l i c i s Pupa* Tree No. 
x Length Width 

1. 2.9 1.23 

2. 2.87 1.21 

3. 2.82 0.95 

4. 2.88 1.20 

5. 2.89 1.24 

6. 2.75 1.28 

7. 2.94 1.20 

8. 2.94 1.20 

9. 2.9 1.11 

10. 2.85 1.20 

11. 2.85 1.13 

12. 2.65 1.20 

13. 2.73 1.22 

14. 2.66 1.10 

15. 2.82 1.24 

16. 2.66 1.10 

Variation i n the si z e of P. i l i c i s pupa with Sample Tree 



Table v>f5.o 

C, gemma Pupae 

Tree NoD Length Width 

1 . 

2 . -
3 . 2 . 0 1 0 o 6 2 

A. 2 o 0 5 0 < , 7 3 

5 . 2 008 O o 7 5 

6. 2 . 0 1 0 . 7 0 

7 . 2 e 0 7 0 o 6 8 

8 „ 1 o 6 3 0 „ 5 5 

9 « 2 „ 0 1 0 o 6 9 

1 0 , 1 . 9 5 0 „ 6 8 

2 0 1 1 o „ 7 2 

1 2 0 2 . 0 3 0 o 6 7 

1 3 O 2 0 0 9 0 0 6 8 

1 4 o - pat 

15o 1 . 6 0 . 3 5 

1 6 0 2 . 0 0 0 o 6 

V a r i a t i o n i n the s i z e of C gemma with Sample Tree 



123. 

Table 

C. syma Pupae 

Tree No. Length Width 

1. 2 . 1 0 . 8 

2 . 2 . 0 0 „ 7 

3 . 2 . 0 6 0 o 8 

4 o 2 . 0 0 o 6 

5 . 2 . 2 0 * 7 

6 . 2 . 1 6 0 . 8 8 

7 o 2 . 1 9 0 , 9 5 

Not Not 
8 0 Measured Measured 

9o 2 . 5 1 . 1 1 

1 0 c , 2 „ 2 0 „ 8 9 

11. 2 . 1 0 , 9 6 

1 2 0 

2 . 1 6 0 , 7 4 

1 3 * 2 . 1 0 „ 8 

1 4 o 2 . 2 5 0 . 8 5 

1 5 . 2 . 2 0 . 8 

1 6 . 2 o 6 6 0 , 3 

V a r i a t i o n i n the s i z e of C ayma wi t h Sample Tree 
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Table . .3 2 

Mine Size. cm. C. gemma, mm. Body Length 
x Body Width 

1.95 X 2 .6 2.5 X 1.0 

1.95 X 0.65 1.9 X 0.7 

1.5 X 0.975 1.6 X 0.5 
2.28 X 1.30 1.7 X 0.6 

2.76 X 2.28 1.9 X 0.7 
2.28 X 1.30 2.0 X 0.7 

2.93 X 1.95 2 .6 X 1.0 

5.9 X 1.30 2.4 X 0.9 
0.81 X 0.65 1.4 X 0.3 
2.28 X 0.65 2.5 X 0.9 
2.11 X 1.79 1.9 X 0.7 
2.2 X 0.49 2 .0 X 0.7 
3.58 X 2.93 2 .5 X 1.0 

3.25 X 0.65 2 .5 X 0.9 
2.28 X 1.63 2.0 X 0.75 
0.975 X O.65 1.2 X 0.4 
2.28 X 0.975 2 .0 X 0.75 
2.11 X 1.79 1.9 X 0.6 

2.61 X 1.3 2 .5 X 1.0 

1.79 X 2.925 1.7 X 0.6 

1.3 X 0.975 1.6 X 0.5 
1.95 X 0.813 1.9 X 0.5 

0.975 X 0.975 1.5 X 0.6 

2.93 X 2.61 2 .5 X 0.9 
1.95 X 1.3 1.9 X 0.7 
3.9 X 1.3 2 .6 X 1.0 

1.79 X 2.925 2 .5 X 1.0 

1.3 X 1.3 1.4 X 0.4 

2.925 X 1 ' 5 2 .5 X 1.0 

2.76 X 1*3 2 .3 X 0.9 

1.95 X 1.79 1.9 X 0.6 

1.95 X 1.63 1.9 X 0.5 
1.14 X 0.813 1 .5 X 0.5 
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D i s c u s s i o n . 

A v a r i a t i o n i n t h e time o f emergence f o r a d u l t Phytomyza i l i c i s 
was observed when compared w i t h a c c o u n t s g i v e n by Maall and T a y l o r 
( 1 9 0 7 ) , and Bownes (1931), a l t h o u g h t h e g e n e r a l p a t t e r n o f t h e 
l i f e - c y c l e was f a i r l y c o n s i s t e n t w i t h t h i e r a c c o u n t . 

I n accordance w i t h t h e s e a u t h o r s , a c l u l t emergence was maximum 
d u r i n g mid June, and f l i e s were observed t o be p l e n t i f u l amongst 
h o l l y bushes. T h i s however, was never t h e c a s e . d u r i n g t h i s 
i n v e s t i g a t i o n . S u c t i o n - t r a p s p o s i t i o n e d w i t h i n a clump of 3 h o l l y 
t r e e s f a i l e d to c o l l e c t any a d u l t f l i e s , although a few a d u l t s 
o f t h e p u p a l p a r a s i t e , S p h e g i g a s t e r f l a v i c o r n i s were c o l l e c t e d . 
The ' f l i g h t p a t t e r n o f a d u l t f l i e s may have i n f l u e n c e d , whether t h e y 
were c o l l e c t e d i n t r a p s , s i n c e b o t h a d u l t G h r y s 0 c h a r i s gemma and 
C. syma were observed t o hop l i k e f l i e s between l e a v e s when i n t e r 
f e r e d w i t h (Cameron .1939). Thus i t i s p o s s i b l e t h a t f l i e s a v o i d e d 
these a r e a s above the t r a p s f r o m which samples were e x t r a c t e d . 
The b e h a v i o u r o f a d u l t P. i l i c i s was n o t recorded, hence i t i s 
i m p o s s i b l e t o d e t e r m i n e a c c u r a t e l y why th e s e a d u l t s were absent 
i n samples. 
For t h i s i n v e s t i g a t i o n P» i l i c i s a d u l t s were f i r s t r e c o r d e d f r o m 
2nd June, 1978. A. s ample o f 49 pupae was c o l l e c t e d f r o m w h i c h 7 
a d u l t s had a l r e a d y emerged. However maximum emergence was observed 
d u r i n g e a r l y J u l y where 45 f r o m a sample o f 118 pupae had emerged. 
Body measurements f o r a d u l t P. i l i c i s were 2.1 mm f o r body l e n g t h 
and 0.6 nun f o r body w i d t h . The head was b l a c k and t h e abdomen, 
c o n s i s t i n g o f 9 segments was brown. The h a l t e r e s were w h i t e , t h e 
t h o r a x , a d a r k f l u o r e s c e n t g r e e n / b l a c k c o l o u r . The antennae were 
l o n g and segmented. 

C h r y s o c h a r i s gemma, a l a r v a l p a r a s i t e was e x t r a c t e d f r o m samples 
'taken 16th May, 1978, where the p a r a s i t e was a t the p u p a l stage 
o f development. The pupae were s h i n y g e t - b l a c k and were e a s i l y 
i d e n t i f i e d s i n c e t h e y l a y f r e e w i t h i n t h e mine. Wing and l e g 
r u d i m e n t s , eyes, mouth appendages, i n a d d i t i o n t o t h o r a x and ... 
abdominal s e g m e n t a t i o n were c l e a r l y marked. Body measurements 
gave mean v a l u e s f o r body l e n g t h o f between 1.6 - 2.08 ram and 
d. 35 - 0.75 f o r body w i d t h . Cameron (1939), quotes v a l u e s o f 1.75 -
2.60 mm f o r body l e n g t h , and 0.65 - 1.04 f o r body w i d t h . A d u l t 
G. gemma were f i r s t r e c o r d e d f r o m samples t a k e n on 14.6.78, but 
most had emerged by 13.7.78. A d u l t 0. gemma were --reddish brown 
i n c o l o u r w h i c h f l u o r e s c e d -under t h e m i c r o s c o p e . The t h o r a x and 
abdomen were v e r y much t h i n n e r t h a n t h o s e o f 0. syma, hence c o u l d 
be d i s t i n g u i s h e d e a s i l y . M i a l l and T a y l o r (1907), observed t h a t 
the peak o f emergence f o r t h i s s p e c i e s was t h e middle o f June, 
a l t h o u g h my r e s u l t s suggested peak emergence t o be 1 a t e r r f o r t h e 
Durham a r e a . 

O h r y s o c h a n s syma, a p u p a l p a r a s i t e , was r e c o r d e d a t t h e mature 
l a r v a l s t age f r o m samples t a k e n on 15.5.78. The p r e p u p a l s t a s e 
was r e c o r d e d f r o m l a t e May onwards. C. syma l a r v a e were f a t and 
f u s i f o r m m snape, b e i n g a g r e y i s h w h i t e i n c o l o u r w i t h a c e n t r a l 
mass o f b l a c k f a e c e s . Measurements o f t h e mature l a r v a e were 
i n a c c u r a t e s i n c e t h e samples had been s t o r e d f o r some t i m e i n 
a l c o n o l p r i c r t o measurement. The mean v a l u e f o r body l e n g t h and 
w i d t h f o r t h e mature l a r v a e was 1.86 mm x 0.89 mm. Cameron (193Q) 
r e ^ e c t I ? e ? v S 0 l , 2 ' 1 A ** X , ° ' ? 7 ^ f o r b o ^ - ^ g t h and w i d t h r e s p e c t i v e l y . The p r e p u p a l stage was d i s t i n c t i v e . T h i s i s 
c h a r a c t e r i z e d by broad t h o r a i c segments w h i c h are b o t h smooth 
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However l e a v e s a r e o n l y s u s c e p t i b l e t o i n i ' e s t a t i o n when young 
and t h e c u t i c l e i s undeveloped. ( 4 . 4 ) . No d i f f e r e n c e i n c u t i c l e 
t h i c k n e s s "between t h e l o w e r and upper e p i d e r m i s was observed* 
No s i g n i f i c a n t d i f f e r e n c e i n t n e number o f mines f o u n d on t h e 
u p i j e r and l o w e r s u r f a c e s o f t h e l e a f was a l s o observed i . e 1234 mines on the up p e r s u r f a c e compared w i t h 1355 on che l o w e r l e a f 
s u r f a c e . 
For a l l t r e e s egg d i s t r i b u t i o n was clumped c h a r a c t e r i s e d by a 
v a r i a n c e i n excess o f t h e mean. '-Such clumpec! d i s t r i b u t i o n a r e 
f o u n d f r e q u e n t l y amongst i n s e c t p o p u l a t i o n s (Southwood 1966),. 
V a r i a t i o n i n $ egg m o r t a l i t y was fou n d between t r e e s , b u t no 
s i g n i f i c a n t d i f f e r e n c e was ob s e r v e d . 'Egg m o r t a l i t y i n c o r p o r a t e s 
f a i l u r e o f eggs t o h a t c h , m o r t a l i t y o f young l a r v a e w i t h i n t h e 
m i d r i b , m o r t a l i t y W h i l s t l e a v i n g .the m i d r i b f o r t h e l a m i n a and 
f i n a l l y d e a t h w i t h i n t n e l a m i n a b e f o r e a r e c o g n i s a b l e mine has been 
p r o d u c e d . A l t h o u g h s i g n i f i c a n t c o r r e l a t i o n s between t o t a l egg . 
number and t o t a l v i a b l e mines p r o d u c e d , and egg m o r t a l i t y oer 
100 J.eaves p l o t t e d , a g a i n s t '.egg d e n s i t y p e r 1.00 l e a v e s was found*, 
t h e r e l a t i o n s h i p between $ egg m o r t a l i t y and t o t a l egg number was 
i n s i g n i f i c a n t . Hence egg d e n s i t y i n f l u e n c e s t h e v i a b i l i t y o f eggs 
w i t h i n t h e l e a f b u t t h e r e l a t i o n s h i p between egg m o r t a l i t y and egg 
d e n s i t y was assumed t o be d e n s i b y - i r . d e p e n d a n t . 

M o r t a l i t y o f l a r v a e w i t h i n t h e mines was caused by b i r d a t t a c k , 
a t t a c k by t h e l a r v a l p a r a s i t e , C h r y s o c h a r i s gemma, and by an 
u n d e t e r m i n e d m o r t a l i t y f a c t o r i n f l u e n c i n g s u r v i v a l i n t h e e a r l y 
s t a g e s o f development. G e n e r a l l y t h e ma j o r source o f m o r t a l i t y 
was due t o b i r d a t t a c k f o l l o w e d by o a r a s i t e a t t a c k . R e s u l t s 
between t r e e s were s i g n i f i c a n t l y d i f f e r e n t . Trees 1 and 2 were 
u n a f f e c t e d by C. gemma.Reasons why the t r e e s escaped i n f e s t a t i o n 
a r e unknown. These t r e e s were the f i r s t t o be sampled a l t h o u g h ; 
C. gemma e x t r a c t e d f r o m o t h e r t r e e s w i t h i n t h e area, was a t t h e 
p u p a l s t a g e , t h u s i t i s u n l i k e l y t h a t t h e p a r a s i t e was o v e r l o o k e d : 
i n t h e samples. Tree 8 had an e q u a l l y l o w . p o p u l a t i o n d e n s i t y f o r 
P. i l i c i s b u t C. gemma, was e x t r a c t e d f r o m w i t h i n t h e mines,. 

B i r d a t t a c k was an o b v i o u s m o r t a l i t y f a c t o r , s i nce t h e o v e r a l l 
sample s i t e ' was n e a r t o t h e main n e s t i n g area f o r s e v e r a l s p e c i e s 
o f b i r d s , w i t h i n t h e U n i v e r s i t y f i e l d s t a t i o n . Owen (1975) i n h i s 
i n v e s t i g a t i o n o f t h e e f f i c i e n c y o f b l u e - t i t s , Parus c a e r u l e u s 
p r e y i n g on F. i l i c i s found t h a t a t t a c k by b i r d s was i n f l u e n c e d by 
t h e number o f p r i c k l e s per l e a f . Two t r e e s were examined o f . 
d i f f e r e n t p h e n o t y p e s , H o l l y 1 averaged 9*4 p r i c k l e s p er l e a f , 
• w h i l e H o l l y 2 averaged 1.4- p r i c k l e s p e r l e a f . Fie fou n d t h a t T r e e 
1 was t w i c e as i n f e s t e d as Tree 2, b u t b l u e - t i t s were twice, as-
s u c c e s s f u l i n e x t r a c t i n g l a r v a e f r o m the l e a v e s o f t h e l a t t e r * 
The r e s u l t s s u ggest t h a t the. b i r d s were more a b l e t o remove l a r v a e 
f r o m t h e l e s s p r i c k l y ohenotype and t h a t p r i c k l e s t o some e x t e n t 
p r e v e n t e d e f f i c i e n t e x p l o i t a t i o n o f P. i l i c i s . The b l u e - t i t s 
..a:owever had t h e same e f f e c t o v e r a l l on t h e t r e e s , . s u c c e s s f u l l y 
f i n d i n g 16$ o f l a r v a e or. the l e a v e s o f each t r e e , , a l t h o u g h t h e r e -
we*~e t w i c e as many l a r v a e on Tree 1 as Tree 2. He concluded t h a t 
o r e d a t i o n w a s d e n s i t y- 6 e e e n d a n t bu t r, a e r e v e r s e o f t h e n o r ma 1 
s i t u a t i o n where b i r d s t a ke p r o p o r t i o n a t e l y more o f • t h e p rey when 
i t i s a t h i g h l e v e l s compared w i t h low d e n s i t y , and suggested t h a t 
t n e t r e e w i t h - m o r e " ' p r i c k l y l e a v e s p r o v i d e d a. s a f e r environment • 
f o r P, i l i c i s l a r v a e . D u r i n g t h i s * s t u d y v a r i a t i o n in.the number 
o f l e a f p r i c k l e s and t h e degree of. shinyn'ess o f l e a v e s was observed [ 
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between same .'trees,- 1 e s o e e l . a l l y / a t his-her e l e v a t i o n s , where 
th e OTKii'er. o f o r l e a l e s per l e a f tended t o be r e d u c e d . A t 
t h e s e h e i g h t s i n f e s t a t i o n by P. i l l c l s was low. I t i s p o s s i b l e 
t h a t few eggs are l a i d i n t h e s e l e a v e s because p r o t e c t i o n f r o m 
p r e d a t o r s i s p o o r . I t i s • q u a l l y l i v e l y t h a t s i n c e t h e number 
o f l e a v e s a t t r i e t o p o f t h e t r e e s t e n d t o be r e d u c e d t h e amount 
o f u s e f u l h o s t m a t e r i a l i s r e d u c e d , t n u s P. i l i c i s p o p u l a t i o n s 
a r e g e n e r a l l y l o w e r compared w i t h o t h e r a r e a s . Hence r e i n f e c t i o n 
by p r e v i o u s seasons' a d u l t s w i l l be l o w a t t h e s e e l e v a t i o n s 
•simply because l e s s a d u l t s a r e a v a i l a b l e . P i g . 3-9 i l l u s t r a t e s 
t h e i n c r e a s e i n b i r d a t t a c k w i t h t o t a l mine number per sample. 
The s t r a i g h t l i n e g r a p h i s t y p i c a l o f a r e l a t i o n s h i p e x p e c t e d 
f r o m a random s e a r c h by t h e b i r d s w i t h o u t s e a r c h i n g images b e i n g 
f o r m e d . However T i n b e r g e n ( 1 9 6 0 ) , suggested t h a t p r e y s p e c i e s 
a r e o v e r l o o k e d by s e a r c h i n g b i r d s when a v a i l a b l e i n low numbers, ; 
t h u s t h e p r o p o r t i o n t a k e n w i l l be l e s s t h a n e x p e c t e d on a random 
b a s i s . As t h e number o f p r e y i n c r - v ^ s e s , -encounters w i t h them 
a l s o i n c r e a s e s , and t h e b i r d s would l e a r n t o c o n s f e n t r a t e on 
c h a r a c t e r i s t i c c l u e s f r o m t h e prey i . e . a s p e c i f i c s e a r c h i n g 
image i s d e v e l o p e d . Random s e a r c n i s uncommon s i n c e most 
p r e d a t o r s w i l l t e n d - t o spend more t i m * i n a ^ w s *"nere t h e p r e y \ 
are more numerous. Graph 4o •' i n d i c a t e s t n e i n c r e a s e i n $ b i r d 
a t t a c k w i t h i n c r e a s i n g t o t a l mine number, T r ~ c u r v e appears 
t o le-n-el o u t a t t o t a l numbers o f POO <« i xi ^ 1 *r sample. F i g , 4 1 
i l l u s t r a t e s t h e i n c r e a s e i n mine a t t a c k a g a i n s t t r i e t o t a l number \ 
o f v i a b l e mines i n t h e sample, t - ^ n t « c r l - i t i o n s h i p i s ! 

o b s e r v e d w i t h t h e curve l e v e l l i n g OJ f r bov 7* u mines. p e r sample, ; 
These r e s u l t s s u g g e s t t h a t as t n e t o t a l v i a b l e mine p o p u l a t i o n I 
i n c r e a s e s , t h e b i r d s l e a r n t o Cv. a r c a or e r f f e e l i v e l y f o r t h e p r e y , 
t h u s i n c r e a s i n g t h e p r o p o r t i o n o f r-»" y ta^»r» "s t l e i r r > r t s i t y 
i n c r e a s e s . The response may iev<*l o1"/ bee ';s~ of t n e con b i n t d 
e f f e c t s o f s a t i a t i o n and h a n d l i n g t i m e * Bueh * response i s t y o i f - a l 
o f most v e r t e b r a t e p r e d a t o r s . •When t n e o r e y d e n s i t y i s low t h e 
p r e d a t o r w i l l c o n c e n t r a t e on o t h e r p r t y o r seek a r e a s where t h e 
p r e y d e n s i t y i s h i g h e r , and th:' s wou > <> act oaat f o r t h e v a ^ i a t i ^ n 
i n b i r d a t t a c k between t r e e s . 

Q h r y s o c h a r i s syma was t h e most i m p o r t a n t our^L p a r a s i t e and 
was r e c o r d e d f r o m a l l t r e e s ( 4 . 3 ) . ?>*«•* ep most - , t t f * s t f * d by zhti 
p a r a s i t e were Trees 4 and 6, where v«Jiu n o f n5-56# and 56.86^ 
were o b t a i n e d . Lowest v a l u e s f o r T rees 1 , 7 and 8 were found 
w i t h c o r r e s p o n d i n g v a l u e s o f 4.03, 11,76. and -.8$. S n h ^ g l g a s t e ^ 
f l a v i c o r n i s was sparse f o r a l l t r e e s , , h i g h e s t l e v e l s b e i n g 
r e c o r d e d f r o m T r e e s 4,5,6,9,10 and 1 1 , C. gemma accounted f o r 
48.53$ o f p a r a s i t e s r e c o r d e d , G. S,VP» » *4 , c j . f l^vioo''''"' 
15.35$, and u n i d e n t i f i e d p a r a s i t e s n-c;a * U G f o r 2.14'; 'Of " 
p u p a l p a r a s i t e s o n l y , C. syma account e d f o r 66.07$ and S p h e g i g a s t e i 
f l a v i c o r n i s 29.82$• w h i l s t u n i d e n t i f i - v «;••>,ras-* fics accounted f o r 
T7TWT~ 

D u r i n g 1937 - 38 Cameron (1939) w o r k i n g i n "Buckinghamsnire, S u r r e y j 
Hew F o r e s t i n Hampshire and F o r e s t of-Dean i n Giou ste^s-!' "«, 
f o u n d t h e o r d e r o f abundance o f o a r a s i t e s t o be a) Chrysochar1s 
gemma,, b) S p h e g i g a s t e r f l a v i c o r n i s , f o l l o w e d , v e r y c l o s e l y and" 
f o r some areas was superseded by C h r y s o c h a r i s syma. 
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lie -observed . t h a t 30 - 40?' of f l y l a r v a e -were f o u n d t o b» «tf°3ked 
by G. gemma, and i s i n accordance w i t n r e s u l t s o b t a i n e d i n t h i s 
i n v e s t i g a t i o n . 0. .syma e x t r a c t e d f r o m pupae a t Burnham Grove 
Bucks, were f o u n d t o range f r o m 0 - 13.8?'' and i s c o n s i d e r a b l y 
l o v e r t h a n e s t i m a t e s observed f o r t h e Durham a r e a . S p h e g i g a s t e r 
f l a v i c o r n i s i n f e s t a t i o n r a t e s v a r i e d between 0 - 16.6% and i s 
i n accordance w i t h r e s u l t s o b t a i n e d t o d a t e . O b v i o u s l y t h e 
e x t e n t o f p a r a s i t e i n f e s t a t i o n depends on t h e number o f h o s t 
pupae a v a i l a b l e b u t r*-suxts o b t a i n e d were c o n c l u s i v e and C. syma 
•«as found t o be t h e domimant pupa.l p a r a s i t e . 

Thus 
l a i d 
1 . 
2. 
3. 
4. 

s u m m a r i z i n g f o r t h e e n t i r e sample- a r e a , f o r 100 ega:s i n i t i a l l y 

5. 
6. 
7. 

25.01 s u f f e r f r o m egg m o r t a l i t y . 
32.03 are a t t a c k e d by f e e d i n g b i r d s . 
9.91 s u f f e r f r o m l a r v a l p a r a s i t e a t t a c k . 
3.27 are u n h e a l t h y and. s h r i v e l l e d p o s s i b l e due t o b a c t e r i a l 

i n f e c t i o n , o r as a r e s u l t of c o m p e t i t i o n f o r f o o d where 
t h e s e l a r v a e were e x t r a c t e d f r o m l e a v e s h a v i n g more 
t h a n one l i m e p e r l e a f . 

9.57 s u f f e r e d f r o m e a r l y m o r t a l i t y - f a c t o r s . - • 
10.51 'Were a t t a c k e d by p u p a l p a r a s i t e s . 
9.85 eggs s u r v i v e d bo aroduoe v i a b l e h ••» Lthy on one which 

were assumed t o emerge- . s u c c e s s f u l l y * 

Thus f o r 100 eggs o r i g i n a l l y J a i d , t h e 
l o w v / i t n o n l y 9«85 eggs • s u r v i v i n g a l l 
p u p a l s t a g e . 

o v e r a l l s u r v i v - i l i s v e r y 
m o r t a l i t y f a c i o r ^ t o t h e 

"For t h e new seasons l e a v e , »i x,c I v . - - * >ni>- . ] ap t i "17.7.7^ 
when t h e i n v e s t i g a t i o n end - 3, ^ e 4 l a to hnv- ca<» 
maximum number o f ?. i l i r i « c ir^ T1"--' * l - ' - i S t -. f'fected '*-•«• re Trees 
5 and 16 ( T a b l e 33} . Proa T 'a - 28, .;j <-•* ,v,o".r, i n f e c t c * ™<***-
Treaa, 15, 5, and 6. Lease . r a t a d we .• • «.» • - • ., = i v l n , ^da- f o r 
maximum i n f e s t a t i o n i t WON l r appear i r a ^ t t r e n d s qr-e c o n s t a n t . 
I t would- be expected t h a t f a l t d a" ̂  1 o f in. r**a ra i" i on 
a-'oaid be t h o s e wh<*r* th*» d ' ! - 1 s u r v i i q «/«i.'.'t-at. (TVolt*34) 
i . e . T r e es 1 , 7, and 8. Alia-. - • t > d a 1 • j i?-s HOC t ' l - c»- v 
no v a l i d c o n c l u s i o n s can L- -n i i - i n L •*»*" o f the • - - J l ^ y i n p -

o e r i o d . 



Suxwaary o f t h e number o f eggs f o r 1978 .-season-'-
l a i d p e r l e a f , up t o 1 7 t h J u l y , 1978. 

T a b l e ..33. 

>:" Frequency f o r Egg No. 
Tree No. Eggs p e r 100 1 . 2.. 3. 4. 

l e a v e s 
±. 31 5 - -
£ . 46 26 4 4 -
3 • 41 29 Q 

.J 
4 -

4. 40 28 6 - -
5. 12 10 1 ••— . -
6. 65 34 10 1 2 

7. 39 21 8 — — 

8, 20 ' 16 2 -
9. 54 34 10 

10. Not sampled _ - - -
— * 40 18 a 2 -

48 17 8 5 

13. .20 - 16 d. -
14. 37 24 2 3 

15. 74 39 13 3 — 

16. 13 7 . 3 — 
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Table ..-.». 

Number of pupae avoiding parasitism expressed as % of t o t a l 

number of pupae recorded per tree* 

Tree No* % Healthy Pupae 

1 90o40 

2 64*00 

3 61.96 

4 18.56 

5 51.57 

6 17.65 

7 76.50 

8 .88.24 

9 35.50 

10 23*78 

11 31-25 

[ 12 37.00 

13 48*54 

14 41.43 

15 54.00 

16 51.80 
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5. C o n c l u s i o n s . ~ 

A s i g n i f i c a n t d i f f e r e n c e i n i n f e s t a t i o n between t h e s i x t e e n 
samcled t r e e a was found a t 5$' l e v e l o f s i g n i f i c a n c e , b u t t h i s 
was i n s i g n i f i c a n t a t 1 % l e v e l . The o v e r a l l l e v e l o f ' i n f e s t a t i o n 
was i n d e p e n d a n t o f b o t h t h e h e i g h t and d i a m e t e r o f t h e t r e e s . 
T o t a l mine number and egg d e n s i t y v a r i e d s i g n i f i c a n t l y 
between t r e e s . I t was assumed t h a t s p a t i a l i s o l a t i o n w ould 
i n f l u e n c e t h e l e v e l o f i n f e s t a t i o n , s i n c e t r e e s c l o s e t o g e t h e r 
a r e more l i a b l e t o r e i n f e c t i o n by P . i l i c i s . f r o m n e i g h b o u r i n g 
t r e e s t h a n i s o l a t e d t r e e s . A l t h o u g h l o w e s t v a l u e s were observed 
f o r T r e e s i and ?, and t h e s e were a l s o t h e most i s o l a t e d , l i t t l e 
d i f i e r e n c e . w a s f o u n d i n p o p u l a t i o n d e n s i t y between m o d e r a t e l y 
spaced t r e e s and t h o s e w i t h i n a r e s t r i c t e d area-. B o t h a s p e c t 
and h e i g h t were observed t o i n f l u e n c e egg/mine d e n s i t y . 
H i g h e s t p o p u l a t i o n d e n s i t y was r e c o r d e d g e n e r a l l y f r o m t h e 
E ast s i d e . Maximum egg numbers were observed between 100-15Osm 
h e i g h t i n t e r v a l , p o p u l a t i o n d e n s i t y f a l l i n g c o n s i d e r a b l y a t 
h e i g h t s above 300cm. Reasons f o r t h e d i f f e r e n c e s i n egg/nine 
d e n s i t y w i t h i n and between t r e e s a r e m a n y ( s e c t i o n '5)» b u t t h e 
most o b v i o u s f a c t o r i n f l u e n c i n g t h e number o f eggs l a i d i s t h e 
a v a i l a b i l i t y o f s u s c e p t i b l e h o s t m a t e r i a l . . C u t i c l e t h i c k n e s s 
was n o t -found t o i n f l u e n c e w h e t h e r a l e a f . w*?s mined o r n o t 
whan comparisons between c u t i c l e t h i c k n e s s f o r mined and unmined 
l e a v e s were compared.No s i g n i f i c a n t d i f f e r e n c e i n c u t i c l e 
t h i c k n e s s between t r e e s ' W H S a l s o o b s e r v e d . C u t i c l e s i z e however 
i s i m p o r t a n t s i n c e a d u l t P . i l i c i s can o n l y mine young h o l l y 
l e a v e s , and as t h e l e a v e s d e velop t h e y become r e s i s t a n t t o 
a t t a c k . 

Maximum number o f eggs p e r l e a f o bserved was- 5, f r o m w h i c h 
o n l y 2 was observed vo s u r v i v e t o . t h e l a r v a l s t a g e . V i a b i l i t y 
was reduced- w i t h i n c r e a s e d egg d e n s i t y , and t h i s was t h o u g h t 
t o reduce c o m p e t i o n between i n d i v i d u a l s f o r b o t h food and. space 
hence increa.se t h e chance o f s u r v i v a l o f any one i n d i v i u a l 
l a r v a . S e v e r a l t h e o r i e s are p o s t u l a t e d and' are o u t l i n e d i n 
s e c t i o n 5. Egg d e n s i t y was found t o i n f l u e n c e t h e v i a b i l i t y 
ot e-"•r-' w i t h i n t h e l e a f out t h e r e l a t i o n s h i p between egg m o r t a l i t 
an'<" • - r d e n s i t y was d e n s i t y — i n d e p e n d f r n t . 

M o r t a l i t y o f l a r v a e w i t h i n t h e mines was caused by b i r d - a t t a c k ? 

a t t a c i t by t h e l a r v a l p a r a s i t e C. gemma» and by -an unknown 
m o r t a l i t y f a c t o r i n f l u e n c i n g s u r v i v a l i n t h e e a r l y s t a g e s o f 
d e v e l o p m e n t . The m a j o r source o f m o r t a l i t y was by b i r d - f e e d i n g ; 
f o l l o w e d by p a r a s i t e a t t a c j t . The- p u p a l p a r a s i t e s r e c o r d e d 
d u r i n g t h e i n v e s t i g a t i o n were 0.syma and S . f l a v i c o r n i s . C^syma 
was t h e most common p u p a l p a r a s i t e , b u t when a l l p a r a s i t e " 
s p e c i e s • w e r e c o n s i d e r e d , C. gemma was t h e commonest.. 

Egg' m o r t a l i t y was g r e a t e s t f o r Tree8,and l e a s t f o r Tree 15, 
w h i l e a t t a c . i t by f e e d i n g b i r d s was most severe f o r Tree2 and 
l e a s t severe f o r Tret-;. 16. AttaCK. f r o m l a r v a l p a r a s i t e s was 
g r e a t e s t f o r Tree 16,the f o r m e r h a v i n g l e a s t e f f e c t upon T r e e l l . ; 
P u p a l p a r a s i t e s had g r e a t e s t e f f e c t upon T r e e l 4 and l e a s t e f f e c t -
upon TreeS. T r e e l O , a l t h o u g h i t was n o t r e c o r d e d as h a v i n g 
a. n i g t i v a l u e f o r t h e number o f pupae a v o i d i n g p a r a s i t i s m , t h e 
assumed s u c c e s s f u l emergences are g r e a t e s t . 

http://increa.se
http://attac.it
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t h e new seasons g r o w t h more »j-uu±>ie» buruughout "the 
' l a y i n g p e r i o d are r e q u i r e d b e f o r e any v a l i d c o n c l u s i o n s 
be drawn. •. > 
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7. Appendix 1. 

R a w l i n s F l u i d ( u n i v e r s a l f i x a t i v e ) 
100 cm 50<fo a l c o h o l . 
6.5 cm F o r m a l i n . 
2.5 cm G l a c i a l a c e t i c a c i d . 

Appendix 2. 
D i f f e r e n c e i n i n f e s t a t i o n w i t h aspect. 

C a l c u l a t e d x. Tabulated x S i g n i f i c a n c e . Aspect. 

x 

( 5 % s i g ) . 

6. 40 7.81 Not s i g . (mine s) Tree 1. 
13 • 11 7.81 S i g (eggs) 
15.08 7.81 ( m i n e s ) Tree 
30.35 7.81 it ( e g g s ) 
17.03 7.81 ii (mines) Tre e J * 
28.70 7.81 (eggs) 

7.81 K • (mines) ' Tree 4. 
31.43 7.81 I I (eggs) 
7.19 *~i & S JL Not s i g . (mine s) CP "p 5. 

/. 8 l Sig.. ( e g g s ) 
1 . dO 7.81 Not s i g . (mines) Tree 9. 

7.81 Not s i g . (eggs) 
21.95 3L1 (s 0 • i • S i g . (mines) Tre e .'! , (b 

11.07 M (eggs) 

Appendix 3. 
f o r s i g . d i f f . w i t h a s p e c t and h e i g h t . 

15.95 9.49 S i g . ( m ines) Tree 1. 

21.52 jL 1 # 0 { (mines) 
17.65 9.49 I I ( m i n e s ) 
30.43 11.07 I I (mine s) 

47.34 15.51 S i g . ( m ines) Tree 3. 
68.95 15.51 I I (eggs) 
2.03 Not s i g . (mines) Tree 6. 
2.13 (eggs) 

10.43 5.99 f o r i n i t i a l sample Tree lOhe 
53.37 14.07 I I ( m i n e s ) I I 

80.45 14.07 I I (eggs) 



Appendix 4. 

D i f f e r e n c e s i n eg^ d e n s i t y between t r e e s . . 
C a l c u l a t e d x~~ T a b u l a t e d x s i g n i f i c a n c e 

50.24 • 25.0 s i g . 

D i f f e r e n c e i n mine, d e n s i t y between t r e e s . 
33.85 25.0 s i g . 

D i f f e r e n c e i n C.gemma a t t a c k between t r e e s . 
32.37 25.0 s i g . 

D i f f e r e n c e i n C.syma- a t t a c k , b e t w e e n t r e e s . 

111.28 25.0 s i g . 
D i f f e r e n c e i n t h e no. o f n o n - p a r a s i t i s e d pupae b e t w e e n t r e e s , 

150 83 25.0 s i g , 
D i f f e r e n c e i n empty mine no. between t r e e s . 

17.24 25.0 n o t s i g . 
D i f f e r e n c e - i n t h e l a r v a e - p u p a e s u r v i v a l between t r e e s . 

25.43 25.-0 ~ " n o t s i g . 
D i f f e r e n c e - i n t h e no. o f b i r d - p e c k s between t r e e s . 

22.85 25.0 n o t s i g . 
D i f f e r e n c e i n t h e f. egg m o r t a l i t y between ' t r e e s . 

23-15 25.0 n o t s i g , - -
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