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"Yesterday afternoon set i n misty and c o l d . I had 

h a l f a mind t o spend i t by my study f i r e , i n s t e a d of 

wading through heath and mud 

Emily Bronte 1847. 
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ABSTRACT 

Aspects o f the ecology o f the moth Coleophora alticolella have 

been i n v e s t i g a t e d at a l o w - a l t i t u d e s i t e on the Cumbrian coast (15m above 

sea-level) and along a t r a n s e c t from 215m t o 6lOm on the western escarpment 

o f the northern Pennines. The larvae o f t h i s moth feed on the seeds o f 

the rush Juncus squarrosus. Seed production by the food-plant i s reduced 

at higher a l t i t u d e s , where the climate i s severe. The o v i p o s i t i o n p e r i o d 

i s delayed w i t h i n c r e a s i n g a l t i t u d e and the eggs are l a i d s i n g l y , i f there 

are s u f f i c i e n t o v i p o s i t i o n s i t e s on the developing i n f l o r e s c e n c e s . 

S u r v i v a l of the larva e , between hatching and establishment i n s i d e the food 

supply, i s d i r e c t l y r e l a t e d t o the p r o p o r t i o n o f J. squarrosus f l o r e t s 

developing i n t o seed capsules. Consequently, as a r e s u l t o f the 

progressive r e d u c t i o n i n seed capsule p r o d u c t i o n w i t h i n c r e a s i n g a l t i t u d e , 

there i s great e r m o r t a l i t y d u r i n g l a r v a l establishment a t the higher s i t e s . 

L a r v a l case production and subsequent m i g r a t i o n t o overwinter i n the l e a f -

l i t t e r are both retarded w i t h i n c r e a s i n g a l t i t u d e , provided t h a t the food 

supply i s adequate. Both the number o f species of p a r a s i t i c Hymenoptera, 

a t t a c k i n g the l a r v a e , and the percentage p a r a s i t i z a t i o n are reduced w i t h 

i n c r e a s i n g a l t i t u d e . .Hyperparasitoids were present at the lowest s i t e . 

S t a r v a t i o n o f the la r v a e , as a r e s u l t o f the reduced J. squarrosus seed 

pro d u c t i o n , was the most important m o r t a l i t y f a c t o r i n the po p u l a t i o n 

dynamics o f Coleophora alticolella a t the highe s t a l t i t u d e s . P a r a s i t o i d s 

c o n t r o l l e d the p o p u l a t i o n a t the lowest a l t i t u d e . Between these two 

extremes, competition f o r food by the f o u r t h i n s t a r larvae i s most 

important. This acts as a density-dependent f a c t o r , reducing n a t a l i t y 

i n the f o l l o w i n g s p r i n g . The larvae o f t e n eat a l l of the seeds produced 

by the food-plant i n t h i s middle r e g i o n , but not a t s i t e s of higher or 

lower a l t i t u d e . 
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CHAPTER 1 

INTRODUCTION 

Animal populations f l u c t u a t e around a mean l e v e l o f abundance. 

However, t h i s mean l e v e l i s not the same i n a l l p a r t s o f the animal's 

range; i t i s g e n e r a l l y lower towards the edge o f the d i s t r i b u t i o n 

(Klomp 1962). Despite t h i s , i n s e c t s , and other animals, are u s u a l l y 

studied where they are most abundant and c o n d i t i o n s are favourable 

(Wilson 1968). Huffaker (1958), among o t h e r s , has stressed t h a t i n s e c t s 

should be considered i n both salubrious and hazardous environments. 

Few studies have a c t u a l l y achieved t h i s , a notable exception being t h a t 

o f Whittaker (1971) . 

This t h e s i s describes the r e s u l t s o f an i n v e s t i g a t i o n i n t o the 

ecology o f the moor rush moth Coleophora alticolella Z e l l e r , over a 

large a l t i t u d i n a l range i n northern England; from 15m t o 610m above 

sea - l e v e l . Previous e c o l o g i c a l studies o f t h i s species have mainly 

concentrated on the upper p a r t o f t h i s range ( P e a r s a l l 1950; Jordan 1958-0 

1962; Reay 1964; Welch 1965). Coulson and Whittaker (1978) have 

suggested t h a t a study of t h i s species i n the lower p a r t o f i t s a l t i t u d i n a l 

range may reveal r e g u l a t i o n o f the p o p u l a t i o n d e n s i t y . This does not 

occur i n the harsher c o n d i t i o n s a t higher a l t i t u d e s ; here, l a r g e 

f l u c t u a t i o n s i n numbers and frequent l o c a l e x t i n c t i o n s are c h a r a c t e r i s t i c 

(Cragg 1961) . 

Insects are not a f f e c t e d by a l t i t u d e per se, but by the whole 

gamut o f associated c l i m a t o l o g i c a l changes. These are p r i m a r i l y 

temperature, r a i n f a l l and windspeed, which act s y n e r g i s t i c a l l y t o produce 

more severe c o n d i t i o n s a t the higher a l t i t u d e s (Manley 1952; Taylor 1976; 

Francis 1978). I n a d d i t i o n , the use o f an a l t i t u d i n a l g r a d i e n t , t o study 
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the e f f e c t s o f d i f f e r e n t c l i m a t i c regimes on i n s e c t populations 

e l i m i n a t e s the d i f f e r e n t i a l e f f e c t s o f photoperiod, which might otherwise 

complicate the problem i f l a t i t u d e were used. 

Coleophora alticolella i s one of the rush-feeding Coleophoridae 

and i t s larvae feed on the seeds of many species of Juncaceae (Richards 

and Clapham 1941; Jordan 1958). The heath rush, Juncus squarrosus L., 

i s the most commonly u t i l i z e d food-plant i n the area used f o r t h i s 

i n v e s t i g a t i o n , but the larvae have also been observed feeding on the 

seeds of J„ effusus L. and J. conglomeratus L. Older larvae have been 

recorded feeding on the seeds o f Luzula spp. (Jordan loc. cit.). However, 

i t i s the r e l a t i o n s h i p s between Coleophora alticolella, Juncus squarrosus 

and a l t i t u d e which have been studied d u r i n g the research reported here. 

The c l i m a t i c d i f f e r e n c e s associated w i t h a l t i t u d i n a l changes 

are expected t o a f f e c t i n s e c t s both d i r e c t l y , f o r example on t h e i r 

development r a t e s , and i n d i r e c t l y , through t h e i r food supply. For t h i s 

l a t t e r reason the responses o f the l a r v a l food-plant t o the c l i m a t i c 

gradient have been i n v e s t i g a t e d . These stu d i e s show t h a t seed production 

i s reduced under the s t r i c t u r e s of the harsher c l i m a t e a t higher a l t i t u d e s . 

The d i s t r i b u t i o n and abundance o f the Coleophora alticolella 

eggs and larvae have been i n v e s t i g a t e d i n r e l a t i o n t o the a v a i l a b l e food, 

and the changes along the t r a n s e c t are enumerated. Results of studies 

i n t o the development of C. alticolella a t d i f f e r e n t stages of the l i f e -

cycle show i t s response t o the cooler c o n d i t i o n s a t higher a l t i t u d e s . 

Just as C. alticolella i s a f f e c t e d by the c l i m a t i c changes along 

i t s a l t i t u d i n a l d i s t r i b u t i o n , so are the p a r a s i t i c i n s e c t s which a t t a c k 

i t s l a r v a e . Some o f the f a c t o r s a f f e c t i n g these n a t u r a l enemies i n the 

d i f f e r e n t p a r t s o f the host range have been i n v e s t i g a t e d , i n order t o 

ex p l a i n the reduced r a t e of p a r a s i t i z a t i o n a t higher a l t i t u d e s . 



3 

The data c o l l e c t e d on these various aspects o f C. alticolella 

ecology have been incorporated i n t o l i f e - t a b l e s . These enable the 

author t o show t h a t the f a c t o r s a f f e c t i n g the po p u l a t i o n dynamics o f 

the i n s e c t vary i n d i f f e r e n t p a r t s of i t s range. The e f f e c t o f 

C. alticolella on the s u r v i v a l of the Juncus squarrosus seeds has also 

been considered. 

F i n a l l y , the r e s u l t s are discussed i n r e l a t i o n t o t h e o r i e s on the 

b i o l o g i c a l c o n t r o l o f i n s e c t pests and weeds, and t o c u r r e n t p o p u l a t i o n 

models. 

I t i s convenient, a t t h i s p o i n t , t o give a b r i e f i n t r o d u c t i o n 

t o Coleophora alticolella, w i t h an o u t l i n e o f i t s l i f e - c y c l e . 

C. alticolella i s a small moth, w i t h a wing-span of a l i t t l e over t e n 

m i l l i m e t r e s . The i d e n t i t y of the a d u l t moths was confirmed by comparing 

the g e n i t a l i a w i t h those o f Z e l l e r ' s type-specimens, prepared by Bradley 

(1955) and hel d i n the B r i t i s h Museum (Natural H i s t o r y ) . The l i f e - h i s t o r y 

of C. alticolella has been described i n d e t a i l by Jordan (1958) and i s as 

f o l l o w s . The a d u l t s emerge a t the end o f May or i n June, t o coi n c i d e 

w i t h the f l o w e r i n g of the food-plant. They are weak f l y e r s and spend 

much of the a d u l t l i f e on the v«gi-.Lation. The eggs are l a i d on the 

developing Juncus squarrosus i n f l o r e s c e n c e s d u r i n g June and e a r l y J u l y . 

A f t e r hatching, the l a r v a burrows through the p e r i c a r p o f the developing 

seed capsule t o feed on the seeds. The l a r v a remains e n t i r e l y w i t h i n the 

seed capsule u n t i l August or September when, a t the end o f the t h i r d o r 

beginning of the f o u r t h i n s t a r , i t spins a papery p r o t e c t i v e case. The 

l a r v a then has an e r r a n t phase, moving about the inf l o r e s c e n c e i n search 

o f f u r t h e r seed capsules. I t i s a t t h i s stage t h a t Coleophora alticolella 

i s most conspicuous, as the l a r v a l cases protrude from the seed capsules 



3-ike g r a i n s o f r i c e (Plate I ) . I n the l a t e summer and autumn, the 

larvae leave the food-plant and move down i n t o the l e a f - l i t t e r where 

they spend the w i n t e r i n diapause, as f o u r t h i n s t a r s . Pupation occurs 

during the f o l l o w i n g s p r i n g , also i n the l e a f - l i t t e r . 



PLATE I 

The head o f a Juncus squarrosns i n f l o r e s c e n c e 

c o l l e c t e d a t Drigg i n September 1978: 

A A f l o r e t 

B A f l o r e t which has produced a swollen seed 

capsule 

C The case of a f o u r t h i n s t a r Coleophora alticolella 

l a r v a 

D The c h a r a c t e r i s t i c hole i n the p e r i c a r p o f a seed 

capsule which has had i t s seeds eaten by 

Coleophora alticolella 
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CHAPTER 2 

SAMPLE SITES AND GENERAL METHODS 

2.1 L o c a t i o n of the sample a r e a s 

Two a r e a s i n northern England were used during t h i s study; 

t h e i r l o c a t i o n s are shown i n F i g u r e 2.1. The main a r e a (A) was a 

t r a n s e c t of sample s i t e s from 215 metres to 830 metres on the western 

escarpment of L i t t l e Dun F e l l (Nat. G r i d r e f . NY 705330) i n the 

northern Pennin.es. Much of t h i s t r a n s e c t was w i t h i n the boundary of 

the Moor House N a t i o n a l Nature Reserve (N.R. 80)? the s i t e s below 

335 matrons were on a d j a c e n t farmland. Area B was a low a l t i t u d e 

sample s i t e , 15 metres above sea l e v e l , a t Drigg on the Cumbrian c o a s t 

(Nat. G r i d r e f . SD 049987). 

2.2 Sample s i t e d e s c r i p t i o n s 

E x t e n s i v e a r e a s of Juncus squarrosus-dominated sward were 

chosen as the main sample s i t e s . They were on n e a r - l e v e l ground and, 

where p o s s i b l e , not i n s h e l t e r e d p o s i t i o n s . H owever fit was not always 

p o s s i b l e to f u l f i l t h e s e c r i t e r i a without r e s t r i c t i n g the number of 

s i t e s a v a i l a b l e . The a l t i t u d e of each sample s i t e was measured, to 

the n e a r e s t 5m, u s i n g an a n e r o i d barometer c a l i b r a t e d from Ordnance 

Survey data. 

2.2a The L i t t l e Dun F e l l t r a n s e c t 

T h i s was the same a r e a as used by Jordan (1962) f o r h i s western 

t r a n s e c t ; although the e x a c t l o c a t i o n s of h i s sample s i t e s were not 

known, many of the s i t e s used i n t h i s study are considered to be comparable. 

F i g u r e 2.2 shows the extent of the t r a n s e c t w i t h the main sample s i t e s 

marked. 

http://Pennin.es


Figure 2.3.; A map o f northern England showing the l o c a t i o n o f 

the two sample areas 

A L i t t l e Dun F e l l 

B Drigg 

The t h i c k contour i s 244m, and the t h i n contour 

shows land over 488m. 
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F i g u r e 2.2; A map o f t h e Cross F e l l area o f t h e Pennines, 

w i t h t h e L i t t l e Dun F e l l t r a n s e c t marked by 

t h e b r o k e n l i n e . The s i x main sample s i t e s 

a r e shown (o) w i t h t h e i r r e s p e c t i v e a l t i t u d e s . 
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L i t t l e Dun F e l l (842m) l i e s between Great Dun F e l l (847m) 

and C r o s s F e l l (893m), the h i g h e s t p o i n t i n the Pennines. The two 

main streams i n t h i s study a r e a are Crowdundle Beck and i t s t r i b u t a r y , 

Middle Tongue Beck, which flow i n t o the R i v e r Eden. The a r e a o f la n d 

between t h e s e two becks i s c a l l e d Middle Tongue; i t contained four o f 

the s i x main sample s i t e s . 

The geology of the Moor House Reserve has been d e s c r i b e d by 

Johnson and Dunham ( 1 9 6 3 ) . On the western escarpment most of the 

un d e r l y i n g rock i s sandstone and limestone o f the Carboniferous Yoredale 

s e r i e s o I n p l a c e s the limestone outcrops to form steep s l o p e s . The 

s o i l s a t the sample s i t e s a r e mainly shallow peaty g l e y s o r peaty gleyed 

podzolSo The v e g e t a t i o n of t h a t p a r t of the study a r e a w i t h i n the 

Reserve has been d e s c r i b e d by Eddy, Welch and Rawes ( 1 9 6 9 ) , and the 

phytosociology of s i m i l a r communities c o n t a i n i n g Juncus squarrosus has 

been d i s c u s s e d by Welch ( 1 9 6 7 a ) . The communities a t t h i s s e r i e s of 

sample s i t e s correspond to the peaty g l e y or peaty podzol noda. The 

lower s l o p e s a r e d r i e r and here Nardus stzicta L. i s p r e s e n t , whereas 

a t the h i g h e r , w e t t e r s i t e s t h i s i s r e p l a c e d by Eriophorum spp. 

The c l i m a t e a t the Moor House Reserve has been l i k e n e d to t h a t 

a t sea l e v e l i n southern I c e l a n d , being o c e a n i c and s u b - a r c t i c r a t h e r 

than temperate (Manley 1 9 3 6 ) . Those c l i m a t o l o g i c a l s t u d i e s were mainly 

based on data from the weather s t a t i o n s a t Moor House f i e l d s t a t i o n , on 

the e a s t o f the Pennine r i d g e , and a t the summit of Great Dun F e l l . 

The c o n d i t i o n s on the western escarpment may w e l l be d i f f e r e n t because 

of i t s exposure to the p r e v a i l i n g winds? however a t the lower a l t i t u d e s 

the c l i m a t e i s a g r e a t d e a l m i l d e r . The l a p s e r a t e f o r a i r temperature 

i n t h i s p a r t o f B r i t a i n i s about 0.7°c per 100 metre i n c r e a s e i n a l t i t u d e 

(Manley 1 9 4 3 ) . Thus the d i f f e r e n c e i n mean temperature between the 
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l o w e s t s i t e (15 metres) and t h e h i g h e s t o f t h e main sample s i t e s 

(610 m e t r e s ) w i l l amount t o some 4,2°C. 

S i x main sample s i t e s on t h e L i t t l e Dun F e l l t r a n s e c t were 

used f o r i n t e n s i v e s t u d i e s ; o t h e r a l t i t u d e s were used f o r c o l l e c t i n g 

samples a t c r i t i c a l t i m e s d u r i n g t h e l i f e - c y c l e o f Coleophora 

alticolella. The main sample s i t e s were a t 245m, 335m, 395m, 455m, 

520m and 6.10m. 

The 245m sample s i t e was on a g r i c u l t u r a l l a n d and had been 

d r a i n e d by a s e r i e s o f deep p a r a l l e l d i t c h e s . I t was i n an a r e a 

a c c e s s i b l e t o c a t t l e and sheep w h i c h g r a z e d t h e Juncus squarrosus and 

damaged t h e i n f l o r e s c e n c e s by t r a m p l i n g . The 335m s i t e was a t t h e 

l o w e s t p a r t o f t h e r e s e r v e . From h e r e J . squarrosus s t r e t c h e s a l m o s t 

c o n t i n u o u s l y f o r much o f t h e r e s t o f t h i s p a r t o f t h e f e l l (see t h e 

v e g e t a t i o n map i n Eddy, Welch and Rawec 1 9 6 9 ) . The s i t e s a t 395m and 

455m were s i m i l a r t o t h i s , w i t h Nardus striata p r e s e n t i n s p e c i e s - r i c h 

Juncetum squzrzosi sub~alpinum communities (sensu Welch 1967a). 

Above 50Om t h e r e was more Eriophorum s p p . p r e s e n t i n t h e 

communities. A t 520m t h e r e were areas o f f r e e - s t a n d i n g w a t e r , and much 

o f t h e s i t e was i n a s l i g h t h o l l o w caused by t h e e r o s i o n o f t h e under-

l a y i n g l i m e s t o n e . The h i g h e s t o f t h e main sample s i t e s was a t 610m, 

and was s i m i l a r t o t h e 520m s i t e w i t h hummocks and s w a l l o w h o l e s . 

Samples o f i n f l o r e s c e n c e s were t a k e n f r o m t h e more exposed p a r t s o f t h i s 

s i t e t o a v o i d t h e e f f e c t s o f s h e l t e r . 

The s u p p l e m e n t a r y sample s i t e s on t h i s t r a n s e c t can be 

d i v i d e d i n t o t h e f o l l o w i n g f o u r g r o u p s : 

.1. The s i t e s o u t s i d e t h e r e s e r v e boundary. These were a t 215m, 

260m, 275m, 290m and 305m. A l l e x c e p t t h e 305m s i t e had been 

d r a i n e d t o some e x t e n t . The 215m s i t e compares w i t h J o r d a n ' s 
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(1962) l o w e s t s i t e o f 198m (650 f e e t ) . Here, t h e Juncus 

squarrosus p l a n t s were i n w i d e l y spaced clumps, o f t e n s e p a r a t e d 

by s e v a r a l m e t r e s . Very few I n f l o r e s c e n c e s were c o l l e c t e d f r o m 

t h i s s i t e because i t c o u l d n o t s u p p o r t a f u l l sample programme <> 

i i . The 350m and 365m sample s i t e s l a y on t h e same s i d e o f M i d d l e 

Tongue Beck as t h e 335m sample s i t e , b u t s l i g h t l y h i g h e r up 

t h e s l o p e . 

lii„ Two sample s i t e s l a y between 520m and 610m; t h e y were a t 

550m and 580m. 

i v . The f i n a l g r oup o f s i t e s was t h o s e above 610 m e t r e s . They were 

sampled i n f r e q u e n t l y because t h e y were above t h e upper l i m i t o f 

d i s t r i b u t i o n o f t h e Coleophora alticolella l a r v a e . These s i t e s 

were a t 685m, 760m and 830m. The 830m sample s i t e was j u s t 

below t h e summit o f L i t t l e Dun F e l l and had a w e s t e r l y a s p e c t . 

2„2b The D r i g g sample s i t e 

T h i s low a l t i t u d e sample s i t e was a t 15 metres above sea l e v e l . 

I t was e a s i l y a c c e s s i b l e f r o m t h e D r i g g shore r o a d and was near t o t h e 

Ravenglass Gul.lery L o c a l N a t u r e Reserve, an area d e s c r i b e d by Ranwel l 

and R a t c l i f f e (1977)„ I t was n o t e x a c t l y t h e same as t h e s i t e s on 

t h e L i t t l e Dun F e l l t r a n s e c t , b u t was s u i t a b l e f o r s t u d y i n g Coleophora 

alticolella i n much l e s s r i g o r o u s c l i m a t i c c o n d i t i o n s . 

The s i t e had a dune h e a t h v e g e t a t i o n w i t h Erica cinerea L. and 

E. tetralix L. i n .largo p a t c h e s . A l t h o u g h on sandy s o i l , i t d i d have 

some p a r t s t h a t were b a d l y d r a i n e d , and h e r e t h e r e were areas o f Juncus 

squarrosus. The l i n e o f dunes s h e l t e r e d t h i s s i t e f r o m t h e p r e v a i l i n g 

w e s t e r l y winds f r o m t h e sea. 
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2 . 3 General methods 

2 „ 3a F i e l d w o r k 

The f i e l d seasons l a s t e d f r o m l a t e May u n t i l e a r l y November 

each y e a r . Samples o f Juncus squarrosus i n f l o r e s c e n c e s were t a k e n 

e v e r y week i n t h e e a r l y p a r t o f t h e season, b u t l e s s f r e q u e n t l y i n t h e 

l a t e r p a r t o f each y e a r . Samples were o n l y t a k e n on one o c c a s i o n a t 

each s i t e i n 1979. 

The d e n s i t y o f t h e i n f l o r e s c e n c e s was measured w i t h a 

50cm x 50cm q u a d r a t frame. 

The presence o f Coleophora alticolella l a r v a l cases i n l a t e 

summer makes some o f t h e i n f l o r e s c e n c e s v e r y c o n s p i c u o u s , and t h e r e 

can be a tendency t o s e l e c t them i n p r e f e r e n c e t o t h o s e w i t h o u t cases. 

I n o r d e r t o a v o i d t h i s b i a s , and t o ensure t h a t t h e r e was no o v e r t 

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

y e a r , t h e i n f l o r e s c e n c e t h a t l a y n e a r e s t t o a marked c o r n e r o f t h e q u a d r a t 

square was t a k e n on each t h r o w . As a r e s u l t , samples were t a k e n f r o m 

t h e sub-areas used d u r i n g t h e measurement o f t h e i n f l o r e s c e n c e d e n s i t y . 

The i n f l o r e s c e n c e s f r o m each s i t e were s e a l e d i n t o p o l y t h e n e bags and 
o 

p r e s e r v e d i n a d e e p - f r e e z e a t -20 C f o r l a t e r e x a m i n a t i o n . 

For c e r t a i n e x p e r i m e n t s i t was n e c e s s a r y t o f o l l o w e v e n t s on 

t h e same s e t o f i n f l o r e s c e n c e s . To f a c i l i t a t e t h i s , permanent q u a d r a t s 

were s t a k e d otat a t t h e sample s i t e s . These q u a d r a t s c o u l d be r e l o c a t e d 

on each v i s i t t o t h e a r e a . 

It was p o s s i b l e t o t e s t i f t h e samples o f Juncus squarrosus 

i n f l o r e s c e n c e s c o l l e c t e d were r e p r e s e n t a t i v e o f t h e sample s i t e as a 

whole, by u s i n g t h e l a r v a l cases as mark e r s . The mean number o f cases 

p e r i n f l o r e s c e n c e i n t h e samples was compared w i t h t h e mean number p e r 

i n f l o r e s c e n c e i n t h e q u a d r a t s . T a b l e 2.1 g i v e s t h e r e s u l t s f r o m t h e 
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335m and 395m sample s i t e s , and shows t h a t t h e r e was no s i g n i f i c a n t 

d i f f e r e n c e between t h e two measurements a t e i t h e r sample s i t e . 

Thus t h e samples were r e p r e s e n t a t i v e o f t h e p o p u l a t i o n , o r a t l e a s t 

o f t h e areas w i t h i n t h e q u a d r a t s . 

T a b l e 2.1 : The mean number of Coleophora a l t i c o l e l l a larval cases 

per inflorescence of Juncus s q u a r r o s u s on 3 September ]977 

at 335m, and 2 September ]977 at 395m. The values are 

calculated from the samples and from the quadrats. The 

t~tests show that there is no significant difference 

Between the two methods. 

L a r v a l cases 

I n f l o r e s c e n c e s 

Cases p e r 

i n f l o r e s c e n c e 

S t a n d a r d e r r o r 

£ 

335 m e t r e s 

Sample Quadrat 

28 

30 

299 

304 

0.93 0.98 

0.20 0.06 

0.239 

Not 
S i g n i f i c a n t 

395 m etres 

Sample Quadrat 

14 

30 

0.47 

0.12 

176 

346 

0.51 

0.05 

0.308 

Not 
S i g n i f i c a n t 

A d u l t i n s e c t s , b o t h Coleophora alticolella and p a r a s i t i c 

Hymanoptera, were c o l l e c t e d by sweep n e t t i n g . T h i s was n o t p o s s i b l e 

d u r i n g wet w e a t h e r , w h i c h was f r e q u e n t a t t h e h i g h e r a l t i t u d e s . 
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2.3b L a b o r a t o r y work 

Much o f t h e p r o c e s s i n g o f t h e Juncus squarrosus samples i n t h e 

l a b o r a t o r y was done under t h e low power m a g n i f i c a t i o n o f a d i s s e c t i n g 

m i c r o s c o p e . The number o f f l o r e t s , seed c a p s u l e s and damaged seed 

c a p c u l e s was r e c o r d e d (examples o f t h e s e a r e shown i n P l a t e I ) ; seeds 

were a l s o c o u n t e d . The Coleophoza alticolella l a r v a e were d i s s e c t e d 

f r o m t h e seed c a p s u l e s o f t h e samples t h a t had been f r o z e n , and examined 

f o r e v i d e n c e o f p a r a s i t i s m . Some o f t h e l a r v a e were i d e n t i f i e d as 

"dead p r i o r t o c o l l e c t i o n ' because t h e y were e i t h e r d r y and s h r i v e l l e d 

o r f l a c c i d and d i s c o l o u r e d . The cause o f d e a t h i s n o t known. The 

r e m a i n i n g ' l i v e ' l a r v a e were a s s i g n e d t o i n s t a r s by measuring t h e w i d t h 

o f t h e i r head c a p s u l e s . The number o f C. alticolella eggs p r e s e n t on 

each i n f l o r e s c e n c e was a l s o r e c o r d e d . 

Some o f t h e samples were n o t f r o z e n ; t h e s e were c o l l e c t e d 

f o r r e a r i n g t h e p a r a s i t i c Hymenoptera w h i c h a t t a c k t h e l a r v a e . The 

p a r a s i t i z e d l a r v a e were removed f r o m t h e s e samples and p l a c e d i n t o g e l a t i n 

c a p s u l e s ; t h e s e were t h e n r e t a i n e d i n t h e l a b o r a t o r y u n t i l t h e a d u l t 

p a r a s i t e s emerged. 

2.3c Data a n a l y s e s 

The s t a t i s t i c a l a n a l y s e s used i n t h i s t h e s i s have been based 

on methods g i v e n by B a i l e y (1959) o r Snedecor and Cochran ( 1 9 6 7 ) . A l i s t 

o f t h e symbols and a b b r e v i a t i o n s used i s g i v e n i n Appendix 1 . 

Two p r e p a r e d computer packages were a l s o used. They were 

" S t a t i s t i c a l Package f o r t h e S o c i a l S c i e n c e s 8 (Nie et al„ 19 7 5 ) , and 

"Bi o m e d i c a l Data Programmes' (Dixon 1975)„ d e v e l o p e d a t t h e H e a l t h 

S e r v i c e s Computing F a c i l i t y , U n i v e r s i t y o f C a l i f o r n i a , Los An g e l e s . 
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The l a t t e r was used f o r l e a s t squares c u r v i l i n e a r r e g r e s s i o n a n a l y s i s , , 

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

2.4 The l o g i s t i c e q u a t i o n 

The l o g i s t i c e q u a t i o n i s a c o n v e n i e n t way o f d e s c r i b i n g a 

•sigmoid r e l a t i o n s h i p . I t was d e v e l o p e d by V e r h u l s t (1838) and 

P e a r l and Reed (1920) f o r d e s c r i b i n g t h e c u m u l a t i v e g r o w t h o f p o p u l a t i o n s . 

The r a t e o f i n c r e a s e o f a p o p u l a t i o n N g r o w i n g w i t h u n l i m i t e d 

r e s o u r c e s c o u l d be e x p o n e n t i a l , w i t h 

bN (2.1) 
d t 

where t i n t i m e and b a c o n s t a n t d e f i n i n g t h e r a t e o f i n c r e a s e . 

When a p o p u l a t i o n i s g r o w i n g w i t h l i m i t e d r e s o u r c e s , f o o d o r space f o r 

example, each a d d i t i o n a l i n d i v i d u a l reduces t h e r a t e o f i n c r e a s e by a 

c o n s t a n t amount u n t i l a s t a b l e upper l i m i t (K) i s r e a c h e d . The v a l u e 

o f K can be r e g a r d e d as t h e c a r r y i n g c a p a c i t y . I n t h i s case 

(2.2) 
d t 4 N 

The i n t e g r a t e d f o r m o f e q u a t i o n 2.2 may be w r i t t e n as 

M - • ~-K - (2.3) 
1 + e 

a and b a r e c o n s t a n t s and e i s t h e base o f n a t u r a l l o g a r i t h m s . 

T h i s d e f i n e s a l o g i s t i c c u r v e which i s measured f r o m a l o w e r asymptote 

a t z e r o . 

I t i s n o t n e c e s s a r y t o a p p l y t h e s e b i o l o g i c a l a s sumptions i n 

c o n j u n c t i o n w i t h t h i s e q u a t i o n when i t i s b e i n g used p u r e l y f o r d a t a 

d e s c r i p t i o n , as i n t h i s t h e s i s . Davidson (1942, 1944) used t h e l o g i s t i c 
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c u r v e as an e m p i r i c a l r e p r e s e n t a t i o n o f t e m p e r a t u r e - d e p e n d e n t development 

r a t e s f o r i n s e c t s . 

B l i s s (1970) has p o i n t e d o u t t h a t t h e l o g i s t i c c u r v e resembles 

t h e c u m u l a t i v e n o r m a l d i s t r i b u t i o n o v e r most o f i t s r a n g e , and can 

t h e r e f o r e be used t o e s t i m a t e t h e mean and s t a n d a r d d e v i a t i o n o f a 

normal d i s t r i b u t i o n . 

The c u r v e has a p o i n t o f i n f l e x i o n a t t h e c o o r d i n a t e s 

t - a/b , N = K/2 . 

T h i s , i n f a c t , measures t h e median, b u t i n a normal d i s t r i b u t i o n i s 

e q u a l t o t h e mean. T h i s v a l u e i s o f t e n c a l l e d t h e L.D. 50 i n o t h e r 

f i e l d s o f r e s e a r c h , such as pharmacology, where i t may be used t o 

r e p r e s e n t t h e l e t h a l dose o f a d r u g w h i c h r e s u l t s i n 50% m o r t a l i t y o f 

a group o f a n i m a l s . Andrewartha and B i r c h (1954) use t h i s measurement 

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

The s t a n d a r d d e v i a t i o n can be c a l c u l a t e d knowing t h a t 68.3% 

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

on e i t h e r s i d e o f t h e mean (Snedecor and Cochran 1967) „ 
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CHAPTER 3 

STUDIES ON JUNCUS SQUARROSUS, THE LARVAL FOOD-PLANT 

3„1 I n t r o d u c t i o n 

The e c o l o g y o f Juncus squarrosus has been d i s c u s s e d i n d e t a i l 

by Welch (1966a, 1966b, 1967a, 1967b), Much o f h i s work vvas c a r r i e d 

o u t on t h e Moor House N a t i o n a l N a t u r e Reserve, on s i t e s o f a s i m i l a r 

p h y t o s o c i o l o g i c a l n a t u r e t o t h o s e used i n t h i s r e s e a r c h . I n a d d i t i o n 

t o t h e work by Welch, t h e r e had been e a r l i e r s t u d i e s by P e a r s a l l (1950)„ 

w h i c h h i g h l i g h t e d t h e r e l a t i o n s h i p between Coleophora alticolella and 

thi.s s p e c i e s o f r u s h . 

Juncus squarrosus i s a w i d e s p r e a d p l a n t i n t h e B r i t i s h I s l e s , 

o c c u r r i n g f r o m s e a - l e v e l t o o v e r 1000 m e t r e s , a l t h o u g h i t i s commoner 

i n t h e n o r t h and west (Welch 1966a). I t i s r e s t r i c t e d t o u n c u l t i v a t e d 

l a n d , b e i n g c o n f i n e d t o m o i s t o r wet h a b i t a t s and u s u a l l y on a c i d i c s o i l s 

o r p e a t . I t can t o l e r a t e w a t e r l o g g e d s o i l b u t i s abs e n t o r d w a r f e d i n 

d r y s o i l conditions„ S t u d i e s on t h i s s p e c i e s o f r u s h have been 

r e s t r i c t e d t o areas o f h i g h a l t i t u d e , where i t i s abundant and o f t e n a 

dominant member o f t h e f l o r a l community. I n t h e r e g i o n s t u d i e d i n t h i s 

r e s e a r c h i t was absent f r o m a g r i c u l t u r a l l a n d belottf 200 m e t r e s , o c c u r r i n g 

a g a i n a t a much l o w e r a l t i t u d e , near s e a - l e v e l , on t h e Cumbrian c o a s t . 

Juncus squarrosus is a p e r e n n i a l p l a n t , w h i c h r e p r o d u c e s by seed 

p r o d u c t i o n as w e l l as by v e g e t a t i v e g r o w t h f r o m an underground r h i z o m e . 

Because o f t h e v e g e t a t i v e s p r e a d , i t i s d i f f i c u l t t o c o u n t t h e numbers 

o f p l a n t s i n areas o f J . s g u a r r o s u s - d o m i n a t e d sward. A s i m i l a r p r o b l e m 

o c c u r s i n many p l a n t communities o f t h i s t y p e ( G r i e g - S m i t h 1957). I n 

h i g h - l e v e l J . squa.rrosus communities i n Wales, Kershaw and T a l l i s (1958) 
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have d e m o n s t r a t e d t h a t even i f t h e v e g e t a t i o n i s v i s u a l l y u n i f o r m 

o v e r c o n s i d e r a b l e a r e a s , w i t h i n t h e s e a r e a s t h e community c o n s i s t s 

o f a mosaic o f p a t c h e s . Between t h e s e p a t c h e s t h e v i g o u r o f t h e 

J . squarrosus depends upon such f a c t o r s as s o i l - d e p t h and w a t e r -

r e t a i n i n g c a p a b i l i t i e s . 

The p l a n t c o n s i s t s o f a group o f l e a f y r o s e t t e s w h i c h p r o d u c e 

i n f l o r e s c e n c e s i n l a t e May a t low a l t i t u d e s and e a r l y June i n t h e 

h i g h e r p a r t s o f t h e i r r a nge. Each i n f l o r e s c e n c e b e a r s f l o r e t s w h i c h , 

i f f e r t i l i z e d , may produce seeds i n a s w o l l e n c a p s u l e ; each f l o r e t 

p r o d u c i n g one seed c a p s u l e ( P l a t e I ) . 

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

J . squarrosus ( J o r d a n 1962; Reay 1964; Welch 1966b). Hoxvever, none 

o f t h e s e s t u d i e s has c o n s i d e r e d seed p r o d u c t i o n by t h i s p l a n t a t low 

a l t i t u d e s . Welch (1966b) o n l y c o n s i d e r e d seed p r o d u c t i o n between 

351 metres and 329 m e t r e s . J o r d a n ( 1 9 6 2 ) , i n h i s s t u d i e s , used sample 

s i t e s between 198 metres and 838 metres on t h e w e s t e r n escarpment o f 

L i t t l e Dun F e l l , and between 465 metres and 608 metres on t h e e a s t e r n 

s i d e o f t h e Pennines. Reay (1964) a l s o g i v e s d a t a f o r J . squarrosus 

seed p r o d u c t i o n between t h e same l i m i t s on t h e s e e a s t e r n s l o p e s . 

As t h e e c o l o g y o f J . s g u a r r o s u s has been so e x t e n s i v e l y 

s t u d i e d by p r e v i o u s w o r k e r s , o n l y t h o s e a s p e c t s w h i c h c o u l d have a 

d i r e c t b e a r i n g on Coleophora alticolella were c o n s i d e r e d f o r t h i s 

r e s e a r c h . These a s p e c t s a r e m a i n l y concerned w i t h seed p r o d u c t i o n , 

and how t h i s i s a f f e c t e d by t h e p r e v a i l i n g e n v i r o n m e n t a l c o n d i t i o n s a t 

d i f f e r e n t a l t i t u d e s . Seed p r o d u c t i o n was measured, on an a r e a b a s i s , 

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

f l o r e t s p e r i n f l o r e s c e n c e , t h e p r o p o r t i o n o f t h e s e f l o r e t s t h a t d e v e l o p 

i n t o s e e d - b e a r i n g c a p s u l e s and t h e number o f seeds p e r c a p s u l e . I n 

a d d i t i o n , i n f o r m a t i o n on t h e f l o w e r i n g p h e n o l o g y and e f f e c t o f g r a z i n g 

a n i m a l s was a l s o c o l l e c t e d . 
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3.2 The d e n s i t y o f Juncus squarrosus i n f l o r e s c e n c e s 

The d e n s i t y o f t h e Juncus squarrosus i n f l o r e s c e n c e s was 

measured by u s i n g a 50cm x 50cm q u a d r a t frame on t h e a r e a s f r o m where 

samples o f i n f l o r e s c e n c e s were t a k e n f o r more d e t a i l e d a n a l y s i s . Most 

o f t h e sample s i t e s were on common g r a z i n g l a n d and i n some a r e a s t h e 

i n f l o r e s c e n c e s a re g r a z e d by sheep; t h e y n i p o f f t h e t o p s o f t h e seed 

heads, l e a v i n g t h e s t a l k s as e v i d e n c e . 

Counts o f t h e i n f l o r e s c e n c e s were t a k e n on s e v e r a l o c c a s i o n s 

d u r i n g 1977 and 1978, b u t o n l y t h e i n f l o r e s c e n c e s w h i c h had n o t had 

t h e i r seed c a p s u l e s removed were r e c o r d e d . Sampling was o n l y done on 

one o c c a s i o n i n 1979 (28 August a t D r i g g and 29 August on L i t t l e Dun F e l l ) , 

when two measurements o f d e n s i t y were made. F i r s t l y , t h e number o f 

i n f l o r e s c e n c e s w h i c h s t i l l had t h e i r f l o r e t s and seed c a p s u l e s was 

r e c o r d e d , and t h e n t h e g r a z e d stems were c o u n t e d . The sum o f t h e s e 

two v a l u e s gave t h e number produc e d i n each q u a d r a t . 

Data on t h e changes i n t h e d e n s i t y o f i n f l o r e s c e n c e s a t some 

s i t e s , t h r o u g h o u t 1977, were o b t a i n e d by c o u n t i n g t h e i n f l o r e s c e n c e s i n 
1 / 2 

s i x t e e n p e r m a n e n t l y marked Mm q u a d r a t s . Mean v a l u e s f o r t h e d e n s i t i e s 

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

Appendix 2. 

3.2a Changes i n t h e d e n s i t y o f i n f l o r e s c e n c e s d u r i n g t h e y e a r 

F i g u r e 3.1 shows t h e d e n s i t y o f Juncus squarrosus i n f l o r e s c e n c e s 

i n t h e permanent q u a d r a t s a t t h r e e a l t i t u d e s d u r i n g 1977. A t t h e h i g h e s t 

s i t e (610 metres) t h e r e was a s i g n i f i c a n t (p < 0.001) i n c r e a s e i n t h e 

d e n s i t y o f i n f l o r e s c e n c e s a f t e r t h e f i r s t sample d a t e , 16 June. A f t e r 

m i d - J u l y t h e r e was a g r a d u a l d e c l i n e i n d e n s i t y t o t h e f i n a l sample d a t e , 

16 September. 



F i g u r e 3.1: The d e n s i t y o f Juncus squarrosus i n f l o r e s c e n c e s 

i n permanent q u a d r a t s a t t h r e e s i t e s d u r i n g 1977. 

The v a l u e s a r e e x p r e s s e d as t h e number p e r square 

metre w i t h 95% c o n f i d e n c e l i m i t s c a l c u l a t e d f r o m 

t h e t d i s t r i b u t i o n . Time i s i n days w i t h 

1 = 1 June 1977. 

3.1a 610 metres 

3.1b 455 metres 

3.1c 245 metres 
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Data f o r two o t h e r sample s i t e s , 455 metres ( F i g u r e 3.lb) and 

245 metres (Fi g u r e 3.1c), do not show an i n i t i a l i n c r e a s e i n the d e n s i t y 

of i n f l o r e s c e n c e s , as the appearance o f the new flower heads had ceased 

by t h e f i r s t sample date a t these s i t e s . The i n i t i a l i n c r e a s e i n 

d e n s i t y a t 610 metres i s only d e t e c t e d because the development o f the 

p l a n t i s r e t a r d e d a t the higher a l t i t u d e . However, a l l of the s e s i t e s 

show a s i g n i f i c a n t (P < 0.01) r e d u c t i o n i n the d e n s i t y of i n f l o r e s c e n c e s 

towards t h e l a t t e r p a r t o f the season. 

3.2b The v a r i a t i o n i n the d e n s i t y of i n f l o r e s c e n c e s between y e a r s 

F i g u r e 3.2 shows the d e n s i t y of i n f l o r e s c e n c e s produced on 

Juncus sguarrosus-dominated sward a t each of seven a l t i t u d e s i n the t h r e e 

yearrs of t h e study. As the development r a t e o f the p l a n t s i s slower a t 

high e r a l t i t u d e s , these data a r e f o r d i f f e r e n t sample dates„ (The v a l u e s 

used i n t h i s f i g u r e a r e i n d i c a t e d i n Appendix 2.) These data show t h a t 

t h e r e i s remarkably l i t t l e v a r i a t i o n i n the d e n s i t y o f i n f l o r e s c e n c e s 

between s i t e s i n any one ye a r , e s p e c i a l l y i n 1979. There a r e , however, 

c o n s i s t e n t d i f f e r e n c e s between y e a r s . An a n a l y s i s of v a r i a n c e was 

performed on these mean v a l u e s ; the sample s i z e s were equal throughout 

(n = 1 6 ) . Table 3.1 g i v e s the r e s u l t s of t h i s a n a l y s i s and i n d i c a t e s 

t h a t t h e r e i s s i g n i f i c a n t v a r i a t i o n i n the mean d e n s i t y of J . sguarrosus 

i n f l o r e s c e n c e s produced between y e a r s (P < 0.001), but t h a t t h e r e i s no 

s i g n i f i c a n t v a r i a t i o n i n the d e n s i t y produced between d i f f e r e n t a l t i t u d e s 

i n any one year. 



F i g u r e 3„2 ; The number of Juncus squarrosus i n f l o r e s c e n c e s 

produced per square metre a t d i f f e r e n t a l t i t u d e s 

i n the t h r e e y e a r s of the study. 

O 1977 
• 1978 

O 1979 
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Table 3,1 The results of an analysis of variance test on the 

mean density of Juncus squarrosus inflorescences 

produced at seven sample sites in ]977f ]978 and ]979f 

as shown in Figure 3.2. 

Source of Sum o f Degrees of Mean Vari a n c e 
V a r i a t i o n Squares Freedom Squares R a t i o P 

Years 

S i t e s 

R e s i d u a l 

29906.30 

4984.69 

3837.80 

2 

6 

12 

14953.15 46o755 < 0.001 

830.78 2.598 > 0.075 

319.82 

T o t a l 38728.79 20 

A Juncus squarrosus r o s e t t e i s composed of shoots of d i f f e r e n t 

ages. The youngest, or f r o n t shoot, of a rhizome produces an 

i n f l o r e s c e n c e i n the s p r i n g f o l l o w i n g the y e a r o f i t s development, 

but no i n f l o r e s c e n c e develops i f the shoot i s weak or i n unfavourable 

c o n d i t i o n s (Welch 1964). Welch (1966b) suggests t h a t the d e n s i t y of 

i n f l o r e s c e n c e production i s reduced i n y e a r s w i t h low s p r i n g r a i n f a l l . 

( U n f o r t u n a t e l y he i n c l u d e d June r a i n f a l l i n h i s a n a l y s i s ; t h i s cannot 

a f f e c t J . squarrosus i n f l o r e s c e n c e d e n s i t y , s i n c e most i n f l o r e s c e n c e s 

a r e produced by t h i s month.) 

Data f o r the r a i n f a l l during A p r i l and May were obtained from 

the M e t e o r o l o g i c a l O f f i c e f o r two of t h e i r weather s t a t i o n s . One being 

a t S e l l a f i e . l d (Nat. G r i d r e f . NY 027032) , 13m above s e a - l e v e l on the 

Cumbrian c o a s t , 4.8km north of the s i t e a t Drigg. The other, a t B l e n c a r n , 

170m above s e a - l e v e l (Nat. G r i d r e f . NY 637312), a s m a l l v i l l a g e a t the 

foot o f Cross F e l l , 4km from the 335m sample s i t e . T able 3.2 g i v e s v a l u e s 
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f o r t h e t o t a l r a i n f a l l d u r i n g t h e two month p e r i o d , as w e l l as t h e 

d e n s i t y o f i n f l o r e s c e n c e s p r o d u c e d a t D r i g g and 335m, f r o m 1977 t o 

1979o The 335m s i t e was chosen f r o m t h e range on t h e L i t t l e Dun F e l l 

t r a n s e c t because i t was t h e n e a r e s t s i t e t o B l e n c a r n w h i c h had n o t 

been m o d i f i e d by d r a i n a g e . 

T a b l e 3,2 ; The rainfall recorded at Sellafield and Blencarn 

weather stations for April and May of 1977, 1978 

and 1979, and the density of Juncus s q u a r r o s u s 

inflorescences produced at Drigg and 335m over the 

same period 

1977 1978 1979 L o c a t i o n 

A p r i l + May 
r a i n f a l l (mm) 88 = 0 29.0 161.9 S e l l a f i e l d 

I n f l o r e s c e n c e ^ 
d e n s i t y (No. p e r ra ) 156„8 

A p r i l + May 
r a i n f a l l (mm) 71.4 

I n f l o r e s c e n c e ^ 
d e n s i t y (No. p e r m ) 149.6 

45.6 

40.1 

73.6 

98.8 

131.6 

103.2 

D r i g g 

B l e n c a r n 

335m L i t t l e 
Dun F e l l 

These d a t a s u p p o r t t h e o b s e r v a t i o n by Welch ( 1 9 6 6 b ) , i n t h a t 

1978, t h e y e a r w i t h t h e l o w e s t d e n s i t y o f i n f l o r e s c e n c e s , was a l s o t h e 

y e a r w i t h t h e l e a s t r a i n f a l l i n A p r i l and May. However, t h e y e a r w i t h 

t h e h i g h e s t r a i n f a l l d u r i n g t h i s p e r i o d , 1979, d i d n o t have t h e h i g h e s t 

d e n s i t y o f i n f l o r e s c e n c e s . As t h e buds a r e formed i n t h e y e a r p r e v i o u s 

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

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

b u t a l s o t h e f o l l o w i n g y e a r . I n a d d i t i o n , o t h e r f a c t o r s such as 
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sunshine and temperature during the growing season may c o n t r i b u t e 

to the development of the buds f o r the f o l l o w i n g y e a r ' s growth, 

3„3 F l o r e t production 

i n t h i s s e c t i o n , the t o t a l number of f l o r e t s on the i n f l o r e s c e n c e s 

i s used; t h i s i n c l u d e s the f l o r e t s which had developed i n t o c a p s u l e s 

as w e l l as those which f a i l e d to produce seed. F i g u r e 3.3 shows the 

mean number of f l o r e t s per i n f l o r e s c e n c e a t d i f f e r e n t a l t i t u d e s i n 

1978„ Values from the August and November samples were used f o r the 

c o n s t r u c t i o n of these two graphs because samples were taken over the 

whole range o f a l t i t u d e s on these d a t e s . Data f o r th e s e and other 

."sampling o c c a s i o n s a r e given i n Appendix 3. 

I n g e n e r a l , t h e r e i s a r e d u c t i o n i n the number of f l o r e t s 

per i n f l o r e s c e n c e w i t h an i n c r e a s e i n a l t i t u d e . The mean numbers 

of f l o r e t s per i n f l o r e s c e n c e , c a l c u l a t e d from a l l of the samples taken 

during 1978 a t 15 metres and 455 metres, a r e giv e n i n Table 3.3. 

Between these two a l t i t u d e s , t h e r e was a r e d u c t i o n of 1.99 f l o r e t s 

per i n f l o r e s c e n c e per 100 metre i n c r e a s e i n a l t i t u d e . However, as 

shown by F i g u r e 3.3, t h e r e was c o n s i d e r a b l e d e v i a t i o n from the o v e r a l l 

t r e nd between 200 metres and 350 metres. 

Table 3.3 : The mean number of florets par inflorescence calculated 

from all of the samples taken during 1978 at 15 metres 

and 455 metres 

A l t i t u d e F l o r e t s par i n f l o r e s c e n c e 
(m) 

x s n 

15 21.25 5.26 420 

455 12.50 3.39 420 



F i g u r e 3.3 : The mean number of f l o r e t s per i n f l o r e s c e n c e 

o f Juncus squarrosus,, w i t h 95% confidence l i m i t s , 

a t d i f f e r e n t a l t i t u d e s i n 1978 

a August 1978 

b November 1978 
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I n 1979fsamples o f i n f l o r e s c e n & a s were t a k e n f r o m a v e r y wet 

ar e a by a Sphagnum f l u s h a t 275 m e t r e s , as w e l l as f r o m a more t y p i c a l 

a r e a nearby- The mean number o f f l o r e t s p e r i n f l o r e s c e n c e a t t h e s e 

two s i t e s i s compared i n T a b l e 3.4= These d a t a show t h a t t h e r e were 

s i g n i f i c a n t l y (P <0.001) more f l o r e t s p e r i n f l o r e s c e n c e a t t h e w e t t e r 

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

between w a t e r a v a i l a b i l i t y and f l o r e t number; many unmeasured f a c t o r s 

such as n u t r i e n t a v a i l a b i l i t y may a l s o i n f l u e n c e f l o r e t p r o d u c t i o n . 

I t does, however, p r o v i d e c i r c u m s t a n t i a l e v i d e n c e i n s u p p o r t o f Welch's 

(1966b) c l a i m t h a t f l o r e t number i s a f f e c t e d by w a t e r a v a i l a b i l i t y as 

w e l l as a l t i t u d e . T h i s c o u l d be an e x p l a n a t i o n f o r t h e low number o f 

f l o r e t s f o u n d a t t h e d r a i n e d s i t e s on t h e l o w e r p a r t o f L i t t l e Dun F e l l . 

T a b l e 3.4 : A comparison of the mean number of florets per 

inflorescence at a wet site and at a drier site 

more typical of the area at 275 metres in 1979 

S i t e F l o r e t s p e r i n f l o r e s c e n c e t P 

x S.E. n 

Wet 25.35 1.31 20 

4.962 <0.001 

T y p i c a l 16.70 1.15 20 

3.4 The e f f e c t o f a l t i t u d e on f l o w e r i n g p h e n o l o g y 

The p r o d u c t i o n o f Juncus squarrosus i n f l o r e s c e n c e s was 

r e t a r d e d a t h i g h a l t i t u d e s . The e f f e c t o f a l t i t u d e on t h e development 

o f J . squarrosus can a l s o be d e m o n s t r a t e d by e x a m i n i n g t h e o p e n i n g o f 

t h e i n d i v i d u a l f l o r e t s . 
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As the i n f l o r e s c e n c e grows the flower head emerges from a 

p r o t e c t i v e sheath and w h i l e the f l o r e t s grow they i n c r e a s e i n s i z e 

and s e p a r a t e from each other. F i n a l l y , the p e r i a n t h opens to a l l o w 

f e r t i l i z a t i o n . The g r e a t m a j o r i t y of f l o r e t s open a t a l l a l t i t u d e s , 

although not a l l of them develop i n t o seed-bearing c a p s u l e s . The 

f l o r e t s t h a t have opened by any p a r t i c u l a r date can be d i s t i n g u i s h e d 

because the p e r i a n t h segments are not as t i g h t l y packed around the 

ovary as i n the younger f l o r e t s . A l s o the t h r e e b r u s h - l i k e stigmas 

protrude from the apex of the f l o r e t s t h a t have been open, but remain 

c o i l e d around the ovary of the unopened ones. 

F i g u r e 3.4 shows the percentage of f l o r e t s t h a t had opened 

i n samples taken a t d i f f e r e n t a l t i t u d e s on e i t h e r 28 or 29 June 1978. 

T h i s f i g u r e chows the delayed development of the f l o r e t s a t the h i g h e r 

a l t i t u d e s ; over 70% of the f l o r e t s had opened below 500m, but 

s i g n i f i c a n t l y (P < 0.001) fewer had opened above t h i s a l t i t u d e . 

Over 90% of the f l o r e t s had opened a t a l l of the a l t i t u d e s by the 

beginning of August. 

3.5 Seed c a p s u l e production 

3.5a Changes i n r e l a t i o n to a l t i t u d e 

There i s a f a r more marked r e d u c t i o n i n the number of seed 

c a p s u l e s per i n f l o r e s c e n c e , with i n c r e a s i n g altitude,, than i n the 

number of f l o r e t s per i n f l o r e s c e n c e ( F i g u r e 3.5). The mean numbern 

of seed c a p s u l e s per i n f l o r e s c e n c e , c a l c u l a t e d from a l l o f the samples 

taken a t 15 metres and 455 metres a f t e r the completion of seed development, 

a r e given i n Table 3.5. The r e d u c t i o n i n the number of c a p s u l e s per 

i n f l o r e s c e n c e between these two s i t e s was 3.7 per 100 metre i n c r e a s e 

i n a l t i t u d e . 



F i g u r e 3.4 : The percentage o f Juncus sguarrosus f l o r e t s 

t h a t had opened i n samples taken from 

d i f f e r e n t a l t i t u d e s on 28 June ( • ) or 

29 June ( O ) with 95% confidence l i m i t s 

c a l c u l a t e d from the a r c s i n t r a n s f o r m a t i o n 
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F i g u r e 3.5 : The mean number o f seed c a p s u l e s per 

i n f l o r e s c e n c e o f Juncus squarrosus, 

with 95% confidence l i m i t s , a t d i f f e r e n t 

a l t i t u d e s i n 1978. 

a August 1978 

b November 1978 
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Table 3.5 : The mean number of seed capsules per inflorescence 

calculated from all of the samples taken after the 

completion of seed development in 1978, at 15 metres 

and 455 metres 

A l t i t u d e Seed c a p s u l e s per i n f l o r e s c e n c e 
(m) 

x s n 

15 18.94 5.16 300 

455 2.66 2.42 240 

The g r e a t e r r e d u c t i o n i n the number of seed c a p s u l e s per 

i n f l o r e s c e n c e , than i n the number of f l o r e t s per i n f l o r e s c e n c e , w i t h 

i n c r e a s i n g a l t i t u d e , i s more obvious when the number o f seed c a p s u l e s 

i s expressed as a percentage of the f l o r e t s . I n t h i s case 89.1% o f 

the f l o r e t s developed i n t o seed c a p s u l e s a t 15 metres, but only 21.3% 

a t 455 metres. 

3.5b V a r i a t i o n between y e a r s 

The proportion of f l o r e t s developing i n t o seed c a p s u l e s can 

be used to compare the e x t e n t of r i p e n i n g between y e a r s , as w e l l as to 

compare the r i p e n i n g i n d i f f e r e n t samples i n the same y e a r . 

Table 3.6 givoo the p r o p o r t i o n of f l o r e t s producing seed 

c a p s u l e s a t each a l t i t u d e sampled f o r November 1977„ August 1978, 

November 1978 and August 1979. These data show a g e n e r a l f a l l - o f f 

i n the v a l u e f o r the pro p o r t i o n developing i n t o seed c a p s u l e s w i t h 

i n c r e a s i n g a l t i t u d e . I n v e r s e n o n - l i n e a r r e l a t i o n s h i p s between a l t i t u d e 

and t h i s p r o p o r t i o n a r e e v i d e n t f o r each of these sample d a t e s . 

L o g i s t i c curves were f i t t e d to th e s e data u s i n g the method of l e a s t 

cjquares. The aquations have the formula-
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Table 3.6 The proportion of Juncus squarrosus florets developing 

into seed capsules at a series of altitudes on four 

Vr 

sampling occasions. The value for the 520m sample site 

in November 1978 was found to be discordant with the rest 

of the data for that group of samples and was omitted 

from the regression analysis (see text) 

A l t i t u d e 
(m) 

November 
1977 

August 
1978 

November 
1978 

August 
1979 

15 

215 

245 

250 

275 

290 

305 

335 

350 

365 

395 

455 

520 

550 

580 

610 

0.9344 

0.8309 

0.8822 

0.7672 

0.6464 

0.5C00 

0.5817 

0.3995 

0.8356 

0.9179 

0.8590 

0.7886 

0.8294 

0.7605 

0.6341 

0.4741 

0.4917 

0.4246 

0.3554 

0.2602 

0.1504 

0.0088 

0.9258 

0.9096 

0.8804 

0.8778 

0.8475 

0-8063 

0,6992 

0.5936 

0.5621 

0.4644 

0.4145 

0.2583 

(0.2586) 

0.0378 

0.0247 

0.0030 

0.8375 

0.9306 

0.9507 

0.8713 

0.8415 

0.8584 

0.6834 

0.7893 

0.4385 

0.2596 

0.0680 

0.0485 

0.0233 
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Y = k (3.1) 
1 +" exp (a - &X) 

where V i s t h e p r o p o r t i o n r i p e a t each a l t i t u d e X, i n m e t r e s ; 

k i s t h e upper a s y m p t o t e , b i s t h e r a t e o f decrease i n t h e p r o p o r t i o n 

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

t h a t d e f i n e s t h e p o s i t i o n o f t h e c u r v e w i t h r e s p e c t t o t h e o r i g i n . 

P r e l i m i n a r y a n a l y s i s o f a l l o f t h e d a t a f o r t h e November 1978 

samples showed t h e v a l u e f o r t h e p r o p o r t i o n r i p e n i n g a t t h e 520m sample 

s i t e t o be d i s c o r d a n t w i t h t h e r e s t o f t h e d a t a . Anscombe and Tukey 

(1963) s u g g e s t t h a t p o i n t s can be t e s t e d as o u t l i e r s f r o m t h e r e s t o f 

t h e d a t a by e x a m i n i n g t h e r e s i d u a l s f r o m t h e r e g r e s s i o n ( t h e d i f f e r e n c e 

between t h e o b s e r v e d and e x p e c t e d v a l u e s ) t o g e t h e r w i t h t h e r e s p e c t i v e 

s t a n d a r d d e v i a t i o n s is) o f t h e e x p e c t e d v a l u e s o f t h e dependent v a r i a b l e s . 

They s u g g e s t t h a t a p o s s i b l e r u l e t o use i n t h i s s i t u a t i o n i s : 

" r e j e c t t h a t o b s e r v a t i o n whose r e s i d u a l i s g r e a t e s t 

i n m a g n i t u d e , p r o v i d e d t h e magnitude exceeds C.s, 

where C i s a g i v e n c o n s t a n t . I f t h i s o b s e r v a t i o n 

i s r e j e c t e d recompute a l l t h e r e s i d u a l s and s and 

a p p l y t h e r u l e a g a i n , and so on u n t i l t h e r e a r e no 

more r e j e c t i o n s . " 

For t h e purpose o f t h e s e a n a l y s e s , C was chosen as 3.9 

because i n a normal d i s t r i b u t i o n t h e p r o b a b i l i t y o f a v a l u e l y i n g 

between ± 3.9 s t a n d a r d d e v i a t i o n s f r o m t h e mean i s 1.0000, t o f o u r 

d e c i m a l p l a c e s (Snedecor and Cochran 1967)„ For t h e 520m sample s i t e 

i n November 1978 t h e r e s i d u a l was 5.841,5, so t h i s p o i n t was r e j e c t e d 

and t h e r e g r e s s i o n recomputed. On r e c o m p u t a t i o n w i t h o u t t h e 520m 

v a l u e , no r e s i d u a l was more t h a n 3s. For t h e o t h e r sample d a t e s no 

r e s i d u a l s were more t h a n 3.9.«?, so no more r e j e c t i o n s were needed. 
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The difference at the 520m s i t e i n November 1978 i s possibly 

due to samples being taken from a somewhat sheltered p o s i t i o n , i n a 

s l i g h t hollow. These plants would be subjected to much less rigorous 

conditions than would otherwise be expected for t h i s a l t i t u d e - I t 

has been demonstrated by Jordan (1962) and Welch (1966b) that a 

greater proportion of the f l o r e t s develop into seed capsules i n such 

sheltered conditions. 

The values for the constants for the regression analyses on 

the data i n Table 3.6 are given i n Table 3.7, as well as the sample 

sizes (n). The results of F tests comparing the v a r i a t i o n due to the 

regressions with that due to the residuals are also given i n t h i s table. 

The equation for November 1977, where the sample size was small, explains 

over 82% of the v a r i a t i o n i n the proportion ripening, w h i l s t the equations 

for the other occasions explain between 95% and 99% of the v a r i a t i o n . 

The maximum possible value of k i s 1, which represents t o t a l ripening.. 

This i s never achieved, either i n the observed results or as predicted 

by the equations. However, only the data for the August 1979 sample 

give a value of k s i g n i f i c a n t l y (P < 0.01) less than unity. 

The curves described by the equations are shown i n Figure 3.6. 

They are a l l of the same appearance but t h e i r positions with respect to 

the o r i g i n d i f f e r . The curve for August 1979 i s rshifted to the r i g h t 

of those for 1978; the curve f o r 1977 l i e s between the other two years. 

Table 3.8 gives the values f o r the points of i n f l e x i o n (a/b) 

for each of the four equations. This value i s used as a comparison 

of the proportion of the f l o r e t s developing in t o seed capsules over 

the whole range of a l t i t u d e s on the d i f f e r e n t sample dates. I t i s the 

a l t i t u d e at which h a l f of the maximum achieved on each sample date i s 

rea l i z e d ( i . e . the value of X when Y - */2 ) . These values are also 

marked on Figure 3.6. 
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Figure 3=6 : The proportion of Juncus squarrosus f l o r e t s 

developing i n t o seed capsules i n r e l a t i o n to 

a l t i t u d e on four sampling occasions during 

the study,, The curves are the lines described 

by the equations i n Table 3o7j the points of 

i n f l e x i o n are also shown. The observed values 

are shown with 95% confidence l i m i t s calculated 

from the arcsin transformation. 
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Table 3.8 % The points of inflexion (as altitude in metres) 

of each of the curves describing the change in 

the proportion of florets developing into seed 

capsules in relation to altitude 

Sample November August November August 
1977 1978 1978 1979 

a/h 413.7 364.3 372.2 459.1 

(metres) 

There i s l i t t l e difference between the values of /b f o r 

the samples taken i n August and November 1978. By the time that the 

samples xvere taken i n August, a l l of the f l o r e t s that were going to 

produce seed had developed in t o seed capsules. 

The point of i n f l e x i o n of the curve i n August 1978 tfas 

94.8 metres lower than i n August 1979. 

The point of i n f l e x i o n 

f o r the 1977 samples lay at an a l t i t u d e between those for the other two 

years. 

As the proportion of f l o r e t s developing i n t o seed capsules i s 

reduced with increasing altitude,, t h i s process could be determined by 

temperature, as suggested by Pearsall (1950) and Welch (1966a). I f 

t h i s were the case, one would expect the curve for the proportion of 

f l o r e t s developing into seed capsules to be shifted to the l e f t , with 

respect to the o r i g i n , i n years with cooler temperatures during the 

f e r t i l i z a t i o n and development period. This would also r e s u l t i n an 

a l t i t u d i n a l lowering of the point of i n f l e x i o n . Meteorological data 

are available from the weather st a t i o n at Moor House„ Although t h i s i s 

some distance from the sample areas, these data give a guide to the 
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r e l a t i v e l e v e l of mean temperatures i n the region each year. Table 3„9 

gives the mean d a i l y temperature i n June and July during the three ysars 

and the average value for t h i s period of seed capsule development. 

Table 3.9 : The mean daily temperature in June and July recorded 

at Moor House in 1977 „ 1978 and 1979. The average 

temperature for this two month period is also given 

Mean dai l y temperature Average temperature 
o during the two 

Year Month h (max + min) C months. C 

June 8 .3 
1977 9 .80 

July 11 .3 

June 9 .1 
1978 9 .55 

July 10.O 

June 1 0 . 8 
1979 10 .95 

July 11 .1 

The data i n Table 3 . 9 show that the average temperatures i n 

June and July were 1 . 4 ° C higher i n 1979 than i n 1978 . The temperature 

for the same period i n 1977 lay between the values f o r the other two 

years. A comparison between these data and the values for the points 

of i n f l e x i o n of the seed capsule production curves reveals that the 

year with the highest point of i n f l e x i o n was the warmest. 1978 was 

the year with the lowest point of i n f l e x i o n and also with the coolest 

average temperatures during June and July. 

Data from many years would be needed to show the extent to which 

t h i s measurement of seed capsule production i s dependent on the level of the 

temperature during the period of f e r t i l i z a t i o n and seed development. 

Unfortunately j , t h i s type of data ir> not available from the work of previous 

nuthors„ 
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3 .6 The number of seeds per capsule 

The number of seeds i n the ssed capsules was recorded from 

some of the samples taken i n August 1977 and 1979, by which tims a l l 

of the seeds were f u l l - s i z e d but the capsules had not opened to 

d i s t r i b u t e them. There woro high densities of Coleophora alticolella 

larvae i n 1978, resu l t i n g i n very few undamaged seed capsules, so t h i s 

measurement was not made in . t h a t year. The number of seeds from 

20 capsules, one from each inflorescence, was recorded} these were 

chosen as the f i r s t capsules examined, which did not contain larvae, 

thus avoiding under-estimates due to seed prodation„ 

Values f o r the mean number of seeds per capsuls? with t h e i r 

standard deviations, are given i n Table 3.10. There i s no trend 

between these values and a l t i t u d e for either 1977 or 1979. I n 1979 

the seed capsules at the 15 metre s i t e contained fewer seeds than at 

the other a l t i t u d e s , but the mean value had a comparatively large 

standard deviation. The smaller values f o r the standard deviations 

from the other sites indicate that there was usually very l i t t l e 

v a r i a t i o n between the number of seeds i n each capsule. Overall, the 

mean number of seeds per capsule (with 95% confidence l i m i t s ) i s 

80.5 ± 2 .1 . 
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Table 3„10 The mean number of seeds per capsule of Juncus squarrosus, 

with their respective standard deviations, at different 

altitudes in August 1977 and 1979 

1977 1979 
Seeds per capsule Seeds per capsule 

t i t u d e X s n X s n 
(m) 

15 87.8 16.6 20 68.4 29.8 20 

245 87.5 12.2 20 85.8 17.6 20 

335 81.2 10.3 20 74.4 12.2 20 

395 83.8 12.2 20 77.0 17.0 20 

455 73.2 16.3 20 80.6 16.2 20 

520 83.7 9.7 20 83.0 15.6 20 

610 78.9 7.6 20 

3.7 Grazing of inflorescences 

I t was suggested i n a previous section that much of the 

reduction i n the density of inflorescences, at any one s i t e during the 

year, i s caused by grazing animals. The f e l l s are used as common 

grazing land by many of the local farmers and the shepherd's guide f o r 

the area l i s t s 39 d i f f e r e n t sheep flocks which could be grazed on the 

reserve. Six main flocks were seen on the eastern slopes of L i t t l e 

Dun F e l l i n 1976 (Randall 1976), although sheep from other flocks were 

occasionally observed on the higher parts of the f e l l . Rawes and Welch 

(1969) recorded 3.2 sheep per hectare on these slopes; Randall (1976) 

found 3.4 par hectare on the same area. Casual observations during 

the period of the present research revealed a similar s i t u a t i o n . 
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Cattle grass on the lower, enclosed slopes, and one farmer 

keeps f e l l ponies i n t h i s area? up to 24 have been seen at any one 

time (Mo Rawes, pers, coram,),, I t i s possible that rabbits (OryctoXagus 

cuniculus (L.)) and hares (Lepus capensis L.), which have been seen i n 

the area, could feed on the Juncus squarrosus. Red Grouse (Lagopus 

lagopus scoticus Lath.) have been recorded feeding on the seed capsules 

of t h i s rush i n autumn (Lipscombe 1886? Wilson and Leslie 1911), as 

have snow buntings (Plectrophenase nivialis L,).(Henty 1979). Both of 

these species occur at Moor House (Parkin 1977), 
Despite these other animals, sheep are the commonest grazers 

i n the area and i t i s assumed that they are responsible f o r most of the 

reduction i n the density of juncus squarrosus infloroseenees„ 

Figure 3„7 shows the e f f e c t of grazing on the J", squarrosus 

inflorescences i n 1979. The reduction i n the density of infloreseenees 

up to the end of Augurst i s shown as a percentage of the t o t a l number of 

inflorescences produced at each s i t e - There was an inverse relationship 

between the percentage of inflorescences grazed and a l t i t u d e on L i t t l e 

Dun F e l l , with over 50% grazed below 325 metres. There was very l i t t l e 

grazing at the 15 metre s i t e ; there were few sheep here, c a t t l e and 

rabbits being the major grazers. 

Sheep eat J. squarrosus mainly i n the spring, when the shoots 

are s t i l l tender, but they prefer the more succulent grasses. They do 

most of the damage to the J, squarrosus when the stocking rates arc high? 

t h i s often occurs at low a l t i t u d e s , before they have been put back on to 

the f e l l . As there io now l i t t l e shepherding, there i s also a tendency 

for the sheep to wander back to the lower slopes during the year (Rawes 

and Welch 1964), Snow lay on the f e l l u n t i l very l a t e i n the year i n 

1979? there were deep d r i f t s l e f t at 425 metres on 8 June, This would 

have prevented the early return of the sheep to the upper slopes and could 

account for the very heavy gracing prsr-nure at the lower a l t i t u d e s . 



Figure 3.7 : The percentage of Juncus squarrosus inflorescences 

produced at d i f f e r e n t a l t i t u d e s that had been 

grazed on or before 24 August 1979 (23 August 

at 15m) 
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Similar patterns of grazing were found i n the two preceding 

years. Figure 3.8 shows the percentage of the i n i t i a l density of 

inflorescences which i-jere grazed at the seven main s i t e s , Again, 

the heaviest grazing pressures i n the f i r s t part of the season 

(up to mid-August) were at the low a l t i t u d e s on L i t t l e Dun F e l l . 

These graphs also show the percentage grazing over the whole of the 

year, and demonstrate that the greater part of the t o t a l grazing at 

the higher sites occurs during the second period (after mid-August). 

3 0 8 The density of seeds produced 

Seed production, on a u n i t area basis, by Juncus squazrosuts 

i s determined by four parameters: inflorescence density, f l o r e t s per 

inflorescence, the proportion of f l o r e t s developing i n t o seed capsules 

and seeds per capsule. The density of seeds produced at d i f f e r e n t 

a l t i t u d e s during the three years of t h i s study has been calculated 

from data given i n t h i s chapter and the results are given i n Table S o i l , 

The values f o r the proportion of f l o r e t s developing i n t o seed capsules 

have been taken from equations given i n Table 3.7 and the overall mean 

value of 80.5 ± 2.1 seeds per capsule has been used fo r the 1978 data. 

Table 3.11 shows that there i s considerable v a r i a t i o n i n the 

density of seeds produced at each s i t e i n d i f f e r e n t years, as well as 

the marked reduction i n the density with increasing a l t i t u d e . These 

variations i n density are mainly due to two factors. Variation between 

years at each s i t e i s due to differences i n the density of inflorescences 

produced (as shown i n Figure 3.2) . The reduction i n the density of seeds 

with increasing a l t i t u d e i n mainly due to the lower proportion of f l o r e t s 

developing i n t o seed capsules i n the cooler conditions at the higher 

si t e s . 



Figure 3.8 s The percentage of Juncus squarrosus 

inflorescences produced at d i f f e r e n t a l t i t u d e s 

that had been grazed by mid-August ( O ) and 

during the whole sampling period ( O ) i n 1977 

and 1978 
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Table 3.11 : The density of Juncus squarrosus seeds(number x 10 ) 

produced par square metre at the seven major sample sites 

in the three years of the study. The values are given 

vrith their 95% confidence limits 

The number of Juncus squarrosus 
seeds x 10~3 produced per square metre \ 

Alti t u d e 1977 1978 1979 
(m) 

15 339.1 ± 89.7 87.3 ± 36.9 175.1 ± 46.2 

245 81.3 ± 25.1 42.1 ± 11.5 108.2 ± 27.8 

335 118.0 ± 26.7 62.5 ± 17.5 102.3 ± 22.0 

395 88.0 + 24.7 23.7 ± 5.7 83.9 ± 20.8 

455 73.0 + 25.6 14.4 ± 4.4 58.5 ± 14.8 

520 41.0 ± 19.5 6.3 ± 2.6 29.7 ± 12.2 

610 15.8 ± 7.5 1.4 ± 1.0 4.3 ± 3.9 

3.9 Discussion 

I t i s largely accepted among agronomists that the 'growing 

season' of a plant can be defined as the length of time f o r which the 

average da i l y mean temperature i s above a certain threshold value 

(Francis 1978). For example, t h i s value i s around 6°C fo r grasses 

i n B r i t a i n (Taylor 1967). Consequently, the onset of the growing 

season i ? i i l be progressively retarded, and i t s length reduced, with 

increasing a l t i t u d e . This has been demonstrated by the l a t e r production 

of inflorescences and f l o r e t s of J uncus squarrosus at the higher s i t e s . 

The effects of a l t i t u d e on temperature not only cause a retardation 

of the onset of growth, but also a f f e c t the seed production. There i s a 

reduced proportion of the f l o r e t s developing in t o seed capsules at the 
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higher a l t i t u d e s , although t h i s relationship may be modified by the 

topography of each s i t e (Jordan 1962? Welch 1966b). Th@re was„ 

however, no relationship between the mean number of seeds maturing 

i n the seed capsules and a l t i t u d e . Welch (1966b) found a s i m i l a r 

situation, and Reay (1964) showed that there was no difference i n the 

dry weight of seeds per capsule i n r e l a t i o n to a l t i t u d e . 

F l o r e t production by the inflorescences i s reducsd with 

increasing a l t i t u d e , but the o v e r a l l trend can be disturbed where 

plants are growing on d r i e r s o i l , causing lower production than would 

be expected. 

The density of inflorescences produced on a Juncus squarrosus-

dominated sward i s variable between years. I t i s probably dependent 

on climatic and s i t e conditions while the inflorescences are growing 

and the buds are forming for the following year. The density of 

inflorescences i s l a t e r reduced by the grazing of sheep, e s p e c i a l l y 

at the low a l t i t u d e s . 

Welch (1966b) gave measurements of the reproductive capacity 

of J . squarrosus at many high altitude s i t e s i n northern England. 

Using the data from h i s lowest s i t e , 472m, i t i s found that J . squarrosus 
3 -2 

produced 25.6 x 10 seeds m in 1963. This i s of the same order as 

the density of seeds produced around the 455m and 520m s i t e s during the 

present study. 

Welch (1966b) c a r r i e d out experiments on the germination of 

the J . squarrosus seeds from his sample s i t e s . He found that the 

v i a b i l i t y of seeds from plants at the higher alt i t u d e was reduced and 

that the v i a b i l i t y was also variable bati^een years. He calculated 

that 54% of the seeds were viable from the 472m sit© i n 1963, and also 

estimated that approximately 25% of the seeds would be l o s t during 

disp e r s a l . From these values he estimated that the number of viable 
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seeds dispersed by Juncus squarrosus was i n the region of 10 „m 

at 472m„ None of these calculations include the effects of the 

seed predator Coleophora alticolella which attacks the seeds a f t e r 

they have been produced but before they are dispersed. The larvae 

eat v i r t u a l l y a l l of the seeds i n each capsule that they attack. 

Welch (loc. cit„) suggests that t h i s predation would do no more than 

balance the increase i n seed production expected above the value f o r 

his 472m s i t e because of the greater f l o r e t number and capsule 

maturation below t h i s a l t i t u d e . 

In the following chapters the ecology of C, alticolella 

i s discussed i n the l i g h t of the information on the seed production by 

Juncus squarrosus at d i f f e r e n t a l t i t u d e s . 
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CHAPTER 4 

STUDIES ON THE EGGS AND OVIPOSITXON BEHAVIOUR OF COLEOPHORA 

ALTICOLELLA 

4 o1 introduction 

Coleophora alticolella lays most of i t s eggs between the f l o r e t s 

of the developing inflorescences of i t s food plant, Juncus squarrosus* 

The eggs are often l a i d before the f l o r e t s have opened and usually before 

the seed capsules have started to develop. Jordan (1958) found 

C. alticolella eggs i n samples of J. squazzosus w i t h i n one or two days 

of the f i r s t imagos being seen at each of his sample s i t e s . On dissection 

of newly emerged females he found that t h e i r ovarios contained ton to 

twenty eggs of f u l l size ready for laying- He concluded, from 

observations made i n the f i e l d , that there was l i t t l e , i f any, difference 

between the dates of emergence of adults at various altitudes„ 

Jordan (1962) recorded the percentage i n f e s t a t i o n of 

J. squazzosus seed capsules by eggs and larvae i n July 1953 and 1954, 

and Reay (1964) the number of eggs during June and July i n 1956 and X957. 

In t h i s chapter I examine the changes i n the density of eggs during ths 

oviposition period over the whole a l t i t u d i n a l transect. The rate of 

egg-laying and the timing of the oviposition periods at each s i t e are 

also discussed i n r e l a t i o n to a l t i t u d e . 

In two previous studies on C. alticolella i n t h i s region 

(Jordan 1958, Reay 1964), the oviposition behaviour of the female moths 

was examined i n r e l a t i o n to the J. squazzosus f l o r e t s , Oviposition 

behaviour i s discussed i n greater d e t a i l i n t h i s chapter, and the effects 

of differences i n the density and d i s t r i b u t i o n of the inflorescences on 

egg-laying are also investigated. 
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4.2 The size of the eggs 

Some of the eggs were measured using a microscope with a 

graticule eyepiece capable of resolving O.Ol3mm. The eggs arc oval 

and the mean and standard deviation of two axes, based on samples of 30, 

are 0.398 ± 0.0.24mm and O.2O0 ± 0.016mm. These dimensions are similar 

to those of the eggs of Coleophora serratella (L.) which Coshan (1974) 

recorded as 0.40mra long and 0.25mm broad. 

4.3 The colour of the eggs 

The eggs of Coleophora alticolella change colour during t h e i r 

development. Newly l a i d eggs are white, they then turn yelloiv and 

la t e r orange. F i n a l l y , j u s t before hatching, the head capsule of 

the developing larva i s v i s i b l e through the chorion. These d i f f e r e n t 

colours can be used to divide populations of eggs int o age-classes, 

although these classes are not of the same duration. 

4.4 Oviposition s i t e s 

An oviposition s i t e i s defined as any position on an 

inflorescence where an egg or group of eggs i s present. The po t e n t i a l 

sites on an inflorescence cannot be quantified because the c r i t e r i a 

that an ovipositing female moth applies i n searching f o r , and accepting, 

oviposition sites are not known. 

There i s a d i r e c t relationship between the number of eggs 

and the number of f l o r e t s per inflorescence. Figure 4.1a shows an 

example of t h i s relationship f o r the 335m sample s i t e on 29 June 1978. 

High densities of eggs were present i n t h i s sample and i t i s assumed 

that many of the pot e n t i a l oviposition s i t e s would be occupied. The 

regression analysis shows that 43% of the v a r i a t i o n i n the number of egga 

i s explained by the number of f l o r e t s per inflorescence. 



Figure 4. l a s The relationship between the number of eggs 

of Coleophoza alticolells (y) and the number 

of f l o r e t s per inflorescence of Juncus 

squaxrosus (x), Data taken from the sample 

at 335m on 29 June 1978, The l i n e i s f i t t e d 

by least squares regression and has the formulas 

y = 0„720jf •* 2,265 

n = 30 r = 0,654 P < 0,001 S„E, of slope = 0,157 

Figure 4.1b % The relationship between the number of f l o r e t s 

per inflorescence of Juncus squsrrosus (x) and 

the number of oviposition sites ( y ) , Data 

taken from the 335m sample s i t e on 29 June 1978, 

The l i n e i s f i t t e d by least squares regression 

and has the formula 

y = 0,527^ + 1,495 

n = 30 r - 0,739 P < 0,001 S,E, of slope = 0,091 
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There i s no relationship between the number of eggo per 

f l o r e t and the number of f l o r e t s per inflorescence ( i . e . the s i s e of 

each inflorescence)? the intercept of the equation given for Figure 4, l a 

i s not s i g n i f i c a n t l y different from zero (x = Q„ y - 2.265 ± 3.115). 

Eggs were found i n groups at some of the oviposition sites„ 

The d i s t r i b u t i o n of the eggs i n di f f e r e n t group s i s e s i n the sample 

from 335m on 29 June i s shown i n Table 4.1. In most cases the eggs 

i n a group were touching each other; i f not, there was l e s s than an 

egg's breadth between them. The largest group found during the study 

was of f i v e eggs. 

Table 4.1 The frequency of different sized groups of Coleophora 

a l t i c o l e l l a eggs in a sample of 30 inflorescences from 

335m on 29 June 1978 

Eggs per 
oviposition 

s i t e 1 2 3 4 5 

Frequency 210 66 12 7 1 

The number of oviposition B i t e s i s not the same as the number 

of eggs present, because not a l l of the eggs are l a i d singly. The 

variation around the regression l i n e i s reduced i f the number of 

oviposition s i t e s i s plotted against the number of f l o r e t s for each 

inflorescence, instead of the number of eggs against florets„ 

Figure 4.1b chows t h i s relationship for the data from the same sample 

as i n Figure 4.1a. In t h i s case, 55% of the variation i n the number 

of oviposition s i t e s i s explained by the variation i n the number of 

f l o r e t s . 
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Thus the number of f l o r e t s on an inflorescence can determine 

the number of oviposition sites but, because an oviposition s i t e can 

contain more than one egg, the relationship between eggs and f l o r e t s 

i s more variable. Data on the number of eggs per oviposition s i t e 

are discussed l a t e r , i n r e l a t i o n to oviposition behaviour, 

4,5 The density of eggs i n r e l a t i o n to the Juncus squazrosus f l o r e t s 

The data f o r the density of Coleophora alticolella eggs 

presented i n t h i s section are expressed as the number per f l o r e t of 

Juncus sguarrosus. This i s not only because the number of f l o r e t s 

determines the number of oviposition s i t e s , but also because i t shows 

the relationship between Coleophoza alticolella and i t s p o t e n t i a l food 

supply. Complete data f o r the samples taken during t h i s part of the 

investigation are available i n Appendix 4, but are also summarized i n 

Table 4.2, 

Towards the end of the oviposition period, some of the larvae 

hatch before egg-laying has stopped. This occurred at the lower 

alt i t u d e s i n 1978, The density of the individuals present on the 

f i n a l sample dates at these low al t i t u d e s i s expressed as the number 

of eggs plus larvae per f l o r e t , i f t h i s value i s greater than the 

density on the previous sample date. Table 4,3 shows the number of 

larvae present as a percentage of the t o t a l eggs plus larvae on the 

f i n a l sample date at each s i t e , and also the percentage of the eggs 

that had l a r v a l head capsules v i s i b l e . 

Some of the values of density given i n Table 4,2 w i l l be 

s l i g h t underestimates of the true density becauae there io some 

mortali t y of newly hatched larvae w h i l s t they search f o r food. This 

w i l l not apply to the sample sites above 335m, I t io not known i f 
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eggs were l o s t due to predation or to the actions of wind and r a i n , 

but as they were i n such protected positions, loss due to these 

l a t t e r causes would be s l i g h t . 

There i s an increase i n the number of eggs per f l o r e t during 

t h e oviposition period, with a maximum density attained some ti-ro weeks 

e a r l i e r a t 15m than at some of the higher a l t i t u d e s . The oviposition 

period also starts e a r l i e r at the lower s i t e s . The length of the 

oviposition period cannot be measured accurately from these data 

because sampling was not frequent enough to detect small differences. 

The l a t e r s t a r t of the oviposition period, and the cooler 

temperatures a t higher alt i t u d e s results i n the eggs being at an 

e a r l i e r stage of t h e i r development. The l a t e r embryonic development 

;\t thess sites can be assessed by examining the percentage of eggs 

with head capsules v i s i b l e . Table 4.3 shows that t h i s value decreases 

with increasing a l t i t u d e . Head capsule.a were not present i n any of 

the eggs i n saiaplcs taken above 245m on 29 June. Only one was found 

i n t h i s f i n a l stage of development at 455m on 6 July and none at 520m. 

Samples were also taken at 275m and 305m on 29 June 1978 

(Appendix 4). The number of eggs, or eggs plus larva®, per 

f l o r e t at these two a l t i t u d e s , and the maximum densities at the other 

six s i t e s , a r e shown i n Figure 4.2. There i s a peak i n the density at 

335m, with 1.120 eggs per f l o r e t . Very few eggs were found at 520m. 

The density of eggs l a i d below 335m f a l l s to 0.735 per f l o r e t at 245m 

and 0.287 per f l o r e t at 15m. The density of eggs at 275m was almost 

as high as that at 335m,, with more than one por f l o r e t . This could 

indicate vary heavy pressure on tho food supply, especially as not a l l 

of the f l o r e t s develop into Geed capsules. 



Figure 4.2 : The maximum density of eggs„ or eggs 

plus larvao, of Coleophoea alticolella 

at d i f f e r e n t a l t i t u d e s i n 1978„ expressed 

as the number per f l o r e t of Juncus aquazrosua 
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4,6 The rate of egg-laying 

Although i t i s not possible to measure the length of the 

ovipooition period from the data, with the accuracy desired, i t i s 

possible to estimate the rate of egg-laying at each a l t i t u d e . This 

rate has been calculated assuming that the change i n the density of 

eggs, as seen i n Table 4.2, i s linear with respect to time. I n 

r e a l i t y , a sigmoids! relationship would be expected, with fewer eggs 

being l a i d at the beginning and end, than i n the middle, of the 

oviposition period. The data for the 15m s i t e are more suggestive 

of t h i s type of relationship. 

The rate of egg-laying i s the slope of the relationship 

between eggs per f l o r e t and time. For the purpose of the calculation 

of the regression c o e f f i c i e n t s , time i s measured i n days with 

1 = 1 June 1978, The results of the linear regression analyses are 

given i n Table 4,4. M l of the data given i n Table 4,2 x-zere used i n 

these calculations, except f o r the 520ta s i t e inhere four sample dates 

were used? the three with eggs present, and also 18 June when i t i s 

assumed that there were no eggs present. 

The regression coefficients with t h e i r standard errors, 

given i n Table 4,4, are measurements of the increase i n the number of 

eggs per f l o r e t per day at each a l t i t u d e . The highest rate was found 

at 335m, but t h i s wac also the s i t e with the highest t o t a l density of 

eggs. The d i s t r i b u t i o n of these rates with respect to a l t i t u d e would 

have a similar pattern to that seen i n Figure 4,2, for the maximum 

density of eggs at each o i t e . This may be duo to differences i n the 

density of ovipositing adults, r e s u l t i n g i n variations i n the t o t a l fio&ly 

egg production between s i t e s . No measurements of the densities of 

ovipositing adults were made during t h i s study. I t i s possible to make 
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some comparisons between sites by calculating the percentage of the 

t o t a l number of eggs l a i d per day, using the formula: 

% of t o t a l eggs l a i d per day = saximum eggs per f l o r e t 

These values are shown i n Table 4.5. 

Table 4.5 : The rate of oviposition of Coleophora a l t i c o l e l l a 

as a percentage of the total eggs laid at different 

altitudes each day 

% of t o t a l eggs 
Alti t u d e l a i d per day 

(m) 

15 3.14 

245 3.82 

335 3.29 

395 3.47 

455 3.46 

520 5.43 

After correcting the oviposition rates to allow for the 

difference i n the t o t a l density of eggs l a i d at each a l t i t u d e , i t can 

be seen that there i s l i t t l e difference i n the percentage of the t o t a l 

eggs l a i d each day. Between 3% and 4% of the t o t a l were l a i d each day 

below 500m. These values imply that the oviposition period was about 

25 to 33 days long at these si t e s . There was a s l i g h t l y higher 

percentage rate at 520m and therefore a shorter oviposition period. 
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4.7 The median date of the oviposition period i n r e l a t i o n to a l t i t u d e 

The mid-point, or median date, of the oviposition period at 

each a l t i t u d e can be calculated by substituting y = ̂ max. density i n t o 

the formulae i n Table 4.4. These values are given i n Table 4.6 and 

are measured i n days a f t e r 31 May 1978; t h e i r equivalent calendar 

dates are also shown. These values w i l l approximate to the mean date 

of oviposition at each a l t i t u d e , i f egg-laying i s di s t r i b u t e d normally 

with respect to time. 

Table 4.6 : The mid~point of the oviposition period at different 

altitudes calculated as the value of x when y = hmax. 

density, in the equations in Table 4.4. The equivalent 

calendar dates are also given 

Altitude 
(m) 

Mid-point of the 
oviposition period 

( 1 = 1 June 1978) 

Equivalent 
calendar date 

15 

245 

335 

395 

455 

520 

8.0 

18.0 

20.6 

21.0 

23.2 

28.6 

8 June 

18 June 

21 June 

21 June 

23 June 

29 June 

Figure 4.3 shows the mid-points of the oviposition periods 

pl o t t e d against t h e i r corresponding a l t i t u d e s . The trend shows that 

the oviposition period i s delayed by 3.7 (± 0.3, S.E.) days for every 

1O0 metre r i s e i n a l t i t u d e . This was equivalent to a delay of almost 

three weeks between 15m and 520m. 



Figure 4.3 : The: median date of the oviposition periods 

at d i f f e r e n t a l t i t u d e s i n 1978, measured 

i n days with 1 = 1 June 1978. The 

regression l i n e has been f i t t e d by the 

method of least squares and has the formula 

y = 0.037* + 7.697 

n = 6, r = 0.983, £*0.001, S.E. of slope = 0.OO3 
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4.8 Oviposition behaviour i n r e l a t i o n to food-plant development 

Wood (1891) observed Coleophora alticolella females laying 

eggs on the inner surface of the perianth segments of Juncus squarrosus 

f l o r e t s . This was confirmed by Jordan (1958), who added that eggs are 

also l a i d between adjacent f l o r e t s . In another study on t h i s species, 

Reay (1964) found that over 90% of the eggs were l a i d between adjacent 

f l o r e t s . He commented that when oviposition sites were i n excess i t 

was rare to f i n d more than one egg at a s i t e , although he gave no data 

for t h i s . Jordan (2oc cit.) suggests that the position where eggs 

are l a i d depends, to some extent, on the developmental stage of the 

f l o r e t at the time of oviposition. This aspect of oviposition behaviour 

i s investigated by examining the change i n the mean number of eggs per 

oviposition s i t e i n r e l a t i o n to the number of eggs per f l o r e t , and the 

development of the f l o r e t s during the oviposition period. 

4.8a The number of eggs per oviposition s i t e 

Despite Reay's comment, eggs are not infrequently l a i d i n 

groups at oviposition sites (Table 4.1). The number of eggs at each 

s i t e was recorded f o r the samples taken at 335m, 395m and 455m during 

the whole of the oviposition period. With the exception of the sample 

from 335m on 6 July, none contained newly hatched larvae, thus avoiding 

complications caused by dispersal from groups. The values for the 

mean number of eggs per oviposition s i t e from a l l of the samples are 

given i n Table 4.7. 

I f a female lays eggs randomly with respect to the oviposition 

s i t e s , and with no regard to whether the s i t e i s already occupied, then 

the mean number of eggs per s i t e w i l l increase with the increase i n the 

density of eggs l a i d . In addition, as eggs would be l a i d at sites 
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already occupied, the groups would contain eggs of d i f f e r e n t ages. 

I f the females avoid sites where eggs are already present, then the 

mean number of eggs per s i t e need not be related to the t o t a l density 

of eggs. However, the eggs i n groups w i l l a l l have been l a i d at the 

same time by the same female and w i l l , therefore, be a l l of the same 

age. 

The relationship between the mean number of eggs per oviposition 

s i t e and the density of eggs per f l o r e t i s shown on Figure 4.4. At the 

beginning of the oviposition period, when there are loii? egg densities, 

the mean number of eggs per oviposition s i t e increases x-jith the increasing 

density of eggs per f l o r e t . This increase i s si g n i f i c a n t ( P < 0.05) at 

the three altitudes„ The values from a l l three a l t i t u d e s l i e around a 

similar curve f o r t h i s period, u n t i l they reach maxima on either 18 or 

22 June. After these dates there i s a tendency f o r a reduction i n the 

mean number at each a l t i t u d e . The majority of the values then remain 

between 1.25 and 1.4 eggs per s i t e , despite the continued increaoe i n 

the number of eggs per f l o r e t l a t e r i n the season. Table 4.7 sho%-?s 

that the percentage of oviposition sites with sore than one egg followa 

the same pattern, with an increase up to 18 or 22 June, followed by a 

decline. 

4.8b The age of eggs i n groups 

A l l of the age=classes of eggs were present at the three 

al t i t u d e s on the l a s t two sample dates during the oviposition period. 

The colour and position of a l l of the eggo i n these samples was recordedo 

For the purpose of these analyses the °orr.nge=egg° ago-class includes the 

few eggs with head capsules v i s i b l e , when they occurred. Table 4.8 shows 

that when eggs were found i n groups, they rarely contained more than one 



Figure 4.4 ; The mean number of eggs per oviposition s i t e 

p l o t t e d against the number of eggs per f l o r e t 

i n samples taken on d i f f e r e n t dates during the 

oviposition period at (O) 335m„ (o) 395m and 

(•) 455m 
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age-classo Some samples contained no mixed groups at alio The f i v e 

mixed groups that were found each contained two eggs» 

Table 4c8 ; The number of groups of eggs (i.e. oviposition sites with 

more than one egg present) and the percentage of groups 

containing more than one age-class p on the sample d&tes 

at three altitudes in 1978 

Date 

29 Juno 

6 July 

No. of 
groups 

83 

86 

335m 

mixed 

3,6 

0.0 

Sample s i t e 

395m 

No. of 
groups 

40 

47 

mixed 

2.5 

2.1 

455m 

No. of 
groups 

19 

37 . 

0.0 

0.0 

The detection of the mixed groups w i l l depend on the duration 

of the d i f f e r e n t age-classes. I f the f i r s t ti-ro age-classes are very 

short,, then mostly orange eggs w i l l be presentj a s i t e may then contain 

different-aged orange eggs which would bo indistinguishable. Table 4„9 

gives the number of eggs of each age class i n the six samples and the 

number of f l o r e t s present. This table shows that there were similar 

numbers of yellow and orange eggs i n each aamplo, but fewer white ones. 

These data can be used to estimate the age of orange eggs. 

By calculating the number of orange eggs per f l o r e t i n each 

sample and substi t u t i n g t h i s measurement of density i n t o the appropriate 

equations i n Table 4.4„ an approximation can be made to the date when 

the l a s t orange egg was l a i d . By subtracting these values from the 

sample dates, the time taken for the eggs to turn orange i s obtained. 
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Table 4.9 : The number of each age-class of eggs and the number of 

florets in samples of Juncus squarrosus taken on two 

dates at tltree altitudes during the oviposition period 

in 1978, (The orange class at 335m on 6 July includes 

10 newly hatched larvae) 

A l t i t u d e Date White Yellow Orange Florets 
(m) 

335 29 June 65 153 193 475 

6 July 22 189 266 426 

( 

395 29 June 59 107 97 371 

S July 6 144 108 287 

455 29 June 15 68 46 239 

6 July 6 98 97 253 

A l l of these values are given i n Table 4.10, which.shows that i t takes 

approximately too weeks f o r an egg to turn orange a f t e r i t has boon laicL 

Any eggs l a i d i n the two weeks a f t e r the l a s t orange eggs 

would s t i l l be either yellow or white. " This includes the period when 

the mean number of eggs per f l o r e t i s s t i l l increasing, as t h i s phase 

did not end u n t i l 18 or 22 June. I f t h i s r i s i n g phase was caused by 

females laying at sites that were already occupied, then mixed groups 

could have been detected and would occur more frequently than observed. 
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Table 4.10 ; The time taken (in days) for eggs to turn orange„ 

calculated from two samples at each of three 

altitudes (see text for methods) 

Laying date of the l a s t Time taken for eggs 
Sample orange egg i n each to turn orange 

Alti t u d e date sample 
(m) ( 1 = 1 June) (days) 

335 29 June 16.4 12.6 

6 July 22.4 13.6 

395 29 June 15.0 14.0 

6 July 18.7 17=3 

455 29 June 15.8 13.2 

6 July 22.7 13.3 

Table 4.11 gives an example of the d i s t r i b u t i o n of tho 

different-aged eggs i n oviposition s i t e s , based on the data from the 

335m s i t e on 6 July. Thin table shows that most of the groups of eggo 

were of the oldest age-class. 36% of the oviposition sites with orange 

eggs contained more than one egg, whereas none of the sites with white 

eggs had more than one. A l l of the orange eggs present i n t h i s sample 

had been l a i d on or before 22 June, which was the sample date with the 

maximum number of eggs per oviposition s i t e at t h i s a l t i t u d e . The 

reduction i n the mean number of eggs per oviposition s i t e a f t e r t h i s 

date was caused by the l a t e r eggs being l a i d i n smaller groups u n t i l , 

at the end of the oviporsition period thoy were l a i d singly. The 

d i s t r i b u t i o n of the different-aged eggs at the other sites followed 

the same pattern. 
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Table 4.11 ; The frequency of different-sized groups of eggs at 

oviposition sites, separated for each age-class. 

The data are from 335m on 6 July 1978 

Eggs per 
ov.lposition 

s i t e 

% of sites 
with more 
than one egg 

White 

Yellow 

Orange 

22 

142 

114 

19 

46 

3 

13 

0.0 

13.4 

36.0 

The mean number of eggs per oviposition s i t e was calculated 

for each age-class separately, for the three a l t i t u d e s on 6 July. The 

results of these calculations are given i n Table 4.12? the few mixed 

groups have been omitted from the calculations. This table shows that 

the mean number of eggs per oviposition s i t e increases with increasing 

age of eggs, a l l of the white eggs having been l a i d singly. The 

difference beti?een the means for orange and white eggs was s i g n i f i c a n t 

(P < 0.001) at a l l a l t i t u d e s . 

Competition between newly-hatched larvae for a food supply 

could be avoided i f an ovipositing moth lays eggs singly at an oviposition 

s i t e , and avoids sites that are already occupied. Coleophora alticolella 

does lay most of i t s eggs singly at oviposition s i t e s . When they arc i n 

groups, they are very close together and usually of the same age, indicating 

that they had been l a i d at the same time and probably by the oarae female. 

I t was mostly the older eggs ivhich had been l a i d i n groups,, with an 

increase i n the mean number of eggs per s i t e only up u n t i l the middle 

of the oviposition period. This was followed by a period when the change 

i n the mean number of eggs per s i t e was not related to the t o t a l denaity 
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of eggs present- This change i n the number of eggs l a i d at a s i t e 

may be caused by the i n a b i l i t y of females to control the number of 

eggs l a i d on each oviposition attempt. 

Table 4.12 s The mean number of different-aged eggs per oviposition site 

on the last sample date during the oviposition period at 

three altitudes in 1978, The orange eggs are the oldest 

and the white are the youngest; n is the number of sites 

with each age-class of eggs 

A l t i t u d e 
(m) 

Age-class 

White Yellow Orange 

Difference between 
orange and white 

t P 

335 x 

S.) 

l.OOO 

0.000 

22 

1.152 

0.032 

164 

1.494 

0.058 

178 

8.517 <0.001 

395 x 

S.E. 

n 

1.000 

0.000 

6 

1.233 

0.051 

116 

1.466 

0.073 

73 

6.384 <0.001 

455 

S.E. 

n 

1.000 

O.OOO 

6 

1.210 

0.049 

81 

1.426 

0.090 

68 

4.733 <0.001 

The females of some Coleophora species lay most of t h e i r eggs 

i n the f i r s t few days a f t e r f e r t i l i s a t i o n . Quednau (1967) found that 

C. laricella (Hbn.) layed 57% of t h e i r eggs within three days a f t e r 

copulation. Coshan (1974) found that C. serratella had a similar pattern 
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of egg-laying, with the highest daily rate on the second day a f t e r 

copulation. This resulted i n the oviposition period corresponding 

closely with the adult emergence period. I f t h i s also applies to 

Coleophoxa altxcolella, then i t could be suggested that the occasional 

s i t e with a group of eggs i s the r e s u l t of a female producing eggs i n 

t h i s period at a faster rate than she i s able to search f o r maitable 

unoccupied s i t e s , and so having to lay several eggs at once. The 

t a i l - o f f i n the mean number of eggs l a i d at oviposition s i t e s l a t e r 

i n the season could then be due to more searching time being available 

between the production of each egg l a t e r i n adult l i f e . The increase 

i n the mean number l a i d per s i t e would be related to the o v e r a l l density 

of eggs at each a l t i t u d e since fewer suitable sites would bo available 

at the high egg densities. I t vrauld be expected t h s t when suitable 

sites are i n excess, such as at the beginning of the egg-laying period, 

females could f i n d s u f f i c i e n t to enable them to lay a l l of t h e i r eggs 

singly. 

So far i t has been assumed that the number of potential sites 

on an inflorescence i s constant throughout the oviposition period and, 

as the density of eggs increases, so they are used up. I f , however, 

the number of suitable sites i s not constant, but increases during the 

egg-laying period, then competition would decrease. A change i n the 

structure of the inflorescence during i t s growth and development could 

r e s u l t i n an increase i n the number of sites where eggs could be l a i d . 

The degree of coincidence between the oviposition period and the flowering 

of the food-plant could then be responsible f o r the changes i n the 

d i s t r i b u t i o n pattern of the eggn. 
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4=8c The development of Juncus squarrosus during the oviposition 

period 

During the oviposition period the Juncus squarrosus f l o r e t s 

are developing and opening to allow f e r t i l i z a t i o n (see Section 3.4). 

The percentage of the f l o r e t s that has been open by each sample date 

at the three a l t i t u d e s i s shown i n Figure 4.5. There i s an increase 

i n the percentage opening during the oviposition period, with the 50% 

lev e l reached around 20 June. These values are a guide to the increase 

i n the s p a t i a l complexity of the inflorescences. As the f l o r e t s develop 

and openr more oviposition sites become available. 

At the end of the oviposition period, when most of the f l o r e t s 

had opened, some of the eggs were found to have been l a i d inside the 

perianth, next to the ovary. This i s an oviposition s i t e that i s 

unavailable e a r l i e r i n the season. Eggs i n t h i s position were always 

l a i d singly. Up to 50% of the white eggs i n the l a s t two samples were 

l a i d inside the f l o r e t s (Table 4.13) . The increase i n the percentage 

of yellow eggs inside the f l o r e t s on the second of the two sample dates 

i n t h i s table i s due to ageing of these white eggs. 

4„8d Conclusions 

Although the number of oviposition sites i s related to the number 

of f l o r e t s on an inflorescence, the developmental stage of the f l o r e t s 

determines the a v a i l a b i l i t y of the s i t e s . In the f i r s t part of the egg-

laying period, the f l o r e t s were small and closely packed together. As 

the density of the eggs increased, the suitable sites were used up and 

some of the eggs were l a i d i n groups. After the date tfhen about 50$ of 

the f l o r e t s had opened, the mean number of eggs per oviposition s i t e no 

longer increased with increasing egg density. Eventually, when most of 



Figure 4.5 : The percentage of Juncus squazzosus f l o r e t s 

that had been open i n samples taken on 

d i f f e r e n t dates during the oviposition period 

at. 

a. 335m 

b. 395m 

c= 455m 

Time i s i n days with 1 = 1 June 1978 
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Table 4.13 : The percentage of each age-class of eggs found inside 

the Juncus squarrosus florets. Data from samples 

collected on two dates at 335m and 455mf and once at 395m» 

The total number of eggs in each age-class is also shown (n) 

Sample Whit® Yellow Orange 
S i t e Date n % n % n % 

335m 29 June 65 24.6 153 5.2 193 °"° 

S J u l y 22 50.0 189 7-9 266 0.0 

395m 29 June = _ _ _ _ = 

5 J u l y 6 50.0 144 13,9 108 0,0 

355m 29 June 15 33=3 68 5,9 46 0.0 

6 J u l y 6 33.3 98 7„2 97 0.0 

the f l o r e t s had opened, t h e r e was an excess of o v i p o s i t i o n s i t e s 

a l l o f the eggs could, once again, be l a i d s i n g l y a t s a c h s i t e . 

The e x t e n t to which the emergence of a d u l t s i s s y n c h r o n i s e d 

w i t h the development of the food-plant w i l l determine the amount o f 

competition f o r s u i t a b l e o v i p o s i t i o n s i t e s , p a r t i c u l a r l y a t high d e n s i t i e s 

of ovipoGiting a d u l t o . I f s u i t a b l e s i t e s become a v a i l a b l e a t a f a o t e r 

r a t e than they a r e used up, then a l l o f tho eggs could be l a i d s i n g l y . 

I t i s a l s o p o s s i b l e t h a t the r a t e of maturation o f eggs by i n d i v i d u a l 

females c o u l d c o n t r i b u t e to the i n c r e a s e i n the mean number of eggs par 

s i t e , i f the p l a c e s ifhore eggs can be l a i d a r e i n short supply d u r i n g 

the f i r s t few days a f t e r c o p u l a t i o n . However, t h e r e a r e , a t p r e s e n t , 

I n s u f f i c i e n t d a t a to t e s t t h i s h y p o t h e s i s . 
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4.9 The e f f e c t of i n f l o r e s c e n c e d e n s i t y on o v i p o s i t i o n behaviour 

The d i s t r i b u t i o n o f Juncus squ&rrosus p l a n t s i n a sward i s 

not uniform, but i s composed of a s e r i e s o f d i s t i n c t p a t c h e s (Kershaw 

and T a l l i s , 1958; welch 1966a) • Between each of t h e s e patches 

the d e n s i t y of the i n f l o r e s c e n c e s may vary, r e s u l t i n g i n a heterogeneous 

stand. The e f f e c t s of t h i s h e t e r o g e n e i t y i n the d e n s i t y o f i n f l o r e s c e n c e s , 

on the o v i p o s i t i o n behaviour o f Coleophora alticolella were i n v e s t i g a t e d . 

T h i s was done by s e t t i n g up experimental p l o t s , w i t h d i f f e r e n t d e n s i t i e s 

of i n f l o r e s c e n c e s , a t two of the sample s i t e s . 

4.9a Methods 

At the beginning of June 1978, t h r e e permanent quadrats were 

staked out a t both the 335m and 455m sample s i t e s . These quadrats 

measured 2m by 2m, and were w i d e l y separated from each o t h e r . Within 

these a r e a s , the d e n s i t y of the Juncus squarrosus i n f l o r e s c e n c e s was 

modified. T h i s was done by c u t t i n g away i n f l o r e s c e n c e s to l e a v e known 
~2 -2 -2 d e n s i t i e s of 20m , 40m and 80m s the i n f l o r e s c e n c e s t h a t were l e f t 

-2 

were d i s t r i b u t e d over the whole of each quadrat. The 80ra quadrat 

was s i t u a t e d i n an a r e a w i t h a s l i g h t l y h i g h e r d e n s i t y of i n f l o r e s c e n c e s 

than the mean f o r the whole sample s i t e , to ensure t h a t t h e r e were 

s u f f i c i e n t f o r the experiment. T h i s i*as an i n c r e a s e o f 7 i n f l o r e s c e n c e s 
2 2 per m a t 335m and 2 p e r m a t 455m. Both of t h e s e d i f f e r e n c e s were 

w i t h i n the 95% confidence l i m i t s f o r the o v e r a l l d e n s i t i e s . 

I n a d d i t i o n to these quadrats, a t 455m two clumps each 
2 

c o n t a i n i n g 20 i n f l o r e s c e n c e s were i s o l a t e d i n s e p a r a t e lm quadrats,, 

w i t h a l l other i n f l o r e s c e n c e s removed. These two s m a l l quadrats were 

separated both from each other, and the t h r e e l a r g e r experimental p l o t s . 

Although these two s m a l l quadrats had tho same o v e r a l l d e n s i t y as the 
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l o w - density p l o t d e s c r i b e d above, the d i s t r i b u t i o n of the i n f l o r e s c e n c e s 
-2 

w i t h i n the quadrats was d i f f e r e n t . The 20m p l o t had i n f l o r e s c e n c e s 

w i d e l y d i s t r i b u t e d over the whole of each square metre, but the clumped 

p l o t s had the same number o f i n f l o r e s c e n c e s i n a much s m a l l e r a r e a , 

r e s u l t i n g i n a very high within-clurap d e n s i t y . The c i r c u m f e r e n c e of 

each clump was measured, thus e n a b l i n g the c a l c u l a t i o n of the d e n s i t y 

of the i n f l o r e s c e n c e s contained, assuming t h a t both clumps were c i r c u l a r . 

These measurements a r e given i n Table 4.14,, I n f l o r e s c e n c e s were 

h a r v e s t e d from a l l o f the experimental p l o t s on 29 June, near the end 

of the o v i p o c i t i o n p e r i o d . 

Table 4.14 % The circumference and area of two clumps of Juncus 

squarroous, each containing 20 inflorescences, at 

the 455m sample site; the density of inflorescences 

within each clump is also given 

Clump Circumference Area D e n s i t y of i n f l o r e s c e n c e w i t h i n 

each clump 

(m) (in2) ( n f 2 ) 

A 1.4 0.1560 128.2 

B 1.2 0.1146 174.5 

4.9b R e s u l t s 

I t can be seen from the data p r e s e n t e d i n Table 4.15 t h a t 

t h e r e i s an i n c r e a s e i n the d e n s i t y of eggs per f l o r e t w i t h i n c r e a s i n g 

d e n s i t y of i n f l o r e s c e n c e s a t both a l t i t u d e s . The v a l u e s f o r the 335m 

s i t e a r e higher than those a t 455m f o r corresponding d e n s i t i e s . T h i s 

i s expected because the f i n a l d e n s i t i e s o f eggs i n the random samples 

was g r e a t e r a t the lower of the two a l t i t u d e s (Table 4 . 2 ) . 
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Table 4„15 ; The number of Coleophora a l t i c o l e l l a eggs per floret 

of Juncus squarrosus in samples taken from plots of 

different densities of inflorescences on 29 June 1978, 

The values for the background densities have been 

calculated from the random samples taken on the same 

date, and are shown with 95% confidence limits 

A l t i t u d e 

I n f l o r e s c e n c e 
d e n s i t y ^ 

(Noj, per m ) 

Number o f 
i n f l o r e s c e n c e s 

examined 
Eggs p e r 
f l o r e t 

335 20 

40 

80 

20 

20 

20 

0.650 

0.786 

0.925 

Background - 73=6 ± 20.5 30 0-865 

455 20 

40 

80 

30 

30 

30 

0.362 

0.559 

0.665 

Clump A -

Clump B -

Background 

128.2 

174.5 

78.0 ± 15.3 

20 

20 

20 

0.699 

0»749 

0.540 

The r e l a t i o n s h i p between eggs per f l o r e t and i n f l o r e s c e n c e 

d e n s i t y i s not l i n e a r , but t h e r e i s an i n c r e a s e i n the d e n s i t y o f eggs 

up to an asymptote ( F i g u r e 4„6). Thin f e a t u r e i s more apparent f o r 

the samples takest a t 455m„ inhere t h e r e was a g r e a t e r range of d e n s i t i e s , , 

and the asymptote i s lower. The v a l u e s given i n Table 4.15 f o r the 

background d e n s i t i e s a t both of the sample s i t e s , c a l c u l a t e d from the 

random samples on the same date, do not f i t i n t o t h i s p a t t e r n because o f 

t h i s n o n - l i n e a r r e l a t i o n s h i p . 



F i g u r e 4.6 : The d e n s i t y o f Coleophoza alticolella eggs 

per f l o r e t o f Juncus squarrosus a t d i f f e r e n t 

d e n s i t i e s of i n f l o r e s c e n c e s . Data a r e from 

samples c o l l e c t e d on 29 June 1978 a t 335m (O) 

and 455m (O) 
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I f each i n f l o r e s c e n c e i s considered as a pa t c h o f prey 

( o v i p o s i t i o n s i t e s o r f l o r e t s ) , and i f the o v i p o s i t i n g females t r a v e l 

between i n f l o r e s c e n c e s a t the same speed, then i n a r e a s w i t h a high 

infio.-rescenco d e n s i t y l e s s time w i l l be spent i n t r a n s i t from one to 

another. Consequently, i n the a r e a s w i t h h i g h e r d e n s i t i e s more time 

w i l l be a v a i l a b l e f o r s e a r c h i n g and o v i p o s i t i n g w i t h i n an i n f l o r e s c e n c e . 

I t i s p o s s i b l e to c a l c u l a t e the expected mean d i s t a n c e between an 

i n f l o r e s c e n c e and i t s n e a r e s t neighbour i n a random d i s t r i b u t i o n , 

i f the d e n s i t y of i n f l o r e s c e n c e i n an a r e a i s known, by u s i n g the 

formula of C l a r k e and Evans (1954). 

where E(r) i s the expected mean d i s t a n c e to n e a r e s t neighbours and 

p the mean d e n s i t y per u n i t a r e a . The v a l u e s f o r E(r), i n metres, 

f o r the d e n s i t i e s under c o n s i d e r a t i o n a r e g i v e n i n Table 4 . l 6 0 

Table 4.16 : The expected mean distance between nearest neighbours 

calculated from the density of inflorescences in the 

different experimental plots 

E(r) = 
1 

I n f l o r e s c e n c e s E(r) 

2 i n metres per m 

20 0.1118 

40 0.0791 

80 0.0559 

128.2 0.0442 

174.5 0.0378 
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F i g u r e 4,7 shows the number of eggs per f l o r e t p l o t t e d a g a i n s t 

the c a l c u l a t e d mean n e a r e s t neighbour d i s t a n c e s f o r the d i f f e r e n t d e n s i t y 

q uadrats. There i s no s i g n i f i c a n t d i f f e r e n c e between the r e g r e s s i o n 

c o e f f i c i e n t s f o r the two a l t i t u d e s ( t = 0.345 w i t h 4 degrees of freedom). 

The r e g r e s s i o n c o e f f i c i e n t f o r the 335m sample s i t e i s not s i g n i f i c a n t l y 

d i f f e r e n t from zero a t the 5% p r o b a b i l i t y l e v e l , but as on l y t h r e e data 

p o i n t s were a v a i l a b l e to c a l c u l a t e t h i s r e g r e s s i o n and 99% o f the 

v a r i a t i o n i s e x p l a i n e d , the r e l a t i o n s h i p i s c o n s i d e r e d to be r e p r e s e n t a t i v e 

of the r e a l s i t u a t i o n . 

These graphs show t h a t the number o f eggs l a i d p e r f l o r e t i s 

i n v e r s e l y p r o p o r t i o n a l to the d i s t a n c e between neighbouring i n f l o r e s c e n c e s . 

The g r e a t e r the d i s t a n c e between i n f l o r e s c e n c e s , the more time must be 

spent t r a v e l l i n g , and s e a r c h i n g f o r them. The f a c t t h a t the s l o p e s o f 

the l i n e s a r e GO s i m i l a r suggests t h a t the t r a v e l l i n g and s e a r c h i n g 

behaviour o f the female raothc, w i t h r e s p e c t to the d i s t r i b u t i o n o f 

in f l o r e s c e n c e s , , i s the same a t both a l t i t u d e s . 

The i n t e r c e p t on the y a x i s r e p r e s e n t s the upper asymptote 

when the data i s expressed as i n F i g u r e 4.6. T h i s would occur when 

the t r a n s i t time between i n f l o r e s c e n c e s i s zer o , t h a t i s , a t an i n f i n i t e l y 

h i g h i n f l o r e s c e n c e d e n s i t y . The i n t e r c e p t on the y a x i s f o r the 335m 

s i t e i s the h i g h e r of the two because o f the h i g h e r d e n s i t i e s of eggs 

i n the samples from t h i s a l t i t u d e . 

4.10 D i s c u s s i o n 

The r a t e of egg-laying a t any s i t e i s r e l a t e d to the t o t a l 

d e n s i t y o f eggs l a i d , and hence the d e n s i t y o f o v i p o s i t i n g a d u l t s . 

When a c o r r e c t i o n f o r t h i s f a c t o r was made, no r e l a t i o n s h i p was found 

between the o v i p o s l t i o n r a t e and a l t i t u d e . Although the l e n g t h o f the 



F i g u r e 4.7 : The d e n s i t y of Coleophora alticolella ©djgs 

pos f l o r e t of Juscus squazzosus, i n r e l a t i o n 

to the expected mean d i s t a n c e between i n d i v i d u a l 

i n f l o r e s c e n c e s i n the d i f f e r e n t d e n s i t y p l o t s . 

Data are taken from samples c o l l e c t e d on 

29 June 1978 a t 335m (O) and 455m (O). 

The s t r a i g h t line3 were f i t t e d by the l e a s t 

squares l i n e a r r e g r e s s i o n method f with % 

as the d i s t a n c e between i n f l o r e s c e n c e s and y 

the d e n s i t y of eggs. 

335m 

y 1.1876 - 4.8696x 

n = 3 r = -0.9946 0.05 < P < 0.10 

S.E. o f slope - 0.5087 

445m 

y 0.9399 - 5.0655x 

n = 5 z ~ -0.9953 p < 0.001 

S.E. o f s l o p e = 0.2847 
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o v i p o s i t i o n p e r i o d s d i d not v a r y with a l t i t u d e , the date of the mid­

p o i n t a t each s i t e was d i r e c t l y r e l a t e d to a l t i t u d e . T h i s could have 

bfsan due to ':~an a d u l t moths emerging a t p r o g r e s s i v e l y l a t e r d a t e s uader 

tho coolmr c l i m a t i c regimes a t the higher a l t i t u d e s . Coulson et a l . 

(1976)p working on the annual l i f e - c y c l e s o f two s p e c i e s of T i p u l i d a e 

a t v a r i o u s a l t i t u d e s i n t h i s r e g i o n , found t h a t a d u l t emergence was 

delayed a t higher a l t i t u d e s . They r e l a t e d t h i s d e l a y to the c o o l e r 

c l i m a t i c c o n d i t i o n s a f f e c t i n g pupation. Both of t h e s e s p e c i e s of 

t i p u l i d emerge i n May and June, a t a s i m i l a r d a t e to Coleophora alticolelle. 

The emergence of Molophilus ater Meigen was delayed by about 7 days over 

a 300 metre i n c r e a s e i n a l t i t u d e , and Tipula subnodicornis Z e t t . by 

11 days over: tb.o same a l t i t u d i n a l range. These v a l u e s a r e s i m i l a r t o 

tho delay i n the o v i p o s i t i o n p e r i o d of Coleophora alticolella^ which 

was 11.1 days per 300 metre r i s e . 

These t h r e e s p e c i e s of i n s e c t have a q u i e s c e n t phase during 

the w i n t e r months which f o r Coleophora alticolella i s a t r u e diapause. 

Diapause s e r v e s to s y n c h r o n i z e a l l of the i n d i v i d u a l s a t one developmental 

stage, by a l l o w i n g the l a r v a e a t an e a r l i e r stage o f development to 

c a t c h up w i t h those t h a t a r G . f u l l y grown. 

Photopsriod i s a s t i m u l u s which i s f r e q u e n t l y used f o r the 

maintenance of diapause by i n n e c t s . Many nort h e r n s p e c i e s a r e r e l e a s e d 

from diapause by mid-winter, but the lower thermal t h r e s h o l d s f o r the 

s t a r t o f post-diapause development are o f t e n higher than the environmental 

temperatures a t t h i s time. T h i s can l e a d t o a break between the end o f 

diapause and post-diapause development (Tauber and Tauber 1976). Siiaco 

a l l o f the s i t e s used i n t h i s r e s e a r c h were a t approximately the same 

l a t i t u d e , Coleophora alticolella would be r e l e a s e d from diapause on 

about the same date a t each. However, the lower temperature t h r e s h o l d 

f o r recommencing development would be reached a t a l a t e r date a t the 
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h i g h e r a l t i t u d e s . I n a d d i t i o n , the lower temperatures a t the hi g h e r 

s i t e s would cause slower development during the pre-pupal and pupal 

s t a g e s . T h i s r e s u l t s i n the delayed emergence o f isaagos a t hi g h e r 

a l t i t u d e s . T h i s d e l a y i s , however, advantageous because i t enables 

tha moth to be synchronized with the development o f i t s food-plant. 

When the eggs a r e being l a i d , t h e r e i s a p p a r e n t l y no way of 

t e l l i n g which of the f l o r e t s w i l l develop i n t o seed c a p s u l e s . Juncus 

sqv.arrcsus i s w i n d - p o l l i n a t e d (Welch 1966a) and so the a d u l t moths 

cannot ensure i t s f e r t i l i z a t i o n , as happens i n the r e l a t i o n s h i p between 

the yucca moth Tegiticula yuccasella ( R i l e y ) and i t s h o s t p l a n t Yucca 

spp.; or between the n o c t u i d moth Hadena bicruris Hufn. and i t s l a r v a l 

food-plant, the white campion Silene alba ( M i l l . ) ( B r a n t j e s 1976). I n 

order to avoid competition between newly hatched larvae„ and to ensure 

t h a t a t l e a s t some of the l a r v a e f i n d themselves on a f l o r e t t h a t has 

developed seed, i t would be advantageous f o r the Coleophora alticolella 

eggs to be d i s t r i b u t e d r e g u l a r l y with r e s p e c t to the f l o r e t s . 

O v o r d i s p s r s i o n o f eggs has been r e p o r t e d f o r oth e r s p e c i e s o f 

Coleophoza* The d i s t r i b u t i o n o f the eggc of C. laricella„ w i t h 

r e s p e c t to the needleo of the western l a r c h (.Lazix occidentalis Nutt.) , 

has bean s t u d i e d i n Idaho by Brown and Kulhavy (1978a). They found t h a t 

94% of tho i n f e c t e d n a e d i c s had one egg, 5.8% had two eggs and only 0.2% 

had more than two. C. serratella has a preponderance o f s i n g l e egg 

c l u t c h e s on the l e a v e s of b i r c h (Betula spp.) (Coshan 1974). C. alticolella 

a l s o l a y s c i n g l e egg c l u t c h e s and the m a j o r i t y o f the o v i p o s i t i o n s i t e s 

have only one egg. But du r i n g the f i r s t h a l f of the eg g - l a y i n g p e r i o d 

s u i t e M e o v i p o s i t i o n n i t o s a r e i n s h o r t supply, which l e a d s to an i n c r e a s e 

i n tho mean number o f eggs per s i t e as the t o t a l d e n s i t y i n c r e a s e s . As 

the Juncus squarrosus f l o r e t s open, more s i t e s become a v a i l a b l e and 

fewer eggs are l a i d i n groups. 
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Lawton (1978) has shown t h a t the a r c h i t e c t u r e o f a p l a n t can 

change as i t develops. T h i s a l t e r s the number of n i c h e s a v a i l a b l e to 

phytophagous i n s e c t s . He suggests t h a t t h i s i n c r e a s e i n s p a t i a l 

complexity o f a p l a n t could account f o r the i n c r e a s e i n t h e d i v e r s i t y 

o f s p e c i e s feeding on i t , d u ring the season. I n c r e a s e i n the s p a t i a l 

complexity i s a l s o r e s p o n s i b l e f o r changes i n the e g g - l a y i n g behaviour 

of Coleophoza. alticolella* T h i s confirms Jordan's (1958) s u g g e s t i o n 

t h a t the o v i p o s i t i o n behaviour i s a f f e c t e d by the developmental stage 

of the food-plant. 

The d e n s i t y of eggs per f l o r e t changes w i t h a l t i t u d e , and i s 

r e l a t e d to the d e n s i t y o f o v i p o s i t i n g moths„ Within one a l t i t u d e s i t e , 

t h e r e may be v a r i a t i o n i n the d e n s i t y o f eggs, depending on the 

d i s t r i b u t i o n o f the Juncus squazrosus i n f l o r e s c e n c e s . Areas w i t h a 

lot-jer d e n s i t y o f i n f l o r e s c e n c e s than the background d e n s i t y f o r the whole 

sward had fewer eggs per f l o r e t ; a r e a s w i t h a com p a r a t i v e l y h i g h d e n s i t y 

of i n f l o r e s c e n c e s had g r e a t e r numbers of eggs per f l o r e t . The r e l a t i o n s h i p 

between eggs per f l o r e t and i n f l o r e s c e n c e d e n s i t y was not l i n e a r , but 

i n c r e a s e d t o an asymptote. The number of eggs per f l o r e t f o r each 

d e n s i t y p l o t was i n d i r e c t l y r e l a t e d to the expected mean d i s t a n c e between 

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

Murdoch and Oaten (1975) have ahown t h a t , f o r predator-prey 

models when prey are d i s t r i b u t e d i n s p a t i a l l y - s e p a r a t e d p a t c h e s , p r e d a t o r s 

must spend time t r a v e l l i n g from patch to patch, which c o u l d o t h e r w i s e bo 

spent s e a r c h i n g f o r prey w i t h i n a patch. Oaten (1977) ha3 shown t h a t 

t h i s t r a n s i t time i s important i n tho s t a b i l i z i n g p r o p e r t i e s o f the 

f u n c t i o n a l response. His model suggests t h a t w i t h h i g h prey d e n s i t y 

w i t h i n p a t c h e s , l e s s time must be spent t r a v e l l i n g from p a t c h to p a t c h . 
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H a s s e l l and May (1974) have d i s c u s s e d an aggregative response i n p r e d a t o r -

pray models? itfith a given predator s t a y i n g i n a r e a s o f high pr@y d©nsity 

f o r longer p e r i o d s o f time, and hence more pre d a t o r s o c c u r r i n g i n t h e s e 

high d e n s i t y r e g i o n s , a t any i n s t a n t o f time. 

There was l i t t l e v a r i a t i o n i n the number o f f l o r e t s , and hence 

o v i p o s i t i o n s i t e s , per i n f l o r e s c e n c e o f Juncus squarzosus, both w i t h i n 

and between d i f f e r e n t d e n s i t y p l o t s a t the same a l t i t u d e . A l s o the 

response o f an i n d i v i d u a l female Coleophoza alticolella to d i f f e r e n t 

d e n s i t i e s o f f l o r e t s per i n f l o r e s e e n c e i s not known, nor t h e d e n s i t y 

o f a d u i t o s e a r c h i n g i n each p l o t . Consequently, i t was not p o s s i b l e 

to t e s t i f C. alticolella behaves as a t y p i c a l p r e d a t o r y o r p a r a s i t i c 

i n n o c t .In i t s o v i p o s i t i o n behaviour. However, tho time t h a t would 

have to loo spent t r a v e l l i n g between i n f l o r a s c e n e e a i n d i f f e r e n t demoities 

of Juncus squarrosus seems to have a s i g n i f i c a n t e f f e c t i n l i m i t i n g the 

number o f eggs l a i d per f l o r e t . 
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CHAPTER 5 

STUDIES ON THE LARVAE OF COLEOPHORA R.LTICOLELLA 

5.1 I n t r o d u c t i o n 

From measurements of the head c a p s u l e s , Jordan (1958) e s t a b l i s h e d 

t h a t Coleophora alticolella has four l a r v a l i n s t a r s . S i m i l a r measurements 

were made during t h i s study and the mean head width of each i n s t a r was 

found not to d i f f e r s i g n i f i c a n t l y from Jordan's r e s u l t s . 

The l a r v a e feed on the seeds of Juncus squarrosus d u r i n g the 

p e r i o d of J u l y to October, They h a t c h from 

eggs l a i d on the o u t s i d e of the seed c a p s u l e s and burrow through the 

p e r i c a r p to gain a c c e s s to the seeds, a t the beginning of the f i r s t 

i n s t a r . The f i r s t t h r e e i n s t a r s a re spent i n s i d e the i n i t i a l seed 

capsule and Jordan (loc. cit.) found t h a t t h i s p e r i o d l a s t e d about s i x 

weeks i n f a v o u r a b l e c o n d i t i o n s . Towards the end of the t h i r d i n s t a r 

or a t the beginning of the f o u r t h , each l a r v a s t a r t s . t o c o n s t r u c t a papery 

case (as shown i n P l a t e I ) . T h i s i t c a r r i e s around w h i l s t s e a r c h i n g f o r 

more food, having eaten the contents of i t s i n i t i a l c a p s u l e . The l a r v a l 

c a s e i s impervious to water ( S i c h 1926) and Jordan (1958) suggested t h a t 

t h i s would prevent waterlogging; l i k e w i s e i t c o u l d p r o t e c t the l a r v a 

from d e s i c c a t i o n w h i l s t exposed on the o u t s i d e of the c a p s u l e s . 

Jordan (loc. cit.) found t h a t the l a r v a e a t e , on average, the 

contents of 2.3 seed c a p s u l e s during t h e i r development. He a l s o showed 

t h a t they spent about t h r e e weeks feeding a f t e r they had produced t h e i r 

c a s e s . 

A f t e r feeding i s completed, the l a r v a e move down to the l e a f -

l i t t e r i n order to pass the w i n t e r i n diapause, although o v e r w i n t e r i n g 

l a r v a e a r e o c c a s i o n a l l y found adhering to the v e g e t a t i o n . T h i s movement 
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of l a r v a e to the ground l a y e r i n the autumn i s r e f e r r e d to as l a r v a l 

m i g r a t i o n ; t h i s i s not to be equated to emigration from the p o p u l a t i o n . 

The mig r a t i n g l a r v a e are s t i l l w i t h i n the same population a t each s i t e ; 

o n ly t h e i r l o c a t i o n has changed. 

In t h i s chapter, the l a r v a l d e n s i t y and d i s t r i b u t i o n i s examined 

i n r e l a t i o n to the seed c a p s u l e s a t d i f f e r e n t a l t i t u d e s . S u r v i v a l , 

between the egg stage and l a r v a l e s t a b l i s h m e n t i n s i d e the food supply, 

i s shown to be mainly dependent on the proportion of f l o r e t s developing 

i n t o seed c a p s u l e s . The e f f e c t o f t h i s on the a l t i t u d i n a l d i s t r i b u t i o n 

of the l a r v a e i s a l s o d i s c u s s e d . I n a d d i t i o n , l a r v a l development was 

measured i n r e l a t i o n to a l t i t u d e and the production of c a s e s and t h e i r 

subsequent migration has been i n v e s t i g a t e d . 

5.2 L a r v a l d e n s i t y i n r e l a t i o n to the food supply 

L a r v a l d e n s i t y was measured over the whole t r a n s e c t i n the 

August of each year. By t h i s time, a l l of the eggs had hatched and 

the l a r v a e had become e s t a b l i s h e d i n s i d e the seed c a p s u l e s . Most of the 

l a r v a e had grown and were second or t h i r d i n s t a r s ; t h i s f a c i l i t a t e d 

counting of i n d i v i d u a l s because the f i r s t l a r v a l i n s t a r s were v e r y s m a l l 

and e a s i l y overlooked. On the other hand, the l a r v a e were not so f a r 

advanced as to have produced c a s e s and moved from t h e i r i n i t i a l seed 

c a p s u l e . (A summary of these r e s u l t s i s given i n Appendix 5.) 

Samples were taken on 9, 10 and 11 August i n 1977, and i n 1978 

on 10 and 11 August. I n 1979 the l a r v a e were l a t e r i n developing and 

samples were c o l l e c t e d on 23 and 24 August. 

F i g u r e 5.1 shows the mean number of l a r v a e per seed c a p s u l e , 

w i t h 95% confidence l i m i t s , a t the d i f f e r e n t a l t i t u d e s i n the August of 

each y e a r . These data show the r e l a t i o n s h i p between the Coleophora 



Figure 5.1 : The d e n s i t y o f Coleophora alticolella larvae 

per seed capsule o f Juncus squarxosus a t 

d i f f e r e n t a l t i t u d e s i n August of the t h r e e 

years of t h i s study. The mean values are 

shown w i t h 95% confidence l i m i t s ; 

a. 1977 

b. 1978 

c. 1979 
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alticolella larvae and t h e i r food supply, and not the number per u n i t 

area o f ground, an aspect which i s covered w h i l s t discussing the po p u l a t i o n 

dynamics i n Chapter 7. 

I n 1977 the peak o f l a r v a l d e n s i t y was a t 245m, w i t h a mean 

(± 95% confidence l i m i t s ) o f 0.614 ± 0.053 larvae per capsule (Figure 5.1a). 

Some larvae were found at 610m i n 1977, but only a t very low d e n s i t i e s . 

The value f o r t h i s s i t e , shown i n Figure 5.1a, i s from two larvae i n a 

sample o f 30 in f l o r e s c e n c e s . 

Samples were c o l l e c t e d from many more s i t e s i n 1978. I n t h i s 

year the peak o f l a r v a l d e n s i t y was between 275m and 350m, o f t e n w i t h more 

than 0.8 larvae per capsule (Figure 5,1b). No larvae were found above 

520m. Larval d e n s i t y was reduced below 275m, but d i d not reach zero; 

there was a mean o f 0.278 ± 0.045 larvae per seed capsule a t 15m. 

1979 was ch a r a c t e r i z e d by very low l a r v a l d e n s i t i e s . Again 

the peak d e n s i t i e s were found a t the middle a l t i t u d e s (Figure 5.1c). 

The highest value was a t 275m w i t h 0.361 ± 0.057 larvae per capsule; 

the only other s i t e s w i t h more than 0.2 larvae per capsule were 305m 

and 335m. 

To summarize the data shown i n Figure 5.1, l a r v a l d e n s i t y i n 

r e l a t i o n t o the food supply was highest at the middle a l t i t u d e s , f a l l i n g 

t o zero above 520m i n 1978 and 1979, but w i t h a fev; larvae a t 610m i n 

1977. At the lowest a l t i t u d e l a r v a l d e n s i t i e s were low, but they were 

never reduced t o e x t i n c t i o n . Generally, d e n s i t i e s i n 1978 were the 

high e s t , and i n 1979 the lowest (although there was no s i g n i f i c a n t 

d i f f e r e n c e between the values f o r the 520m s i t e ) . Most o f the values 

f o r the 1977 sample season l a y between those f o r the other two years. 
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5.3 L a r v a l d i s t r i b u t i o n i n r e l a t i o n to the seed c a p s u l e s 

Samples taken i n August 1978 were used to study the d i s p e r s i o n 

of the l a r v a e i n order to d i s c o v e r i f they aggregated i n s u c c e s s f u l 

seed-producing c a p s u l e s . These samples had the h i g h e s t d e n s i t i e s of 

l a r v a e and a l s o the g r e a t e s t range of d i f f e r e n t d e n s i t i e s . Consequently, 

i f crowding was to occur, i t should be most evi d e n t i n these c o n d i t i o n s . 

I t i s p o s s i b l e to t e s t i f a d i s t r i b u t i o n departs from randomness 

2 
by comparing i t s mean and v a r i a n c e . I n a Poisson d i s t r i b u t i o n , /x i s 

u n i t y ; a va l u e s i g n i f i c a n t l y g r e a t e r than one i m p l i e s aggregation, and 

o v e r d i s p e r s i o n i s i n d i c a t e d by a value s i g n i f i c a n t l y l e s s than one 

(Southwood 1966). T h i s c o e f f i c i e n t of d i s p e r s i o n can be t e s t e d w i t h 

the formula; 
2 

x
2 = s (n-1) 

x 
2 

where s i s the v a r i a n c e , n the number of sample u n i t s ( i n t h i s c a s e 
seed capsules) and x the mean number of l a r v a e per seed c a p s u l e . 

Table 5.1 g i v e s the v a l u e s f o r the c o e f f i c i e n t s o f d i s p e r s i o n 
2 

and the r e s u l t s o f the x t e s t s of the N u l l Hypothesis t h a t the c o e f f i c i e n t s 

are not s i g n i f i c a n t l y d i f f e r e n t from u n i t y . 

A l l of the v a l u e s f o r the c o e f f i c i e n t s of d i s p e r s i o n a r e l e s s 

than u n i t y , even a t s i t e s with more than 0.8 l a r v a e per seed c a p s u l e . 

Below 500m the l a r v a e were s i g n i f i c a n t l y o v e r d i s p e r s e d with r e s p e c t to 

the c a p s u l e s . There are fewer c a p s u l e s w i t h more than one l a r v a , and 

fewer unoccupied c a p s u l e s , than would be expected from a Poisson 

d i s t r i b u t i o n w i t h the same mean value a t each s i t e . 

Although the l a r v a e were o v e r d i s p e r s e d , some s h a r i n g of seed 

c a p s u l e s d i d occur. Table 5.2 g i v e s the number and percentage o f l a r v a e 

i n each sample t h a t were s h a r i n g c a p s u l e s . These percentages are l e s s 
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Table 5.1 : The coefficients of dispersion of the Coleophora a l t i c o l e l l a 

larvae in relation to the seed capsules of the food plant at 

2 

different altitudes in August 1978. The results of \ tests 

of the Null Hypothesis that the coefficients are not 

significantly different from unity are also given 

Larvae per 
A l t i t u d e seed capsule 

(m) (x) 

15 0.278 

215 0.202 

245 0.592 

2SO 0.590 

275 0.829 

290 0.750 

305 0.839 

335 0.807 

350 0.817 

365 0.685 

395 0.723 

455 0.530 

520 0.111 

C o e f f i c i e n t o f 
di s p e r s i o n 

s /-

0. 789 

0.821 

0.606 

0.552 

0.427 

0.450 

0.419 

0.540 

0.538 

0.573 

0.613 

0.659 

0.889 

Number of 
seed 

capsules 

(n) 

432 

426 

360 

332 

350 

320 

286 

228 

241 

181 

148 

100 

54 

(n-1 d.f.) 

340.1 

348.9 

217.6 

172.8 

149.0 

143.6 

119.4 

122.6 

129.1 

103.1 

90.8 

65.2 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<o.ooi 

<0.001 

47.1 Not s i g n i f i c a n t 

than would be expected from a Poisson d i s t r i b u t i o n , but even so, i n some 

samples over 30% o f the larvae were i n s i d e capsules w i t h one or more other 

i n d i v i d u a l s . The incidence o f t h i s crowding i n s i d e seed capsules i s a 

d e n s i t y - r e l a t e d phenomenon, as can be seen from Figure 5.2. This graph 

shows t h a t a t high d e n s i t i e s o f larvae per seed capsule the percentage 

of larvae sharing the food supply increases. 



73 

Table 5.2 : The total number of Coleophora a l t i c o l e l l a larvae in each 

sample taken in August 1978; and the number and percentage 

of these larvae found to be inside seed capsules with other 

individuals 

Larvae sharing a 
A l t i t u d e T o t a l larvae seed capsule % sharing 

(m) 

15 120 8 6.7 

215 86 2 2.3 

245 213 26 12.2 

260 196 22 11.2 

275 290 68 23.4 

290 240 48 20.0 

305 240 62 25.8 

335 184 61 33.2 

350 197 61 31.0 

365 124 32 25.8 

395 107 30 28.0 

455 53 10 18.9 

520 6 0 0.0 

Both the eggs and the larvae o f Coleophora alticolella are 

overdispersed on the food-plant. The newly hatched larvae are very 

small i n r e l a t i o n t o the s t r u c t u r e and dimensions o f the i n f l o r e s c e n c e , 

and probably have a very l i m i t e d m o b i l i t y - This reduces t h e i r a b i l i t y 

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

i n t h e i r l i f e - c y c l e . The lack of a s i g n i f i c a n t aggregation o f larvae 

i n s i d e successful seed capsules suggests t h a t the larvae burrow i n t o the 



Figure 5.2 : The percentage of Coleophora alticolella 

larvae sharing Juncus squarrosus seed capsules 

w i t h one or more other i n d i v i d u a l s , a t d i f f e r e n t 

d e n s i t i e s of larvae per seed capsule i n August 

1978. The curve shows the expected values 

c a l c u l a t e d from the Poisson d i s t r i b u t i o n . 
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f l o r e t or seed capsule. This could have important consequences on the 

s u r v i v a l o f these f i r s t i n s t a r l a r v a e , p a r t i c u l a r l y a t the higher 

a l t i t u d e s i a s s t a r v a t i o n would be expected i n unsuccessful f l o r e t s . 

5.4 The s u r v i v a l o f Coleophora alticolella from egg t o establishment 

i n the seed capsule 

I n Section 4.5 the density of the Coleophora alticolella eggs 

was discussed i n r e l a t i o n t o the number o f Juncus squarrosus florets„ 

i . e . the p o t e n t i a l food supply. By using these data, and those f o r 

the subsequent d e n s i t y of l a r v a e , i t i s po s s i b l e t o c a l c u l a t e the 

s u r v i v a l o f Coleophora alticolella from the egg t o the stage when the 

larvae are e s t a b l i s h e d i n s i d e the food supply. The percentage s u r v i v a l 

i s c a l c u l a t e d from the number of eggs and larvae per f l o r e t by the formula 

„ „ . . Larvae per f l o r e t x 100 % S u r v i v i n g = — - — — r - ~ — — Eggs per f l o r e t 

Table 5.3 gives the maximum d e n s i t y of eggs l a i d a t each s i t e 

i n 1978 and the d e n s i t y o f larvae per f l o r e t i n the August sample. 

This t a b l e a l so shows the s u r v i v a l r ates a t each a l t i t u d e . The values 

range from over 80% at 15m t o less than 20% a t 520m. The r e l a t i o n s h i p 

between s u r v i v a l and a l t i t u d e i s not l i n e a r over the a l t i t u d i n a l range 

(Figure 5.3). I t appears t o be sigmoidal, w i t h a grea t e r r e d u c t i o n i n 

the percentage s u r v i v i n g , w i t h i n c r e a s i n g a l t i t u d e i n the middle region 

of the t r a n s e c t . 



Figure 5.3 : The percentage s u r v i v a l o f Coleophora alticolella 

from eggs t o l a r v a l establishment i n s i d e seed 

capsules, a t d i f f e r e n t a l t i t u d e s i n 1978. 
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Table 5.3 : The density of eggs and larvae per floret of Juncus squarrosus 

at eight altitudes in 1978; with the percentage surviving 

calculated from these values 

A l t i t u d e 
(m) 

Eggs per 
F l o r e t 

Larvae per 
F l o r e t % S u r v i v i n g 

15 

245 

275 

305 

335 

395 

455 

520 

0.287 

0.735 

1.038 

0.929 

1.120 

0.899 

0.794 

0.102 

0.232 

0.508 

0.687 

0.532 

0.383 

0.257 

0.138 

0.017 

80.8 

69.1 

66.2 

57.3 

34.2 

28.6 

17.4 

16.7 

The percentage s u r v i v i n g has been c a l c u l a t e d from the d e n s i t i e s 

of eggs and larvae per f l o r e t ; i n other words, from t h e i r r e l a t i o n s h i p 

t o the p o t e n t i a l food supply a t each a l t i t u d e . I f , as suggested e a r l i e r , 

the newly hatched larvae burrow i n t o the nearest f l o r e t , then the 

p r o p o r t i o n s u r v i v i n g should be dependent on the p r o p o r t i o n o f f l o r e t s 

s u c c e s s f u l l y developing i n t o seed capsules. This assumes t h a t a l a r v a 

which burrows i n t o a f l o r e t t h a t has not developed i n t o a seed capsule 

i s unable t o leave and t r y others i n i t s quest f o r food. This i s a 

reasonable assumption because an a b i l i t y t o r e j e c t unproductive f l o r e t s 

and continue searching would lead t o aggregation o f the larvae i n s i d e 

seed capsules on a much l a r g e r scale than has been shown t o occur. 

Seed capsule p r o d u c t i o n has been discussed i n a previous chapter. 

However, values f o r the p r o p o r t i o n o f f l o r e t s developing i n t o seed capsules 



76 

are summarized i n Table 5.4 f o r the a l t i t u d e s under c o n s i d e r a t i o n . 

These data are c a l c u l a t e d from the number o f f l o r e t s and seed capsules 

i n the August 1978 samples; the same samples as used i n assessing l a r v a l 

d e n s i t i e s . By t h i s time a l l of the capsules t h a t were t o develop had 

done so. 

Table 5.4 : The number of florets, and the proportion that had developed 

into seed capsules, in samples of 30 inflorescences of 

Juncus squarrbsus from eight altitudes in August 1978 

Seed capsules as 
A l t i t u d e Number o f a p r o p o r t i o n o f 

(m) f l o r e t s f l o r e t s 

15 517 0.836 

245 419 0.859 

275 422 0.829 

305 451 0.634 

335 481 0.474 

395 416 0.355 

455 384 0.260 

520 359 0.150 

The values f o r Coleophora alticolella s u r v i v a l and seed capsule 

p r o d u c t i o n were converted t o angles by the a r c s i n t r a n s f o r m a t i o n and 

p l o t t e d against each other i n Figure 5.4. This graph shows t h a t s u r v i v a l 

a t t h i s stage i n the l i f e - c y c l e i s d i r e c t l y r e l a t e d t o the p r o p o r t i o n o f 

the f l o r e t s developing i n t o seed capsules. The r e l a t i o n s h i p can be 

described by the.regression l i n e : 



Figure 5.4 : The p r o p o r t i o n o f Coleophora alticolella 

s u r v i v i n g from the egg stage t o l a r v a l 

establishment (y) p l o t t e d on an angular scale 

against the p r o p o r t i o n o f f l o r e t s developing 

i n t o seed capsules {x). The equation o f the 

regression l i n e i s : 

a r c s i n = 0.851 a r c s i n *fx + 1.543 

n = 8, y = 0.972, S.E. of slope = 0.084, P < 0.001. 

The 95% confidence b e l t f o r the regression l i n e 

i s shown by the broken l i n e s -
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a r c s i n Jy = 0.851 a r c s i n + 1.543 

where x i s the p r o p o r t i o n o f f l o r e t s developing i n t o seed capsules and 

y i s the p r o p o r t i o n o f Coleophora alticolella s u r v i v i n g from egg t o 

l a r v a l establishment. The f i g u r e shows t h i s l i n e w i t h the 95% confidence 

b e l t f o r the dependent v a r i a b l e s . An e x t r a p o l a t i o n o f t h i s r e l a t i o n s h i p 

t o the p o i n t where a l l o f the f l o r e t s develop i n t o seed capsules i n d i c a t e s 

t h a t s u r v i v a l o f C. alticolella would be between 87.0% and 99.8%. However, 

w i t h 90% seed capsules development, which i s nearer t o the maximum shown 

i n Table 5.4, the s u r v i v a l r a t e would l i e between 68,1% and 87.5%. I n 

f a c t , the l i n e e q u i v a l e n t t o the simple r e l a t i o n s h i p y = 0.8x l i e s e n t i r e l y 

w i t h i n the 95% confidence b e l t , f o r a l l values o f x below 0,95. This 

i m p l i e s t h a t the s u r v i v a l r a t e i s around 80% o f the seed capsule production 

r a t e over the observed range o f x. 

I f s u r v i v a l d u r i n g t h i s p e r i o d i s e n t i r e l y determined by seed 

capsule p r o d u c t i o n , then the r a t i o o f larvae per seed capsule t o eggs per 

f l o r e t would be expected t o be u n i t y . A r a t i o g r e a t e r than u n i t y would 

i n d i c a t e t h a t the newly hatched larvae could s e l e c t f l o r e t s t h a t had 

produced seed capsules, i n preference t o the unsuccessful ones. A r a t i o 

less than u n i t y would i n d i c a t e t h a t some o f the m o r t a l i t y was due t o 

f a c t o r s other than seed capsule f a i l u r e . Figure 5.5 shows the mean 

number o f larvae per capsule p l o t t e d against the number o f eggs per 

f l o r e t , a t the e i g h t a l t i t u d e s i t e s . The regression l i n e i s c o i n c i d e n t a l 

w i t h the 1:1 r e l a t i o n s h i p a t low d e n s i t i e s , but a t the higher d e n s i t i e s 

s u r v i v a l i s lower than expected. The regression c o e f f i c i e n t i s s i g n i f i c a n t l y 

l e s s than u n i t y ( t = 3.799, n = 8, P < 0.01). This suggests t h a t there i s 

another component o f m o r t a l i t y a t t h i s stage, apart from seed capsule 

f a i l u r e , and t h a t i t increases w i t h an increase i n the number o f eggs per 

f l o r e t . 



Figure 5.5 ; The de n s i t y o f Coleophora larvae per seed 

capsule (y) p l o t t e d against the d e n s i t y o f 

eggs per f l o r e t ( x ) . The s o l i d l i n e has 

the formula : 

y = 0.732* + 0.048 

n = 8 r = 0.973 S.E. o f slope = 0.071 p < 0.001 

The broken l i n e shows the r a t i o y = x. 



c n 

\ 
I n 

\ 
\ 

\ 
CJ1 



78 

F a i l u r e o f seed capsules does not e x p l a i n a l l o f the m o r t a l i t y 

p r i o r t o l a r v a l establishment. A d d i t i o n a l m o r t a l i t y f a c t o r s may not be 

r e l a t e d t o food a v a i l a b i l i t y ; f o r example, i n f e r t i l i t y o f eggs or 

f a i l u r e o f the larvae t o hatch, although no eggs were found i n samples 

l a t e r i n the season t o s u b s t a n t i a t e t h i s suggestion. Neither p a r a s i t o i d s 

nor predators of eggs or newly hatched larvae were detected. Cannibalism 

or the d e s t r u c t i o n o f eggs by old e r larvae could occur, e s p e c i a l l y a t high 

d e n s i t i e s or i n l a r g e egg groups. Cannibalism has been recorded f o r 

othe r Lepidoptera (e.g. Brower 1961; Fox 1975), but has not been observed 

f o r Coleophora alticolella. 

Notwithstanding these other p o s s i b i l i t i e s , the major m o r t a l i t y 

f a c t o r a c t i n g on C alticolella, between the egg stage and when the larvae 

become es t a b l i s h e d i n s i d e the food supply, i s s t a r v a t i o n caused by the 

f a i l u r e o f f l o r e t s t o develop i n t o seed capsules (at l e a s t a t the d e n s i t i e s 

encountered d u r i n g t h i s research). Consequently, at the higher a l t i t u d e s 

on the L i t t l e Dun F e l l t r a n s e c t , where seed capsule production i s much 

reduced, t h i s f a c t o r i s very important, and i n 1978 r e s u l t e d i n over 80% 

m o r t a l i t y above 500 metres. 

5.5 The upper a l t i t u d i n a l l i m i t o f l a r v a l d i s t r i b u t i o n 

Table 5.5 gives data f o r the upper a l t i t u d i n a l l i m i t s o f seed 

s e t t i n g by Juncus squarrosus and also Coleophora alticolella l a r v a l 

d i s t r i b u t i o n , from t h i s and other s t u d i e s . Previous authors (Jordan 

1962; Reay 1959; Welch 1965) have used data f o r the s i t e s on L i t t l e 

Dun F e l l and near Knock Ore G i l l (an area 5km t o the south, see F i g . 2.2) 

t o i l l u s t r a t e the changes i n t h i s upper l i m i t . 

Jordan (1962) concluded t h a t the upper l i m i t o f the moth larvae 

i s determined by the upper l i m i t o f seed-setting by the food p l a n t . 
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Table 5.5 : The upper altitude limits for Coleophora a l t i c o l e l l a l&zval 
distribution and Juncus squarrosus seed capsule production 
for some years during the period 1942 to 1979. All localities, 

apart from those used by Pearsall, are on the western escarpment 

of the Pennines; Knock Ore Gill is about 5km to the south of 

the Little Dun Fell transect (see Fig. 2.2). The data from 

Pearsall and Welch are based only on the presence of larval 

cases. Indicates years when the reduction in the larval limit 

was caused by a reduction in the upper limit of seed capsule 

production. 

Year 

1942/44/45 

1947 

1947 

1952 
1953 
1954 
1955 
1956 
1957 

1963 
1964 

Upper l i m i t 
o f seed capsules 

On) 

762 - 823 

1977 
1978 
1979 

>823 

1036 

753 
753 
410 

>455 
>455 
>455 

>600 
>600 

Expected a l t i t u d e 
w i t h 5% capsule 
p r o d u c t i o n 

678 
551 
596 

Upper l i m i t 
o f C.alticolella 

i n f e s t a t i o n 
(m) 

550 

610 

463 

564 
564 
410 
427 

427 - 440 
455 

410 
427 

L o c a l i t y 

Central Lake D i s t r i c t 

Saddle Back 
Lake D i s t r i c t 
Ben Wyvis 
Rothiemurchus 

Source o f 
reference 

P e a r s a l l 
1950 

L i t t l e Dun F e l l 
L i t t l e Dun F e l l 
L i t t l e Dun F e l l 
L i t t l e Dun F e l l 
L i t t l e Dun F e l l 
L i t t l e Dun F e l l 

Knock Ore G i l l 
Knock Ore G i l l 

Jordan 1955 

Reay 1959 

Welch 1964 

610 
520 
520 

L i t t l e Dun F e l l 
L i t t l e Dun F e l l 
L i t t l e Dun F e l l 

This study 
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However, t h i s only occurs i n years when the seed capsule p r o d u c t i o n i s 

reduced t o an a l t i t u d e below the upper l i m i t o f egg l a y i n g . He suggested 

t h a t i n a year of good seed-setting f o l l o w i n g a bad year, the l i m i t s o f the 

larvae and seed should not coincide,due t o the poor d i s p e r s a l o f o v i p o s i t i n g 

a d u l t s and thus a slow r e c o l o n i z a t i o n r a t e . This was corroborated by 

Reay (1959) who found t h a t i n 1955, the year f o l l o w i n g the f a l l noted 

by Jordan, seeds were produced a t a higher l e v e l than l a r v a l d i s t r i b u t i o n . 

The slow r e c o l o n i z a t i o n r a t e was obvious, w i t h the larvae o n l y g a i n i n g 

a l t i t u d e by some 45 metres i n the next three seasons. 

By the time my studies had s t a r t e d , the upper l i m i t was around 

610 metres, but i n 1978 seed prod u c t i o n was reduced a t the high a l t i t u d e s 

(the t a b l e shows the p r e d i c t e d a l t i t u d e w i t h 5% capsule p r o d u c t i o n , 

because o f the asymptotic approach t o z e r o ) . This r e s u l t e d i n a r e d u c t i o n 

i n the upper a l t i t u d e l i m i t o f the l a r v a e . I n 1979 the larvae had not 

gained ground, despite considerable seed capsule p r o d u c t i o n above the 

l e v e l o f l a r v a l d i s t r i b u t i o n i n the previous year. 

Welch (1965) suggested t h a t low seasonal temperatures may also 

be important i n the change o f the upper a l t i t u d i n a l l i m i t o f C.alticolella, 

causing a slower l a r v a l development, and then an a d u l t emergence too l a t e 

f o r o v i p o s i t i o n on the food p l a n t . This seems u n l i k e l y , because n a t u r a l 

s e l e c t i o n should have r e s u l t e d i n a c h a r a c t e r i s t i c t r i g g e r t o i n i t i a t e 

post-diapause development t h a t would enable the emerging moths t o be 

synchronized w i t h t h e i r f ood-plant (Tauber and Tauber 1976)„ Also, 

d u r i n g t h i s study, eggs were found t o have been l a i d a t a l l stages o f 

f l o r e t development, so any l a t e r emergence would not preclude o v i p o s i t i o n . 

More l i k e l y i s P e a r s a l l ' s (1950) suggestion t h a t an adverse c l i m a t e could 

cause a slower development o f the seed capsules, a f t e r o v i p o s i t i o n , so 

t h a t larvae may hatch before seed pr o d u c t i o n , a s i t u a t i o n s i m i l a r t o t h a t 

described i n Section 5.4. 
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The p r e s e n t r e s e a r c h has shown t h a t a lowering of the upper 

a l t i t u d e l i m i t o f Coleophora alticolella i s not a sudden c u t - o f f , but 

i s a r e s u l t of a gradual d e c l i n e i n l a r v a l s u r v i v a l , concomitant with 

the d e c l i n e i n the s u c c e s s of seed c a p s u l e s a t h i g h e r a l t i t u d e s , 

5„6 A comparison of l a r v a l development a t 15m and 455m i n 1978 

The development of the C. alticolella l a r v a e a t the lowest 

sample s i t e was compared w i t h t h a t a t 455m. The l a r v a e were removed 

from the seed c a p s u l e s and examined f o r evidence o f p a r a s i t i z a t i o n , or 

t o f i n d i f they had d i e d p r i o r to c o l l e c t i o n . The p a r a s i t i z e d and 'dead' 

l a r v a e were excluded from the f o l l o w i n g a n a l y s e s . The remaining l a r v a e 

vjere a s s i g n e d to d i f f e r e n t a g e - c l a s s e s , a f t e r measuring the width of 

t h e i r head c a p s u l e s . The number of eggs p r e s e n t on each i n f l o r e s c e n c e 

was a l s o recorded. (These data are a v a i l a b l e i n Appendix 6.) 

L a r v a l development i s expressed as the mean stadium p r e s e n t i n 

each sample, c a l c u l a t e d by u s i n g the v a l u e s 0 to 4 f o r the egg and four 

l a r v a l i n s t a r s . The r e s u l t s are given i n Table 5.6. Only eggs were 

p r e s e n t from 30 May u n t i l 21 June a t 15m, and from 9 June u n t i l 6 J u l y 

a t 455m. At the end of the sampling season, a l l o f the s u r v i v i n g l a r v a e 

were f o u r t h i n s t a r s . Very few l a r v a e were p r e s e n t on the l a s t two sample 

dates a t 15m and none was found i n the samples from 455m i n e i t h e r October 

or November. By t h i s l a t e stage most of the l a r v a e had f i n i s h e d feeding 

and had a l r e a d y moved down to the l e a f - l i t t e r . 

F i g u r e 5.6 shows the mean i n s t a r s p l o t t e d a g a i n s t the date o f 

each sample f o r both s i t e s ; the two curves have been f i t t e d by eye. 

The v a l u e s f o r the 455m s i t e l i e to the r i g h t o f these from 15m 

i n d i c a t i n g t h a t l a r v a e a t the higher a l t i t u d e were a t an e a r l i e r stage 

i n t h e i r development throughout the season. 
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Figure 5.6 : The development o f Coleophora alticolella 

l a r v a e , from egg t o the f o u r t h i n s t a r , a t 

the 15m s i t e ( O ) and the 455m s i t e (O ) 

dur i n g 1978. The values are expressed as 

the mean stadium ( w i t h 95% confidence l i m i t s ) 

present on each sampling date; time i s i n 

days, 1 = 1 June 1978. 
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The two curves do not appear t o be o f the same shape. 

At 15m the gr a d i e n t of the l i n e , a f t e r about 60 days, i s less than e i t h e r 

e a r l i e r i n the season at the same s i t e , or compared w i t h the same stages 

of development at 455m. This convergence o f the two l i n e s seems t o 

i n d i c a t e a slower development o f the la r v a e , from the second t o the f o u r t h 

i n s t a r , a t the lower s i t e . However, t h i s may be a t t r i b u t e d t o the o l d e r 

larvae having moved t o the l e a f - l i t t e r , and t o m o r t a l i t y o f larvae due t o 

p a r a s i t o i d s , which a t t a c k a t 15m but not a t 455m. The lo s s and death o f 

the o l d e r larvae leads t o an exaggeration o f the p r o p o r t i o n o f the younger 

larvae i n the samples. The r a t e o f development w i l l also appear t o 

decrease towards the end o f the season because the mean value can only 

reach 4 when there are no younger larvae present. For these reasons 

i t i s not pos s i b l e t o c a l c u l a t e the d u r a t i o n o f the t h i r d i n s t a r w i t h 

accuracy. 

Approximations t o the d u r a t i o n o f the e a r l i e r s t a d i a are p o s s i b l e , 

by i n t e r p o l a t i o n of the graphs i n Figure 5.6, and from t h e median o v i p o s i t i o n 

dates as given i n the l a s t chapter. The mean hatching date corresponds 

to the time when the mean i n s t a r i s 0.5; t h i s i s when h a l f o f the 

po p u l a t i o n i s i n th e f i r s t i n s t a r and h a l f are s t i l l i n eggs. The 

d i f f e r e n c e between t h i s value and the median date o f the o v i p o s i t i o n 

p e r i o d gives an estimate of the d u r a t i o n o f the egg stage. S i m i l a r l y , 

the d u r a t i o n o f the f i r s t i n s t a r i s from the mean hatching date t o mid-way 

betx^een mean i n s t a r s 1 and 2 ( i . e . 0.5 t o 1.5). These mean dates are 

given i n Table 5.7 w i t h the values f o r the d u r a t i o n o f each stage. 

The values given i n Table 5.7 must be t r e a t e d w i t h c a u t i o n as 

they have no confidence l i m i t s . However, the f i r s t p e r i o d , from o v i p o s i t i o n 

t o h a tching, took one month a t 455m but only 25 days a t 15m. The d u r a t i o n 

o f the f i r s t i n s t a r was s h o r t e r , being only 10 days a t 15m and 13 days a t 

455m. The d u r a t i o n o f i n s t a r I I was s i m i l a r a t both s i t e s , b ut a l i t t l e 
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longer than i n s t a r I . The e f f e c t of the convergence o f the two graphs 

a f t e r 60 days i s evident from the apparent longer d u r a t i o n of the t h i r d 

i n s t a r a t the lower s i t e ; but the value o f 30 days f o r the d u r a t i o n o f 

i n s t a r I I I a t 15m i s an overestimate. 

I t i s s u r p r i s i n g t h a t , apart from the longer d u r a t i o n o f the 

egg stage at 455m, there was l i t t l e e f f e c t of a l t i t u d e on l a r v a l 

development. The f i n a l column o f Table 5.7 shows t h a t the time l a g 

between e q u i v a l e n t mean i n s t a r s increases from a 15 day delay i n o v i p o s i t i o n 

t o 21 days on hatching but then remains a t a s i m i l a r l e v e l t o the beginning 

o f i n s t a r I I I . 

The l a s t samples c o n t a i n i n g eggs were c o l l e c t e d on 5 J u l y at 

15m compared w i t h 3 August a t 455m. The f i r s t occurrence o f f o u r t h i n s t a r s 

i n samples from 15m was on 29 J u l y and on 24 August at 455m. Table 5.8 

gives the developmental r a t e per day between these sample dates, c a l c u l a t e d 

by d i v i d i n g the d i f f e r e n c e between mean i n s t a r s on the two dates by the 

time i n t e r v a l i n days. This r a t e was o f the same order a t both a l t i t u d e s , 

but only s l i g h t l y slower a t 455m. 

Table 5.8 : The development rate per day of the larvae of Coleophora 
a l t i c o l e l l a at 15m and 455m in 1978; calculated from the change 

in mean instar for the period from the last sample with eggs 

until the first sample with fourth instars 

Last sample w i t h eggs 

F i r s t sample w i t h 
f o u r t h i n s t a r s 

Date 
Mean i n s t a r 

Date 
Mean i n s t a r 

Time between samples (days) 
Development r a t e (change i n 
mean i n s t a r per day) 

15m 

5 J u l y 
0.965 

29 J u l y 
2.570 

24 

0.067 

455m 

3 August 
1.447 

24 August 
2.739 

21 

0.062 
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The e f f e c t of i n c r e a s i n g a l t i t u d e on the developmental r a t e s 

of d i f f e r e n t s t a g e s can be examined by c a l c u l a t i n g temperature c o e f f i c i e n t s 

( 0^Q)i assuming t h a t temperature i s the only f a c t o r a f f e c t i n g development 

over t h i s range. The a l t i t u d i n a l d i f f e r e n c e of 440m between the two 

s i t e s i s e q u i v a l e n t to a 3°C temperature d i f f e r e n c e . The f o l l o w i n g 

formula can be used to c a l c u l a t e the Q when the r a t e s are not e x a c t l y 

10°C a p a r t (Schmidt-Nielsen 1979) : 

log £> 1 0 = (log J? 2 - l o g R ) . 10 
- m _ m 

1 2 

where R^ and R^ are the r a t e s a t the two temperatures and . 

The v a l u e s o f the two developmental r a t e s from Table 5.8 

s u b s t i t u t e d i n t o t h i s equation give a Q of 1.30. I f a s i m i l a r approach 

i s taken f o r the d u r a t i o n o f the egg stages a t the two a l t i t u d e s (25 days 

a t 15m and 31 days a t 455m) the r e s u l t i n g i s 2.10. 

Thus, the development r a t e per day of eggs would be doubled 

w i t h an a l t i t u d i n a l decrease e q u i v a l e n t to a temperature i n c r e a s e of 10°c. 

However, th e r e i s remarkably l i t t l e e f f e c t o f temperature on the 

developmental r a t e during the e a r l y l a r v a l i n s t a r s . 

5.7 L a r v a l c a s e production and l a r v a l m i g r a t i o n 

5.7a Methods 

During frequent v i s i t s t o the sample s i t e s i n 1977 and 1978 

the production of the l a r v a l c a s e s and the subsequent m i g r a t i o n from the 

food-plant to the l e a f - l i t t e r was s t u d i e d . Permanent quadrats, 

measuring 2m by 2m, were staked out a t s e v e r a l a l t i t u d e s ; 15m, 245m, 

£>^0 i s temperature-dependent; the mean d a i l y temperatures a t Moor House 

(558m) during the summer of 1978 were: June, 9.1°C; J u l y , 10.0°C; 

August, 10.7°C. 
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335m, 395m and 455m. (Th i s procedure was a l s o c a r r i e d out a t 520m 

but, due to low l a r v a l numbers, the r e s u l t s from t h i s s i t e are not 

included.) The l a r v a l c a s e s on the i n f l o r e s c e n c e s w i t h i n the quadrats 

were marked with a q u i c k - d r y i n g waterproof i n k , a d i f f e r e n t c o l o u r code 

f o r each sample date. By t h i s method, the number of l a r v a e t h a t had 

produced c a s e s s i n c e the p r e v i o u s sample date could be recorded. I n 

a d d i t i o n , the l a r v a e t h a t had been marked on a p r e v i o u s o c c a s i o n and 

were s t i l l p r e s e n t were counted. These v a l u e s have been expressed as 

the number of c a s e s per i n f l o r e s c e n c e and a r e t a b u l a t e d i n Appendix 7. 

The d i f f e r e n c e between the cumulative t o t a l c a s e s produced 

and the number p r e s e n t on each sample date g i v e s the number of l a r v a e 

t h a t had l e f t the i n f l o r e s c e n c e and moved down to ov e r w i n t e r ; t h i s i s 

the number mi g r a t i n g and the v a l u e s a r e a l s o given i n Appendix 7. 

The r e l a t i o n s h i p s between the cumulative t o t a l of cases 

produced, and a l s o the number of l a r v a e m i g r a t i n g , a t each s i t e were 

both sigmoidal with r e s p e c t to time. These data have been analysed 

by d e s c r i b i n g them w i t h l o g i s t i c equations computed by the l e a s t - s q u a r e s 

method of r e g r e s s i o n . Some examples of the r e s u l t s o f these a n a l y s e s 

a r e shown g r a p h i c a l l y i n Appendix 8. 

5.7b Case production 

The r e s u l t s of the r e g r e s s i o n a n a l y s i s of cumulative t o t a l 

c a s e s produced a g a i n s t time o f sample are given i n Table 5.9. Apart 

from a t 15m i n 1978, over 99% of the v a r i a t i o n i n the number of c a s e s 

produced per i n f l o r e s c e n c e i s accounted f o r . The v a l u e s of k are the 

upper asymptotes of the equations and r e p r e s e n t the t o t a l number of 

l a r v a l c a s e s produced per i n f l o r e s c e n c e a t each s i t e . 
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The mean d a t e o f case p r o d u c t i o n a t each o f t h e s e a l t i t u d e s 

has been c a l c u l a t e d as t h e p o i n t o f i n f l e x i o n f r o m t h e s e e q u a t i o n s . 

These v a l u e s a r e g i v e n i n T a b l e 5.10, w i t h t h e i r s t a n d a r d d e v i a t i o n s . 

There was a d i r e c t r e l a t i o n s h i p between t h e mean d a t e o f case p r o d u c t i o n 

and a l t i t u d e i n 1977 ( F i g u r e 5.7a). T h i s can be d e s c r i b e d by t h e 

e q u a t i o n : 

y = 0.057x + 73.277 

where x i s t h e mean d a t e i n days a f t e r 3 l May and y i s a l t i t u d e i n 

m e t r e s . The r e g r e s s i o n c o e f f i c i e n t i s s i g n i f i c a n t l y (P < 0.001) 

g r e a t e r t h a n z e r o and i n d i c a t e s t h a t case p r o d u c t i o n was d e l a y e d by 

5.7 ± 0,9 days f o r e v e r y lOOm i n c r e a s e i n a l t i t u d e . 

A l t h o u g h t h e mean d a t e o f case p r o d u c t i o n was d e l a y e d a t 

some o f t h e h i g h e r s i t e s i n 1978, t h e r e g r e s s i o n c o e f f i c i e n t was n o t 

s i g n i f i c a n t l y d i f f e r e n t f r o m z e r o ( F i g u r e 5.7b). 

The mean d a t e o f case p r o d u c t i o n was l a t e r a t each a l t i t u d e i n 

1978 t h a n i n 1977. Tab l e 5.11 g i v e s t h e r e s u l t s o f t - t e s t s on t h e s e 

d i f f e r e n c e s , w h i c h p r o v e d s i g n i f i c a n t a t each a l t i t u d e , a p a r t f r o m a t 

455m. The d e l a y was s i m i l a r f o r b o t h t h e 15m and 245m s i t e s , w i t h t h e 

mean d a t e b e i n g a l i t t l e o v e r 15 days l a t e r i n t h e second y e a r . The 

d i f f e r e n c e s a t t h e h i g h e r s i t e s were n o t so g r e a t . 

T a b l e 5.11 : t-tests of the differences between the mean dates of 

larval case production in 1977 and 1978 at five altitudes 

A l t i t u d e D i f f e r e n c e t P 
(m) 1978 - 1977 (days) 
15 15.2 9.730 <0.001 

245 15.4 17.700 <0.001 
335 3.2 6.504 <0.001 
395 8.3 12.161 <0.001 
455 2.2 1.926 >0.05 



F i g u r e 5.7 : The mean d a t e o f l a r v a l case p r o d u c t i o n , 

w i t h 95% c o n f i d e n c e l i m i t s , a t d i f f e r e n t a l t i t u d e s . 

The r e g r e s s i o n e q u a t i o n s a r e g i v e n w i t h t h e mean 

d a t e , y, i n days ( 1 = 1 June) and a l t i t u d e , x, 

i n m e t r e s 

a. 1977 

y = 0.057x + 73.277 

n = 5 r = 0.996 S.E. o f s l o p e = 0,003 P < 0.001 

b. 1978 

y = 0.028x + 90.592 

n = 5 r = 0.844 S.E. o f s l o p e = 0.010 0=05 < P <0.10 

The r e g r e s s i o n c o e f f i c i e n t i s n o t s i g n i f i c a n t l y d i f f e r e n t f r o m 

z e r o ; t h e t r e n d i s shown i n t h e f i g u r e by a b r o k e n l i n e . 
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The s t a n d a r d d e v i a t i o n s a r e measurements o f t h e sy n c h r o n y 

o f case p r o d u c t i o n a t each s i t e . The 15m s i t e had t h e l a r g e s t s p r e a d 

i n b o t h y e a r s , w i t h 95% (2 x 1.96s) o f t h e cases b e i n g p r o d u c e d o v e r a 

59 day p e r i o d i n 1977 and o v e r 65 days i n 1978 ( T a b l e 5.12) . The 

p r o d u c t i o n o f 95% o f t h e cases a t t h e o t h e r a l t i t u d e s t o o k an a p p r e c i a b l y 

s h o r t e r t i m e , w i t h v a l u e s r a n g i n g f r o m 35 t o 43 days i n 1977 and 27 t o 

35 days i n 1978. I n c o n t r a s t t o t h e 15m s i t e , t h e s e v a l u e s were l o w e r 

i n t h e second o f t h e two y e a r s a t each s i t e . 

T a b l e 5.12 : The number of days taken for the production of 9 5 % o f 

the larval cases at different altitudes in 1977 and 1978 

A l t i t u d e 1977 1978 
(m) 

15 59 65 

245 38 35 

335 36 27 

395 35 33 

455 43 30 

The s p r e a d o f case p r o d u c t i o n w i l l be d e t e r m i n e d p r i m a r i l y 

by t h e synchrony o f l a r v a l development. T h i s w i l l depend on t h e l e n g t h 

o f t h e o v i p o s i t i o n p e r i o d , assuming t h a t a l l eggs have an e q u a l chance 

o f s u r v i v a l t o t h e case p r o d u c t i o n s t a g e , i r r e s p e c t i v e o f t h e t i m e t h a t 

t h e y were l a i d d u r i n g t h e o v i p o s i t i o n p e r i o d . 95% case p r o d u c t i o n a t 

t h e L i t t l e Dun F e l l s i t e s t o o k on average 35 days, w h i c h was about t h e 

same l e n g t h as t h e o v i p o s i t i o n p e r i o d i n 1978. I t i s n o t known why 

t h e r e was such a l a r g e s p r e a d o f case p r o d u c t i o n a t 15m; i t i s u n l i k e l y , 

f r o m t h e e v i d e n c e o f t h e d a t a on e g g - l a y i n g , t h a t t h e o v i p o s i t i o n p e r i o d 

a t t h i s s i t e was v e r y much l o n g e r t h a n t h o s e a t o t h e r s i t e s i n 1978. 
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A l t h o u g h u l t i m a t e l y dependent on t h e l e n g t h o f t h e o v i p o s i t i o n 

p e r i o d , t h e synchrony o f case p r o d u c t i o n may be m o d i f i e d by o t h e r f a c t o r s . 

F i g u r e 5.8 shows t h a t , a t t h e Pennine s i t e s , t h e r e was an i n v e r s e 

r e l a t i o n s h i p between t h e s t a n d a r d d e v i a t i o n o f case p r o d u c t i o n d a t e and 

t h e d e n s i t y o f l a r v a e p e r seed c a p s u l e . The 95% c o n f i d e n c e l i m i t s o f 

t h e s t a n d a r d d e v i a t i o n s a r e shown i n t h i s f i g u r e and have been c a l c u l a t e d 

by t h e f o r m u l a g i v e n by Snedecor and Cochran (1967; p. 7 4 ) . The l i n e a r 

r e l a t i o n s h i p a t t h e s e s i t e s can be d e s c r i b e d by t h e f o r m u l a : 

y = 10.960 - 4.183x 

where y i s t h e s t a n d a r d d e v i a t i o n o f t h e case p r o d u c t i o n d a t e s and x 

t h e number o f l a r v a e p e r seed c a p s u l e a t each s i t e . The r e l a t i o n s h i p 

i s s i g n i f i c a n t a t t h e 5% l e v e l o f p r o b a b i l i t y . 

A t t h e h i g h e r d e n s i t i e s o f l a r v a e p e r seed c a p s u l e , t h e 

p e r c e n t a g e o f l a r v a e s h a r i n g seed c a p s u l e s i n c r e a s e s ( F i g u r e 5 . 2 ) . 

C o n s e q u e n t l y , t h e t i m e t a k e n t o produce t h e cases c o u l d be m o d i f i e d by 

f o o d a v a i l a b i l i t y . I f t h e l a r v a e produce t h e i r cases when t h e f o o d s u p p l y 

i n t h e i r f i r s t c a p s u l e i s e x h a u s t e d , t h o s e l a r v a e s h a r i n g c a p s u l e s w i t h 

o t h e r i n d i v i d u a l s s h o u l d produce cases e a r l i e r i n t h e season, r e l a t i v e 

t o s o l i t a r y l a r v a e a t t h e same st a g e o f development. 

T h i s h y p o t h e s i s was t e s t e d u s i n g d a t a f r o m a sample o f 20 

i n f l o r e s c e n c e s c o l l e c t e d f r o m t h e 335m sample s i t e on 1 September 1978. 

T h i s has been shown t o be a s i t e w i t h h i g h l a r v a l d e n s i t y , and c o n s e q u e n t l y 

a h i g h p r o p o r t i o n o f l a r v a e s h a r i n g seed c a p s u l e s . By t h i s sample d a t e , 

l a r v a l case p r o d u c t i o n had s t a r t e d , a l t h o u g h o n l y two f u l l y formed cases 

were p r e s e n t ; most were s m a l l and t h i n and had o b v i o u s l y been newly 

i n i t i a t e d . A 2 x 2 c o n t i n g e n c y t a b l e was c o n s t r u c t e d t o t e s t t h e N u l l 

H y p o t h e s i s t h a t t h e number o f l a r v a e i n a seed c a p s u l e has no e f f e c t on 

t h e p r o p o r t i o n o f l a r v a e w i t h cases. The r e s u l t s can be seen i n T a b l e 5.13, 



F i g u r e 5.8 : The s t a n d a r d d e v i a t i o n o f t h e case p r o d u c t i o n 

d a t e s a t d i f f e r e n t d e n s i t i e s o f l a r v a e p e r 

seed c a p s u l e : 

• 15m s i t e i n 1977 

• 15m s i t e i n 1978 

O L i t t l e Dun F e l l s i t e s i n 1977 

O L i t t l e Dun F e l l s i t e s i n 1978 

The r e g r e s s i o n l i n e has been c a l c u l a t e d f r o m 

t h e d a t a f o r t h e L i t t l e Dun F e l l s i t e s ( c i r c l e s ) 

and has t h e e q u a t i o n : 

y = 10.960 - 4.183x 

n = 8 r = -0.719 S.E. o f s l o p e = 1.651 P < 0.05 



Standard deviation (days) 

• 

• » 

0 5 

Larvae per capsule 
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w h i c h shows a s i g n i f i c a n t l y g r e a t e r p r o p o r t i o n o f t h e l a r v a e t h a t were 

s h a r i n g seed c a p s u l e s had s t a r t e d t o produce t h e i r cases, t h a n t h o s e 

l a r v a e i n c a p s u l e s by t h e m s e l v e s ; t h u s d i s p r o v i n g t h e N u l l H y p o t h e s i s 

a t t h e 5% p r o b a b i l i t y l e v e l . 

T a b l e 5.13 ,* A 2 x 2 contingency table to test the Null Hypothesis 

that the number of larvae in a seed capsule has no effect 

on the proportion of larvae with cases. The value of 

2 
X has been calculated using Yates' correction. 

S i n g l e l a r v a e 
i n c a p s u l e 

>1 l a r v a i n 
c a p s u l e 

No case 42 19 61 

Case 25 29 54 

67 48 115 

X = 5.101 P < 0.05 N u l l H y p o t h e s i s r e j e c t e d . 

5.7c L a r v a l m i g r a t i o n 

The d i f f e r e n c e between t h e c u m u l a t i v e t o t a l o f cases produced 

and t h e number s t i l l p r e s e n t on each sample d a t e was used as a measure o f 

t h e number o f l a r v a e t h a t had m i g r a t e d t o t h e l e a f - l i t t e r . (These 

v a l u e s a re a l s o g i v e n i n Appendix 7.) I t i s assumed t h a t a l l o f t h e s e 

m i s s i n g l a r v a e a r e t h o s e t h a t have f i n i s h e d f e e d i n g , and have l e f t t h e 

i n f l o r e s c e n c e s t o seek r e f u g e s f o r o v e r w i n t e r i n g . Some o f t h i s disappearance 

c o u l d have been due t o p r e d a t i o n , a l t h o u g h no e v i d e n c e was f o u n d f o r t h i s , 

and none has been r e p o r t e d i n t h e p r e v i o u s s t u d i e s . Thorough s e a r c h i n g 

o f t h e i n f l o r e s c e n c e s o u t s i d e t h e boundary o f t h e permanent q u a d r a t s 
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showed t h a t a few o f t h e marked l a r v a e had moved o u t o f t h e area t o t h e 

s u r r o u n d i n g p l a n t s . T h i s e m i g r a t i o n was n o t on a l a r g e enough s c a l e 

t o be r e s p o n s i b l e f o r t h e changes seen h e r e . A l s o , assuming random 

movements o f l a r v a e between i n f l o r e s c e n c e s , e m i g r a t i o n f r o m t h e q u a d r a t s 

s h o u l d e q u a l i m m i g r a t i o n , and t h u s have no e f f e c t on t h e number o f 

cases p r e s e n t a t one t i m e , 

L o g i s t i c c u r v e s have been f i t t e d t o t h e d a t a t o d e s c r i b e t h e 

m i g r a t i o n o f t h e l a r v a e d u r i n g t h i s p e r i o d . T a b l e 5.14 shows t h e 

r e s u l t s o f t h e s e a n a l y s e s . A l l o f t h e e q u a t i o n s e x p l a i n a t l e a s t 95% 

o f t h e v a r i a t i o n i n t h e number o f l a r v a e t h a t m i g r a t e d , w i t h most b e i n g 

o v e r 99%. 

The v a l u e s f o r t h e p a r a m e t e r k a r e t h e maximum number o f l a r v a e 

m i g r a t i n g a t each sample s i t e . Comparison o f t h e s e v a l u e s w i t h t h o s e 

f o r t h e number o f cases p r o d u c e d (Table 5.9) shows t h a t t h e p r e d i c t e d 

t o t a l number m i g r a t i n g i s always l e s s t h a n t h e number produced. T h i s 

r e f l e c t s t h e r e a l s i t u a t i o n ; by d e f i n i t i o n t h e m i g r a t i n g l a r v a e must 

have p r o d u c e d cases f i r s t . The d i f f e r e n c e s between t h e numbers o f cases 

produced and l a r v a e m i g r a t i n g a r e caused by m o r t a l i t y o f t h e l a r v a e a f t e r 

case p r o d u c t i o n ; t h e s e v a l u e s a r e used l a t e r i n d i s c u s s i n g t h e p o p u l a t i o n 

dynamics o f t h i s moth. 

The d a t a g i v e n i n Tab l e 5.14 were t r e a t e d i n t h e same way as 

th o s e f o r l a r v a l case p r o d u c t i o n , t o c a l c u l a t e t h e mean m i g r a t i o n d a t e s . 

The r e s u l t s a r e g i v e n i n T a b l e 5.15. 

I n 1977 t h e r e was a d i r e c t r e l a t i o n s h i p between t h e mean d a t e 

o f l a r v a l m i g r a t i o n and a l t i t u d e ( F i g u r e 5.9a). T h i s can be d e s c r i b e d 

by t h e f o r m u l a : 

y = 0.114x + 81.000 

where y i s t h e mean d a t e o f m i g r a t i o n i n days ( 1 = 1 June) and x i s t h e 

a l t i t u d e i n m e t r e s . The r e g r e s s i o n c o e f f i c i e n t i s s i g n i f i c a n t l y (P < 0.01) 
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F i g u r e 5.9 : The mean d a t e o f l a r v a l m i g r a t i o n , w i t h 95% 

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

The r e g r e s s i o n e q u a t i o n s a r e g i v e n w i t h t h e 

mean d a t e , y, i n days ( 1 = 1 June) and 

a l t i t u d e , x, in m e t r e s . 

1977 

y = 0.114* + 81.000 

n = 5 r = 0.979 s.E. o f s l o p e = 0.014 P < 0*01 

1978 

y = 0.033* + 103.463 

n = 5 r = 0.784 S.E. o f s l o p e = 0.015 P > 0-10 

The r e g r e s s i o n c o e f f i c i e n t i s n o t s i g n i f i c a n t l y 

d i f f e r e n t f r o m z e r o ; t h e t r e n d i s shown i n t h e f i g u r e 

by a b r o k e n l i n e . 
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g r e a t e r t h a n z e r o and shows t h a t m i g r a t i o n was d e l a y e d by 11,4 ± 4„3 days 

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

As w i t h case p r o d u c t i o n , t h e r e was no s i g n i f i c a n t r e l a t i o n s h i p 

between l a r v a l m i g r a t i o n and a l t i t u d e i n 1978 ( F i g u r e 5.9b). 

T a b l e 5.16 shows t h a t t h e mean l a r v a l m i g r a t i o n d a t e i n 1978 

was s i g n i f i c a n t l y e a r l i e r t h a n i n 1977 a t 335m, 395m and 455m; b u t t h a t 

a t t h e two l o w e s t a l t i t u d e s l a r v a l m i g r a t i o n , l i k e case p r o d u c t i o n , was 

l a t e r i n t h e second o f t h e two y e a r s . I n f a c t , t h e d i f f e r e n c e s between 

t h e mean d a t e s o f l a r v a l m i g r a t i o n a t 15m and 245m were s i m i l a r t o t h o s e 

f o r case p r o d u c t i o n , b e i n g a b o u t 15 days l a t e r i n 1978. 

T a b l e 5=16 : t-tests of the differences between the mean dates of 

larval migration at five altitudes in 1977 and 1978. 

Negative values indicate an earlier mean date in 1978 

than 1977 

A l t i t u d e D i f f e r e n c e t P 
(m) 1977=1978 (days) 

15 + 15.7 4,574 <0.0Ol 

245 + 1 4 . 5 11.448 <0„001 

335 - 4.5 8.676 <0.001 

395 - 11.0 9.565 <0.001 

455 - 19.6 9.040 <0„001 

C a l c u l a t i o n o f t h e synchrony o f l a r v a l m i g r a t i o n a t t h e s e 

a l t i t u d e s ( T a b l e 5.17) showed t h a t t h i s p e r i o d was much l o n g e r i n 1977 

t h a n i n 1978 f o r each sample s i t e ; a p a r t f r o m a t 15m, where 95% o f 

t h e m i g r a t i o n was o v e r a p e r i o d o f 76 days i n 1978 compared w i t h 68 days 

i n 1977. 
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T a b l e 5.17 : The time taken, in days, for 95% of the Coleophora 

a l t i c o l e l l a larval migration, at different altitudes 

in 1977 and 1978 

A l t i t u d e 1977 1978 
(m) (days) (days) 

15 68 76 

245 55 29 

335 38 25 

395 78 31 

455 91 41 

I n b o t h y e a r s , m i g r a t i o n o c c u r r e d o v e r a s h o r t e r t i m e p e r i o d 

a t t h e 335m sample s i t e , and t h e l o n g e s t were a t 15m i n 1978 and 455m 

i n 1977. The v a l u e o f 91 days a t t h e 455m s i t e f o r 1977 i s a v e r y 

l a r g e s p r e a d a b o u t t h e mean d a t e , and w o u l d i n d i c a t e t h a t m i g r a t i o n 

c o n t i n u e d u n t i l t h e end o f November. T h i s i s an o v e r e s t i m a t e , f r o m 

t h e e v i d e n c e o f o b s e r v a t i o n s made i n t h e f i e l d . 

The synchrony o f m i g r a t i o n w i l l depend, t o some e x t e n t , on 

t h e synchrony o f case p r o d u c t i o n , because l a r v a e c a n n o t m i g r a t e u n t i l 

a f t e r t h e y have produ c e d t h e i r cases. As w i t h case p r o d u c t i o n , t h e 

g r e a t e s t synchrony was a t s i t e s w i t h t h e h i g h e s t d e n s i t i e s o f l a r v a e 

p e r seed c a p s u l e . F i g u r e 5.10 shows t h e t i m e t a k e n f o r 95% m i g r a t i o n 

p l o t t e d a g a i n s t t h e t i m e f o r 95% case p r o d u c t i o n . Only t h r e e p o i n t s 

l i e below t h e l i n e o f e q u a l i t y . These were 245m, 335m and 395m i n 1978; 

t h e v a l u e f o r 335m i n 1977 i s v e r y near t o t h i s l i n e . A t s i t e s where 

l a r v a l d e n s i t y was l o w e r , t h e spre a d o f m i g r a t i o n was g r e a t e r t h a n t h a t 

o f case p r o d u c t i o n . 



F i g u r e 5.10 : The t i m e t a k e n f o r 95% m i g r a t i o n o f Coleophora 

alticolella l a r v a e p l o t t e d a g a i n s t t h e t i m e f o r 

95% case p r o d u c t i o n . The d i a g o n a l l i n e shows 

e q u a l i t y i n b o t h p a r a m e t e r s . 

• 15m sample s i t e i n 1977 

• 15m sample s i t e i n 1978 

O L i t t l e Dun F e l l t r a n s e c t i n 1977 

O L i t t l e Dun F e l l t r a n s e c t i n 1978 
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5=8 L a r v a l f e e ding a f t e r case production 

The d i f f e r e n c e between the mean date of l a r v a l case production 

and the mean date of m i g r a t i o n to the l e a f - l i t t e r i s an e s t i mate of the 

average time t h a t the l a r v a e spend feeding on the seed c a p s u l e s , w h i l s t 

i n t h e i r c a s e s . Of course, not a l l of t h i s time w i l l be spent e a t i n g 

seeds; the l a r v a e must move from one c a p s u l e to another, f o r example. 

Rather i t i s a measure of the whole of t h i s feeding p e r i o d . 

The l a r v a l m i g r a t i o n date may not be independent of t h e case 

production date, because they are both c a l c u l a t e d from the same da t a . 

However,, a comparison of the two r e g r e s s i o n c o e f f i c i e n t s f o r 1977 

( F i g u r e s 5.7a and 5.9a) shows t h a t the slope f o r m i g r a t i o n i s s i g n i f i c a n t l y 

g r e a t e r than t h a t f o r case production ( t = 4.120, w i t h 6 degrees o f freedom; 

P < O.Ol). Thus the l a r v a e a t the h i g h e r a l t i t u d e s spent longer between 

producing t h e i r c a s e s and migrating than those a t the low a l t i t u d e s , i n 

1977. 

F i g u r e 5.11 shows the v a l u e s f o r the l e n g t h of time spent i n 

t h i s s t a g e , p l o t t e d a g a i n s t a l t i t u d e ; and a l s o t h e s e same v a l u e s 

expressed as the percentage r a t e per day, from the formula: 

% r a t e per day = Migration date - Production date 

The 1977 data i s shown i n F i g u r e 5.11a and i s s i m i l a r to a 

t y p i c a l temperature-dependent development-rate p l o t , b e a r i n g i n mind 

t h a t the c o o l e r temperatures are a t the h i g h e r a l t i t u d e s and l i e to the 

r i g h t . The i n v e r s e l i n e a r r e l a t i o n s h i p between the r e c i p r o c a l x 100 

of the feeding time and a l t i t u d e has the formula: 

100 . = 9.118 - 0.0143x 
/y 



F i g u r e 5.11 : The average number of days t h a t l a r v a e spent 

feeding on the seed c a p s u l e s a f t e r case 

production ( O ) , and the p e r c e n t feeding r a t e 

per day ( o ) > i n r e l a t i o n to a l t i t u d e i n : 

a. 1977 
and 

b. 1978 

The r e g r e s s i o n of percent feeding r a t e per day 
100 
( /y) on a l t i t u d e (x) i n 1977 i s : 

1 0 0 / y = 9,118 - 0.0143x 

n = 5, r = -0.991 S.E. of slope = 0.001 P < 0.001 

There was no s i g n i f i c a n t r e l a t i o n s h i p between 

feeding r a t e per day and a l t i t u d e i n 1978; the 

broken l i n e i n F i g u r e 5.11b shows the r e l a t i o n s h i p 

c a l c u l a t e d from the 1977 data. 
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T h i s i n d i c a t e s t h a t between 15m and 455m the d u r a t i o n of t h i s p e r i o d 

corresponds to the h y p e r b o l a : 

6993 = y(637.6 - x) 

I n these equations y i s the number of days between c a s e production and 

l a r v a l m i g r a t i o n , a t each a l t i t u d e , x i n metres. 

A temperature-time curve f o r i n s e c t development approximates 

to a hyperbola f o r on l y a ve r y narrow temperature range, departing w i d e l y 

from i t a t e i t h e r end, and i s o f t e n b e t t e r d e s c r i b e d by a l o g i s t i c curve 

(e.g. Davidson 1942, 1944). However, Andrewartha and B i r c h (1954) 

suggest t h a t the hyperbola may be accepted as d e s c r i p t i v e o f t h i s type 

of r e l a t i o n s h i p , w i t h i n the l i m i t e d range o f temperatures encountered 

under f i e l d c o n d i t i o n s , as opposed to l a b o r a t o r y experiments. I n the 

pr e s e n t study, the a l t i t u d e range between 15m and 455m i s e q u i v a l e n t to 

a d i f f e r e n c e i n mean temperatures of about 3°C. Humpesch and E l l i o t t 

(1980) have s u c c e s s f u l l y used power-law equations {Y = ax as e m p i r i c a l 

models to d e s c r i b e the r e l a t i o n s h i p between temperature and h a t c h i n g time 

o f v a r i o u s Ephemeroptera. The h y p e r b o l i c equation i s comparable to the 

power-law equation w i t h b - 1 and X = the d i f f e r e n c e between the 

experimental temperature (T) and the lower developmental t h r e s h o l d ( t ) 

( i . e . Y = a/(T - t)). 

I n 1978 (F i g u r e 5.11b) t h e r e was no r e l a t i o n s h i p between the 

l e n g t h o f t h i s p e r i o d and a l t i t u d e along the t r a n s e c t . However, the 

broken l i n e on t h i s graph, which i s the t r e n d c a l c u l a t e d from the 1977 

data, shows t h a t the r a t e s a t 15m and 245m were s i m i l a r i n both y e a r s . 

Above t h i s a l t i t u d e these feeding times were much s h o r t e r than i n the 

pr e v i o u s y e a r . 

I t i s not known why the r e l a t i o n s h i p between feeding time and 

a l t i t u d e d i d not hold f o r the higher s i t e s i n 1978, but i t may have been 
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due to food shortage. I have shown p r e v i o u s l y t h a t the food supply 

can a f f e c t l a r v a l case production. When l a r v a l d e n s i t y i s high, a l l 

of the e x c e s s food a v a i l a b l e to the cased l a r v a e would be eaten soon 

a f t e r the e a r l y c a s e s had been produced. T h i s would f o r c e the l a t e r 

l a r v a e from the i n f l o r e s c e n c e and r e s u l t i n an e a r l i e r and more 

sy n c h r o n i s e d migration, w i t h a l l of the l a r v a e d i s a p p e a r i n g very soon 

a f t e r case production. 

Jordan (1958) showed t h a t on average the l a r v a e e a t the contents 

o f 2.3 seed c a p s u l e s . Therefore a t d e n s i t i e s higher than about 0.435 

l a r v a e per seed c a p s u l e , food shortage could be expected. Competition 

f o r the e x c e s s seed c a p s u l e s would not be so s e v e r e a t t h e 245m s i t e , 

even though the d e n s i t y of l a r v a e i n the August of both y e a r s was g r e a t e r 

than t h i s v a l u e , because p a r a s i t i z a t i o n , n e g l i g i b l e a t h i g h e r s i t e s , would 

reduce the l a r v a l d e n s i t y both before and a f t e r case production. 

5.9 D i s c u s s i o n 

C l i m a t i c changes along the a l t i t u d i n a l g r a d i e n t a f f e c t 

Coleophora alticolella both i n d i r e c t l y , through i t s food supply, and 

d i r e c t l y , on the speed_.of i t s development. L a r v a l d e n s i t y and d i s t r i b u t i o n , 

i n r e l a t i o n to the seed c a p s u l e s , i s dependent on the d i s t r i b u t i o n and 

abundance of eggs but i s modified by food-plant s u c c e s s . Newly-hatched 

l a r v a e do not move very f a r , but burrow i n t o one of the n e a r e s t f l o r e t s . 

Subsequent l a r v a l s u r v i v a l depends on whether t h i s has developed i n t o a 

seed-bearing c a p s u l e on which i t may feed. E s t a b l i s h m e n t of l a r v a e i n 

a s u i t a b l e food supply can be a c r i t i c a l stage i n the l i f e - c y c l e of an 

i n s e c t , p a r t i c u l a r l y when the eggs are l a i d on the s u r f a c e of the food-

p l a n t (Waloff 1968) . Very high m o r t a l i t y can sometimes occur i n t h i s 

s i t u a t i o n . The f a i l u r e to s e t seed by Juncus squaxrosus has been shown 

to be r e s p o n s i b l e f o r 80% of the m o r t a l i t y -of 'Cdlapphora alticolella 

o- S C I 
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before l a r v a l establishment, and t h i s i s the most important f a c t o r 

c o n t r i b u t i n g t o a lowering o f the upper a l t i t u d i n a l l i m i t o f the 

d i s t r i b u t i o n o f t h i s moth. 

I n s e c t s , being p o i k i l o t h e r m i c , depend on environmental 

temperatures f o r t h e i r growth and development. This r e l a t i o n s h i p has 

been w e l l e s t a b l i s h e d by many studies which have shown a f a s t e r 

development from egg t o a d u l t a t higher temperatures. Fewer studies 

have examined p a r t i c u l a r stages o f the l i f e - c y c l e separately. Those 

t h a t have done so have u s u a l l y i n v e s t i g a t e d the immobile stages; eggs 

(e.g. Davidson 1942; Humpesch and E l l i o t t 1980) or pupae (e.g. Nielsen 

and Evans 1960). These studies have confirmed the expected r e l a t i o n s h i p 

between temperature and development. The temperature r e l a t i o n s h i p s o f 

the more a c t i v e , l a r v a l stages have r a r e l y been studied i n i s o l a t i o n . 

However, there i s evidence t o show t h a t the r e l a t i o n s h i p between 

development and temperature i s not constant throughout an i n s e c t ' s l i f e , 

but may change a t d i f f e r e n t stages (e.g. B i r c h 1945). Data given by 

B u t t e r f i e l d (1976) , f o r the development r a t e s o f the c r a n e f l y Tipula 

subnodicornis, show t h a t the egg and pupal stages are h i g h l y s e n s i t i v e 

t o temperature, but t h a t the l a r v a l stages are u s u a l l y less a f f e c t e d , 

w i t h £> ô values of one or even l e s s . 

A c c l i m a t i z a t i o n , or long-term p h y s i o l o g i c a l adjustment t o 

environmental temperatures, occurs i n i n s e c t s (Wigglesworth 1972). 

This i s d i s t i n c t from the temperature-independent metabolism which has 

been reported f o r some p o i k i l o t h e r m s (mostly i n t e r t i d a l i n v e r t e b r a t e s ) 

(e.g. Newell 1966, 1970). When a c c l i m a t i z e d , an animal r e t a i n s i t s 

temperature-dependence, but i t s response curve i s s h i f t e d t o compensate 

f o r the p r e v a i l i n g c o n d i t i o n s . I f f u l l y compensating, the metabolic 

r a t e s o f animals h e l d a t the temperatures t o which they are a c c l i m a t i z e d 

w i l l be the same (Schmidt-Nielsen 1979). 
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Coulson et al. (1976) have shown t h a t the l a r v a l development 

of the t i p u l i d Molophilus ater i s not r e l a t e d t o the temperature 

d i f f e r e n c e over a l a r g e range o f a l t i t u d e s i n the nor t h e r n Pennines. 

The development o f the larvae o f Coleophora alticolella i n s i d e the seed 

capsules o f i t s food-plant i s also constant i n d i f f e r e n t p a r t s o f i t s 

a l t i t u d i n a l range, despite the d i f f e r e n c e s i n environmental temperatures. 

However, the development o f the eggs was f a s t e r a t the low a l t i t u d e s , 

where temperatures were warmer, and i t i s probable t h a t the pupal p e r i o d 

was also sho r t e r at these s i t e s . Of course, these r e l a t i o n s h i p s between 

l a r v a l growth and a l t i t u d e are not completely analogous t o c o n t r o l l e d 

experiments on the e f f e c t s o f temperature on development; other f a c t o r s 

such as d i f f e r e n t i a l m o r t a l i t y or g e n e t i c a l d i f f e r e n c e s , i n the d i f f e r e n t 

p a r t s o f the i n s e c t ' s range, may also be responsible f o r an apparent 

temperature-independence. Further studies would be necessary t o show 

i f these e f f e c t s were due t o a c c l i m a t i z a t i o n t o temperatures i n the f i e l d ; 

and, i f there i s a c c l i m a t i z a t i o n , whether i t occurs only during the l a r v a l 

stages, and not dur i n g the egg or pupal stages. 

Despite phases of apparent compensation f o r d i f f e r e n t 

environmental temperatures, the o v e r a l l development of i n s e c t s i s slower 

i n cooler c o n d i t i o n s . However, there are other mechanisms by which 

i n s e c t s can circumvent the e f f e c t s o f adverse environmental temperatures 

and y e t s t i l l maintain s e a s o n a l i t y , thus enabling them t o i n h a b i t a wide 

geographical range. These i n c l u d e ; a change from an annual t o a b i e n n i a l 

l i f e - c y c l e i n colder areas,' f o r example i n the eggar moth, Lasiocampa 

quercus (L.) (Ford 1972); pupation a t a small s i z e i n cooler temperatures, 

as i n the garden chafer, Phyllopertha horticola (L.) (Laughlin 1963); or 

even the i n s e r t i o n o f e x t r a l a r v a l i n s t a r s a t higher temperatures, as 

Geyspits and Zarankina (1963) recorded f o r the pale tussock moth, 
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Dasychira pudibunda ( L . ) . Geographical populations o f the same species 

have also evolved i n response t o l a t i t u d i n a l d i f f e r e n c e s i n c l i m a t e 

( D a n i l e v s k i i 1965; Beck 1968). 

One o f the commonest mechanisms enabling i n s e c t s t o be 

synchronized w i t h t h e i r food supply, or w i t h other events o c c u r r i n g 

over a short p e r i o d o f time, i s diapause (Tauber and Tauber 1976). 

The use o f a w i n t e r diapause i n the maintenance o f an annual l i f e - c y c l e 

by Coleophora alticolella, over the whole o f i t s a l t i t u d i n a l range, i s 

c l e a r l y demonstrated by the r e s u l t s given i n t h i s and the preceding 

chapters. I n 1977, l a r v a l case produ c t i o n was delayed by 5.7 days 

and l a r v a l m i g r a t i o n by 11.4 days, f o r every 100m increase i n a l t i t u d e . 

The f o l l o w i n g s p r i n g , the median date o f the o v i p o s i t i o n p e r i o d was 

delayed by only 3.7 days per 100m. Consequently, between 15m and 455m, 

the 50 day delay i n l a r v a l m i g r a t i o n was reduced t o only a 16 day delay 

i n o v i p o s i t i o n . Thus the moth i s able t o compensate f o r much o f the 

delay caused by the retarded development at the higher s i t e s . 
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CHAPTER 6 

STUDIES ON THE PARASITOIDS OF COLEOPHORA ALTICOLELLA 

6.1 I n t r o d u c t i o n 

One host species i s o f t e n attacked by a number o f d i f f e r e n t 

p a r a s i t o i d s which may range from h o s t - s p e c i f i c , monophagous species 

t o polyphagous species a t t a c k i n g a v a r i e t y o f d i f f e r e n t h osts. 

ZwSlfer (1971) has reviewed the s t r u c t u r e o f such p a r a s i t o i d complexes 

i n an attempt t o discover what mechanisms e x i s t t o al l o w t h i s competitive 

co-existence. Root (1967) used the term ' g u i l d ' t o de f i n e a group o f 

species t h a t e x p l o i t the same class o f environmental resources i n a 

s i m i l a r way. He developed t h i s concept from h i s s t u d i e s on i n s e c t ­

ivorous b i r d s gleaning i n s e c t s from the f o l i a g e o f oak leaves. Since 

then, the concept has been a p p l i e d t o studies o f i n s e c t s (e.g. 

Rathcke 1976). Price (1971) has shown t h a t the members of the g u i l d o f 

p a r a s i t o i d s a t t a c k i n g the cocoons of the sawfly Neodiprion swainei Midd. 

have d i f f e r e n t responses t o m i c r o h a b i t a t changes, such as moisture and 

host d e n s i t y . This enables them t o c o - e x i s t on the same host. 

Jordan (1958, 1962) and Reay (1959) both reared hymenopterous 

p a r a s i t o i d s from Coleophora alticolella larvae c o l l e c t e d from low 

a l t i t u d e s , but found them t o be absent i n areas w i t h harsher c l i m a t i c 

c o n d i t i o n s . Cragg (1961) thought i t u n l i k e l y t h a t these n a t u r a l enemies 

could have a s i g n i f i c a n t e f f e c t on the p o p u l a t i o n dynamics o f 

C. alticolella a t Moorhouse. Coulson and Whittaker (1978) suggest, 

however, t h a t they could e x e r t some r e g u l a t i n g i n f l u e n c e a t the lower 

a l t i t u d e s . 

The two previous studies on C. alticolella were confined t o 

s i t e s above 195m and sampling d u r i n g the periods of p a r a s i t i z a t i o n was 

i n f r e q u e n t . This aspect o f the ecology o f c. alticolella has now been 
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stu d i e d i n greater d e t a i l , e s p e c i a l l y w i t h the i n c l u s i o n o f the low 

a l t i t u d e sample s i t e a t Drigg. 

The d i f f e r e n t species o f i n s e c t p a r a s i t o i d s reared from 

C alticolella are l i s t e d i n t h i s chapter, f o l l o w e d by the r e s u l t s o f 

some more d e t a i l e d s tudies on some of the commoner species. The e f f e c t s 

o f the i n c r e a s i n g c l i m a t i c harshness on the p a r a s i t o i d s and t h e i r 

r e l a t i o n s h i p w i t h t h e i r host were also i n v e s t i g a t e d . Finally,, the 

changes i n the complexity o f the p a r a s i t o i d g u i l d along the a l t i t u d i n a l 

g r a d i e n t are demonstrated and the competitive a b i l i t i e s o f the p a r a s i t o i d s 

are discussed. 

6.2 The species of p a r a s i t o i d s a t t a c k i n g Coleophora alticolella 

Six species o f primary p a r a s i t o i d and one h y p e r p a r a s i t o i d were 

reared from Coleophora alticolella larvae feeding on Juncus squarrosus 

d u r i n g t h i s study. A l l o f the p a r a s i t o i d s were Hymenoptera and there 

are no records o f p a r a s i t i c Diptera from t h i s host. 

Primary p a r a s i t o i d s : 

Scambus brevicornis (Gravenhorst) 

Gonotypus melanostoma (Thomson) 

Gel is sp. 

Elachertus olivaceus (Thomson) 

Euderus viridis Thomson 

Ichneumonidae, Pimplinae 

Ichneumonidae, Campopleginae 

Ichneumonidae, Phygadeuontinae 

Eulophidae, Eulophinae 

Eulophidae, Euderinae 

Pteromalus (Habrocytus) semotus (Walker) Pteromalidae, Pteromalinae 

Hyp e r p a r a s i t o i d : 

Tetrastichus endemus (Walker) Eulophidae, T e t r a s t i c h i n a e 
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Scambus brevicornis was one of the commonest s p e c i e s of 

p a r a s i t o i d r e a r e d from Coleophoxa alticolella by Jordan (1958) and 

Reay (1959). Askew (1964) has pointed out t h a t the s p e c i e s of eulophid 

r e f e r r e d to i n these e a r l i e r s t u d i e s as "a genus near Miotropis" i s , i n 

f a c t , Elachertus olivaceus. Jordan and Reay both re a r e d pteromalids 

from t h i s h o s t . Reay (1959) named h i s as Habrocytus sp. and I assume 

t h a t they were Pteromalus semotus (Habrocytus i s now a subgenus of 

Pteromalus ( F i t t o n e t al. 1978)). Reay a l s o found a Euderus s p e c i e s . 

Gelis instabilis ( F o e r s t e r ) has been recorded as a n a t u r a l 

enemy of ru s h - f e e d i n g Coleopbora by Morley and Rait-Smith (1933)„ 

The i n d i v i d u a l s r e a r e d from C. alticolella during t h i s r e s e a r c h were not 

i d e n t i f i e d to s p e c i e s because the s y s t e m a t i c s of t h i s genus a re confused 

a t p r e s e n t and are undergoing review (M. F i t t o n p e r s . comm.). There i s 

much host-mediated s t r u c t u r a l m o d i f i c a t i o n i n the s p e c i e s of Gelis; 

o f t e n males and females have been d e s c r i b e d as s e p a r a t e s p e c i e s (Zwart 

1978). The male Gelis t h a t I r e a r e d from Coleophora alticolella had 

f u l l y formed wings but the females were apterous. 

Coleophora alticolella i s a new h o s t r e c o r d f o r Gonotypus 

melanostoma* Only one male and one female were r e a r e d during t h i s study, 

from samples taken a t Drigg on 24 August 1977. T h i s p a r a s i t o i d has 

p r e v i o u s l y been recorded from the moths Assara terebrella (Zincken) and 

Cydia strobilella (L.) (Hedwig 1943). 

Tetrastichus endemus i s h y p e r p a r a s i t i c , a t t a c k i n g Elachertus 

olivaceus. 

Braconidae were not recorded as p a r a s i t o i d s of Coleophora 

alticolella during t h i s study; although Jordan (1958) found Bracon sp., 

and Thompson (1945) l i s t e d two s p e c i e s , Microbracon obscurator Nees and 

M. osculator Nees. 



108 

Samples of Coleophora alticolella c o l l e c t e d a t various times 

d u r i n g the summer o f 1977, and c u l t u r e d i n an outhouse subject t o 

normal w i n t e r c o n d i t i o n s , d i d not produce any other p a r a s i t o i d s which 

may have had t o undergo diapause before emergence. 

6.3 Elachertus olivaceus 

Blachertus olivaceus was one o f the commonest p a r a s i t o i d s 

o f Coleophora alticolella found d u r i n g the study. I t i s a s l i g h t l y 

gregarious e c t o p a r a s i t e and i s oligophagous, being recorded from o t h e r 

species of rush-feeding Coleophora (Askew 1968; Boucek and Askew 1968). 

Jordan (1958) gives the impression t h a t Elachertus olivaceus only 

attacked the host larvae t h a t had produced cases, but during t h i s study 

i t was also found feeding on second, t h i r d and f o u r t h i n s t a r hosts; 

they were o f t e n found i n s i d e the seed capsules before case production,, 

E. olivaceus were observed o v i p o s i t i n g on hosts i n the f i e l d 

and i n the l a b o r a t o r y . When l a y i n g eggs on the e a r l y host i n s t a r s , 

the female walks over the seed capsule tapping i t w i t h her antennae. 

I f a s u i t a b l e host i s found, she i n j e c t s her o v i p o s i t o r through the 

p e r i c a r p t o l a y on the l a r v a w i t h i n . The o v i p o s i t o r o f such a small 

species i s very short and w i l l not be able t o reach a host feeding on 

seeds i n the middle o f the capsule; o n l y those which are near t o the 

p e r i c a r p w i l l be sus c e p t i b l e t o a t t a c k . 

Sich (1923) suggested t h a t the minute species o f Hymenoptera 

might gain access t o the Coleophora larvae by squeezing between the 

a p i c a l valves o f the case. This seems u n l i k e l y as a l l o f the 

Elachertus olivaceus females t h a t I observed o v i p o s i t i n g on the o l d e r 

larvae d i d so by p i e r c i n g the case w i t h the o v i p o s i t o r . 
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Examination of the host l a r v a e p a r a s i t i z e d by Elachertus 

olivaceus i n the l a b o r a t o r y r e v e a l e d t h a t they were p a r a l y s e d by the 

o v i p o s i t i n g female, a c o n d i t i o n from which they never recovered. 

No evidence was found f o r more than one female o v i p o s i t i n g on the same 

host, and a l l of the p a r a s i t e l a r v a e on a host were a t the same stage 

of development. 

E. olivaceus overwinter a s pupae. However, c a s t pupal s k i n s 

i n a s s o c i a t i o n with the remains of p a r a s i t i z e d Coleophora alticolella 

l a r v a e , i n s i d e the seed c a p s u l e s , i n d i c a t e d t h a t some of the i n d i v i d u a l s 

emerge before the w i n t e r . None of the other p a r a s i t o i d s pupated u n t i l 

the f o l l o w i n g s p r i n g . These o b s e r v a t i o n s c o r r o b o r a t e an e a r l i e r 

s uggestion by Askew (1964) t h a t Elachertus olivaceus has two generations 

per year; a c o n c l u s i o n he gained from the d i s t r i b u t i o n of the f l i g h t 

p e r i o d s . 

Jordan (1958) recorded up to th r e e pupae of t h i s s p e c i e s per 

host. I o c c a s i o n a l l y found four or even f i v e f u l l y formed pupae on 

one host, a l l of which emerged s u c c e s s f u l l y i n the l a b o r a t o r y . The 

number of E. olivaceus supported by the host l a r v a e was i n v e s t i g a t e d 

i n more d e t a i l . 

6.3a The number of Elachertus olivaceus per p a r a s i t i z e d host 

The number of E. olivaceus pupae found on each host l a r v a 

was recorded and the r e s u l t s d i v i d e d i n t o groups depending on the age 

of the host. Two a g e - c l a s s e s of host were used; young ho s t s which 

had not produced l a r v a l c a s e s , and o l d e r , bigger h o s t s w i t h l a r v a l c a s e s . 

Table 6.1 shows t h a t most of the s m a l l e r host l a r v a e had only one 

E. olivaceus, and never more than two. The o l d e r l a r v a e could support 

more i n d i v i d u a l s . 
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T a b l e 6.1 : The frequencies of Coleophora a l t i c o l e l l a i a r v a e , 

of two age-classes, with different numbers of 

E l a c h e r t u s o l i v a c e u s pupae in 1977 and 1978 

Pupae per h o s t 

1977 

Host w i t h o u t 

l a r v a l case 56 8 0 0 0 

Host w i t h 

l a r v a l case 55 47 22 8 1 

1978 
Host w i t h o u t 

l a r v a l case 93 7 0 0 0 

Host w i t h 
l a r v a l case 24 34 5 2 0 

Hosts a t t a c k e d E. olivaceus b e f o r e case p r o d u c t i o n were 

never f o u n d w i t h more t h a n two eggs, l a r v a e , o r pupae. T h e r e f o r e 

t h e d i f f e r e n c e i n t h e average number o f pupae p e r h o s t , i n r e l a t i o n t o 

h o s t s i z e , c a n n o t be a t t r i b u t e d t o c o m p e t i t i o n between t h e d e v e l o p i n g 

p a r a s i t o i d l a r v a e c a u s i n g a r e d u c t i o n i n t h e i r numbers. There was, 

however, c o n s i d e r a b l e v a r i a t i o n i n t h e s i z e o f t h e pupae on d i f f e r e n t 

h o s t s . 

6.3b The l e n g t h o f Elachertus olivaceus pupae j 

The l e n g t h o f t h e E. olivaceus pupae, f r o m t h e 15m and 245m 

sample s i t e s , was measured m i c r o s c o p i c a l l y . The r e s u l t s were s e p a r a t e d 

i n t o g r o u ps a c c o r d i n g t o whether t h e pupae had been f o u n d on h o s t l a r v a e 

a t t a c k e d b e f o r e o r a f t e r case p r o d u c t i o n ; and w i t h i n t h e s e two g r o u p s , 
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i n t o the lengths of pupae i n d i f f e r e n t brood sizes. (For the purpose 

o f t h i s i n v e s t i g a t i o n , a brood i s defined as the number of p a r a s i t o i d s 

on each host.) The r e s u l t s f o r 1977 and 1978 were combined as there 

were no s i g n i f i c a n t d i f f e r e n c e s between equivalent means. The mean 

lengths of pupae from d i f f e r e n t categories of host are l a t e r used i n 

c a l c u l a t i n g pupal volume. 

Table 6.2 shows t h a t the maximum mean le n g t h of the-pupae 

was a l i t t l e over 1.8mm, and t h a t the minimum mean l e n g t h was less than 

th r e e - q u a r t e r s of t h i s value, 1.333mm (the range of values was from 

1.179mm t o 2.051mm). The mean pupal lengths are c o n s i s t e n t l y greater 

a t 15m, but a t each a l t i t u d e there i s v a r i a t i o n depending on the size 

of the host and the number i n each brood. 

The d i f f e r e n c e s between the mean lengths of pupae i n d i f f e r e n t 

brood siz e s , but on the same stage of host, a t the two a l t i t u d e s , are 

given i n Table 6.3. There was no s i g n i f i c a n t d i f f e r e n c e between the 

lengths of pupae i n broods of one and broods of two, when Elachertus 

olivaceus p a r a s i t i z e d larvae before they had produced t h e i r cases a t the 

15m sample s i t e ; but a t 245m the pupae i n broods of two were 16.6% 

shorter than s o l i t a r y pupae. The d i f f e r e n c e was s i g n i f i c a n t (P < 0.01). 

S i m i l a r l y , when the host larvae were p a r a s i t i z e d a f t e r they had produced 

cases, the pupae were found t o be s i g n i f i c a n t l y shorter i n double broods 

than i n s i n g l e broods a t 245m, but not a t 15m. I t was not u n t i l t h e r e 

were four pupae i n a brood t h a t there was any s i g n i f i c a n t r e d u c t i o n o f 

the mean pupal l e n g t h a t the lower s i t e . 
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Table 6.2 : The mean lengths (mm) of Elachertus olivaceus pupae 

at two altitudes. The values are categorized 

according to the developmental stage of the host 

larva and the different brood sizes of the 

parasitoid 

15m 245m 

Brood size 
(pupae per 

host) 

Developmental stage 
of host 

w i t h o u t 
case 

1.786 

0.147 

6 

w i t h 
case 

1.808 

0.095 

4 

Developmental stage 
of host 

w i t h o u t 
case 

1.598 

0.175 

42 

w i t h 
case 

1.776 

0.138 

20 

1.756 

0.077 

4 

1.714 

0.323 

13 

1.333 

0.205 

6 

1.624 

0.166 

34 

x 

n 

1.802 

0.149 

20 

1.658 

0.213 

19 

1.586 

0.083 

1.410 

0.174 

1.472 

0.418 

5 
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At 245m s o l i t a r y Elachertus olivaceus pupae on l a r g e hosts 

were 11.1% longer than on the younger host larvae and, i n broods of 

two, the pupae were 21.8% longer on the older hosts, and both 

d i f f e r e n c e s were s i g n i f i c a n t (Table 6.4). At 15m, however, there 

were no s i g n i f i c a n t d i f f e r e n c e s between the mean pupal lengths i n 

r e l a t i o n t o the developmental stage of the host. 

Table 6.5 shows the r e s u l t s of t - t e s t s comparing the 

equivalent mean pupal lengths between a l t i t u d e s . S o l i t a r y E. olivaceus 

pupae t h a t fed on host larvae before case production a t 245m were 10.5% 

short e r than those a t 15m. The pupae i n broods of two on the younger 

hosts were 24.1% sho r t e r a t the higher sample s i t e . Both of these 

d i f f e r e n c e s were s i g n i f i c a n t (P < 0.01). There were no s i g n i f i c a n t 

d i f f e r e n c e s between the mean lengths of pupae i n broods of one or two 

on the l a r g e r hosts, but the pupae i n the l a r g e r broods a t 245m were 

s i g n i f i c a n t l y (P < 0.05) shorter than t h e i r counterparts a t 15m. 

6.3c Pupal volume 

Length i s only one measurement of the size of pupae, and 

on i t s own cannot show the f u l l e f f e c t of brood size and host 

developmental stage on t h i s p a r a s i t o i d . The pupae are e l l i p s o i d 

but f l a t t e n e d d o r s o - v e n t r a l l y , such t h a t they are wider than deep. 

Measurements were taken of the l e n g t h , width and depth of twelve pupae, 

t o enable c a l c u l a t i o n of the pupal volume. 

The r e l a t i o n s h i p s between pupal width and l e n g t h and pupal 

depth and length can be seen i n Figure 6.1. The regression equations 

of width (w) on l e n g t h (1) and depth (d) on l e n g t h are: 

w = 0.475J - 0.174 (6.1) 

d = 0..53OJ - 0.486 (6.2) 



Figure 6.1 : The r e l a t i o n s h i p s between Elachertus olivaceus 

pupal width and l e n g t h (O) and pupal depth 

and le n g t h (O) 

The regression of wi d t h (w) on l e n g t h (2) 

has the equation: 

w = 0.4751 - 0.174 

n = 12, r = 0.971, P < O.OOl, S.E. of slope = 0.037 

The regression of depth (d) on l e n g t h (1) has the 

equation: 

d = 0.5301 - 0.486 

n = 12, r = 0.958, P < 0.001, S.E. of slope = 0.050 



0*8 Pupal width or depth (mm) 

k W x 0.6 

0-4 

0-2 
r 5 

1.5 •7 1-9 
Pupal length (mm) 
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The regression c o e f f i c i e n t s are not s i g n i f i c a n t l y d i f f e r e n t from each 

other ( t = 0.884, d.f. = 20, P > 0.05) which i n d i c a t e s t h a t there i s a 

constant r e l a t i o n s h i p between l e n g t h , w i d t h and depth-

The volume of the pupae can be estimated as 

Volume = 4 7 r / 3 (v 2 ) (" / 2 ) ( * / 2 ) [6.3) 

Therefore, by s u b s t i t u t i n g the values f o r the mean pupal lengths, 

from the d i f f e r e n t categories of host given i n Table 6.2, i n t o the 

equation 

Volume = n/6 (1)(0.4752 - 0.174)(0.5302 - 0.486) (6.4) 

the volume of the pupae on the d i f f e r e n t hosts can be found. These 

values are given i n Table 6.6. The maximum pupal volume, c a l c u l a t e d 
3 

from these mean lengths, was 0.306mm f o r s i n g l e pupae on large hosts 

a t the 15m s i t e . The minimum volume was less than a quarter of t h i s 
3 

maximum, being only 0.071mm f o r broods of two on hosts w i t h o u t cases 

a t the 245m s i t e . 

3 

Table 6.6 : The volume (mm ) of Elachertus olivaceus pupae in different 
brood sizes and on hosts at different stages of development 

at 15m and 245m, calculated by substituting the values of 

mean pupal length, given in Table 6.2, into equation (6. 

Brood size 
(pupae per 

host) 

1 

2 

3 

4 

5 

15m 
Developmental stage 

of host 

Without case With case 

0.291 0.306 

0.270 0.243 

0,302 

0.171 

245m 
Developmental stage 

of host 
Without case With case 

0.177 

0.071 

0.284 

0.190 

0.209 

0.096 

0.119 
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6.3d Conclusions 

I t i s usual f o r p a r a s i t i c c halcids t o paralyse t h e i r hosts 

before o v i p o s i t i o n . This prevents the eggs from being dislodged or 

damaged and stops the host body from decaying before i t i s f i n a l l y 

k i l l e d (Askew 1971). This i s the case f o r Elachertus olivaceus, and 

consequently the size of the host a t the time of o v i p o s i t i o n determines 

the amount of food a v a i l a b l e t o the p a r a s i t o i d l a r v a e . 

The o v i p o s i t i n g female i s able t o r e g u l a t e , t o some exte n t , 

the number o f eggs t h a t she lays on a host i n r e l a t i o n t o i t s size 

(or perhaps i t s s i t u a t i o n ) . The m a j o r i t y of Coleophora alticolella 

larvae attacked before case produ c t i o n can only support one Elachertus 

olivaceus l a r v a , but the l a r g e , o l d e r hosts can s u s t a i n up t o f i v e of 

these p a r a s i t o i d s . Although there i s no evidence f o r i n t r a s p e c i f i c 

competition causing the m o r t a l i t y of supernumaries, where i t does occur, 

the l i m i t a t i o n s of the food supply r e s u l t i n the E. olivaceus pupating 

a t a smaller s i z e . 

At the lower of the two a l t i t u d e s , the E. olivaceus pupae were 

of maximum mean l e n g t h and not r e s t r i c t e d by the food supply, e i t h e r on 

small hosts w i t h one or two per brood, or on large hosts u n t i l there were 

fou r per brood. I n comparison, a t 245m the maximum mean l e n g t h was only 

a t t a i n e d by s i n g l e i n d i v i d u a l s on the l a r g e r of the two host types. 

Here the pupae on younger, smaller hosts were s i g n i f i c a n t l y shorter than 

those t h a t had fed on the bigger hosts, as were the pupae i n large broods 

compared w i t h s o l i t a r y pupae on e i t h e r host type. 

The volume of the pupae i s r e l a t e d t o t h e i r l e n g t h . The pupal 

volume, c a l c u l a t e d from the mean pupal l e n g t h of K. olivaceus on the 

d i f f e r e n t categories of host, shows t h a t t h e re can be a f o u r - f o l d 

d i f f e r e n c e i n the size of pupae, depending on the brood size and host age, 
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The pupae of Elachertus olivaceus on the d i f f e r e n t categories 

of host were c o n s i s t e n t l y smaller a t 245m than t h e i r counterparts a t 

15m. I t w i l l be shown i n Section 6.10 t h a t t h ere was no r e a l d i f f e r e n c e 

between the f i r s t recorded date of p a r a s i z i a t i o n of Coleophora alticolella 

by Elachertus olivaceus a t the two a l t i t u d e s . Consequently, due t o 

the progressive delay i n the development of Coleophora alticolella w i t h 

i n c r e a s i n g a l t i t u d e , host larvae w i l l be smaller a t 245m than a t 15m 

on any given date. Thus the food supply a t the higher a l t i t u d e i s , 

on average, less than a t the lower s i t e . This r e s u l t s i n the p a r a s i t o i d s 

pupating a t a smaller siz e a t 245m. 

I suggest t h a t C. alticolella larvae i n s i d e the seed capsules 

are p a r a s i t i z e d by the f i r s t generation of Elachertus olivaceus each 

year. The progeny emerge l a t e r t h a t same summer, when the remaining 

hosts have produced cases. The second generation then develops on 

the l a r g e r hosts, which are able t o support l a r g e r broods. There w i l l , 

of course, be some overlap between the two generations, but by the end 

of the summer the m a j o r i t y of the E, olivaceus t h a t were feeding on 

the younger hosts w i l l have emerged, leaving o nly those on f o u r t h i n s t a r 

l a r v a e . This may have l e d t o the m i s i n t e r p r e t a t i o n of the p a r a s i t o i d ' s 

l i f e - c y c l e by previous authors. 

6.4 Scambus brevicornis 

Scambus brevicornis was the most widely d i s t r i b u t e d of the 

Coleophora alticolella p a r a s i t o i d s . I t i s h i g h l y polyphagic; 

Aubert (1969) gives a l i s t of 23 host species from e i g h t f a m i l i e s of 

Lepidoptera, not i n c l u d i n g C. alticolella. 

S t u a r t (1957) has given an account of the b i o l o g y of t h i s 

species, w i t h reference t o i t as a p a r a s i t o i d o f the diamond back moth, 

Plutella xulostella (L.). He found t h a t a t 20°C the developmental 
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p e r i o d from egg t o emergence was about 16 days, f o l l o w e d by some seven 

t o ten days f o r the maturation of eggs before o v i p o s i t i o n . When 

p a r a s i t i z i n g Coleophora alticolella i n the f i e l d , the developmental 

per i o d was much longer because i t overwintered as a l a r v a . Despite 

not pupating u n t i l the s p r i n g , they could be induced t o emerge e a r l i e r 

i f brought i n t o the warmer c o n d i t i o n s of the l a b o r a t o r y . 

Scambus brevicornis i s an e c t o p a r a s i t e , and v i r t u a l l y a l l of 

the Coleophora alticolella larvae attacked by t h i s species were f o u r t h 

i n s t a r s . The l a r v a of t h i s p a r a s i t o i d was u s u a l l y found w i t h the 

remains of i t s host i n s i d e the C. alticolella l a r v a l case; t h i s i t 

would use as a template f o r i t s own cocoon, which i s spun i n s i d e . 

Female Scambus brevicornis were observed o v i p o s i t i n g on 

Coleophora alticolella larvae i n the f i e l d i n l a t e August and September 

The host searching behaviour was s i m i l a r t o t h a t described by S t u a r t 

(1957), but they were never seen t o p i e r c e the l a r v a l case w i t h the 

o v i p o s i t o r , as they d i d when p a r a s i t i z i n g Plutella xylostella. 

The o v i p o s i t o r was u s u a l l y i n s e r t e d through holes or gaps i n the seed 

capsule w a l l , or through other weak p o i n t s such as the j u n c t i o n between 

the l a r v a l case and capsule. Occasionally they were seen i n j e c t i n g 

the o v i p o s i t o r between the valves a t the apex of the l a r v a l case. 

When a s u i t a b l e host had been located i t was paralysed and 

then the egg was l a i d . I never found more than one ichneumonid egg 

on a p a r a s i t i z e d host, although Jordan (1958) reported f i n d i n g more 

than one l a r v a , of which only one survived. 

Many female p a r a s i t i c Hymenoptera eat the body f l u i d s of 

some of t h e i r hosts, during a d u l t l i f e ; t h i s has been shown t o speed 

up or ensure the maturation of the eggs (Askew 1971). Scambus 

brevicornis i s no exception, and during t h i s study a d u l t females were 

seen e a t i n g Coleophora alticolella l a r v a e . They u s u a l l y attacked the 

larvae t h a t were i n s i d e the t h i n , newly constructed cases. These 
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would be t o r n open w i t h the mandibles and the prey p a r t i a l l y removed, 

o f t e n w i t h the o v i p o s i t o r being used as a le v e r . The body f l u i d s 

would then be eaten, leaving the empty l a r v a l s k i n and c h i t i n o u s 

head-capsule. 

6.5 Euderus viridis 

Euderus viridis was another common p a r a s i t o i d of Coleophora 

alticolella. Only one i n d i v i d u a l was found per p a r a s i t i z e d host; 

i t attacked e a r l y i n the season and was found on second or t h i r d i n s t a r s . 

The larvae of t h i s p a r a s i t o i d were always i n s i d e the seed capsule and 

only r a r e l y had t h e i r hosts s t a r t e d t o produce cases. There was only 

one generation per year and the larvae d i d not pupate u n t i l the s p r i n g . 

Euderus viridis was not observed o v i p o s i t i n g i n the f i e l d , but a d u l t s 

were c o l l e c t e d by sweep-netting a t many of the s i t e s where i t was l a t e r 

found p a r a s i t i z i n g Coleophora alticolella. 

As w e l l as p a r a s i t i z i n g Coleophora species associated w i t h 

Juncus, Boudek and Askew (1968) l i s t i t as a probable p a r a s i t o i d of 

the moth Glyphypterix cramerella Fabr. and i t i s also found on Dactylis. 

6.6 Pteromalus semotus 

Pteromalus semotus was only found i n f r e q u e n t l y . I t i s 

polyphagic; a l i s t o f other hosts has been given by Graham (1969) i n 

h i s d e s c r i p t i o n of the species. P. semotus has been recorded from 

other species of Coleophora, f o r example from C. serratella by Gepp (1975) 

and i t s l i f e - h i s t o r y on C. frischella L. has been described by Delucchi 

and Verbeke (1953). I t i s a s o l i t a r y p a r a s i t o i d of C. alticolella 

and u s u a l l y a t t a c k s t h i s host a f t e r case p r o d u c t i o n . 

Graham (1969) has recorded t h a t Pteromalus semotus i s sometimes 

h y p e r p a r a s i t i c and I have reared i t from Scambus brevicornis larvae 
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i n s i d e Coleophora alticolella cases. Adults were swept from some 

of the sample s i t e s , but none was observed o v i p o s i t i n g . 

6.7 Gelis sp. 

These were s o l i t a r y p a r a s i t o i d s and the larvae are probably 

ectophagous. Although they do not pupate u n t i l the s p r i n g , they 

could be e a s i l y i d e n t i f i e d i n the l a t e summer because a t t h a t time the 

f u l l y grown l a r v a spins a dark grey or black cocoon i n s i d e the 

Coleophora alticolella case. 

Gelis sp. was a much commoner p a r a s i t o i d of Coleophora 

feeding on Juncus effusus and J. conglomeratus than on nearby 

J. sguarrosus. This may have been due t o a d i f f e r e n c e i n the method 

of search by the females; being apterous, they are unable t o f l y 

between the widely dispersed J, sguarrosus i n f l o r e s c e n c e s . They 

probably aggregate on the l a r g e clumps of the other two rush species 

because here they can walk between the closer groups of flo w e r s . 

Two other p a r a s i t o i d s were found t o a t t a c k Coleophora larvae 

feeding on Juncus effusus and J. conglomeratus; they were both eulophids 

Dicladocerus westwoodii Westw. and Miotropis unipuncta Nees. Neither 

of these species were recorded from samples of Juncus sguarrosus. 

A more d e t a i l e d i n v e s t i g a t i o n i n t o the p a r a s i t i z a t i o n of Coleophora 

alticolella on i t s d i f f e r e n t food-plants would provide more i n f o r m a t i o n 

on the subject of avoidance of competition among p a r a s i t i c i n s e c t s 

a t t a c k i n g the same host species. 
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6.8 H y p e r p a r a s i t i z a t i o n by Tetrastichus endemus 

Tetrastichus endemus i s a s o l i t a r y endophagous p a r a s i t o i d 

of the eulophid Elachertus olivaceus. I t was observed as a l a r v a i n s i d e 

the pupa of i t s host. I t pupates and emerges i n the s p r i n g , leaving 

i t s host pupa by a hole i n the ' t a i l - e n d 1 . There appears t o be only 

one generation per year on E. olivaceus, and i t was only found i n the 

e a r l y pupae, i n s i d e the seed capsules. 

H y p e r p a r a s i t i z a t i o n by Tetrastichus endemus was 

on l y recorded a t the lowest sample s i t e . Very few of these hyper-

p a r a s i t o i d s were found d u r i n g 1977, but many more i n 1978. The 

percentage p a r a s i t i z a t i o n , given i n Table 6.7, has been c a l c u l a t e d 

using the number of f i r s t generation E. olivaceus pupae present ( i . e . 

those i n s i d e seed capsules), plus those t h a t had emerged. The number 

of p o t e n t i a l hosts t h a t had escaped p a r a s i t i z a t i o n and emerged could 

be assessed by the cast pupal skins w i t h the remains of p a r a s i t i z e d 

Coleophora alticolella l a r v a e , i n s i d e the seed capsules. These values 

are from samples of 30 inflorescences gathered i n November 1977 and 

50 inflorescences i n November 1978. The percentage h y p e r p a r a s i t i z a t i o n 

was about three times higher i n 1978 than i n the previous year. 

Table 6.7 : The number of first generation Elachertus olivaceus pupae 
present inside seed capsules and the number that had emerged, 

with the number that had been parasitized by T e t r a s t i c h u s 
endemus, in the samples taken at Drigg in November 1977 and 
1978. The percentage of the total first generation parasitized 

is also given. 

1977 1978 
So olivaceus pupae present 4 28 
E. olivaceus emerged 8 7 
Number p a r a s i t i z e d by T. endemus 2 21 

% p a r a s i t i z a t i o n 17 60 
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The d e n s i t y of Juncus squaxrosus i n f l o r e s c e n c e s was appreciably 

lower i n 1978 than i n 1977. Table 6.8 shows the den s i t y of Elachertus 

olivaceus i n s i d e the seed capsules ( l i v e p l us p a r a s i t i z e d and emerged) 

and those i n s i d e the Coleophora alticolella cases, as w e l l as the den s i t y 
2 

of Tetrastichus endemus; the values are given as number per m . 

Table 6.8 : The number of Elachertus olivaceus inside seed capsules 

and inside host larval cases, with the number of the 

hyperparasitoid T e t r a s t i c h u s endemus, from samples of 

Juncus squarrosus taken at Drigg in November 1977 and 1978. 
2 

The densities are also given as the number per m , 

calculated from the density of inflorescences 

1977 

Number i n 
sample 

J. sguarrosus 
inflorescences 30 

E. olivaceus 
i n s i d e seed capsules 
(generation I ) 12 

£. olivaceus 
pupae i n s i d e host cases 
(generation I I ) 25 

T. endemus 2 

Density 
(m ) 

157 

63 

131 

10 

1978 

Number i n Density 
sample 

50 

35 

11 " 

21 

(m 2 ) 

38 

27 

8 

16 

The d e n s i t y per m of the Elachertus olivaceus i n s i d e the seed 

capsules was lower i n 1978 than i n the previous year, but the d e n s i t y of 

Tetrastichus endemus was s l i g h t l y higher. The high incidence of 

p a r a s i t i z a t i o n o f the f i r s t g eneration of Elachertus olivaceus i n 1978 

r e s u l t e d i n a much lower d e n s i t y of the second generation (those i n s i d e 
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Coleophora alticolella cases). As Table 6 .8 shows, there were more 

than s i x t e e n times as many Elachertus olivaceus pupae per square metre 

i n s i d e the host cases i n 1977 than i n 1978. 

6.9 The p a r a s i t o i d s e x - r a t i o s 

Female Hymenoptera are g e n e r a l l y produced from f e r t i l i z e d 

eggs and are d i p l o i d , whereas males develop from u n f e r t i l i z e d h a p l o i d 

eggs; t h i s r e p r o d u c t i v e system i s termed arrhenotokous parthenogenesis 

(Askew 1971). Thelytokous parthenogenesis i s an a l t e r n a t i v e mechanism 

i n which females develop from u n f e r t i l i z e d d i p l o i d eggs and males are 

u s u a l l y absent or r a r e . These r e p r o d u c t i v e systems allow considerable 

m o d i f i c a t i o n of the s e x - r a t i o , which may be h i g h l y v a r i a b l e under 

d i f f e r e n t environmental c o n d i t i o n s (Clausen 1939; Flanders 1962). 

The s e x - r a t i o s of the a d u l t p a r a s i t o i d s bred from Coleophora 

alticolella larvae are shown i n Table 6 . 9 . These d i f f e r g r e a t l y between 

species, from v i r t u a l l y a l l males of Scambus brevicornis t o almost 

t o t a l l y females of Elachertus olivaceus„ There were s i g n i f i c a n t l y 

more females of Euderus viridis than would be expected from a 1:1 sex-
2 

r a t i o (x = 5„252, P < 0 .05 ) . The other three species d i d not show 

s i g n i f i c a n t d e v i a t i o n s from the u n i t y s e x ^ r a t i o . 

Table 6.9 : The sex-ratios of adult parasitic Hymenoptera reared 

from Coleophora a l t i c o l e l l a larvae 

Females Males % Females 

Scambus brevicornis 8 245 3.2 
Elachertus olivaceus 168 1 99.4 
Euderus viridis 72 47 60.5 
Pteromalus semotus 7 12 36.8 
Gelis sp. 10 7 58.8 
Gonotypus melanostoma 1 1 50.0 
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Scambus brevicornis i s b i p a r e n t a l . Morley (1908) recorded 

t h a t females were very common throughout northern and c e n t r a l Europe 

but t h a t males were scarce. However, both Thorpe (1930) and St u a r t 

(1957) found males t o be i n the m a j o r i t y when S. brevicornis was bred 

from the pine-shoot moth (Rhyacionia buoliana S c h i f f . ) and the diamond 

back moth. 

Male Scambus brevicornis were predominant i n the samples o f 

p a r a s i t i z e d Coleophora alticolella larvae, but only females were 

c o l l e c t e d by sweep-netting. The females o v i p o s i t i n g on C. alticolella 

i n the f i e l d were very l a r g e i n comparison w i t h the males and the few 

females t h a t were reared from the samples. Table 6.10 gives mean 

values f o r the wing and o v i p o s i t o r lengths of these two groups of 

females and also the mean wing lengths of the males. 

The wings and o v i p o s i t o r s of females l a y i n g eggs on Coleophora 

alticolella were both s i g n i f i c a n t l y longer (P < 0.001) than of the 

females bred from t h i s host. These l a r g e r females must have 

developed on d i f f e r e n t host species. During J u l y and August, female 

Scambus brevicornis were observed searching and probing w i t h t h e i r 

o v i p o s i t o r s i n t o the flower-heads of the t h i s t l e s Cirsium palustre (L.) 

Scop, and C. arvense (L.) Scop., growing near t o the stands of Juncus 

squarrosus. However, p a r a s i t o i d s were not su c c e s s f u l l y reared from 

samples of these t h i s t l e s . 

Chewyruev (1913) and Arthur and Wylie (1959) found t h a t , 

i n experiments on ichneumonids of the sub-family Pimplinae, females 

were i n the m a j o r i t y when bred from large hosts, but t h a t males 

predominated from small hosts. This d i s p a r i t y i n the s e x - r a t i o s has 

been a t t r i b u t e d t o s e l e c t i v e o v i p o s i t i o n by the females. Flanders (1939) 

has shown t h a t the o v i p o s i t i n g female i s able t o c o n t r o l the f e r t i l i z a t i o n 
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of the eggs, and thus govern the sex of her o f f s p r i n g . He suggests 

t h a t an environmental stimulus, host s i z e f o r example, could cause 

the release and a c t i v a t i o n of sperm from the spermatheca; hence 

f e r t i l i z i n g the egg i f i t i s being l a i d on a host s u i t a b l e f o r the 

development of a female. Therefore the s e x - r a t i o of the next generation 

w i l l be determined by the p r o p o r t i o n s of large and small hosts a v a i l a b l e 

f o r o v i p o s i t i o n . 

I t seems l i k e l y t h a t Scambus brevicornis lays mostly 

u n f e r t i l i z e d eggs on Coleophora alticolella because t h i s host does not 

provide s u f f i c i e n t food t o allow the females t o grow t o maximum s i z e . 

I t was not p o s s i b l e t o c a l c u l a t e the s e x - r a t i o f o r the whole p o p u l a t i o n 

of t h i s species because the a l t e r n a t i v e hosts were not found. 

Elachertus olivaceus w i l l o v i p o s i t and develop on Coleophora 

alticolella larvae i n the l a b o r a t o r y . Several generations of t h i s 

p a r a s i t o i d were reared during the study, and i t was evident t h a t t h i s 

species can reproduce p a r t h e n o g e n e t i c a l l y . Uniparental b i s e x u a l i t y 

does occur, w i t h males as w e l l as females being produced by u n f e r t i l i z e d 

females. The males of Elachertus olivaceus are very r a r e (Askew 1964); 

only one was found from a t o t a l of 169 i n d i v i d u a l s bred from samples 

taken from the f i e l d during t h i s study. However, i n the l a b o r a t o r y 

c u l t u r e s , a higher percentage of males was produced (11.6% of a t o t a l 

of 129)„ 

Flanders (1945) noted t h a t changes of the s e x - r a t i o of 

u n i p a r e n t a l species are o f t e n c o r r e l a t e d w i t h the type of h a b i t a t or 

the season i n which the previous generation developed. For example, 

males of Encarsia formosa Gahan, a p a r a s i t o i d of the greenhouse w h i t e f l y 

Trialeurodies vaporium (Westw.), appear i n the autumn, being progeny 

of females t h a t developed during the warm summer. C y c l i c a l partheno­

genesis (heterogony), r e s u l t i n g i n a l t e r n a t i n g s exually and asexually 
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reproducing g e n e r a t i o n s i n d i f f e r e n t seasons, i s well-documented f o r 

other groups of animals (White 1977); i t o c c u r s i n many Hymenoptera 

and i s perhaps best-known i n the gall-wasps (Cynipidae) (e.g. Cameron 

1903). 

The higher percentage of male Elachertus olivaceus may have 

occurred i n the l a b o r a t o r y c u l t u r e s because the females developed i n 

warm c o n d i t i o n s . The c o l l e c t i o n of t h i s s p e c i e s from l o c a t i o n s w i t h 

summer temperatures higher than i n northern England would show i f males 

are produced i n the f i e l d as a r e s u l t of the thermal h i s t o r y of the 

p a r e n t a l females. 

6.10 The phenology of p a r a s i t o i d a t t a c k 

For t h i s i n v e s t i g a t i o n , samples of twenty Juncus squarrosus 

i n f l o r e s c e n c e s were c o l l e c t e d from 15m and 245m each week. These samples 

were u s u a l l y c o l l e c t e d on c o n s e c u t i v e days a t the two s i t e s , f i r s t a t 

15m, then 245m. The i n f l o r e s c e n c e s were p l a c e d i n t o v e n t i l a t e d c o n t a i n e r s 

and c u l t u r e d i n the l a b o r a t o r y . The a d u l t p a r a s i t o i d s were removed 

soon a f t e r they had emerged, to prevent f u r t h e r p a r a s i t i z a t i o n of 

remaining h o s t s . By t h i s method i t was p o s s i b l e to r e c o r d the week i n 

which each s p e c i e s of p a r a s i t o i d f i r s t a t t a c k e d the Coleophora alticolella 

l a r v a e . Only the t h r e e commonest s p e c i e s were analysed i n t h i s way. 

The r e s u l t s a r e given i n Table 6.11. 

The d i f f e r e n c e of one day between the samples i n which Elachertus 

olivaceus was f i r s t recorded a t the two s i t e s i s due to sampling on 

c o n s e c u t i v e d a t e s . I n 1978 they were f i r s t recorded from samples taken 

a t a l a t e r date than i n 1977. T h i s d i f f e r e n c e between y e a r s was, however, 

the same as the time between samples, so the r e a l d i f f e r e n c e between 

y e a r s may have been l e s s than the seven days i n d i c a t e d by t h i s method. 
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Table 6.11 : The sample date on which three species of parasitoid 

were first recorded from Coleophora a l t i c o l e l l a a t 

two sites in 1977 and 1978 

15m 

Elachertus 
olivaceus 

Euderus 
viri dis 

1977 

3 Aug 

26 July 

Scambus 
brevicornis 17 Aug 

1978 

10 Aug 

29 J u l y 

8 Sept 

245m 

1977 1978 

4 Aug 11 Aug 

11 Aug 9 Sept 

9 Sept 25 Sept 

Adu l t E. olivaceus were taken i n sweep-net samples a t a l l s i t e s up t o 

a : i d i n c l u d i n g 305m on 11 August i n 1978; a f u r t h e r i n d i c a t i o n t h a t 

t h e r e was no appreciable delay a t the higher a l t i t u d e s . 

Euderus viridis occurred e a r l i e r a t the 15m s i t e than a t 

245m i n both years. There was l i t t l e d i f f e r e n c e between years a t 15m, 

but a t 245m i t was f i r s t recorded almost a month l a t e r i n the second 

year. E. viridis f i r s t attacked the hosts e a r l i e r than Elachertus 

olivaceus a t 15m, but l a t e r a t the higher a l t i t u d e . 

Scambus brevicornis was about three weeks e a r l i e r a t the lower 

sample s i t e and also about three weeks l a t e r i n 1978 than i n 1977. 

I t s f i r s t occurrence was always l a t e r than t h a t of the two eulophids. 

This i s expected because S. brevicornis attacked the larvae w i t h cases 

whereas the two eulophids were found on younger hosts. 

The appearance of the d i f f e r e n t p a r a s i t o i d s i n the samples 

of Coleophora alticolella need not ne c e s s a r i l y be c o r r e l a t e d w i t h t h e i r 

emergence i n the f i e l d . They may have been present a t an e a r l i e r date 

but not detected because they were unable t o a t t a c k the much younger 

host l a r v a e . 
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There was a delay of t h r e e to four weeks between the production 

of the f i r s t l a r v a l c a s e s and the f i r s t r e c o r d s of Scambus hrevicornis, 

which i n d i c a t e d t h a t t h i s p a r a s i t o i d was not l i m i t e d by f i r s t appearance 

of the s u s c e p t i b l e stage. Whether t h i s was due to the female 

S. brevicornis emerging l a t e r than Coleophora alticolella c a s e production, 

or to the u t i l i z a t i o n of a l t e r n a t i v e hosts u n t i l the s t a r t of a t t a c k , 

i s not known. 

H o s t - p a r a s i t o i d synchrony i s more important f o r monophagous 

or oligophagous s p e c i e s than f o r those with a wider host range ( H a s s e l l 

1976). The polyphagous s p e c i e s , such as Scambus brevicornis, can be 

more o p p o r t u n i s t i c , o v i p o s i t i n g on whatever i s abundant a t the time. 

On the other hand, the two eulophids have a ve r y l i m i t e d host range, 

probably r e l y i n g e n t i r e l y on Coleophora alticolella i n the study a r e a s . 

P a r a s i t i z a t i o n by Euderus viridis was delayed a t the higher of the two 

a l t i t u d e s . However, t h e r e was no such delay f o r Elachertus olivaceus 

and t h i s s l i g h t asynchrony r e s u l t e d i n the production of s m a l l e r progeny 

a t the higher a l t i t u d e . 

6.11 P a r a s i t i z a t i o n of Coleophora alticolella l a r v a e i n r e l a t i o n 

to a l t i t u d e 

The p a r a s i t i z a t i o n of Coleophora alticolella can be considered 

i n two phases. Some of the l a r v a e a r e attacked w h i l s t s t i l l i n s i d e 

the seed c a p s u l e s , before case production. T h i s o c c u r s from the 

beginning of August and most of these p a r a s i t i z e d l a r v a e a r e of the 

t h i r d i n s t a r . The second phase of a t t a c k i s l a t e r i n the l a r v a l 

development, when they are p a r a s i t i z e d a f t e r they have produced t h e i r 

c a s e s and are mainly of the l a r g e r f o u r t h i n s t a r . These two phases 

ar e not e n t i r e l y separated, f o r the host population as a whole, because 
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l a r v a l cases are produced over a perio d of several weeks, so both 

young and o l d host larvae w i l l be present a t the same time f o r much 

of the summer. 

Table 6.12 shows the number of p a r a s i t i z e d Coleophora alticolella 

larvae found i n samples taken i n e a r l y November 1911, The data are 

separated according t o the two age-classes of host l a r v a and are expressed 

as the number of p a r a s i t i z e d C. alticolella larvae per 1000 seed capsules 

Table 6.12 : The number of parasitized Coleophora a l t i c o l e l l a larvae 

per 1000 seed capsules of Juncus squarrosus at different 

altitudes in November 1977. Values for the number 

attacked before and after case production are given 

separately (5 November at 15m; 6 November, Little Dun Fell) 

A l t i t u d e 
(m) 

P a r a s i t i z e d larvae 
per lOOO seed 

capsules 
(without cases) 

P a r a s i t i z e d larvae 
per 1000 seed 

capsules 
(w i t h cases) 

T o t a l number of 
p a r a s i t i z e d larvae 

i n each 
sample 

15 

215 

245 

275 

305 

335 

365 

395 

455 

27.2 

16.0 

13.0 

4.1 

0.0 

0.0 

0.0 

0.0 

0.0 

41.5 

182.6 

97.5 

43 „ 6 

32.6 

7.0 

6.6 

4.1 

0.0 

48 

87 

93 

47 

28 

5 

4 

1 

0 

of Juncus squarrosus. The number of p a r a s i t i z e d larvae i n both 

s i t u a t i o n s shows an o v e r a l l decrease w i t h increasing a l t i t u d e , 
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although there were fewer p a r a s i t i z e d larvae w i t h cases a t the 15n> s i t e 

than a t the f i r s t three s i t e s on L i t t l e Dun F e l l . There was always a 

higher p r o p o r t i o n of the older host larvae p a r a s i t i z e d than the ones 

before case production a t each a l t i t u d e . P a r a s i t i z e d larvae were not 

found i n s i d e seed capsules above 275m, whereas some of the ol d e r hosts 

were found t o be p a r a s i t i z e d as high as 395m. 

I n November 1978, samples of Juncus squarrosus were c o l l e c t e d 

from more s i t e s than i n the previous year. The data from these samples 

(Table 6.13) also show t h a t there i s a r e d u c t i o n i n the number of larvae 

p a r a s i t i z e d , w i t h i n c r e a s i n g a l t i t u d e . However, i n 1978, p a r a s i t i z e d 

larvae i n s i d e seed capsules were recorded a t 305m, 30m higher than i n 

the previous year, but p a r a s i t i z e d larvae i n s i d e host cases d i d not occur 

above 365m. I n a d d i t i o n , a t 15m, 2|.5m and 290m, the greater p r o p o r t i o n 

of the p a r a s i t o i d s were found on the younger host l a r v a e . The occurrence 

of p a r a s i t i z e d larvae i n s i d e seed capsules a t the higher a l t i t u d e s may 

have been due t o the delayed case production by the larvae i n 1978. 

P a r a s i t i z a t i o n i s expressed as a percentage of the number of 

Coleophora alticolella larvae present i n August; t h a t i s , near t o the 

beginning of the p a r a s i t i z a t i o n p e r i o d . The percentage has been 

c a l c u l a t e d from the t o t a l number of p a r a s i t i z e d larvae present per seed 

capsule ( i n c l u d i n g those t h a t had emerged) i n the November samples; 

i . e . a t the end of the p a r a s i t i z a t i o n p e r i o d . This can be summarized 

by the formula 

„ ^ .,. . P a r a s i t i z e d larvae per seed capsule i n November 
% P a r a s i t i z e d = — —, x 100 

Larvae per seed capsule i n August 

The d e n s i t i e s of larvae per seed capsule i n August are those used i n 

Section 5.2, and are given i n Appendix 5. 
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Table 6.13 : The number of parasitized Coleophora a l t i c o l e l l a 

larvae per 1000 seed capsules of Juncus squarrosus, 

a t different altitudes in November 1978. Values 

for the numbers parasitized before and after case 

production are given separately. (Sample dates: 

Little Dun Fell, 7 Nov; 15m, 8 Nov J 

A l t i t u d e 
(m) 

P a r a s i t i z e d larvae 
per 1000 seed 

capsules 
(without cases) 

P a r a s i t i z e d l a r v a e 
per 1000 seed 

capsules 
( w i t h cases) 

T o t a l number of 
p a r a s i t i z e d larvae 

i n each 
sample 

15 

215 

245 

260 

275 

290 

305 

335 

350 

365 

395 

455 

520 

119.7 

72.1 

48.3 

33.6 

16.6 

27.3 

0.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50.2 

31.2 

75.7 

38.4 

39.5 

11.7 

16.3 

2.6 

0.0 

0.6 

0.0 

0.0 

0.0 

193 

53 

137 

49 

89 

30 

29 

5 

0 

1 

0 

0 

o 

L a r v a l d e n s i t i e s were measured a t only a few s i t e s i n the 

August of 1977, but over the complete a l t i t u d e range i n August 1978. 

Table 6.14 shows the percentages of larvae p a r a s i t i z e d a t the major 

sample s i t e s i n both 1977 and 1978. The complete range of values 

f o r the percentage p a r a s i t i z a t i o n a t the d i f f e r e n t a l t i t u d e s i n 1978 

are shown i n Figure 6.2. 
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Table 6.14 : The percentage of Coleophora a l t i c o l e l l a larvae 

parasitized at the major sample sites in 1977 

and 1978 

A l t i t u d e % P a r a s i t i z e d 
(m) 1977 1978 

15 46.1 61-1 

245 18,0 21.0 

335 1.8 0.3 

395 1.4 0.0 

455 0.0 0.0 

520 0.0 0.0 

Table 6.14 shows t h a t t h e r e was a dramatic r e d u c t i o n i n 

p a r a s i t i z a t i o n with i n c r e a s i n g a l t i t u d e . Although p a r a s i t i z a t i o n 

a t 15m was lower i n 1977, t h e r e was l i t t l e d i f f e r e n c e between the two 

y e a r s on the L i t t l e Dun F e l l t r a n s e c t . P a r a s i t i z a t i o n was a l s o high 

a t the 215m s i t e i n 1978 (F i g u r e 6.2). T h i s f i g u r e shows t h a t the 

p r e c i p i t o u s r e d u c t i o n of p a r a s i t i z a t i o n s t a r t e d around t h i s a l t i t u d e , 

f a l l i n g from 51% to 2% wi t h a 90m i n c r e a s e i n a l t i t u d e . The s i t e s 

on the lower s l o p e s of L i t t l e Dun F e l l were c l o s e together, the 215m 

and 305m s i t e s being separated by a d i s t a n c e of only 4km. 

Both Jordan (1962) and Reay (1959) found t h a t t h e r e was a 

r e d u c t i o n i n the i n c i d e n c e of p a r a s i t i z a t i o n of C, alticolella w i t h 

i n c r e a s i n g a l t i t u d e along t h i s t r a n s e c t . I n 1953 f o r example, Jordan 

recorded p a r a s i t i z a t i o n of 31.8% and 31.3% a t 198m and 228m r e s p e c t i v e l y , 

but found t h a t only 7.6% were p a r a s i t i z e d a t 320m. 



Figure 6.2 : The percentage p a r a s i t i z a t i o n of Coleophora 

alticolella larvae p l o t t e d against a l t i t u d e , 

f o r samples taken i n e a r l y November 1978 
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Table 6.15 gives d i f f e r e n t measurements of the d e n s i t y o f 

host larvae a t three s i t e s , and shows t h a t the number of larvae per 
2 

m was h i g h l y v a r i a b l e , both between years and between s i t e s , but 

t h a t t h i s was not r e l a t e d t o the percentage p a r a s i t i z a t i o n . On a 

micro-scale, larvae per inflo r e s c e n c e or per seed capsule was g e n e r a l l y 

higher a t the higher s i t e s than a t Drigg. There i s i n s u f f i c i e n t data 

from any one s i t e t o t e l l i f the percentage p a r a s i t i z a t i o n i s d i r e c t l y 

r e l a t e d t o host d e n s i t y or whether i t acts as a delayed d e n s i t y 

dependent f a c t o r . However, i t i s c l e a r from t h i s data and the evidence 

of previous authors t h a t the redu c t i o n i n p a r a s i t i z a t i o n w i t h i n c r e a s i n g 

a l t i t u d e i s not d i r e c t l y r e l a t e d t o the changes i n host d e n s i t y along 

the t r a n s e c t . 

6.12 The d i v e r s i t y o f the p a r a s i t o i d g u i l d i n r e l a t i o n t o a l t i t u d e 

Not a l l of these n a t u r a l enemies were recorded p a r a s i t i z i n g 

Coleophora alticolella larvae a t each s i t e . Table 6.16 shows t h a t 

the number of d i f f e r e n t species bred from the host larvae i s reduced 

w i t h increasing a l t i t u d e . 

The species t h a t was found a t t a c k i n g c. alticolella f u r t h e s t 

up the t r a n s e c t was the l a r g e s t of the p a r a s i t o i d s , the ichneumon 

Scambus brevicornis; t h i s was recorded from Coleophora alticolella a t 

395m i n 1977 and 365m i n 1978. Elachertus olivaceus was the c h a l c i d 

w i t h the g r e a t e s t a l t i t u d i n a l range, as i t was bred from host larvae 

c o l l e c t e d a t 305m i n both years. This was c l o s e l y f o l l o w e d by Euderus 

viridis, whose upper l i m i t was 290m i n 1978. Pteromalus semotus and 

Gelis sp. were o c c a s i o n a l l y found a t 275m and below, but Gonotgpus 

melanostoma and the h y p e r p a r a s i t o i d Tetrastichus endemus were only 

recorded a t the lowest sample s i t e . 
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Table 6.16 was constructed on a presence or absence basis 

f o r the n a t u r a l enemies and as such gives equal weight t o a l l species. 

Although t h i s gives some i n d i c a t i o n of the species d i v e r s i t y , i t does 

not show the r e l a t i v e p r o p o r t i o n s of the d i f f e r e n t species a t each 

of the s i t e s . The percentages of each component species i n the g u i l d 

of Coleophora alticolella l a r v a l p a r a s i t o i d s , from the November samples, 

are shown as histograms i n Figure 6.3a f o r 1977 and Figure 6.3b f o r 

1978. They do not include the incidence of the h y p e r p a r a s i t o i d , which 

has been discussed elsewhere. 

Apart from the r e d u c t i o n i n the number of species of p a r a s i t o i d 

w i t h i n c r e a s i n g a l t i t u d e , the main f e a t u r e shown by these f i g u r e s i s 

the increase i n the dominance of Scambus brevicornis a t the higher 

a l t i t u d e s . Obviously i t represents 100% of the species composition 

when i t i s the only p a r a s i t o i d present, but a t a l t i t u d e s where other 

species were recorded i t was o f t e n the most numerous. This dominance 

by S. brevicornis was p a r t i c u l a r l y n o t i c e a b l e i n 1977, whereas i n 1978 

some of the other species were more frequent on the L i t t l e Dun F e l l 

t r a n s e c t . Despite the dominance of S. brevicornis a t high a l t i t u d e s , 

i t s d e n s i t y i s lower a t these s i t e s . 

S. brevicornis accounted f o r less than 30% of the p a r a s i t i z e d 

hosts a t 15m i n both years, Euderus viridis being the dominant member 

of the g u i l d a t t h i s s i t e . Elachertus olivaceus was the commoner of 

the two eulophids a t most o f the s i t e s on L i t t l e Dun F e l l and c o n t r i b u t e d 

t o over 50% of the t o t a l Coleophora alticolella p a r a s i t i z e d a t 215m i n 

1978. The two remaining species, shown on these graphs, c o n t r i b u t e d 

l i t t l e t o the t o t a l p a r a s i t i z a t i o n even a t the lowest a l t i t u d e . 

Gonotypus melanostoma i s not shown i n these f i g u r e s as i t was absent 

from the November samples. 



F i g u r e 6.3 : The c o m p o s i t i o n o f t h e p a r a s i t o i d g u i l d 

a t d i f f e r e n t a l t i t u d e s i n (a) 1977 and 

(b) 1978. The c o n t r i b u t i o n made by each 

s p e c i e s i s shown as a p e r c e n t a g e o f t h e 

t o t a l p a r a s i t i z e d Coleophora alticolella 

l a r v a e . 

Scambus brevicornis 

Elachertus olivaceus 

Euderus viridis 

Pteromalus semotus 

Celis sp. 
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The eulophids were more s e n s i t i v e to the harsher c o n d i t i o n s 

a t the higher a l t i t u d e than was Scambus brevicorriis. T h i s was r e s p o n s i b l e 

f o r the decrease i n the proportion of p a r a s i t i z e d l a r v a e found i n s i d e 

seed c a p s u l e s compared w i t h those i n c a s e s (Tables 6.12 and 6.13) and 

f i n a l l y r e s u l t e d i n only the o l d e r hosts being a t t a c k e d towards the 

upper l i m i t of p a r a s i t o i d d i s t r i b u t i o n . 

6.13 A summary of the r e l a t i o n s h i p s between Coleophora alticolella 

and i t s l a r v a l p a r a s i t o i d s 

A summary diagram of the r e l a t i o n s h i p s between the p a r a s i t o i d s 

and t h e i r host i s shown i n F i g u r e 6.4. T h i s has been c o n s t r u c t e d from 

data f o r the 15m sample s i t e , where the food-web was most complex. 

The t h i c k n e s s of each arrow f o r the primary p a r a s i t o i d s ranks t h e i r 

abundance i n 1978. Gonotypus melanostoma i s shown w i t h a broken arrow 

as i t was only recorded i n 1977. The l i n k between Pteromalus semotus 

and Scambus brevicornis i s a l s o shown as a broken l i n e because t h i s was 

a v e r y i n f r e q u e n t r e l a t i o n s h i p , being recorded on only t h r e e o c c a s i o n s 

during the whole study. 

6.14 D i s c u s s i o n 

P a r a s i t i c Hymenoptera and D i p t e r a a r e under-represented i n 

the i n s e c t faunas of moorlands (Coulson and Whittaker 1978). Whittaker 

(1965, 1971) found t h a t the p a r a s i t o i d s of the s p i t t l e bug Neophilaenus 

lineatus (L.) were absent from Moor House but were p r e s e n t i n a low 

a l t i t u d e population i n southern England. The absence of p a r a s i t o i d s 

of other i n s e c t s on moorlands has been demonstrated a t Moor House; e.g. 

the t i p u l i d Molophilus atex (Hadley 1971) and the c a r a b i d b e e t l e s 

(Houston 1970) were never a t t a c k e d by these n a t u r a l enemies. I f i t 

does occur, p a r a s i t i z a t i o n i s a t a low l e v e l ; e.g. the d i p t e r a n 



F i g u r e 6„4 : The r e l a t i o n s h i p s between Coleophora alticolella 

and i t s l a r v a l p a r a s i t o i d s based on data 

from the 15m sample s i t e . 
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Siphona genticulata (Degeer) a t t a c k i n g the larvae of the crane f l y 

Tipula subnodicornis Z e t t . (Coulson 1962) or the eulophid Tetrastichus 

actis (Walker) p a r a s i t i z i n g the heather p s y l l i d Strophingia ericae 

( C u r t i s ) (Hodkinson 1973). 

S i m i l a r a l t i t u d i n a l e f f e c t s have been found i n Scandinavia. 

Studies of the i n v e r t e b r a t e fauna on the branches of b i r c h showed a 

re d u c t i o n i n the p r o p o r t i o n of predators and p a r a s i t o i d s w i t h i n c r e a s i n g 

a l t i t u d e {Hagvar 1976), and i n a l p i n e h a b i t a t s i n southern Norway the 

chrysomellid b e e t l e Melasoma collaris L. was never attacked by 

p a r a s i t o i d s (Hagvar 1975). 

Although the searching and o v i p o s i t i o n r a t e s of p a r a s i t i c 

Hymenoptera are reduced a t low temperatures (e.g. Burnett 1951, 1954; 

Boldt 1974), these observed reductions of p a r a s i t i z a t i o n a t high a l t i t u d e 

cannot be e n t i r e l y a t t r i b u t a b l e t o cooler c o n d i t i o n s . The p a r a s i t i z a t i o n 

of Coleophora alticolella was reduced from over 50% t o less than 2% 

w i t h an a l t i t u d i n a l increase of only 90 metres; t h i s i s equivalent t o 

a f a l l i n temperature of only h°C. Temperature i s only one of many 

c l i m a t i c v a r i a b l e s . Other e f f e c t s of weather c o n d i t i o n s on p a r a s i t o i d s 

have been reported; f o r example, r a i n and heavy dew cause reductions 

i n o v i p o s i t i o n (Burnett 1954, 1956), f l i g h t a c t i v i t y i s reduced i n windy 

c o n d i t i o n s ( J u i l l e t 1960, 1964) and humidity can a f f e c t searching r a t e s 

(Boldt 1974). During t h i s research i t was noted t h a t the ichneumon 

Scambus brevicornis stopped searching and o v i p o s i t i n g when i t r a i n e d . 

These e f f e c t s of weather are severe l i m i t a t i o n s i n upland areas l i k e 

the Pennines, where there i s much r a i n and i t i s f r e q u e n t l y m i s t y . 

I n a d d i t i o n , there i s l i t t l e s h e l t e r from the high winds which blow 

over the moors. 

Other f a c t o r s , a p a r t from the e f f e c t s o f c l i m a t e on searching 

e f f i c i e n c y , w i l l reduce the p a r a s i t o i d s ' r a t e s of increase. Synchrony 
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w i t h the host i s important i f a p a r a s i t o i d has a s h o r t a d u l t l i f e or 

i f i t can only a t t a c k a t a p a r t i c u l a r s tage of host development. 

The s t a r t of a t t a c k by Elachertus olivaceus was not delayed w i t h 

i n c r e a s i n g a l t i t u d e and i t was able to p a r a s i t i z e some of the s m a l l 

h o s t s even a t the higher s i t e s . However, the a c c e s s i b i l i t y of the 

younger l a r v a e may have been a l i m i t i n g f a c t o r . At the low a l t i t u d e s 

the r e l a t i v e l y l a r g e r t h i r d i n s t a r s w i l l occupy more space i n s i d e the 

seed c a p s u l e s and w i l l , t h e r e f o r e , be c l o s e r to the p e r i c a r p , through 

which the a d u l t p a r a s i t o i d o v i p o s i t s . At the higher s i t e s the same 

i n s t a r w i l l , on average, be s m a l l e r and more d i f f i c u l t t o l o c a t e among 

the seeds. T h i s problem i s not sol v e d e n t i r e l y by d e l a y i n g the time 

of a t t a c k a t the higher a l t i t u d e s , as Scambus brevicornis does. The 

p r e f e r r e d stage of host may be more abundant l a t e r i n the year, but 

t h i s i s a l s o when the c o n d i t i o n s a r e l e s s f a v o u r a b l e , with c o o l e r and 

wetter weather, and a l s o s h o r t e r day len g t h , which together reduce the 

se a r c h i n g e f f i c i e n c y . The e f f e c t s of the approaching w i n t e r w i l l , 

of course, be more n o t i c e a b l e and r e l a t i v e l y e a r l i e r a t higher a l t i t u d e s . 

As a consequence of the l a c k of synchrony w i t h i t s host, 

the Elachertus olivaceus were s m a l l e r a t the higher s i t e . T h i s r e d u c t i o n 

of body s i z e could r e s u l t i n a lower f e c u n d i t y , reduced powers of 

d i s p e r s a l and a s h o r t e r a d u l t l i f e . 

Host p a r a s i t o i d synchrony w i l l be more important f o r the 

oligophagous s p e c i e s , which probably r e l i e d e n t i r e l y on Coleophora 

alticolella on L i t t l e Dun F e l l . Scambus brevicornis i s polyphagous 

and may have other g e n e r a t i o n s on a v a r i e t y of h o s t s . Indeed, t h i s 

p a r a s i t o i d must use other h o s t s f o r the pr o d u c t i o n of females. I f 

these a l t e r n a t i v e s a r e absent from a s i t e , the use of Coleophora 

alticolella as a host may be prevented. The d i v e r s i t y of i n v e r t e b r a t e 
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species i s reduced w i t h i n c r e a s i n g a l t i t u d e (Hagvar 1976; Coulson 

and Whittaker 1978,- Coulson and B u t t e r f i e l d , pers, comm.). 

Consequently, despite the abundance of Coleophora alticolella, the 

a l t e r n a t i v e hosts on which Scambus brevicornis depends f o r i t s summer 

generation and, more i m p o r t a n t l y , f o r the produc t i o n of females, may 

be scarce a t the higher a l t i t u d e s . I t i s p o s s i b l e t h a t the l a r g e 

a l t e r n a t i v e hosts were absent a l t o g e t h e r from the higher s i t e s . I f 

t h i s were the case, the p a r a s i t i z a t i o n of Coleophora alticolella could 

be e n t i r e l y due t o the immigration of a few females. (They could be 

e a s i l y blown up the h i l l s i d e as no great distance i s involved.) They 

would l a y u n f e r t i l i z e d eggs on the small hosts and only males would 

emerge the f o l l o w i n g year. E x t i n c t i o n of the p a r a s i t o i d would then 

f o l l o w u n t i l the next i n f l u x of females. 

The complexity o f the p a r a s i t o i d g u i l d i s reduced under 

harsher c l i m a t i c c o n d i t i o n s , w i t h the h y p e r p a r a s i t o i d being the f i r s t 

t o drop out. Coulson and Whittaker (1978) have noted t h a t the v i r t u a l 

absence of top predators, t o which o b l i g a t e h y p e r p a r a s i t o i d s are 

analogous, r e s u l t s i n the s i m p l i f i e d food chains c h a r a c t e r i s t i c of 

moorlands. The p a r a s i t o i d s w i t h the greater host s p e c i f i c i t y were 

dominant i n the areas w i t h the more st a b l e c l i m a t i c c o n d i t i o n s , whereas 

the o p p o r t u n i s t i c polyphage penetrated t o the higher a l t i t u d e s . 

ZwOlfer (197.1) has suggested t h a t i n order t o c o - e x i s t , 

competing p a r a s i t o i d s may counter-balance the e f f i c i e n c y of e x p l o i t i n g 

the host p o p u l a t i o n (by b e t t e r searching a b i l i t i e s or higher r e p r o d u c t i v e 

c a p a c i t i e s ) against improved competitive a b i l i t i e s i n d i r e c t i n t e r a c t i o n s 

(by successful hyperparasitism f o r example), He i l l u s t r a t e d t h i s theory 

of 'counter-balanced competition' w i t h several examples, i n c l u d i n g the 

p a r a s i t o i d complex of the European pine sawfly {Neodiprion serfiter 

G e o f f r . ) . 
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Si m i l a r conclusions about competition among p a r a s i t o i d s were 

being drawn i n America (Force 1970). Here they were l a t e r viewed 

w i t h i n the framework of r - and K- s e l e c t i o n , as proposed by MacArthur 

and Wilson (1967) and f u r t h e r elaborated by Pianka (1970). Force 

(1972, 1974) compared four p a r a s i t o i d s of the cecidomyiid g a l l midge 

Rhopalomyia califomica F e l t , and found t h a t t h e i r r e p r o d u c t i v e 

c a p a c i t i e s were i n v e r s e l y r e l a t e d t o t h e i r competitive a b i l i t i e s . 

He was able t o order them along an r - K continuum, and showed t h a t 

the l e a s t competitive (r-selected) was commonest i n the e a r l i e s t stages 

of succession and where environmental c o n d i t i o n s were severest. 

Price (1973) c o n t r i b u t e d f u r t h e r t o t h i s type of a n a l y s i s 

w i t h h i s studies on the p a r a s i t o i d s of the sawfly Neodiprion swainei 

Midd. He showed t h a t the r - s t r a t e g i s t s predominated towards the edges 

of the host range. They were also found i n newly colonised areas, 

from where they were displaced by the c o m p e t i t i v e l y superior K-selected 

species, as succession continued. 

Price (1970, 1971, 1973) showed t h a t the b e t t e r competitors 

were those t h a t attacked the cocoons of the sawfly; they were o f t e n 

h y p e r p a r a s i t i c through the enemies of the host l a r v a e . The p a r a s i t o i d s 

t h a t attacked the larvae had the higher reproductive r a t e s . I t i s not 

always the case t h a t the l a t e r a t t a c k i n g species are b e t t e r competitors. 

They may not be able t o a t t a c k a host t h a t has been p r e v i o u s l y 

p a r a s i t i z e d (Force 1970). This w i l l r e s u l t i n a lowering of the d e n s i t y 

of hosts a v a i l a b l e t o these l a t e r species, causing a r e d u c t i o n i n t h e i r 

r a t e of increase (Beddington et al„ 1976; Hassell 1978). 

There are l i m i t a t i o n s t o t h i s type of a n a l y s i s as i t i s not 

always po s s i b l e t o compare p a r a s i t o i d s of d i f f e r e n t f a m i l i e s (Barbosa 

1977) and the i n t e n s i t y of compet i t i o n may change, depending upon the 

t r a i t under c o n s i d e r a t i o n (Force 1975). However, the three commonest 
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p a r a s i t o i d s of Coleophora alticolella can be seen t o d i f f e r i n t h e i r 

c o mpetitive a b i l i t i e s . The eulophids a t t a c k the young host larvae. 

This prevents case production and t h e r e f o r e reduces the d e n s i t y of 

a v a i l a b l e hosts f o r Scambus brevicornis. On the other hand, 

S. brevicornis can t o l e r a t e a wider range of environmental c o n d i t i o n s 

and has a greater range of hosts than i t s competitors. Elachertus 

olivaceus can produce more progeny per i n d i v i d u a l host than Euderus 

viridis and i t has two generations per year on Coleophora alticolella. 
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CHAPTER 7 

POPULATION STUDIES ON COLEOPHORA ALTICOLELLA 

7.1 I n t r o d u c t i o n 

I n the previous chapters data were presented on the amount 

of food a v a i l a b l e t o the Coleophora alticolella l a r v a e , the d e n s i t y o f 

t h e i r eggs and l a r v a e , and the e f f e c t s o f p a r a s i t i z a t i o n . This chapter 

i s a synthesis of these data i n the form o f ag e - s p e c i f i c l i f e - t a b l e s f o r 

the moth po p u l a t i o n a t d i f f e r e n t a l t i t u d e s . 

The a n a l y s i s o f l i f e - t a b l e s can reveal the causes o f 

f l u c t u a t i o n s i n animal numbers and the l i m i t s between which these 

f l u c t u a t i o n s occur. This i s achieved by the i d e n t i f i c a t i o n of the 

key f a c t o r s responsible f o r p o p u l a t i o n change and the a p p r a i s a l o f 

density-dependent f a c t o r s responsible f o r p o p u l a t i o n r e g u l a t i o n (e.g. 

Varley, Gradwell and Hassell 1973). 

Southwood (1966) has po i n t e d out t h a t data from d i f f e r e n t areas 

should be analysed separately, as the l e v e l of the p o p u l a t i o n and the 

r o l e s of d i f f e r e n t f a c t o r s may vary from l o c a l i t y t o l o c a l i t y . I n t h i s 

chapter, the a n a l y s i s of l i f e - t a b l e s f o r Coleophora alticolella shows 

t h a t the m o r t a l i t y f a c t o r s vary w i t h a l t i t u d e and t h a t d i f f e r e n t f a c t o r s 

could play a key r o l e i n determining p o p u l a t i o n change i n d i f f e r e n t p a r t s 

o f the a l t i t u d i n a l range. 

7„2 The l i f e - t a b l e s 

The l i f e - t a b l e s f o r Coleophora alticolella a t s i x s i t e s o f 

d i f f e r e n t a l t i t u d e s are presented i n Table 7.1a-f. They cover the p e r i o d 

from eggs i n 1977 t o larvae i n seed capsules i n 1979, which i s a l i t t l e 

over two generations. Data have been based on the number of each stage 
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present per seed capsule, and then converted t o the d e n s i t y per square 

metre t o enable comparisons between years. 

The data f o r the 1978 season are the most complete and have 

been used as a framsirork f o r the c a l c u l a t i o n o f some o f the values i n 

oth e r years; the values t h a t were measured d i r e c t l y are i n d i c a t e d . 

The d e n s i t y o f la r v a e was measured a t a l l o f the s i t e s i n the August 

of each year (Section 5.2 and Appendix 5 ) . These values have been used 

as the s t a r t i n g p o i n t f o r the r e s t o f the c a l c u l a t i o n s . 

The values f o r the ^ - f a c t o r s have been c a l c u l a t e d i n the usual 

way by the formula 

k. = l o g N. - l o g N, , 
1 1 2+1 

where i s the d e n s i t y o f Coleophora alticolella before a m o r t a l i t y 

f a c t o r and JV. . i s the d e n s i t y a f t e r t h a t f a c t o r has acted; common 
2+1 

logarithms have been used throughout, 

a. Eggs 

The number o f eggs l a i d a t each s i t e was measured i n 1978 and 

the r e s u l t i n g l a r v a l d e n s i t i e s showed t h a t s u r v i v a l p from the egg stage 

t o establishment i n s i d e the seed capsules, was mainly dependent on seed 

capsule development. The c a l c u l a t i o n s i n Chapter 5 showed t h a t the 

s u r v i v a l r a t e i n 1978 was approximately 80% o f the p r o p o r t i o n of f l o r e t s 

developing i n t o seed capsules. To c a l c u l a t e the den s i t y o f eggs l a i d i n 

1977 and 1979 i t has been assumed t h a t s u r v i v a l was s i m i l a r l y r e l a t e d t o 

seed capsule p r o d u c t i o n . The s u r v i v a l r a t e i s t h e r e f o r e c a l c u l a t e d from 

the formula 

S = O.&R 

where S i s the p r o p o r t i o n o f C. alticolella s u r v i v i n g t o establishment 

i n s i d e the seed capsules and R i s the p r o p o r t i o n o f f l o r e t s developing 
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Table 7.1 ; Life tables for Coleophora a l t i c o l e l l a a t 

a. 15 metres 

b. 245 metres 

c. 335 metres 

d. 395 metres 

e. 455 metres 

f. 520 metres 

1 The density per square metre at x 
d The number dying from d i f f e r e n t x 
k The m o r t a l i t y i n each stage 

The values i n i t a l i c s are those mea 

been c a l c u l a t e d from these. 

the s t a r t o f each stage (x) 

m o r t a l i t y f a c t o r s 

ured d i r e c t l y ; the r e s t have 

An explanation o f the terms and the methods o f c a l c u l a t i o n 

of the values i s given i n the t e x t . 
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Table 7=la : Life-table for Coleophora a l t i c o l e l l a a t 15m (numbers per m ) 

Stage 
(x) 

1977 
Eggs 

M o r t a l i t y 

Seed capsule 
f a i l u r e 

Larvae e s t a b l i s h e d 
i n seed capsules 

Grazing 
P a r a s i t o i d s 
Dead i n capsule 

Larvae w i t h 
cases 

P a r a s i t o i d s 
Dead i n case 
Grazing 

Larvae m i g r a t i n g 
t o l e a f - i i t t e r 

P o t e n t i a l eggs 

1978 
Eggs 

Egg s h o r t f a l l 

Seed capsule 
f a i l u r e 

Larvae es t a b l i s h e d 
i n seed capsules 

Larvae w i t h 
cases 

Larvae m i g r a t i n g 
t o l e a f - l i t t e r 

P o t e n t i a l eggs 

1979 
Eggs 

Grazing 
P a r a s i t o i d s 
Dead i n capsule 

P a r a s i t o i d s 
Dead i n case 
Graz i n g 

Egg s h o r t f a l l 

Seed capsule 
f a i l u r e 

Larvae e s t a b l i s h e d 
i n seed capsules 

762 

566 

299 

130 

5850 

302 

245 

67 

18 

810 

77 

52 

196 

0 
103 
164 

158 
11 
0 

5548 

57 

4 
104 
70 

44 
5 
0 

733 

25 

0.129 

0.000 
0.087 
0.190 

0.326 
0.035 
0.000 

1.287 

0.091 

0.007 
0.245 
0.311 

0„464 
0.106 
O.OOO 

1.022 

0.170 

Grazing 0 0.000 
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Table 7„lb : Life-table for Coleophora a l t i c o l e l . l a a t 245m (numbers per m) 

Stage M o r t a l i t y 1 d k 
/ \ X X 

1977 ( x ' 
Eggs 838 

Seed capsule 
f a i l u r e 272 0.170 

Larvae e s t a b l i s h e d 
i n seed capsules 566 

Grazing 84 0.070 
P a r a s i t o i d s 20 0.009 
Dead i n capsule 130 0.140 

Larvae w i t h 
cases 342 

P a r a s i t o i d s 77 0.111 
Dead i n case 56 0.103 
Grazing ±62 0.648 

Larvae m i g r a t i n g 
t o l e a f - l i t t e r 47 
P o t e n t i a l eggs 2115 

1978 Egg s h o r t f a l l 17O0 0.707 
Eggs 415 

Seed capsule 129 0.162 
f a i l u r e 

Larvae e s t a b l i s h e d 
i n seed capsules 286 

Grazing H2 0.216 
P a r a s i t o i d s 24 0.036 
Dead i n capsule 74 0.270 

Larvae i n cases 86 

P a r a s i t o i d s 22 0.128 
Dead i n case 19 0.153 
Grazing 24 0.162 

Larvae m i g r a t i n g 

t o l e a f - l i t t e r 31 

P o t e n t i a l eggs 1395 
1979 Egg s h o r t f a l l 1235 0.940 

Eggs 160 
Seed capsule 
f a i l u r e 38 0.118 

Larvae e s t a b l i s h e d 
i n seed capsules 222 

Grazing 85 0.518 
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2 Table 7.1c : Life-table for Coleophora a l t i c o l e l l a at 335m (numbers per m 
Stage M o r t a l i t y 1 d k 

1977 
Eggs 816 

Seed capsule 
f a i l u r e 327 0.222 

Larvae e s t a b l i s h e d 
i n seed capsules 489 

Grazing 154 0.164 
Par a s i t o i d s 0 0.000 
Dead i n capsule 115 0.183 

Larvae w i t h 
cases 220 

P a r a s i t o i d s 6 0.012 
Dead i n case 4 0.008 
Grazing 26 0.034 

Larvae m i g r a t i n g 
to l e a f - l i t t e r 194 

P o t e n t i a l eggs 8730 

1978 Egg s h o r t f a l l 6968 0.695 
Eggs 1762 

Seed capsule 1160 0.466 
f a i l u r e 

Larvae e s t a b l i s h e d 
i n seed capsules 602 

Grazing 0 O.OOO 
Par a s i t o i d s q 0.000 
Dead i n capsule 259 0.244 

Larvae w i t h 
cases 343 

P a r a s i t o i d s 2 0.003 
Dead i n case 3 0.004 
Grazing 0 O.OOO 

Larvae m i g r a t i n g 
t o l e a f - l i t t e r 33s 

P o t e n t i a l eggs 15210 
1979 Egg s h o r t f a l l 14 752 1.521 
Eggs 458 

Seed capsule 143 0.163 
f a i l u r e 

Larvae e s t a b l i s h e d 
i n seed capsules 315 

Grazing 94 0.154 
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Table 7. I d : Life-table for Coleophora a l t i c o l e l l a at 395m (numbers per m 

Stage 
(x) 

M o r t a l i t y 

1977 
Eggs 

Seed capsule 
f a i l u r e 

Larvae e s t a b l i s h e d 
i n seed capsules 

Larvae w i t h 
cases 

Grazing 
P a r a s i t o i d s 
Dead i n capsule 

P a r a s i t o i d s 
Dead i n case 
Grazing 

Larvae m i g r a t i n g 
t o l e a f - l i t t e r 
P o t e n t i a l eggs 

1978 
Eggs 

Egg s h o r t f a l l 

Seed capsule 
f a i l u r e 

Larvae e s t a b l i s h e d 
i n seed capsules 

Larvae w i t h 
cases 

Grazing 
P a r a s i t o i d s 
Dead i n capsule 

P a r a s i t o i d s 
Dead i n case 
Grazing 

Larvae m i g r a t i n g 
t o l e a f - l i t t e r 
P o t e n t i a l eggs 

1979 
Eggs 

Egg s h o r t f a l l 

Seed capsule 
f a i l u r e 

Larvae e s t a b l i s h e d 
i n seed capsules 

834 

344 

179 

127 

5715 

675 

193 

88 

74 

3330 

166 

490 

97 
0 
68 

3 
13 
36 

5040 

482 

16 
0 
89 

0 
12 
2 

3164 

61 

0.385 

0.144 
0.000 
0.140 

0.007 
0.033 
0.108 

0.928 

0.544 

0.038 
0.000 
0.303 

0.000 
0.064 
0.012 

1.302 

0.199 

105 

Grazing 51 0.289 
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2 
Table 7.1s ; Life-table for Coleophora a l t i c o l e l l a at 455m (numbers per m ) 

Staqe M o r t a l i t y 1 d k 
(x) 

1977 
Eggs 533 

Seed capsule 
f a i l u r e 338 0.437 

Larvae e s t a b l i s h e d 
i n seed capsules 195 

Grazing 45 0.114 
P a r a s i t o i d s 0 0.000 
Dead i n capsule 73 0.290 

Larvae w i t h 
cases 77 

P a r a s i t o i d s o 0.000 
Dead i n case 14 0.087 
Grazing 7 0.051 

Larvae m i g r a t i n g 
t o l e a f - l i t t e r 56 
P o t e n t i a l eggs 2520 

1973 Egg s h o r t f a l l 1781 0.533 
Eggs 739 

Seed capsule 
f a i l u r e 611 0.761 

Larvae e s t a b l i s h e d 
i n seed capsules 128 

Grazing 11 0.039 
P a r a s i t o i d s o 0.000 
Dead i n capsule 70 0.396 

Larvae w i t h 
cases 47 

P a r a s i t o i d s 0 O.OOO 
Dead i n case 4 0.039 
Grazing 10 0.115 

Larvae m i g r a t i n g 
t o l e a f - l i t t e r 33 

P o t e n t i a l pggs 1485 
1979 Egg s h o r t f a l l 1233 0.770 

Eggs 252 
Seed capsule 164 0„475 
f a i l u r e 

Larvae e s t a b l i s h e d 
i n seed capsules 88 

Grazing 25 0.145 
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Table 7 . I f : Life-table for Coleophora a l t i c o l e l l a at 520m (numbers per m" 
Stage M o r t a l i t y 1 d k 
(x) X x 

1977 
Eggs 97 

Seed capsule 
f a i l u r e 51 0.324 

Larvae e s t a b l i s h e d 
i n seed capsules 46 

Grazing 0 0.000 
P a r a s i t o i d s 0 0.000 
Dead i n capsule 2 3 0.301 

Larvae w i t h 
cases 23 

P a r a s i t o i d s 0 0.000 
Dead i n case 4 0.083 
Grazing 10 0.325 

Larvae m i g r a t i n g 
t o l e a f - l i t t e r 9 
P o t e n t i a l eggs 405 

1978 Egg s h o r t f a l l 214 0.326 
Eggs 191 

Seed capsule 
f a i l u r e 160 0.790 

Larvae e s t a b l i s h e d 
i n seed capsules 31 

Grazing 0 O.OOO 
Pa r a s i t o i d s 0 0.000 
Dead i n capsule 20 0.450 

Larvae w i t h 
cases 11 

P a r a s i t o i d s 0 0.000 
Dead i n case 4 0.196 
Grazing 3 0.243 

Larvae m i g r a t i n g 
t o l e a f - l i t t e r 4 

P o t e n t i a l eggs 180 
1979 Egg s h o r t f a l l 111 0.416 

Eggs 69 
Seed capsule 
f a i l u r e 55 0.69 3 

Larvae e s t a b l i s h e d 
i n seed capsules 14 

Grazing 2 0.032 
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i n t o capsules at each s i t e . The d e n s i t y o f eggs i s then c a l c u l a t e d 

from the formula 
-2 

-2 Larvae.m 
S 

b. The f i r s t p e r i o d of grazing 

The d e n s i t y of the Juncus squarrosus i n f l o r e s c e n c e s i s reduced 

by grazing (Section 3.7). The loss o f inflorescences d u r i n g t h i s f i r s t 

p e r i o d i s the d i f f e r e n c e between the number produced and the number 

remaining i n August, when samples were taken t o assess the l a r v a l d e n s i t i e s . 

Grazing i s assumed t o be random w i t h respect t o the i n f l o r e s c e n c e s ; i t 

does not a f f e c t the s u r v i v a l o f the larvae on the remaining inflorescences 

but reduces t h e i r d e n s i t y per square metre. 

c. P a r a s i t o i d s i n s i d e the seed capsules 

The p a r a s i t o i d s s t a r t t o a t t a c k the Coleophora alticolella 

larvae while these hosts are s t i l l i n s i d e t h e i r f i r s t seed capsule, but 

a f t e r the i n i t i a l p e r i o d o f g r a z i n g . The number attacked a t t h i s stage 

i s given i n Section 6.11 and i s c a l c u l a t e d from the evidence o f p a r a s i t i z a t i o n 

i n the November samples. 

d. Dead i n capsule 

This i s the r e s i d u a l m o r t a l i t y between the larvae s u r v i v i n g the 

f i r s t bout o f p a r a s i t i z a t i o n and the density of l a r v a l cases produced. 

This f a i l u r e t o produce l a r v a l cases was not measured d i r e c t l y and, f o r 

the purposes o f the c o n s t r u c t i o n o f these l i f e - t a b l e s , i t i s assumed t o 

act a f t e r p a r a s i t i z a t i o n . 
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e. P a r a s i t o i d s of larvae i n cases 

Values f o r the second p e r i o d o f p a r a s i t i z a t i o n are also given 

i n Section 6.11. The number s u r v i v i n g p a r a s i t i z a t i o n i s c a l c u l a t e d as 

the d i f f e r e n c e between the number of cases produced and the number o f 

these larvae p a r a s i t i z e d . 

f . Larvae dead i n cases 

This m o r t a l i t y i s c a l c u l a t e d as the d i f f e r e n c e between the 

number o f cased larvae per seed capsule t h a t survived p a r a s i t i z a t i o n 

and the number o f larvae per seed capsule t h a t migrated t o the l e a f 

l i t t e r a t the end o f the summer. By considering the numbers per seed 

capsule i n t h i s way, i t i s po s s i b l e t o exclude the r e d u c t i o n due t o the 

second p e r i o d o f grazing. 

g. The second p e r i o d o f grazing 

As w i t h the f i r s t grazing p e r i o d , t h i s m o r t a l i t y f a c t o r only 

a f f e c t s the d e n s i t y per square metre and does not a f f e c t the larvae on 

the remaining i n f l o r e s c e n c e s . This p e r i o d o f grazing r e s u l t s i n the 

r e d u c t i o n i n the d e n s i t y of inflorescences a f t e r August each year; these 

data have been discussed i n Section 3.7. Although the sheep graze the 

inflorescences throughout t h i s p e r i o d , these c a l c u l a t i o n s assume t h a t t h i s 

m o r t a l i t y f a c t o r acts a f t e r the p a r a s i t i z a t i o n o f the larvae i n t h e i r cases 

but before they migrate t o the l e a f l i t t e r t o overwinter. 

h. P o t e n t i a l eggs 

The d e n s i t y of p o t e n t i a l eggs has been c a l c u l a t e d from the 

d e n s i t y o f larvae m i g r a t i n g a t the end o f each season. These values 

have been m u l t i p l i e d by 0.5 t o c a l c u l a t e the de n s i t y o f females, assuming 

an equal sex r a t i o . 
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Jordan (1958) found t h a t newly emerged females contained ten 

t o twenty eggs which appeared ready f o r immediate o v i p o s i t i o n , but t h a t 

the ovaries contained many smaller eggs which would mature l a t e r . He 

estimated t h a t the maximum number o f eggs per female was about 90 and 

considered t h a t the m a j o r i t y would be deposited d u r i n g the course o f 

the o v i p o s i t i o n period,since the females taken a t the end o f the egg-

l a y i n g p e r i o d had o nly a few eggs l e f t . The d e n s i t y o f the females has 

been m u l t i p l i e d by 90 t o c a l c u l a t e the p o t e n t i a l egg d e n s i t y . These 

c a l c u l a t i o n s can be summarized as 

P o t e n t i a l Eggs = Larvae M i g r a t i n g x 0.5 x 90 

i . Egg s h o r t f a l l 

The egg s h o r t f a l l i s the d i f f e r e n c e between the p o t e n t i a l egg 

d e n s i t y and the r e a l d e n s i t y o f eggs l a i d the f o l l o w i n g year. I t i s 

not s t r i c t l y a measure of m o r t a l i t y , but i s the r e d u c t i o n i n n a t a l i t y . 

7.3 Analysis o f the l i f e - t a b l e s 

The generation m o r t a l i t y , K, i s the sum o f the values f o r a l l 

the k-factors. For the f o l l o w i n g analyses, the generation m o r t a l i t y i s 

c a l c u l a t e d from egg t o egg. A summary of the k-factors f o r the 1977-78 

and 1978-79 generations a t the s i x s i t e s i s given i n Table 7.2, w i t h the 

values f o r K. 

Figure 7.1 shows the d e n s i t y o f eggs a t each s i t e , based on 

the data from the l i f e - t a b l e s . I n 1977 the eggs were a t s i m i l a r d e n s i t i e s 

a t a l l s i t e s below 400 metres, w h i l e the d e n s i t y was lower above t h i s 

a l t i t u d e . I n the f o l l o w i n g year the d e n s i t y o f eggs was highest a t 

335 metres (higher than i n the previous year)„ At the two lowest s i t e s 

the d e n s i t y was reduced i n 1978 and was less than t h a t a t 455 metres. 
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Table 7.2 : A summary of the mortality factors and the generation 

mortality, K, at each altitude for the 1977-78 and the 

1978-79 generations 

k - f a c t o r Cause 

Jfc Seed capsule f a i l u r e 

k^ F i r s t p e r i o d o f grazing 

£ P a r a s i t o i d s a t t a c k i n g larvae i n s i d e seed capsules 

k^ Other m o r t a l i t y of larvae i n s i d e seed capsules 

k& P a r a s i t o i d s a t t a c k i n g larvae i n cases 

Other m o r t a l i t y o f larvae i n cases 
b 

Second p e r i o d o f grazing 

kn Egg s h o r t f a l l 
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Figure 7.1 ; The number o f Coleophora alt.icole.lla eggs 

per square metre p l o t t e d on a l o g a r i t h m i c 

scale against a l t i t u d e . 
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The d e n s i t y i n 1979 was the lowest o f the three years at a l l o f the 

s i t e s . The g r e a t e s t v a r i a t i o n of d e n s i t y during the three year p e r i o d 

was at 15 metres; here the den s i t y was an order o f magnitude less i n 

1979 than i n 1977. 

Values f o r the generation m o r t a l i t y a t each s i t e are shown i n 

Figure 7.2. The generation m o r t a l i t y f o r 1977-78 was more v a r i a b l e 

between s i t e s than f o r 1978-79. Values f o r the f i r s t generation were 

highest a t 15 metres and lowest a t 335 metres. A l l o f the values f o r 

the second generation were over 2.0, which i s equivalent t o more than 

99% m o r t a l i t y a t each s i t e . 

I n the c o n s t r u c t i o n of the l i f e - t a b l e s i t was assumed t h a t the 

maximum f e c u n d i t y o f females was 90 eggs. From these, two must survive 

t o adulthood the f o l l o i - j i n g year f o r the p o p u l a t i o n t o remain a t the same 

de n s i t y . This i s e q u i v a l e n t t o a generation m o r t a l i t y o f 

lo g 90 - l o g 2 = 1.653 

Three s i t e s had values o f K less than 1.653 i n the 1977-78 

generation? 335mf 455m and 520m. These were the only s i t e s where 

there was an increase i n egg de n s i t y from 1977 t o 1978. Generation 

m o r t a l i t y f o r 1978-79 was greater than 1.653 a t a l l s i t e s , hence the 

red u c t i o n i n d e n s i t y o f eggs. 

The i d e n t i f i c a t i o n o f a key f a c t o r responsible f o r p o p u l a t i o n 

change can be achieved by the c o r r e l a t i o n o f each /c-factor w i t h K f o r a 

seri e s of generations (Varley and Gradwell 1960). For Coleophora 

alticolella, however, l i f e - t a b l e s are only a v a i l a b l e f o r two complete 

generations which i s not s u f f i c i e n t data f o r t h i s method. As the 

importance o f each m o r t a l i t y f a c t o r may change i n d i f f e r e n t l o c a t i o n s , 

the approach used i n these analyses i s t o examine the r e l a t i o n s h i p s 

between each Jt-factor and a l t i t u d e . The values f o r each Jc-factor 



Figure 7,2 : The generation mortality, K, of Coleophora 

alticolella plotted against a l t i t u d e . 
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are p l o t t e d against a l t i t u d e i n Figure 7.3a-h. I n doing t h i s , 

i t i s p o s s i b l e t o judge the r e l a t i v e importance o f each f a c t o r i n 

determining p o p u l a t i o n change and how each may d i f f e r under d i f f e r e n t 

environmental c o n d i t i o n s . Although the impact o f each m o r t a l i t y 

f a c t o r can change along the a l t i t u d i n a l g r a d i e n t , some may act on the 

po p u l a t i o n i n s i m i l a r ways a t d i f f e r e n t s i t e s . 

k Seed capsule f a i l u r e 0 

This f a c t o r i s responsible f o r most o f the m o r t a l i t y o f 

Coleophora alticolella between the egg stage and l a r v a l establishment 

i n s i d e the seed capsule. As there i s lower seed capsule production a t 

the higher a l t i t u d e s , kQ has a grea t e r e f f e c t a t these s i t e s (Figure 7.3a). 

The s e v e r i t y o f t h i s f a c t o r was greater a t the higher s i t e s i n the 1978-79 

generation because here the p r o p o r t i o n o f f l o r e t s developing i n t o seed 

capsules was lower i n 1978 than i n 1977. 

k^ The f i r s t p e r i o d o f grazing 

This m o r t a l i t y i s due t o sheep grazing the Juncus squarrosus 

i n f l o r e s c e n c e s from the time when they were produced u n t i l the samples 

were taken i n August. Figure 7.3b shows t h a t there was no r e l a t i o n s h i p 

between k^ and a l t i t u d e . 

^ P a r a s i t o i d s a t t a c k i n g larvae i n s i d e the seed capsules 

There i s an inverse r e l a t i o n s h i p between t h i s m o r t a l i t y f a c t o r 

and a l t i t u d e (Figure 7.3c). P a r a s i t i z a t i o n a t t h i s stage was higher i n 

1978 than i n 1977. The value f o r t h i s k-factor i s zero at 335m and 

above. 



Figure 7„3a~d : The Je-valu rs o f each m o r t a l i t y f a c t o r 

p l o t t e d against a l t i t u d e . 
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Figure 7.3 e-g : The ^-values o f each m o r t a l i t y f a c t o r 

p l o t t e d against a l t i t u d e . 
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Figure 7„'3.h : The values o f (egg s h o r t f a l l ) p l o t t e d 

against a l t i t u d e . 
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Other m o r t a l i t y o f larvae i n s i d e seed capsules 

This i s a r e s i d u a l value which has been c a l c u l a t e d t o balance 

the budget, and may c o n s i s t o f several agents causing m o r t a l i t y . There 

i s a d i r e c t r e l a t i o n s h i p between t h i s A -factor and a l t i t u d e f o r the s i t e s 

above 335m (Figure 7.3d); below t h i s a l t i t u d e the values are s i m i l a r 

w i t h i n each generation, but vary between generations. The causes o f 

t h i s m o r t a l i t y are unknown. Competition f o r food between larvae i n s i d e 

the seed capsules can be r u l e d out; t h i s would r e s u l t i n higher values i n 

the middle region o f the t r a n s e c t , where there was a great e r p r o p o r t i o n 

o f the larvae sharing seed capsules because o f the higher l a r v a l d e n s i t i e s 

(Chapter 5 ) . I t i s pos s i b l e t h a t food q u a l i t y i s reduced a t the higher 

s i t e s , or t h a t the severe climate acts d i r e c t l y on some o f the l a r v a e , 

k i l l i n g them before they are able t o produce t h e i r cases. 

k^ at the lowest a l t i t u d e could have been due t o undetected 

e f f e c t s of the p a r a s i t o i d s . The Hymenoptera may have k i l l e d some o f 

the larvae but f a i l e d t o o v i p o s i t on them. I f they o v i p o s i t e d 

s u c c e s s f u l l y , some of the p a r a s i t o i d larvae may have f a i l e d t o develop. 

These dead Coleophora alticolella larvae would not have been classed as 

p a r a s i t i z e d i n l a t e r samples. 

& Pa r a s i t o i d s a t t a c k i n g larvae i n cases 

This i s the f i r s t m o r t a l i t y f a c t o r t o a c t a f t e r the larvae have 

produced t h e i r cases. As w i t h k^, t h e r e i s an inverse r e l a t i o n s h i p 

between the m o r t a l i t y caused by these p a r a s i t o i d s and a l t i t u d e (Figure 7.3e)„ 

Scambus hrevicornis was recorded from samples taken a t 395m i n 1977 and a t 

335m i n 1977 and 1978, but p a r a s i t i z a t i o n was very low a t these s i t e s , so 

the /c-values are small. This k-factor was great e r i n the second o f the 

two generations a t the two lower sample s i t e s . 
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kr Other m o r t a l i t y o f larvae i n cases 5 

The values f o r t h i s k-factor were small; a l l were less than 

0.2 (Figure 7 . 3 f ) . This m o r t a l i t y was not measured d i r e c t l y b u t , l i k e 

k^i was c a l c u l a t e d from the other values; i t may c o n s i s t o f several components 

One component at the low a l t i t u d e s could be due t o more undetected 

p a r a s i t i s m . Also at these s i t e s , some o f the m o r t a l i t y w i l l have been 

caused by a d u l t female Scawbus brevicornis feeding on the Coleophora 

alticolella body f l u i d s . 

kr The second p e r i o d o f grazing 
6 

There was no r e l a t i o n s h i p between t h i s Jt-factor and a l t i t u d e 

(Figure 7.3g). The highe s t values were recorded a t 245m and 520m 

i n each generation. 

k^ Egg s h o r t f a l l 

This i s another f a c t o r which was not measured d i r e c t l y but was 

c a l c u l a t e d from the other values i n the l i f e - t a b l e . The highest value 

was recorded at the 335 metre s i t e f o r the 1978-79 generation, and the 

lowest values were a t 520 metres (Figure 7.3h). k^ was higher i n 

1978-79 than i n the previous generation a t a l l s i t e s except f o r 15 metres. 

The v a r i a t i o n o f k^ w i t h a l t i t u d e , as shown i n Figure 7.3h„ 

suggests t h a t t h i s f a c t o r has the gr e a t e s t e f f e c t where the d e n s i t y o f the 

larvae i s highest ( c . f . Figure 5.1). Density-dependent m o r t a l i t y can be 

detected by p l o t t i n g each value o f k against the l o g a r i t h m o f the d e n s i t y 

o f the stage on which i t a c t s ; a s i g n i f i c a n t p o s i t i v e slope i n d i c a t e s 

t h a t there i s greater r a t e o f m o r t a l i t y a t the higher d e n s i t i e s . I n 

t h i s case, k^ has been c a l c u l a t e d from the d e n s i t y o f larvae per square 

metre m i g r a t i n g t o the l e a f l i t t e r i n each autumn. 
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Figure 7.4 shows the o v e r a l l increase of w i t h i n c r e a s i n g 

d e n s i t y o f m i g r a t i n g larvae per square metre. There i s a s i g n i f i c a n t 

c o r r e l a t i o n between the two values (r ~ 0.681, d.f. = 8, P < 0.05). 

When the data f o r each s i t e are examined separately, however, t h i s 

f a c t o r i s found not t o be d i r e c t l y r e l a t e d t o d e n s i t y ; the l i n e s 

j o i n i n g the values f o r the two generations a t each s i t e are independent 

of each oth e r . Therefore, despite the o v e r a l l r e l a t i o n s h i p , egg 

s h o r t f a l l i s not dependent on the d e n s i t y o f larvae m i g r a t i n g t o the 

l e a f - l i t t e r . 

I f t h i s r e d u c t i o n i n n a t a l i t y i s due t o i n t r a s p e c i f i c competition 

f o r the food supply, then k^ w i l l be r e l a t e d t o the d e n s i t y o f l a r v a e 

w i t h respect t o the seed capsules r a t h e r than the d e n s i t y per square 

metre. Therefore, w i l l not be r e l a t e d t o the d e n s i t y of .larvae 

from which i t i s c a l c u l a t e d but w i l l be delayed s l i g h t l y i n i t s e f f e c t . 

Larvae are over-dispersed w i t h respect t o the food supply a t 

the beginning o f the season and, as shown by k^, there i s no d e n s i t y 

dependent m o r t a l i t y caused by competition f o r food w i t h i n the seed 

capsules. Once the l a r v a .has eaten a l l o f the seed i n i t s f i r s t capsule 

and has produced a case, i t searches f o r more food t o complete i t s 

development. I t i s at t h i s stage t h a t competition could occur. 

Therefore, i f k^ i s a d e n s i t y - r e l a t e d e f f e c t caused by competition f o r 

food, i t should be d i r e c t l y r e l a t e d t o the d e n s i t y of cased larvae per 

remaining seed capsule (D). These values have been c a l c u l a t e d from 

the data given i n the l i f e - t a b l e s , by the formula 

Cases produced, m ^ 
D = — " 

Capsules,, m - Larvae i n capsules, m 

The r e s u l t s of these c a l c u l a t i o n s are given i n Table 7.3. 



Figure 7.4 : The values of p l o t t e d against l o 9 ^ 0 

o f larvae per square metre m i g r a t i n g t o 

l e a f - l i t t e r a t each sample s i t e f o r the 

1977-78 and 1978-79 generations. The two 

values from each s i t e are j o i n e d . 
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Table 7.3 : The density of seed capsules, larvae and larval cases 

produced at the six major sample sites in 1977 and 1978, 

calculated from the life tables after the first period of 

grazing. The density of the larval cases with respect to 

the remaining food supply (D) is shown in the final column. 

This has been calculated from the formula 

_ Cases produced, m 
Seed capsules. m~2 - l a r v a e , m-^ 

A l t i t u d e Seed capsules per Larvae per Cases produced Density 

2 2 2 (m) m" i n August m i n August per m (D) 

1977 

15 3797 566 299 0.0925 

245 752 482 342 1.2667 

335 943 335 220 0.3618 

395 823 247 179 0.3108 

455 820 150 77 0.1149 

520 787 46 23 0.0310 

1978 

15 869 241 67 0.1067 

245 294 174 86 0.7167 

335 746 602 34 3 2.3819 

395 245 177 88 1.2941 

455 220 117 47 0.4564 

520 281 31 .1.1 0.0440 



166 

Figure 7.5 shows t h a t , a t the four highest sample s i t e s , 

was r e l a t e d t o the d e n s i t y o f cased larvae w i t h respect t o the remaining 

food supply. I n s p i t e o f the f a c t t h a t these values have been c a l c u l a t e d 

f o r a v a r i e t y of d i f f e r e n t sample s i t e s , the t h i n l i n e s i n t h i s f i g u r e 

show t h a t there i s a d i r e c t r e l a t i o n s h i p a t a l l four s i t e s and t h a t the 

trends a t each s i t e are s i m i l a r t o the o v e r a l l r e l a t i o n s h i p . 

The values f o r the two lowest sample s i t e s do not f o l l o w t h i s 

r e l a t i o n s h i p . At these s i t e s , p a r a s i t i z a t i o n o f the larvae i n the cases 

w i l l a f f e c t t h e i r d e n s i t y and, t h e r e f o r e , the amount o f competition f o r 

the remaining food. 

Regression a n a l y s i s o f a ^ - f a c t o r on den s i t y cannot be taken 

as proof o f a density-dependent r e l a t i o n s h i p because the independent 

v a r i a b l e may not be f r e e from sampling e r r o r , and the two v a r i a b l e s may 

not be independent o f each oth e r . To overcome these problems i t has 

been suggested by Varley and Gradwell (1963) t h a t a t t e n t i o n should be 

focused on the r e l a t i o n s h i p between the d e n s i t i e s before and a f t e r the 

a c t i o n o f the k-factor. I f the regression o f f i n a l d e n s i t y on i n i t i a l 

d e n s i t y and i n i t i a l d e n s i t y on f i n a l d e n s i t y both produce slopes t h a t 

are s i g n i f i c a n t l y d i f f e r e n t from u n i t y , and also t h a t these l i n e s l i e 

on the same side of the slope o f u n i t y , then density-dependence has 

been proved. 

In the case o f egg s h o r t f a l l o f Coleophora alticolella, k^ i s 

independent o f the d e n s i t y used i n Figure 7.5, but t h i s d e n s i t y i s 

subject t o sampling e r r o r . I t was not pos s i b l e t o o b t a i n d i r e c t 

measurements o f the d e n s i t y of s u r v i v o r s , w i t h the same u n i t s as the 

i n i t i a l d e n s i t y , because eggs were l a i d on a d i f f e r e n t year's growth 

o f i n f l orescences t o those on which the larvae had been feeding i n the 

previous summer. T h e o r e t i c a l values can be c a l c u l a t e d , however, from 

the formula: 



Figure 7.5 : The values of p l o t t e d against ^0<3^oD 

(the d e n s i t y o f cased larvae per uneaten 

seed capsule a f t e r case p r o d u c t i o n ) . 

The values f o r the two generations a t each 

a l t i t u d e are j o i n e d by the t h i n l i n e s . 

The t h i c k l i n e i s from the regression analysis 

o f the values from 335m and above (O) and has 

the formula 

0.606 l o g , - ! - 1.160 

0.952, n = 8, S.E. o f slope = 0.080, P < 0.001 
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l o g S = l o g D -

whore D i s the i n i t i a l d e n s i t y and S the d e n s i t y o f s u r v i v o r s . 

The values of l o g S and l o g D have been p l o t t e d against each 

other i n Figure 7.6 and the regression c o e f f i c i e n t s c a l c u l a t e d . The 

slopes f o r l o g S on l o g D and log D on l o g S are both s i g n i f i c a n t l y 

d i f f e r e n t from, and both on the same side o f , a slope o f u n i t y . 

Thus the r e d u c t i o n i n n a t a l i t y a t the s i t e s above 245 metres 

i s r e l a t e d t o the amount o f competition f o r food between the larvae 

w i t h cases. However, t h i s density-dependent e f f e c t does not e x a c t l y 

compensate f o r the increase i n l a r v a l d ensity as the slope o f k^ on 

l o g d e n s i t y i s less than u n i t y . 

V a r i a t i o n i n n a t a l i t y could occur i n two ways: larvae t h a t 

o b t a i n i n s u f f i c i e n t food i n the summer may f a i l t o become a d u l t s the 

f o l l o w i n g year, thus reducing the d e n s i t y of o v i p o s i t i n g females. 

A l t e r n a t i v e l y , t h ere could be a r e d u c t i o n i n f e c u n d i t y ; a t high d e n s i t i e s 

the larvae have a smaller food supply and those t h a t do su r v i v e may 

become smaller a d u l t s producing fewer eggs. Reduced f e c u n d i t y a t high 

l a r v a l d e n s i t i e s has been recorded i n many i n s e c t p o p u l a t i o n s t u d i e s ; 

f o r example, the cinnabar moth (Tyria jacobaeae L.) (Dempster 1971), 

the pine looper moth {Bupalus pinarius L.) (Klomp 1966) and the 

moorland t i p u l i d Molophilus ater (Horobin 1971). 

Both o f these e f f e c t s o f d e n s i t y on the r e d u c t i o n o f n a t a l i t y 

o f Coleophora alticolella may occur, but the importance o f each could 

not be separated by using the data a v a i l a b l e . 

The d e n s i t y - r e l a t e d r e d u c t i o n i n n a t a l i t y has only been 

demonstrated f o r s i t e s above 245 metres. At 15 metres and 245 metres, 

ky was not d i r e c t l y r e l a t e d t o the d e n s i t y o f larvae w i t h respect t o 

the food supply. I t was mentioned p r e v i o u s l y t h a t m o r t a l i t y due t o 



Figure 7.6: lo g ^ Q S , the t h e o r e t i c a l d e n s i t y o f Coleophora alticolella 

larvae s u r v i v i n g the e f f e c t s o f , p l o t t e d against 

1° glcy D' fc^e -'•n*t*a^ d e n s i t y . 

The broken l i n e has a slope o f u n i t y . 

The two s o l i d l i n e s are: 

A. lo(310

s = 0.395 l o g 1 Q D - 1.160 

r = 0.896; n = 8; S.E. o f slope = 0.080; P < 0.01 

B. l o 9 1 Q

D ~ 2.036 l o g S + 2.248 

r = 0.896; n - 8; S.E. o f slope = 0.412; P < 0.01 
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p a r a s i t i z a t i o n , which i s commonest at these two s i t e s , would reduce the 

comp e t i t i o n f o r seed capsules. Therefore the e f f e c t s o f d e n s i t y -

dependent r e d u c t i o n o f n a t a l i t y a t these s i t e s would be d i f f e r e n t from 

the observed values of . 

There may also be oth e r f a c t o r s c o n t r i b u t i n g t o a t the 

low a l t i t u d e s . Figure 7.4 showed t h a t k^ a t 15 metres was r e l a t e d t o 

the d e n s i t y o f larvae m i g r a t i n g t o the l e a f - l i t t e r . I t i s p o s s i b l e 

t h a t p a r a s i t i z a t i o n or p r e d a t i o n o f the o v e r w i n t e r i n g l a r v a e may account 

f o r some o f t h i s m o r t a l i t y . 

i ) P a r a s i t i z a t i o n 

P a r a s i t o i d s may have attacked the larvae or pupae i n the 

l e a f - l i t t e r . This p o s s i b i l i t y cannot be r u l e d out as larvae were not 

removed from the l e a f - l i t t e r f o r r e a r i n g . 

Another p o s s i b l e source o f p a r a s i t i z a t i o n could have been 

due t o endophagous p a r a s i t o i d s a t t a c k i n g the la r v a e i n the summer, but 

not k i l l i n g the hosts u n t i l a f t e r m i g r a t i o n . Such p a r a s i t i z e d larvae 

would have been classed as migrators and a l i v e i n the autumn, x^hen i n 

f a c t they would not c o n t r i b u t e t o the f o l l o w i n g generation. Such 

p a r a s i t i s m was not recorded d u r i n g t h i s study? Jordan (1958) recorded 

a few endophagous p a r a s i t o i d s from Coleopliora alticolella, but he d i d not 

i d e n t i f y them. 

I t i s possible t h a t some of the p a r a s i t i z e d l a r v a e i n cases 

became dislodged from the i n f l o r e s c e n c e s . I f t h i s occurred they would 

also have been classed as l i v e and migrated. This would lead t o an 

overestimate o f the po p u l a t i o n about t o overwinter. 
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i i ) Predation o f o v e r w i n t e r i n g larvae 

Predaticn i s a d i f f i c u l t f a c t o r t o measure. Jordan (1962) 

suggests t h a t p r e d a t i o n could be due t o sheep, mice or voles. The 

e f f e c t of sheep-grazing i s more l i k e l y t o occur e a r l i e r i n the season, 

when the larvae are s t i l l feeding, and has been included a t an e a r l i e r 

stage o f the l i f e - t a b l e s . There i s no i n f o r m a t i o n about the a c t i v i t y 

o f mice or voles i n these areas. Common shrews (Sorex araneus L.) and 

pygmy shrews (S. minutus L.) both occur i n s i m i l a r areas o f Juncus 

squarrosus i n nort h e r n England but no Coleophora alticolella larvae 

have been found i n the guts o f these i n s e c t i v o r e s (Sarah Wanless pers. 

comm.) . 

I n v e r t e b r a t e predators (e.g. ants, spiders or carabid beetles) 

could take C. alticolella from the l e a f - l i t t e r . These predators would 

also be i n a c t i v e d u r i n g the w i n t e r months, so t h e i r e f f e c t on the l a r v a l 

p o p u l a t i o n may not be very g r e a t . 

Walton (1979) has shown t h a t meadow p i p i t s (Anthus pratensis ( L . ) ) p 

common b i r d s o f moorlands, eat Coleophora l a r v a e . He studied the d i e t s 

o f these b i r d s i n Snowdonia and found considerable numbers o f larvae w i t h 

cases among the,gut contents o f b i r d s t h a t had been feeding on areas o f 

Juncus squarrosus. They c o n t r i b u t e d most t o the d i e t o f the p i p i t s i n 

March and A p r i l , b ut were also found i n October. There was an average 

o f 13.4 larvae per stomach i n March. I t was a t f i r s t thought t h a t these 

b i r d s may have been feeding on the p a r a s i t i z e d l a r v a e , t h a t had not 

migrated, but had remained on the rush stems. However, my examination 

o f the remains o f 235 Coleophora larvae from h i s samples d i d not reve a l 

any evidence o f p a r a s i t i z a t i o n . Thus i t seems t h a t the meadow p i p i t s 

were searching through the l e a f - l i t t e r t o f i n d these prey items, and t h a t 

they w i l l a f f e c t the s u r v i v a l o f the o v e r w i n t e r i n g l a r v a e . There were 
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no data a v a i l a b l e f o r the d e n s i t y o f m i g r a t i n g Coleophora alticolella 

larvae i n the areas where the meadow p i p i t s were feeding, so the 

magnitude o f t h i s e f f e c t cannot be c a l c u l a t e d -

Meadow p i p i t s occurred a t a l l o f the s i t e s where C. alticolella 

was studied, but no observations on t h e i r feeding behaviour were undertaken. 

7 o 4 Changes i n the m o r t a l i t y i n r e l a t i o n t o a l t i t u d e 

There are two main sources o f m o r t a l i t y t h a t are r e l a t e d t o 

a l t i t u d e . The f i r s t i s s t a r v a t i o n o f newly hatched larvae and i s caused 

by the f a i l u r e o f seed capsule development by the food p l a n t (/cQ) . This 

e f f e c t increases i n s e v e r i t y w i t h i n c r e a s i n g a l t i t u d e . The other source 

o f mortality,, p a r a s i t i z a t i o n (/r plus A ) , i s i n v e r s e l y r e l a t e d t o 

a l t i t u d e - The changes i n the i n t e n s i t y o f these two f a c t o r s w i t h 

a l t i t u d e leave a middle region where t h e i r combined e f f e c t i s low. 

Here the l a r v a l d e n s i t y i n r e l a t i o n t o the food supply i s a t i t s h i g h e s t . 

This high l a r v a l d e n s i t y leads t o competition f o r food and r e s u l t s i n a 

density-dependent r e d u c t i o n i n n a t a l i t y (k^). 

The changing i n t e n s i t y o f these three f a c t o r s along w i t h 

a l t i t u d i n a l g r a d i e n t i s shown d i a g r a m a t i c a l l y i n Figure 7 . 7 . That p a r t 

o f the curve f o r competition f o r food a t the low a l t i t u d e does not 

correspond t o the values f o r egg s h o r t f a l l (k^) but i s the t r e n d 

c a l c u l a t e d from the d e n s i t y o f larvae a t these s i t e s . 

Towards the upper a l t i t u d e l i m i t o f Coleophora alticolella 

d i s t r i b u t i o n , c o m p e t i t i o n f o r food i s much reduced and the most important 

m o r t a l i t y i s due t o seed capsule f a i l u r e . At the upper l i m i t , seed 

capsule f a i l u r e i s responsible f o r t o t a l generation m o r t a l i t y ; 

consequently the values f o r the other k-factors are zero. This w i l l 

occur when the upper l i m i t o f seed-setting i s reduced t o a l e v e l below 



Figure 1.1: A diagramatic r e p r e s e n t a t i o n o f the changing 

i n t e n s i t y of three causes o f m o r t a l i t y o f 

Coleophora alticolella w i t h i n c r e a s i n g a l t i t u d e . 
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the p r e v i o u s y e a r ' s l a r v a l d i s t r i b u t i o n , as happened between 520 metres 

and 610 metres from 1977 to 1978. 

At the lowest a l t i t u d e , p a r a s i t i z a t i o n of the l a r v a e on the 

i n f l o r e s c e n c e s i s more important than the r e d u c t i o n of n a t a l i t y caused 

by competition. Other causes of m o r t a l i t y a c t on the o v e r w i n t e r i n g 

p o p u l a t i o n a t t h i s sample s i t e ; t hese i n c r e a s e the v a l u e s f o r egg 

s h o r t f a l l which then masks the g e n e r a l r e l a t i o n s h i p . 

7.5 A comparison of the s u r v i v o r s h i p curves a t 15m and 455m 

Morris (1965) has pointed out t h a t many m o r t a l i t y f a c t o r s a c t 

contemporaneously or a r e a t l e a s t o v e r l a p p i n g . The s u r v i v o r s h i p curve 

f o r a g e n e r a t i o n i s r e a l l y continuous, but i n the c o n s t r u c t i o n of l i f e -

t a b l e s the age i n t e r v a l s chosen f o r p o p u l a t i o n sampling are o f t e n too 

long to show t h i s c o n t i n u i t y . 

The s u r v i v o r s h i p curves f o r Coleophoza alticolella a t 15m and 

455min 1978 a r e shown i n F i g u r e 7.8. They have not been separated i n t o 

a g e - c l a s s e s , but have been c o n s t r u c t e d from the data f o r the number o f 

eggs and l a r v a e p r e s e n t i n the samples of Juncus squarrosus (allowances 

have been made f o r the l a r v a e m i g r a t i n g ) . These census data have been 

p l o t t e d a g a i n s t time i n days and s t a r t with zero as the day when the 

maximum number of eggs was p r e s e n t . The number s u r v i v i n g has been 

converted to a percentage of the t o t a l eggs f o r comparing the two s i t e s . 

These two s u r v i v o r s h i p curves are c l e a r l y d i f f e r e n t . At 455m 

the curve can be c l a s s i f i e d as type IV under S.lobodkin's (1962) terminology 

(see i n s e t on F i g u r e 7.8); here m o r t a l i t y a c t s most h e a v i l y on the e a r l y 

s t a g e s . The curve a t 15m i s nearer to type I I I , w i th a more c o n s t a n t 

m o r t a l i t y r a t e . 



Figure 7„8 : The s u r v i v o r s h i p curves f o r Coleophora alticolella 

a t 15 metres ( O) and 455 metres ( O) i n 1978. 

The number present i n each sample i s expressed 

as a percentage o f the maximum egg density and 

i s p l o t t e d against time i n days a f t e r the sample 

date w i t h maximum eggs. 

The i n s e t shows the fou r types o f s u r v i v o r s h i p 

curves c l a s s i f i e d by Slobodkin ( a f t e r Slobodkin 

1962) . 
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Price (1975) suggests t h a t s u r v i v o r s h i p curves f o r i n s e c t s 

can be d i v i d e d i n t o two broad groups which he c a l l s types A and B. 

Insects w i t h a type A curve show high m o r t a l i t y ( u s u a l l y over 70%) 

i n the e a r l y stages o f the l i f e - c y c l e . This i s s i m i l a r t o the type IV 

curve shown i n Figure 7.8. Insects of t h i s group l i v e i n exposed 

s i t u a t i o n s , or have a vulnerable stage during the establishment o f the 

l a r v a e . The i n s e c t s o f group B have high apparent m o r t a l i t y r ates 

i n l a t e r stages. These are more akin t o the type I I I curve. Type B 

i n s e c t s l i v e i n p r o t e c t e d s i t u a t i o n s or are defended i n c o l o n i e s . 

I n view o f the data presented i n Figure 7.8 i t i s c l e a r t h a t 

Coleophora alticolella does not f a l l i n t o one or the other o f Price's 

groups but can occupy e i t h e r , i n d i f f e r e n t p a r t s o f i t s range. At 

the higher a l t i t u d e , most o f the m o r t a l i t y occurs i n the e a r l y stages, 

during l a r v a l establishment; but a t 15m C. alticolella i s i n the type B 

group. 

Work by Stark (1959) shows t h a t the s u r v i v o r s h i p curves f o r 

the lodgepole needle miner (Recurvia starki Freeman) have d i f f e r e n t 

shapes depending on c l i m a t i c c o n d i t i o n s a t the time o f l a r v a l establishment 

Cold, wet weather at the time o f hatching and the f a l l o f needles w i t h 

eggs i n high winds can be responsible f o r over 70% m o r t a l i t y ; t h i s puts 

them i n t o type A. I n other generations or i n other l o c a t i o n s , very 

l i t t l e m o r t a l i t y occurs a t t h i s stage and the s u r v i v o r s h i p curve appears 

more l i k e type B. 

7.6 Discussion 

Animal populations can only be regulated by density-dependent 

or d e n s i t y r e l a t e d f a c t o r s . Even when re g u l a t e d , the p o p u l a t i o n f l u c t u a t e 

around an average d e n s i t y , and the size and d i r e c t i o n o f these f l u c t u a t i o n s 
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i s determined by key f a c t o r s . The value around which the p o p u l a t i o n 

f l u c t u a t e s need not be the same i n a l l p a r t s o f the animal's range. 

Towards the l i m i t s o f i t s d i s t r i b u t i o n the p o p u l a t i o n i s u s u a l l y lower; 

c l i m a t e can o f t e n be i m p l i c a t e d i n s e t t i n g the average d e n s i t y l e v e l . 

D i f f e r e n t key f a c t o r s may be responsible f o r the p o p u l a t i o n changes i n 

d i f f e r e n t p a r t s o f the range. Weather may i n f l u e n c e the d e n s i t y 

f l u c t u a t i o n s , but does not re g u l a t e the numbers o f animals because i t 

cannot a c t as a density-dependent f a c t o r . Weather may, however, 

determine the number o f s u i t a b l e h a b i t a t s (Klomp 1962)„ 

Juncus squarrosus i s a v a r i a b l e food resource, and i t s r e l a t i o n 

t o environmental c o n d i t i o n s plays an important p a r t i n the p o p u l a t i o n 

dynamics of Coleophora alticolella. Changes i n the d e n s i t y o f the food-

p l a n t are o f t e n the d r i v i n g f o r c e behind the p o p u l a t i o n changes o f the 

moth. There are two d i s t i n c t measurements o f the produc t i o n o f the 

food supply. The den s i t y o f inf l o r e s c e n c e s produced i s responsible 

f o r most o f the d i f f e r e n c e s between years a t any one s i t e . Secondly, 

the e f f e c t o f the i n c r e a s i n g l y severe climate on the development o f seed 

capsules i s responsible f o r the d i f f e r e n c e s between a l t i t u d e s . 

I t i s important t o make a d i s t i n c t i o n between the two measurements 

o f C. alticolella d e n s i t y . The d e n s i t y per square metre shows the changes 

o f the po p u l a t i o n from one year t o the next. The d e n s i t y t f i t h respect t o 

the seed capsules gives an i n d i c a t i o n as t o how much com p e t i t i o n there w i l l 

be f o r the food supply. 

At 335 metres a high percentage o f the f l o r e t s develop i n t o 

seed capsules and p a r a s i t i z a t i o n o f the larvae i s low. I t i s probable 

t h a t the key f a c t o r responsible f o r p o p u l a t i o n change i n t h i s r e g i o n i s 

the density-dependent r e d u c t i o n i n n a t a l i t y , caused by co m p e t i t i o n f o r 

food i n the previous summer. I n 1977 there were s u f f i c i e n t seed capsules 
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f o r the la r v a e and so there was an increase i n the d e n s i t y i n 1978. 

I n 1978 the d e n s i t y of inflorescences was lower than i n the previous year 

and the larvae were a t a higher d e n s i t y i n r e l a t i o n t o the seed capsules; 

t h i s l e d t o much competi t i o n f o r the seeds, w i t h a consequent r e d u c t i o n 

i n the d e n s i t y per square metre i n 1979. I f the food supply were 

constant from year t o year the po p u l a t i o n o f C. alticolella would be 

regulated by the density-dependent r e d u c t i o n i n n a t a l i t y . The s i t u a t i o n 

i s complicated, however, by the widely f l u c t u a t i n g d e n s i t y o f inflorescences 

from one year t o the next. Dempster (1975) has shown t h a t the key 

f a c t o r s responsible f o r changes i n the p o p u l a t i o n o f cinnabar moths 

(Tyria jacobaeae), feeding on ragwort (Senecio jacobaea L.) a t 

Weeting Heath i n N o r f o l k , are density-dependent deaths from s t a r v a t i o n 

and the e f f e c t s o f t h i s food shortage on the f e c u n d i t y o f the s u r v i v o r s . 

However, the number o f p l a n t s , and t h e r e f o r e the food a v a i l a b l e , i s 

mainly determined by r a i n f a l l (Dempster and Lakhani 1979). 

L a r v a l d e n s i t y per seed capsule was low a t 520 metres so there 

was l i t t l e c o mpetition f o r food. The main f a c t o r which determines 

p o p u l a t i o n changes a t the high a l t i t u d e s i s also responsible f o r s e t t i n g 

the upper a l t i t u d i n a l l i m i t o f the moth; the low p r o p o r t i o n of f l o r e t s 

developing i n t o seed capsules. I n 1977 seed capsule production r a t e 

was high a t 520 metres so there was a low m o r t a l i t y r a t e i n the newly 

hatched l a r v a e . This l e d t o an increase i n the d e n s i t y o f the moth the 

f o l l o w i n g year. Poor seed capsule development i n 1978 r e s u l t e d i n a 

reduced d e n s i t y i n 1979. I f the weather was m i l d enough t o al l o w high 

r a t e s o f seed capsule development over a s e r i e s o f years, the p o p u l a t i o n 

o f Coleophora alticolella a t t h i s s i t e would r i s e u n t i l the e f f e c t s o f 

competi t i o n would form an i n c r e a s i n g l y important p a r t o f the generation 

m o r t a l i t y . 
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Regulation o f the p o p u l a t i o n d e n s i t y w i l l not normally occur 

a t the high a l t i t u d e s ; the d e n s i t y o f successive generations w i l l 

merely f l u c t u a t e according t o t h e . i n t e n s i t y o f /cQ. 

At the lowest sample s i t e , seed capsule development was good 

and there was an excess o f food, y e t the p o p u l a t i o n o f Coleophora alticolella 

d e c l i n e d . The larvae a t t h i s s i t e s u f f e r e d a high r a t e o f p a r a s i t i g a t i o n . 

I t was not po s s i b l e t o show any r e g u l a t i o n o f the p o p u l a t i o n at t h i s low 

a l t i t u d e because data were not a v a i l a b l e f o r s u f f i c i e n t generations. 

The f a c t t h a t p a r a s i t i z a t i o n played such an important r o l e as a m o r t a l i t y 

f a c t o r a t t h i s s i t e suggests t h a t the po p u l a t i o n was being held a t a low 

de n s i t y by these n a t u r a l enemies. This prevented the C. alticolella 

p o p u l a t i o n from i n c r e a s i n g and u t i l i z i n g a l l o f the food resource. 

Dempster (1971) found t h a t a n a t u r a l p o p u l a t i o n o f cinnabar moths p e r s i s t e d 

at low den s i t y a t Monks Wood, Huntingdon - they never t o t a l l y d e f o l i a t e d 

t h e i r food p l a n t a t t h i s s i t e . The ve g e t a t i o n a t Monks Wood supported 

a l a r g e p o p u l a t i o n o f arthropod predators which took a higher p r o p o r t i o n 

o f the young c a t e r p i l l a r s than a t Weeting Heath. 

The importance o f the m o r t a l i t y f a c t o r s changes g r a d u a l l y from 

one s i t e t o another. Between 335 metres and 520 metres the e f f e c t s o f 

competition f o r the seed capsules are reduced and the e f f e c t s o f seed 

capsule f a i l u r e increase. The r e l a t i v e s t r e n g t h o f these two f a c t o r s 

at the intermediate s i t e s w i l l d i f f e r between years. 

Sheep removed many inflorescences i n some years? t h i s was 

p a r t i c u l a r l y n o t i c e a b l e a t 245 metres. Grazing reduces the d e n s i t y o f 

infl o r e s c e n c e s but does not a f f e c t the density o f the larvae i n r e l a t i o n 

t o the food supply; t h e r e f o r e i t w i l l not a f f e c t competition f o r food 

among the la r v a e . The reduced d e n s i t y may, however, a f f e c t the response 

o f the p a r a s i t o i d s , and could r e s u l t i n lower rates o f p a r a s i t i z a t i o n . 
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The i n t e n s i t y o f sheep grazing i s not r e l a t e d t o the d e n s i t y 

o f Coleophora alticolella and cannot r e g u l a t e the p o p u l a t i o n . They 

graze the inflorescences w i t h o u t regard t o the i n s e c t fauna and w i l l not 

onl y reduce the d e n s i t y o f moths f o r the f o l l o w i n g season, but also the 

de n s i t y o f the p a r a s i t o i d s ( p a r t i c u l a r l y those s p e c i f i c t o t h i s h o s t ) . 

I f sheep were prevented from grazing there would be an increase i n the 

de n s i t y o f both moths and p a r a s i t o i d s . The extent t o which the p a r a s i t o i d s 

could r e s t r a i n the p o t e n t i a l p o p u l a t i o n growth under these c o n d i t i o n s i s not 

known but i t i s u n l i k e l y t h a t they would be as successful as a t the 15 

metre s i t e . Competition f o r food among the Coleophora alticolella larvae 

w i l l form a more important component i n the generation m o r t a l i t y a t 

245 metres than a t 15 metres. 
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CHAPTER 8 

THE EFFECT OF COLEOPHORA ALTICOLELLA ON THE SURVIVAL OF 

JUNCUS SQUARROSUS SEEDS 

8 0 1 INTRODUCTION 

Coleophora alticolella i s a major seed predator o f Juncus 

squarrosus. The highe s t d e n s i t i e s o f l a r v a e , w i t h respect t o the 

seed capsules, were found a t the middle a l t i t u d e s o f the t r a n s e c t 

st u d i e d o I n some years the l a r v a l d e n s i t y i n t h i s p a r t o f the t r a n s e c t 

was no high t h a t v i r t u a l l y a l l o f the seed was eaten. 

In t h i s chapter the e f f e c t o f Coleophora alticolella on the 

s u r v i v a l o f the seeds a t the d i f f e r e n t a l t i t u d e s i s considered. S u r v i v a l 

i s the d i f f e r e n c e between production and the subsequent p r e d a t i o n o f the 

seeds by the moth l a r v a e . 

In November the larvae had migrated t o the l e a f - l i t t e r and 

the capsules t h a t had not been attacked had dispersed t h e i r seeds. 

The damaged seed capsules (those w i t h seeds eaten) were e a s i l y d i s t i n g u i s h a b l e 

because the p e r i c a r p had a c h a r a c t e r i s t i c round hole through which the 

l a r v a had gained access t o the seeds (Plate I ) ; also they contained f r a s s , 

the remains o f damaged seeds and p a r t s o f the s i l k e n g a l l e r i e s constructed 

by the la r v a e . v i r t u a l l y a l l o f the seeds i n a damaged seed capsule had 

been eaten; the few t h a t d i d escape p r e d a t i o n were not included i n the 

analyses as they would not a f f e c t the r e s u l t s t o any great e x t e n t . 

Sampling over the whole t r a n s e c t was most comprehensive i n 

1978? the r e s u l t s from the analyses o f these data are presented w i t h 

comparisons f o r the other years. 
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8 o 2 Seed capsule p r o d u c t i o n i n 1 9 7 8 

Seed capsule prod u c t i o n by Juncus squarrosus i n r e l a t i o n t o 

a l t i t u d e has been discussed i n Chapter 3 . Values f o r the d e n s i t y o f 

seeds produced per square metre o f J. sguarrosus-dominated sward i n 1 9 7 8 

were given i n Table 3 . 1 1 , assuming a mean number o f 8 0 . 5 ± 2 . 1 seeds per 

capsule. The d e n s i t y o f the seed capsules produced a t the seven major 

s i t e s i s shown i n Table 8 . 1 . 

Table 8 . 1 : The density of seed capsules produced by Juncus squarrosus 

at different altitudes in 1978. The values have been 

calculated from data given in Chapter 3 and are 

shown with 95% confidence limits 

A l t i t u d e Seed capsules produced 
2 

(m) per m i n 1 9 7 8 

1 5 1 0 8 5 ± 4 5 7 

2 4 5 5 2 3 ± 1 4 2 

3 3 5 7 7 7 ± 2 1 6 

3 9 5 2 9 5 ± 7 0 

4 5 5 1 7 9 ± 5 4 

5 2 0 7 8 ± 3 3 

6 1 0 .17 ± 1 3 

The r e d u c t i o n i n seed capsule d e n s i t y w i t h i n c r e a s i n g a l t i t u d e 

can be described by a l i n e a r equation w i t h the formulas 

C = 1 1 1 2 . 2 - l o 8 7 6 A ( 8 . 1 ) 

where C i s the den s i t y o f capsules produced a t each a l t i t u d e A, i n metres. 

This r e l a t i o n s h i p i s shown i n Figure 8 . 1 . 



Figure 8„1 : The r e l a t i o n s h i p between the mean number 

(± 95% confidence l i m i t s ) o f seed capsules 
2 

produced (C) per m and a l t i t u d e (A) i n 

metres i n 1978„ The regression l i n e has the 

equation 

C = 1112o2 - 1.876A 

r = -0.933, n = 7, S.E. o f slope = 0-418, P < 0.01 



Seed capsules.m 1800 

1200 

• 

* 
600 

0 
1 f 1 • f 

200 400 600 
Altitude (m) 



179 

8.3 Seed capsule p r e d a t i o n i n 1978 

Table 8.2 shows the t o t a l number o f seed capsules i n samples 

o f Juncus squazrosus i n f l o r e s c e n c e s taken i n November 1978, and also 

the number o f capsules which had had t h e i r seeds eaten by Coleophora 

alticoleXla l a r v a e . There were h i g h rates o f seed capsule p r e d a t i o n 

i n the middle region o f the t r a n s e c t ; the larvae had eaten the seeds 

from more than 95% o f the capsules between 275 metres and 365 metres. 

There i s a peak i n the p r o p o r t i o n o f seed capsules damaged, a t 350 metres. 

The d i s t r i b u t i o n of the p r o p o r t i o n s a t the d i f f e r e n t a l t i t u d e s i s not 

symmetrical about t h i s maximum; i t reaches zero above 520 metres yet 

remains around 0.4 a t low a l t i t u d e s . 

F i t t i n g a curve t o the data f o r the p r o p o r t i o n o f seed capsules 

damaged was achieved by considering them t o be o f two components. I n 

the lower a l t i t u d e s e c t i o n there i s a l o g i s t i c increase i n the p r o p o r t i o n 

o f seed capsules damaged w i t h i n c r e a s i n g a l t i t u d e . I n the upper phase 

there i s a sharp r e d u c t i o n i n the p r o p o r t i o n and t h i s i s considered as an 

exponential d e c l i n e . Both o f these components, i n i s o l a t i o n , approach 

the same asymptote, 1.00; i . e . t o t a l seed capsule d e s t r u c t i o n . 

Logan e t al. (1976) and Wollkind e t a l . (1978) have discussed 

a method f o r d e s c r i b i n g such r e l a t i o n s h i p s , where complex phenomena can 

be considered i n two d i s t i n c t phases, each being described by a separate 

curve but w i t h matched asymptotes. This method was o r i g i n a l l y developed 

t o describe temperature-dependent r a t e phenomena i n arthropods but can be 

used i n other s i t u a t i o n s . Such data can be described more p r e c i s e l y by 

t h i s technique than by other curves, f o r example by polynomials (Logan 

et a l . 1976)„ 
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Table 8.2 : The total number of seed capsules and the number of 

seed capsules damaged by Coleophora a l t i c o l e l l a larvae 

in samples of Juncus squarrosus inflorescences taken at 

the beginning of November in 1978. The number of damaged 

seed capsules is also expressed as a proportion of the total 

T o t a l number Seed 
A l t i t u d e Number o f o f seed capsules P r o p o r t i o n 

(m) inflorescences capsules damaged damaged 

15 50 1136 447 0=394 

215 40 513 274 0.534 

245 30 324 240 0„741 

260 50 625 565 0-904 

275 30 378 360 0,952 

290 50 770 754 0.979 

305 30 337 335 0=994 

335 30 298 295 0.990 

350 50 439 438 0.998 

365 30 209 201 0.962 

395 30 117 157 0.887 

455 30 93 74 0.796 

520 30 98 22 0.226 

550 30 14 0 0.000 

580 30 8 0 0.000 

610 30 1 0 0.000 



Figure 8*2 : The p r o p o r t i o n o f Juncus squarrosus seed capsules damaged by 

Coleophora alticolella a t d i f f e r e n t a l t i t u d e s i n 1978. The 

95% confidence Units,shown by the v e r t i c a l lines,have been 

c a l c u l a t e d from the a r c s i n t r a n s f o r m a t i o n . The curve has 

the formula 

r . . . . 1 - 0.4248 ] / 532.735 - A \ = l°°4248
 + i ^ a 5 . 9 5 5 T ^ 0 ^ 6 6 6 i ) j ~ S X P I " 5 2 . 8 3 T " " I 

D i s the p r o p o r t i o n o f seed capsules damaged and A i s the a l t i t u d e i n 

metres (see t e x t f o r e x p l a n a t i o n ) . 

2 
F = 256.1, P < 0.00l„ R = 0.988 
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The equation used t o describe the curve shown i n Figure 8.2 

i s o f the form 

D = [k+d-k) /l+exp(a~M)l - exp |= ^max - A ] (8.2a) 

D i s the p r o p o r t i o n o f seed capsules w i t h t h e i r contents eaten by 

Coleophora alticolella a t each a l t i t u d e A i n metres. The f i r s t p a r t 

o f the expression ( i n the square brackets) i s an equation f o r a l o g i s t i c 

curve w i t h a non-zero asymptote, k, t o the l e f t ; a and b are the 

constants o f the l o g i s t i c curve as described i n Chapter 2„ The second 

p a r t o f the equation i s f o r the exponential d e c l i n e i n the p r o p o r t i o n o f 

capsules destroyed, a t higher a l t i t u d e s , A
m a x

 t^ 1 6 u P P e r a l t i t u d i n a l 

l i m i t f o r the seed capsule d e s t r u c t i o n and AA i s a small parameter which 

determines the r a t e o f d e c l i n e near t h i s upper l i m i t . 

The data were f i t t e d t o t h i s equation by l e a s t squares 

c u r v i l i n e a r regression and the r e s u l t i n g equation 

D = ^0.4248 + 0 . 4 2 4 8 
1 

1+exp(15.9504 - 0.0666^) J 
- exp J - 5 3 2 . 7 5 3 - A \ 

~ 5 2 . 8 3 1 - J ( 8 - 2 b > 

i s shown by the curve f o r 0 < A < A m a x i n Figure,8.2. 

This equation p r e d i c t s t h a t a t the lower a l t i t u d e s , below 

210 metres, less than 50% o f the seed capsules were damaged by Coleophora 

alticolella-, and t h a t the upper a l t i t u d i n a l l i m i t f o r seed capsule 

d e s t r u c t i o n , which i s also the upper a l t i t u d i n a l l i m i t o f C. alticolella 

d i s t r i b u t i o n , , was about 533 metres. 

The two phases o f t h i s curve are independent o f each other 

and can, by the a l t e r a t i o n o f the parameters, change t h e i r shape and 

move i n r e l a t i o n t o each other and t o the axes. The lower a l t i t u d e 
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phase represents the c o n t r o l l i n g e f f e c t o f the l a r v a l p a r a s i t o i d s on 

the a b i l i t y o f C. alticolella t o u t i l i z e a l l o f the a v a i l a b l e seed. 

The upper phase represents the in c r e a s i n g e f f e c t o f c l i m a t i c harshness 

on the moth p o p u l a t i o n . The p a r a s i t o i d s had l i t t l e e f f e c t above 300 

metres. I n the upper a l t i t u d e r egion the larvae would have eaten a l l 

o f the a v a i l a b l e seed were i t not f o r the c l i m a t i c e f f e c t s which played 

an i n c r e a s i n g l y important r o l e i n the p o p u l a t i o n dynamics o f the moth. 

8.4 Seed capsule s u r v i v a l i n 1978 

The p r o p o r t i o n o f seed capsules s u r v i v i n g p r e d a t i o n (S) and 

thus able t o disseminate t h e i r seeds i s equal t o 1 - p r o p o r t i o n damaged (D) 

f o r values o f D w i t h i n the range 0< A< A i n equation 8„2. Outside 
max 

t h i s range D w i l l be zero and t h e r e f o r e S w i l l be 1. 

The product o f C from equation 8.1, the d e n s i t y o f seed 

capsules produced a t each a l t i t u d e , and S the seed capsule s u r v i v a l r a t e , 

gives the expected d e n s i t y o f seed capsules s u r v i v i n g a t t a c k by the moth 

l a r v a e . These values are shown by the curve i n Figure 8.3, w i t h the 

de n s i t y o f seed capsules s u r v i v i n g p l o t t e d on a l o g . scale against 

a l t i t u d e . There was no r e l a t i o n s h i p between the number o f seeds per 

seed capsule and a l t i t u d e , the mean being 80.5 ± 2.1. The o r d i n a t e on 

the r i g h t hand side o f t h i s graph shows the e q u i v a l e n t d e n s i t y o f 

s u r v i v i n g seeds. The p o i n t s on t h i s graph are the observed r e s u l t s , 

c a l c u l a t e d from the d i f f e r e n c e s between the number o f seed capsules per 

infl o r e s c e n c e and the number t h a t had had t h e i r seeds eaten, m u l t i p l i e d 

by the d e n s i t y o f i n florescences a t the end o f the season (Appendix 2 ) . 

There i s good agreement between the observed values and those 

p r e d i c t e d from the equations, over most o f the range. Deviations occur 

a t the three lowest s i t e s on L i t t l e Dun F e l l , where sheep grazing caused 

l a r g e reductions from the expected a l t i t u d i n a . l t r e n d o f seed capsule 

pr o d u c t i o n . 



Figure 8.3 : The de n s i t y o f seed capsules and seeds 

s u r v i v i n g p r e d a t i o n by the Coleophora 

alticolella larvae i n r e l a t i o n t o a l t i t u d e 

i n 1978. The p o i n t s have been c a l c u l a t e d 

from the samples taken i n November and are 

p l o t t e d on a l o g scale. The curve i s f o r 

the expected values. 
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The expected d e n s i t y of s u r v i v i n g seed c a p s u l e s a t 245m i s 
-2 =2 149.9m and the observed v a l u e was 51.5m . T h i s l a t t e r v a l u e was 

c a l c u l a t e d u s i n g the d e n s i t y of i n f l o r e s c e n c e s a t the end of the season, 

a f t e r the e f f e c t s o f sheep g r a z i n g . The sheep reduced the d e n s i t y o f 
-2 -2 

i n f l o r e s c e n c e s here from 49.2m to 18.4m , which i s a l o s s of 62.6%. 

C o r r e c t i n g the observed d e n s i t y of seed c a p s u l e s s u r v i v i n g f o r t h i s 
-2 

l o s s g i v e s a va l u e o f 137.7m , which i s ve r y c l o s e to t h a t p r e d i c t e d . 

T h i s graph ( F i g u r e 8.3) can be c o n s i d e r e d i n t h r e e s e c t i o n s . 

At the h i g h e s t a l t i t u d e s , above A , t h e r e i s no p r e d a t i o n o f the seed ^ max 

by Coleophora alticolella,, Consequently, the r e d u c t i o n i n the d e n s i t y 

o f seed c a p s u l e s s u r v i v i n g to disseminate t h e i r seed i s s o l e l y due to 

t h e i r reduced production by the p l a n t . T h i s i s caused by the c l i m a t i c 

e f f e c t s upon both f l o r e t p r o d u c t i o n and subsequent seed c a p s u l e 

development. 

The i n c r e a s e i n seed s u r v i v a l i n the middle phase, from about 

320 metres to A , i s a r e s u l t of the reduced impact o f the seed max 

pr e d a t o r s under the i n f l u e n c e o f the i n c r e a s i n g l y severe c l i m a t i c 

c o n d i t i o n s . 

Very low d e n s i t i e s of seed s u r v i v e d around 320 metres, but a t 

s i t e s below t h i s a l t i t u d e t h e r e was an i n c r e a s i n g d e n s i t y l e f t a f t e r the 

l a r v a e had f i n i s h e d feeding. I t i s i n t h i s low a l t i t u d e s e c t i o n t h a t 

the l a r v a e a r e a t t a c k e d by p a r a s i t o i d s . The p a r a s i t i z a t i o n o f 

C. alticolella l a r v a e not on l y reduces the moth p o p u l a t i o n f o r the 

f o l l o w i n g season, but a l s o reduces the e f f e c t s o f the l a r v a e on seed 

capsule s u r v i v a l i n the same year t h a t the p a r a s i t i z a t i o n o c c u r s . 

Each C. alticolella l a r v a consumes the contents o f more than two seed 

c a p s u l e s during i t s complete development but, because some of the 

p a r a s i t o i d s k i l l t h e i r h o s t s w h i l e s t i l l on t h e i r i n i t i a l seed c a p s u l e , 
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they are o f t e n prevented from e a t i n g t h e i r f u l l complement o f seeds. 

At p r o g r e s s i v e l y higher a l t i t u d e s i n t h i s zone, p a r a s i t i z a t i o n 

decreases and the larvae are able t o u t i l i z e an i n c r e a s i n g p r o p o r t i o n o f 

the seed produced. 

The f i n a l r e s u l t o f the changes i n the d e n s i t y o f seed produced, 

and the e f f e c t s of the seed predators and t h e i r p a r a s i t e s , i s a region 

where seed capsule development r a t e i s high and p a r a s i t i z a t i o n o f the 

seed predators i s low. Here the high d e n s i t y o f C. alticolella. 

causes almost t o t a l d e s t r u c t i o n o f the seed capsules, l e a v i n g only about 

ten per square metre t o disseminate t h e i r seeds. At a l t i t u d e s higher 

and lower than t h i s r e g i o n , the s u r v i v a l o f seed i s such t h a t below 

250 metres and around 525 metres there were over one hundred seed capsules 
2 

per m remaining a f t e r the larvae had f i n i s h e d feeding. This i s despite 

the d e n s i t y o f seed capsules produced a t 525 metres being less than 20% 

o f the den s i t y a t 250 metres. 

8.5 Seed s u r v i v a l i n other years 

The highest d e n s i t i e s o f larvae per seed capsule i n 1977 and 

1979 were also i n the middle region o f the t r a n s e c t (Chapter 5 ) . 

Samples were taken i n November 1977 a t a more l i m i t e d range o f s i t e s 

than i n November 1978; sampling was not c a r r i e d out i n November 1979. 

The p r o p o r t i o n o f capsules t h a t had had t h e i r contents eaten by the larvae 

i n 1977 r e f l e c t s the l a r v a l d e n s i t i e s , and f o l l o w s a s i m i l a r p a t t e r n w i t h 

i n c r e a s i n g a l t i t u d e t o the values i n 1978 (Table 8.3). A l l o f the seeds 

were eaten at the 305m s i t e , 67.5% o f the capsules were damaged a t 455m 

and o n l y 30.2% a t the lowest s i t e . 
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Table 8.3 : The total number of seed capsules and the number of seed 

capsules damaged by Coleophora a l t i c o l e l l a larvae in 

samples of Juncus squarrosus inflorescences taken at the 

beginning of November in 1977. The number of damaged seed 

capsules is also expressed as a proportion of the total 

T o t a l number Seed 
A l t i t u d e Number o f o f seed capsules P r o p o r t i o n 

(m) in f l o r e s c e n c e s capsules damaged damaged 

15 30 698 211 0.302 

245 30 290 247 0.851 

275 30 367 356 0.970 

305 30 323 323 1.00O 

335 30 276 234 0.848 

365 30 200 155 0.775 

395 30 242 167 0.690 

455 30 157 106 0.675 

Table 8.4 gives values f o r the d e n s i t y o f seeds s u r v i v i n g 

p r e d a t i o n by Coleophora alticolella a t comparable s i t e s i n 1977 and 1978. 

There was a s i m i l a r p a t t e r n o f seed s u r v i v a l i n r e l a t i o n t o a l t i t u d e i n 

the two years, w i t h the lowest d e n s i t i e s a t the middle a l t i t u d e s . There 

were, however, v a r i a t i o n s between years a t some o f the s i t e s . These 

were due t o d i f f e r e n c e s i n the d e n s i t y o f seeds produced by the p l a n t s , 

which was caused by v a r i a t i o n i n the i n f l o r e s c e n c e d e n s i t y . 

Samples were not taken i n November o f 1979, but l a r v a l d e n s i t y 

per seed capsule was gr e a t e s t a t the 275 metre s i t e and so the highest 

seed p r e d a t i o n would have been around t h i s a l t i t u d e . The l a r v a l d e n s i t i e s 

i n 1979 were comparatively low, however, and i t i s u n l i k e l y t h a t there 

would have been as few seeds s u r v i v i n g as i n the two preceding years. 
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Table 8.4 : The density of Juncus squarrosus seeds surviving predation 

by the larvae of Coleophora a l t i c o l e l l a a t different 

altitudes in 1977 and 1978. The values are given with 

95% confidence limits 

A l t i t u d e Number o f seeds s u r v i v i n g x 10 3 per square metre 
(m) 

1977 1978 

15 236.7 + 62.0 52.9 + 22.4 

245 12.1 + 3.7 10.9 + 3.0 

305 0.0 + 0.0 0.3 + 0.08 

335 17.9 + 4.1 0.6 0.02 

395 27.3 + 7.7 2.7 + 0.6 

455 23,7 + 8.3 2.9 + 0.9 

8.6 Discussion 

Seed produ c t i o n by Juncus squarrosus i s adversely a f f e c t e d 

by the severe c l i m a t e a t h i g h a l t i t u d e s . Climate also a f f e c t s the 

d e n s i t y o f the seed predators and at some a l t i t u d e s a l l o f the seed 

i s eaten. 

T o t a l d e s t r u c t i o n o f J. squarrosus seed by Coleophora 

alticolella has been noted by previous workers (Jordan 1962; Reay 1964). 

The r e s u l t s from the summer o f 1953, given by Jordan ( l o c . cit.), show 

t h a t t o t a l seed d e s t r u c t i o n occurred over a l i m i t e d a l t i t u d i n a l range 

on the L i t t l e Dun F e l l t r a n s e c t , s i m i l a r t o t h a t found i n the present 

study. Reay (1964) found t h a t a l l o f the Juncus squarrosus seed 

capsules were destroyed on a t r a n s e c t on the eastern side o f the Pennines 

i n 1956, but t h i s was due t o very low in f l o r e s c e n c e d e n s i t i e s . 
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U n f o r t u n a t e l y , the data given by these previous authors i s not d e t a i l e d 

enough t o allow the type o f an a l y s i s used i n t h i s Chapter. 

Welch (1966b) suggested t h a t Coleophoza alticolella would 

do no more than balance the increased p r o d u c t i o n o f seed capsules a t 

the lower a l t i t u d e s . C l e a r l y t h i s i s not the case f o r a l l s i t e s , as 

l a r v a l d e n s i t y i s not d i r e c t l y r e l a t e d t o seed capsule p r o d u c t i o n . 

However, the d e n s i t y o f seed s u r v i v i n g a t the lowest s i t e on L i t t l e 

Dun F e l l was s i m i l a r t o the d e n s i t y near the upper a l t i t u d i n a l l i m i t o f 

C. alticolella. 

Such d r a s t i c reductions i n the repr o d u c t i v e capacity o f 

Juncus squarrosus, as occurred around 320 metres i n 1978, could have 

serious consequences on i t s p o p u l a t i o n were i t not f o r i t s a b i l i t y t o 

reproduce v e g e t a t i v e l y . The seed i s e s s e n t i a l f o r the c o l o n i s a t i o n 

o f new and d i s t u r b e d h a b i t a t s (Welch 1966a). I f t h i s high l e v e l o f 

pr e d a t i o n were repeated over many years i t would reduce the c o n t r i b u t i o n 

o f J. squarrosus t o the seed bank and lower i t s competitive a b i l i t y . 
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CHAPTER 9 

GENERAL DISCUSSION 

Whittaker (1971) s t u d i e d the s p i t t l e - b u g Neophilaenus lineatus 

i n a favourable h a b i t a t , a low a l t i t u d e grassland i n southern England, 

and i n a 'hazardous' environment i n the northern Pennines, where the 

po p u l a t i o n was a t the edge of i t s range. He found t h a t the lowland 

p o p u l a t i o n showed evidence of being regulated by density-dependent 

m o r t a l i t y . Parasitism by the d i p t e r a n Verrallia aucta (Fallen) 

c o n t r i b u t e d t o t h i s r e g u l a t i o n . The high a l t i t u d e p o p u l a t i o n d i d not 

appear t o be regulated. Local e x t i n c t i o n s were common i n t h i s p a r t o f 

the bug 1s range. 

I n c o n t r a s t t o Whittaker's work a t two s i t e s , the present study 

has been an i n v e s t i g a t i o n i n t o the ecology of an i n s e c t along a g r a d i e n t 

o f i n c r e a s i n g environmental harshness. This research has discerned three 

main regions i n the a l t i t u d i n a l d i s t r i b u t i o n o f Coleophora alticolella. 

At the low a l t i t u d e s i t e a t Drigg, there was high l a r v a l m o r t a l i t y due t o 

hymenopterous p a r a s i t o i d s . This m o r t a l i t y was reduced w i t h i n c r e a s i n g 

a l t i t u d e and the n a t u r a l enemies were absent from the higher s i t e s on 

L i t t l e Dun F e l l . At the highest a l t i t u d e s , towards the edge o f i t s range, 

the p o p u l a t i o n was a t the mercy of the harsh c l i m a t e and i t s adverse 

e f f e c t s on the l a r v a l food, the seeds o f Juncus squarrosus. Between these 

two extremes, Coleophora alticolella was f r e e from the e f f e c t s of p a r a s i t o i d s 

and f a i l e d seed-setting. This enabled the p o p u l a t i o n t o increase t o a 

l e v e l a t which i t e x p l o i t e d a l l o f the a v a i l a b l e food. At these higher 

p o p u l a t i o n d e n s i t i e s , density-dependent r e d u c t i o n o f n a t a l i t y caused by 

competition f o r food was the major f a c t o r l i m i t i n g p o p u l a t i o n growth. 
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One way o f expressing p o p u l a t i o n growth i s by the Ricker-type 

curve ( H o l l i n g 1973; Southwood 1975; May 1977). The p o p u l a t i o n i n one 

generation i s expressed as a f u n c t i o n o f the po p u l a t i o n i n the previous 

generation. When the curve crosses the l i n e w i t h a slope of u n i t y an 

e q u i l i b r i u m i s p o s s i b l e . Sinuous curves (Figure 9.1) may r e s u l t from 

the combined e f f e c t s of f e c u n d i t y , p r e d a t i o n and i n t e r s p e c i f i c c o m p e t i t i o n , 

a t d i f f e r e n t p o p u l a t i o n d e n s i t i e s ; these can have a number o f e q u i l i b r i a , 

some s t a b l e , some t r a n s i e n t ( H o l l i n g 1973). The p r o p e r t i e s and i m p l i c a t i o n s 

o f t h i s type o f curve have been described by May (1977). I n the curve 

shown i n Figure 9.1 there are two a t t r a c t i n g e q u i l i b r i u m p o i n t s (A and B) 

and one r e p e l l i n g p o i n t (C). When the p o p u l a t i o n i s c o n t r o l l e d by 

predators the p o p u l a t i o n f l u c t u a t e s around the lower endemic l e v e l , A, 

I f the f l u c t u a t i o n s c a r r y the po p u l a t i o n above the release p o i n t , C, 

the p o p u l a t i o n w i l l 'explode' t o p o i n t B. Extreme compet i t i o n a t the 

high d e n s i t y i s then o f t e n responsible f o r a p o p u l a t i o n crash, b r i n g i n g 

the l e v e l back t o the e q u i l i b r i u m a t A. 

Outbreaks o f phytophagous i n s e c t s , many o f them pest species, 

which occur i n simple h a b i t a t s , such as crop monocultures and a r c t i c 

environments, may be due t o a lack o f c o n t r o l by n a t u r a l enemies (Pimentel 

1961? Nuoroteva 1963; Price and Waldbauer 1975)„ Evidence f o r t h i s 

has been given by Smith and Whittaker (1980), i n t h e i r study o f the 

chrysomelid b e e t l e Gastrophysa viridula Degeer, which feeds on the broad-

leaved dock (Rumex obtusifolius L . ) . They found t h a t i n p l o t s w i t h d i v e r s e 

v e g e t a t i o n , t y p i c a l o f communities w e l l advanced i n succession, p r e d a t i o n 

prevented the b e e t l e from s u c c e s s f u l l y e x p l o i t i n g the dock. They concluded 

t h a t "Gastrophysa viridula i s probably confined t o young communities by 

the i n f l u e n c e o f p r e d a t i o n " . 

Southwood (1977a) has discussed the r o l e o f the environment i n 

the e v o l u t i o n of the bionomic s t r a t e g i e s o f animals and has p a r t i c u l a r l y 



Figure 9.1 : An example of a Ricker-type p o p u l a t i o n growth 

curve, w i t h the p o p u l a t i o n i n generation 

as a f u n c t i o n of the p o p u l a t i o n i n the preceding 

generation. Two s t a b l e (A and B) and one 

unstable (C) e q u i l i b r i a occur where the curve 

crosses the slope o f u n i t y ( a f t e r May 1977) . 
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r e l a t e d t h i s t o the r - and K - s e l e c t i o n continuum. H a b i t a t s t a b i l i t y , 

or the p o s i t i o n along t h i s continuum, i s one o f the three axes used 

by Southwood and Comins (1976) i n producing the landscape of t h e i r 

synoptic p o p u l a t i o n model. The other two axes are p o p u l a t i o n d e n s i t y 

and p o p u l a t i o n growth. The surface of t h i s model extends from extreme 

r - s e i e c t e d animals t o those w i t h i f - s e l e c t e d c h a r a c t e r i s t i c s . N a t u r a l 

enemies do not play a s i g n i f i c a n t r o l e a t the two ends o f t h i s spectrum. 

Populations i n these p o s i t i o n s have only one s t a b l e e q u i l i b r i u m , 

determined by competition. I n the intermediate r e g i o n , predator: e f f e c t s 

are more s i g n i f i c a n t i n p o p u l a t i o n r e g u l a t i o n . Here there i s a v a l l e y 

i n the surface; t h i s i s c a l l e d the 'natural enemy ra v i n e ' and a lower 

prefiator-mair.tc.inee' equilibrium, p o i n t occurs i f the ravine dips below 

the zero growth contour. The p o p u l a t i o n growth curve i n t h i s region 

i s as t h a t shown by Figure 9.1. 

Southwood and Comins ( l o c . cifc.) i l l u s t r a t e t h e i r model, and 

the e f f e c t s of the n a t u r a l enemy ra v i n e on p o p u l a t i o n growth, by using 

the example of L,R. Clark's work on the eucalyptus p s y l l i d , Cardiaspina 

albitextura Taylor. During the endemic phases o f t h i s i n s e c t , the 

p o p u l a t i o n i s regulated by density-dependent m o r t a l i t y and p r e d a t i o n 

caused by a range of predators, mainly b i r d s , and p a r a s i t o i d s . O ccasionally r 

weather c o n d i t i o n s are such t h a t m o r t a l i t y from the p a r a s i t o i d s i s reduced 

and the b i r d predators are not able t o respond t o the i n c r e a s i n g prey 

d e n s i t y . The p o p u l a t i o n then moves past the release p o i n t and the a d u l t 

d e n s i t y r i s e s d r a m a t i c a l l y t o epidemic l e v e l s . The high p o p u l a t i o n l e v e l s 

CS.V.S-.J extrena 'scramble-competition' and consequent l a r v a l s t a r v a t i o n , w i t h 

an eventual r e t u r n t o the endemic l e v e l . 

H a b i t a t s t a b i l i t y may be measured as the degree o f i t s permanence 

and p r e d i c t c h i l i t y (Scuthwood 1975). Southwood efc a l . (1974) c l a i m t h a t 

http://prefiator-mair.tc.inee'
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the i n s t a b i l i t y - s t a b i l i t y spectrum o f the h a b i t a t gives r i s e t o the 

r - K s e l e c t i o n continuum. However, although a species i s confined 

t o a p a r t i c u l a r type o f h a b i t a t (temporary pools, one p l a n t species etc) „ 

there w i l l be some v a r i a t i o n i n the r e l a t i v e s t a b i l i t y o f h a b i t a t s w i t h i n 

i t s range. H a b i t a t s t a b i l i t y i s reduced i n harsh c l i m a t e s (Whittaker 

1975; Southwood 1977a). Thus f o r any species there w i l l be l i m i t e d 

movement along the r - K continuum, depending on the degree o f t h i s 

s t a b i l i t y throughout i t s range. The a l t i t u d i n a l d i s t r i b u t i o n o f 

Coleophora alticolella can be regarded as movement along the s t a b i l i t y -

i n s t a b i l i t y a x is of the synoptic model. T h e o r e t i c a l l y , the model would 

suggest t h a t w i t h i n c r e a s i n g a l t i t u d e the system t r a v e l s along t o the 

r-end of the landscape and the n a t u r a l enemy ravine i s g r a d u a l l y f i l l e d in» 

This removes the lower predator-maintained e q u i l i b r i u m p o i n t and leaves 

only the upper one. This upper p o i n t i s near t o the c a r r y i n g capacity 

o f the food-supply (May 1977) and the po p u l a t i o n should be regulated by 

density-dependent m o r t a l i t y , due t o competi t i o n f o r Juncus squarrosus 

seed capsules. At the hi g h e s t a l t i t u d e s , t h i s process i s 'short-

c i r c u i t e d ' by the severe c l i m a t e which reduces the p o p u l a t i o n by d e n s i t y -

independent m o r t a l i t y . 

Southwood and Comins (1976) emphasise t h a t s t o c h a s t i c elements, 

such as weather, w i l l complicate the conclusions generated from t h e i r 

d e t e r m i n i s t i c model. As w i t h most n a t u r a l systems, there i s a great 

deal o f 'noise' associated w i t h the r e l a t i o n s h i p s between Coleophora 

alticolella and Juncus squarrosus. This i s due t o the l a r g e v a r i a t i o n 

i n the d e n s i t y o f inflorescences produced from one year t o the next„ 

These t h e o r e t i c a l studies cannot mimic the observed behaviour o f the 

Coleophora alticolella p o p u l a t i o n because of t h i s v a r i a t i o n i n the food-

supply. 
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The f o r m u l a t i o n of population models, such as those d e s c r i b e d 

here, can help i n the implementation of a p p r o p r i a t e c o n t r o l programmes 

a g a i n s t p e s t s w i t h d i f f e r e n t e c o l o g i c a l s t r a t e g i e s (Southwood 1977a)• 

Native r - p e s t s , such as m a l a r i a l mosquitoes {Anopheles spp.) cannot be 

s u c c e s s f u l l y c o n t r o l l e d by n a t u r a l enemies alone. I n s e c t i c i d e s , which 

can a c t q u i c k l y t o prevent population i n c r e a s e , a r e more l i k e l y to c o n t a i n 

such p e s t s . I<f-pests can be c o n t r o l l e d by p e s t i c i d e s , but a l s o by s t e r i l e 

mating techniques and changes i n a g r i c u l t u r a l p r a c t i c e . T h i s approach 

has been used to c o n t r o l the t s e t s e f l y (Glossina spp.) i n p a r t s of A f r i c a . 

B i o l o g i c a l c o n t r o l has b e t t e r chances of succeeding a g a i n s t i n t e r m e d i a t e -

p e s t s (Conway 1976; Southwood 1977b). I n f a c t , the use of i n s e c t i c i d e s 

a g a i n s t such s p e c i e s may be counter-productive s i n c e i t can l e a d to an 

e r a d i c a t i o n of the n a t u r a l enemies and hence any p o t e n t i a l endemic 

e q u i l i b r i u m p o i n t ( P r i c e and Waldbauer 1975; Conway 1976) . 

I n t e r m e d i a t e - p e s t s may become 'r~pests i f they are i n t r o d u c e d 

i n t o new environments without t h e i r n a t u r a l enemies (May 1976). Indeed, 

a high p r o p o r t i o n of s e r i o u s i n s e c t p e s t s are e x o t i c s p e c i e s (Simmonds 

and Greathead 1977). I t i s a g a i n s t such p e s t s t h a t ' c l a s s i c a l ' 

b i o l o g i c a l c o n t r o l programmes (the importation of p a r a s i t o i d s and p r e d a t o r s ) 

a r e aimed. 

The t h e o r i e s of b i o l o g i c a l c o n t r o l have been covered i n numerous 

t e x t s (e.g. DeBach 1964; Huffaker 1971). Commonly, t h e s e measures a r e 

aimed a t c o n t r o l l i n g introduced p e s t s by the i n t r o d u c t i o n of n a t u r a l 

enemies, u s u a l l y p a r a s i t o i d s , from t h e i r n a t i v e home, w i t h the hope t h a t 

they w i l l q u i c k l y become e s t a b l i s h e d and reduce the p e s t to a lower 

e q u i l i b r i u m l e v e l . Force (1972, 1974) has suggested t h a t p a r a s i t o i d s 

which could be c l a s s e d a s r - s t r a t e g i s t s should be used, s i n c e t h e i r t o l e r a n c e 

of a wide range of environmental c o n d i t i o n s and h igh r a t e of i n c r e a s e 

a l l o w s them to c o l o n i s e the new a r e a q u i c k l y and d r a m a t i c a l l y reduce 
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t h e i r host's d e n s i t y . The major problems w i t h t h i s approach, as 

Force has po i n t e d o u t , i s t h a t i n the pest's n a t i v e country the 

r - p a r a s i t o i d s are u s u a l l y scarce and could be overlooked, because o f the 

b e t t e r competitive a b i l i t i e s o f the ̂ -species i n the p a r a s i t o i d complex,, 

These ideas can be i l l u s t r a t e d by the r e l a t i o n s h i p between the w i n t e r 

moth (Operophtera brumata (L.)) and one o f i t s p a r a s i t o i d s , the t a c h i n i d 

f l y Cyzenis albicans ( F a l l e n ) . The f e c u n d i t y o f C. albicans i s 

p o t e n t i a l l y very h i g h , being about 2000 eggs per female (Varley, Gradwell 

and Hassell 1973) and, although i t has very l i t t l e impact on i t s host 

p o p u l a t i o n i n Wytham Woods, England, i t i s a very e f f e c t i v e c o n t r o l l i n g 

agent of the pest i n Newfoundland (Hassell 1980). C. albicans i s 

i n e f f e c t i v e i n Wytham because i t s puparia are exposed t o predators f o r 

a long p e r i o d , and i t i s attacked by an ichneumonid h y p e r p a r a s i t o i d 

Phygadeuon dumetorum Gravenhorst (Varley and Gradwell 1968). 

The use o f several species o f p a r a s i t o i d s t o c o n t r o l a pest 

has i t s dangers because of the chance o f i n a d v e r t e n t l y i n t r o d u c i n g 

h y p e r p a r a s i t o i d s . The presence o f hype r p a r a s i t o i d s can s e r i o u s l y impair 

the c o n t r o l l i n g i n f l u e n c e o f the primary p a r a s i t o i d on i t s host. Hassell 

(1979) has shown, t h e o r e t i c a l l y , t h a t the i n t r o d u c t i o n o f a h y p e r p a r a s i t o i d 

i n t o a h o s t - p a r a s i t o i d e q u i l i b r i u m can produce a l o c a l l y s t a b l e t h r e e -

species e q u i l i b r i u m w i t h the host d e n s i t y r a i s e d t o a l e v e l higher than 

before the i n t r o d u c t i o n o f the h y p e r p a r a s i t o i d . 

During the present study, Tetrastichus endemus, the p a r a s i t o i d of 

Elachertus olivaceus, was only found on Coleophora alticolella a t the s i t e 

w i t h the m i l d e s t c l i m a t e . I t would be i n t e r e s t i n g t o f i n d out whether 

the d e n s i t y o f C. alticolella i s r a i s e d by the e f f e c t s o f t h i s secondary 

p a r a s i t i s m . This could be the reason why the p r o p o r t i o n of Juncus 

squarrosus seed capsules destroyed by the larvae a t 15m was s i m i l a r t o t h a t 

a t 215m. 
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The damage done by phytophagous i n s e c t s can be put t o good 

use i f the p l a n t which they a t t a c k i s a weed. An i n s e c t intended f o r 

weed c o n t r o l i s introduced w i t h o u t i t s n a t u r a l enemies; i n t h e i r absence 

the p o p u l a t i o n increases and destroys the food-plant. Such an i n t e r a c t i o n 

should e v e n t u a l l y reduce both the p l a n t and i n s e c t t o low l e v e l s . This 

was the r e s u l t o f i n t r o d u c i n g the chrysomelid b e e t l e Chrysolina quadrigemina 

( S u f f r i a n ) i n t o C a l i f o r n i a t o c o n t r o l the St John's wort Hypericum 

perforatum L. (the Klamath weed) (Wilson 1964). 

Seed predators, such as Coleophora alticolella, are u n l i k e l y 

t o be e f f i c i e n t c o n t r o l agents o f per e n n i a l weeds because the host p e r s i s t s 

and v e g e t a t i v e reproduction i s common. However, they may be u s e f u l i n 

preventing the weed from c o l o n i z i n g new h a b i t a t s . Seed-eaters are more 

e f f e c t i v e against annuals (Wilson loc. cit.)o 

C l i m a t i c c o n d i t i o n s can severely reduce the a b i l i t y o f a 

p a r a s i t e t o c o n t r o l i t s host. One important study i n t o the e f f e c t s o f 

cl i m a t e on a pest c o n t r o l programme i s t h a t o f DeBach (1965). He studied 

the p a r a s i t o i d s o f the C a l i f o r n i a red scale, Aonidiella aurantii ( M a s k e l l ) , 

p a r t i c u l a r l y Aphytis lignanensis Compere. His research showed t h a t weather 

does not impose upper l i m i t s t o the host p o p u l a t i o n increase b u t , i n areas 

w i t h favourable weather, p a r a s i t o i d s could r e g u l a t e the host's p o p u l a t i o n 

a t loxv d e n s i t i e s . These favourable c o n d i t i o n s only occur on the 

C a l i f o r n i a n coast. The c l i m a t e i s harsher i n l a n d and, although the 

p a r a s i t o i d can survive here, i t cannot c o n t r o l i t s host's d e n s i t y . 

DeBach ( l o c . c i t . ) used the f o l l o w i n g words t o describe the 

r e l a t i o n s h i p s between the C a l i f o r n i a red scale, i t s p a r a s i t e Aphytis 

lignanensis and c l i m a t e . They also apply t o the r e l a t i o n s h i p s between 

Coleophora alticolella, i t s l a r v a l p a r a s i t o i d s and a l t i t u d e i 
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" E f f e c t i v e p a r a s i t e s r e g u l a t e t h e i r own average p o p u l a t i o n 

d e n s i t i e s a t low l e v e l s by r e g u l a t i n g t h e i r host p o p u l a t i o n 

d e n s i t i e s a t low l e v e l s . Thus we may f i n d a host i n s e c t 

and i t s p a r a s i t e r a r e i n a c l i m a t i c zone optimum f o r both 

i f the p a r a s i t e i s i n t r i n s i c a l l y e f f e c t i v e ......... On 

the other hand, i n a c l i m a t i c zone suboptimum f o r the host 

but even more so f o r an i n t r i n s i c a l l y e f f e c t i v e p a r a s i t e , 

the host may be unregulated and become abundant, 

Here we have the anomaly of s c a r c i t y being associated w i t h 

i d e a l weather c o n d i t i o n s . " 

Marginal areas, where a p o p u l a t i o n may not be under the c o n t r o l 

o f n a t u r a l enemies, can a c t as r e s e r v o i r s f o r pest species. The p o p u l a t i o n 

d e n s i t y i n these areas may r i s e t o a very high l e v e l and r e s u l t i n m i g r a t i o n 

i n t o nearby crops (Way 1977). Pests are o f t e n ignored i n these areas or 

wh i l e they are feeding on a l t e r n a t i v e h o s t - p l a n t s o f no economic importance 

(Southwood 1977b). 

Coleophora alticolella i s not a pest species, although other 

members o f t h i s genus damage crops. The larch-casebearer, C. laricella, 

i s a serious f o r e s t r y pest o f the European l a r c h , Larix decidua M i l l e r , 

(Thorpe 1933) . This i n s e c t i s now a major pest o f the t-/estern l a r c h , 

L. occidental is, and i s responsible f o r much damage i n p l a n t a t i o n s 

throughout the n o r t h and west of the U.S.A. and much o f Canada (Quednau 

1967; Brown and Kulhavy 1978b). The birch-casebearer, Coleophora 

serratella, was a c c i d e n t a l l y introduced i n t o North America i n about 1920 

and i s now a common pest i n the eastern p a r t o f t h a t Continent. Although 

i t a t tacks several hardwood species, i t s p r i n c i p a l h o s t - p l a n t i n these 

areas i s the white b i r c h , Betula papyrifera Marsh (Bryant and Raske 1975) . 



This research on Coleophora alticolella has shown t h a t the 

c l i m a t i c c o n d i t i o n s i n d i f f e r e n t p a r t s of i t s a l t i t u d i n a l range have 

profound e f f e c t s on the m o r t a l i t y f a c t o r s a c t i n g during i t s l i f e - c y c l e 

Pest species w i l l be a f f e c t e d i n a s i m i l a r manner. Consequently, 

serious c o n s i d e r a t i o n must be given t o the p r e v a i l i n g climate o f an 

area before d e c i d i n g on the most appropriate method of pest c o n t r o l . 
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SUMMARY 

1. Aspects of the ecology of the moth Coleophora alticolella were 
s t u d i e d i n r e l a t i o n to a l t i t u d e , during the p e r i o d 1977 to 1979. 

2. Study s i t e s were l o c a t e d i n two r e g i o n s ; 
i ) a l o w - a l t i t u d e s i t e , 15m above s e a - l e v e l , a t Drigg on the 

Cumbrian c o a s t . 
i i ) along a t r a n s e c t from 215m to 610m on the western escarpment 

of L i t t l e Dun F e l l i n the northern Pennines. 

3. The l a r v a e e a t the seeds of s e v e r a l s p e c i e s of Juncus; the main 
food-plant i n the study a r e a s was J . squarrosus, 

4. Seed production by J . squarrosus a t d i f f e r e n t a l t i t u d e s was 
measured by u s i n g four parameters: 

i ) the d e n s i t y of i n f l o r e s c e n c e s produced. 
i i ) the number of f l o r e t s per i n f l o r e s c e n c e . 

i i i ) the p r o p o r t i o n o f f l o r e t s developing i n t o seed c a p s u l e s , 
i v ) the number of seeds per c a p s u l e . 

5. There was no s i g n i f i c a n t v a r i a t i o n i n the d e n s i t y of i n f l o r e s c e n c e s 
produced between d i f f e r e n t a l t i t u d e s i n any one y e a r , but t h e r e was 
s i g n i f i c a n t v a r i a t i o n between y e a r s . The mean d e n s i t i e s were h i g h e s t 
i n 1977 and lowest i n 1978. I t i s suggested t h a t v a r i a t i o n between 
ye a r s may be due to the amount of r a i n f a l l during the i n f l o r e s c e n c e 
growth p e r i o d and a l s o during the p e r i o d of bud formation f o r the 
f o l l o w i n g y e a r ' s growth. 

6. There was a r e d u c t i o n of 1.99 f l o r e t s per i n f l o r e s c e n c e per 100m 
i n c r e a s e i n a l t i t u d e between 15m and 455m i n 1978. The mean number 
of f l o r e t s i s reduced i n dry s o i l c o n d i t i o n s . 

7. There was a r e d u c t i o n of 3.7 seed c a p s u l e s per i n f l o r e s c e n c e per 
lOOm i n c r e a s e i n a l t i t u d e between 15m and 455m i n 1978. The change 
i n the p r o p o r t i o n of f l o r e t s developing i n t o seed c a p s u l e s w i t h 
i n c r e a s i n g a l t i t u d e has been d e s c r i b e d by a l o g i s t i c curve f o r 
each sample date. The p o i n t of i n f l e x i o n of t h e s e c u r v e s , which i s 
the a l t i t u d e a t which h a l f of the maximum development i s r e a l i z e d , 
was h i g h e s t i n August 1979 (459m) and lowest i n August 1978 (364m); 
the 1977 v a l u e was 414m. These v a l u e s are r e l a t e d to the mean d a i l y 
temperature during June and J u l y , the p e r i o d of seed capsule 
maturation. 
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8= There was no r e l a t i o n s h i p between the mean number of seeds per ca p s u l e 
and a l t i t u d e . The o v e r a l l mean value (with 95% confidence l i m i t s ) i s 
80.5 ± 2.1 seeds per c a p s u l e . 

2 
9. The v a r i a t i o n i n the d e n s i t y of seeds produced per m a t each s i t e i n 

d i f f e r e n t y e a r s was mainly due to v a r i a t i o n s i n the d e n s i t y o f 
i n f l o r e s c e n c e s . The r e d u c t i o n i n the p r o p o r t i o n o f f l o r e t s developing 
i n t o seed c a p s u l e s with i n c r e a s i n g a l t i t u d e was the most important 
f a c t o r c o n t r i b u t i n g to the lower d e n s i t y of seeds produced a t hig h e r 
s i t e s , 

10. Sheep graze the i n f l o r e s c e n c e s mainly a t the lower a l t i t u d e s during the 
f i r s t p a r t of the year. The g r e a t e r p a r t of the g r a z i n g a t the high 
a l t i t u d e s occurs a f t e r August. Sheep grazed over 50% of the 
i n f l o r e s c e n c e s below 325m. Grazing was n e g l i g i b l e a t Drigg. 

11. The eggs o f Coleophora alticolella are 0.398mm long and 0.200mm along 
the other two axes. During embryonic development they change c o l o u r 
from white through y e l l o w to orange. I t t a k e s approximately two weeks 
f o r an egg to t u r n orange. 

12. The number of o v i p o s i t i o n s i t e s on an i n f l o r e s c e n c e i s determined by 
the number of f l o r e t s but, because an o v i p o s i t i o n s i t e can c o n t a i n more 
than one egg, the r e l a t i o n s h i p between the number of eggs and the number 
of f l o r e t s i s more v a r i a b l e . 

13. The h i g h e s t d e n s i t y of eggs was recorded a t 335m, where t h e r e were 
1.120 eggs per f l o r e t i n 1978. Only 0.102 eggs per f l o r e t were found 
a t 520m. The egg d e n s i t y was a l s o reduced a t low a l t i t u d e s , w i t h 
0.287 eggs per f l o r e t a t 15m. 

14. There was l i t t l e d i f f e r e n c e i n the r a t e of egg - l a y i n g a t each a l t i t u d e . 
Between 3% and 4% of the t o t a l eggs were l a i d each day, during the 
1978 o v i p o s i t i o n p e r i o d , a t s i t e s below 500m. 

15. The median date of o v i p o s i t i o n was delayed by 3.7 days per lOOm i n c r e a s e 
i n a l t i t u d e i n 1978. 

16. The mean number of eggs per o v i p o s i t i o n s i t e i n c r e a s e d with the I n c r e a s e 
i n the d e n s i t y of eggs par f l o r e t , during the f i r s t p a r t o f the o v i p o s i t i o n 
p e r i o d . T h i s r e l a t i o n s h i p d i d not hold f o r t h e l a t t e r p a r t o f the 
o v i p o s i t i o n p e r i o d because the i n c r e a s e i n the s t r u c t u r a l complexity of 
the i n f l o r e s c e n c e during t h e i r development makes more o v i p o s i t i o n s i t e s 
a v a i l a b l e . At the end of the o v i p o s i t i o n p e r i o d , t h e r e were s u f f i c i e n t 
s i t e s f o r a l l of the eggs to be l a i d s i n g l y . 
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17o The e f f e c t o f h e t e r o g e n e i t y i n the d e n s i t y of i n f l o r e s c e n c e s w i t h i n 
a Juncus squarrosus sward on o v i p o s i t i o n behaviour was i n v e s t i g a t e d . 
The number of eggs per f l o r e t was i n v e r s e l y r e l a t e d to the expected 
average d i s t a n c e between n e a r e s t neighbouring i n f l o r e s c e n c e s i n 
d i f f e r e n t d e n s i t y p l o t s . I t i s argued t h a t a t high d e n s i t i e s o f 
i n f l o r e s c e n c e s , l e s s time must be spent t r a v e l l i n g from one i n f l o r e s c e n c e 
to another and more time w i l l be a v a i l a b l e f o r o v i p o s i t i n g on each 
i n f l o r e s c e n c e , T h i s r e s u l t s i n higher numbers of eggs per f l o r e t i n 
a r e a s with r e l a t i v e l y h igher d e n s i t i e s of i n f l o r e s c e n c e s . 

18. The h i g h e s t l a r v a l d e n s i t i e s (over 0.8 per seed c a p s u l e i n 1978) were 
recorded a t the middle a l t i t u d e s of the t r a n s e c t . The l a r v a l d e n s i t y 
f e l l to zero above 520m i n 1978 and 1979, but i n 1977 t h e r e were 0.019 
l a r v a e p e r seed c a p s u l e a t 610m. L a r v a l d e n s i t i e s were a l s o reduced a t 
low a l t i t u d e s , but never to e x t i n c t i o n . G e n e r a l l y , d e n s i t i e s a t each 
s i t e were h i g h e s t i n 1978 and lowest i n 1979. 

19. The l a r v a e were s i g n i f i c a n t l y o v e r d i s p e r s e d w i t h r e s p e c t to the soed 
c a p s u l e s , but the percentage of l a r v a e s h a r i n g c a p s u l e s a t each s i t e 
was r e l a t e d to the l a r v a l d e n s i t y . 

20. The major m o r t a l i t y f a c t o r a c t i n g between the egg stage and l a r v a l 
e s t a b l i s h m e n t i n s i d e the seed c a p s u l e s was s t a r v a t i o n caused by f a i l e d 
seed capsule development. T h i s f a c t o r was very important a t the 
h i g h e s t a l t i t u d e s and r e s u l t e d i n over 80% m o r t a l i t y o f t h i s s tage, 
above 500m i n 1978. 

21. The lowering of the upper a l t i t u d i n a l l i m i t o f l a r v a l d i s t r i b u t i o n i s 
a r e s u l t o f the lowering of the upper l i m i t o f seed production. T h i s 
upper l i m i t i s not a sudden c u t - o f f , but i s a r e s u l t of the gradual 
d e c l i n e i n s u r v i v a l a t the l a r v a l e s t a b l i s h m e n t s t a g e , caused by the 
d e c l i n e i n the pro p o r t i o n o f f l o r e t s developing i n t o seed c a p s u l e s with 
I n c r e a s i n g a l t i t u d e . 

22. The d u r a t i o n of the egg stage was 25 days a t 15m and 31 days a t 455m. 
The f i r s t l a r v a l i n s t a r took 10 and 13 days a t these two s i t e s and the 
second i n s t a r 15 and 16 days r e s p e c t i v e l y . The median date of the 
o v i p o s i t i o n p e r i o d was 15 days l a t e r a t 455m than a t 15m. E q u i v a l e n t 
mean i n s t a r s were achieved about t h r e e weeks l a t e r a t 455m, during the 
f i r s t h a l f of l a r v a l development. The f o r egg development, based on 
a temperature d i f f e r e n c e of 3°c between the two s i t e s , was 2.10. 
Temperature had much l e n s e f f e c t on the development r a t e of the e a r l y 
l a r v a l i n s t a r s , the Q being only 1.30. 
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23. The mean date o f l a r v a l c a s e production was delayed by 5.7 days per 
100m i n c r e a s e i n a l t i t u d e i n 1977. The mean date was l a t e r a t each 
s i t e i n 1978 than i n 1977. There was no s i g n i f i c a n t r e l a t i o n s h i p 
between the mean date of case production and a l t i t u d e i n 1978. 

24. There was an i n d i r e c t r e l a t i o n s h i p between the standard d e v i a t i o n of 
the case production date and the d e n s i t y o f l a r v a e per seed c a p s u l e 
a t each s i t e , a p a r t from 15m. Although l a r v a e tend to produce t h e i r 
c a s e s a t the end of the t h i r d o r beginning of the fo u r t h i n s t a r , t h i s 
can be modified i f the food-supply i n t h e i r f i r s t seed c a p s u l e i s 
exhausted. A s i g n i f i c a n t l y g r e a t e r p r o p o r t i o n of l a r v a e t h a t were 
s h a r i n g seed c a p s u l e s had s t a r t e d to produce t h e i r c a s e s than those i n 
c a p s u l e s by themselves a t 335m on 1 September 1978. 

25. The mean date of l a r v a l m i g r a t i o n to overw i n t e r i n the l e a f - l i t t e r wao 
delayed by 11.4 days per 100m i n c r e a s e i n a l t i t u d e i n 1977. There was 
no s i g n i f i c a n t r e l a t i o n s h i p between mean migr a t i o n date and a l t i t u d e i n 
1978. 

26„ when t h e r e was adequate food a v a i l a b l e to the l a r v a e a f t e r they had 
produced t h e i r c a s e s , the time between the mean date o f case production 
and the mean date of l a r v a l m i g r a t i o n i n c r e a s e d with i n c r e a s i n g a l t i t u d e . 

27. S i x s p e c i e s of primary p a r a s i t o i d and one h y p e r p a r a s i t o i d were recorded 
from C. alticolella l a r v a e . They were a l l Hytnenoptera. The primary 
p a r a s i t o i d s were: Scambus brevicornis, Gonotypus melanostomap Gelis sp., 
Elachertus olivaceus, Euderus vizidis and Pteromalus semotus. 

28. The h y p e r p a r a s i t o i d was Tetrastichus endemus and was r e a r e d from 
Elachertus olivaceus pupae. 

29. There were two generations of E. olivaceus on each h o s t generation^ 
The f i r s t mainly a t t a c k s h o s t l a r v a e i n s i d e the seed c a p s u l e s and the 
second a t t a c k s those w i t h c a s e s . 

30. The l a r g e r h o s t s can support up to f i v e E. olivaceus but the s m a l l e r 
h o s t s can only support two. Pupal s i z e was reduced w i t h i n c r e a s i n g 
brood s i z e and those from 245m were s m a l l e r than t h e i r c o u n t e r p a r t s 
a t 15m. Pupae i n e q u i v a l e n t s i z e d broods were s m a l l e r on the younger 
of the two host c a t e g o r i e s a t 245m. There was over a f o u r - f o l d 
d i f f e r e n c e between the maximum and minimum pupal volumes, c a l c u l a t e d 
from the mean pupal l e n g t h s on d i f f e r e n t c a t e g o r i e s of host and brood 
s i z e s . 
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31. S i g n i f i c a n t d e v i a t i o n s from a 1:1 s e x - r a t i o were found f o r t h r e e of 
the primary p a r a s i t o i d s ; the numbers of females as percentages of the 
t o t a l s r e a r e d were: Elachertus olivaceus 99.4%, Euderus viridis 60.5% 
and Scambus brevicornis 3.2%. 

32. The female S. brevicornis t h a t were caught w h i l s t o v i p o s i t i n g on 
Coleophora alticolella had s i g n i f i c a n t l y longer wings and o v i p o s i t o r s 
than t h e i r c o u n t e r p a r t s bred from t h i s h o s t . The a l t e r n a t i v e h o s t , on 
which the m a j o r i t y of the females developed, was not i d e n t i f i e d . 

33. The date of f i r s t a t t a c k by Elachertus olivaceus was not delayed w i t h 
i n c r e a s i n g a l t i t u d e . Euderus viridis a t t a c k e d e a r l i e r a t 15m than a t 
245m, Scambus brevicornis only a t t a c k e d Coleophora alticolella l a r v a e 
a f t e r they had produced t h e i r c a s e s . The f i r s t a t t a c k by Scambus 

brevicornis was 3 weeks l a t e r a t 245m than a t 15m? i t was a l s o 3 weeks 
l a t e r i n 1978 than i n 1977 a t both s i t e s . 

34. The percentage of Coleophora alticolella l a r v a e p a r a s i t i z e d was reduced 
w i t h i n c r e a s i n g a l t i t u d e . 46.1% o f the l a r v a e a t 15m were p a r a s i t i z e d 
i n 1977 and 61.1% i n 1978. P a r a s i t i s m a t 335m was only 1.8% i n 1977 
and 0.3% i n 1978. 

35. The number of d i f f e r e n t s p e c i e s of p a r a s i t o i d s recorded was reduced from 
6 primary and one secondary a t 15m, to only one s p e c i e s , Scambus 

brevicornis, a t 335ro and above. No p a r a s i t o i d s were recorded above 395m 
i n 1977 and 365m i n 1978. Tetrastichus endemus and Gonotypus melanostoma 

were only recorded a t 15m. 

36. L i f e - t a b l e s have been c o n s t r u c t e d f o r Coleophora alticolella a t 15m, 
245m, 335m, 395m, 455m and 520m. They cover the p e r i o d from eggs i n 
1977 to l a r v a e e s t a b l i s h e d i n s i d e seed c a p s u l e s i n 1979, a l i t t l e over 
two g e n e r a t i o n s . 

37. The major f a c t o r i n f l u e n c i n g p o p u l a t i o n change a t the h i g h e s t a l t i t u d e 
was s t a r v a t i o n of the l a r v a e between h a t c h i n g and e s t a b l i s h m e n t i n s i d e 
the seed c a p s u l e s . P a r a s i t i z a t i o n was most important a t the lowest 
a l t i t u d e . Competition f o r food, between l a r v a e a f t e r they have produced 
t h e i r c a s e s , r e s u l t e d i n a density-dependent r e d u c t i o n i n n a t a l i t y i n 
the f o l l o w i n g s p r i n g . T h i s was d e t e c t e d a t s i t e s above 245m and was 
most important i n the pop u l a t i o n dynamics of C. alticolella i n the 
middle r e g i o n of the t r a n s e c t , around 335m, 
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38. The s u r v i v o r s h i p curves f o r C. alticolella at 15m and 455m were 
compared f o r the 1978 generation. At 15m, the curve was s i m i l a r t o 
a 'Slobodkin type I I I ' curve (Price type B), whereas a t 455m i t was 
mors l i k e a 'Slobodkin type I V curve (Price type A). These 
d i f f e r e n c e s are due t o v a r i a t i o n s i n the m o r t a l i t y d uring l a r v a l 
establishment. 

39. Predation o f the Juncus sguarrosus seed capsules by Coleophora 
alticolella larvae was great e s t around 335m. I n some years, almost 
a l l o f the seed i s eaten i n t h i s r e g i o n . 

2 
40. I n 1978, over 100 seed capsules per m survived p r e d a t i o n by 

2 
C. alticolella at s i t e s below 250m and around 525m, but o n l y 10 per m 
survived a t 320m. 

41. The r e s u l t s from t h i s study have been discussed i n r e l a t i o n t o c u r r e n t 
p o p u l a t i o n models and t o t h e o r i e s on the b i o l o g i c a l c o n t r o l o f i n s e c t 
pests and weeds. 
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Appendix 1 s A l i s t of the s t a t i s t i c a l symbols and a b b r e v i a t i o n s 

used i n the t e x t 

X Chi-squared 

d.f. Degrees o f freedom 

e Base of n a t u r a l logarithms 

F V a r i a n c e r a t i o 

n Sample s i z e 

NoS= Not s i g n i f i c a n t 

p P r o b a b i l i t y 

r C o r r e l a t i o n c o e f f i c i e n t 
2 

R C o e f f i c i e n t of determination 

s Standard d e v i a t i o n 
2 

s V a r i a n c e 

SoEo Standard e r r o r 

t Student's ' t ' s t a t i s t i c 

x Mean of a sample 



Appendix 2a : The mean density of 

inflorescences 4m 

15m s i t e 

Date n 

2 6 July 1 6 

2 4 August 1 6 

3 1 August 1 6 

7 September 1 6 

1 5 September 1 6 

2 0 September 1 2 

2 8 September 8 

245m s i t e 

10 June 16 
1 July 16 
8 July 16 

28 July 16 
11 August 16 
19 August 16 
26 August 16 
2 September 16 

335m s i t e 

1 7 June 1 6 

2 4 June 1 6 

3 0 June 1 6 

8 July 1 6 

1 9 August 1 6 

2 6 August 1 6 

3 September 1 6 

1 6 September 1 6 

2 1 September 8 

395m s i t e 

17 June 16 
18 August 16 
26 August 16 
2 September 16 
8 September 16 
16 September 16 

denotes the values used as the 
at each s i t e 

219 

ungrazed Juncus squarzosus 
2 i n 1 9 7 7 

Mean Standard error 

39.2 * 3.6 
32.5 4.1 
40.1 3.9 
39.1 3.7 
39.3 3.9 
40.8 3.9 
38.6 4.8 

2 2 . 1 ft 1.6 
2 3 . 8 3 . 3 

1 4 . 4 1.1 
5 . 9 0 . 8 

5 . 3 0 . 7 

5 . 3 0 . 6 

5 . 0 0 . 7 

4 . 4 0 . 6 

3 7 . 4 * 3 o 0 

3 6 . 5 2 . 5 

2 9 . 9 2 . 3 

2 7 . 8 1 . 8 

2 5 . 6 1 . 9 

2 0 . 4 2 . 0 

1 9 . 0 1 . 7 

1 9 . 9 1 . 9 

2 2 . 0 2 . 9 

3 5 . 5 * 3 . 9 

2 5 . 5 2 . 8 

2 0 . 4 3 . 1 

2 1 . 6 2 . 6 

2 2 . 1 2 . 7 

1 9 . 8 2 . 4 

t a l density produced 
/continued 



Appendix 2a (continued) 

Date n Mean Standard error 

455m s i t e 

17 June 12 56.6 3.5 
23 June 16 51.0 2.9 
30 June 16 47.1 3.3 
9 July 16 44.8 3.4 
14 July 16 46.4 3.8 
22 July 16 45.3 3.1 
10 august 16 39.2 2.1 
25 August 16 39.3 3.1 
1 September 16 38.5 2.2 
16 September 16 34.9 2.4 
21 September 8 32.9 2.4 
29 September 8 31.1 2.5 

520m s i t e 

610m 

16 June 16 31.8 2.3 
23 June 16 39.0 2.7 
30 June 16 44.2 ft 3.3 
9 July 16 46.2 3.0 
22 July 16 44.6 3.2 
10 August 16 33.9 2.3 
25 August 16 19.3 2.1 
1 September 16 13.6 1.0 
8 September 16 16.8 2.1 

16 September 
/a 

16 15.5 1.1 

-XT 

16 June 16 15.3 1.5 
23 June 16 30.1 3.0 
30 June 16 37.1 3.6 
9 July 16 41.7 , 3.7 
14 July 16 41.9 4.1 
.18 August 16 37.0 3.9 
16 September 16 26.9 3.5 

denotes the values used as the t o t a l density produced 
at each s i t e 

The data are from permanent quadrats at each a l t i t u d e . 



Appendix 2b : The mean density of ungrazed Juncus squarrosus 

inflorescences ^~^im ^ i n 1978 

Date n Mean Standard error 

15m s i t e 

21 June 16 11.4 2.4 
28 June 16 9.7 1.0 
29 July 16 10.8 1.0 
2 August 16 10.4 1.1 

10 August 16 9.4 0.7 
16 August 16 8.5 0.5 
23 August 16 9.0 0.9 
30 August 16 9.9 1.0 
15 September 16 9.3 0.9 
24 September 16 9.6 1.2 

245m s i t e 

22 June 16 11.4 1.0 
29 June 16 11.2 , 1.2 
6 July 16 12.3 1.6 
14 July 16 10.3 1.1 
22 July 16 9.4 1.1 
3 August 16 7.1 1.1 

11 August 16 6.8 0.9 
24 August 16 9.6 1.6 
1 September 16 8.8 0.7 
9 September 16 8.7 1.6 
16 September 16 5.1 1.1 
25 September 16 4.6 1.1 

335m s i t e 

22 June 16 17.0 , 2.2 
29 June 16 18.4 2.4 
6 July 16 14.8 1.5 
14 July 16 14.8 1.5 
22 July 16 15.5 2.3 
3 August 16 13.1 1.6 

11 August 16 15.1 1.2 
17 August 16 17.6 1.3 
24 August 16 18.4 1.9 
1 September 16 16.0 1.5 
9 September 16 16.5 1.9 
16 September 16 17.1 2.4 
25 September 16 17.3 2.0 
7 November 30 18.8 1.1 

it 

denotes the value used as the t o t a l density produced 
at each s i t e . 

/continued. 



Appendix 2b (continued) 

Date n Mean Standard error 
395m s i t e 

22 June 16 13.1 1.4 
29 Juno 16 11.3 1.2 
S July 16 10.8 0.9 
14 July 16 9.7 1.0 
22 July 16 9.3 1.1 
3 August 16 10.9 0.9 

11 August 16 10.4 1.0 
17 August 16 11.8 1.1 
24 August 16 9.6 1.2 
1 September 16 8.5 1.2 
9 September 16 9.3 1.0 
16 September 16 8.8 1.3 
25 September 16 8.3 1.0 
7 November 30 10.1 0.7 

455m s i t e 

22 June 16 17.9 ft 2.2 
29 June 16 19.5 1.8 
6 July 16 12.4 1.2 
14 July 16 15.1 2.2 
22 July 16 16.6 2.5 
3 August 16 13.9 1.5 

11 August 16 17.8 1.5 
17 August 16 13.1 1.1 
24 August 16 11.3 2.0 
1 September 16 11.0 1.7 
9 September 16 11.4 1.5 
16 September 16 12.3 1.7 
25 September 16 11.9 1.5 
7 November 30 13.8 1.5 

520m s i t e 

610m s i t e 

22 June 16 11.8 1.7 
29 June 16 18.9 , 2.3 
6 July 16 20.0 1.8 
14 July 16 15.1 2.2 
3 August 16 25.2 3.0 

11 August 16 21.5 1.6 
17 August 16 17.9 1.4 
16 September 16 22.9 1.7 
7 November 30 12.4 0.9 

:e 
ft 

29 June 16 20.2 2.9 
14 July 16 18.2 2.2 
11 August 16 19.4 2.3 
7 November 30 19.4 1.3 

denotes the value used as the t o t a l density produced 
at each s i t e . 

/continued. 
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Appendix 2b (continued) 

1 °~ 2 
Tho mean Juncus squarrosus inflorescence density /4m" 

on 11 August 1978 

Alti t u d e n Mean Standard error 
(m) 

215 16 5.4 0.6 

260 16 4.6 0.5 

275 16 12.9 1.5 

290 16 9.1 0.8 

305 16 14.6 1.5 

350 16 12.1 1.9 

365 16 19.3 2.2 

550 16 13.3 1.1 

580 16 15.8 1.5 
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Appendix 2c : Mean Juncus squarrosus inflorescence density 
1/4m~2 i n 1979 

i . Density of ungrazed inflorescences 

altitude (m) n Mean Standard 

15 16 24.7 2.0 
215 - = -245 16 7.2 0.9 
260 16 4.5 0.9 
275 16 8.3 1.5 
290 16 10.0 1.6 
305 16 8.0 1.0 
335 16 18.1 2.0 
350 16 12.7 1.7 
365 16 17.2 1.9 
395 16 12.7 1.8 
455 16 17.4 2.0 
520 16 25.4 2.1 
550 16 26.1 2.1 
580 16 22.9 1.7 
610 16 24.4 2.0 

ii. Density of inflorescences produced (ungrazed + grazed) 

A l t i t u d e n Mean Standa: Tm) 
15 16 24.7 2.0 

215 - -
245 16 23.4 2.5 
260 16 17.6 2.6 
275 16 23.2 2.2 
290 16 20.4 1.7 
305 16 19.5 1.8 
335 16 25.8 2.1 
350 16 20.9 1.7 
365 16 23.5 2.1 
395 16 24.7 2.3 
455 16 24.5 1.9 
520 16 27.1 1.9 
550 16 26.8 2.3 
580 16 23.1 1.7 
610 16 24.7 2.0 

Data were collected on 23 August 1979 at 15m and on 24 August on the 
L i t t l e Dun F e l l transect. Only isolated individuals were found at 215m. 



Appendix 3a s The mean number of f l o r e t s and seed capsules per 

inflorescence of Juncus sguarrosus i n 1977 

Alt i t u d e Florets Seed capsules 
(m) 

n Mean S.E. Mean S.E. 

15 30 26.63 1.01 24.70 1.01 
245 30 15.87 0.79 13.30 0.81 
335 30 16.19 1.01 12.13 1„10 
395 30 18.63 1.00 9.65 0.60 
455 30 15.17 0.64 6.93 0.57 
520 30 11.75 0.80 8.70 0.71 
610 30 12.30 1.02 5.25 0.80 

Samples taken i n August: 395m, 455m, 520m, 610m - 10 August 
245m, 335m - 11 August 

15m - 24 August 

Al t i t u d e Florets Seed capsules 
(m) 

n Mean S.E. Mean S.E. 

15 30 25.76 1.43 24.14 1.38 
245 30 11.63 0.62 9.67 0.54 
275 30 13.87 0.83 12.23 0.86 
305 30 14.03 0.79 10.77 0.68 
335 30 14.23 0.88 9.20 0.66 
365 30 13.33 0.77 6.67 0.52 
395 30 13.88 0.71 8.07 0.45 
455 30 13.10 0.58 5.23 0.40 

Samples taken i n November: 15m - 5 November 
L i t t l e Dun F e l l - 6 November 



Appendix 3b 

i o The mean number of f l o r e t s and seed capsules per inflorescence 
of Juncus squarrosus i n August 1978 (15m - 10 August, L i t t l e 

Dun F e l l - 11 August) 

A l t i t u d e Florets Seed capsules 
(m) 

n Mean S.E. Mean S.E. 

15 30 17.23 0.90 14.75 0.81 
215 30 15.47 0.69 14.20 0,65 
245 30 13.97 0.61 12.00 0.54 
260 30 12.77 0.60 10.07 0.50 
275 30 14.07 0.72 11.67 0.68 
290 30 14.03 0.73 10.67 0.59 
305 30 15.03 0.66 9.53 0.61 
335 30 16.03 0.81 7.60 0.60 
350 30 16.33 0.64 8.03 0.60 
365 30 14.20 0.75 6.03 0.46 
395 30 13.87 0.67 4.93 0.48 
455 30 12.80 0.49 3.33 0.54 
520 30 11.97 0.48 1.80 0.36 
550 0 - - - -580 0 - - - -
610 30 11.30 0.51 0.10 0.10 
685 20 10.00 0.52 0,00 0.00 
760 20 9.75 0.52 0.00 0.00 
830 20 9.50 0.57 0.00 0.00 

i i . The mean number of f l o r e t s and seed capsules per inflorescence 
of Juncus squarrosus i n November 1978 (15m - 8 November, 

L i t t l e Dun F e l l •- 7 November) 

Al t i t u d e Florets Seed capsules 
(m) 

n Mean S.E, Mean S.E. 

15 50 24.54 0.77 22.72 0.72 
215 40 14.10 0.57 12.83 0.55 
245 30 12.27 0.55 10.80 0.52 
260 50 14.24 0.48 12.50 0.44 
275 30 14.87 0.82 12.60 0.75 
290 50 19.10 0.59 15.40 0.51 
305 30 16.07 0.76 11.23 0.54 
335 30 16.73 0.85 9.93 0.76 
350 50 15.62 0,50 8.78 0.50 
365 30 15.00 0.75 6.97 0.75 
395 30 14.23 0.47 5.90 0.61 
455 30 12.00 0.57 3.10 0.51 
520 30 12.63 0.62 3.27 0.62 
550 30 12.33 0,59 0.47 0.16 
580 30 10.80 0.34 0.27 0.10 
610 30 11.23 0,53 0.03 0.03 
685 0 - - - ~ 
760 0 -- - — 

830 0 - - - — 



Appendix 3c : The mean number of f l o r e t s and seed capsules per 

inflorescence of Juncus squarrosus at two sites 

during 1978 

Drigg 15m 

Date Florets Seed capsules 
n Mean S.E. Mean S.E. 

30 May 30 19.37 0.67 0.00 0.00 
6 June 30 18.30 0.75 0.00 0.00 

14 June 20 19.25 0.90 0.00 0.00 
21 June 20 22,10 1.39 3.30 0.97 
28 June 20 21.45 1.60 12.05 1.34 
5 July 20 23.80 1.26 20.50 0.90 

13 July 20 21.10 0.92 18.10 0.86 
29 July 20 21.70 0.95 18.80 ' 1.07 
2 August 20 21.70 1.23 17.15 1.24 

10 August 30 17.23 0.90 14.75 0.81 
16 August 20 21.35 1.17 18.65 0.99 
23 August 20 21.15 1.05 17.85 0.95 
30 August 20 21.25 1.02 17.95 1.O0 
8 September 20 21.50 0.91 18.90 0.90 

15 September 20 21.25 1.03 18.75 l.OO 
24 September 20 22.80 1.18 19.20 1.20 
11 October 20 22.30 1.02 19.90 1.06 
8 November 50 24.54 0.77 22.72 0.72 

L i t t l e Dun F e l l 455m 

Date Florets Seed capsules 
n Mean S.E. Mean S.E. 

9 June 30 12.33 0.57 0.00 O.OO 
15 June 30 12.48 0.75 .0.00 0.00 
18 June 30 10.73 0.59 0.00 0.00 
22 June 30 11.40 0.76 o.oo o.oo 
29 June 20 11.95 0.54 0.60 0.22 
6 July 20 12.65 0.76 1.15 0.42 
14 July 20 12.75 0.56 1. io 0.37 
22 July 20 15.20 0.71 2.35 0.54 
27 July 20 13.25 0.75 2.25 0.54 
3 August 20 11.75 0.84 2.85 0.63 

11 August 30 12.80 0.49 3.33 0.54 
17 August 20 13.25 0.85 2.65 0.38 
24 August 20 13.75 0.73 2.30 0.32 
1 September 20 .11.90 0.74 2.45 0.50 
16 September 20 12.65 0.70 2.90 0.59 
25 September 20 .12.70 0.56 2.45 0.53 
12 October 20 12,80 0.83 2.10 0.39 
7 November 30 12,00 0.57 3.10 0.51 



Appendix 3d : The mean number of f l o r e t s and seed capsules per 

inflorescence of Juncus squarrosus i n August 1979 

(15m - 23 August? L i t t l e Dun F e l l - 24 August) 

Al t i t u d e 
(m) 

n Mean 

15 20 25.85 

215 20 15.85 

245 20 15.20 

275 20 16.70 

305 20 17.35 

335 20 15.96 

365 20 15.95 

395 20 14.00 

455 20 15.85 

520 20 16.95 

550 20 15.45 

580 20 16.50 

610 20 15.05 

:s Seed capsules 

S. E. Mean S. E. 

1.23 21.65 1.12 

0.95 14.75 0.93 

0.80 14.45 0.80 

1.15 14.55 1.14 

0.80 14.60 0.68 

0.93 13.70 0.71 

0.85 10.90 0.89 

0.75 11.05 0.68 

0.63 6.95 0.66 

1.01 4„40 0.85 

0.87 1„05 0.30 

0.96 0.80 0.30 

0.71 0.35 0.22 
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Appendix 4 : The mean number of f l o r e t s per inflorescence, and the 

mean number of eggs and larvae per inflorescence, at 

d i f f e r e n t altitudes during the oviposition period i n 

1978 
Eggs and larvae . Total larvae 

Date Florets per inflorescence per inflorescence present 
n x S.E. x S.E. 

15m sample s i t e 

30 May 30 19.37 0.67 0.30 0.16 0 
6 June 30 18.30 0.75 2.83 0.56 0 
14 June 20 19.25 0.90 4.80 0.89 0 
21 June 20 22.10 1.39 5.80 1.02 2 
28 June 20 21.45 1.60 6.15 0.98 13 
5 July 20 23.80 1.26 4.30 0.90 64 

245m sample s i t e 

7 June 30 15.80 0.64 1.33 0.46 0 
15 June 30 15.43 0.66 4.43 0.54 0 
18 June 30 15.63 1.02 6.03 0.76 0 
22 June 30 12.07 0.70 4.77 0.51 0 
29 June 30 11.93 0.77 8.77 0.88 12 

335m sample s i t e 

7 June 30 16.50 0.68 1.80 0.35 0 
9 June 30 15.67 0.87 1.73 0.53 0 

15 June 30 14.10 0.79 3.90 0.64 0 
18 June 30 16.80 0.69 7.60 0.76 0 
22 June 30 14.10 0.76 9.57 0.91 0 
29 June 30 15.83 0.78 13.70 0.86 1 
6 July 30 14.20 0.59 15.90 1.20 10 

395m sample s i t e 

9 June 30 14.17 0.62 1.20 0.32 0 
15 June 30 14.10 0.62 3.20 0.36 O 
18 June 30 14.93 0.66 5.00 0.50 0 
22 June 30 14.20 0.81 7.53 0.62 0 
29 June 30 12.37 0.58 8.77 0.97 0 
6 July 20 14.35 0.65 12.90 1.40 0 

/continued 
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Appendix 4 (continued) 

Date Florets per inflorescence Eggs and larvae Total larvae 
per inflorescence present 

n x S.E. x S.E. 
455m sample s i t e 

9 June 30 12,33 0.57 1.07 0.27 0 
15 June 30 12o48 0.75 1.70 0.30 0 
18 June 30 10.73 0.59 1.93 0.35 0 
22 June 30 11.40 0.76 4.17 0.74 0 
29 June 20 11.95 0.54 6.45 0.76 0 
6 July 20 12.65 0.76 10.05 0.98 0 
14 July 20 12.75 0.56 7.60 1.04 6 
22 July 20 15.20 0.71 3.10 0.59 28 

520m sample s i t e 

9 June 30 10.73 0.67 0.00 0.00 0 
15 June 30 11.23 0.44 0.00 0.00 0 
22 June 30 12.07 0.67 0.17 0.08 0 
29 June 30 12.37 0.58 0.50 0.16 0 
6 July 30 14.03 0.53 1.43 0.23 0 
14 July 30 12.80 0.62 0.90 0.24 0 
22 July 20 13.45 0.69 0.55 0.20 0 

610m sample s i t e 

29 June 30 10.60 0.64 0.00 0.00 0 
14 July 30 12.57 0.50 0.00 0.00 0 

29 June 1978 
Eggs and larvae Total larvae 

Sample s i t e Florets per inflorescence per inflorescence present 

n x S.E. x S.E. 

275m 30 15.87 0.71 16.47 1.45 6 

305m 20 15.55 0.97 14.45 1.75 3 
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Appendix 5a : The mean number of Coleophora alticolella larvae per 

inflorescence, f l o r e t and seed capsule of Juncus 

squarrosus i n 1977. Samples were taken on 9 August 

at 15m; 10 August at 395m, 455mf 520m and 610m; and 

11 August at 245m and 335m. These values include 

dead and parasitized larvae 

Larvae per Larvae per Larvae per 
inflorescence f l o r e t seed capsule 

Al t i t u d e 
(m) x S.E. x S.E. x S.E. 

(n) (n) (n) 

15 2.70 0.48 0.138 0.018 0.149 0.019 
(20) (390) (263) 

245 8.17 0.67 0.515 0.025 0.614 0.027 
(30) (476) (399) 

335 4.31 0.63 0.266 0.028 0.356 0.035 
(16) (259) (194) 

395 2.90 0.35 0.155 0.019 0.301 0.035 
(20) (374) (193) 

455 1.27 0.24 0.084 0.013 0.183 0.027 
(30) (455) (208) 

520 0.50 0.12 0.043 0.013 0.058 0.018 
(20) (235) (174) 

610 0.10 0.10 0.008 0.006 0.019 0.013 
(20) (246) (105) 
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Appendix 5b : The mean number of Coleophoxa alticolella larvae per 
inflorescence, f l o r e t and seed capsule of Juncus squarrosus 
i n 1978. A l l samples taken on 11 August, except for those 
from 15m, which were taken on 10 August. These values 

include dead and parasitized larvae 

A l t i t u d e 
(m) 

15 

Larvae per 
inflorescence 

4.00 

(n) 

(30) 

S.E. 

0.59 

Larvae per 
f l o r e t 

S.E, 
(n) 

0.232 0.019 
(517) 

Larvae per 
seed capsule 

S.E. 
(n) 

0.278 0.023 
(432) 

215 2.87 
(30) 

0.36 0.185 0.018 
(464) 

0.202 0.020 
(426) 

245 7.10 
(30) 

0.49 0.508 0.028 
(419) 

0.592 0.030 
(360) 

260 6.53 
[30) 

0.52 0.512 0.028 
(383) 

0.590 0.031 
(332) 

275 9.67 
(30) 

0.64 0.687 0.030 
(422) 

0.829 0.032 
(350) 

290 8.00 
(30) 

0.66 0.570 0.029 
(421) 

0.750 0.033 
(320) 

305 8.00 
(30) 

0.60 0.532 0.029 
(451) 

0.839 0.035 
(286) 

335 6.13 
(30) 

0.53 0.383 0.027 
(481) 

0.807 0.043 
(228) 

350 6.57 
(30) 

0.65 0.402 0.029 
(490) 

0.817 0.043 
(241) 

365 4.13 
(30) 

0.34 0.291 0.026 
(426) 

0.685 0.047 
{181) 

395 3.57 
(30) 

0.40 0.257 0.025 
(416) 

0.723 0.055 
(148) 

455 1.77 
(30) 

0.35 0.138 0.019 
(384) 

0.530 0.059 
(1O0) 

520 0.20 
(30) 

0.09 0.017 0.007 
(359) 

0.111 0.043 
(54) 

610 O.OO 
(30) 

0.00 0.000 0.000 
(339) 

0.000 0.000 
(3) 
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Appendix 5c : The mean number of Coleophora alticolella larvae per 

inflorescence, f l o r e t and seed capsule of Juncus squarros 

i n 1979. A l l of the samples were taken on 24 August, 

except for those at 15m, which were taken on 23 August. 

These values include dead and parasitized larvae 

A l t i t u d e 
(m) 

15 

215 

245 

275 

305 

335 

365 

395 

455 

520 

550 

580 

610 

Larvae per 
inflorescence 

Larvae per 
f l o r e t 

Larvae per 
seed capsule 

x 

0.50 

0.95 

1.30 

5.25 

3.05 

3.05 

2.00 

1,05 

0.90 

0.40 

O.OO 

0.00 

0.00 

(n) 

(20) 

(20) 

(20) 

(20) 

(20) 

(20) 

(20) 

(20) 

(20) 

(20) 

(20) 

(20) 

(20) 

S.E. 

0.18 

0.12 

0.25 

0.58 

0.47 

0.33 

0.36 

0.26 

0.27 

0.18 

0.00 

0.00 

0.00 

x 

0.019 

0.060 

0.086 

0.314 

0.176 

0.191 

0.125 

0.075 

0.057 

0.024 

0.000 

0.000 

0.000 

(n) 

(517) 

(317) 

(304) 

(334) 

(347) 

(319) 

(319) 

(280) 

(317) 

(339) 

(309) 

(330) 

(301) 

0.006 

0.013 

0.016 

0.026 

0.020 

0.027 

0.019 

0.016 

0.014 

0.008 

0.000 

0.000 

0.000 

S.E. 
(n) 

0.023 0.007 
(433) 

0.064 0.014 
(295) 

0.092 0.017 
(289) 

0.361 0.029 
(291) 

0.209 0.024 
(292) 

0.223 0.026 
(274) 

0.184 0.026 
(218) 

0.095 0.020 
(221) 

0.129 0.030 
(139) 

0.091 0.031 
(88) 

0.000 O.OOO 
(21) 

0.000 0.000 
(16) 

0.000 0.000 
(7) 
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Appendix 7a : Coleophora alticolella l a r v a l case production and migra t i o n 
to the l e a f - l i t t e r i n 1977. Numbers per i n f l o r e s c e n c e of 

Juncus squarrosus 

No. marked on T o t a l produced Number Number 
Date each sample date (cumulative) p r e s e n t migrated 

15m 
23 J u l y 0.000 0.000 0.000 0.000 
26 J u l y 0.170 0.170 0.170 0.000 

3 Aug 0.234 0.404 0.332 0.072 

9 Aug 0.175 0.579 0.429 0.150 
17 Aug 0. 306 0.885 0.660 0.225 

24 Aug 0.219 1.104 0.813 0.291 

31 Aug 0.174 1.278 0.860 0.418 

7 Sept 0.101 1.379 0.868 0.511 

15 Sept 0.058 1.437 0.859 0.578 
20 Sept 0.014 1.451 0.847 0.604 
28 Sept 0.017 1.468 0.839 0.629 
9 Oct 0.010 1.478 0.837 0.641 

5 Nov O.OOO 1.478 0.837 0.641 
T o t a l number o f c a s e s marked, 918. T o t a l number o f c a s e s migrated, 398. 

18.77 seed c a p s u l e s per i n f l o r e s c e n c e i n November 
245m 

4 Aug 0.000 0.000 0.000 O.OOO 
11 Aug 0.043 0.043 0.043 O.OOO 
19 Aug 1.086 1.129 1.129 0.000 
26 Aug 1.187 2.316 1.960 0.356 
2 Sept 0.822 3.138 2.412 0.726 
9 Sept 0.662 3.800 2.809 0.991 

17 Sept 0.275 4.075 2.464 1.611 
21 Sept 0.058 4.133 2.058 2.075 
30 Sept 0.044 4.177 1.899 2.278 
10 Oct 0.029 4.206 1.638 2.568 

6 Nov 0.000 4.206 1.638 2.568 
T o t a l number of c a s e s marked, 327. T o t a l number o f l a r v a e migrated, 19 

9.24 seed c a p s u l es per i n f l o r e s c e n c e i n November 

Continued. 
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Appendix 7a : continued 

Wo. marked on T o t a l produced Number Number 
Date each sample date (cumulative) p r e s e n t migrated 

335m 
11 Aug 0.000 O.OOO 0.000 0.000 
19 Aug 0.129 0.129 0.129 0.000 

26 Aug 0.373 0.502 0.480 0.022 

3 Sept 0.523 1.025 0.984 0.041 

9 Sept 0.502 1.527 1.385 0.142 

17 Sept 0.339 1.866 1.381 0.485 

21 Sept 0.028 1.894 1.176 0.718 

13 Oct 0.014 1.908 0.131 1.777 
6 Nov O.OOO 1.908 0.085 1.823 

T o t a l number 

395m 

of c a s e s 
8.17 seed 

marked, 555. 
ca p s u l e s per 

T o t a l number 
i n f l o r e s c e n c e 

of 
i n 

l a r v a e migrated, 5 
November. 

11 Aug 0.000 0.000 0.000 0.000 
18 Aug 0.034 0.034 0.034 0.000 
26 Aug 0.241 0.275 0.264 0.011 
2 Sept 0.323 0.598 0.566 0.032 
8 Sept 0.412 1.010 0.897 0.113 

16 Sept 0.261 1.271 1.080 0.191 
29 Sept 0.108 1.379 0.868 0.511 
13 Oct 0.025 1.404 0.593 0.811 
6 Nov 0.000 1.404 0.123 1.281 

T o t a l number o f c a s e s marked, 429. T o t a l number of l a r v a e migrated, 391. 
6.47 seed c a p s u l e s per i n f l o r e s c e n c e i n November. 

455m 
18 Aug 0.000 0.000 0.000 O.OOO 
25 Aug 0.055 0.055 0.055 0.000 
1 Sept 0.096 0.151 0.146 0.005 
8 Sept O.I2.1 0.272 0.234 0.038 

16 Sept 0.125 0.397 0.341 0.056 
21 Sept 0.057 0.454 0.362 0.092 
29 Sept 0.052 0.506 0.357 0.149 
13 Oct 0.008 0.514 0.281 0.233 
6 Nov 0.000 0.514 0.091 0.423 

T o t a l number of c a s e s marked, 220. T o t a l number of l a r v a e migrated, 181. 
5.47 seed c a p s u l e s per i n f l o r e s c e n c e i n November. 
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Appendix 7b : Coleophora alticolella l a r v a l case p r o d u ction and m i g r a t i o n 
to the l e a f - l i t t e r i n 1978. Numbers per i n f l o r e s c e n c e on 

Juncus squarrosus 

No- marked on T o t a l produced Number Number 
Date each sample date (cumulative) p r e s e n t migrated 

15m 
21 J u l y 0.000 0.000 0.000 0.000 
29 J u l y 0.041 0.041 0.041 0.000 
2 Aug 0.042 0.083 0.078 0.005 

10 Aug 0.060 0.143 0.120 0.023 
16 Aug 0.052 0.195 0.162 0.033 
23 Aug 0.111 0.306 0.257 0.049 
30 Aug 0.132 0.438 0. 358 0.080 
8 Sept 0.193 0.631 0.537 0.094 

15 Sept 0.128 0.759 0.638 0.121 
24 Sept 0.078 0.837 0.618 0.219 
11 Oct 0.000 0.837 0.614 0.223 
8 Nov 0.000 0.837 0.614 0.223 

T o t a l number of c a s e s marked, 127. T o t a l number migrated, 34. 
10.80 s eed c a p s u l e s per i n f l o r e ccence i n November. 

245m 
17 Aug o.ooo O.OOO O.OOO O.OOO 
24 Aug 0.124 0.124 0.124 0.000 
1 Sept 0.121 0.245 0.241 0.004 
9 Sept 0.482 0.727 0.712 0.015 

16 Sept 0.463 1.190 1.122 0.068 
25 Sept 0.338 1.528 1.176 0.352 
12 Oct 0.039 1.567 0.745 0.822 
7 Nov 0.000 1.567 0.745 0.822 

T o t a l number of c a s e s marked, 169. T o t a l number migrated, 89. 
5.37 seed capsules per i n f l o r e s c e n c e i n November. 

Continued. 
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Appendix 7b ; continued 

No. marked on T o t a l produced Number Number 
Date each sample date (cumulative) p r e s e n t migrated 

335m 
17 Aug 0.000 O.OOO 0.000 0.000 
24 Aug 0.192 0.192 0.192 0.000 
1 Sept 0.629 0.821 0.801 0.020 
9 Sept 1.462 2.283 2.159 0.124 

16 Sept 0.533 2.816 1.832 0.984 
25 Sept 0.239 3.055 0.688 2.367 
12 Oct 0.029 3.084 0.279 2.805 
7 Nov 0.000 3.084 0.072 3.012 

T o t a l number of c a s e s marked, 508. T o t a l number migrated, 496. 
6.64 seed c a p s u l e s per i n f l o r e s c e n c e i n November. 

395m 
17 Aug O.OOO 0.000 0.000 0.000 
24 Aug 0.065 0.065 0.065 0.000 
1 Sept 0.110 0.175 0.169 0.006 
9 Sapt 0.524 0.699 0.651 0.048 

16 Sept 0.521 1.220 1.093 0.127 
25 Sept 0.496 1.716 1.000 0.716 
12 Oct 0.040 1.756 0.238 1.518 
7 Nov 0.000 1.756 0.089 1.667 

T o t a l number of cas e s marked 
4.88 seed c a p s u l e s per 

55m 

, 246. T o t a l number migrated, 213. 
i n f l o r e s c e n c e i n November. 

24 Aug 0.000 0.000 0.000 0.000 
1 Sept 0.034 0.034 0.034 0.000 
9 Sept 0.153 0.187 0.186 0.001 

16 Sept 0.096 0.283 0.183 0.100 
25 Sept 0.067 0.350 0.168 0.182 
12 Oct 0.022 0.372 0.065 0.307 
7 Nov 0.000 0.372 0.032 0.340 

T o t a l number of cas e s marked, 69. T o t a l number migrated, 63, 
1.74 seed c a p s u l e s per i n f l o r e s c e n c e i n November. 
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Appendix 8 : Examples of l o g i s t i c c u r v e s f i t t e d to the data f o r l a r v a l 
c ase production ( O ) and l a r v a l m i g r a t i o n (O ) . I n the 
formulae, y i s the number of l a r v a l c a s e s produced and z 
t h e number of l a r v a e migrating, per i n f l o r e s c e n c e , i n 
r e l a t i o n to time (x) measured i n days w i t h 1 = 1 June 

a. 15m i n 1977 

l a r v a l c a s e production 

y = 1.4734 
1 + exp (8.1901 - 0.1102*) 

2 

F 2 10 = L 2 5 1 ° 3 P K 0.001 R = 0.995 

l a r v a l m i g r a t i o n 

z = 0.6481 
1 + exp(8.2582 - 0.0965x) 

? 
F 2 10 = 1 0 5 5 " 5 P K ° " 0 0 1 R ' = ° - 9 9 4 

b. 455m i n 1978 

l a r v a l case production 

y = _ 0.3672 
1 + exp(22.4258 - 0.2207x) 

F2 4 = 424.9 P < 0.001 R2 = 0.993 

l a r v a l m i g r a t i o n 

z = 0.3319 
1 -:- exp (18.5413 - 0.1606.*) 

F2,4 " 1 5 9 " 7 P < 0.001 2 
R = 0.981 
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