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I N T R O D U C T I O N 

The aim o f t h i s study i s t o resolve the controversy 
which has a r i s e n concerning the r o l e of arthropods i n 
the d i e t o f the red grouse; Lagopug lagopus s c o t i c u s . 
According t o e a r l i e r workers, eg. Co l l i n g e (1924-27 ) , the 
d i e t o f the red grouse Is supplemented by animal m a t e r i a l , 
o f t e n i n s e c t s . I n more recent s t u d i e s however, p r i o r t o 
1975, the arthropod component of the d i e t was considered 
t o he o f l i t t l e importancer (Jenkins, Watson and M i l l e r 
1963, 1967; M i l l e r , Watson and Jenkins- 1970; Moss 1967, 
1969, 1972; Savory 1974 )* These more recent studies 
were c a r r i e d out on the low a l t i t u d e , d r y, heath-type 
moors (c. 150-300m ) , t y p i c a l o f the Banchory area i n 
north-east Scotland. I n 1975 however, a paper was published 
by B u t t e r f i e l d and Coulson.which r e p o r t e d ' t h a t a d u l t 1 red 
grouse ate arthropod's a t much higher l e v e l s than had 
pr e v i o u s l y been thought..Their study was c a r r i e d out a t 
the / Mo.or- House N a t i o n a l Nature Reserve; an area o f 
blanket bog i n the high Pennines. They suggested t h a t 
arthropods could be an important source o f n u t r i e n t s t o 
the red grouse on high a l t i t u d e blanket bog. I n the same 
paper by B u t t e r f i e l d and Coulson, i t was reported t h a t 
the l e v e l o f arthropods consumed by the a d u l t red grouse 
on another area o f dry, l o w - a l t i t u d e , heath-type moor; 
Muggleswick Common, County Durham, was very much lower. 

This study examines the r o l e o f the arthropods i n the 
d i e t o f the red grouse a t a v a r i e t y o f s i t e s o f d i f f e r e n t 
a l t i t u d e , from low a l t i t u d e heath-type moors to., h i g h 
a l t i t u d e blanket bog. The-=s&kes cover a range of a l t i t u d e :es 

1 FEB ?930 
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from 280m t o 550m . 

The examination o f the d i e t was c a r r i e d out by 
f a e c a l a n a l y s i s . Undigested c u t i c u l a r fragments of p l a n t s 
can be . . i d e n t i f i e d i n the faeces by the appearance o f c e l l 
w a l l s and the pa t t e r n s o f c e l l s . Arthropod fragments can 
also be d i s t i n g u i s h e d . Sampling was c a r r i e d out from May 
to August 1979. At the same time, p i t f a l l t r a p s were used a t 
the s i t e s t o give an i n d i c a t i o n o f arthropod abundance. 

The a d u l t red grouse feeds p r i m a r i l y on Calluna. 
Savory (1 974) found t h a t the shoot ti p s - a n d flowers o f 
Calluna formed a t l e a s t 90$ o f the d i e t by dry weight for-
most of the year. I n June, J u l y and August, the d i e t was 
supplemented by the flowers-, leaves and seeds of many 
other p l a n t s and the p r o p o r t i o n o f Calluna dropped t o 60-
80$. Plants f r e q u e n t l y taken t o supplement the d i e t i n c l u d e d : 
Vaccinium myrtilus-, E r i ca t e t r a l i x . E r i c a cinerea and 
Rumex a c e t o s e l l a . 

Eastman and Jenkins ( 1 9 7 0 ) , from the monthly analysis-
of faeces, found t h a t the p r o p o r t i o n o f Calluna fragments' 
averaged 74$ , remaining f a i r l y constant throughout the year. 
Recent s t u d i e s by Jenkins, Watson and M i l l e r 1963, 1967; 

M i l l e r , . V/atson-arid Jenkins 1970; Moss 1967, 1969, 1972, f a i l 
t o mention any arthropod component i n the d i e t of the a d u l t 
red grouse. 

Eastman ( 1 9 6 4 ) found arthropod fragments i n a d u l t 
droppings from May t o October but o n l y at very low l e v e l s . 
At G a r r o l H i l l , a w e l l - drained, n u t r i e n t - poor area near 
Banchory, K i n c a r d i n e s h i r e , the i n v e r t e b r a t e component o f 
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the d i e t was only 0.14^. On a second moor i n the same area; 
T i l q u h i l l i e , which i s m i n e r a l - r i c h and much wetter than 
Garrol H i l l , the i n v e r t e b r a t e component was even lower , 
forming 0.05^ of the food items examined. 

Savory (1974) gives s i m i l a r l y low f i g u r e s f o r 
arthropods found i n the crops of b i r d s shot i n the Kerloch 
area, north-east Scotland. Arthropoda were- found d u r i n g the 
months from A p r i l t o J u l y ; by mean percentage dry weight, 
the arthropod component was highest i n J u l y a t 0.9^ and 
f o r the other three months was ^ 0 . 2 ^ . 

This evidence c o n f l i c t s w i t h e a r l i e r s t u d i e s . 
C o l l i n g e (1924-27) found from the a n a l y s i s o f crops, t h a t 
animal m a t e r i a l formed 22?f by weight of the food consumed. 
V/ilson and L e s l i e , i n the Committe^of I n q u i r y on Grouse 
Disease- (Lovat T911)» s t a t e t h a t i n s e c t s are taken as a 
s u b s t i t u t e f o r heather. They record t h a t , " 
" Occasionally one f i n d s t h a t even an a d u l t b i r d has eaten 
scores of s m a l l black gnats." 

B u t t e r f i e l d and Coulson (1975) v u s i n g f a e c a l a n a l y s i s 
on m a t e r i a l c o l l e c t e d from the Moor House N a t i o n a l Nature 
Reserve, found high l e v e l s o f i n s e c t m a t e r i a l i n a d u l t red 
grouse droppings. The remains o f the t j p u l i d , T j p u l a 
subnodicornis-, Z e t t e r s t e d t , were abundant i n droppings 
c o l l e c t e d d u r i n g May, w h i l s t i n l a t e May to e a r l y June, 
fragments o f the smaller t i p u l i d , Molo-philous a t e r , Meigen, 
were found. I n 3^ of the cases, i t was found t h a t t i p u l i d 
remains formed over h a l f o f the items i n the droppings. 
During the p e r i o d from mid May t o e a r l y June, 98^ of the 
droppings analysed were found t o contain fragments of a d u l t 
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t i p u l i d s . 
B u t t e r f i e l d and Coulson (1975) also found evidence 

of s e l e c t i o n f o r inse c t s by the a d u l t red grouse. The crop 
of an a d u l t b i r d shot at Moor Hous:e i n : mid- October'. T970, 
was found t o co n t a i n 495 a d u l t s o f the r a r e t i p u l i d , 
T i p u l a gimmerthali lackschewitz, r e p r e s e n t i n g an i n g e s t i o n 
of 12g l i v e weight. A few sm a l l pieces o f Calluna and 
Vaccinium m y r t i l u s were also present i n the crop. The v i r t u a l 
l ack of p l a n t m a t e r i a l and the hi g h number o f rare t i p u l i d s - • 
of r e s t r i c t e d h a b i t a t i n d i c a t e s a degree o f s e l e c t i v i t y on 
the p a r t o f the red grouse. 

I n l a t e A p r i l and e a r l y May> the red grouse hens l a y 
eggs which are incubated f o r 3 weeks. A f t e r the chicks hatch, 
they are cared f o r by both parents, a t the same time, 
t e r r i t o r i a l a c t i v i t y almost ceases. I t has been suggested 
t h a t the a d u l t b i r d s may take the chicks t o wet flushes t o 
feed and the f a m i l y o f t e n leave the t e r r i t o r y from June t o 
August w h i l e the chicks grow and the a d u l t s moult. 

Evidence concerning the d i e t of red grouse chicks i s 
less equivocal than t h a t of the a d u l t b i r d s . Savory (1975), 
examined 211 crops o f red grouse chicks up t o 5 weeks o l d 
and found t h a t Calluna shoot t i p s and arthropods were the 
only foods t h a t the chicks took f r e q u e n t l y . Calluna made up 
the b u lk o f the d i e t by dry weight; 85#, f o l l o w e d by the 
arthropod component which was 4.1'# by dry weight. The 
frequency o f occurrence o f Calluna and arthropods i n the 
droppings was 99$ and 88$ respectively.When the chicks 
reached the age o f 2-3 weeks, the q u a n t i t y of arthropods 
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i n t h e i r d i e t dropped markedly. Their- d i e t was supplemented 
with- such p l a n t s as Vaccinium, Juncus squarrosus, Carex and 
Pohlia mutans. Savory found t h a t D iptera made up the l a r g e s t 
p a r t of the i n v e r t e b r a t e component i n the d i e t ; T i p u l i d a e 
being the most important f a m i l y , i n p a r t i c u l a r , Molophjlous 
a t e r . This f i n d i n g agrees w i t h t h a t o f Grimshaw, i n the-
Committee of I n q u i r y on Grouse Disease (Lovat 1 9 11), who 
also found t h i s species i n the crops o f red grouse chicks. 

The environmental c o n d i t i o n s at the f o u r sampling-
s i t e s i n t h i s study are very d i f f e r e n t and consequently 
the i n s e c t species a v a i l a b l e t o the red grouse a t the s i t e s 
also vary markedly. By comparison w i t h lowland B r i t a i n , the 
fauna a t Moor.-House i s : sparse : i n : numbers, however t h i s 
r e d u c t i o n does not occur e q u a l l y i n a l l the animal groups. 
The Diptera are w e l l represented at Moor!House. Nelson (1 965) 
recorded t h a t 9£$ of a l l i n v e r t e b r a t e s caught on s t i c k y 
t r a p s were D i p t e r a , w h i l s t they formed 63?' of the catch i n 
l i q u i d - f i l l e d p i t f a l l t r a p s and 60$ of the t o t a l species 

1 taken. The dominance of the D i p t e r a i s t y p i c a l of-Atretic-
and sub-Arctic fauna and the success of the group j n such 
c o n d i t i o n s r e l a t e s t o t h e i r preference f o r and a d a p t a t i o n 
t o wet or semi - a q u a t i c environments. They are a l s o able t o 
remain a c t i v e a t low temperatures. 

Richards (1926) recorded a much more diver s e i n s e c t 
fauna associated w i t h the low a l t i t u d e Calluna heaths 
than i s found a t Moor House. On l o w - a l t i t u d e heaths the 

r, 
Coleoptera and the Lepido/tera outnumber the D i p t e r a i n the 
number of species. 
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At Moor Fouse many of the i n s e c t s have sub-Arctic 
a f f i n i t i e s . The short a c t i v e season o f the sub-Arctic 
r e s u l t s i n the m a j o r i t y of i n s e c t species us i n g the s p r i n g 
r i s e i n temperature or lengthening photoperiod t o i n i t i a t e 
pupation. On the blanket bog a t Moor.House, t h i s r e s u l t s i n 
a vast 'spring' emergence, w i t h l i t t l e a d d i t i o n a l 
emergence through the year. I n c o n t r a s t , i n s e c t species 
w i t h southern a f f i n i t i e s , f r e q u e n t l y the low a l t i t u d e forms-, 
show a much more even . d i s t r i b u t i o n of emergence d u r i n g 
the s p r i n g and summer months. 

The a v a i l a b i l i t y of i n s e c t s t o red grouse art.the f o u r 
sampling s i t e s t h e r e f o r e d i f f e r s not o n l y i n species 
composition but also i n the time o f year at which they 
emerge. 
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M A I E R I A L S A N D M E T H O D S 

I ( i ) C o l l e c t i o n o f Droppings 

Red grouse produce two types 
of droppings; soft'- caecal droppings which are deposited as 
amorphous residues and secondly hard'droppings, of d i s t i n c t i v e 
shape from the main gut. These hard droppings c o n t a i n 
recognisable, undigested c e l l u l a r fragments. Both types of 
droppings are d i s t i n c t from -.one:another -and from other 
droppings found on the s i t e . Only hard droppings were 
c o l l e c t e d f o r a n a l y s i s . 

Dro-DTDinfiis were c o l l e c t e d from the f o u r main study 
areas a t approximately weekly i n t e r v a l s from Kay t o J u l y 
1979, w i t h a f i n a l c o l l e c t i o n i n mid August. On each 
occasion, 30 a d u l t red grouse droppings were c o l l e c t e d . 
Fresh droppings were c o l l e c t e d by ' walking over the moor, 
through the t e r r i t o r i e s o f many b i r d s , t a k i n g one dropping 
from each group o f faeces. Fresh droppings can r e a d i l y be 
t o l d from o l d ones; the former are u s u a l l y yellow-green 
i n colour although the colour may vary w i t h the food eaten, 
and are p a r t i a l l y coated w i t h white u r a t e s . Older- droppings 
are brown i n colour, l a c k i n g i n u r a t e s , w i t h exposed woody 
f i b r e s . 

Red grouse chick droppings are recognisable by t h e i r 
small diameter. When':chick. droppings were found, they were 
c o l l e c t e d as a pa i r e d sample w i t h the a d u l t dropping t o 
allow a comparison between the two. 

A s i n g l e c o l l e c t i o n of droppings was also made a t 
other s i t e s of v a r y i n g a l t i t u d e and c l i m a t i c c o n d i t i o n s . 
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i n the North York Koors i n l a t e June 1979» and i n the 
Swaledale area of Yorkshire i n e a r l y J u l y 1979. These 
a d d i t i o n a l s i t e s were chosen t o include a range of moorland 
types, from dry low a l t i t u d e heath-type moors t o high 
a l t i t u d e "blanket bog. The data from the a d d i t i o n a l s i t e s 
provide, f u r t h u r i n f o r m a t i o n on the arthropod l e v e l s i n 
droppings from d i f f e r e n t moorland types and can be 
compared w i t h the data from the f o u r main s i t e s . 

I ( i i ) The Analysis o f Droppings 
Each dropping was reduced 

t o a l e n g t h o f 3cm before analysis.! The dropping was then 
soaked i n water and i t s contents spread over a P e t r i dish. 
The dropping was examined using a microscope and f o r every 

2 
dropping, the items i n f o u r 1 cm areas were i d e n t i f i e d as 
f a r as was p o s s i b l e . I n each dropping , a minimum of 100 
items was i d e n t i f i e d . The chick droppings were t r e a t e d i n 
a s i m i l a r manner. I n t h i s way, the contents o f each 
dropping were a t t r i b u t e d to various categories, eg Juneus 
squarrosus, Arthropoda etc. 

The d i f f e r e n t types of fragments were i d e n t i f i e d by 
the appearance of. the epidermal c e l l w a l l s and the p a t t e r n s 
formed by groups o f c e l l s ; each species having c h a r a c t e r i s ­
t i c c e l l shapes and p a t t e r n s . To f a c i l i t a t e i d e n t i f i c a t i o n , 
reference s l i d e s o f epidermal t i s s u e s were made from 
p l a n t s c o l l e c t e d from the sampling areas. 

Some items were i n an advanced s t a t e o f d i g e s t i o n 
and could not be i d e n t i f i e d , others were woody items 'which 
could n o t be assigned t o any p a r t i c u l a r category. These 
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items were included i n an 1 U n i d e n t i f i e d ' category. 
Arthropod fragments are e a s i l y d i s t i n g u i s h e d from the 

pl a n t m a t e r i a l i n droppings. Insect c u t i c l e i s a d i f f e r e n t 
colour and f r e q u e n t l y bears b r i s t l e s . The most h e a v i l y 
c u t i c u l a r i s e d p a r t s o f the arthropods survive the d i g e s t i v e 
process and are the p a r t s t h a t are most f r e q u e n t l y found, 
eg. legs and palps. Insect wings and the eggs of some 
Ti p u l i d a e can also be d i s t i n g u i s h e d . The s o f t p a r t s o f the 
arthropods however, are e a s i l y digested and are not 
recognisable- i n the droppings. 

I I P i t f a l l Traps 
P i t f a l l t r a p s were used t o o b t a i n a 

measure o f arthropod abundance a t . t h e f o u r main s i t e s . Ten 
p i t f a l l t r a p s were l a i d i n a s t r a i g h t l i n e a t 2ra i n t e r v a l s . 
at each s i t e . The contents o f the tr a p s were emptied and 
i d e n t i f i e d a t approximately weekly i n t e r v a l s . 

I I I Measurement o f S o i l N oisture Content 
The f o u r main s i t e s 

cover an a l t i t u d e range from 280 - 550m, consequently the 
hydrology o f the areas v a r i e s considerably. I n order to 
o b t a i n a measure o f the s o i l moisture , 10cm s o i l cores 
were taken a t each s i t e . The cores were a i r d r i e d and the 
percentage weight loss due t o water was c a l c u l a t e d . At the 
Waskerley s i t e , the feeding area i s i n t e r s e c t e d by 
drainage d i t c h e s and the s o i l moisture content i s markedly 
d i f f e r e n t from t h a t of the main feeding area. S o i l cores 
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were also taken from these wet f l u s h e s . 
The values of s o i l moisture content are not absolute, 

the measurements were made f o r comparative purposes. 
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D E 5 C R T P T T O N OF S I T E S 

Four d i f f e r e n t sampling areas were chosen so- t h a t , 
among them they included a range of a l t i t u d e and consequently 
d i f f e r e n t c l i m a t i c c o n d i t i o n s . This enables a comparison 
to be made between the d i e t s otf the. red grouse l i v i n g 
i n d i f f e r e n t environmental conditions-. 

Ten f u r t h u r s i t e s were selected from which t o make a 
s i n g l e c o l l e c t i o n o f grouse droppings., again these s i t e s 
included a range of a l t i t u d e and c l i m a t i c c o n d i t i o n s . 

S i t e 1 : -Bogena, Moor flouse flationai flaxure Reserve. 
Nat. Grid Ref : NY 758328 
A l t i t u d e : 55'1m 

The Moor House Reserve l i e s on the h i g h 
Pennines. Most of the land i s covered by deep peat and 
the area has an average r a i n f a l l of 1981mm. The annual 
average temperature i s low: 5°C. and as a consequence of 
t h i s and the h i g h r a i n f a l l , the peat s o i l s are almost 
permanently waterlogged. The.vegetation a t Bogend i s 
1 blanket bog- 1, w i t h Calluna, Eriophorum and Sphagnum 
as co-dominant species. 

S o i l moisture content : 89f 

S i t e 2 : Muggleswick Common High, Co. Durham. 
Nat Grid Ref : NZ 003449 
A l t i t u d e : 476m 

This i s an exposed s i t e a t the highest 
p o i n t of Muggleswick Common. The v e g e t a t i o n i s dominated 



by Calluna, i n t e r s p e r s e d w i t h small patches o f Vaccinium 
myrt j j u s . There are areas o f bare- peat w i t h pools o f 

N 
standing water. 

So.il moisture content: 685?" 

S i t e 3 : V/askerley. Co. Durham. 
Nat. Grid Ref. : NZ 014446 
A l t i t u d e : 411m 

This site- i s very near Muggleswic): Common. 
The v e g e t a t i o n i s dominated by Calluna, w i t h some patches 
of June us effuses.- The area i s i n t e r s e c t e d by drainage 
channels which cont a i n standing water. These wet nusnes 
are dominated by Sphagnum and J. eff u s f t s , w i t h some Calluna, 
J. squarrosus and Polytrichum. This s i t e was chosen t o see 
i f the wetness of the area, although a t a lower a l t i t u d e 
than Bogend or Iluggleswick High, had any e f f e c t on the 
l e v e l s o f arthropods eaten. 

S o i l moisture content, main area : 57f 
S o i l moisture content, wet flushes : 7 3 £ 

S i t e 4 : Muggleswick Common Low, Co. Durham. 
Nat. Grid Ref. : NZ029499 
A l t i t u d e : 280m 

This i s a s h e l t e r e d area a t the bottom 
of Muggleswick Common. The v e g e t a t i o n i s dominated by 
Calluna w i t h bracken, Pteridivim, approaching co-dominance. 

There are some small patches o f Vaccinium m y r t i Jus. 
S o i l moisture content : 34^ 

http://So.il
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The data f o r these f o u r s i t e s and the remaining 
s i t e s i n the North York Moors and Swaledale area are 
summarised i n Table 1. 



Table T : D e s c r i p t i o n o f Sampling S i t e s . 

S i t e Grid r e f . A l t i t u d e 
( m ) 

Annual 
R a i n f a l 
( mm ) 

Peat 
1 Depth 
( cm ) 

Vegetation 

Bogend NY758328 551 2010 7100 Blanket bog 
Muggleswick 
Common High KZ003449 476 Calluna 

Waskerley NZ014446 411 950 7 Calluna 
J. effusi's 

i 
Muggleswick 
Common Low 

• NZ029499 280 Calluna, 
bracken 

Yarlsey 
Mo s s 

Cross 

NZ750007 305 

A 

1020 

onn 

13 Calluna 

Eriophorum 

K i l d a l e "'NZ6201 1 1 274 880 8 Calluna 

Job Cross ' NZ692110 250 910 10 Calluna 
Eriophorum 

High 
Tranmire 
Murk Mire 
Moor 

NZ762117 

NZ797025 

213 

240 

910 

780 

TO 

7100 

Calluna, 
grasses 
Calluna 
J. effuses 

I 
Beldom 
Bottom 

SD967940 488 1500 7100 Blanket bog 

Golden 
Groves 

SE044945 457 1100 25 Blanket bog 

Bol l i h o p e 
Common 

KY993316 502 Blanket bog 

Apedale SE239944 396 1180 6 Calluna 
J. e f f u s i s 



.R E S U L T S 

I . Comparison of the levels of arthropod fragments i n 
adult droppings at Bogend, I-Tuggleswick High, Waskerley, 
and Muggleswick Low. 

(i.) Mean percentage of arthropod fragments; Fig. 1 . 
The values f o r the mean percentage of arthropod 

fragments i n adult droppings are s i m i l a r f o r Bogend and 
Waskerley, both peaking at c. Wf. i n mid June. At both 
s i t e s , the levels show a rapid .rise from 0C/ to t h e i r peak 
values i n the space of two weeks. S i m i l a r l y , f o r both 
s i t e s , the levels f a l l o f f to c. 1# by the end of June, 
The period over which arthropods were eaten i n any 
quantity at these sites was the three weeks around mid 
June. 

The data f o r Muggleswick High show an e a r l i e r 
peak and at a lower value; 3^ i n early June and the peak 
i s less pronounced than those of the two previous s i t e s . 

The l e v e l of arthropod fragments i n droppings at 
Muggleswick Low did not r i s e above 15", with a small peak 
at the end of June, a f t e r which the l e v e l f e l l o f f to 

( i i . ) Percentage frequency of occurrence of arthropod 
fragments i n droppings; Fig. 2. 

The graphs show that the values f o r Waskerley 
and Bogend peak during mid June, at which time 85-90/' of 
the droppings examined were found to contain arthropod . 
fragments. I t i s during t h i s period that the peaks i n the 
mean percentage of arthropod fragments j n droppings 
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occurred. Fig. 1. 
The Muggleswick High data show a less pronounced 

-peak spread over a longer period, with a value c. 55/'• 
At Muggleswick low, the values peak i n l a t e June, 

at which time c. 35?' of the droppings examined were found 
to contain arthropod fragments. This value f e l l o f f to 
Of- by- the beginning of July. 

( i i i . ) Abundance of arthropod fragments i n adult droppings. 
Appendix 1 shows the abundance of arthropod 

fragments found i n adult droppings at the four s i t e s . Tn 
a l l cases the abundance of arthropod fragments i n 
droppings reached i t s peak i n mid June. 

The pattern which has emerged i n the previous two 
comparisons of arthropod levels i n adult droppings, 
( Figs. 1&2 ), at the four s i t e s , also appears i n t h i s 
case. The abundance of arthropod fragments i n adult 
droppings i s highest at Bogend and Vaskerley, lower at 
Muggleswick High, and lower s t i l l at Muggleswick Low. 

i 
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TI. (i.) Calculation of the biomass of the arthropod food 
available to the red grouse. 

A comparative measure of the biomass of arthropod 
food available to the red grouse during the perjod in 
which the droppings were collected, was calculated from 
the p i t f a l l data (Appendix 2). The arthropod groups were 
i n some cases divided i n t o size classes when the p i t f a l l 
catches were examined. The follo w i n g categories were used: 

Carabids 1 ^15rom i n length 
Carabids 2 >15mm " " 
rt j i -l j . . _t A / A rr ii !i 

Staphylinids 2 >15mm " " 
Diptera 1 4 1Omm " " 
Diptera 2 > 10mm " " . 
Diptera 3 Tipuljdae 

I t became apparent a f t e r the i d e n t i f i c a t i o n of some of 
the fragments found i n droppings, that some arthropod 
groups were taken more frequently than others. 

The groups used i n the calcu l a t i o n of available , 
biomass were; Diptera 3, lep:dopteran larvae, weevils 
(Curculionidae) and Carabids i . There was no evidence to 
suggest that the grouse had been taking Carabids 2; the 
larger carabid beetles. Diptera 2 was not included as the 
insects i n t h i s group were mainly dung-flies (Cordilurinae), 
which move too fast f o r grouse to catch. 

The values f o r Carabids 1 were divided by f i v e , 
because these beetles are 'trap happy'. Each biomass value 
was calculated from a p i t f a l l catch corrected to captures 

of a 7 day period. 
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I I . ( i i ) Comparison of the arthropod biomass at the four 
s i t e s . (Fig 3») 
The arthropod' biomass was highest at Bogend 

and ''/askerley; these s i t e s showed pronounced peaks i n 
mid Jvne. Thjs i s the period when the l e v e l of arthropod 
fragments i n the droppings was at i t s highest. The 
V/askerley s i t e showed a second large peak i n early July. 
This was- due almost e n t i r e l y to Limonia d i l u t i o r , a 
t i p t i l i d of highly localised d i s t r i b u t i o n . 

The arthropod biomass at Muggleswick Kjgh and 
Muggleswick Low did not show a pronounced peak i n mid 
June and the biomass was lower than at the previous two 
s i t e s . 
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I I I . Comparison of the percentage of arthropod fragments 
i n adult droppings with the arthropod biomass at the 
four s i t e s . (Figs. 4&5). 

(i. ) Bogend 
The r i s e i n the numbers of arthropod fragments 

i n the droppings follows the increase i n the arthropod 
biomass i n mid June. S i m i l a r l y , the decrease i n arthropod 
fragments i n the droppings follows the f a l l o f f i n 
arthropod biomass. 

( j j.) Muggl e sw j. c k H j. gh 
The sma-.ll peak of arthropod fragments in-adult 

droppings takes place w i t h i n the peak of arthropod 
bjomass during early to mid June. Although the arthropod 
biomass rises again i n early July, there i s no corresponding 
increase i n the l e v e l of arthropod fragments i n the 
droppings• 

( i i i . ) Waskerley 
The peak of arthropod bjomass occurs during 

early to mid June a f t e r which i t decreases. This pattern 
i s closely followed by the levels of arthropod fragments 
i n the droppings which peak i n mid June, subsequently 
decreasing to <15? i n July and August. During July, the 
arthropod biomass rises rapidly to a second peak. As 
previously mentioned, t h i s r i s e i n biomass can be 
a t t r i b u t e d to T.imonia d i l u t i o r . This t i p u l i d has a localised 
d i s t r i b u t i o n and consequently the high value f o r the biomass 
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i n July i s not representative of the whole area. 

.(iv.) Muggleswick Low 
The arthropod levels i n the droppings 

at t h i s s i t e never rose above \$ and were found only 
between the end of May and the end of June. This was the 
period when, the arthropod biomass was at i t s highest. 
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TV. The relationship "between the available arthropod 
biomass and the levels of arthropod fragments i n 
the adult droppings. 

Fig. 6 i l l u s t r a t e s the r e l a t i o n s h i p between the 
biomass of arthropod food available to the red grouse 
and the levels of arthropod fragments i n the adult 
droppings at a l l four s i t e s . The two graphs show the 
d i f f e r e n t relationships during the months of May and 
June, and "July and August. 

During May and June, as the available biomass 
increased, the l e v e l of arthropod fragments i n the 
droppings increased accordingly. The increase, of the 
arthropod fragment levels with the available biomass i s 
s i g n i f i c a n t ( r = 0.830, p<0.01 ). 

In July and August, although there was arthropod 
biomass available, the levels of arthropod fragments i n 
the droppings were low.. The r e l a t i o n s h i p i s not 
s i g n i f i c a n t ( p< 0.05 ). 

The relationships between arthropod fragment levels 
and the available biomass i n May and June, and July and 
August, are 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 = 4.807, 13 d.f. p<0.001 ). 
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V. I d e n t i f i c a t i o n of arthropod fragments i n adult and 
chick droppings at the four s i t e s . 

( i . )- Bogend 
Throughout June, fragments of tipulids-were 

found i n the adult droppings. In p a r t i c u l a r , fragments 
of Tipula subnodicornis and Tricyphona imraaculata were 
i d e n t i f i e d . Beetle fragments were also i d e n t i f i e d i n 
adult droppings during t h i s period. In l a t e June and 
early July, parts of lepidopteran larvae were found. 

The chick droppings were found to contain 
t i p u l i d remains throughout June, i n p a r t i c u l a r , parts 
of Molophilous ater and Tricyphona immaculata were 
i d e n t i f i e d i n droppings collected at the end of June. 

( i i . ) Muggleswick High, 
T i p u l i d remains were i d e n t i f i e d 

i n adult droppings collected throughout June. Fragments 
of weevils, carabid beetles and a stonefly (Plecoptera) 
were i d e n t i f i e d i n the same droppings. lepidopteran 
larvae remains were found to be present i n early July. 

The chick droppings contained fragments of 
chrysomelid beetles i n early to mid June, w h i l s t i n 
l a t e June, fragments of two d i f f e r e n t t i p u l j d species 
were i d e n t i f i e d ; Limnophila meigeni and Tipula varipennis. 
Lepidopteran.. larvae remains were also i d e n t i f i e d . 

( i i i . ) V'askerley. 
Beetle remains were i d e n t i f i e d i n adult 
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droppings throughout June. T i p u l i d remains, possibly 
Tinula variper.nis, were present i n early and mid June. 
Fragments of weevils and lepidopteran larvae were 
i d e n t i f i e d i n droppings collected i n l a t e June and early 
July. 

The chick droppings contained fragments of 
beetles, t i p u l i d s and weevils throughout June and early 
July. 

( i v . ) Muggleswick Low 
T i p u l i d and beetle remains were 

i d e n t i f i e d throughout June, i n p a r t i c u l a r , fragments of 
Tj pula subnodicornis were i d e n t i f i e d i n adult droppings 
collected i n l a t e May and early June. 

The chick droppings were found to contain 
fragments of beetles, t i p u l i d s and lepidopteran larvae. 
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VJ. The analysis of droppings from the ad d i t i o n a l s i t e s 
in Swaledale and the Forth York Moors. 

The sampling areas i n the North York Moors and 
Swaledale can be "broadly c l a s s i f i e d i n t o low a l t i t u d e heath-
type moors and high a l t i t u d e areas of blanket bog,respectively. 
.Although only a single c o l l e c t i o n of droppings was made 
at these s i t e s , the droppings were analysed i n a si m i l a r 
way to, and can be compared those collected from the 
four main s i t e s . These si t e s therefore provide a d d i t i o n a l 
information on the arthropod levels i n droppings over an 
a l t i t u d e range. 

Table 2 i l l u s t r a t e s the range of levels of arthropod 
fragments i n adult droppings collected from moors of 
d i f f e r e n t a l t i t u d e . The pattern i n the a d d i t i o n a l sites 
i s s i m i l a r to that seen i n the data from the four main-
s i t e s . The values f o r the low a l t i t u d e moors (<350m), were 
very low and lay w i t h i n the range of 0- 0.3$. T'he percentage 
frequency of occurrence of fragments was s i m i l a r l y low, 
ranging from 0- 13$. (Appendix 4). On the higher moors,(>350ra), 
increased levels of arthropod fragments were found. The 
levels of arthropod fragments f e l l , i n the range of 0.7-9.0$. 
The percentage frequency of occurrence of fragments 
ranged from'. 1 7-77f. 

V/hen the "X 2"test was applied to the data to test the 
difference i n arthropod fragment levels between moors of 
a l t i t u d e s up to 350m and moors at altitudes• above 350m, 
the result'was -significant (XS 14, 1 d.f. p<0.001 ). 
Jn general, the arthropod fragment levels increased with 
the a l t i t u d e of the moor. Within the a l t i t u d e range, :there 
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are a few anomalies, eg. the e x c e p t i o n a l l y high value of 
Apedale. This s i t e i s a p a r t i c u l a r l y , wet area and although 
at a lower a l t i t u d e , i t i s probably a r i c h e r source of 
arthropods than many of the s i t e s a t a higher a l t i t u d e . 
V a r i a t i o n s i n the arthropod fragment l e v e l s i n the droppings 
w i t h i n the a l t i t u d e range may t h e r e f o r e be caused by 
l o c a l i s e d wet c o n d i t i o n s on the sampling area. This i s also 
seen a t " a s k e r l e y , a s i t e i n t e r s e c t e d by wet flushes and 
although i t i s a t a lower a l t i t u d e than Bogend, the two 
areas have s i m i l a r l e v e l s o f arthropod fragments i n the 
droppings. 

I d e n t i f i c a t i o n of arthropod fragments. 
Lepidopteran larvae remains were present i n droppings 

from a l l the high a l t i t u d e s i t e s . Beetle remains and s t o n e f l y 
fragments were also i d e n t i f i e d i n droppings c o l l e c t e d from 
Golden Groves. At low a l t i t u d e s i t e s , b e e t l e , weevil and 
l e p i d o p t e r a n l a r v a e remains were i d e n t i f i e d . T i p u l i d remains 
were i d e n t i f i e d i n droppings c o l l e c t e d from Job Cross and 
High Tranmire. 



Table 2 
Si t e A l t i t u d e 

(m) 
arthropod 

fragments and 
standard e r r o r 

High 
Tranmire 

213 0.3 + 0.18 

Murk Mire 
Ho or 

240 0 0 

Job Cross 250 0.3 + 0.18 

K i l d a l e 274 0.1 + 0.18 

Muggleswiclc 
low 

U u 

Yarlsey Moss 305 0.1 + 0.18 

Apedale 396 9.0 + 1.64 

V/askerley 411 1.0 + 0.36 

Bolton Cross 427 0.7 + 0.36 

Golden Groves 457 1.0 + 0.55 

Muggleswick 
High 

476 2.0 + 0.73 

Beldom Bottom 488 2.0 + 0.55 

Boll i h o p e 
Common' 

502 3.0 + 0 .91 

Bogend 551 2.0 + 0.91 
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VIJ. Comparison of the arthropod fragment l e v e l s j n 
aciult and chick droppings a t each s i t e . 

The a d u l t and chick droppings were c o l l e c t e d as 
a paired sample i n every case. The comparison between 
the l e v e l s o f arthropod fragments i n a d u l t and chick 
droppings i s shown i n Figs. 7 & 8 . 

( j . ) Bogend 
The chick droppings a t t h i s s i t e were found 

to c o n t a i n very high l e v e l s o f arthropod fragments, 
e s p e c i a l l y when the chicks were very young. The value o f 
4 4 f arthropod fragment's i n mid June, was the highest 
value found i n chick droppings a t any of the f o u r s i t e s . 
Tn mid June, the l e v e l o f arthropod fragments was 
approximately nine times t h a t of the a d u l t droppings. 
This value declined r a p i d l y t o Of by e a r l y J u l y . 

( i i . ) Muggleswick High 
The maximum value of arthropod 

fragments found i n chick droppings was 3 8 f in. mid June. 
The values appear t o reach a peak, however,.because 
hatching occurs over a period of a few weeks, and 
because the age o f the chick droppings, was not. a s c e r t a i n e d , 
the peak may be due t o the c o l l e c t i o n o f droppings from 
newly hatched chicks.,throughout the h a t c h i n g p e r i o d . 
As the chicks grew o l d e r , the l e v e l of arthropod 
fragments i n t h e i r droppings d e c l i n e d . The value f o r the 
peak o f arthropod fragments i n chick droppings i s 



approximately f i v e times t h a t o f the a d u l t droppings 
over the same pe r i o d . 

( i i i . ) Fiuggleswick High 
The highest value f o r the l e v e l s 

of arthropod fragments i n c h i ck droppings was 17f; the 
peak occurred over the same pe r i o d i n the second h a l f 
of June as the peak i n the a d u l t droppings. The peak of 
the chick droppings may be due t o the c o l l e c t i o n from 
newly hatched c h i c k s , as explained above. The chick 
value a t i t s peak i s f i v e t o s i x times greater than 
That of the a d u l t droppings over xne same pe r i o d . an a 
s i m i l a r way t o the other three s i t e s , the l e v e l o f 
arthropod fragments i n chick droppings declined r a p i d l y 
as the chicks grew o l d e r . 

( i v . ) Muggleswick Low 
The chick droppings c o l l e c t e d from 

t h i s s i t e contained l e v e l s of arthropod fragments of 
1 5C/ f o r the f i r s t h a l f of June. This value was more than 
f i f t e e n times t h a t of the a d u l t droppings, which were 
n e g l i g i b l e a t t h i s s i t e . The l e v e l s of arthropod fragments 
i n chick droppings declined r a p i d l y i n the second h a l f of 
June, t o reach Of by e a r l y J u l y . 

The l e v e l s o f arthropod fragments i n chick droppings 
were very much higher than those of the a d u l t s a t a l l f o u r 
s i t e s . A p a t t e r n s i m i l a r t o t h a t o f the l e v e l s of 
arthropod fragments i n a d u l t droppings emerged; w i t h the 
l e v e l s h i g h e s t a t Bogend and V.'askerley-and lowest a t 
Kuggleswick Low. 
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V I I I . The v e g e t a t i o n a l components i n the d i e t of the 
red grouse (Appendix 3 ) . 

Table 3 summarises the Calluna data a t the f o u r 
s i t e s . 

( i ) . Bogend 
The d i e t o f the red grouse a t Boger.d was 

supplemented by E r i ophorum, Folytrichum and small 
amounts of J. sq/arrosus, which was talc en i n l a t e June / 
and i n August. Vaccinium was: absent from- the droppings. 

( i i ) . . Huggleswick High 
J. sauarrosus was present i n the 
/ P droppings on txtfo occajsions; i n mid June and in: mid v ) 

August. The l e v e l s of Calluna remained very steady 
throughout the summer. 

( i i i ) . Washerley 
During mid June, the d i e t was supplemented 
' * I 

by s i g n i f i c a n t amounts of Polvtrichum. J. sgjarrosus formed r ~ 
A *̂  

a l a r g e r p a r t o f the d i e t a t t h i s s i t e than a t any of the 
others and i n August, i t s value rose t o 557^, causing 
the Calluna value t o f a l l t o 35£. 

( i v ) . Muggleswick Low 
J. squarrosus appeared i n the. droppings 

i n mid A.ugust, where i t formed a l a r g e p a r t o f them. 
Eri.ophorum was present i n small amounts, <15?, d u r i n g T'ay. 
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This was replaced by Vaocinivm and P o l y t r j chum i n June 
and J u l y . 

The d i f f e r e n c e s i n the amounts o f supplementary 
pl a n t s eaten a t the f o u r s i t e s , r e f l e c t the v e g e t a t i o n a l 
compositions of the areas. The wetter s i t e s , Waskerley 
and Bogend, support more Juncus sauarrosus and 
Er.iophorum than the d r i e r Kuggleswick s i t e s . 



Table 3. 

Sit e 5?' Calluna and 
Erica i n ITay, 

f. Calluna: and 
Erica i n J u l y 

Main 
supplementary 

June & J u l y 
1 979 

1979 pl a n t s 

Bogend 82 84 Polytrichum 
Eriophorum 

Muggleswick 86 85 P o l y t r i chum 
^ O ~ ~ 

Waskerley 81 1 35 -Po I v t r i c h u m Waskerley 
J. squarrosus 

Muggleswick 
Low 

• j 

87 68 Polytrichum 
Vaccir rium 
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D I S C U S S I O N 

The controversy which has a r i s e n concerning "the 
r o l e of arthropods i n the d i e t o f the red grouse can be 
explained when the type of moor on which the st u d i e s 
were made, i s taken i n t o account. From the r e s u l t s of 

t h i s study, i t has become apparent t h a t the r o l e o f 
arthropods i n the d i e t v a r i e s w i d e l y i n d j f f e r e n t 
environmental c o n d i t i o n s . 

The l e v e l o f arthropod fragments i n droppings 
c o l l e c t e d from low, (< 350m ) dry moors was. n e g l i g i b l e 
I n c o n t r a s t t o t h i s , the droppings c o l l e c t e d from h i g h , 
( > 350m ) blanket bog moors, contained very much hjgher 
l e v e l s o f arthropod fragments. On high a l t i t u d e moors 
where the co n d i t i o n s are cold„and wet, such as Bogend 
and B o l l i h o p e Common, l e v e l s of ̂ 1 0 ^ o f the items 
counted i n a d u l t droppings were i d e n t i f i e d as arthropod 
fragments. This c o n t r a s t s sharply w i t h the c o n d i t i o n s of 
the low, dry moors, such as Kuggleswick low and the s i t e s 
i n the F o r t h York Moors, where the l e v e l s of arthropod 
fragments d i d not exceed 1 f . 

From the i d e n t i f i c a t i o n o f arthropod fragments 
i n red grouse droppings, i t would appear t h a t adult, t i p u l i d s , 
c a t e r p i l l a r s , weevils and carabid beetles are f r e q u e n t l y 
eaten. The co l d , wet c o n d i t i o n s of high a l t i t u d e blanket 
bog favour the s u r v i v a l of the T i p u l i d a e . The eggs and 
young l a r v a e of many species of t i p u l j d s are very 
s u s c e p t i b l e t o dessicat:'on, consequently on dry moors, 
t h e i r d i s t r i b u t i o n i s r e s t r i c t e d t o any l o c a l i s e d wet 
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areas. At Moor House, s i x t y six. species- of t i p u l i d s have 
been found, some of which occur a t high d e n s i t i e s , 

(Coulson 1959)• Molophilous a t e r , a small c r a n e f l y , occurs 
2 

a t l a r v a l d e n s i t i e s of 1000-3000 per m over most of the 
blanket bog. Both sexes of t h i s c r a n e f l y have only 
v e s t i g i a l wings and are t h e r e f o r e unable t o f l y and move 
by c r a w l i n g slowly through the v e g e t a t i o n . The other 
arthropods taken f r e q u e n t l y by the red grouse; weevils, 
carabid beetles and c a t e r p i l l a r s , are also slow-moving 
and hence easier t o catch than many other groups o f the 
D i p t e r a . which are winged and stro n g f l i e r s , 

wnen tne l e v e l s or arthropod fragments i n the 
droppings c o l l e c t e d from Bogend i n t h i s study are 
compared t o the f i g u r e s given by B u t t e r f i e l d and Coulson 
( 1 9 7 5 ) , the f i g u r e s i n t h i s study are n o t i c e a b l y lower. 
I n some of the droppings ( 3 ? Q »collected i n 1974 a t 
Bogend, arthropod fragments formed over 505' of the items 
counted. None of the droppings examined i n t h i s study 
contained >357 of arthropod fragments. The d i f f e r e n c e i n 
the values between the two studies can be explained when 
the numbers o f i n s e c t s caught i n the p i t f a l l t r a p s are 
examined. At the peak emergence of the t i p u l i d s i n June 
at Bogend i n 1970, a weekly catch from t e n p i t f a l l s was 
50 - 60 t i p u l i d s . I n t h i s study, d u r i n g the peak emergence 
of the t i p u l i d s , the highest number caught in-one week i n 
ten p i t f a l l s was 13 . The low number of t i p u l i d s i s a 
r e s u l t o f the very severe w i n t e r of 1 9 7 8 / 7 9 f i n which 
the snow cover extended i n t o Kay. I t i s l i k e l y t h a t the 
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numbers i n other i n s e c t groups have s i m i l a r l y been 
reduced. 

B u t t e r f i e l d and Coulson ( 1975 ) r e p o r t e d t h a t no 
l a r v a l or pupal remains were found i n droppings collected., 
i n 1974. Tn t h i s study, c a t e r p i l l a r remains were 
f r e q u e n t l y found i n both a d u l t and chick droppings, 
p a r t i c u l a r l y i n the second h a l f o f June and e a r l y J u l y . 
Tn years o f h i g h t i p u l i d numbers, the red grouse may not 
take c a t e r p i l l a r s however, i n a year when t i p u l i d 
numbers are severely reduced, the c a t e r p i l l a r may serve 
as an a d d i t i o n a l source of n u t r i t i o n , 

When the l e v e l s of the a v a i l a b l e biomass of 
arthropods are compared a t the f o u r s i t e s , a p a t t e r n . 
s i m i l a r to t h a t o f the l e v e l s of arthropod fragments i n 
droppings a t the f o u r s i t e s , emerges. The a v a i l a b l e 
biomass was highest a t Bogend and "askerley, both s i t e s 
where the c o l d , wet c o n d i t i o n s favour the s u r v i v a l of 
t i p u l i d s . The biomass l e v e l a t liuggleswick High was 
intermediate between Iluggleswick Low and Bogend and 
V/askerley. 

Although the i'luggleswick High s i t e i s s i t u a t e d a t 
a higher a l t i t u d e and has a higher s o i l moisture content 
than the main area a t V/askerley, the wet f l u s h e s a t the 
l a t t e r s i t e have a very high s o i l moisture content and 
are probably the main source of arthropods a t the s i t e . 
During June, a d u l t and chick droppings were more f r e q u e n t l y 
found around the wet fl u s h e s than on the main Calluna 
area. This suggests, as has p r e v i o u s l y been proposed, 



t h a t the a d u l t s . take the chicks t o feed i n the wet flushes 
whore they f i n d a l o c a l abundance of arthropods. The 
movement o f f the main Calluna area to the area of 
standing pools of water, was a l s o n o t i c e a b l e a t the 
I'uggleswick High s i t e d u r i n g June. I t i s apparent t h a t 
the wetness of an area, even when a t a lower a l t i t u d e , 
can a f f e c t the l e v e l s of arthropods eaten. 

The l e v e l o f a v a i l a b l e biomass was lowest a t 
Fuggleswick Low, where the dry c o n d i t i o n s do not favour 
the s u r v i v a l of t i p u l i d s . These dry, low a l t i t u d e areas 
were the types o f moor on which the s t u d i e s o f . t h e e a r l i e r 
workers x/ere c a r r i e d out. From the data obtained i n t h i s 
study, the a v a i l a b l e biomass of arthropod food.would be 
expected t o be low on such areas and t h i s explains why 
the r e p o r t s have contained no mention o f any arthropod . 
component i n the d i e t o f the red grouse. 

The r e l a t i o n s h i p between a v a i l a b l e arthropod 
biomass and the l e v e l o f arthropod fragments i n droppings 
shows two d i s t i n c t phases. F i r s t l y i n V.ay and June, the 
l e v e l s of arthropod fragments rose as more biomass became 
a v a i l a b l e . Secondly, i n J u l y and August, although the 
biomass was a v a i l a b l e , the grouse stopped e a t i n g 
arthropods a t Muggleswick Low and a t the other s i t e s , 
arthropod fragments were present i n droppings o n l y a t very 
low l e v e l s . 

The l e v e l s o f arthropod fragments i n chick 
droppings are .very much higher than the a d u l t l e v e l s 
a t a l l f o u r s i t e s . The arthropods taken by the chicks 
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were s i m i l a r t o those eaten by a d u l t s ; slow-moving 
arthropods such as c a t e r p i l l a r s , weevils and t i p u l i d s . 
Beetle fragments, i n p a r t i c u l a r chrysomelid b e e t l e s , were 
f r e q u e n t l y present i n chick droppings. The small, i n a c t i v e 
c r a n e f l y , Molophilous a t e r i s e a s i l y caught by the chicks 
and the peak emergence of t h i s t i p u l i d i n e a r l y June, as 
w e l l as the emergence of Ti p u l a subnodicornis i n l a t e Hay, 
coincides w i t h the period of ha t c h i n g and maximum growth 
of the red grouse chicks. As the chicks grew o l d e r , the 
p r o p o r t i o n of arthropod fragments i n t h e i r droppings 
decreased. The decrease coincided w i t h the pe r i o d when the 
b i r d s oegan TO move back from the wet flu s h e s onto the 
main Calluna area i n Jul y . 

Animal food i s a r i c h e r source of most v i t a m i n s , 
e s p e c i a l l y V i t . B 12 which i s e s s e n t i a l f o r growth, than 
p l a n t m a t e r i a l (Bolton 1963). Arthropods could be e s p e c i a l l y 
important f o r very young chicks because the caecum, which 
i s thought t o be the s i t e of v i t a m i n s y n t h e s i s , does not 
f u n c t i o n d u r i n g the f i r s t few days of l i f e . 

Previous s t u d i e s on red grouse populations have 
i n d i c a t e d t h a t : numbers are r e l a t e d t o the amount o f food 
present ( M i l l e r , Jenkins and V/atson 1 966), and t h a t 
experimental changes i n t h e i r food can increase breeding 
d e n s i t y i n the s p r i n g and t h e i r breeding success i n the 
summer ( M i l l e r , V.'atson and Jenkins 1970). S u p e r f i c i a l l y , 
the red grouse may appear t o have a vast excess of food 
a v a i l a b l e , however they are h i g h l y s e l e c t i v e feeders, 
e s p e c i a l l y f o r n i t r o g e n and phosphorus ( M i l l e r 1968, 
Moss 1972). Arthropods are a very r i c h source o f these 
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elements. 
The main disadvantage of f a e c a l a n a l y s i s i s the 

tendency to underrate the importance of the more e a s i l y 
digested foods. The major p a r t of t h e "bodies of i n s e c t s 
such as t i p u l i d s and c a t e r p i l l a r s i s digested completely 
and only the h e a v i l y c u t i c u l a r i s e d p a r t s of the animal 
appear i n the faeces. The d i g e s t i b i l i t y of animal p r o t e i n 
i s u s u a l l y much higher than p r o t e i n i n p l a n t s (Bolton 1963). 
An average value f o r the d i g e s t i o n of animal p r o t e i n 
derived from Bolton's f i g u r e s i s 87% whereas the highest 
value obtained by Koss and Parkinson (1972), f o r the 
d i g c c t i c n c f hcathci' pro L c i u ~uy a.dulL red grouse i n s p r i n g 
was 48f. Animal p r o t e i n contains a balance of e s s e n t i a l 

amino acids which i s c l o s e r t o the optimum f o r growing 
chicks than most vegetable p r o t e i n s (Bolton 1963). The-
concentrations o f some of the amino acids i n the p r o t e i n 
of heather shoots are below these optimum con c e n t r a t i o n s . 

Not only i s the d i g e s t i b i l i t y o f animal p r o t e i n 
higher than t h a t of p l a n t s , but the concentrations of 
c e r t a i n elements, eg. n i t r o g e n and phosphorus, are a l s o , 
higher. V/hen compared w i t h the composition of Calluna shoots 
the t i p u l i d s have appreciably higher concentrations o f 
both elements ( B u t t e r f i e l d and Coulson 1975). For example, 

• 

T i p u l a subnodicornis has nine times more n i t r o g e n , seven 
times more phosphorus, s i x times more sodium and n e a r l y 
twice as much potassium, weight f o r weight, than Calluna 
shoots. The d i f f e r e n c e s between Molophilous a t e r and Calluna 
e s p e c i a l l y i n the case of n i t r o g e n are also appreciable. 
I n general, moorland i n v e r t e b r a t e s have markedly higher 
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i 

l e v e l s of potassium and n i t r o g e n than moorland p l a n t s . 
(Coulson and 'vhittalcer 1 9 7 5 ) . Arthropods t h e r e f o r e 
represent important sources of these n u t r i e n t s , p a r t i c u l a r l y 
when the concentrations o f these are low i n most 
moorland p l a n t s . 

Moss ( 1 9 7 2 ) , showed t h a t red grouse s e l e c t h i g h l y 
f o r n i t r o g e n and phosphorus and t h a t these elements appear 
t o "be the main l i m i t i n g elements i n the b i r d ' s heather d i e t . 
Savory ( 1 9 7 5 ) , also found t h a t the red grouse sel e c t e d 
heather w i t h a r e l a t i v e l y high c o n c e n t r a t i o n of n i t r o g e n 
and phosphorus, compared w i t h the a v a i l a b l e heather. 

W h i l s t the f i r s t emergence of t i p u l i d s u s u a l l y occurs 
d u r i n g egg l a y i n g i n the red grouse, the peak of emergence 
comes a f t e r most clutches have been completed. T i p u l i d s 
are t h e r e f o r e u n l i k e l y t o be of much importance i n determining 
the q u a l i t y of the eggs. Savory ( 1 9 7 5 ) , found t h a t i n 
ca p t i v e red grouse, the t o t a l weight of eggs l a i d was 
s i g n i f i c a n t l y r e l a t e d t o the amount of food eaten before 
l a y i n g but not t o food i n t a k e d u r i n g l a y i n g . The r a t e of 
production of eggs however was rela.ted t o the amount o f . 
food eaten d u r i n g as w e l l as before l a y i n g . 

The arthropod component in. the d i e t could however, 
play an important p a r t i n the replacement of n u t r i e n t s used 
i n egg production and i n m a i n t a i n i n g the h e a l t h o f the 
grouse. Arthropods are eaten d u r i n g the period when the 
b i r d s moult, a t t h i s time the b i r d s s h e l t e r i n the t a l l e r 
heather which i s ol d e r and le s s n u t r i t i o u s . Arthropods are 
a concentrated source of n u t r i e n t s d u r i n g t h i s p e r i o d . 
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The arthropods also form an important part of the 
die t of the red grouse chicks which eat them i n much 
larger quantities than the adult birds. 

• A fu r t h u r study i s required to investigate the 
n u t r i t i o n a l value 'of the arthropods i n comparison to_ that 
of the vegetational component i n the d i e t . The role of 
nitrogen, potassium and calcium i n p a r t i c u l a r sho\ild be 
examined with regard to t h e i r role i n maintaining the 
health of the red grouse. 

In conclusion, the importance of the arthropod 
( j u i u j j u u e n i i n the diex or tne red grouse, depends on the 
type of moor on which the birds are feeding. On the low, 
dry moors, the kind of arthropods which are taken by the 
red grouse are l i k e l y to be low i n numbers and consequently 
the arthropod coirrponent i n the d i e t i s n e g l i g i b l e . This 
i s the r e s u l t reported i n the e a r l i e r studies on the low, 
dry moors of north-east Scotland. In contrast to t h i s , 
high a l t i t u d e blanket bog supports large populations of 
t i p u l i d s ; these and other slow-moving insects are suitable 
prey f o r the red grouse and represent an important source 
of n u t r i e n t s , especially phosphorus and nitrogen. This i s 
the r e s u l t reported by B u t t e r f i e l d and Coulson ( 1 9 7 5 ) , f o r 
Bogend. A range of intermediate values exists between the 
extremes^ of high a l t i t u d e blanket bog and the low, dry 
Calluna moors. The rol e o f arthropods i n the d i e t of the 
red grouse therefore depends on the regional differences 
i n the abundance of suitable arthropod prey. 



S U M M A R Y 

From previous studies, the djet of the adult red 
grouse, Lapxipus la/go pus scoticus, i s considered to 
be.composed of 70 - 90# Calluna f o r the greater 
part of the yearj the value f o r Calluna i n t h i s _ 
study f e l l w i t h i n t h i s range. 

The di e t i s on occasion supplemented with other 
material. A controversy has arisen concerning the 
role of arthropods i n the d i e t . The c o n f l i c t i n g 
reports were carried out on d i f f e r e n t types of moors; 
±lxcjlly l o w , dx\y u i o u - i / a , w h e r e the arthropod component 
i n the diet was found to be n e g l i g i b l e and secondly 
high a l t i t u d e blanket bog where the arthropod 
component formed i n 3# of the cases over h a l f of the 
items examined i n the droppings. 

During the summer of 1979, the d i e t of the red grouse 
was examined by faecal analysis at four sites at 
d i f f e r e n t a l t i t u d e s and environmental conditions, 
ranging from 280 - 550m. Adult and chick droppings 
were examined f o r arthropod remains. A measure of 
arthropod abundance was made at each s i t e using 
p i t f a l l traps. 

The arthropods taken by adults and chicks were the 
slow-moving groups; t i p u l i d s , carabid beetles, weevils 
and lepidopteran larvae. The biomass of such groups 
was found to be higher on the high a l t i t u d e and wet 



site3 than on the low dry moors. 

5. Droppings were collected on one occa^'sion from y 

a d d i t i o n a l sites over an a l t i t u d e range. The levels 
of arthropod, fragments i n adult droppings from high 
moors ( >350m) were s i g n i f i c a n t l y higher than the 
corresponding levels from the low, dry moors (< 350m). 
( X x= U, p< 0.001 ) 
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 
available biomass and the levels of arthropod fragments 
found i n adult droppings during May and June, 
( r = 0.830, p< 0.01 ), but not during July and August 
when the levels of arthropod fragments i n the droppings 
remained low. 

6. The levels of arthropod fragments i n chick droppings 
were very much higher than those i n the adults. At the 
peak of arthropod fragments i n chick droppings, the 
values were between f i v e and f i f t e e n times higher 
than the adult values. The levels i n the chick 
droppings declined a f t e r the f i r s t few weeks of l i f e . 

7. Arthropods have higher levels of nitrogen, potassium 
and calcium than moorland plants and represent a 
concentrated source of these n u t r i e n t s to red grouse on 
high a l t i t u d e areas of blanket bog. 
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APPENDIX I I 

Bogend.Pitfall Data. 

CTi 
c-

Date 
[A 

CO 
CM 
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6.
79
 

.6
.7
9 

.6
.7
9 en 

VD 
f-• f4.

8.,
1 

6.
6.
79
 

CM CO 
C\J 

L 
* 

m 
1 

i > 

Spiders 37 82 95 185: 119 T25 32 
Harvestmen 0 0 2" 8 4 T4 30 
Hemiptera 8 8 H 2 5 2 0 
Staphylinids- 1 2 3 4 6 7 7 1 
Staphylinids 2 2 0 0 % 1 0 0 
Ow.T>a;Yn d f=r: \ 1 ^mm ) n & 4' K n 4 
Carabids 2(>1 5mm.) 0 2 2 r 1 i 0 
Other "beetles 0 T 0 0 0 4 0 
Beetle larvae 0 0 0 T 1 0 T 
Dipt era1 1 U 10mm) 570 171 19 12 18 5 6 
Dipt era 2 (>10mm) 10 13 9 11 36 95 4 
Diptera 3 * • 0 6 13 3 3 5 0 
Dipteran larvae 0 0 0 1 0 0 0 
Hymenoptera 53 53 21 39 25 25 10 
Weevils 0 0 0 0 0 0 0 
Lepidoptera 0 0 0 0 0 0 1 
Orthoptera 0 0 0 0 4 25 11 . 
Lepidopteran 0 r 0 0 0 2 0 

larvae 

* Tjpulids 
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T-luggleswick High P i t f a l l Data. 

• CTi 
CM • • 
C\J • 1 • • 
VO a* • 

C\J 

r -
CTi • 

CO 

• • • • • • -̂o • 1 
CM CM 

Spiders 23 23 
Harvestmen 0 0 
Hemiptera 5 9 

•3. A 
~r 

Staphylinids 2 0 T 
Carabids 1415mm 3 T 
Carabids 2 >15mm 0 0 
Other beetles 0 1 

Beetle larvae 0 T 
Diptera 1 £ 10mm 13 35 
Diptera 2 >10mm 1 2 
Diptera 3 * 0 0 
Dipteran larvae 0 0 
Hymenoptera 4 16 
Weevils 1 0 
Lepidoptera 0 1 
Orthoptera 0 • 0 
Lepidopteran 0 1 

larvae 
Plecoptera 0 0 

23 73 51 48 69 1 2 
1 : 4 15 37 33 3 

10 6 7 2 3 1 
' A' 
~\~ 

1 tr 
• s 

21 A 

0 0 0 0 1 0 
6 T6 10 6 18 7 
4 18 18 T 3 5 
0 0 3 0 0 . 0 
2 3 4 3 3 0 

83 54 22 45 45 30 
0 /»• 

0 3 16 37 1 
0 0 0 0 3 T 
1 1 1 0 0 0 

13 17 8 4 1 2 14 
0 0 0 0 T . 1 
3 1 3 2 1 0 

. 0 0 0 0 1 8 
T 1 0 0 1 1 

0 0 0 1 0 0 

* Tipulids 



V/askerley P i t f a l l Data. 

• cy> • • o c- CO 
CM • « • • CM • v o v o • 1 • • • • v o « [ O o VO • ! 

CM CM CM 

Spiders 21 14 3T 130 156 55 87 1 1 
Harvestmen r 0 0 4 7 3 7 21 
Hemiptera 5 '17 T9 11 11 T1 6 6 
Staphylinids V o n 8 T1 9 13 5 7 1 1 
sxapnyliriids 2 0 r\ 

\-/ n •t r> 
Carabids 1 4 T5mni 2' 7 16 9 7 5 2 
Carabids 2 >15mm T T 2 9 12 4 2 3' 
Other beetles 0 1! 0 2 3 0 1 0 
Beetle larvae 0 T 3" T T 0 2 0 
Dipt era I'̂ iOmm 123 T54 116 71 48 41 53 28 
Diptera 2 > 1 Oram 3 T 7 9 6 3 6 13 
Diptera 3 * 0 0 4 3 4 2 20 1 
Dipteran larvae 0 0 0 0 0 0 0 0 
Hymenoptera- 3 13 T5 18 T2 11 12 65 
V/eevils 0 0 T 0 3 1 3 1 
Lepidoptera 0 0 0 0 1 1 0 0 
Orthoptera 0 3 o ; 0 1 17 12 
lepidopteran 0 0 4 0 0 1 t 

larvae 1 

Plecoptera 0 0 1 t 1 3 2 0 
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Muggleswick Low P i t f a l l Data. 
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t r ­

ITS CTi cr, ee • en cn • CM • • m • 
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| 
L f \ • 

t o 
• • 

cn « d • VD I 
• i 

CT-. CM CM CM 

f-Jpiciern 21 22 34 97 75 55 64 20 
Harvestmen 1 0 2 6 5 3 4 9 
Hemiptera 21 TO ' 24 16 11 4 T6 5 
Staphylinids T 3 2 0 13 2 1 3 3 
Staphylinids 2 0 1 0 0 0 0 0 0 
Carabids T ̂ 1.5mir 3 1 4 15 7 4 11 8 
Carabids 2 >1 5mir T 1 7 .16' 17 6 7 7 
Other beetles-. 0 0 1 2 0 1 4 0 
Beetle larvae 1 0 1 2 3 5 1 4 
Diptera 1 £ 1Omm 617 165 49 48 55 55 51 21 
Diptera 2>10mm 1 12 7 3 8 9 17 2 

Diptera 3 * 0 0 0 0 1 0 2 3 
Dipteran larvae 1 0 0 0. 1 0 0 1 

Hyraenoptera 30 66 64 97 45 39 46 17 
Weevils 0 1 7 17 3 1 6 0 
Lepidoptera 0 0 T 0 T 0 1 : o 

. Orthoptera 0 0 0 1 4 0 0. 5 
Plecoptera 0 0 0 0 0 1 t 0 
Lepidopteran 0 0 0 0 0 0 0 0 

larvae 

* Tipulids 
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