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INTRODUCTION 

The Fame I s l a n d s have been known as a breeding a r e a f o r 

s e a b i r d s s i n c e h i s t o r i c times, but the s c i e n t i f i c d e s c r i p t i o n 

of t h e i r v e r t e b r a t e fauna i s only j u s t beginning, w h i l s t the 

i n v e r t e b r a t e fauna i s almost unknown. The present study 

examines the ecology of a h i g h l y s p e c i a l i s e d i n s e c t 

(Necrophorus, C o l e o p t e r a ) , i n r e l a t i o n to the m o r t a l i t y during 

the breeding season of the a r c t i c t e r n , S t e r n a paradisaea Brttnn 

( S t e r n i d a e , A v e s ) , whose corpses form the main food source of 

the b e e t l e . 

Necrophorus are nocturnal b e e t l e s f l y i n g s t r o n g l y i n 

search of c a r r i o n which they bury and on which they feed t h e i r 

l a r v a e . The behaviour of Necrophorus was f i r s t s t u d i e d by 

Fabre (1919)> who described t h e i r b u r i a l a c t i v i t i e s and 

emphasised the co-operation which e x i s t s between i n d i v i d u a l 

b e e t l e s as they bury a corpse. P o r t e v i n (1926) described the 

taxonomy of the c a r r i o n b e e t l e s ( S i l p h i d a e ) but gave l i t t l e 

b i o l o g i c a l information. 

Pukowski (1933) described the behaviour of f i v e members 

of the genus Necrophorus i n d e t a i l , p o i n t i n g out that the 

i s o l a t i o n of a s i n g l e p a i r a t a corpse a r i s e s from i n t r a -

s p e c i f i c f i g h t i n g and not by co-operation as suggested by 

Fabre* Fukowski c a l l e d a t t e n t i o n to th e . _ s t r i d u l a t i o n of 

Necrophorus, and gives a graphic d e s c r i p t i o n of the predatory 

h a b i t s of hungry N. germanicus when confronted by Geotrupes. 

lUtNci - / ' 7 \ . 
^ / . u. mMiincfl II 



The b u r i a l behaviour was studied i n d e t a i l , and the work shows 

how the female b e e t l e feeds the l a r v a e during the f i r s t two 

i n s t a r s , often d r i v i n g the male from the chamber before the 

eggs hatch. A c e r t a i n amount of h a b i t a t s e p a r a t i o n occurs 

w i t h i n the genus, and d e t a i l s of the l i f e c y c l e s of the f i v e 

s p e c i e s are given. 

S i n c e the study by Pukowski, l i t t l e has been discovered 

about Necrophorus. A s e r i e s of short papers by various 

authors appeared i n Prance between 1946 and 1957 (Cantor.net, 

F., and L e c o r d i e r 1947» P a u l i a n , R., 1946, Roehrich, C , 1949> 

Theodorides, J . , 1950, 1952); and i n Germany (Von Lengerken 

1954). 

More r e c e n t l y a survey of c a r r i o n b e e t l e s was c a r r i e d out 

near Oxford (Moore 1955)» and E l t o n (1966) d i s c u s s e s the 

biology of Necrophorus i n general terms. E l t o n points out 

that Necrophorus are monopolists, making the best use of t h e i r 

resource by ensuring that no other animals share the resource, 

and by having a s o c i a l system which ensures that the resource 

i s f u l l y u t i l i s e d by themselves. Necrophorus are a l s o d i s ­

cussed by "fynne-Edwards (I962) who d i s c u s s e s them i n r e l a t i o n 

to property-tenure and i t s r e l a t i o n s h i p to d i s p e r s i o n and the 

s e c u r i n g of an optimum population d e n s i t y a t times of breeding. 

A q u a n t i t a t i v e study of the ecology of Necrophorus, p a r t i ­

c u l a r l y i n r e l a t i o n to i t s food supply, has been"lacking. 

http://Cantor.net
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The present work, c a r r i e d out on the Inn e r Fame, concurrently 

with the study of the a r c t i c t e r n , was designed to go some way 

towards f i l l i n g t h i s gap. The t e r n c o l o n i e s of the Fame 

I s l a n d s are remarkable i n that four s p e c i e s of t e r n s , a r c t i c , 

common ( S t e r n a hirundo L.)» roseate ( S t e r n a d o n g a l l i , Mont.) 

and sandwich ( S t e r n a ( T h a l a s s e u s ) s a n d v i c e n s i s L a t h . ) , nest i n 

cl o s e proximity. The a r c t i c t e r n i s the most numerous s p e c i e s , 

here almost at the southern l i m i t of i t s breeding range. 

About 4,000 p a i r s of" a r c t i c t e r n s breed annually, yet very 

l i t t l e i s known of t h e i r breeding biology. I n North America 

the huge t e r n colonies of Cape Cod have been studied by Au s t i n 

(1945)» who concentrated on the biology of the common t e r n . 

The behaviour of the common t e r n has been studied by Palmer, 

(1941) and although much of t h i s work i s a p p l i c a b l e to the 

a r c t i c t e r n , the only worker to study the l a t t e r s p e c i e s was 

Hawksley (1950), who studied t h e i r breeding biology on Machias 

I s l a n d , New Brunswick. 

I n Europe, Marples and Marples (1920) i n v e s t i g a t e d the 

behaviour and general biology of the terns breeding i n the 

B r i t i s h I s l e s , and gave information on the s t a t u s of t e r n 

c o l o n i e s i n t h i s country. More r e c e n t l y C u l l e n (1956) 

s t u d i e d the behaviour of the a r c t i c t e r n on the Fame I s l a n d s , 

and Burton & Thurston (1959) reported on the breeding of the 

a r c t i c t e r n i n Spitzbergen. B e l o p o l s k i i ( I 9 6 I ) gives i n f o r -
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mation on the biology of a r c t i c t e r n s i n high l a t i t u d e s , but 

s i m i l a r information f o r the B r i t i s h I s l e s i s l a c k i n g . 

On the Farne I s l a n d s the a r c t i c t e r n breeds on the beaches 

and i n vegetation c l o s e to the s e a . The Inner Farne colony 

was described by Bullough (1942) but has d o u b l e d an size., 

and now almost 1,500 p a i r s of a r c t i c t e r n s breed a n n u a l l y . 

The colony has spread considerably and b i r d s now breed amongst 

t a l l vegetation on the f l a t top of the i s l a n d . 



STUDY AREAS 
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STUDY AREAS 

The Farne I s l a n d s are a group of rocky i s l a n d s s i t u a t e d 

o f f the north Northumberland coast (National G r i d Reference 

NTJ 220360). They represent the most e a s t e r l y extension of the 

Yfhin S i l l , and are composed almost e x c l u s i v e l y of whin (quartz 

d o l e r i t e ) which dips g r a d u a l l y n o r t h - e a s t . The angle of dip 

r e s u l t s i n low sea c l i f f s being formed on the south and west 

s i d e s of the i s l a n d s . The highest point ( I n n e r Farne) i s 60 

f e e t above O.D. There are between 13 and 20 i s l a n d s i n the 

group, depending on the s t a t e of the t i d e s , but only nine of 

these are covered with s o i l and support v e g e t a t i o n . The 

l a r g e s t i s l a n d , the Inner Farne, was used i n the present study, 

and l i e s l-§- miles from the mainland (F i g u r e l ) . 

The Farne I s l a n d s have not been colonised by ground 

predators r e c e n t l y and have supported l a r g e c o l o n i e s 

of s e a - b i r d s f o r many y e a r s . Two i s l a n d s , Inner Farne and 

Brownsman, support breeding c o l o n i e s of t e r n s , although tern s 

have bred i n the past on Longstone End, Knoxes Reef and West 

wideopens ( P l a t e l ) . V i s i t o r s to the In n e r Farne are not 

allowed i n t o the t e r n colony, and landing on Brownsman i s 

normally p r o h i b i t e d . 

The I n n e r Fame was chosen f o r t h i s study as being the 

only i s l a n d , with l i v i n g f a c i l i t i e s , having a large population 

of both burying b e e t l e s and t e r n s . The i s l a n d has an ar e a of 

about 6.4 h e c t a r e s , 2.0 he c t a r e s of which are covered with s o i l 

or v e g etation, the r e s t i s bare rock. The i s l a n d supports a 



Plate I 

The Inner Faroe, looking north towards the Tower. 
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mixed colony of a r c t i c , roseate and common t e r n s , which breed 

most densely on the s h i n g l e beach and sandy cove of the north­

e a s t s i d e ( F i g . l ) . 

Two areas of the Inner Fame were chosen f o r d e t a i l e d 

study of the terns and these are described below. Information 

from other areas was used f o r comparative purposes* 

S t . Cuthberts Cove, Figure 1 

The Cove i s an area of s h e l v i n g sandy beach, measuring 

approximately 40 x 16 metres a t high t i d e . The a r e a i s bounded 

to the south and west by a steep and t h i c k l y vegetated bank, to 

the north-west by a steep rocky outcrop and a path, and to the 

north-east by the sea and a concrete landing s t a g e . The 

boundary to the south-east of the Cove was a r b i t r a r i l y defined 

as where the sand l e f t the rock uncovered. On the a r e a , devoid 

of vegetation except f o r s c a t t e r e d clumps of S i l e n e maritima 

With., about 200 p a i r s of S. paradisaea nested a n n u a l l y . 

Gut Garden, Figure 1 

The Gut Garden i s a small enclosure north of the tower. 

The a r e a i s bounded by the l i m i t of vegetation round i t s north 

and north-west perimeter, by a high ( 2 m ) stone w a l l to the 

south and south-east, and by the deep f i s s u r e , S t . Cuthberts 

Gut, to the west and south-west. 

The Gut Garden measures 33 x 33 m, and i s t h i c k l y vegetated. 



F i g u r e 1 A map of the Inner Fame, showing the t e r n study-

areas and the areas used i n the study of the 

d i s t r i b u t i o n of Necrophorus 
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F i g u r e 2 A map of Inner Fame, showing the g r i d of t r a p s 

l a i d down across the i s l a n d . The t r a p s were 

s i t u a t e d at " i n t e r v a l s of 20 m along each g r i d 

l i n e , and are represented by short dashes at 

r i g h t angles to each g r i d l i n e 



f ig.2 

INNER FARNE SHOWING THE 
TRAPPING GRID 

\ 
9 
o 

6 

300 
I FEET 8 



7 

The dominant plant i s S. maritima, which grows here i n 

l u x u r i a n t clumps, covering much of the ground. Between and 

beneath these clumps of vegetation, approximately 120 p a i r s of 

S. paradisaea. and 17 p a i r s of S. hirundo breed annually* 

The b e e t l e s were stu d i e d i n r e l a t i o n to the whole of the 

Inner Fame, and traps were l a i d i n a g r i d p a t t e r n over a l l the 

vegetated areas ( F i g * 2 ) . 



I l l THE BIOLOGY OF NECROPHORUS: METHODS 
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THE BIOLOGY OP NECR0PH0RU5 

Taxonomy-

Two s p e c i e s of Necrophorus occur on the Fame I s l a n d s . 

They are N. humator 01, a large (18-28 mm l e n g t h ) , black s p e c i e s , 

and N. i n v e s t i g a t o r Z e t t , a medium (13-20 mm length) s p e c i e s , 

black, with four prominent orange marks on the e l y t r a . 

At the beginning of the study, d i f f i c u l t y was experienced 

i n u s i n g the a v a i l a b l e taxonomic keys to the genus* Accordingly 

a short dichotomous key was prepared, combining the c h a r a c t e r s 

given by P o r t e v i n (1926), Joy (1932) and Crowson (1950). The 

key i s reproduced on p.9. 

A r e l i a b l e and r a p i d method of sexing N. humator and N. 

i n v e s t i g a t o r i n the f i e l d was r e q u i r e d . The method described 

by P o r t e v i n (1926), u t i l i s i n g the shape of the c l y p e a l membrane, 

was s a t i s f a c t o r y f o r both N. i n v e s t i g a t o r and N. humator. 

Using forceps, each b e e t l e was oriented so as to be head-on to 

the observer. I n both s p e c i e s the c l y p e a l membrane was orange, 

i n the males l a r g e and campaniform, and i n the females narrow 

and s u b t r i a n g u l a r . These d i f f e r e n c e s are i l l u s t r a t e d i n 

F i g . 3-

Treatment of Observations 

The data have been divided i n t o three s e c t i o n s , 

( l ) The f i r s t sse-t-i-en deals•-ma-i-n-l-y w-i-t-h--the r e s u l t * . £r.om. the 

f i e l d study. Data from laborat o r y d i s s e c t i o n s of a d u l t s 



F i g u r e 3 A diagrammatic r e p r e s e n t a t i o n of the head 

views of N. i n v e s t i g a t o r , to show the method 

of sexual d i s t i n c t i o n . The membranous 

emargination of the clypens which provides 

the major means of r e c o g n i t i o n i s shown i n 

s o l i d b l a c k . The s c a l e i s approximately 100 

x l i f e s i z e . 



N. investigator: head view to show 

sexual features 

male 
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Key to the B r i t i s h Necrophoridae, ( C o l . S i l p h i d a e ) 

1. Antennae s l i g h t l y clubbed, f r o n t t i b i a e simple ... 

... Necrodes l i t t o r a l i s 

Antennae s t r o n g l y clubbed, front t i b i a e with a 

strong tooth towards the apex ... Necrophorus ... 2 

2 . Colour e n t i r e l y black ... ... • • • 3 

Colour black with two t r a n s v e r s e r e d d i s h bands 

across e l y t r a ... ... 4 

3 . Club of antennae black, very lar g e (25-32 nun) 

... N. germanicus 

Club of antennae reddish-brown ... N. humator 

4. Club of antennae black ... N. v e s p i l l o i d e s 

Club of antennae reddish-brown ... ... 5 

5. Thorax with yellow pubescence ... ... 6 

Thorax glabrous ... ... 7 

6 . Hind t i b i a e s t r a i g h t , t h o r a c i c pubescence 

on a l l margins ... N. v e s t i g a t o r 

Hind t i b i a e s t r o n g l y turned inward near apex, 

t h o r a c i c pubescence at s i d e s and base but 

o c c a s i o n a l l y near middle of hind margin ... N. v e s p i l l o 

7. A n t e r i o r coloured mark continued acro s s both 

e l y t r a ... W. i n v e s t i g a t o r 

A n t e r i o r coloured mark divided a t suture as 

p o s t e r i o r mark ... N. i n t e r r u p t u s 
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caught i n the f i e l d are a l s o presented i n t h i s s e c t i o n , as 

these data c l a r i f y the r e s u l t s obtained by p i t f a l l t rapping. 

(2) The second s e c t i o n presents data concerning the c u l t u r i n g 

of b e e t l e s i n the laboratory, and r e l a t e s these data to the 

f i e l d r e s u l t s . Some aspects of the behaviour of Necrophoaus 

are examined. 

(5) The t h i r d s e c t i o n deals with the r e l a t i o n s h i p between 

Necrophorus and t h e i r a s s o c i a t e d fauna of A c a r i n a , with the 

r e s u l t s of experiments conducted i n the l a b o r a t o r y . 

The F i e l d Study 

Methods 

a. Trapping 

Adult Necrophorus were caught u s i n g b a i t e d p i t f a l l t r a p s . 

Each t r a p c o n s i s t e d of a 1 l b . jam j a r (11.5 cm high, 6.5 cm 

diameter a t the mouth), sunk i n t o the ground with the rim f l u s h 

with the s u r f a c e . The traps were normally b a i t e d with sheep 

lungs which had the advantages of being cheap, e a s i l y cut i n t o 

s t a n d a r d - s i z e pieces and was as a t t r a c t i v e as other meat. 

Between 20-30 g of meat were used i n each t r a p . 

The e f f e c t i v e n e s s of the b a i t diminished with time, and 

r e - b a i t i n g was necessary about once a week. Traps were r e -

baited with meat which had been kept warm and moist f o r two 

days. 
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No p r e s e r v a t i v e or k i l l i n g agent was added to the t r a p s , 

which were kept dry by a ^ shaped roof of aluminium. The 

t r a p s were s i t e d i n r e l a t i o n to the g r i d (see "below) and no 

a t t e n t i o n was paid to v e g e t a t i o n a l boundaries. 

b. The g r i d 

A g r i d system was constructed with major l i n e s running 

NE-SYf over Inner Fame ( F i g . 2 ) . P i t f a l l t r a p s were placed 

a t 20 m i n t e r v a l s on each l i n e and were marked with a bamboo 

cane and a peg bearing the trap c o - o r d i n a t e s . I t was estimated 

t h a t Necrophorus emerging i n the evening were never more than 

14 m from an a t t r a c t i v e source of c a r r i o n . Danzer (1956) 

showed that Geotrupes s t e r c o r a r i u s detect faeces from at l e a s t 

10 m i n a s l i g h t breeze, and Necrophorus may detect c a r r i o n a t 

the same d i s t a n c e , and a l s o c a r r i o n buried to 15 cm i n sand 

(Abbott 1927). 

However, a source of e r r o r , the e f f e c t of which i t was 

d i f f i c u l t to estimate a c c u r a t e l y , was the presence of n a t u r a l l y 

o c c u r r i n g c a r r i o n . Some measure of t h i s was obtained by the 

recovery of i n d i v i d u a l l y marked b e e t l e s on c a r r i o n away from 

the t r a p s . 

c . Trapping i n t e r v a l s 

I t was found i m p r a c t i c a b l e to empty a l l the traps d a i l y 

during the f i e l d season, and to study the t e r n colony at the 
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same time. Consequently the traps were emptied at i n t e r v a l s 

of not l e s s than 7 days. 

d. Trapping procedure and marking technique 

I n I963> captured b e e t l e s that were a l i v e were r e l e a s e d 

a f t e r marking with a spot of c e l l u l o s e p a i n t . Dead b e e t l e s 

were preserved i n Pampel's f l u i d and subsequently d i s s e c t e d . 

I n 1964, l i v e b e e t l e s were c o l l e c t e d i n the morning and 

marked i n the f i e l d l a b o r a t o r y , u s i n g a branding technique. 

The marked b e e t l e s were kept i n buckets containing s o i l and 

vegetation and r e l e a s e d from a c e n t r a l point on the evening of 

t h e i r capture. Dead b e e t l e s were c o l l e c t e d and preserved as 

i n the previous y e a r . 

I n 1963» no recaptures were obtained, although 150 N. 

i n v e s t i g a t o r were marked on Inner Fame and experiments during 

the f i e l d season showed that t h i s r e s u l t e d from the b e e t l e s 

l o s i n g t h e i r marks. I n 1963» each b e e t l e r e c e i v e d a dot of 

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

prothorax or the femora. The l a b o r a t o r y experiments showed 

that paint spots, wherever a p p l i e d , only l a s t e d up to three 

days from a p p l i c a t i o n . At the end of t h i s time, the passage 

of the b e e t l e through the s o i l had completely abraded the 

p a i n t . A l t e r n a t i v e methods of permanently marking b e e t l e s 

were tried", but a r e l i a b l e lnethod: vra» not developed ian-t-i-1 the 

end of the 19&3 season. 
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The method f i n a l l y adopted was that of branding. The 

branding instrument c o n s i s t e d of a battery-operated gas l i g h t e r , 

from which the metal cap p r o t e c t i n g the filament had been 

removed. The exposed filament was uncoiled and bent i n t o a 

V-shape. The point of the V was then applied to the e l y t r a , 

and s m a l l burn marks produced. The periphery of the t h o r a c i c 

* s h i e l d was a l s o used and i n t h i s case the edges of the s h i e l d 

were nicked with the f i l a m e n t . A s i m i l a r but much improved 

and more s o p h i s t i c a t e d branding device has been described by 

Schotz C h r i s t e n s e n (1965). 

During the marking operation the b e e t l e s were h e l d i n 

forceps under a lens and the hot filament c a r e f u l l y a p p l i e d . 

The b e e t l e s died i f the filament pierced the hard p a r t s . A 

hand lens was necessary to d i s t i n g u i s h marks i n the f i e l d . 

The behaviour and s u r v i v a l of marked b e e t l e s i n the l a b o r a t o r y 

were i d e n t i c a l to unmarked c o n t r o l s . 

I t was found p r a c t i c a b l e to d i v i d e each e l y t r o n of N. 

humator i n t o three s e c t i o n s , and i n a d d i t i o n the p r o t h o r a c i c 

s h i e l d was divided i n t o q u a r t e r s . Each s e c t i o n could r e c e i v e 

four marks. The e l y t r a of N. i n v e s t i g a t o r could be d i v i d e d 

conveniently i n t o f i v e s m a l l e r s e c t i o n s , u t i l i s i n g the orange 

patches. Each s e c t i o n could r e c e i v e four marks, as i n N. 

humator. Figure 4 shows the marking notation as used on 

K. i n v e s t i g a t o r . 



F i g u r e \ A diagram of the marking notation used f o r 

the mark and recapture study of NecrophoruB 

on I n n e r Fame. The l e f t hand s i d e of the 

be e t l e was divided i n a s i m i l a r way to the 

r i g h t hand s i d e , but only the portion which 

was branded i n the example i s l a b e l l e d . The 

brand marks are depicted by short v e r t i c a l 

l i n e s i n the appropriate s e c t o r . The beetle 

i s approximately 3 x l i f e s i z e . 



f i g . 4-

The mark ing notation used for 
Necrophorus 

RT1 

RT2 

RE1 

RE2 LE2 
RE3 

v. RE4 

RE5 

Beetle no. LE2/3 REA/4 
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I n both seasons, when l i v e b e e t l e s had been marked and 

r e l e a s e d , the traps were closed by r e p l a c i n g the o r i g i n a l j a r 

l i d f o r one night i n order to allow the marked i n d i v i d u a l s to 

d i s p e r s e w i t h i n the population on the i s l a n d . I n p r a c t i c e 

t h i s precaution was probably unnecessary a s, when r e l e a s e d , 

the newly marked be e t l e s flew s t r o n g l y . 

e. Trapping season 

I n I963 the traps were b a i t e d on 14 A p r i l , and trapping 

continued u n t i l 13 October. The same period was covered i n 

1964* I n both seasons weekly v i s i t s were made to the Inner 

Fame a f t e r the 25 August u n t i l the 13 October. 



I V THE BIOLOGY OF NECBOPHORTJS; THE FIELD STUDY 
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I . The F i e l d Study 

P i t f a l l Data 

A c t i v i t y measured by p i t f a l l trapping, I963 

N. humator 

The a c t i v i t y of N. humator expressed as the weekly t o t a l s 

of b e e t l e s caught i n p i t f a l l t r a p s , on Inner Parne i n 1963» i s 

shown i n Figure 5« The f i r s t b e e t l e s became a c t i v e i n l a t e 

A p r i l , when a f t e r a sharp r i s e , the number of captures 

decreased and remained low u n t i l e a r l y J u l y . The l a s t adult 

of the 1962 generation which over-wintered i n t o 19631 was 

caught on 30 J u l y 1963* A gap of f i v e weeks followed, i n 

which no captures of N. humator were made. 

The f i r s t b e e t l e s of the 1963 overwintering generation 

were caught i n the second week i n September, and captures 

reached a peak on 6 October. These b e e t l e s had undeveloped 

o v a r i e s and f a t body and a few were callow. No b e e t l e s were 

captured a f t e r 6 October. 

N. i n v e s t i g a t o r 

The data, expressed as the t o t a l captures i n each week, 

are shown i n Fi g u r e 6 . The f i r s t b e e t l e s v/ere a c t i v e by 21 

J u l y , and captures rose to a peak during the second week i n 

August. No N. i n v e s t i g a t o r were captured between 12-26 

August, but a peak of captures was evident during the beginning 

ef September = No be_e_tl.es we.re captured a f t e r 6 October. 

http://be_e_tl.es
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S e x - r a t i o i n weekly captures, 1963 

N. humator 

The s e x - r a t i o , expressed as the percentage of female 

"beetles captures i n each week, i s shown i n P i g . 5 and Table 1. 

The s e x - r a t i o departed s i g n i f i c a n t l y from e q u a l i t y only once 

i n 1963 > at the beginning of June. I n that week the captures 

contained s i g n i f i c a n t l y more males than females ( X ^ ^ = J>.6 

P ^ . 0 . 0 5 ) . The trend throughout June was s i m i l a r , with very 

few females being captured. A r e t u r n to a 30:30 s e x - r a t i c 

was found i n the f i r s t week i n J u l y and t h e r e a f t e r there was 

no s i g n i f i c a n t departure from e q u a l i t y . 

N. i n v e s t i g a t o r 

The s e x - r a t i o i s shown i n P i g . 6 and Table 2 f o r each 

weekly t o t a l . 

I n 1963 i t may be seen that the s e x - r a t i o d i f f e r e d s i g n i -

f i c a n t l y ( x ^ ) • 17.04 P ^ 0 .001) from e q u a l i t y i n the week 

6-12 August, and was again low during the week 27 August -2 

September. On both these occasions there were 25^ of females 

i n the cap t u r e s . 

A c t i v i t y measured by p i t f a l l trapping, I964 

N. humator 

The weekly captures i n I964 show a cl o s e s i m i l a r i t y to 

those of 1963 with a peak of captures i n l a t e A p r i l and e a r l y 



Table 1 showing the t o t a l captures and s e x - r a t i o i n 

IT. humator, expressed as the percentage of females 

caught i n p i t f a l l t raps i n I963 and 1964. 

Time T o t a l captures Percentage females i n 
1963 1964 each week 

1963 1964 

21-28 A p r i l 2 29 - 48 

29-5 May 39 7 41 72 

6-12 May 0 42 mm 69 

13-19 May 0 11 - 54 

20-26 May 8 7 50 57 

27-2 June 2 19 43 26 

3-9 June 10 2 20 0 

10-16 June 7 5 28 0 

17-23 June 0 3 - 45 

24-30 June 0 8 - 47 

1-7 J u l y 13 47 53 50 

8-14 J u l y 23 15 52 55 

15-21 J u l y 17 7 70 57 

22-28 J u l y 6 2 50 0 

1 August 0 1 - 0 

2 September 0 0 - -
3-9 September 11 52 54 49 

10-16 September 0 0 mm -
17-23 September 4 49 50 53 

24-30 September 18 0 44 -
31-6 October 40 17 52 82 



F i g u r e 5 The numbers of N. humator of both sexes, caught 

i n p i t f a l l t raps on I n n e r Fame, according to 

weekly i n t e r v a l s . The s e x - r a t i o , expressed as 

the percentage of females i n each week, i s 

shown as a three point running mean. 
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May, a general reduction of captures throughout June and a 

resurgence i n J u l y ( F i g . 5 ) • 

I n 1964 the l a s t adult from the 1963 season was caught on 

5 August. There was then a c e s s a t i o n of a c t i v i t y f o r four 

weeks u n t i l the f i r s t i n d i v i d u a l s of the overwintering generation 

appeared i n the traps on 9 September. Captures decreased a f t e r 

t h a t date, and the l a s t i n d i v i d u a l s to be trapped i n 1964 were 

found on 6 October. 

N. i n v e s t i g a t o r 

The data are shown i n Figure 6 . I t was apparent that 

a c t i v i t y s t a r t e d e a r l i e r i n 1964 than i n 1963, and a peak of 

captures was found on 28 J u l y . Captures then decreased, but a 

notable resurgence occurred during the l a s t two weeks of August. 

There was l i t t l e a c t i v i t y i n the f i r s t week i n September, but 

captures once again reached high numbers i n the f o l l o w i n g week. 

A f t e r the 9 September captures decreased r a p i d l y and the l a s t 

b e e t l e s were found on 6 October. 

S e x - r a t i o i n weekly captures, 1964 

N. humator ( F i g . 5 and Table 1) 

During a peak of a c t i v i t y i n e a r l y l a y , the s e x - r a t i o was 

69% females. T h i s was s t a t i s t i c a l l y s i g n i f i c a n t l y d i f f e r e n t 
2 

from e q u a l i t y ( X ^ j = 6.08 P 4.0.02). The preceding week, 

although not s t a t i s t i c a l l y s i g n i f i c a n t , there were 12% females. 



Table 2 showing the t o t a l captures and s e x - r a t i o i n 

N. i n v e s t i g a t o r expressed as the percentage of 

females, caught i n p i t f a l l t raps i n 1963 and 1964« 

Time T o t a l captures Percentage females i n each week 
1963 1964 1963 1964 

7-14 J u l y 0 5 - 40 

15-21 J u l y 1 1 0 0 

22-28 J u l y 4 134 50 50 

29-5 August 21 90 48 44 
6-12 August 76 21 26 27 

13-19 August 0 101 - 29 
20-26 August 0 236 - 34 

27-2 September 12 17 25 52 

3-9 September 108 138 53 52 

10-16 " 0 0 - -
17-23 " 2 17 50 48 

24-30 " 4 0 50 -
31-6 October 11 10 45 60 



F i g u r e 6 The numbers of N. i n v e s t i g a t o r of both sexes 

caught i n p i t f a l l traps on Inner Fame, 

acc o r d i n g to weekly i n t e r v a l s . The s e x - r a t i o , 

expressed as the percentage of females i n each 

week, i s shown as a three point running mean. 
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A f t e r 19 May however, the trend was f o r l e s s females than males 

to be caught, and on 2 June only 26$ of the captures were 

The s e x - r a t i o a f t e r 2 June showed a steady trend towards 

e q u a l i t y and remained a t e q u a l i t y u n t i l the l a s t captures i n 

J u l y were made. 

I n September, the s e x - r a t i o was at e q u a l i t y , but during 

the l a s t week when the b e e t l e s were a c t i v e (6 October), there 

were more females than males caught ( s e x = r a t i o 82?? females. 

N. i n v e s t i g a t o r ( F i g . 6 and Table 2) 

I n 1964, the s e x - r a t i o of N. i n v e s t i g a t o r dropped s i g n i ­

f i c a n t l y below e q u a l i t y during three weeks i n August. Captures 

A f t e r 26 August the s e x - r a t i o returned to u n i t y and 

remained at e q u a l i t y f o r the r e s t of the season. 

The dearth of b e e t l e s trapped during mid-season i s e x p l i ­

cable i n terms of a change i n behaviour. I n both s p e c i e s the 

male and female s t a y underground with the corpse and defend i t . 

The female feeds the f i r s t i n s t a r s of the l a r v a e by r e g u r g i ­

tation- and during l a r v a l feeding the male may s t a y w i t h i n the 

b u r i a l chamber ( c r y p t a ) , but i t i s more often chased out by the 

females ( x L = 4.26 P ^ 0 . 0 5 ) . 

^ = 7 . 0 P < 0.01). 

during the week ending 12 August shov/ed 27% females (X 3-8 (1) 
P / 0 . 0 5 ) , 19 August showed 29$ females (X 18.5 P I 0.01) 

1 
and 26 August, 34% (X 21.8 P < 0.001) (1 
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female (Pukowski 1933)* Thus, during the major reproductive 

p e r i o d , many females are underground and not a t r i s k to the 

t r a p s , w h i l s t the male population i s l e s s a f f e c t e d by repro­

d u c t i v e a c t i v i t i e s . 

R e s u l t s obtained from the d i s s e c t i o n of adult b e e t l e s 

captured i n the f i e l d 

Method 

Dead b e e t l e s found i n the traps were c o l l e c t e d , i n d i v i ­

d u a l l y preserved i n Pampel's f l u i d and stored i n l a b e l l e d 

c o n t a i n e r s u n t i l they were d i s s e c t e d . I n the la b o r a t o r y the 

be e t l e s were pinned through the prothorax, the abdomen opened 

and the gonads and f a t body examined under water. 

When the bee t l e s were d i s s e c t e d , the condition of the fat-

body and the gonads was scored according to t h e i r s t a t e of 

development. I n males, only the f a t body showed r e a d i l y d i s ­

c e r n i b l e changes during the f l i g h t season, the t e s t e s and 

ac c e s s o r y glands outwardly remaining unchanged. I n females 

the condition of the ov a r i e s could be divided i n t o three c a t e ­

g o r i e s . These were: 

i . Immature, when many s m a l l , i l l - f o r m e d and undeveloped 

eggs were present, 

i i . Mature, when some of the eggs were l a r g e , f u l l y 

forme-d and p e a r l y white in. colour. . _ . _ _ 

i i i . Spent, when sma l l i l l - f o r m e d eggs were present, 
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combined with the presence of f o l l i c u l a r debris at 

the base of the o v a r i o l e s , showing that egg l a y i n g 

had taken p l a c e . 

The above c l a s s i f i c a t i o n of the ovarian condition i n 

Necrophorus i s s i m i l a r to that adopted by G i l b e r t (1958) and 

Schotz-Christensen (1965) f o r Carabidae, and by Milne (I96O) 

f o r P h y l l o p e r t h a . 

The development of the fat-body was scored as i n the 

scheme below. 

Score S t a t e of development of f a t body 

A L i t t l e or no f a t body development 

B Some f a t body development, t i s s u e l y i n g l o o s e l y 
w i t h i n abdomen 

C P u l l f a t body development, abdomen f u l l y charged 
with t i s s u e 

Callow b e e t l e s were recognized by the s o f t n e s s of t h e i r 

c u t i c l e and i n IT. humator, by the dark brown colour. 

Pew b e e t l e s died i n the traps i n 1963 and 1964* However, 

a l a r g e amount of m a t e r i a l was c o l l e c t e d a t weekly i n t e r v a l s 

on the Inner Fame i n 196l. I n the r e s u l t s which fol l o w , the 

m a t e r i a l from the three years has been combined. The s c o r i n g 

f o r f a t body development has been adapted from Milne (196O). 

N. humator 

a• GuildjrtxoTr of" ovaries 

I t i s evident from the data (Table 3 and F i g . 7) that 
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females of N. humator emerged s e x u a l l y immature i n l a t e A p r i l . 

The f i r s t b e e t l e s containing mature eggs i n the ovary had 

appeared by 21 May and a high proportion of b e e t l e s caught i n 

June and e a r l y J u l y had mature eggs. The l a s t female with 

immature ov a r i e s was captured i n the l a s t week i n June. 

Female b e e t l e s with spent ovaries f i r s t appeared i n l a t e 

May, but l a r g e numbers were found from e a r l y J u l y . A l l b e e t l e s 

caught a f t e r 15 J u l y were spent. The female b e e t l e s catight i n 

autumn, from 5 September u n t i l the beginning of October, had 

immature o v a r i e s . 

b. Condition of f a t body i n females 

The s t a t e of the f a t body i n female N. humator i s shown 

i n Table 4* Emerging b e e t l e s had l i t t l e f a t body, while 

immature b e e t l e s caught a week a f t e r the peak of emergence 

a c t i v i t y , showed extensive f a t body development, the body being 

f u l l of f a t t y t i s s u e , and the ovaries d i f f i c u l t to f i n d . 

B e e t l e s with mature eggs i n the ovary showed a f a t body deve­

lopment intermediate between l i t t l e f a t body and l a r g e f a t 

body. Be e t l e s with spent ovaries showed a s i m i l a r range. 

Callow b e e t l e s caught i n autumn had no f a t body, but i n d i v i d u a l s 

t h a t had been a c t i v e f o r some time showed f u l l f a t body deve­

lopment . 

c . Condition of f a t body i n males 

The extent of f a t body development v a r i e d considerably, 



F i g u r e 7 The ovarian condition of N. humator,expressed 

as the percentage of females i n each category 

caught each week. From 19 August to 

16 September no captures of N. humator were made. 
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as shown by the data i n Table 5» 

I n l a t e A p r i l and e a r l y May, male b e e t l e s showed l i t t l e 

or no f a t body development. However, extensive development 

had occurred i n i n d i v i d u a l s caught a f t e r 5 May, and between 

12 May and 28 J u l y , the f a t body of the m a j o r i t y showed f u l l 

development. B e e t l e s caught i n autumn showed l i t t l e f a t body 

development at f i r s t , but a l l the b e e t l e s caught a f t e r 23 

September had t h e i r f a t body f u l l y developed. 

N. i n v e s t i g a t o r 

a. Condition of o v a r i e s 

The data are shown i n Table 6 and g r a p h i c a l l y i n Figure 

8. Immature b e e t l e s emerging i n e a r l y J u l y showed undeveloped 

o v a r i e s . The f i r s t i n d i v i d u a l s with mature eggs were caught 

a f t e r 14 J u l y , and the proportion of mature b e e t l e s i n c r e a s e d 

u n t i l 25 August -1 September when over 90$ were mature. A f t e r 

2 September the proportion of mature females decreased r a p i d l y . 

B e e t l e s with spent o v a r i e s appeared a f t e r 28 J u l y , and the 

proportion i n c r e a s e d a f t e r 5 August u n t i l only spent b e e t l e s 

were present on 29 September. 

b. Condition of f a t body i n females 

The d i s t r i b u t i o n of f a t i n N. i n v e s t i g a t o r showed a 

s i m i l a r pattern to that i n N. humator. The data are presented 

i-n Table 7 . 



F i g u r e 8 The ovarian condition of N. i n v e s t i g a t o r . 

expressed as the percentage of females i n 

each category, caught each week. 
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The ovarian condition of N. investigator 
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T a b l e 3 The condition of the ov a r i e s i n N. humator caught 

at d i f f e r e n t times i n the f l i g h t season i n 1961, 

1963 and 1964. 

F o r t n i g h t Number Immature Mature Spent 
examined Number J? Number $ Number $ 

12-28 A p r i l 8 8 100 0 0 0 0 

29-12 May 9 0 100 0 0 0 0 

13-26 May 19 T 
J 15 15 78 1 7 

27 May- 9 June 12 1 8 .5 10 83 1 8 . 

10-23 June 9 1 12 8 84 0 0 

24 June - 7 J u l y 25 2 8 21 84 2 8 

8-21 J u l y 44 0 0 2 5 42 95 

2 2 J u l y - 5 August 13 0 0 0 0 13 100 

6 August=2 September n o n e captured 

3 - 9 September 19 19 100 0 0 0 0 

10-23 September 15 15 100 0 0 0 0 

24 September -6 Oct. 15 15 100 0 0 0 0 



Table 4 The condition of the f a t body i n females of 

N. humator according to season 

F o r t n i g h t Number 
examined 

Condition of f a t 
A B 

body 
C 

12-28 A p r i l 8 8 0 0 

29 A p r i l - 1 2 May 9 0 3 6 

13 May-26 May 19 0 15 4 

27 May-9 June 12 0 10 2 

10-2.3 June 9 0 8 1 

24 June - 7 J u l y 25 0 21 4 

8-21 J u l y 44 2 21 21 

22. J u l y - 5 August 15 0 4 9 

6 August - 2 September none captured 

3-9 September 19 19 0 0 

10-23 September 15 5 8 2 

24 September -6 October 15 0 0 15 

A = L i t t l e or no f a t body 

B - Medium f a t body 

C - F u l l f a t body 



Table 5 The condition of the f a t body i n males of 

N. humator according to season 

F o r t n i g h t Number 
examined 

Condition 
A 

of 
B 

f a t body 
C 

12-28 A p r i l 7 7 0 0 

29 A p r i l - 1 2 May 9 0 2 7 

15-26 May 15 0 3 12 

27 May-9 June 7 0 0 7 

10 -2J June 14 r\ \j •z 
J 11 

24 June - 7 J u l y 29 0 2 27 

8-21 J u l y 26 0 3 23 

22 J u l y - 5 August 23 0 0 23 

6 August -2 September none captured 

3-9 September 10 10 0 0 

10-23 September 19 4 5 10 

24 September -6 October 17 0 0 17 



Table 6 The condition of the ovaries i n N. i n v e s t i g a t o r 

caught a t d i f f e r e n t times during the f l i g h t season 

Week Number Condition of ovaries 
Immature Mature Spent 

examined Number $ Number $ Number 

1-7 J u l y 10 10 100 0 0 0 0 

8-14 J u l y 13 13 100 0 0 0 0 

15-21 S u l y 8 6 75 2 25 0 0 

22=28 J u l y 83 61 76 22 24 0 0 

29 J u l y - 5 Aug. 46 11 22 32 70 3 8 

6-12 August 31 6 20 22 70 3 10 

13-19 August 30 3 10 23 76 4 14 

20-26 August 18 0 0 10 55 8 45 

27 Aug-2 Sept. 31 0 0 29 93 2 7 

3 -9 September 30 3 10 10 33 17 57 

10-16 September 78 0 0 9 12 69 88 

17-23 September 42 0 0 3 8 39 92 

24=30 September 27 0 0 0 0 27 100 

TOTALS m 113 162 172 



Table 7 The condition of the f a t body i n females of 

N. i n v e s t i g a t o r according to season. 

( S c o r i n g notation as i n Table 4- ) 

VTeek Number 
examined 

Condition of f a t 
A B 

body 
C 

1-7 J u l y 10 10 0 0 

8-14 J u l y . 13 13 0 0 

15 -21 J u l y 8 6 2 0 

22-28 J u l y 83 10 73 0 

2 9 J u l y - 5 August 46 3 41 2 

6-12 August 31 1 28 2 

13-19 August 30 1 10 19 

20-26 August 18 0 14 4 

27 August - 2 September 31 0 29 O 
c 

3-9 September 30 0 10 20 

10-16 September 78 10 8 60 

17-23 September 42 9 3 30 

24-30 September 27 3 4 20 

TOTALS 447 66 222 159 



Table 8 The condition of f a t body i n males of N. i n v e s t i g a t o r 

according to season 

reek Number • 
examined 

Condition 
A 

of f a t 
B? 

body 
C 

1-7 J u l y 8 8 0 0 

8-14 J u l y 11 4 3 4 

15-21 J u l y 7 0 0 7 

22-28 J u l y 72 0 2 70 

29 J u l y - 5 August 51 0 10 41 

6-12 August 38 0 7 38 

13-19 August 19 0 0 19 

20-26 August 23 0 0 23 

27 August-2 September 41 0 3 38 

3-9 September 33 0 4 29 

10-16 September 84 0 3 81 

17-23 September 22 0 0 22 

2 4-30 September 29 0 0 29 

TOTALS 438 12 32 394 
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Newly emerged immature be e t l e s had l i t t l e or no f a t body, 

while those that had been a c t i v e f o r some time had l a r g e , f u l l y 

developed f a t body. Mature females had a reduced, but s t i l l 

c o n s i d e r a b l e , amount of f a t body. The amount of f a t body i n 

spent females v a r i e d between l i t t l e and f u l l development, 

c. Condition of f a t body i n males (Table 8) 

No f a t body was found i n newly emerged males of N. 

i n v e s t i g a t o r , but extensive f a t body development had occurred 

when b e e t l e s caught a f t e r 21 J u l y were examined. The ma j o r i t y 

of male b e e t l e s caught a f t e r 5 August had f a t body f u l l y deve­

loped and t h i s f u l l development was a featu r e of male b e e t l e s 

u n t i l the end of the season. 

I n t e r p r e t a t i o n of the r e s u l t s 

A c l e a r p i c t u r e of the adu l t l i f e - h i s t o r y i s obtained when 

the r e s u l t s from p i t f a l l trapping are considered i n conjunction 

with the r e s u l t s from d i s s e c t i o n . I n t h e i r broad o u t l i n e s , 

the l i f e - h i s t o r i e s of the two s p e c i e s are very s i m i l a r . 

I n both s p e c i e s the b e e t l e s emerge s e x u a l l y immature at 

the s t a r t of the reproductive season. There i s l i t t l e or so 

f a t body present i n b e e t l e s a t t h i s time, and the peak of a c t i ­

v i t y a t the beginning of the season i s probably caused by the 

need to f i n d c a r r i o n i n order to b u i l d up f a t body f o r gonadal 

development. Indeed, newly emerged b e e t l e s which f a i l to f i n d 
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food w i t h i n f i v e days of emerging, do not s u r v i v e and die with 

no f a t body. 

Female b e e t l e s of both s p e c i e s b u i l d up f a t body with the 

o v a r i e s s t i l l immature, and then develop mature eggs at the 

expense of the s t o r e of f a t body. (Laboratory experiments 

showed tha t a newly emerged female b e e t l e could produce mature 

eggs w i t h i n 14 days of emergence, having only been allowed to 

feed f o r two days.) 

During the major part of the reproductive period i n these 

s p e c i e s , female b e e t l e s are absent from the a c t i v e l y - f l y i n g 

population. T h i s i s because the female plays the a c t i v e r o l e 

i n l a r v a l brood c a r e . 

A s i m i l a r s i t u a t i o n p r e v a i l s with N. i n v e s t i g a t o r from 

about 12 August to 2 September, when the proportion of females 

caught i n the traps was s t a t i s t i c a l l y s i g n i f i c a n t l y below 

e q u a l i t y i n 1963 and 1964 ( F i g . 6 ) . The r e l a t i o n s h i p between 

the proportion of mature females and the numbers caught i n 

p i t f a l l t r a p s i s shown i n F i g . 5 f o r N. humator and F i g . 6 f o r 

N. i n v e s t i g a t o r . I n both s p e c i e s the second peak of a c t i v i t y 

was caused by i n t e n s e post-breeding a c t i v i t y . A f t e r they have 

reproduced the b e e t l e s f l y s t r o n g l y , probably s e a r c h i n g f o r 

food to b u i l d up the f a t body depleted by the long sojourn 

underground. Deeper a n a l y s i s of the r e s u l t s from d i s s e c t i o n 

of the f a t body showed that immediately a f t e r reproduction 



Table 9 The s t a t e of the f a t body i n females of N. huaator, 

according to the reproductive condition of the 

b e e t l e s 

S t a t e of f a t body 
Reproductive c o n d i t i o n of beetle A B C 

Immature, caught before 5 May 8 0 0 

Immature, caught a f t e r 5 May 1 4 11 

Mature 2 53 1 

Spent, on emergence 10 3 0 

Spent, a f t e r feeding 0 12 34 

TOTAL 21 72 46 

Table 10 The s t a t e of the f a t body i n females of K. i n v e s t i g a t o r , 

according to the reproductive condition of the 

be e t l e s 

S t a t e of f a t body 
Reproductive c o n d i t i o n of beetle A B C 

Immature, caught before 28 J u l y 23 6 0 

Immature, caught a f t e r 28 J u l y 0 26 58 

Mature 13 149 0 

Spent, on emergence 30 4 0 

Spent, a f t e r feeding 0 37 101 

TOTAL 66 262 159 
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females had l i t t l e or no f a t body (Tables 9 and 1 0 ) , T h i s 

d i s c o v e r y supports Pukowski's suggestion that the females do 

not feed when i n the brood chamber. 

I n the laboratory spent female b e e t l e s died w i t h i n a f o r t ­

night of re-appearing above ground despite being supplied with 

u n l i m i t e d and apparently s u i t a b l e food, i t seems l i k e l y that 

s i m i l a r conditions p r e v a i l i n the f i e l d . The data are shown 

i n Tables 11 and 12 . 

Table 11 . Length of l i f e of female N. humator g f t e r 
emergence from the 'crypta' ( 1 6-18 C) 

Days a f t e r re-emergence 6 7 8 9 10 11 12 13 

Number of b e e t l e s dying 1 1 2 1 5 3 6" 1 

Mean s u r v i v a l time a f t e r re-emergence = 10.3 + 2.-^ days 

Table 12 . Length of l i f e of female N. i n v e s t i g a t o r a f t e r 
emergence from the ' crypta~ (16-18"C) 

Days a f t e r re-emergence 6 7 8 9 10 11 12 13 14 

Number of b e e t l e s dying 1 - 1 2 3 7 4 2 1 

Mean s u r v i v a l time a f t e r re-emergence » 11.3 + 2/S days 

N. humator overwinter as a d u l t s and the l a r v a e reared 

during June and J u l y emerge during e a r l y September and are very 

a c t i v e i n t h e i r search f o r food. I n d i v i d u a l s caught immediately 

a f t e r emergence show no f a t body development, but by the time 

t-hs-i-r -ac-t-i-vi-t-y- eeas-ss in-0-G-t-obe-r-> t-he.se i-mmatu-re i n d i v i d u a l s . 

http://t-he.se
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show f u l l f a t "body development. T h i s f a t body must be 

u t i l i s e d i n the winter months, f o r the b e e t l e s emerge with 

l i t t l e or no f a t body the f o l l o w i n g A p r i l . 

The length of the adult f l i g h t - s e a s o n i s s i m i l a r i n both 

s p e c i e s , three months i n N. humator ( l a t e A p r i l - l a t e J u l y ) , 

and two and a h a l f months i n N. i n v e s t i g a t o r (mid J u l y - l a t e 

September). 

A s t r i k i n g f e a t u r e of the l i f e - c y c l e s of the two s p e c i e s 

was that the periods of reproduction did not overlap. The 

l a s t mature females of N. humator were caught between 7-14 

J u l y , and the f i r s t mature females of N. i n v e s t i g a t o r appeared 

between 21-28 J u l y . The major part of the reproductive period 

i n N. i n v e s t i g a t o r had f i n i s h e d by the time immature N. humator 

appeared i n e a r l y September. 

The a n a l y s i s of the mark r e l e a s e and recapture data 

I n i t i a l l y i t was decided to analyse these data u s i n g the 

method described by L e s l i e , C h i t t y & C h i t t y ( 1 9 5 3 ) . The 

method in v o l v e s t a b u l a t i n g the recaptures of i n d i v i d u a l l y 

marked animals according to t h e date of t h e i r l a s t previous 

capture, and c a l c u l a t i n g parameters d e s c r i b i n g the population 

from the t a b u l a t i o n . The most important parameters were 

considered to be the t o t a l number of animals i n the population 

and t h e .weekly, death r a t e . 
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The a n a l y s i s was s t a r t e d , u s i n g method B of L e s l i e & 

C h i t t y (1951) (Appendix A) and estimates of the t o t a l population 

and t h e i r v a r i a n c e s were obtained. Unfortunately the standard 

e r r o r s of the population estimates were l a r g e , and the death 

r a t e s , estimated from the population f i g u r e s were u n r e l i a b l e , 

with negative death r a t e s being obtained i n many c a s e s . 

Negative death r a t e s were expected u s i n g these methods, 

because b e e t l e s disappear underground to reproduce and reappear 

a f t e r an i n t e r v a l . Thus marked animals would " d i e " and then 

r e a p p e a r 9 c a u s i n g negative death r a t e s . The other population 

parameters ( d i l u t i o n and s u r v i v a l r a t e s ) u t i l i s e d the death 

r a t e i n t h e i r c a l c u l a t i o n s , and as the death r a t e s were 

unacceptable, f u r t h e r a n a l y s i s was abandoned. 

However, another method of a n a l y s i s , u s i n g a s i m i l a r way 

of grouping the recaptures and based on a s t o c h a s t i c model, has 

been developed by J o l l y (1965) (Appendix A ) . I n t h i s method 

the formulae are simpler to use and the c a l c u l a t i o n s leBS 

l a b o r i o u s than i n L e s l i e ' s (1951) method, and approximate 

v a r i a n c e s f o r the estimates of population numbers are e a s i l y 

o b t a i n a b l e . A comparison of the two methods was undertaken, 

and the r e s u l t s are given below. Negative death r a t e s s t i l l 

appeared u s i n g J o l l y ' s methods and i t i s obvious that the 

recapture data are not extensive enough to give accurate e s t i ­

mates of t h i s important parameter, and that the behaviour of 
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the beetles prevents the estimation of death rates by these 

methods. 

A simpler way of o b t a i n i n g the weekly death rates of the 

Necrophorus population i s t o arrange the capture-recapture data 

i n a t r e l l i s diagram where the recaptures are set out according 

t o when the beetles were f i r s t captured and marked. This 

method was used by Lack (1951) to c a l c u l a t e the annual death 

r a t e of Redstart (P. phoenicurus L . ) , and has the added advan­

tage t h a t the standard e r r o r may be attached t o the c a l c u l a t e d 

values. This expression i s given by SE = 1-S^ — , where S • 

death r a t e and N <= the t o t a l number of animals. Lack's method 

can also be used t o derive the average f u r t h e r expectation of 

l i f e , and t h i s has been u t i l i s e d t o demonstrate the change i n 

l i f e expectancy of beetles as the f l i g h t season progresses. 

I t was assumed at the s t a r t of the analysis t h a t the 

capture of marked and unmarked beetles was at random, and t h a t 

marking had no e f f e c t on the beetle's behaviour. Marked 

i n d i v i d u a l s kept i n c u l t u r e d i d not show any d i f f e r e n c e i n 

behaviour or s u r v i v a l compared w i t h unmarked animals. To 

allow s u f f i c i e n t time f o r the marked i n d i v i d u a l s t o mingle w i t h 

the unmarked population the traps were closed f o r one n i g h t 

a f t e r the marked beetles had been released. Observation 

showed t h a t when released at dusk, marked Necrophorus flew 

s t r o n g l y , and i t seems safe t o assume t h a t marked i n d i v i d u a l s 

JIT 
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were mingling s a t i s f a c t o r i l y w i t h the unmarked population. 

I t was also assumed t h a t immigration was absent, and 

emigration n e g l i g i b l e . A t r a p p i n g series on East and v7est 

V/ideopens f a i l e d t o show t h a t marked beetles from the Inner 

Fame population moved the 300 yards t o these adjacent i s l a n d s . 

I t was considered u n l i k e l y t h a t beetles from the mainland, 1-J-

miles away, would reach the Inner Fame, and conversely, t h a t 

beetles on Inner Fame would reach the mainland. This was 

supported by the lack of other species of c a r r i o n beetle on 

Inner Fame which were common on the mainland, e.g. Silpha 

c a r i n a t a Herbst, Necrodes l i t t o r a l i s L. Emigration i n the 

form of beetles f l y i n g out t o sea and p e r i s h i n g was a p o s s i b i ­

l i t y , but i t was f e l t t h a t the numbers involved would be very 

small and unimportant i n terms of the an a l y s i s ; i n any case, 

t h i s can be regarded as a n a t u r a l cause of m o r t a l i t y . 

B i r t h s , i n the form of a second generation, were assumed 

to be absent and estimates of the ra t e of increase, although 

c a l c u l a t e d , have l i t t l e meaning i n t h i s study and are not d i s ­

cussed. Apart from the i n i t i a l emergence of the b e e t l e s , the 

only complication was i n N. humator, where a new generation of 

overwintering beetles emerged i n September. However, t h i s 

generation was not marked, and no estimates of population size 

were obtained f o r i t . 
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Results 

Estimation o f the t o t a l population 

The estimates f o r the t o t a l population of each species of 

beetle, and f o r each sex, are set out i n Tables 13 to 16, with 

t h e i r standard errors. I n addition the estimates have been 

compared graphically i n Figs. 9 to 12 where the standard errors 

are omitted f o r the sake of c l a r i t y . 

N. investigator (Tables 13 and 14) 

During 1964, 275 male and 157 female N. investigator were 

marked f o r the f i r s t time, corresponding to a sex-ratio of 

1.0:0.6, male:female. The population estimates show that N. 

investigator emerged i n late July and that large numbers of 

beetles were active throughout August and September. The 

estimates of the population of both sexes show a drop on 12 

August, but estimates rose again on 19 August. After 26 

August the male population estimates show a steady decline, 

and no males were caught a f t e r 6 October. The estimates f o r 

females indicate a decline i n numbers from 19 to 26 August, with 

an increase on 9 September. The female estimates f e l l sharply 

a f t e r 9 September and no females were caught a f t e r 6 October. 

The estimates obtained by the two methods of analysis are 

very close, indicating that the recaptures were adequate i n 



number f o r these methods. At the peak times, 19-26 August, 

some 500 beetles of both sexes were active. This i s equivalent 

to a density of 78 beetles per hectare. 

These estimates are s u f f i c i e n t l y accurate to show when most 

of the population r e t i r e d underground and when the successfully 

reproducing females emerged above ground. The estimates f o r 

both sexes shov; a drop i n numbers on 1 2 August, and at that time 

the male population was halved and the female population 

decreased by a t least 20}i. This i s interpreted as the pre-

reproductive disappearance and would be the time when f i g h t i n g 

f o r corpses would take place. The emergence of the post-

reproductive females probably took place between 2-9 September, 

when the female population increased from 123 to 180 (Leslie) 

or from 100 to 140 animals ( J o l l y ) . 

I t i s evident that the bulk of the W. investigator popu­

l a t i o n d i d not disappear underground during August and.September, 

but were very active at that time. I t w i l l be shown l a t e r that 

there was an unusually high survival of tern chicks, and the 

consequent dearth of corpses may have given r i s e to a 

sit u a t i o n where many beetles competed f o r few corpses. I t i s 

suggested that a f t e r the i n i t i a l emergence, some of the 

population found corpses, buried them and reproduced normally. 

However, many beetles would not have found a corpse, and i t was 

probably the constant a c t i v i t y of these beetles that accounted 



Figure 9 Population estimates of male N. i n v e s t i g a t o r 

according t o two methods. The s o l i d c i r c l e s 

j o i n e d by the s o l i d l i n e s (. .) represent 

the population estimates derived by J o l l y ' s 

(1965) method, and the open c i r c l e s j o i n e d by 

the pecked l i n e ( 0 — — 0 ) represent the estimates 

derived by the method of L e s l i e et a l (1953)• 
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Figure 10 Population estimates of female N. i n v e s t i g a t o r 

according to two methods. The estimates 

derived by J o l l y ' s (1965) method are shown 

and the estimates from L e s l i e et a l 

(1953) are shown o 0. 
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Table 13 Population estimates of male N. i n v e s t i g a t o r . 

obtained by the methods of J o l l y (1965) and 

of L e s l i e et a l (1953) 

2 8 J u l y 

5 August 

12 August 

19 August 

26 August 

2 September 

9 September 

16 September 

23 September 

30 September 

6 October 

J o l l y 

194.4 + 128.3 

159.9 + 107.2 

120.3 + 56.0 

251.1 + 44.1 

295.2 + 42.8 

108,0 + 16.7 

115.3 + 30 .9 

3 5 . 5 + 29.1 

L e s l i e 

133.6 + 90.9 

226.7 + 140.7 

116.0 + 57.4 

227.0 + 141.2 

231.2 + 127.2 

166.7 + 34*5 

122.0 + 14.4 

34.8+ 30.3 

4.0 + 4.0 



Table 14 Population estimates of female N. i n v e s t i g a t o r . 

obtained by the methods of J o l l y (1965) and 

of L e s l i e et a l (1953) 

J o l l y L e s l i e et a l 

28 J u l y 128.1 + 69.8 48.0 + 23.2 

5 August 96.5 + 26.2 110.5 + 71.4 

12 August 105.1 + 42.1 72.8 + 71.0 

19 August 231.6 + 187.0 267.9 + 79.5 

26 August 99.6 + 39-7 I63e0 + 61.3 

2 September 113.7 + 22.3 122.9 + 42.9 

9 September 138.0 + 33.3 179.9 + 73.2 

16 September - -

23 September 54.0 + 6.3 54«0 + 47-8 

30 September 

6 October = 6.0 + 4.0 
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f o r the high population f i g u r e s during August and September. 

W. humator (Tables 15 and 16) 

During 1964» 39 male and 52 female N. humator were marked 

f o r the f i r s t time, corresponding to a s e x - r a t i o of 1 :1 .31 male: 

female. Both sets of population estimates (Pigs. 11-12 and 

Tables 15-16) show t h a t N. humator emerged i n e a r l y May and was 

a c t i v e throughout the month. I n June very few beetles were 

caught and estimates were low. Higher estimates occurred 

again at the end of June, and i n J u l y the estimates show a drop 

i n number. The p a t t e r n of population r i s e and f a l l i n these 

species i s s i m i l a r t o the expected p a t t e r n . 

The p a t t e r n of the estimates obtained by the two methods 

i s s i m i l a r , but J o l l y ' s method gives very high population e s t i ­

mates f o r the female population, on 2 June (170 i n d i v i d u a l s ) , 

while Leslie's method gives only 5 i n d i v i d u a l s . The estimates 

are u n r e l i a b l e i n th a t the recaptures are small i n number, but 

from the data i t i s obvious t h a t about 100 males, and up t o 

200 females were a c t i v e at peak times i n the f l i g h t season* 

One way of avoiding the u n r e l i a b i l i t y of these population e s t i ­

mates i s t o group the data i n t o f o r t n i g h t l y i n t e r v a l s , but t h i s 

has not been considered j u s t i f i e d , f o r the f l i g h t season i s so 

short t h a t c a l c u l a t i n g population estimates on only s i x occa­

sions during the period i s bound t o obscure t.h_e known b i o l o g i c a l 

p i c t u r e . 



Figure 11 Population estimates of male N. humator 

according to two methods* The estimates 

derived by J o l l y ' s (1965) method are shown 

. ., and the estimates from L e s l i e et a l 

(1953) are shown o===o. 
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Figure 12 Population estimates of female N. humator. 

according to two methods. The estimates 

derived hy J o l l y ' s (1965) method are shown 

. ., and the estimates from L e s l i e et a l 

(1953) are shown o—-o. 
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Table 15 Population estimates of male N. humator, obtained 

by the methods of J o l l y (1965) and L e s l i e et a l (1953) 

5 May 

12 May 

19 May 

26 May 

2 June 

9 June 

16 June 

2 3 June 

30 June 

7 J u l y 

14 J u l y 

2 I . J u l y 

J o l l y 

8.6 + 4.3 

126.1 + 62.1 

30.0 + 10.4 

25.0 + 23.4 

23.9 + 17.3 

20.0 + 19.4 

23.3 + 4.8 

19.0 + 17.9 

23.3 + 21.6 

41.5 + 13.8 

31.5 i 28 .5 

L e s l i e 

4.0+ 2.1 

72.8 + 71.2 

27.0 + 26.8 

58.8 + 57-5 

13.6 + 5.4 

5.0 + 5.0 

10.8 + 8.6 

8.0 + 6.9 

43.8 + 9.1 

32.8 + 15.3 

22.8 + 9.8 

6.6 + 4«6 



T a b l e 16 P o p u l a t i o n e s t i m a t e s o f female N. humator, 

o b t a i n e d by t h e methods o f J o l l y (1965) and 

o f L e s l i e e t a l (1953) 

5 May 

12 May 

19 May 

2 6 May 

2 June 

9 June 

16 June 

23 June 

30 June 

7 J u l y 

14 J u l y 

21 J u l y 

J o l l y 

18.6 + 17.2 

1 4 3 . 2 + 59.9 

237.2 + 191.5 

30.5 + 28.9 

173.7 + 120.9 

28.0 + 27.5 

15.0 + 14.5 

84.0 + 54-7 

88.0 + 44.4 

50.6 + 43-8 

4.0 + 2.0 

L e s l i e 

13.0 + 10.4 

198.0 + 187.8 

15.7 + 12.8 

10.5 + 10.5 

4.8 + 4.8 

4.0 + 4.0 

4-0 + 4.0 

32.5 + 21.8 

51.3 + 22.1 

38.5 + 35.9 

8.0 + 8.0 
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The death r a t e 

Prom a c o n s i d e r a t i o n o f t h e b e h a v i o u r o f Necrophorus t i t 

was expected t h a t i n b o t h s p e c i e s t h e i n c i d e n c e o f m o r t a l i t y 

would be s i m i l a r . The expected p a t t e r n was o f an i n i t i a l 

heavy m o r t a l i t y , caused by i n t r a s p e c i f i c f i g h t i n g f o r corpses 

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

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

t o e x t i n c t i o n . The i n i t i a l m o r t a l i t y might be masked by t h e 

d i s a p p e a r a n c e , and apparent m o r t a l i t y , o f b e e t l e s underground. 

Female m o r t a l i t y was expected t o be severe a f t e r t h e p o s t -

r e p r o d u c t i v e emergence, as e x p e r i m e n t a l d a t a showed t h a t i n c u l ­

t u r e these i n d i v i d u a l s o n l y s u r v i v e d f o r a maximum o f two weeks. 

T h e o r e t i c a l l y , i f a l l t h e p o s t - r e p r o d u c t i v e females emerged a t 

once, t h e female p o p u l a t i o n would be e x t i n c t w i t h i n two weeks, 

b u t n o r m a l l y t h i s s i t u a t i o n would never a r i s e , females r e p r o ­

d u c i n g as s u i t a b l e corpses become a v a i l a b l e . I n p r a c t i c e t h i s 

means t h a t females who a r e p h y s i o l o g i c a l l y capable o f b r e e d i n g 

may d e l a y d o i n g so u n t i l corpses become a v a i l a b l e . T h i s s i t u ­

a t i o n has been produced i n t h e l a b o r a t o r y , and i t i s p r o b a b l e 

t h a t f i n a l egg development, and perhaps s u c c e s s f u l c o p u l a t i o n , 

o n l y takes p l a c e when a p a i r have been i s o l a t e d a t a c o r p s e . 

R e s u l t s 

1J. lnv.es-tigator 

The weekly death r a t e s o b t a i n e d u s i n g Lack's (1951) method 
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a r e s e t out i n Table 17, w i t h t h e i r s t a n d a r d e r r o r s . I n a d d i ­

t i o n the r e s u l t s are g r a p h i c a l l y expressed i n F i g . 13. Death 

r a t e s were i n i t i a l l y low (50=60$), and s t a y e d low i n females 

u n t i l 19-26 August, when t h e y doubled and remained h i g h (80-98?£) 

u n t i l t h e end o f t h e season. I n males a h i g h death r a t e was 

shown on 12 August (83.3^) and t h e r a t e remained h i g h u n t i l t h e 

end o f t h e season. T h i s p a t t e r n o f m o r t a l i t y i s c l o s e t o t h e 

expected one, t h e b e e t l e s s u f f e r i n g heavy m o r t a l i t y once b r e e d i n g 

a c t i v i t i e s cease. 

The average expectancy o f f u r t h e r l i f e was c a l c u l a t e d , 

assuming t h a t each b e e t l e l i v e d h a l f a week a f t e r i t s l a s t 

r e c a p t u r e , and t h e r e s u l t s are shown i n T a b l e 18. The method 

o f c a l c u l a t i o n i s d e s c r i b e d i n Appendix A and an example g i v e n . 

The average l i f e expectancy o f a d u l t s was c a l c u l a t e d , and 

t h e r e s u l t s are shown i n T a b l e 18. I t was expected t h a t l a t e r 

i n t h e f l i g h t season b e e t l e s would have a s h o r t e r expectancy o f 

f u r t h e r l i f e , and t h i s was found t o be t h e case. A f t e r t h e 

19 August t h e l i f e expectancy o f b o t h sexes was h a l v e d from 

above one week t o h a l f a week, and t h i s i s a l s o r e f l e c t e d i n 

t h e m o r t a l i t y r a t e s which i n c r e a s e d s h a r p l y a t t h a t t i m e . 

W. humator 

The weekly death r a t e s are s e t out i n Table 19 and shown 

oxa.TYhlcal.lv i n "Wi.ec... 1.4_. The w.eeklv d e a t h r a t e s i n b o t h sexes 

were r e l a t i v e l y low f r o m 20 A p r i l u n t i l 7 May, when t h e female 

http://oxa.TYhlcal.lv
http://Wi.ec


F i g u r e 15 The weekly percentage m o r t a l i t y o f male and 

female N. i n v e s t i g a t o r . Male m o r t a l i t y i s 

denoted . *, and female m o r t a l i t y 0 - - - 0 . 

The v e r t i c a l s c a l e , ( $ m o r t a l i t y ) begins a t 20. 
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F i g u r e 14 The weekly percentage m o r t a l i t y o f male and 

female N. humator. Male m o r t a l i t y i s denoted 

. and female m o r t a l i t y 0 — - o . The 

v e r t i c a l s c a l e , ( ^ m o r t a l i t y ) , begins a t 20. 
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m o r t a l i t y i n c r e a s e d from 56$ t o 80$ on 18 May, w h i l s t male 

m o r t a l i t y remained a t 40 t o 50$. Male m o r t a l i t y became more 

severe on 2 June (86$) but from 14-25 June remained between 

55-61$-. D u r i n g J u l y male and female m o r t a l i t y was h i g h , 

between 70-90$. T h i s p a t t e r n o f m o r t a l i t y i s v e r y s i m i l a r t o 

t h a t seen i n N. i n v e s t i g a t o r , i n i t i a l l y low b u t h i g h a t t h e end 

o f t h e f l i g h t season. 

The average l i f e expectancy o f a d u l t s was c a l c u l a t e d and 

t h e r e s u l t s are p r e s e n t e d i n Table 20. Once again a s i m i l a r 

p a t t e r n t o W. i n v e s t i g a t o r i s shown, w i t h an i n i t i a l l y h i g h l i f e 

e xpectancy d e c r e a s i n g as t h e season p r o g r e s s e d . I n t h i s 

s p e c i e s , females appeared t o have a s h o r t e r l i f e expectancy t h a n 

males, b u t t h e p a u c i t y o f t h e o r i g i n a l d a t a i n v a l i d a t e s any 

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

The s e x - r a t i o 

The sex r a t i o s d e r i v e d from t h e p o p u l a t i o n e s t i m a t e s have 

been expressed as t h e percentage o f females i n t h e t o t a l popu­

l a t i o n , and are compared w i t h s i m i l a r r e s u l t s d e r i v e d f r o m 

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

N. i n v e s t i g a t o r 

The s e x - r a t i o i n t h i s s pecies i s t a b u l a t e d i n T a b l e 2 1 . 

The r e s u l t s show t h a t b r o a d l y s i m i l a r s e x - r a t i o s are d e r i v e d 

f r o m b o t h t h e p o p u l a t i o n e s t i m a t e s and t h e p i t f a l l c a t c h e s . 
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Exceptions occur on 12, 19 August, when the p o p u l a t i o n estimates 
show 50$, but the p i t f a l l catches i n d i c a t e 27$ and 29$ females. 
This may be a r e f l e c t i o n , i n the p i t f a l l t r a p s , of the disap­
pearance of females underground, which was not apparent i n the 
estimates of the t o t a l p o p u l a t i o n . The o v e r a l l p i c t u r e i s of 
equal numbers of males and females i n the p o p u l a t i o n . 

N. humator 

I n t h i s species the two sets o f s e x - r a t i o s disagree on 

several occasions, n o t a b l y on 19 May, 2 and 30 June. On these 

occasions the p r o p o r t i o n o f females derived from the p o p u l a t i o n 

estimates are higher than those derived from the p i t f a l l catches 

(Table 22) and i n these cases over 80$ o f the p o p u l a t i o n are 

females, according t o J o l l y ' s method, and only ?6$ t o 54$ according 

t o the p i t f a l l catches. L i t t l e can be sai d about t h i s phenomenon, 

b u t i t seems l i k e l y , from the b i o l o g y of the b e e t l e , t h a t many 

females were underground a t these times. I f t h i s were so one 

would expect the s e x - r a t i o to be roughly a t e q u a l i t y , p o s s i b l y 

w i t h the p r o p o r t i o n o f females depressed i n the f l y i n g popu­

l a t i o n . 

The r e s u l t s o f these analyses show f i r s t l y t h a t the method 

of J o l l y (1965) provides more accurate estimates of the t o t a l 

p o p u l a t i o n than L e s l i e ' s method, and t h a t the former estimates 

have smaller standard e r r o r s attached t o them. However, because 

of the l a c k o f data on recaptures and the beetles' behaviour, 



T a b l e 17 The weekly percentage m o r t a l i t y o f 6* and 0 

TT. i n v e s t i g a t o r , d u r i n g t h e 1964 f l i g h t season 

Date Percentage m o r t a l i t y + s t a n d a r d e r r o r 

28 J u l y 6 3 . 1 + 2.9 53.4+ 3.0 

5 August 39.0+ 3.3 5 6 . 3 + 1 2 . 3 

12 August 83.3+ 3.6 60.0+10.0 

19 August 6 2 . 9 + 1 0 . 3 4 7 . 7 + 5.3 

26 August 9 5 . 1 + 0.6 87.-5+ 1*9 

51 August 88.8+ 3.7 81.0+ 5.1 

3 September 86.6 + 3.3 92.0 + 0.2 

6 September 98.1 + 0.2 98.4 + 0.3 



T a b l e 18 The average expectancy o f f u r t h e r l i f e i n 

a d u l t male and female N. i n v e s t i g a t o r , 

t h r o u g h o u t t h e I964 f l i g h t season 

Date Average expectancy o f f u r t h e r l i f e i n weeks 
<? 0 

+ 

28 J u l y 1.11 1.37 

5 August 1.66 1*27 

12 August 0.86 2.83 

19 August 1.09 1.60 

26 August 0.55 O.64 

31 August 0.62 0.72 

3 September 0.65 0.58 
6 September 0.52 0.51 



T a b l e 19 The weekly percentage m o r t a l i t y o f male and 

female N. humator d u r i n g t h e 1964 f l i g h t seas 

Date Percentage m o r t a l i t y + s t a n d a r d e r r o r 

28 A p r i l 55.5 + 6.3 73.6 + 5.2 

4 May 33.3 + 6.7 66.6 5.1 

7 May 57.8 + 7.3 56.5 + 4.7 

18 May 42.8 + 13.9 80.0 + 2.5 

24 May 50.0 + 11.2 DO .O + 5.1 

29 May 57.1-i + 8.6 75.0 + 10.7 

2.June 85.7 + 5.1 -
14 June 62.5 + 10.6 -
18 June 50.0 + 17.8 -
25 June 55.5 + 10.8 60.0 + 14.0 

1 J u l y 88.8 + 3.7 72.7 + 3.3 

7 J u l y 75.0 + 5.2 84.2 + 2.4 

14 J u l y - 88.8 + 3.7 

21 J u l y - 66.6 + 11.2 



T a b l e 20 The average expectancy o f f u r t h e r l i f e i n a d u l t 

male and female N. humator t h r o u g h o u t t h e 1964 

f l i g h t season 

Date Average expectancy 
6" 

o f f u r t h e r l i f e 
0 + 

28 A p r i l 1.30 0.85 

4 May 2.50 0.75 

7 May 1.22 1.65 

18 May 1.83 0.75 

2 4 May 1.70 1.00 

2 9 May 1.50 0.83 

2 June 0.66 

14 June l .10 

18 June 1.50 

2 5 June 0.80 1.16 

1 J u l y 0.60 0.87 

7 J u l y 0.80 O.69 

14 J u l y - 0.62 

21 J u l y - 0.75 



T a b l e 21 The s e x - r a t i o i n N. i n v e s t i g a t o r i n 1964 

a c c o r d i n g t o the p o p u l a t i o n e s t i m a t e s , and t o 

t h e p i t f a l l c a t c h e s . The r a t i o i s expressed 

as t h e percentage o f females on each o c c a s i o n . 

Date S e x - r a t i o ( J o l l y ) S e x - r a t i o ( 

28 J u l y 36 50 

5 August 45 44 

12 August 50 27 

19 August 50 29 

26 August 33 34 

2 September 50 52 

9 September 50 52 

16 September - -
23 September 60 48 

30 September -



T a b l e 22 The s e x - r a t i o i n N. humator i n 1964» a c c o r d i n g 

t o t h e p o p u l a t i o n e s t i m a t e s , and t o t h e p i t f a l l 

c a t c h e s . The r a t i o i s expressed as t h e 

percentage o f females on each o c c a s i o n 

Date 

5 May 

12 May 

19 May 

26 May 

2 June 

9 June 

16 June 

23 June 

30 June 

7 J u l y 

14 J u l y 

S e x - r a t i o ( J o l l y ) 
# females 

60 

50 

89 

50 

86 

50 

50 

80 

68 

60 

S e x - r a t i o ( P i t f a l l ) 
females 

72 

69 

54 

57 

26 

43 

47 

50 

53 
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u n a c c e p t a b l e death r a t e s were d e r i v e d u s i n g e i t h e r method. 

I t i s concluded t h a t i n analyses o f t h i s n a t u r e , where r e c a p t u r e s 

a r e r e l a t i v e l y few, J o l l y ' s method w i l l g i v e more a c c u r a t e popu­

l a t i o n e s t i m a t e s , and i s s i m p l e r t o use, and i s t o be p r e f e r r e d 

t o L e s l i e ' s method f o r t h i s r e a son. 

The death r a t e s d e r i v e d by Lack's method are r e l a t i v e l y 

a c c u r a t e f o r N. i n v e s t i g a t o r , b u t are n o t so a c c u r a t e f o r N. 

humator. N e v e r t h e l e s s , the death r a t e s show what might be 

expected fro m o b s e r v a t i o n s i n t h e l a b o r a t o r y , t h a t i s t h a t t h e 

b e e t l e s s u f f e r heavy m o r t a l i t y a t t h e end o f t h e season. I n 

b o t h male and female N. i n v e s t i g a t o r t h e death r a t e s show a 

marked r i s e between 19-26 August, a t a time when the p o p u l a t i o n 

e s t i m a t e s showed t h a t l a r g e numbers o f b e e t l e s were a c t i v e . 

T h i s m o r t a l i t y i s i n t e r p r e t e d as b e i n g caused by severe com­

p e t i t i o n f o r t h e v e r y few corpses a v a i l a b l e a t t h a t t i m e . The 

1964 season was marked by t h e v e r y h i g h s u r v i v a l o f t e r n c h i c k s 

( o v e r 80$ f l e d g e d ) and t h e b e e t l e s were p r e v e n t e d f r o m u t i l i s i n g 

t e r n corpses f o r r e p r o d u c t i v e purposes. A f i e l d o b s e r v a t i o n 

s u p p o r t s t h i s c o n t e n t i o n , f o r a t e r n corpse d i s c o v e r e d on 14 

August 1964 had f i f t e e n N. i n v e s t i g a t o r beneath i t , where 

n o r m a l l y o n l y f o u r o r f i v e b e e t l e s would have been p r e s e n t . I n 

t h e c o m p e t i t i o n f o r t h e c o r p s e - o n l y one p a i r c o u l d be s u c c e s s f u l 

and many b e e t l e s must have f a i l e d t o r e p r o d u c e . I t i s con­

s i d e r e d t h a t these u n s u c c e s s f u l b e e t l e s were t h e ones which 
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were a c t i v e l y searching f o r corpses i n l a t e August, and being 

unable to f i n d them, dying i n large numbers. 

I t i s obvious from these data t h a t the death r a t e i n both 

species of Necrophorus r i s e s sharply at the end of the f l i g h t 

season. This i s p a r t i c u l a r l y w e l l marked i n N. i n v e s t i g a t o r 

where the population of 300 beetles on 7 September i s e x t i n ­

guished by 6 October. The a c t i v i t y of N. humator also ceased 

on 6 October i n both 1963 a n d 1964. Such a synchronous 

cessation of a c t i v i t y i s possibly the r e s u l t of a physical 

f a c t o r such as an e a r l y f r o s t . 

Larger numbers of N. i n v e s t i g a t o r were caught i n 1964 than 

i n 1963» and t h i s i s probably a r e f l e c t i o n of the success of 

the Necrophorus breeding season i n 1963* Tern m o r t a l i t y i n 

1963 was normal, and many corpses were a v a i l a b l e t o Necrophorus 

f o r r e production. Given the normal overwintering m o r t a l i t y , 

large numbers of Necrophorus would have emerged i n mid-July 

1964» T h e o r e t i c a l consideration of Necrophorus population 

f l u c t u a t i o n s indicates t h a t i n years of corpse shortage, compe­

t i t i o n f o r carcases w i l l be f i e r c e , only a few beetles w i l l 

reproduce and the f o l l o w i n g year's population w i l l be low. 

I n years of corpse abundance the m a j o r i t y of the population w i l l 

be able t o rear a brood and the f o l l o w i n g year's population w i l l 

be h i g h . The former appears to have been the s i t u a t i o n i n 1964. 
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The s p a t i a l d i s t r i b u t i o n of Necrophorus on Inner Parne 

Because of t h e i r s t r o n g l y f l y i n g h a b i t and the r e s t r i c t e d 

area of Inner Parne, i t was expected t h a t catches of Necrophorus 

would be at random. The d i s t r i b u t i o n of Necrophorus as 

r e f l e c t e d i n the p i t f a l l catches was compared i n areas delineated 

by n a t u r a l boundaries as f o l l o w s . 

1. The Dock - s i t u a t e d t o the SW of the Cove and t o the south 

of the Lighthouse path, the vegetation consisted of Dock 

(Rumex sp.) w i t h t h i c k stands of n e t t l e , U r t i c a dioecaL. 

2. The Campion, the remainder of the i s l a n d t o the south of 

the Lighthouse path. The vegetation consisted almost 
vf.tk 

e n t i r e l y of Sea Campion, Silene m a r i t i m a j w i t h T h r i f t , 

Armeria maritima |where the s o i l was shallow. 

3. The Meadow, an area t o the north and W3 of the L i g h t house 

path, the vegetation c o n s i s t i n g of coarse grasses. 

4. The Tower, the area adjacent t o the b u i l d i n g s and i n c l u d i n g 

the North P o i n t . 

These areas are shown i n F i g . 1. 

The weekly catches of Necrophorus i n p i t f a l l traps i n 

each area are shown i n Tables 23 and 24. For purposes of com­

parison the f i g u r e s have been divi d e d i n t o the catches before 

and a f t e r breeding. 

N. humator (Table 2.3.) 

During the pre-breeding s p r i n g emergence (before 19 May) 
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of adults i n 1963 and 1964» no d i f f e r e n c e i n d i s t r i b u t i o n was 

found. The same was tr u e of the catches during the breeding 

season (19 May onwards). The catches of the overwintering 

generation, naught i n September 1963» showed t h a t although few 

were caught i n the Campion (14) and Meadow (4)1 s i g n i f i c a n t l y 

more were caught i n the Dock (42) (X 1 » 26.8 P <̂  0.001) and 

i n the Tower (21) (X^ = 3.1 P < 0 .05) . There were s i g n i ­

f i c a n t l y more animals caught i n the Dock than i n the Tower area 

(X^ = 7.0 P < 0 .01 ) . 

A s i m i l a r p a t t e r n was shown by the catches i n September 

I964, when catches i n both the Dock and Tower areas were very 

s i m i l a r (46:49) and were h i g h l y s i g n i f i c a n t l y d i f f e r e n t 

(SÊ  e 21.6 P ^ 0.001) from the catches i n the Campion and 

Meadow (13:11) . 

N. i n v e s t i g a t o r (Table 24) 

I n 1963» during the summer pre-breeding emergence (before 

19 August), s i g n i f i c a n t l y more animals were caught i n the Dock 
p _ 

(54) than i n any other area (X^ • 'f.O P ^ 0 .01) . The catch 
2 

i n the Tower area (29) was s i g n i f i c a n t l y greater (X^ = 8.6 

P ^ 0.01) than the catches i n e i t h e r the Campion or Meadow, 

which were very s i m i l a r (10:9 ) . The catches during the 

breeding season (19 August onwards) showed t h a t there was no 

di-f-fe-r-e-n-e-e be-tween the Do.ck and Tower catches (5?L4.6)». hut 



Table 23a Weekly catches of N. hmnator, according t o area, 

i n 1963 

Area A p r i l 
28 

May June Jul y September Oct 
5 12 19 26 2 9 16 23 30 7 14 21 28 9-16 23 30 6 

Docks 10 

Campion 10 

Meadow 1 11 

T ower 1 8 

5 3 

1 4 2 2 

2 2 3 

2 1 3 2 

3 3 4 3 7 

3 5 5 1 

2 8 4 1 1 

5 7 4 1 3 

1 10 24 

8 2 4 

1 2 

2 6 10 

J . \S l * Cb J . O 

Docks 

Campion 

Meadow 

Tower 

Prebreeding 

10 

10 

12 

9 

Breeding Overwintering 

21 42 

23 14 

22 4 

25 21 

Table 23b Weekly catches of N. humator, according t o area, 

i n 1964 

Area A p r i l May June J u l y September Oct 
28 5 12 19 26 2 9 16 23 30 7 14 21 28 9 16 23 3,C ) 6 

Docks 7 l 9 3 3 3 1 2 2 12 2 2 21 17 8 

Campion 5 1 11 4 2 3 1 1 13 3 1 4 8 l 

Meadow 9 3 10 2 1 8 1 1 2 10 8 2 1 3 5 3 

Tower 8 2 12 2 1 5 1 2 4 12 2 2 24 19 6 

Totals 

Docks 

Campion 

Meadow 

Tower 

Prebreeding 

17 

17 

22 

22 

Breeding 

30 

28 

36 

32 

Overwintering 

46 

13 

11 

49 



Table 24 a 

Area 

7 

Docks 

Campion 

Meadow 

Tower 

Weekly catches of K. i n v e s t i g a t o r , according t o 

area, i n 1963 

J u l y August 
14 21 28 5 12 19 26 

2 19 33 

1 9 

1 8 

1 2 26 

September Oct 
1 9 16 23 30 6 

6 38 

3 16 

1 27 

2 37 

1 

3 

T o t a l s 

Docks 

Campion 

Meadow 

Tower 

Prebreeding 

54 

10 

9 

29 

Breeding 

52 

22 

28 

46 

Table 24b Weekly catches of N. i n v e s t i g a t o r , according t o 

area, i n I964 

Area 
7 

J u l y 
14 21 28 5 

August 
12 19 26 

S eptember 
2 9 16 23 

Oct 
30 6 

Docks 2 42 51 12 22 66 10 36 4 4 

Campion 1 1 1 5 5 26 52 3 31 2 

Meadow 1 19 28 6 16 60 4 40 2 1 

Tower 2 1 63 26 37 57 31 9 5 

T o t a l s 

Docks 

Campion 

Meadow 

Tower 

Prebreeding 

87 

26 

54 

92 

Breeding 

142 

114 

123 

139 



41 

t h a t these were s i g n i f i c a n t l y greater than the catches i n e i t h e r 
2 

the Meadow or the Campion (28 :22) ( X 1 = 4.2 P { 0 .05) . 

I n 1964» during the pre-breeding emergence, s i g n i f i c a n t l y 

more animals were caught i n the Dock (87) and Tower (92) areas 
2 

than i n the Meadow (54) (X̂ ^ = 8 .2 P ^ O.Ol). The catch i n 
the Meadow was s i g n i f i c a n t l y greater than t h a t i n the Campion 

2 
(26) (Stj - 10.3 P 0 .01) . The catches during the breeding 

season were s i m i l a r i n a l l areas, and d i d not d i f f e r s i g n i f i ­

c a n t l y . 

These r e s u l t s show i n t e r e s t i n g departures from the expected 

even d i s t r i b u t i o n of catches w i t h respect t o area. Apart from 

f a c t o r s a f f e c t i n g f l i g h t ; a c t i v i t y , such as wind and temperature, 

the only variables relevant t o Necrophorus a c t i v i t y are the 

d i s t r i b u t i o n and a v a i l a b i l i t y of c a r r i o n . The d i s t r i b u t i o n of 

a r t i f i c i a l l y provided c a r r i o n on Inner Fame was regul a r over 

the whole i s l a n d , and was constant from week to week. I t i s 

suggested t h a t the d i s p o s i t i o n of n a t u r a l l y occurring c a r r i o n 

a f f e c t e d the catches, and t h a t beetle a c t i v i t y was concentrated 

where large amounts of n a t u r a l c a r r i o n occurred. From the 

r e s u l t s i t may be seen tha t s i g n i f i c a n t l y more N. humator were 

obtained from the Dock and Tower areas, i n both 1963 and 1964> 

before the breeding season. A s i m i l a r d i s t r i b u t i o n was shown 

by N. i n v e s t i g a t o r throughout the season i n 19^3 and on emer­

gence i n 1964. This d i s t r i b u t i o n may be explained by the 
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occurrence of the most c a r r i o n i n the areas where the m a j o r i t y 

of b i r d s , eider ducks and a r c t i c t e r n s , nested. According t o 

t h i s hypothesis^where c a r r i o n was scarce beetle a c t i v i t y would 

be high and catches would be evenly d i s t r i b u t e d i n r e l a t i o n t o 

the areas. I f t h i s i s the case, then i t would f o l l o w t h a t 

c a r r i o n was scarce f o r N. humator during the breeding season 

i n 1963 and 1964> and scarce f o r N. i n v e s t i g a t o r during the 

breeding season i n 1964» This hypothesis appears t o s a t i s f y 

the f a c t s , t h a t i s t h a t the amount of c a r r i o n a v a i l a b l e t o N. 

humator on Inner Fame i s normally s m a l l , the population conse­

quently being small. I n normal years the c a r r i o n supply of 

N. i n v e s t i g a t o r i s l a r g e , but was much reduced i n 1964i 

p o s s i b l y accounting f o r the even d i s t r i b u t i o n of catches i n t h a t 

year. 

The s i g n i f i c a n c e of the preference f o r the Dock and Tower 

areas by newly-emerfeed N. humator and W. i n v e s t i g a t o r can be 

explained by the d i s t r i b u t i o n of c a r r i o n when the previous 

generation of beetles reproduced, f o r i t i s i n these areas t h a t 

th«':.largest numbers of b i r d corpses occur. I t i s suggested 

t h a t these r e s u l t s r e f l e c t the d i s t r i b u t i o n of newly emerged 

i n d i v i d u a l s , hence also the d i s t r i b u t i o n of the previous 

generation's reproductive a c t i v i t i e s . 

A f t e r the i n i t i a l emergence of the beetles, the d i s t r i ­

b u t i o n of Kacro"ph"oi:Ta"s" was e~ven i n r«jra"lriun t o the'"four area?* 
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and some idea of the amount of movement was gained by comparing 

the number of animals recaught i n the same area as t h e i r previous 

capture w i t h the numbers caught i n d i f f e r e n t areas. 80$ of the 

animals which were caught twice were caught i n a d i f f e r e n t area 

on each occasion, showing t h a t extensive movement between areas 

occurs. 

Such a r e s u l t i s not s u r p r i s i n g when the s t r e n g t h and speed 

of f l i g h t are observed i n the f i e l d . Once airb o r n e , NScrophorus 

f l y very r a p i d l y , and several times i n d i v i d u a l s f l y i n g e a r l y i n 

the evening have been fo l l o w e d , t h e i r f l i g h t s timed and the 

distance measured. I n one case a male N. i n v e s t i g a t o r flew 

across the i s l a n d , 450 m, i n 5 minutes, an average speed of over 

3 miles per hour. However, the a c t u a l f l i g h t speed was much 

f a s t e r than t h i s , as the beetle d i d not f l y i n a s t r a i g h t l i n e , 

but pursued a z i g zag course. 

Further data on f l i g h t distance were gathered from e x p e r i ­

ments with paint-marked Necrophorus near Durham. I n these 

experiments 20 N. humator and 25 N. v e s p i l l o i d e s were marked 

and released i n the same place ( L i t t l e High Wood) on the same 

n i g h t . Kecrophorus subsequently captured at b a i t e d p i t f a l l s 

set up at varying distances from the wood were examined f o r 

marks. Two beetles were recaptured, one of each species, both 

on the evening f o l l o w i n g release. One specimen of N. humator, 

a male, was recovered w i t h i n the wood some 800 m away from the 
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release p o i n t , the other b e e t l e , a female N. v e s p i l l o i d e s was 

retrapped i n an adjacent wood, almost 2000 m from the release 

p o i n t . Both animals flew these distances w i t h i n 24 hours of 

release, and probably during the 8 hours of darkness immediately 

a f t e r release. 

Dispersal and possibly c o l o n i s a t i o n of new areas i s 

achieved i n Fhyllopertha h o r t i c o l a (Milne I96O) by b e e - l i n e r s , 

females whose behaviour d i f f e r s from normal females i n tha t 

they undertake long s t r a i g h t and very f a s t f l i g h t s away from 

the n a t a l area. The f l i g h t distances of male and female 

Necrophorus on Inner Fame were examined f o r any tendency on 

the part of one sex t o f l y f u r t h e r than the other. The data 

gathered from the p i t f a l l r e s u l t s are presented i n Table 25 and 

i t i s obvious t h a t no sexual d i f f e r e n c e i n f l i g h t distance may 

be discerned. 

Table 25• The distances flown by male and female 
Necrophorus on the Inner Fame, 1964 

Distance N. i n v e s t i g a t o r N. humator 
0 + & ? 

0-50 m 7 5- 2 3 

51-100 m 8 10 2 3 

101-150 m 16 19 9 6 

151-200 m 28 25 18 8 

201-250 m 37 33 15 14 

2 51-300 m 38 40 8 9 

301-350 m 29 28 3 7 

351-400 m 3 8 1 l 
401-450 m _ 5 _ i _0 _0 

172 172 58 51 
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Table 25 shows c l e a r l y t h a t f l i g h t s of under 50 m are not 

common, and t h i s f i t s w e l l w i t h the idea t h a t Necrophorus are 

strong f l i e r s . 

The r e l a t i o n s h i p between Necrophorus and t h e i r food 
supply on Inner Parne 

I n t h i s study p o s i t i v e evidence of the reproductive 

a c t i v i t i e s of Necrophorus on Inner Parne was obtained by care­

f u l l y searching f o r h a l f buried corpses at times when the 

beetles were reproducing. On examination i t was found t h a t 

the beetles were feeding p r i n c i p a l l y on a s i n g l e species of 

corpse (Table 26a). The a v a i l a b i l i t y of corpses t o Necrophorus 

was studied by weekly 'corpse counts', from 14 A p r i l t o 16 June 

(Table 27) . Corpse counts were discontinued a f t e r mid-June 

because of the i n a b i l i t y t o search the t h i c k vegetation e f f i ­

c i e n t l y . The r e s u l t s , although incomplete, are a good guide 

to the number of corpses a v a i l a b l e t o Necrophorus, and taken 

i n conjunction w i t h the r e s u l t s i n Table 26, show how each 

beetle species appears to be confined t o a s i n g l e type of 

corpse. 

When h a l f buried corpses were found, the b u r i a l a c t i v i t i e s 

of Necrophorus were not d i s t u r b e d . Apart from the shag 

(PfaalooTacoT^x a r i s t o t e l i s O used f o r reproduction by N. humator 

on 28 May 1964, the only corpses found t o have been buried by 

N. humator were those of Eider ducklings ("Somateria molissima). 



Table 26 Species of animal buried by Necrophorus on Inner 

Fame i n 1963 and 1964 

Necrophorus Date Eider Eider Tern Shag Rabbit 
species a d u l t d u c k l i n g species 

humator 28.5 .64 

11 1.6 .63 + 
11 8 . 6 .63 + 
11 H . 6 . 6 4 + 

i n v e s t i g a t o r 3.8 .64 + 
n 6 .8 . 6 4 + 
11 6.8 . 6 3 + 
11 1 4.8 . 6 4 + 
it 15.8 . 6 3 + 
n 1 5 . 8 . 6 3 + 
11 I 6 . 8 . 6 3 + 
11 1 6.8 . 6 3 + 
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The Eider ducks on Inner Fame l a y t h e i r eggs during May and 

the ducklings hatch during June. Immediately the ducklings 

are dry (24 hours a f t e r h a t c h i n g ) , the duck leads them to the 

water, and the f a m i l y swims to the mainland 1-i- miles away. 

During the journey from the nest to the water some ducklings 

are k i l l e d by g u l l s , and some, f a i l i n g t o keep up w i t h the r e s t , 

are abandoned amongst the vegetation and d i e . I t i s probably 

the abandoned ducklings t h a t were u t i l i s e d by N. humator. The 

number of corpses a v a i l a b l e t o N. humator from t h i s source 

i n c l u d i n g ducklings l e f t i n the nest, was at l e a s t double t h a t 

shown i n Table 27 ( I . K. Marsh a l l , pers. comm.). However, i t 

i s thought t h a t , at the most, not more than 40-50 Eider duck­

l i n g s became a v a i l a b l e to N. humator i n 1963 or 1964. 

A possible source of c a r r i o n f o r both N. humator and N. 

i n v e s t i g a t o r f o r which l i t t l e data are a v a i l a b l e , i s the r a b b i t 

(Oryctolagus cunicuius) population of Inner Fame. Apart from 

the r a b b i t s found dead when observations s t a r t e d i n A p r i l 

(Table 2 7 ) , no dead r a b b i t s v/ere found. To give some idea of 

the size of the r a b b i t p o pulation, spot counts were taken from 

the top of the Tower i n May, June and September 1964* The 

maximum number of r a b b i t s counted i n May/June was 94» of which 

20 were r e c e n t l y born animals. I n September the maximum number 

was 116, of which a t l e a s t 35 were young animals. (Counts i n 

J u l y and August were abandoned because of the d i f f i c u l t i e s of 



Table 27 The number and species of n a t u r a l l y occurring 

corpses on Inner Fame i n 1963 and 1964 

week Eider Eider Shag Other B i r d Rabbit 
ending a d u l t d u c kling species 

1963 1964 1963 1964 1963 1964 1963 1964 1963 1964 

14 A p r i l 2* 5* 1* 10* 6* 

21 A p r i l 1 

28 A p r i l 1 2 4 2 5 

5 May 1 

12 May 

19 May 

26 May 

2 June 8 4 

9 June 1 10 6 

16 June 2 3 

* Denotes l a t e w i n t e r m o r t a l i t y 
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observing r a b b i t s i n t h i c k vegetation.) The counts f a i l e d t o 

show extensive r a b b i t m o r t a l i t y during the summer, and support 

the s i m i l a r r e s u l t obtained from the corpse counts. During 

b i r d - r i n g i n g operations i n J u l y and August, no dead r a b b i t s 

were found. I t was assumed t h a t the r a b b i t s found dead i n 

A p r i l comprised p a r t of the winter m o r t a l i t y , and t h a t l i t t l e , 

i f any, m o r t a l i t y occurred during the r e s t of the f l i g h t season 
of Necrophorus on Inner Parne. 

The p o s s i b i l i t y of r a b b i t s dying underground cannot be 

discounted and such corpses would probably be found by 

Necrophorus. However, as the r e s u l t s from spot counts d i d not 

show any m o r t a l i t y , i t i s considered u n l i k e l y t h a t many died 

under these circumstances. During the summer there was no 

shortage of food f o r the r a b b i t s on Inner Parne, but i n winter 

the vegetation v i r t u a l l y disappears, and t h i s i s l i k e l y t o be 

the period of heavy m o r t a l i t y . I t was concluded t h a t the 

r a b b i t s on Inner Parne d i d not normally provide Necrophorus w i t h 
a c a r r i o n source. 

The m o r t a l i t y i n the t e r n colony on Inner Fame i s 

discussed i n d e t a i l l a t e r and i t i s s i g n i f i c a n t t h a t the pre-

f l e d g i n g m o r t a l i t y period, occurring throughout August, c o i n ­

cides w i t h the reproductive period of N. i n v e s t i g a t o r . I n 

1963 at l e a s t 10?S of the chicks which hatched, died between the 

ages of.3 weeks and two months. This f i g u r e represents 3-35 
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l a r g e chicks (80-110 g) and does not take i n t o account the 

number of younger chicks dying, which might be up t o 450 b i r d s . 

I t i s apparent t h a t N. i n v e s t i g a t o r have no shortage of corpses 

a t a time when they r e q u i r e them. 

A feature of the Necrophorus population on Inner Parne was 

the d i f f e r e n c e i n numbers between the two species. The N. 

humator population was estimated at about 200-300 animals i n 

1964, and i n the same year the estimated population size of 

N. i n v e s t i g a t o r was 400-500 animals. This suggests t h a t the 

small size of the K. humator population on Inner Parne was a 

r e f l e c t i o n of the r e l a t i v e paucity of s u i t a b l e c a r r i o n at the 
time when the beetle reproduces. N. i n v e s t i g a t o r , on the 

other hand, could take advantage of a much l a r g e r amount of 

c a r r i o n , and the population size was correspondingly l a r g e r . 



V THE BIOLOGY OP NECROPHORUS t LABORATORY STUDIES 
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2 LABORATORY STUDIES 

C u l t u r e techniques 

Laboratory c u l t u r e s of Necrophorus humator and 

N. i n v e s t i g a t o r were s e t up i n 196 3 i n order to provide 

data on b u r i a l behaviour, developmental periods of eggs 

and l a r v a e and the subsequent behaviour of the a d u l t s . 

A f t e r some experiment, s t r a i g h t - s i d e d , (1000 ml) 

c r y s t a l l i s i n g d i s l i e s were used as c u l t u r e chambers. Each 

d i s h was f i l l e d with l o o s e l y compacted t o p s o i l to w i t h i n 

4 cm of the top, and the top covered by a g l a s s p l a t e . 

A s u i t a b l e corpse was placed on the s o i l s u r f a c e and a 

p a i r of Necrophorus introduced. B u r i a l behaviour could 

be observed through the l i d and s i d e s of the chamber. 

I n many oases the corpse was lowered i n t o the s o i l by the 

b e e t l e s u n t i l the bottom of the chamber was reached, and 

observations on behaviour w i t h i n the c r y p t a could be made. 

P h y s i c a l conditions were s i m i l a r to those i n the f i e l d , 

and a temperature between 15-20°C was maintained w i t h i n 

the c u l t u r e chambers. Care was taken to maintain the 

r e l a t i v e humidity i n the chambers a t high l e v e l s as the 

b e e t l e s r e a d i l y died i f the s o i l d r i e d out. I n the chambers 

moisture condensed on the l i d and was a u t o m a t i c a l l y 

returned to- the s o i l - . 

The behaviour of the female b e e t l e during the care of the 

brood was observed by a simple v a r i a t i o n of the c u l t u r e 



chamber* I n these chambers, only 2 cm of s o i l was added, 

and i n such cases the p a i r did not attempt to bury the 

carc a s e and feeding behaviour could be e a s i l y observed. 

During the l a r v a l growth experiments , each l a r v a was 

removed from the corpse with f i n e forceps, weighed on a 

t o r s i o n balance and placed i n s i d e a container with moist 

s o i l . A l l the l a r v a e were t r e a t e d s i m i l a r l y and the brood 

was returned en masse to the c r y p t a . 

Preference experiments i n the f i e l d 

A l i m i t e d number of experiments were c a r r i e d out i n 

1963 on the type of corpses p r e f e r r e d by Necrophorus i n the 

n a t u r a l s t a t e . F r e s h l y dead animals were arranged i n p a i r s 

one foot apart on the Meadow and inspected every 24 hours. 

Each p a i r of corpses was separated from the next p a i r by 

a t l e a s t 20 m and the animals buried or v i s i t e d by 

Necrophorus were noted daily., (During the experiments the 

p i t f a l l t raps were closed.) The animals presented to the 

b e e t l e s were the same s p e c i e s as those used i n the 

labo r a t o r y experiments i n 1964* and were chosen to represent 

the n a t u r a l l y o c c u r r i n g c a r r i o n on the Inner Fame, The 

animals were E i d e r ducklings, r a b b i t s and t e r n c h i c k s . 



R e s u l t s 

a . N. humator (10 r e p l i c a t e s , 10 s u c c e s s f u l ) 

Choice E i d e r duckling v. small (150 g) r a b b i t 

No. of times 

chosen 8 2 

(10 r e p l i c a t e s , 8 s u c c e s s f u l ) 

Choice Small (150 g) r a b b i t v. large (300 g) 
r a b b i t 

No. of times 
chosen 8 0 

b, N. i n v e s t i g a t o r (20 r e p l i c a t e s , 16 s u c c e s s f u l ) 

Choice Tern c h i c k v. small (150 g) r a b b i t 

No. of times 
chosen 15 1 

These r e s u l t s i n d i c a t e that N. humator p r e f e r r e d e i d e r 

ducklings to r a b b i t s , and small to large r a b b i t s . I t was 

obvious that N. i n v e s t i g a t o r p r e f e r r e d t e r n c h i c k s to r a b b i t s 

During the experiment the b e e t l e s were c o l l e c t e d a f t e r 

they had been found on the corpse and were not r e l e a s e d 

u n t i l the experiment had f i n i s h e d . T h i s was to ensure that 

d i f f e r e n t b e e t l e s found the corpses each time, and the 

p o s s i b i l i t y of t r a p - or corpse-happy b e e t l e s was avoided* 

Preference experiments i n the laborat o r y 

Experiments s i m i l a r to those i n the f i e l d were c a r r i e d 

out i n the l a b o r a t o r y . Two corpses were presented to one 

male and one female Necrophorus. The corpses were placed 
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on top of 10 cm of loose s o i l i n a t r a y ( l m x 1 m), the 
t r a y was covered f o r 24 hours and then examined. Normally 
the b u r i a l of one of the corpses had "been s t a r t e d w i t h i n 
24 hours, but where no b u r i a l was observed the t r a y was 
l e f t f o r a f u r t h e r 24 hours and then re-examined* I n 
a l l the experiments, b u r i a l a c t i v i t y had s t a r t e d 48 hours 
a f t e r the i n t r o d u c t i o n of Necrophorus. 

Kecrophorus humator and N. i n v e s t i g a t o r were used i n 

the experiments, and the animals presented i n the t r a y s 

were chosen to represent the n a t u r a l l y o c c u r r i n g food of 

Necrophorus on the I n n e r Fame. These animals were r a b b i t s , 

E i d e r d u c k l i n g and a r c t i c t e r n c h i c k s . F r e s h m a t e r i a l 

was used whenever p o s s i b l e , and at other times deep frozen 

specimens were thawed f o r 24 hours at room temperature 

before being presented. 

P r e l i m i n a r y f i e l d experiments showed tha t a small 

(150 g) r a b b i t was chosen i n preference to a larg e (300 g) 

r a b b i t . The r e s u l t of 10 experiments i n the laboratory, 

s e t up to demonstrate t h i s , was 9 choices of small r a b b i t 

and 1 choice of a larg e r a b b i t , where only the head was 

buried. The d i f f e r e n c e was s t a t i s t i c a l l y s i g n i f i c a n t 

( X 2 ^ - 4.9, P ^ and i t was thought j u s t i f i e d 

tla use s m a l l r a b b i t s i n the main s e r i e s of experiments. 

The weights of e i d e r ducklings and a r c t i c t e r n c h i c k s 



were approximately 20-30 g and 70-90 g respectively. No 

Necrophorus were used twice i n a choice experiment, the 

number of experiments being limited by the number of beetles 

available. The experiments were started i n 1963 and 

continued i n 1964. 

N. humator 

The r e s u l t s of preference experiments using N. humator 

are set out i n Table 28. 

Table 28 The number of times each animal corpse was 
chosen by N. humator i n preference experiments 

Rabbit 
(I50g) 

_ Tern 
(40-50g) 

Rabbit 
(I50g) 

— Eider 
(30g) 

Tern -
(40-50g) 

Eider 
(30g) 

1963 3 10 2 8 t 
H- 6 

1964 1 i u 5 2 3 

TOTAL 4.5 13.5 2.5 12.5 6.5 8.5 

X 2 ^ 4.5 6.7 0.002 

P 4 0.05 Z.0.01 ^0.9 

From these r e s u l t s i t appears that N. huiiiator prefers 

a r c t i c tern chicks and eider ducklings to rabbits, but more 

data are needed to enable definite conclusions to be reached. 

N. investigator 

The r e s u l t s of preference experiments using N. investigator 

are set out in Table 29. 

These r e s u l t s indicate that N. investigator prefers 
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t e r n c h i c k s to r a b b i t s , but does not p r e f e r E i d e r ducklings 
t o t e r n c h i c k s , or E i d e r ducklings to r a b b i t s * 

Table 29 The number of times each animal corpse was 
chosen by N. i n v e s t i g a t o r i n preference experiments 

Rabbit - Tern Rabbit - E i d e r Tern - E i d e r 

1963 2 12 1 8 3 8 

1964 1 4 2 3 1 4 

TOTAL 3.5 15.5 3.5 10.5 4.5 11.5 

x 2 

X (1) 
7.4 3.5 3.1 

P < 0.01 ) 0.10 ; o.io 

I t i s p o s s i b l e that the p h y s i c a l bulk of a r a b b i t prevents 

i t s being chosen when a s m a l l e r , more e a s i l y moved animal 

i s present. That p h y s i c a l bulk i s important i s i n d i c a t e d 

by the r e s u l t s of the experiments u s i n g l a r g e and small 

r a b b i t s , where s m a l l e r animals were c o n s i s t e n t l y chosen. 

However, Kecrophorus do occur and reproduce beneath l a r g e 

animals without attempting to bury them, and b u r i a l i s thus 

no p r e r e q u i s i t e f o r s u c c e s s f u l reproduction. 

Corpse b u r i a l 

Pukowski ( l o c . c i t . ) described i n d e t a i l how Kecrophorus 

bury a corpse, f i r s t by digging beneath i t and f i n a l l y by 

easing the corpse, n e a t l y folded, i n t o the shallow s l o p i n g 

depression. The process i s pepeateu" u n t i l the corpse has 

been covered with s o i l , and l i e s at the bottom of a s l o p i n g 



t u n n e l i n the ground between 2-10 cm from the s u r f a c e . The 

process i s shown i n diagrammatic form i n F i g . 15 a-d, 

modified from Pukowski ( l o c . c i t . ) . 

Fabre (1919) noticed that during the b u r i a l , b e e t l e s 

emerged and moved slowly over the corpse, as i f i n s p e c t i n g 

the s u r f a c e . Pukowski r e f e r r e d t h i s behaviour to a t e s t 

of the m o b i l i t y and s i z e of the corpse before b u r i a l . At 

the beginning of the present study, i t was suggested 

(C.S. E l t o n , p e r s . comm.) that t h i s behaviour might be an 

adaptation to ensure t h a t dipterous eggs are found and 

destroyed before the corpse i s b u r i e d . However, when 

dipterous eggs were placed on the s u r f a c e of a corpse during 

b u r i a l , the b e e t l e s which 'inspected' the corpse took no 

n o t i c e of them. T h i s experiment was repeated 20 times and 

the r e s u l t s were always i d e n t i c a l . A f u r t h e r s e r i e s of 

experiments i n which C a l l i p h o r a sp. l a r v a e were placed on the 

s u r f a c e of a corpse,showed that these were eaten when 

encountered by a b e e t l e . T h i s r e s u l t was to be expected, 

because, as Pukowski points out, Necrophorus a d u l t s are 

p r i m a r i l y predators of dipterous l a r v a e found i n corpses. 

Another p u z z l i n g piece of behaviour i s shown by 

Necrophorus when the corpse has been buri e d . At t h i s point 

the r o l l e d - u p corpse i s s t r i p p e d of i t s outer covering of 

fur-; f-ea-ther-s j s c a l e s or- s k i n . T-hs ou-tG-r -covering- i s 

pressed on to the w a l l of the c r y p t a (burial-chamber), 

away from the corpse. The corpse thus l i e s i n © chamber 



F i g u r e 15 Diagrammatic r e p r e s e n t a t i o n of the way i n 

which a corpse i s "buried by Necrophorus< 

( a f t e r Pukowski, 19?5)« 

A I n i t i a l p o s i t i o n of corpse 

B P o s i t i o n of corpse about 6 hours a f t e r 

the a r r i v a l of Necrophorus 

C P o s i t i o n of corpse between 12-18 hours 

a f t e r the a r r i v a l of Necrophorus. Note the 

way i n which the corpse i s folded. 

D P i n a l p o s i t i o n of corpse about 24-36 hours 

a f t e r the a r r i v a l of Necrophorus * 



f ig. 15 

Stages in the burial of a corpse 
by Necrophorus 

A B 

D 



l i n e d with i t s own e x t e r n a l covering. T h i s behaviour was 

noted by Fabre and Fukowski and was a l s o seen i n the 

present study, and i t seems p o s s i b l e th a t under n a t u r a l 

conditions t h i s may be an important f a c t o r i n reducing 

i n f e s t a t i o n by dipterous l a r v a e . 

Experimental c o n t r o l s (corpses exposed to dip t e r a n 

egg-laying a c t i v i t i e s ) showed tha t C a l l i p h o r a eggs were 

l a i d i n s i d e the beak and vent, and between the f e a t h e r s 

of b i r d s , and i n the n o s t r i l s , mouth, anus, and at the base 

of the f u r i n mammals. I t i s suggested t h a t p o s t - b u r i a l 

s t r i p p i n g behaviour by Necrophorus removes a l a r g e 

proportion of the dipterous eggs on the corpse to a 

di s t a n c e of between 1-2 cm from the corpse. Many of these 

eggs w i l l have been destroyed by the s t r i p p i n g process, 

and the sm a l l gap between f u r and corpse might be s u f f i c i e n t 

to ensure that the ma j o r i t y of dipterous l a r v a e f a i l to 

reach the corpse. The r e s u l t s from the experimental 

c u l t u r e s to t e s t t h i s were i n c o n c l u s i v e . 

Many be e t l e s may gather a t a corpse and co-operate 

i n the b u r i a l (Pukowski l o c . c i t . , Fabre l o c . c i t . ) but 

a l l except a s i n g l e male and female are eliminated by 

i n t r a s p e c i f i c f i g h t i n g . The possession of a corpse i s a 

prime r e q u i s i t e f o r reproductive s u c c e s s , and at times of 

'corpse shortage i n t r a a p e e i f i c competition f o r food t r i l l 

probably be f i e r c e and many b e e t l e s may f a i l to reproduce. 

( F i g h t i n g waB not observed often i n t h i s study, f o r normally 



only a s i n g l e p a i r of b e e t l e s were placed with a corpse.) 

The defeated b e e t l e s d i s p e r s e i n search of another s u i t a b l e 

corpse, or are eaten by the v i c t o r s . 

I n the chamber the corpse i s prepared by r o l l i n g i n t o 

a b a l l , and i s moistened with a s e c r e t i o n from the fore-gut 

of the b e e t l e s w h i l s t i t i s being s t r i p p e d (Pukowski l o c . c i t . 

T h i s f l u i d appears to prevent the growth of fungi and other 

organisms, f o r although the chamber i s very humid, the 

corpse does not decay. Pukowski postulated that e x t r a ­

i n t e s t i n a l d i g e s t i o n i s the normal feeding method of 

Necrophorus, and t h i s would seem to be h i g h l y l i k e l y , 

p a r t i c u l a r l y as the l a r v a e are fed by r e g u r g i t a t i o n , and 

when handled, Necrophorus produce a t h i c k dark brown f l u i d 

from the mouth. 

S t r i d u l a t i o h 

S t r i b u l a t i o n by Necrophorus was mentioned by Pukowski 

( l o c . c i t . ) , and the s t r i d u l a t i o n i s Cflnjs-ad' by the 

movement of paired abdominal f i l e s a g a i n s t the e l y t r a l 

e x t r e m i t i e s . The p o s i t i o n of the f i l e s are f i g u r e d i n 

Crowson (1950 p.278fig.32 ) . The s e v e r i t y of the abdominal 

pumping movement determines the sound produced. Although 

s t r i d u l a t i o n i s only produced i n one way, a s e r i e s of 

s i g n a l s appears to have been evolved, each of which i s 

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

The ' s t a r t l e ' r e a c t i o n can be e l i c i t e d by suddenly 

d i s t u r b i n g a b e e t l e , or by p i c k i n g i t up. T h i s r e a c t i o n 
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has r e c e n t l y been w e l l described by R o t h s c h i l d and Lane (I964) 
who l i k e n e d both the posture and the noise to the buzz of 
a somnolent bumble bee (Bombus). Necrophorus which gather 
at a corpse f o r feeding p r i o r to gonad maturation often 
s t r i d u l a t e q u i e t l y . The b e e t l e s a l s o s t r i d u l a t e p r i o r to 
c o p u l a t i o n , and i n the c r y p t a the female s t r i d u l a t e s i n a 
d i s t i n c t i v e way when feeding the l a r v a e . When the l a r v a e 
beg f o r food by i n s i n u a t i n g themselves between the female's 
a n t e r i o r p a i r of l e g s , the female s t r i d u l a t e s with r e g u l a r 
s h o r t pauses, producing a droplet of brown f l u i d between 
her mandibles which i s ingested by the l a r v a e . 

I n d i v i d u a l s s t r i d u l a t e v i o l e n t l y when f i g h t i n g amongst 

themselves, and i n such s i t u a t i o n s there are i n d i c a t i o n s 

t h a t the s t r i d u l a t i o n f a c i l i t a t e s s e x u a l r e c o g n i t i o n . When 

a male grasps a female, the i n s t a n t the female s t r i d u l a t e s 

the male stops f i g h t i n g . 

S t u d i e s on the f u n c t i o n of s t r i d u l a t i o n i n Coleoptera 

have been neglected, but i t i s obvious from the present study 

t h a t i n Necrophorus t h i s form of s i g n a l l i n g i s capable of 

more v a r i a t i o n than that of Geotrupes or X estobuaLm. I t may 

be s i g n i f i c a n t that many of the other s t r i d u l a t o r y Coleoptera 

a r e those which l i v e underground or i n wood where they are 

i n v i s i b l e to each other. 

Egg l a y i n g 

I n the c u l t u r e s the eggs were l a i d i n the s i d e s of a 

curved h o r i z o n t a l tunnel constructed by the female, the 
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'Muttergang 1 of Pukowski ( l o c . c i t . ) . The tunnel i s "blind, 
opening i n t o the c r y p t a , and i s as wide as the female b e e t l e . 
I t s length v a r i e s from 2 to 8 cm. I f the chamber i s 
disturbed by a predator, the female w i l l use the egg tunnel 
as a refuge. The eggs were l a i d , s i n g l y , i n the s o i l on 
e i t h e r s i de of the t u n n e l . The egg sometimes showed at the 
surf a c e of the tunnel w a l l , but was more often completely 
buried. On the four occasions when the duration of egg l a y i n g 
was known, the female beetle l a i d a l l the eggs wi t h i n 24 hours. 

D e s c r i p t i o n of eggs 

The eggs of Necrophorus sp. are p e a r l y white ovoids. 

Because of the d i f f i c u l t y of e x t r a c t i n g eggs from the 

'Muttergang' and the r e l a t i v e l y s mall number of c u l t u r e s 

a v a i l a b l e f o r experimental work, the eggs of Necrophorus 

humator and N. i n v e s t i g a t o r were not measured a c c u r a t e l y i n 

t h i s study. Pukowski ( l o c . c i t . ) gives measurements from 

11 eggs of N. v e s p i l l o , the mean length and breadth being 

2.96 mm x 1.84 mm. The mature eggs taken from preserved 

specimens of Necrophorus i n the present study are i n accord 

with these measurements. 

Fecundity 

The number of eggs l a i d by Necrophorus v a r i e d c o n s i d e r a b l y 

from i n d i vidua-! to i n d i v i d u a l . Puk-owsk-i -f-eund that 20 egg 

batches of N. v e s p i l l o gave an average of 14.2 + 6.8 eggs per 

batch (Table 3 0 c ) . The s i z e of each batch v a r i e d from 4 to 24 
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eggs. The number of eggs per batch was c a l c u l a t e d i n the 

present study from c u l t u r e s where the eggs could be seen 

a g a i n s t the g l a s s of the c u l t u r e chamber. T h i s f i g u r e was 

checked against the number of l a r v a e which emerged, and must 

be regarded as a minimum f i g u r e . I t was found tha t N. humator 

l a i d a mean egg batch of 12.5 + 4»2 eggs, and fl. i n v e s t i g a t o r 

a mean egg batch of 11.1 + 6.8 eggs. 

The v a r i a b i l i t y of the s i z e of the egg batch was a marked 

f e a t u r e , both s p e c i e s l a y i n g between 3 a ^ d 24 eggs (Table 30a, 

There was no i n d i c a t i o n of two peaks of batch s i z e , as might 

have been expected i f a second l a y i n g of a s m a l l e r number of 

eggs had occurred. T h i s supports data obtained from the 

c u l t u r e s , where breeding f o r a second time was not observed. 

Although data on the point are l a c k i n g , i t seems p o s s i b l e that 

the amount of p r e l i m i n a r y feeding and the consequent s i z e of 

the f a t body determines the number of eggs l a i d . Probably 

some b e e t l e s f a i l to gain enough food before reproducing to 

mature more than a few eggs. 

Egg m o r t a l i t y 

H. humator 

Table 31b shows the number of eggs which f a i l e d to hatch, 

i n those c u l t u r e s where a minimum egg batch s i z e was known. 

I t can be seen that i n a l l cases egg m o r t a l i t y was low. The 

o v e r a l l m o r t a l i t y i n t h i s s p e c i e s was 14«0%. The highest 

i n c i d e n c e of m o r t a l i t y occurred i n one batch of f i f t e e n eggs, 

where three eggs (20.0$) f a i l e d to hatch. There were two 



Table 31a The m o r t a l i t y of eggs of N. i n v e s t i g a t o r , 

a ccording to batch s i z e 

Egg batch s i z e 3-5 6-8 9-11 12-14 15-17 18-20 21-23 

No eggs l a i d 17 28 41 116 65 37 45 

T o t a l eggs h a t c h e d ^ u ? Q 1 0 f l ^ ^ ^ 

T o t a l eggs dying 2 4 2 8 10 5 4 

< eggs dying 12.8 15.3 2.5 7.9 15*4 13.6 8 .9 

Table 31b The m o r t a l i t y of eggs of N. humator, according 

to batch s i z e 

Egg batch s i z e 3-5 6-8 9-11 12-14 15-17 18-20 

No eggs l a i d 4 27 40 102 64 76 

T o t a l eggs hatched^ 25 35 86 54 65 
T o t a l eggs dying Q 2 5 16 10 11 

# eggs dying 0 7. 4 12.5 15.7 15.7 14.5 
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c u l t u r e s where no egg m o r t a l i t y was recorded. The 

percentage m o r t a l i t y of s m a l l e r hatches (6»8 eggs, 7«4$) 

was h a l f that of the l a r g e r "batches (15-17 eggs, 15.7$)• 

N. i n v e s t i g a t o r 

The number of eggs which f a i l e d to hatch i n c u l t u r e s 

with egg batches of known s i z e , i s Bhown i n Table 31a» As i n 

N. humator, the maximum m o r t a l i t y i n any batch was j u s t below 

20$, when three eggs from, a batch of s i x t e e n f a i l e d to hatch. 

I n three c u l t u r e s no egg m o r t a l i t y was observed. The mean 

percentage egg m o r t a l i t y was 10.0^. The d i f f e r e n c e between 

the two mean egg m o r t a l i t y f i g u r e s (10$ and 14??) was not 

s i g n i f i c a n t . 

The low f i g u r e f o r egg m o r t a l i t y i s probably a d i r e c t 

r e s u l t of the care devoted by the female to the defence of 

the chamber. I n the n a t u r a l s i t u a t i o n i t seems p o s s i b l e 

that a higher egg m o r t a l i t y would occur, as f a c t o r s such as 

disturbance by l a r g e mammalian predators and predatory s o i l 

organisms were absent i n the c u l t u r e s . 

Incubation period 

Pukowski gives 4-5 days from l a y i n g to hatching i n K. v e s p i l l o , 

and the present work supports t h i s statement. A mean 

development period (from l a y i n g of f i r s t egg u n t i l hatching 

of that egg) of 4.9 + 0.5 days was recorded f o r 29 c u l t u r e s 

of N. i n v e s t i g a t o r at 16°C and 4.9 + 0.9 days f o r 25 
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c u l t u r e s of N. humator at 16°C, and the data are shown i n 
Table 32. 

The l a r v a e 

The l a r v a e of Kecrophorus pass through three i n s t a r s . 

The development i s p a r t i c u l a r l y r a p i d , and the l a r v a e are 

f u l l y grown w i t h i n 7 days from hatching. The duration of 

each i n s t a r i s approximately: 

I n s t a r I 0-12 hours a f t e r hatching 

I n s t a r I I 12-24 hours a f t e r hatching 

I n s t a r I I I 24 hours - 7 days a f t e r hatching 

P a r e n t a l care 

Pukowski found that when the l a r v a e hatch from the eggs, 

they migrate along the tunnel towards the corpse, where they 

are fed by the female. T h i s was obsarved i n the present 

study. The l a r v a e are fed by the female for the f i r s t 72 

hours of l i f e , and i n t h i s time pass through two i n s t a r s and 

e n t e r the t h i r d and l a s t i n s t a r . The female feeds the l a r v a e 

by r e g u r g i t a t i n g a drop of f l u i d , which i s h e l d between, 

and hangs from, the mandibles. The l a r v a e s t r e t c h upwards 

between the female's f o r e l e g s and suck up the drop, which 

s h r i n k s v i s i b l y . 

L a r v a l m o r t a l i t y i n experimental cuLture.s 

The importance of the female to the s u r v i v a l of the 

l a r v a e was t e s t e d i n the f o l l o w i n g manner: 

I n f i v e c u l t u r e s of N. i n v e s t i g a t o r , the female b e e t l e 



T a b l e 32 The duration of egg development i n N. i n v e s t i g a t o r 

at 16°C 

Egg development i n days 4 5 6 

Rumber of occasions 7 18 4 

n • 29; mean = 4.9 + 0.3 days 

The duration of egg development i n IT. humator 

at 16°C 

Egg development i n days 4 5 6 

Number of occasions 5 16 4 

n = 25; mean • 4.9 + 0.9 days 



was removed as soon as a l l the eggs were l a i d , 48 hours 

a f t e r the corpse was "buried. (No c a l c u l a t i o n s of egg 

m o r t a l i t y i n the absence of p a r e n t a l care are a v a i l a b l e , as 

the number of eggs i n each c u l t u r e was unknown.) I n each 

c u l t u r e the f a t e of the newly hatched l a r v a e was followed. 

A s i m i l a r experiment was conducted with f i v e c u l t u r e s of 

N. humator. 

•Results 

I h s t a r I 

N. i n v e s t i g a t o r 

From the f i v e c u l t u r e s a t o t a l of 47 l a r v a e were observed 

a t the c a r c a s e . The newly hatched l a r v a e were observed to 

feed on the corpse. The presence of food i n the gut was 

confirmed by observing that when the l a r v a e a r r i v e d at the 

corpse t h e i r guts showed through the c u t i c l e as a milky 

white thread. A f t e r feeding the colour of the gut changed 

to a dark brown. However, a l l the l a r v a e died w i t h i n 24 

hours, without passing i n t o the second i n s t a r . 

E . humator 

I d e n t i c a l r e s u l t s were obtained from the f i v e c u l t u r e s 

(45 l a r v a e ) of N. humator, that i s , a l l the l a r v a e died, 

a f t e r feeding, w i t h i n 24 hours of r e a c h i n g the corpse and 

none passed i n t o the second i n s t a r . 

I n s t a r I I 

A s i m i l a r s e r i e s of experiments, u s i n g f i v e c u l t u r e s of 
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each species,was undertaken to t e s t the e f f e c t of p a r e n t a l 
feeding on the second i n s t a r l a r v a e . V.'hen the parent was 
removed d i r e c t l y a f t e r the l a r v a l moult from f i r s t to 
second i n s t a r , and although the l a r v a e were seen to feed on 
the carca.se, not one succeeded i n a t t a i n i n g the t h i r d l a r v a l 
i n s t a r and a l l died w i t h i n 24 hours. 

I t appears th a t Pukowski's conclusion that p a r e n t a l 

f e e ding i s e s s e n t i a l to the s u r v i v a l of Necrophorus l a r v a e , 

a t l e a s t u n t i l the t h i r d i n s t a r , i s c o r r e c t . The f a c t that 

the l a r v a e could feed and yet not.moult, would seem to 

suggest that the female beetle s u p p l i e s the l a r v a e with the 

d i g e s t i v e enzymes e s s e n t i a l f o r food a s s i m i l a t i o n and growth. 

I n s t a r I I I 

The female b e e t l e was removed i n f i v e c u l t u r e s of each 

s p e c i e s , a f t e r the moult to the t h i r d l a r v a l i n s t a r had 

taken p l a c e . I n a l l c u l t u r e s the t h i r d i n s t a r l a r v a e fed, 

grew and pupated as i n s i m i l a r c u l t u r e s where the female 

was present. Pupal s u r v i v a l was s i m i l a r to that obtained 

i n the undisturbed c u l t u r e s . 

L a r v a l m o r t a l i t y i n c o n t r o l c u l t u r e s 

N. i n v e s t i g a t o r 

Twenty-six undisturbed c u l t u r e s (undisturbed meaning 

with the female present, but opened to f a c i l i t a t e removal 

of the l a r v a e ) were used as c o n t r o l s , and the number of l a r v a e 

http://carca.se
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a t each i n s t a r counted. I n some c u l t u r e s the l a r v a e -were 

removed d a i l y f or weighing. Table 55 summarises the data 

gained from these c o n t r o l c u l t u r e s , and i t i s immediately 

apparent that l a r v a l m o r t a l i t y was s l i g h t . There i s some 

i n d i c a t i o n of d i f f e r e n t i a l m o r t a l i t y i n r e l a t i o n to brood s i z e 

i n t h i s s p e c i e s , broods of l e s s than 14 having 89$ s u r v i v a l , 

and broods above 14 having 77$ s u r v i v a l . 

N. humator 

Thirty-one undisturbed c u l t u r e s were used as c o n t r o l s , and 

the number of l a r v a e a t each i n s t a r counted. The data are 

summarised i n Table 54. I t i s obvious that l a r v a l m o r t a l i t y 

was low, and there was no i n d i c a t i o n of d i f f e r e n t i a l m o r t a l i t y 

i n r e l a t i o n to brood s i z e . 

The production of adult b e e t l e s by a s i n g l e p a i r 

The number of eggs l a i d by a s i n g l e female Necrophorus 

which s u r v i v e to produce adu l t b e e t l e s as the next generation 

can be c a l c u l a t e d by u t i l i s i n g the m o r t a l i t y of eggs, l a r v a e 

and pupae as found i n the c u l t u r e s . 

. I n N. i n v e s t i g a t o r , each female l a y s 11 eggs (Table 30a) 

of which 10$ f a i l to hatch (Table 51a). Of the 10 l a r v a e 

which hatch, 17$ or 1.7 die during the l a r v a l or pupal stage 

(Table 55), l e a v i n g 8.5 adult b e e t l e s produced from each 

f e i u a . i e of the previous g e n ^ r s t x O n . 

I n N. humator, a s i m i l a r c a l c u l a t i o n shows tha t from 12.5 

eggs (Table 50b), 14$ or 1.75 eggs f a i l to hatch (Table 51fc) • 
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Of the remaining 10.7 l a r v a e , 13.5#- or 1.4 die during the 

l a r v a l or pupal stages (Table 34), l e a v i n g 9.3 a d u l t s . 

B e a r i n g i n mind that these data are provided by an 

a r t i f i c i a l c u l t u r e s i t u a t i o n , with optimum co n d i t i o n s , a 

s i n g l e p a i r of IJecrophorus i n v e s t i g a t o r or IT., humator 

produce on average 8 or 9 o f f s p r i n g . Given a constant number 

of corpses a v a i l a b l e f o r b u r i a l , i t i s obvious th a t competition 

f o r corpses w i l l occur, the population i n c r e a s i n g f o u r - f o l d 

every year. The l a r g e over-production of a d u l t s provides a 

r e s e r v o i r of animals which are capable of t a k i n g immediate 

advantage of unusually l a r g e amounts of c a r r i o n which might 

become a v a i l a b l e , for i n s t a n c e during myxomatosis or a vole 

population c r a s h . 

The growth of Necrophorus l a r v a e 

As mentioned p r e v i o u s l y , the l a r v a e from some c u l t u r e s of 

N. i n v e s t i g a t o r were removed d a i l y f o r weighing. Only t h i r d 

i n s t a r l a r v a e were used i n the weighings, and 10 c u l t u r e s 

(126 l a r v a e ) were weighed r e g u l a r l y . 

The curve of the mean d a i l y weight i n c r e a s e ( F i g . lfi) 

shows tha t the weight of the t h i r d i n s t a r l a r v a e r i s e s i n a 

l i n e a r fashion from the second u r . t i l the eighth day. Larvae 

then decreased i n weight u n t i l the n i n t h or tenth day, when 

pupsTfion occurred. 

The drop i n weight a f t e r the eighth day coincided with 

a period of i n c r e a s e d l a r v a l a c t i v i t y . At t h e i r maximum weight 
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F i g u r e 16 The mean d a i l y weight i n c r e a s e of N. i n v e s t i g a t o r 

l a r v a e . The v e r t i c a l s c a l e i s i n m i l l i g r a m s . 

The time when the la r v a e leave the carcase and 

when they pupate i s a l s o shown. 
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the l a r v a e became r e s t l e s s and l e f t the corpse, often 
wandering round and round the s i d e s of the c u l t u r e chamber 
on the s u r f a c e . Larvae kept i n a large t e r r a r i u m ( l m x 1 m) 
wandered up to 5 cm away from the corpse at t h i s time, and 
r a p i d l y l o s t weight. T h i s behaviour was thought to be 
s i m i l a r to the d i s p e r s a l shown by L u c i l i a l a r v a e from a 
corpse (Cragg 1955)• Even where c u l t u r e s were reared i n 1000 
ml c r y s t a l l i s i n g d i s h e s , the be e t l e l a r v a e always migrated 
as f a r away from the corpse as p o s s i b l e and would be found 
very c l o s e to the s i d e s of the d i s h . Larvae were never found 
to pupate w i t h i n the c r y p t a , and t h i s migration may be an 
adaptation, as suggested by Cragg ( l o c . c i t . ) , to escape 
predation. 

Pupation 

The l a r v a e pupate underground, and create a hardwalled 

c e l l by r o t a t i n g upon t h e i r long a x i s . The r e s u l t i n g 

chamber i s smoothwalled and s l i g h t l y l a r g e r than the l a r v a , 

w i t h i n t h i s chamber the moult from l a s t l a r v a l i n s t a r to 

pupa takes p l a c e . 

Pukowski ( l o c . c i t . ) mentioned that the pupal period i n 

N. humator and JT. i n v e s t i g a t o r , among other s p e c i e s , l a s t e d 

f o r 14-15 days. I n the present study, however, the mean 

length of the pupal period from pupation u n t i l emergence on 

the s o i l i n N. humator was 29.4 + 2.3 days at 16°C and of 
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W. i n v e s t i g a t o r 25.6 + 2.1 days at 16°C (Table 35 a and b ) . 
Although N. i n v e s t i g a t o r overwinters as an immature stage, 
i t does so as a prepupa, that i s a l a s t - i n s t a r l a r v a with 
the gut c l e a r e d , and pupation occurs s h o r t l y before the 
emergence of the adult the f o l l o w i n g year. I n t h i s part of 
the study there was no evidence to suggest that males and 
females of Wecrophorus emerged at d i f f e r e n t times. 

The emergence of the adult from the pupal c e l l 

The emergence of adult Necrophorus from a pupal c e l l 

was noted on only nine occasions, a l l of them with B. humator. 

The procedure was s i m i l a r i n a l l cases, beginning three days 

before emergence with a wave of pigmentation. Pigmentation 

s t a r t e d at the a n t e r i o r and passed p o s t e r i o r l y , changing 

the pupae from creamy white to l i g h t brown. Two days before 

emergence the b e e t l e s had broken out of the pupal c e l l at 

4.5 cm, and were l y i n g 3 cm below the s u r f a c e of the s o i l . 

Pigmentation proceeded r a p i d l y and on the evening of 

emergence, the b e e t l e s were a uniform dark chocolate-brown, 

w i t h orange e y e 3 . At t h i s point the b e e t l e s l a y j u s t 

below the s o i l s u r f a c e with the eyes and antennae v i s i b l e 

from above. F i n a l emergence occurred during l a t e evening, 

and the b e e t l e s were a c t i v e on the s u r f a c e during the n i g h t . 

Apart from being very dark brown i n colour, newly 

emerged N. humator had a s o f t c u t i c l e . The b e e t l e s were 



Table 35& The mean pupal period i n N. humator 

(from pupation to emergence on the s u r f a c e ) at 16°C 

Pupal period 22 23 24 25 26 27 28 29 30 31 
i n days 

Number of 1 1 3 2 6 11 7 4 1 1 
occasions 

n = 37 
Mean pupal period = 29-4 + 2.3 days 

Table 35^ The mean pupal period i n N. i n v e s t i g a t o r 

(from pupation to emergence on the su r f a c e ) at l6°C 

Pupal period 21 22 23 24 25 26 27 28 29 30 
i n days 

Number of 1 2 2 1 6 8 3 1 1 2 
occasions 

n = 27 

Mean pupal period = 25.6 + 2.1 days 
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f u l l y pigmented w i t h i n 24 hours of appearing on the 

s u r f a c e , and the c u t i c l e had hardened by . that time. V/hen 

handled, newly emerged be e t l e s exuded a drop of c l e a r 

greenish-yellow l i q u i d from the anus, w h i l s t older i n d i v i d u a l s , 

which had fed, produced a t h i c k brown f l u i d from the anus. 

To discove r how long newly emerged b e e t l e s s u r v i v e d 

without food, 15 N* humator were starved from emergence u n t i l 

they died. The r e s u l t s (Table 56) show tha t N. humator 

s u r v i v e d l e s s than a week under these c o n d i t i o n s . I t i s 

obviously important f o r Neorophorus to f i n d food as r a p i d l y 

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

the peak of a c t i v i t y at that time ( F i g . 5> 6 ) . 

Table 36 The s u r v i v a l of newly emerged N. humator at 
16 C -rhen s t a r v e d 

S u r v i v a l i n days 1 2 3 4 5 6 7 8 

Number dying 1 - - 2 8 3 - 1 

n • 15, mean s u r v i v a l time without food = 5*0 l± 0*4 days 

Sex r a t i o of emerging b e e t l e s 

The sex r a t i o of 275 N. i n v e s t i g a t o r when the b e e t l e s 

emerged from pupation was 140 males: 135 females. T h i s does 

not d i f f e r s i g n i f i c a n t l y from a 1 : 1 r a t i o of males to females. 

A s i m i l a r s i t u a t i o n was found i n 348 adult N. humator, there 

being 160 males : 188 females. 
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3 THE RELATIONSHIP BETWEEN NECROPHORUS AND THEIR ASSOCIATED ACARINA 

At the beginning of the study i t was noticed t h a t Necrophorus 

beetles i n v a r i a b l y c a r r i e d several mites. I n t e r e s t i n the mites 

was stim u l a t e d by the discovery t h a t , i n a Necrophorus c u l t u r e , 

the mites preyed upon the a r t i f i c i a l l y introduced eggs of 

Ca l l i p h o r a sp. 

The mites most commonly found on Necrophorus were i d e n t i f i e d 

as Parasitus (Poecilochirus) necrophori V i t z t , 1930. The 

biol o g y of P. necrophori as a phoretic associate of N. humator 

has prev i o u s l y been described by Neumann (1943)• Neumann 

described P. necrophori as a symphorist and paraphage, using 

the beetle f o r t r a n s p o r t and feeding on fly-maggots and the 

c a r r i o n encountered by the host. Neumann's d e s c r i p t i o n was 

e s s e n t i a l l y t h a t of a loose association between the beetle and 

the mite. The discovery by Costa (19^4) of a close r e l a t i o n s h i p 

between the dung beetle Copris hispanus L and the mite Parasitus 

copridus Costa, prompted the w r i t e r t o undertake a closer 

study of the r e l a t i o n s h i p between Neorophorus and Parasitus 

( P o e c i l o c h i r u s ) necrophori. 

Beetles caught i n the f i e l d were preserved i n Pampel's 

f l u i d i n i n d i v i d u a l containers. When the beetles were dissected 

the mites were examined, i d e n t i f i e d and counted. 

Results from the preserved m a t e r i a l 

The data presented i n Table 37 shows the average number of 

P. necrophori deutonymphs present on N. humator, counted 
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a t the time of d i s s e c t i o n i n the l a b o r a t o r y . The beetles 

were a l l caught and preserved on the Inner Fame. S i m i l a r 

data are presented f o r N. i n v e s t i g a t o r i n Table 38 . 

These data i n d i c a t e t h a t i n f e s t a t i o n s ranging from 10 

t o 30 mites per beetle are common i n both species. This may 

be compared w i t h a maximum i n f e s t a t i o n of Parasitus copridus 

on Copris hispanus of 6 .6 deutonymphs per b e e t l e . However, 

Hyatt (1959) d e s c r i b i n g mites from Geotrupes s t e r c o r a r i u s (L) 

found t h a t the i n f e s t a t i o n on 4 beetles was 157*7 mites per 

b e e t l e . 

The data also suggest t h a t the i n f e s t a t i o n s (the numbers 

of mites per beetle) r i s e as the reproductive cycle progresses. 

Thus f o r F. humator (Table 39&)» "the numbers rose from 12 t o 

35 mites per b e e t l e , during the season, and i n N. i n v e s t i g a t o r 

(Table 39b) from 11 t o 36 mites per b e e t l e . I n N. humator, 

the newly emerged adults caught i n September showed 

i n f e s t a t i o n s s i m i l a r t o those found a t the beginning of the 

season (April-May), t h a t i s , about 10 mites per b e e t l e , 

These data suggested t h a t the mite was reproducing at the same 

time as Necrophorus and were u t i l i s i n g the emerging, spent, 

Necrophorus as a convenient d i s p e r s a l mechanism. 

Results from l a b o r a t o r y experiments and c u l t u r e s 

Data from cultures- i n the l a b o r a t o r y showed s i m i l a r 

r e s u l t s t o those observed i n the f i e l d . However, the 

i n f e s t a t i o n s of deutonymphs on spent female Necrophorus from 



Table 37 The number of mites per beetle shown at weekly 

i n t e r v a l s during the f l i g h t period of N. humator 

•Veek ending Number of beetles Number of mites Number of 
examined found mites/beetle 

21 A p r i l 8 92 11 .5 

5 May 6 75 12.5 

12 May 3 46 15 .5 

19 May 7 83 11 .8 

26 May 12 170 14.1 

2 June 8 99 12.3 

9 June 4 62 15 .5 

16 June 7 103 14 .7 

2 3 June 2 40 20.0 

30 June 15 317 21 .1 

7 J u l y 10 210 21.0 

14 J u l y 18 370 20 .5 

21 J u l y 6 210 35.0 

28 J u l y 3 82 27.6 

August - - -
1 September 6 62 10 .3 

8 September 19 211 11.1 

15 September 7 68 9 .7 

2 2 September 8 66 8 . 2 

29 September 9 103 11.4 

6 October 6 71 11 .8 

TOTAL 164 2541 15.4 



Table 38 The number of mites per beetle shown at weekly 

i n t e r v a l s during the f l i g h t period of N. i n v e s t i g a t o r 

week ending Number of beetles Number of mites 
examined found 

Number of 
mites/beetle 

7 J u l y 10 93 9.3 

14 J u l y 13 150 11 .5 

21 J u l y 8 86 10.7 

2 8 J u l y 83 8?0 10 .5 

4 August 46 502 10 .9 

11 August 31 587 18 .9 

18 August 27 460 17 .0 

2 5 August 18 320 17 .9 

1 September 31 773 24 .9 

8 September 38 860 22.6 

15 September 78 1708 21 .8 

22 September 42 1520 36.1 

29 September 27 1030 38.1 

TOTAL 452 8959 19.8 



Table 39& The number of mites per beetle according to the 

reproductive s t a t e of beetles, (K. humator) 

caught i n the f i e l d 

Necrophorus 
humator 

Reproductive sta 
Immature Mature 
(f 0 (51 

+ 

te of 

0 + 

beetle 
Spent 

0 + 
No. of beetles 39 40 25 31 29 

No. of mites 451 452 310 372 955 

No. of mites/beetle 11 . 5 11 .3 12 .4 11 .0 32 .9 

Table 39b The number of mites per beetle according t o the 

reproductive s t a t e of beetles, (N« i n v e s t i g a t o r ) 

caught i n the f i e l d 

Necrophorus Reproductive s t a t e of beetle 
i n v e s t i g a t o r Immature Mature Spent 

0 <? 0 0 
+ •»? + 

No. of beetles 27 25 69 93 172 

No. of mites 388 412 1130 1152 5477 

No. of mites/beetle 14-3 15 .7 16.3 16.6 31 .8 
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successful c u l t u r e s aere r e l a t i v e l y enormous. For example, 

approximately 800 deutonymphs of P. necrophori were counted 

on a s i n g l e spent female of N. humator. The average numbers 

o f deutonymphs per i n f e s t a t i o n of spent females from 

successful c u l t u r e s was 650. 

I t was thought t h a t the major f a c t o r c o n t r i b u t i n g t o 

these very high mite i n f e s t a t i o n s was the enclosed conditions 

o f the c u l t u r e s , which prevented the escape of both 

deutonymphs and b e e t l e . I t seemed l i k e l y t h a t under n a t u r a l 

c o n d i t i o n s when the beetle emerged and took f l i g h t , a large 

p r o p o r t i o n of the deutonymphs would be dislodged and dispersed, 

and an experiment to t e s t t h i s hypothesis was undertaken. 

I n a greenhouse (10 m x 5 n ) i & spent female Kecrophorus 

w i t h a known number of mites ( e i t h e r K. humator or N. 

i n v e s t i g a t o r ) was allowed t o f l y f r e e l y . A f t e r 5 minutes 

the beetle was c o l l e c t e d , k i l l e d and the mites counted. This 

was repeated, w i t h d i f f e r e n t spent beetles, on f i v e occasions. 

The data are shown i n Table 40, and i t i s obvious t h a t a f t e r 

even a short f l i g h t , over 90fc of the deutonymphs had been 

l o s t . The di f f e r e n c e s between the high numbers of 

d'eutonymphs on each beetle found i n the la b o r a t o r y and the 

r e l a t i v e l y low numbers found i n the f i e l d are thus explained. 

A choice experiment was devised i n order t o determine 

whether the deutoiiynrphB of- P. nscrophor-i p r e f e r r e d Wec-r-O-phorus-

t o other beetles. A large aluminium t r a y ( l m x 1 m) w i t h 
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v e r t i c a l sides 10 cm high was f i l l e d w i t h 5 cm of l e v e l 

t o p s o i l . Six l i v e specimens of C are bus sp. caught i n p i t f a l l 

t r a p s , were released i n the t r a y . I n a d d i t i o n , s i x l i v e 

F. i n v e s t i g a t o r w i t h no mites (three male, three female, a l l 

immature), were released i n the t r a y , which was covered and 

l e f t undisturbed. The mites ( a l l deutonymphs of P. necrophori) 

were kept i n a glass container and a f t e r 24 hours a known 

number were shaken at random on to the s o i l surface. The 

beetles were removed and inspected s i x hours a f t e r the 

a d d i t i o n of the mites and the r e s u l t s are shown i n Table 4 1 a . 

Wo mites were found on theCarabus sp. b e e t l e s , but 159 were 

found on the Necrophorus. The experiment was repeated three 

times, using d i f f e r e n t b e e t l e s , w i t h i d e n t i c a l r e s u l t s . 

I t was concluded t h a t deutonymphs of P. necrophori choose 

Necrophorus i n prefefence t o uarabus sp. 

A s i m i l a r experiment was conducted to show whether 

r . necrophori prefer riecrophorus to other beetles found i n 

corpses. Specimens of N. v e s p i l l o i d e s Herbst and S i l p h a 

c a r i n a t a were used i n t h i s experiment, and the data are 

presented i n Table 41b. This experiment was regarded as 

important, f o r although the r e s u l t of the previous preference 

experiment, Necrophorus v. Carabidae, was p r e d i c t a b l e , the 

outcome of Necrophorus v. 5 i l p h a was not. I f the r e l a t i o n s h i p 

between P. necrophori and Hecrbphorus was as loose as Neumann 

( l o c . c i t . ) suggested, then one might expect t h a t any c a r r i o n 

b e e t l e would be a s u i t a b l e host, and t h a t the mites would s o r t 



Table 41a The r e s u l t s of preference experiment, i n v o l v i n g 

deutonymphs of P. necrophori, ( A c a r i ) , 

N. i n v e s t i g a t o r and Carabidae (Col.) 

Number of Number of mites Number of mites 
mites released on Necrophorus on Carabidae 

c. 150 159 0 

c. 100 98 0 

c. 50 52 0 

c. 300 309 0 

Table 41b The r e s u l t s of preference experiments i n v o l v i n g 

deutonymphs of P. necrophori ( A c a r i ) , 

N. i n v e s t i g a t o r (Col.) and Silp h a c a r i n a t a (Col.) 

Number of Number of mites Number of mites 
mites released on Necrophorus on Si l p h a 

c. 40 36 1 

c. 50 54 0 

c. 90 85 3 

c.180 175 4 



themselves out equally amongst a l l the beetles» However, 

t h a t was not the case, and the preference of the mites f o r 

TTecrophorus throws f u r t h e r doubt upon the looseness of the 

as s o c i a t i o n . 

Further i n f o r m a t i o n upon the l i f e - c y c l e of P. necrophori 

i n r e l a t i o n t o Necrophorue i n v e s t i g a t o r was gained from a 

series of experimental c u l t u r e s , set up i n 1963 and 1964* 

I n order t o i s o l a t e the f a c t o r s a f f e c t i n g the r e l a t i o n s h i p 

between the mite and the b e e t l e , various combinations of miti 

beetles and C a l l i p h o r a eggs were placed w i t h a "standard" 

corpse. The C a l l i p h o r a eggs were obtained by exposing meat 

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

numbers of eggs from the meat t o the corpse. The eggs were 

placed on the eviscerated corpse i n two p o s i t i o n s , about 50 

eggs i n t o the mouth and ears, and a s i m i l a r number i n t o the 

body c a v i t y . Live mites v/ere obtained by brushing them from 

Necrophorus i n t o tubes. The combinations of animals used 

i n the c u l t u r e s were as f o l l o w s : 

Type A. Vole carcase, c. 30 deutonymphs of P. necrophori, 

c. 100 C a l l i p h o r a eggs. 

Type B. Vole carcase, c. 30 deutonymphs of P. necrophori, 

c. 100 C a l l i p h o r a eggs, one male and one female.. 

TJ. i n v e s t i g a t o r . 

Type C* Vole carcase, c. 100 C a l l i p h o r a eggs, one male-and 

one female N. i n v e s t i g a t o r , (no P. nec r o p h o r i ) . 
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Type D. Vole carcase, c. 100 C a l l i p h o r a eggs. 

Type E. Vole carcase, one male and one female N. i n v e s t i g a t o r 

(no P. necrophori). 

Type F. Vole carcase, c. 30 deutonymphs of P. necrophori, 

one male and one female N. i n v e s t i g a t o r . 

Type F c u l t u r e s , the "Standard" c u l t u r e arrangement, were 

considered as co n t r o l s f o r the other arrangements. During 

1963 each c u l t u r e was r e p l i c a t e d four times, and the same 

number of r e p l i c a t e s with i d e n t i c a l conditions was repeated 

i n 1964* The physical conditions of the cul t u r e s were 

s i m i l a r t o those described p r e v i o u s l y . 

Results 

The r e s u l t s from both years are s i m i l a r and have been 

combined and presented i n Table 42. 

Type A c u l t u r e s (8 r e p l i c a t e s ) Vole carcase, c. 30 deutonymphs 
of P. necrophori, c. 100 
C a l l i p h o r a eggs 

Immediately the deutonymphs of P. necrophori were 

introduced i n t o the chamber, they ran r a p i d l y over the surface 

of the corpse. Their movement was apparently at random, but 

w i t h i n 30 minutes of t h e i r i n t r o d u c t i o n , some of the mites 

had found and were a t t a c k i n g the two batches of C a l l i p h o r a 

eggs with t h e i r c h e l i c e r a e . Four hours a f t e r the i n t r o d u c t i o n 

of the mites, a l l the C a l l i p h o r a eggs had been discovered and 

eaten. Although the experiment was allowed t o continue f o r 

s i x weeks, the mites f a i l e d t o reproduce during t h i s time. 
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Type B c u l t u r e s (8 r e p l i c a t e s ) Vole carcase, c. 30 
deutonymphs of P. necrophori, 
c . 100 C a l l i p h o r a eggs, 
p a i r of ftecrophorus. 

The r e s u l t s from these c u l t u r e s were s i m i l a r t o those 

i n Type A. The mites r a p i d l y found the C a l l i p h o r a eggs and 

attacked and ate them, and i n a l l the c u l t u r e s the mites 

reproduced s u c c e s s f u l l y . I n s i x cases, the Necrophorus 

buri e d the carcase and reared a brood of l a r v a e . I n the 

other two cases, the carcase was buri e d , but no eggs were l a i d . 

The females were dissected and found to be spent. 

Type C c u l t u r e s (8 r e p l i c a t e s ) Vole carcase, c. 100 
C a l l i p h o r a eggs, p a i r of 
N. i n v e s t i g a t o r , fro P. necrophori) 

I n a l l c u l t u r e s of t h i s type, the C a l l i p h o r a eggs hatched 

suc c e s s f u l l y and the larvae invaded the carcase, a f t e r b u r i a l 

by Necrophorus. I n a l l cases, Necrophorus reproductive 

e f f o r t s f a i l e d , only three female beetles l a i d eggs, and these 

deserted t h e i r eggs before they hatched. I n the remaining 

c u l t u r e s no eggs were l a i d . I n four of the c u l t u r e s , the 

beetles were seen t o attack and eat C a l l i p h o r a l a r v a e , and t h i s 

observation. 7ms confirmed when the numbers of emerging adult 

f l i e s were compared wi t h pure cultures of C a l l i p h o r a (Table 4 3 ) • 

I t i s also possible t h a t p o s t - b u r i a l s t r i p p i n g behaviour reduced 

the success of the C a l l i p h o r a l a r v a e . 

Type D cu l t u r e s (8 r e p l i c a t e s ) Vole carcase, c. 100 C a l l i p h o r a 
eggs (no P. necrophoril 

A high s u r v i v a l of f l y larvae and adults was noted i n 
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these c u l t u r e s . The r e s u l t s are shown i n Table 4 3 , compared 

w i t h s i m i l a r r e s u l t s from Type C c u l t u r e s . 

Type E c u l t u r e s (8 r e p l i c a t e s ) Vole carcase, p a i r of Necrophorus 
(No mites) 

I n these c u l t u r e s the beetles were brushed f r e e from mites 

before being placed i n the c u l t u r e chamber. I n the c u l t u r e s 

of t h i s type a l l Necrophorus ra i s e d a brood s u c c e s s f u l l y . 

Type P c u l t u r e s (8 r e p l i c a t e s ) (Control) 
Vole carcase, c. 30 devitonymphs 
of P. necrophori, p a i r of 
Necrophorus. 

I n the m a j o r i t y of these c u l t u r e s , Necrophorus were 

successful i n r e a r i n g a brood. I n one c u l t u r e the corpse 

was buried but no eggs were l a i d and the female was afterwards 

found to be spent. I n a l l c u l t u r e s of t h i s type, P. necrophori 

reproduced s u c c e s s f u l l y . 

A s t r i k i n g feature of these experimental c u l t u r e s was 

t h a t whenever deutonymphs of P. necrophori and adu l t s of 

Necrophorus were together on a corpse, both mites and beetles 

were able t o reproduce (Table 42). Further, w h i l s t P. necrophori 

never .reproduced without the b e e t l e , Necrophorus were able t o 

reproduce without the mite, but only s u c c e s s f u l l y i n the 

absence of dipterous l a r v a e . Where dipterous eggs were present 

on a corpse which was b u r i e d , Necrophorus appeared t o depend 

upon the mite f o r reproductive success. 

A s i m i l a r series of c u l t u r e s using small (3 mm) C a l l i p h o r a 

larvae instead of C a l l i p h o r a eggs was c a r r i e d out i n 1966, and 
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the r e s u l t s are given i n Table 44* These c u l t u r e s t e l l 
a d i f f e r e n t s t o r y from the previous s e t , f o r i n a l l the 
c u l t u r e s inoculated w i t h f l y larvae (A, B, C, D,) the beetles 
f a i l e d t o r e - r a brood. Only where C a l l i p h o r a larvae were 
absent d i d Necrophorus reproduce s u c c e s s f u l l y , although i n 
cu l t u r e s w i t h Necrophorus and C a l l i p h o r a l a r v a e , the beetles 
were observed t o eat f l y larvae when they found them. I n 
some cases, the mites also attacked and k i l l e d f l y l a r v a e , but 
only those under 5 mm long. I n a l l these caBes, some f l y larvae 
escaped a t t e n t i o n , growing t o a large s i z e , and then invaded 
the corpse whereupon the beetles would abandon i t . 

These c u l t u r e s r e i n f o r c e the idea that the mites are 

important t o Necrophorus, and also t h a t the mites are i n some 

way dependent on Necrophorus f o r reproductive success. 

Another observation which points t o the close r e l a t i o n s h i p 

between Necrophorus and Poecilochirus i s the i n f e s t a t i o n of 

beetl e larvae w i t h mite deutonymphs. This phenomenom was 

observed i n N. humator and N. i n v e s t i g a t o r , and occurred i n 

the same fashion i n both species. T h i r d i n s t a r larvae which 

had f i n i s h e d growth and had empty guts, were observed moving 

around the c u l t u r e chamber bearing mite deutonymphs w i t h them. 

These mites were c l i n g i n g on t o the dorsal shields of the 

la r v a e , and continued t o hang on when the larvae f i n a l l y went 

underground t o construct pup'si c e l l s . Throughout the- pupal 

period these mites could be seen to be a c t i v e w i t h i n the c e l l , 

and newly emerged beetles c a r r i e d these deutonymphs when they 



Table 42 The r e s u l t s of experimental c u l t u r e s set up t o 

determine the r e l a t i o n s h i p between Necrophorus, 

Parasitus and C a l l i p h o r a , using C a l l i p h o r a eggs 

Eight r e p l i c a t e s were used throughout 

Culture Type 

C orpse 
Mites 
C a l l i p h o r a eggs 

Number of 
successful 
Necrophorus 
c u l t u r e s 

Number of 
successful 
Necrophorus 
c u l t u r e s 

Number of 
successful 
Necrophorus 
c u l t u r e s 

B 
Corpse 
Necrophorus 
Mites 
C a l l i p h o r a eggs 

Corpse 
C Necrophorus 

C a l l i p h o r a eggs 
0 

Corpse 
C a l l i p h o r a eggs 

E C orpse 
Necrophorus 

Corpse 
F Necrophorus 

Mites 



Table 43 The number of f l i e s emerging from two d i f f e r e n t 

types of experimental c u l t u r e s 

C u l t u r e O r i g i n a l number of Number of f l i e s d success 
(8 r e p l i c a t e s ) C a l l i p h o r a eggs on emerging from 

8 carcases 8 carcases 

C arease 
C a l l i p h o r a eggs c.800 c.580 72$ 
Necrophorus 

D 2 a ^ ? a 8 f c.800 c .711 899? C a l l i p h o r a eggs 



Table 44 The r e s u l t s of experimental c u l t u r e s set up t o 

determine the r e l a t i o n s h i p between Necrophorus, 

Parasitus and C a l l i p h o r a . using C a l l i p h o r a larvae, 

Eight r e p l i c a t e s were used throughout 

Culture Type 

Corpse 
Mites 
C a l l i p h o r a larvae 

Number of 
successful 
Necrophorus 
c u l t u r e s 

Number of Number of 
successful successful 
mite c u l t u r e s C a l l i p h o r a 

c u l t u r e s 

B 
Corpse 
Necrophorus 
Mites 
C a l l i p h o r a larvae 

Corpse 
Necrophorus 
C a l l i p h o r a larvae 

8 

Corpse 
C a l l i p h o r a larvae 

E C orpse 
Necrophorus 

C orpse 
Necrophorus 
Mites 
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a r r i v e d at the surface. 

The length of time t h a t deutonymphs stayed w i t h i n the 

pupal c e l l was approximately two months i n IT. humator, and 

a maximum of ten months i n N. i n v e s t i g a t o r * I t should be 

noted t h a t t h i s imprisonment i s not v o l u n t a r y , f o r once 

in s i d e the pupal c e l l the mites cannot break out through the 

hardened w a l l s . However, t h i s behaviour ensures the 

s u r v i v a l of another generation of mites, i n close contact 

w i t h the b e e t l e , and has obvious advantages f o r the beetle 

i n terms of ensuring the reproductive success of the next 

generation. The r e l a t i o n s h i p between the beetle and the mite 

i s not aB loose as suggested by Neumann (1945)»&nd i t appears 

t h a t a c e r t a i n amount of synchronisation has occurred 

between the l i f e h i s t o r i e s of the two species. 



V I I THE MORTALITY OF ARCTIC TERNS 

ON THE BREEDING GROUNDS: 

EGG LAYING, INCUBATION AND HATCHING. 



EGG LAYING, INCUBATION AND HATCHING 

Methods 

Observations of the terns i n the Cove averaged 12 

hours d a i l y i n 1964» hut were less i n t e n s i v e i n 1963* 

I n 1964t the observer watched from 13 May u n t i l the 

m a j o r i t y of b i r d s l e f t i n mid-August. Certain observations 

were made i n 196% The bird s were observed from a hide at 

a minimum range of 20 metres and a maximum of 60 m. 

Op t i c a l equipment included 10 x 50 binoculars and a 

prismatic telescope g i v i n g a m a g n i f i c a t i o n between 15 and 

60 times. 

Adult b i r d s were caught and colour banded, and 

approximately h a l f of the pair s on the Cove were colour-

r i n g e d by the end of 19640 Nests were marked w i t h an 

aluminium peg, numbered so as to be v i s i b l e from the hide. 

The eggs were marked w i t h lead p e n c i l , according to the 

order i n which they were l a i d . The contents of each nest 

were noted monning and evening throughout the incubation 

p e r i o d . 

On the Fame I s l a n d s , a r c t i c terns normally r e t u r n 

d u r i n g the l a s t week i n A p r i l . At f i r s t they avoid the 

breeding areas and roost i n large numbers on nearby rocky 

i s l e t s . Occupation of the colony i s gradual, and the 

f i r s t eggs are normally found during the l a s t week i n May. 
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S t a r t of l a y i n g 

The mean date when the f i r s t eggs were found, f o r 

13 years (1951-1964) i s 23 May (Fame I s l a n d O r n i t h o l o g i c a l 

Reports 1951-1960', pers. obs. 196I-I964) (Table 45). 

T h i B date i s 25 days e a r l i e r than the mean date f o r 6 years 

i n the Murman Sea (17 June) area recorded by B e l o p o l s k i i 

( I 9 6 I ) . The reason f o r the d i f f e r e n c e i n these l a y i n g dates 

i s probably t h a t conditions f o r l a y i n g were unsuitable i n 

the A r c t i c areas u n t i l June and B e l o p o l s k i i mentions t h a t on 

QJLOT'Island i n 1948 the pr o t r a c t e d nature of egg-laying 

may have been caused by nesting c o n d i t i o n s . B e l o p o l s k i i 

also mentions t h a t i n 1950, the exception t o the e a r l y 

l a y i n g observed i n many bird s was the a r c t i c t e r n , which 

l a i d l a t e and deserted the breeding colonies during the 

incu b a t i o n period. 

T e r r i t o r i a l a c t i v i t i e s 

During the i n i t i a l occupation of the Inner Fame colony 

i n 1964» from 10 May to 17 May, the breeding areas were 

occupied throughout the day and n i g h t . During t h i s time 

p a i r i n g took place, and the t e r r i t o r i e s occupied by colour-

ringed b i r d s were noted. 

This phase of intense a c t i v i t y f i n i s h e d a b r u p t l y on 

17 Way when the i s l a n d was deserted during the e a r l y morning, 

the b i r d s r o o s t i n g at n i g h t on adjacent i s l e t s . Gradual 

re-occupation of the colony occurred during the next four 



Table 45 The date of l a y i n g the f i r s t egg i n a r c t i c t e r n 

on Inner Fame, f o r 13 years 

Year Date f i r s t egg seen 

1952 28 May 

1953 20 May 

1954 23 May 

1955 24 May 

1956 22 May 

1957 22 May 

1958 30 May 

1959 19 May 

1960 23 May 

1961 17 May 

1962 29 May 

1963 24 May 

1964 22 May 
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days 18-21 May, and the f i r s t eggs v/ere l a i d on 22 May. 
The t e r r i t o r i e s defended by colour-ringed bir d s d u ring the 
f i r s t phase (10-17 May) were not necessarily the same as 
those defined by the same birds during the second phase, 
when the eggs were l a i d . 

Table 46 shows how many i n d i v i d u a l l y marked bird s 

changed t e r r i t o r i e s between 17 Kay and 22 May, and also 

the numbers whose t e r r i t o r i e s remained the same. 

Table 46 

Number of b i r d s changing since 17 May 25 

Number of b i r d s remaining since 17 May 10 

TOTAL 35 

These data suggest t h a t p a i r i n g t e r r i t o r i e s are set 

up and defended and t h a t these are o f t e n d i f f e r e n t from the 

f i n a l breeding t e r r i t o r i e s . 

The number of new nests s t a r t e d d a i l y 

I n the Cove study area, the peak of l a y i n g the f i r s t 

eggs of a c l u t c h occurred between 4 and 5 days a f t e r the 

f i r s t egg was found (Figure 17). I n both years the form of 

the curve was s i m i l a r , t h a t i s a sudden sharp r i s e t o a 

peak with a slower f a l l o f f and a long t a i l . This i n d i c a t e s 

t h a t the bird s l a y synchronously, and presumably some type 

of communal mechanism must co-ordinate them i n t h i s way. 



Figure 17 The number of eggs of a r c t i c t e r n l a i d d a i l y 

i n the Cove i n two years, 1963 and 1964* 
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Comparison of the number of new nests s t a r t e d i n 10 
day periods on Inner Fame and i n the East Murman Sea area 
shows a s i m i l a r p a t t e r n (Figure.18). Laying i n both areas 
was h i g h l y synchronised, and i n both cases the major part 
of the colony l a i d t h e i r eggs over a period of 9-10 days 
a f t e r the s t a r t of egg-laying. Figure 17 ahows a subsidiary 
peak occurring two days a f t e r the main peak, and there are 
f l u c t u a t i o n s i n the number of nests s t a r t e d d a i l y because 
o f temporary increases i n the r a t e of l a y i n g . These 
increases were unexplained i n 1963» ^0VL^ were thought t o 
have been caused by the l a y i n g of replacement clutches. 
B e l o p o l s k i i ( l o c . c i t . ) states t h a t the slow drop i n l a y i n g 
r a t e a f t e r the peak i n d i c a t e d "a prolongation of the period 
on account of second clut c h e s " , but gives no f u r t h e r 
i n f o r m a t i o n . 

The l a y i n g i n t e r v a l 

Observations on the l a y i n g i n t e r v a l s of a r c t i c terns were 

made at 0800, 1400 and 2000 G-M.T. d a i l y , when the b i r d s ' 

nests were inspected by walking through the colony. The 

l a y i n g i n t e r v a l was thus known to w i t h i n 6 hours during the 

day, and 12 hours during the n i g h t . The data were obtained 

from 82 clutches of two eggs i n 1963? s i n g l e eggs and 3-egg 

clutches were disregarded. The data are presented i n 

Table 47, and the l a y i n g i n t e r v a l between f i r s t and second 

eggs may be seen to be 44»3 hours, (1.8 days). 



Figure 18 The percentage of t o t a l clutches of a r c t i c t e r n 

s t a r t e d i n each ten day period i n two widely 

separated areas, the E. Murraan Sea ( a f t e r 

B e l o p o l s k i , 1961} and the Fame I s l a n d s . Note 

the s i m i l a r i t y of the l a y i n g p a t t e r n s . 



Comparison of laying patterns 
fig. 18 

in two a reas 

at 
o 
j C u 
•«-» 

u 

% 
45 

35 1 

25 H 

5 15H 

5 ^ 
0 

E. Murman Sea 

3 . 13 
_ June 

i i r 
23 

~ i 1 1 — 

July 

F a m e Is. 

23 2 
August 

21 31 
May 

T 1 i I 
10 20 

June 



84 

Table 47 The i n t e r v a l between l a y i n g 1st and 2nd eggs 

i n a r c t i c t e r n , Inner Fame, 1963-

Hours a f t e r l a y i n g 1st egg 6 12.124 30 36 48 54 60 72 78 84 96 

Number of occasions 0 0 13 15 8 17 5 3 11 2 0 6 

The l a y i n g of replacement clutches 

a. ",,rhere both eggs were l o s t a f t e r incubation had s t a r t e d 

By observation of colour-ringed b i r d s i n I964, i t was shown 

t h a t the small f l u c t u a t i o n s of 1-2 and 6-7 June could be 

explained by the l a y i n g of the f i r s t egg of a replacement 

c l u t c h , a f t e r the f i r s t completed c l u t c h had been l o s t . 

Single-egg clutches were disregarded i n t h i s a n a l y s i s . 

The mean time taken t o l a y the f i r s t egg of a replacement 

c l u t c h was 8»6 _+ 1.3 days. The data are presented i n 

Table 48, which also shows the r e l a t i o n s h i p between the 

length of time the o r i g i n a l c l u t c h was incubated, and the 

time taken t o r e l a y . This r e l a t i o n s h i p i s expressed as a 

graph i n Figure 19. 

Figure 19 shows how the period between the loss of the 

eggs and r e l a y i n g varies p r o p o r t i o n a t e l y w i t h the length of 

time the o r i g i n a l c l u t c h was incubated. I n s u f f i c i e n t data 

were gathered t o extrapolate beyond an o r i g i n a l incubation 

time of 7 days. 

I n the case of a b i r d incubating i t s f i r s t c l u t c h f o r 

longer than 7 days and then l o s i n g i t , i t would seem t h a t 

the chicks would have l i t t l e chance of s u r v i v a l , and would 



Table 48 To show the time taken to lay the f i r s t egg of a 

replacement clutch a f t e r the f i r s t completed clutch 

had been lost 

Days o r i g i n a l Time taken t o relay a f t e r l o s 3 of o r i g i n a l clutch 
clutch incubated 1 2 3 4 5 6 7 8 9 10 11 12 

1 1 1 

2 1 2 1 

3 4 2 

4 2 5 
5 2 4 1 

6 1 1 

7 1 

Totals 1 2 2 7 9 5 2 1 



Figure 19 The time i n days taken to l a y the f i r s t egg 

of a replacement c l u t c h i n r e l a t i o n t o the 

number of days the o r i g i n a l c l u t c h was 

incubated, i n 1963 and 1964. 
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probably not reach f l e d g i n g age. I t i s obviously important 
t h a t loss of the c l u t c h should not occur a f t e r f u l l time 
( e f f e c t i v e ) incubation has s t a r t e d . H a r r i s (1964) shows 
t h a t the ovary i n l a r u s marinus decreases r a p i d l y i n weight 
a f t e r l a y i n g of the f i r s t egg, but points out t h a t t h i s i s 
no t h i n g to do w i t h r e l a y i n g a b i l i t y . 

I n t h i s respect, i t i s i n t e r e s t i n g t o note t h a t i n 1963> 

small colonies were established on East Wideopen and on 

TCnoxeB Reef, and t h a t egg-laying commenced on 22 June, chicks 

hatching on 14-15 J u l y . Two of the adults had attempted t o 

breed e a r l i e r i n the season on Inner Fame, but none of the 

chicks from these eggs fledged. 

Although replacement clutches were not recognised i n 

1963» i t seems l i k e l y t h a t egg-losses on 26=29 May might 

produce replacement clutches on 5-7 June, and i t i s suggested 

t h a t the f l u c t u a t i o n s apparent on t h a t l a t e r date might be 

a t t r i b u t e d t o the l a y i n g of replacement clutches (Figure 20) . 

b, ''Tien the f i r s t egg of a two-egg c l u t c h was l o s t 

The subsidiary peak i n l a y i n g , mentioned p r e v i o u s l y , 

occurred i n 1963 and I964. Ey observation of colour-ringed 

b i r d s i n 1964, i t became evident t h a t t h i s phenomenon could 

be explained by the l a y i n g of the second egg i n a c l u t c h of 

which the f i r s t egg had been l o s t . These eggs were l a i d 

i n a new scrape w i t h i n the same t e r r i t o r y as the o r i g i n a l egg, 

and i n 1963 were probably counted as the f i r s t eggs of new 



Figure 20 The diagram shows the number of a r c t i c t e r n 

nests s t a r t e d d a i l y i n the Cove i n 1964* The 

cross-hatched parts (29-31 May) represent the 

second eggs of a c l u t c h , l a i d i n a d i f f e r e n t 

scrape from the one where the o r i g i n a l egg 

had been destroyed. The dotted parts represent 

the f i r s t eggs of replacement clutches when 

the f i r s t complete c l u t c h had been destroyed. 
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c l u t c h e s . This phenomenon was only noticed on 29 and. 30 May, 
1964i (Figure 20) , and on these two days the number of second 
eggs l a i d i n d i f f e r e n t scrapes from the f i r s t egg were the 
same as the number of new nests s t a r t e d . This means t h a t 
egg loss muot have been p a r t i c u l a r l y severe when the f i r s t 
eggs of these b i r d s were l a i d , t h a t i s from 26-28 May, and 
t h i s w i l l be seen t o have been the case. 

A r c t i c terns were not found t o lay a t h i r d egg when the 

f i r s t had been l o s t , t h a t i s a b i r d would not s t i l l attempt 

t o l a y a c l u t c h of two i f the f i r s t egg were removed w i t h i n 

24 hours of l a y i n g . The a r c t i c t e r n would appear t o be a 

determinate l a y e r , l a y i n g a d e f i n i t e number of eggs 

i r r e s p e c t i v e of the number i n the nest. I n t h i s i t i s 

u n l i k e the Herr i n g g u l l (Larus argentatus)which w i l l 

continue t o attempt t o l a y a c l u t c h of three eggs i f the 

f i r s t i s removed, (Faludan (1951), H a r r i s (19643). 

Clutch size 

An accurate count of the number of eggs i n each ne3t 

has been c a r r i e d out f o r 4 years, i n which the mean clxitch 

s i z e has ranged from 1.61 to 1.85 eggs. The o v e r a l l mean, 

f o r 3,354 clutches f o r the 4 years, 1961, 1962, 1963 and 1964 

was 1.74 +0-4-. The data are presented i n Table 49• 

As B e l o p o l s k i i (I961) has pointed out, the number of 

eggs found i n each nest does not necessarily correspond t o 

the number l a i d , and egg losses can cause the mean number of 



Table 49 The frequency d i s t r i b u t i o n of eggs i n each clutch, 

and the mean clutch size f o r four year's i n a r c t i c terns 

on the fame Islands 

Place Year 

Inner Fame 1961 

Inner Farne 1962 

Inner Fame 1963 

Inner Fame 1 964 

C/1 C/2 C/3 

190 676 57 

274 414 11 

240 595 30 

221 632 15 

Total Mean clutch size 

923 1.85 

699 1.61 

864 1.75 

868 1.76 

Totals 3354 1.74 



Table 50 The mean clutch size, taken by spot checks according 

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

Place Authority Year Nests Mean clutch 
size 

Scolt Head Marples 1934 92 1.9 

Machias Island P e t t i n g i l l 1939 100 1.4 

Machias Island Hawksley 1950 225 1.4 

Greenland Eklun.d 1944 P7Q 
— 1 -' 

1.7 
• » 1 

S,E. Alaska V/illiams 1947 127 2.0 

B r i t i s h I sles Bickerton 1909 209 1.7 

Southampton I s . button 1932 127 1.8 

Bolshoi L i t s k i i 
Island Belopolskii 1961 82 2.0 

Totals 1241 1.7 
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eggs per nest t o decrease. For instance, a close study 

o f 50 neats i n 1961 showed th a t a l l b irds l a i d two eggs 

but the c l u t c h size was reduced from 2.0 (50 nests, 100 eggs) 

t o 1.4 (50 nests, 74 eggs), by egg losses during i n c u b a t i o n . 

The mean c l u t c h size of a r c t i c t e r n from spot checks by 

numerous a u t h o r i t i e s i s shown i n Table 50. I t i s considered 

reasonable to assume t h a t , normally, a r c t i c terns l a y two eggs. 

The incubation period 

The data presented i n t h i s s e c t i o n deals w i t h the 

incub a t i o n period, up t o and i n c l u d i n g hatching. P a r t i c u l a r 

a t t e n t i o n has been paid t o egg losses during t h i s time. 

1. Length of incubation 

The mean incubation period was taken as being from the 

l a y i n g of the l a s t egg of a c l u t c h to the hatching of t h a t 

egg (Heinroth, 1922', i n Lands borough-Thompson, 1964). The 

data were c o l l e c t e d from 70 2-egg clutches ( c / 2 ) i n 1963, 

and were determined v / i t h a maximum e r r o r of _+ 6 hours. The 

mean incubation p e r i o d , as defined above was 21 .6 + 1.8 days. 

The data are shown i n Table 51. 

Table 51 The mean incubation period i n a r c t i c t e r n 

Incubation period i n days 20 21 22 23 23 

Number of instances 6 28 22 12 2 

Mean » 21 .6 + 1.8 (n= 70) 

The incubation period of the a r c t i c t e r n , c a l c u l a t e d by 

Hawksley (1950) from data obtained from 8 nests, was 22 days. 



Witharby et a l (1940) give 21 t o 23 clays* an* these 

r e s u l t s agree w i t h the present work. 

The incubation period of the f i r s t egg of c / 2 (from 

l a y i n g t o hatching of f i r s t egg) determined f o r 50 clutches 

i n I963, was 22.5 + 2.1 days. The data are shown i n 

Table 52. 

Table 52 The incubation period of the f i r s t egg i n c / 2 

of a r c t i c t e r n 

Incubation period i n days 21 22 23 24 

Number of instances 3 17 23 7 

Mean = 22.5 + 2.1 days (n - 50) 

2 . I n t e n s i t y of incubation 

Although the mean l a y i n g i n t e r v a l i n c / 2 was 1*8 days, 

the mean hatching i n t e r v a l was only 0.9 days. This supports 

the idea t h a t brooding does not normally reach i t s 

greatest i n t e n s i t y u n t i l the second egg has been l a i d , and 

Table 53 shows the number of b i r d s which continuously 

brooded the f i r s t egg, and the number i n which brooding 

was i n t e r m i t t e n t u n t i l the second egg had been l a i d . A 

t h i r d category, b i r d s which f a i l e d t o incubate the f i r s t egg 

and s t a r t e d incubating when the second egg was l a i d , i s also 

i n c l u d e d . The incubation period was taken as being from the 

l a y i n g of the f i r s t egg u n t i l trie hatching of t h a t egg. 
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Table 53 The i n t e n s i t y of brooding of the f i r s t egg of C /2, 

and the mean incubation period of 10 eggs i n 

each category 

Category of incubation 1963 1964 Incubation 

1st egg continuously brooded 8 5 21.8 

} s t egg i n t e r m i t t e n t l y brooded 30 20 22.6 

1st egg never brooded 15 11 23.3 

TOTALS 53 36 22.6 (n o 30) 

Table 53 also shows the mean incubation period f o r 10 

eggs i n each category. I t may be seen t h a t , as might have 

been expected, where the f i r s t eggs were brooded continuously, 

they hatched i n a shorter time than eggs brooded i n t e r m i t t e n t l y 

or not at a l l . The i n t e n s i t y of brooding i s an important 

f a c t o r i n the consideration of the e f f e c t of predation on 

eggs. 

3. Hatching success 

•Reliable data f o r hatching success, the number of chicks 

which s u c c e s s f u l l y hatched, are shown f o r 1961,1963 and 1964 

i n Table 54. The only comparable study g i v i n g r e l i a b l e data 

f o r hatching success, i s th a t of Hawksley ( l o c . c i t . ) . 

Hawksley showed t h a t i n three years the mean hatching success 

f o r 308 eggs was 649?. The maximum success achieved i n any 

one year was 82.8?? i n 1947. These f i g u r e s are higher than 

the mean hatching success, 52^, on Inner Parne. 



Table 54 Hatching success of the a r c t i c tern i n three years, 

1961, 1963 and 1964 

Year Number of 
eggs l a i d 

Number of 
eggs lost 

Number of 
eggs hatched 

jo Hatching 
success 

1961 103 40 63 51.9 + 4.9 

1963 526 281 245 46.1 + 2.1 

1964 577 257 320 55.4 + 2.0 

Mean 1206 578 628 51.1 + 1.4 
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I n the present study, the standard e r r o r of the 
d i f f e r e n c e between the mean hatching success, and the 
hatching success i n any of the three years, 196l» 1963 
and 1964 was not s i g n i f i c a n t . However, hatching success 
i n 1963 was s i g n i f i c a n t l y lower (P ̂  0.05) than hatching 
success i n 1964» Reasons f o r t h i s d i f f e r e n c e are discussed 
i n the section d e a l i n g w i t h egg losses. 

4* Egg losses during incubation 

The f a t e of eggs which f a i l e d t o hatch was examined i n 

the Cove i n 1963 and 1964* and supporting observations were 

made from the Gut Garden i n 1964. Observation was less 

i n t e n s i v e i n 1963» but a c a r e f u l watch w^s kept from the 

hide i n 1964* Sight categories of egg loss were recognised 

i n 1963» but only f i v e i n 1964. The m o r t a l i t y of eggs i n 

two seasons i s analysed i n Table 55* The c h a r a c t e r i s t i c s of 

each category of egg l o s s , and the e f f e c t on the breeding 

bi o l o g y of the a r c t i c t e r n are discussed. 

a. Disappeared 

This category was created i n 1963 t o account f o r the 

large numbers of eggs which disappeared without trace between 

v i s i t s t o the Cove. Normally, when eggs had disappeared, 

the scrape continued t o be recognisable by the numbered nest 

marker. 

b. S t a r l i n g predation 

S t a r l i n g s (Sturnus v u l g a r i s L.) had only been seen to 



Table 55 To show egg loss according to each category, expressed 

as the number l o s t , and the percentage of the t o t a l 

number of eggs l a i d during each season. (Cove, Inner Fa 

Category of 
egg loss Number 

1963 
% Total eggs Number 

1964 
% Total 

Disappeared 113 36.0 0 0 

S t a r l i n g predation 8 2.5 122 34.9 

Punctured by terns 5 1.6 10 3.5 

I n f e r t i l e 14 4.4 8 2.2 

Died on hatching 12 3.8 14 3.9 

Destroyed by rabbits 4 1.2 2 0.5 

Destroyed by humans 6 1.9 0 0 

Abandoned 3 0.9 0 0 

Total 165 52.3 156 45.0 
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take 8 t e r n eggs i n 1963• I n 1964 s t a r l i n g s were observed 

t o destroy 105 eggs,.and 17 more were a t t r i b u t e d t o them 

but were not observed. 

The f o l l o w i n g data have been compiled from f i e l d notes, 

and show the t y p i c a l sequence of events during predation 

by s t a r l i n g s : 

A s t a r l i n g would f l y i n t o the Cove and forage, t a k i n g 

no n o t i c e of the surrounding i n c u b a t i n g t e r n s . When an 

unoccupied scrape w i t h eggs was seen, the s t a r l i n g would walk 

or f l y to i t , b r e a k the egg or eggs w i t h i t s beak and eat the 

contents. Often the s t a r l i n g would be disturbed by the 

r e t u r n of the parent t e r n or by adjacent i n c u b a t i n g b i r d s * 
T?'hen menaced by a t e r n the s t a r l i n g would f l y away, and the 

pieces of egg s h e l l would be removed by t e r n s , not necessarily 

the owners of the c l u t c h . The same s t a r l i n g would r e t u r n 

at i n t e r v a l s and attempt t o eat-more of the egg contents, 

now congealed and sunk i n t o the sand. 

The d e s t r u c t i o n of a c l u t c h of eggs would take about 

one minute. Eight hours a f t e r an egg had been broken the 

only i n d i c a t i o n t h a t one had been present was a congealed 

patch of sand i n the nest scrape and the numbered nest 

marker. I n windy c o n d i t i o n s , the congealed patch would be 

concealed by sand w i t h i n 3-4 hours a f t e r egg-breakage. 

The numbers of eggs predated d a i l y reached a peak on 28 May 

1964. Predation of eggs i n r e l a t i o n t o the number of clutches 

s t a r t e d d a i l y i s shown i n Figure 21. I t i s s i g n i f i c a n t t h a t 



The number of a r c t i c tern clutches completed dai l y i n 

the Cove 1964 i.3 shown by the solid l i n e and s o l i d 

c i r c l e s . The percentage predation of clutches a t 

r i s k i s indicated by a pecked l i n e and open c i r c l e s . 

The scale indicating the percentage predation i s drawn 

on the r i g h t hand side of the graph. 



fig. 21 
No. clutches completed daily and percentage 

predation of clutches at r isk : cove 1964 
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the highest predation r a t e was recorded at the s t a r t of 

inc u b a t i o n when brooding i n t e n s i t y was at i t s lowest. The 

predation r a t e f e l l sharply and remained low when e f f e c t i v e 

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

Egg predation by s t a r l i n g s continued at a low l e v e l 

throughout the incubation p e r i o d , but increased vrtien the 

l a r g e s t number of chicks were hatching (16-17 June). This 

was probably because incubating b i r d s grew r e s t l e s s at t h i s 

t i m e , and eggs were of t e n unattended f o r short periods, 

a l l o w i n g predation to occur. 

I t i s believed t h a t there i s s u f f i c i e n t evidence f o r 

the 'disappeared' category of 1963 to be a t t r i b u t e d mainly 

t o s t a r l i n g predation. I f t h i s i s the case, s t a r l i n g s 

accounted f o r up t o 3*$of the t o t a l number of eggs l a i d i n 

1963, and 35$ of the t o t a l i n 1964. 

c. Punctured by ad u l t terns 

Adult terns were seen to puncture t h e i r own eggs by 

stabbing them wi t h the b i l l , Punctured eggs were characterised 

by a round hole where the beak had been forced through the 

s h e l l . Such eggs were e n t i r e save f o r the puncture, were 

not eaten and were often subsequently incubated normally. 

The embryo always died. This egg-puncturing phenomenon has 

been observed by Hawksley (195C)» but egg-puncturing by terns 

other than the owne r s , f i - ' e t t i n g i l l ,('l939)» was not observed. 

d. I n f e r t i l e 

I n f e r t i l e eggs were taken to be those eggs incubated 
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f o r the f u l l period which showed no signs of hatching. 

I n the present study the incidence of i n f e r t i l e eggs was 

2 « 4 ^ < Other workers have observed Jf- ( P e t t i n g i l l l o c . c i t . ) , 

and lOf? (Hawksley l o c . cit«), f o r i n f e r t i l e or " e a r l y addled" 

eggs. 

e . Med on hatching 

This category r e f e r s to eggs completing normal 

development and beginning t o hatch, but "which f i n a l l y f a i l e d 

t o hatch. This study showed 4#> and Hawkaley ( l o c . c i t . ) 

found f4- f a i l e d t o hatch. I n one case i n 1964» a half-hatched 

chick was l i f t e d by i t s parent's premature attempts t o remove 

the egg s h e l l , and c a r r i e d 4 m from the nest, where i t 

subsequently died. 

f . Mammalian i n t e r f e r e n c e 

I n 1965 and 1 9 6 4 i r a b b i t s feeding at n i g h t scattered and 

broke s i x eggs. I n 1963 a human v i s i t o r t o the islands 

entered the t e r n colony i n the Cove and broke s i x eg£:s. Egg 

losses from these causes, although considerable i n other t e r n 

c o l o n i e s , Austin ( 1 9 4 8 ) , are regarded as n e g l i g i b l e on the 

Parne I s l a n d s . 

g. Abandoned 

I n 1963» three b i r d s abandoned s i n g l e eggs. 

5 . G-empa-riscn w i t h other studies 

The only study w i t h comparative f i g u r e s i s t h a t of 

Hawksley ( l o c . c i t . ) . A comparison of the two studies i s 
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shown i n Table 56 . The data from Hawksley are f o r three 

years, data from the Fames f o r two years. 

I t may "be seen from Table 56 that the major differences 

between the studies are related to predation by starlings 

which appear to have caused up to 78$ of the t o t a l egg 

mortality on the Fames. The other causes of egg mortality 

are substantially similar. 



V I I I THE MORTALITY OF ARCTIC TERNS 

ON THE BREEDING GROUNDS: 

MORTALITY OP CHICKS AND JUVENILES 
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MORTALITY OF CHICKS AND JUVENILES ON THE BREEDING GROUNDS 

Methods 

Observations wiiich included d a i l y counts and post 

morterns of dead chicks were made i n three years, 1 9 6 1 , 1963 

and 1 9 6 4 * A l l chicks i n the study areas were ringed w i t h a 

small l e g r i n g w i t h i n 24 hours of hatching. I n an attempt 

t o minimise disturbance, r i n g i n g , the c o l l e c t i o n of dead 

chicks, weighing and the gathering of other data were c a r r i e d 

out twice d a i l y , normally i n the e a r l y morning and evening. 

Post mortem examination of chicks was c a r r i e d out as 

soon as possible a f t e r c o l l e c t i o n , and was normally w i t h i n 

24 hours of death. I n 1963> a number of dead chicks were 

sent t o the NfeUr.'.uu-, Laboratories, Lasswade, f o r 

examination, and the f i n d i n g s are incorporated i n t h i s study. 

Fledging success and chick m o r t a l i t y 

Fledging success, the number of chicks which s u c c e s s f u l l y 

l e f t the i s l a n d , has been ca l c u l a t e d f o r three years from 

the f i g u r e s shown i n Table 5 7 . 

Table 57 shows t h a t there i s a s i g n i f i c a n t d i f f e r e n c e 

between f l e d g i n g success i n 1963 and 1 9 6 4 * although success 

i n d i f f e r e n t areas v/i t h i n each year i s s i m i l a r . Hawksley 

l o c . c i t . recorded 3 4 . 7 $ f l e d g i n g success on Machias I s l a n d , 

and i t appears l i k e l y t h a t the high f l e d g i n g success i n 1964 

was abnormal. 
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The f a c t o r s a f f e c t i n g m o r t a l i t y are examined i n d e t a i l 

i n t h i s s e c t i o n . 

Factors a f f e c t i n g m o r t a l i t y 

1. M o r t a l i t y and age of chick 

The ages of chicks which died i n the study areas were 

known t o w i t h i n 12 hours. P r e l i m i n a r y observations i n 1961 

suggested t h a t while most of the m o r t a l i t y f e l l d uring the 

f i r s t week of l i f e , there was an increased m o r t a l i t y at 

f l e d g i n g , about 24 days a f t e r hatching. 

Figure 22 shows the m o r t a l i t y of chicks, expressed as 

the percentage of the t o t a l chicks at r i s k , according t o age. 

Apart from the generally lower incidence of m o r t a l i t y , i n 

I 9 6 4 the f l e d g i n g and p o s t - f l e d g i n g m o r t a l i t y was absent. 

Figure 22 also shows t h a t the m o r t a l i t y amongst young 

chicks i n the Gut Garden was double t h a t i n the Cove. The 

d i f f e r e n c e was s t a t i s t i c a l l y s i g n i f i c a n t i n 1963 (P «C 0 . 0 5 ) 

but was not s i g n i f i c a n t i n 1964 (P 4̂  0 . 1 ) . However, 

m o r t a l i t y i n 1964 amongst young chicks i n the Gut Garden 

was again double t h a t i n the Cove. I t seems l i k e l y t h a t 

some f a c t o r adversely a f f e c t i n g the s u r v i v a l of young chicks 

was present i n the Gut Garden, but absent i n the Cove. 

The m o r t a l i t y of chicks according t o t h e i r age i s shown 

f o r two seasons and two areas i n Tables 58 and 5'9» These 

r e s u l t s show t h a t m o r t a l i t y was heaviest during the f i r s t 

week of l i f e , and t h a t there was an increased m o r t a l i t y d u r ing 



Figure 22 The m o r t a l i t y of a r c t i c t e r n chicks according 

t o the age at which they died, expressed as 

a percentage of the chicks at r i s k , i n two 

areas of Inner Fame i n 1963 and 1 9 6 4 . The 

m o r t a l i t y of chicks i n the Gut Garden i s 

in d i c a t e d by the s o l i d l i n e and s o l i d c i r c l e s , 

the m o r t a l i t y i n the Cove by the pecked l i n e 

and open c i r c l e s . 
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Mortality of chicks according to age 
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the f l e d g i n g period i n 1963» hut not i n 1 9 6 4 . 

Tables 58 and 59 also show the unequal d i s t r i b u t i o n 

of m o r t a l i t y between the Cove and the Gut Garden. For 

example, i n 1963 chicks between hatching and two days o l d 

i n the Gut Garden suf f e r e d double the m o r t a l i t y of those i n 

the Cove, and fledged chicks i n the Cove suffered heavier 

losses than the same age-group i n the Gut Garden. The 

reasons for t h i s unequal d i s t r i b u t i o n of m o r t a l i t y are 

discussed l a t e r . 

A manner of presenting these r e s u l t s for easier 

comparison i s to convert the f i g u r e s i n t o the number 

s u r v i v i n g from 1000 i n d i v i d u a l s , and to p l o t the r e s u l t s 

as s u r v i v o r s h i p curves. The r e s u l t s f o r the two areas i n 

1963 and 1964 are shown i n Figure 2 3 , p l o t t e d on an a r i t h m e t i c 

scale. 

From these curves i t i s immediately obvious t h a t m o r t a l i t y 

i n both areas was greater i n 1963f and consequently fewer 

chicks svirvived to leave the i s l a n d . This i s r e f l e c t e d i n 

the 28 days + age category, which includes a l l b i r d s dying 

on the breeding grounds a f t e r f l e d g i n g . 

M o r t a l i t y and season 

Figures 24 and 25 show the m o r t a l i t y of chicks according 

t o the season, expresaeu as "the ivaiubeT o~f" CiTrcks at ri-sk 

dying i n each period. I t i s obvious t h a t some periods have 
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Figure 23 The numbers of a r c t i c t e r n chicks s u r v i v i n g 

at weekly i n t e r v a l s f o r every 1000 hatched 

on Inner Fame i n 1963 and 1964« I n both 

graphs the 1963 f i g u r e s are denoted by a 

s o l i d l i n e and s o l i d c i r c l e s , and the 1964 

f i g u r e s by a pecked l i n e w i t h open c i r c l e s . 
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Figure 24 The m o r t a l i t y of a r c t i c t e r n chicks i n 1963 

i n two areas on Inner Fame. The actua l 

number of deaths per period i s shown, and 

the r a i n f a l l i n inches i s also f i g u r e d . 
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F i g u r e 25 The m o r t a l i t y of a r c t i c t e r n c h i c k s i n 1964 

i n two areas on Inner Fame, The a c t u a l 

number of deaths per period i s shown, and the 

r a i n f a l l i n inches i s a l s o f i g u r e d . 
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a heavier m o r t a l i t y than others, and t h a t m o r t a l i t y can 

be heavy i n one area and l i g h t i n another a r e a , at the same 

time. For i n s t a n c e , m o r t a l i t y between 25 June to 3 J u l y 

i n 1963, Figur e 24» when m o r t a l i t y was heavy i n the Gut 

Garden but l i g h t i n the Cove. 

M o r t a l i t y according to age of chick and season 

The m o r t a l i t y of a r c t i c t e r n c h i c k s appears to be r e l a t e d 

to the age of the c h i c k , and to the weather, p a r t i c u l a r l y 

r a i n f a l l . The two f a c t o r s are c l o s e l y l i n k e d , the younger 

ch i c k s succumbing more r a p i d l y to wet weather than older 

c h i c k s . T h i s i s c l e a r l y demonstrated i n the Gut Garden i n 

1963» when many chi c k s l e s s than 48 hours old died during a 

period of cold wet weather (Figure 26) . The m o r t a l i t y of 

c h i c k s l e s s than 46 hours old, and the r a i n f a l l are shown 

i n F i g u r e s 26 and 27 f o r 1963 and 1964. 

M o r t a l i t y and cause of death 

The death of c h i c k s i n the study areas could be a t t r i b u t e d 

to one of f i v e causes. These were: k i l l e d by a d u l t s , 

exposure, s t a r v a t i o n , d e s e r t i o n and one where no cause of 

death could be found. The manner i n which c h i c k s were seen 

to d i e , and the d i a g n o s t i c c h a r a c t e r s used to determine the 

cause of death are described f u l l y below, 

a. K i l l e d by adult t e r n s 

Chicks over 24 hours old were not continuously brooded 

by t h e i r parents, and were prone to wander outside the 



F i g u r e 26 The m o r t a l i t y of a r c t i c t e r n c h i c k s 48 hours 

old and younger i n the Cove and Gut Garden i n 

1963• The a c t u a l number of deaths per period 

i s shown, and the r a i n f a l l i n inches i s a l s o 

f i g u r e d . The occurrence of a cold period of 

heavy r a i n and strong east winds i s denoted 

by the t r i a n g l e below the Gut Garden histogram. 
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Figure 27 The m o r t a l i t y of a r c t i c t e r n c h i c k s 48 hours 

old and younger i n the Cove and C-ut Garden i n 

1964. The a c t u a l number of deaths per period 

i s shown, and the r a i n f a l l i n inches i s a l s o 

f i g u r e d * The occurrence of a severe thunder­

storm i s i n d i c a t e d below the Gut Garden 

histogram. 
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p a r e n t a l t e r r i t o r y . I n c u r s i o n s i n t o a neighbouring t e r r i t o r y 

provoked v i o l e n t a t t a c k s upon the c h i c k s by ad u l t s defending 

the t e r r i t o r y . T r e s p a s s i n g c h i c k s were chased by the adults 

and r a p i d l y struck with the b i l l . The us u a l t a r g e t was the 

head, and an attaclk would continue u n t i l the chick l a y s t i l l , 

or r e t r e a t e d i n t o i t s own t e r r i t o r y . 

The r a p i d blows to the head of chi c k s r e s u l t e d i n more 

or l e s s extensive b r a i n damage. T h i s was manifest e x t e r n a l l y 

by l o s s of co-ordination i n the c h i c k ' s movements and an 

i n a b i l i t y to stand u p r i g h t . Death sometimes occurred 

r a p i d l y , as i n two i n s t a n c e s i n 1963 and one i n 1964, when 

an a d u l t ' s b i l l penetrated the b r a i n of a chick through the 

eye and caused d i r e c t damage. More normally the adu l t ' s b i l l 

f r a c t u r e d the s k u l l and extensive b r u i s i n g and haemorrhage 

occurred. The c h i c k s f e l l over, f a i l e d to regain t h e i r f e e t 

and kicked f e e b l y w h i l s t opening and c l o s i n g the b i l l . I n 

such cases death occurred within 12 to 24 hours a f t e r the 

i n i t i a l a t t a c k , probably with exposure as a major contributory 

f a c t o r . 

Older c h i c k s s u r v i v e d these a t t a c k s , and m o r t a l i t y from 

t h i s cause was not diagnosed i n chi c k s older than 5 days. 

I n both seasons older c h i c k s were observed to provoke a t t a c k s 

by a d u l t s , and these c h i c k s s u r v i v e d and fledged, although 

they were often found with l a r g e f l u i d - f i l l e d s w e l l i n g s on 

the nape (10 cases i n 1963» 5 i n 1964)• The number of c h i c k s 
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k i l l e d by adult t e r n s i s shown i n Table 60. 

Although Hawksley (1950) does not mention a t t a c k s by 

a d u l t s as a cause of m o r t a l i t y , s i m i l a r behaviour has been 

des c r i b e d by Palmer (1941) f o r the common t e r n , S. hirundo. 

P e t t i n g i l l (1939) mentions kidnapping of young by a d u l t s , 

and t h i s may r e f e r to the a t t a c k s described above. 

I n the present study, m o r t a l i t y caused by a t t a c k i n g 

a d u l t s was mainly confined to the Cove (Table 59)» where 

wandering c h i c k s might be c l e a r l y seen by a d u l t s . I n the 

Gut Garden, the v i r t u a l absence of m o r t a l i t y from t h i s 

cause was a t t r i b u t e d to the t u n n e l l i n g h a b i t of t e r n c h i c k s 

r e a r e d i n t a l l v e g etation. These c h i c k s make tunnels i n t o 

the herbage surrounding the nest and hide i n them u n t i l an 

adult returns with f ood, ̂ o r r e v a n g Jfl^GO). 

b. Exposure 

Observations i n 1961 and 1962 showed that a f t e r heavy 

showers or prolonged periods of r a i n : young t e r n c h i c k s were 

often found dead. T h i s m o r t a l i t y was almost completely 

confined to the Gut Garden. I t i s suggested that m o r t a l i t y 

a f t e r r a i n was caused by severe c h i l l i n g or hypothermia, and 

tha t t h i s e f f e c t was more int e n s e i n the Gut Garden because 

of the w a t e r — r e t a i n i n g p r o p e r t i e s and dense growth of the 

dominant p l a n t , sea campion. T h i s l a t t e r f a c t o r would prolong 

c h i l l i n g , and would s u b s t a n t i a l l y i n c r e a s e the time taken to 

re g a i n the normal body temperature. 

Heavy r a i n and strong winds have been mentioned as the 



Table 60 The number of chicks k i l l e d by adult a r c t i c terns 

in two areas in 1963 and 1964 

Area Year No. at r i s k Number k i l l e d % Mortality 
of those at 
r i s k 

Cove 1963 146 18 12 

Gut Garden 1963 98 2 1.9 

Cove 1964 195 13 6.6 

Gut Garden 1964 125 0 0 
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cause of m o r t a l i t y amongst young terns by the compiler of 

the Fame I s l a n d s O r n i t h o l o g i c a l Reports, 1956, 1957, 1961, 

1962 and 1963. Conversely, i n 1959» "weather had l i t t l e e f f e c t 

on young b i r d s . " Palmer (1941) noted that c h i l l i n g probably 

prevented adults from brooding overnight, but Paynter (1949) 

found l i t t l e evidence f or exposure as a cause of death i n 

Herr i n g g u l l c h i c k s . Paludan (1949) mentioned that heavy 

r a i n and hot sun a f f e c t e d the m o r t a l i t y of young Herring g u l l 

c h i c k s , and H a r r i s (I964) points out that although young g u l l 

c h i c k s may be adve r s e l y a f f e c t e d by r a i n and strong sun, 

i t i s only during and immediately a f t e r hatching t h a t these 

f a c t o r s are important. Hawksley (1950) s t a t e d that "7 c h i c k s 

died from exposure i n periods of cold r a i n " , but did not 

base h i s diagnosis on any p a r t i c u l a r c h a r a c t e r i s t i c s . The 

r e s u l t s of Jennings and Soulsby (1958), where 35 out of 53 

Black-headed g u l l c h i c k s died of c h i l l i n g , support the view 

t h a t adverse weather may cause heavy l o s s e s i n n e s t l i n g s . 

These authors a l s o say that s i m i l a r m o r t a l i t i e s occurred i n 

t e r n colonies during the same season. 

Data on weather conditions have been gathered f or 1963 

and 1964* As has been pointed out p r e v i o u s l y , the terns i n 

1964 enjoyed an abnormally high f l e d g i n g s u c c e s s , and i t i s 

be l i e v e d that t h i s was because of the l a c k of r a i n , 

p a r t i c u l a r l y during the e a r l y part of the hatching period. 

k i l l e d many chi c k s when a Great Horned Owl ( ^ i r ^ n . a n u s 
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The incidence of m o r t a l i t y amongst c h i c k s l e s s than 48 hours 

old has been presented i n F i g u r e s 26 and 27, and the r a i n f a l l 

i s a l s o shown. 

I n I963, over an inch of r a i n f e l l i n each of the f i r s t 

two p e riods. Hatching had barely begun by the end of the f i r s t 

period (16 June -25 June), but was i n f u l l swing from 26 June 

onwards. During t h i s time (from 26 June to 3 J u l y ) 1.17 inches 

of r a i n f e l l , and e a s t e r l y winds caused a marked drop i n 

temperature. I n the Gut Garden 20 c h i c k s died during t h i s 

p e r i o d , over 20$ of the bi r d s at r i s k at that time. Although 

3 c h i c k s died i n the Cove during t h i s second period, they did 

not die from exposure. The long " t a i l " of m o r t a l i t y i n the 

Gut Garden i s a t t r i b u t e d to the a b i l i t y of Sea Campion to 

(retain moisture f o r long periods a f t e r r a i n . L a t e r periods 

of heavy r a i n (2-11 August) had no e f f e c t on the chick 

m o r t a l i t y . 

I n 1964> although the r a i n f a l l during June, J u l y and 

August was much reduced compared with 1963» 0*5 inches of r a i n 

f e l l during the f i r s t period (16-25 June), and m o r t a l i t y of 

young chi c k s i n the Gut Garden was again high. From 26 June 

to 3 J u l y there was l i t t l e r a i n (0.06 inches) and l i t t l e 

m o r t a l i t y . A thunderstorm during the period 17-20 J u l y k i l l e d 

three well-grown c h i c k s i n the Cove. These c h i c k s were w e l l 

and a c t i v e before the storm, but were afterwards found dead 

i n an exposed p o s i t i o n . I t i s s u r p r i s i n g that so few chic k s 
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were k i l l e d , as l a r g e q u a n t i t i e s of h a i l f e l l during the 

storm. However, there were very few c h i c k s l e s s than 48 

hours old at r i s k during t h i s period. A period of heavy 

r a i n (2-11 August) did not cause any m o r t a l i t y . 

Jennings and Soulsby's p a t h o l o g i c a l f i n d i n g s showed 

pulmonary congestion, dark and i m p e r f e c t l y c l o t t e d blood, 

and distended g a l l bladders with a mottled l i v e r . They 

mentioned that young ch i c k s showed no l e s i o n s . As m o r t a l i t y 

on the Inner Fame was mainly confined to c h i c k s l e s s than 

48 hours old, l i t t l e p a t h o l o g i c a l evidence f o r exposure, 

as opposed to any other cause of death, can be advanced. 

The evidence f o r exposure being the cause of death i s 

summarised below. 

I Deaths occurred during periods of r a i n and wind. 

I I Deaths were almost completely confined to the Gut 

Garden, where the vegetation remained wet f o r long 

periods a f t e r r a i n , and where the g r e a t e s t c h i l l i n g 

e f f e c t might have been expected. 

I I I Weights of dead b i r d s were w i t h i n the normal range 

fo r each age. T h i s discounted s t a r v a t i o n , where a 

weight l o s s might be expected. 

I V The b r u i s i n g and l a c e r a t i o n s t y p i c a l of a t t a c k by 

a d u l t s were not found i n these c h i c k s . 

V Predation was discounted, as the recovery of corpses 

mutilated and eaten i n a f a s h i o n c h a r a c t e r i s t i c of the 
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predator did not occur. 

A recent paper by Nye (I964) i s r e l e v a n t to the present 

work. Nye studied the degree of hypothermia obtained 

when ducklings and domestic fowl c h i c k s were immersed i n water. 

She showed that the average temperature depression per 

minute of immersion was 1.5°C, but found larg e unexplained 

v a r i a t i o n s among i n d i v i d u a l b i r d s exposed to s i m i l a r 

experimental c o n d i t i o n s . The average time taken to rega i n 

the o r i g i n a l temperature, a f t e r immersion, was 34 minutes in 

duckl i n g s , and 31 minutes i n c h i c k s . The animals were dri e d 

beneath a l i g h t bulb. 

I n the present study i t i s i n t e r e s t i n g to note that a 

t e r n chick l e f t unbrooded during a ten-minute shower of r a i n , 

might be expected to los e up to 15°C, or even more when the 

c h i l l i n g e f f e c t of the wind i s taken i n t o account. Such a 

b i r d would be s u f f e r i n g from severe hypothermia, and i t s 

chances of recovery a t environmental temperatures wou}d 

probably be very s m a l l , 

c . S t a r v a t i o n 

I n 1963» over 18$ of the c h i c k s hatched i n the study 

a r e a s , s t a r v e d to death. I n 1964» l e s s than y/c of the 

c h i c k s died from t h i s cause (Table 6 l ) . 

I n 1963» most of the b i r d s which s t a r v e d to death were 

f r e e - f Xvimff. 1u-v.enj-.les over 2A. dav.s old.. No bird, which..la.t.er 

died was seen to feed, or to be fed by a d u l t s . Some 24 hours 

http://1u-v.enj-.les


Table 61 The number of a r c t i c tern chicks dying from starvation 

i n 1 3 6 3 and 1 3 6 4 

Area Year No. at r i s k Number dying fo Mortality of 
those at r i s k 

Cove 1 9 6 3 1 4 9 28 18.7 

Gut Garden 1 9 6 3 1 0 5 8 7 . 6 

Cove 1 9 6 4 1 9 5 1 0 . 5 

Gut Garden 1 9 6 4 112 3 2 . 4 
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before death, these dying b i r d s flew weakly when dis t u r b e d , 

and often overbalanced v/hen a l i g h t i n g . Long f l i g h t s were 

not attempted. About 6 hours before they died, j u v e n i l e s 

were e a s i l y caught and handled. Such b i r d s were too weak 

to stand upright and r e s t e d on the sand with t h e i r necks 

r e t r a c t e d and t h e i r eyes h a l f - s h u t . There were no 

convulsions at death, and i n many cases the b i r d s were 

found tipped forwards on to t h e i r b i l l s , supporting the 

body on p a r t i a l l y r e l a x e d wings. 

The weights of dead b i r d s and normal, l i v e , b i r d s of 

the same age are compared i n Table 62. I t may be seen that 

i n most cases the weight of the s t a r v e d b i r d s was between 

30$ and 40$ below tha t of normal b i r d s . Gross d i s s e c t i o n 

showed that the g i z z a r d was empty, the d i g e s t i v e system 

shrunken, and i n none of the b i r d s was subcutaneous f a t 

p r e s e n t . 

An opportunity to examine the weight l o s s of s t a r v i n g 

c h i c k s occurred i n 19^4, when s e v e r a l b i r d s of known age 

wandered from t h e i r nest s i t e s and f e l l i n t o g u l l i e s where 

they were hidden from t h e i r parents. The "wandering" b i r d s 

were weighed twice d a i l y u n t i l they died or recovered and of 

17 b i r d s found i n t h i s c o n d i t i o n , only 2 s u r v i v e d . 

The d a i l y l o s s of weight as a percentage of t h e i r 

o r i g i n a l weight i n these "wandering*' b i r d s that s t a r v e d to 

death i s shown g r a p h i c a l l y i n F i g u r e 28. The average d a i l y 



F i g u r e 28 The percentage weight l o s s of s t a r v i n g 

a r c t i c t e r n chicks of a l l ages from one week 

to four weeks p l o t t e d at 12 hour 

i n t e r v a l s from the time of d e s e r t i o n u n t i l 

death. 



fig. 28 
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l o s s i n weight was 10 grams. 

Data gathered from "wandering" b i r d s are presented i n 

F i g u r e 29 where the weights of dead b i r d s are p l o t t e d a g a i n s t 

the age of each b i r d . The r e s u l t s i n d i c a t e that (a) older 

b i r d s l o s e proportionately more of t h e i r body weight before 

dying than younger b i r d s . For example, a 17 day old c h i c k 

l o s t 40$ of i t s i n i t i a l weight before i t died, but a 5 day 

old chick only l o s t 24$ before dying. I f c h i c k s l o s t a 

constant proportion of t h e i r body weight before dying, 

i r r e s p e c t i v e of age, the slope of the l i n e i n F i g u r e 

would have been at 45 degrees. I n f a c t the l i n e i s at a 

shallow angle; and (b) older b i r d s survived longer than young 

b i r d s when they s t a r v e d . 

B i r d s which had wandered and starved to death showed, on 

gross d i s s e c t i o n , s i m i l a r f e a t u r e s to the b i r d s found dead 

i n 1963, that i s empty g i z z a r d s , shrunken d i g e s t i v e systems 

and lack of sub-cutaneous f a t . 

W h i l s t i t w a 3 d e f i n i t e l y known that "wandering" b i r d s 

i n 1964 died from s t a r v a t i o n , the same cannot be s a i d of the 

1963 b i r d s . Although the f i n a l cause of death was c e r t a i n l y 

s t a r v a t i o n , i t i s impossible to say what caused the o r i g i n a l 

l o s s of c o n d i t i o n . V i r u s i n f e c t i o n may be discounted, as the 

post-mortem reports from Lasswade were negative i n t h i s 

r e s p e c t . I t i s u n l i k e l y that f a i l u r e of the food supply could 

be the answer, for adult t e r n s were s t i l l s u c c e s s f u l l y feeding 



F i g u r e 29 The weight i n grams at death of a r c t i c t e r n 

c h i c k s of known age on Inn e r Fame, 1964« 
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unfledged young at t h i s time. Lacking any evidence to the 

co n t r a r y , i t must be assumed that these b i r d s died as a 

r e s u l t of t h e i r i n a b i l i t y to capture food f o r themselves. 

M o r t a l i t y and- brood s i z e 

The death of the second chick i n broods of two i s 

c h a r a c t e r i s t i c of the Sandwich t e r n and a l s o according to 

Hawksley (1950), of the a r c t i c t e r n . However, the l a t t e r 

author had i n s u f f i c i e n t evidence to support h i s contention. 

More r e c e n t l y i t has been e s t a b l i s h e d by Vermeer (3-963), that 

f l e d g i n g success was independent of brood s i z e i n the Glaucous 

Winged G u l l (Larus g l a u c e s c e n s ) . Supernormal broods i n t h i s 

s p e c i e s were reared as s u c c e s s f u l l y as normal broods. 

I n the present study i t was found tha t i n two years 

(1961, 1964) broods of two fledged as s u c c e s s f u l l y as broods 

of one, but that i n a t h i r d year (1963) B/2 were much l e s s 

s u c c e s s f u l than B / l . These data are presented f o r three years 

on Inner Fame, according to brood s i z e , i n Table 63. 

Further a n a l y s i s of the 1963 data shows that the m o r t a l i t y 

of c h i c k s f e l l i n t o two we l l - d e f i n e d periods, from 26 June 

to 3 J u l y i n the Gut Garden, and from 21 J u l y to 1 August 

i n the Cove ( F i g u r e 24)• The causes of m o r t a l i t y i n each 

period were d i f f e r e n t , and a f f e c t e d the c h i c k s i n d i f f e r e n t 

ways. 

I n the Gut Garden, e a r l y m o r t a l i t y was caused by a period 

of heavy r a i n and n o r t h e r l y winds, which k i l l e d almost a 
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quarter of the c h i c k s at r i s k younger than 48 hours. T h i s 

m o r t a l i t y was spread evenly between B / l s and B/2s, 14 

dying from B / l s and 15 from B/2s. Chicks of the same age 

i n the Cove s u f f e r e d no m o r t a l i t y from exposure during t h i s 

p e r i o d . 

I n the Cove, the numbers of B/2 were reduced by a t t a c k s 

from adults,, and at the end of the season, by s t a r v a t i o n 

which mainly a f f e c t e d the second chi c k i n B/2. Very few 

c h i c k s i n B,/l died from e i t h e r cause. These r e s u l t s are 

s e t out i n Tables 6b and ^ 7 . 

Data on the growth of c h i c k s i n d i f f e r e n t brood s i z e s 

were gathered by Hawksley (1950). From a study of the 

weights of c h i c k s i n 5 B/2 and B/'l, he concluded "that the 

s u r v i v a l r a t e of the young may very w e l l be a f f e c t e d by the 

number of c h i c k s i n the n e s t " . I n 1964» w a s found 

t h a t the d a i l y weight increments of c h i c k s i n B / l were no 

g r e a t e r than those i n B/2, except under adverse c o n d i t i o n s . 

Under such c o n d i t i o n s , although being fed by t h e i r parents, 

second c h i c k s i n B/2 gained l e s s weight than other c h i c k s , 

and some even l o s t weight. Although none of these c h i c k s 

d i e d , i t would appear th a t at times when adult terns f i n d 

f i s h i n g d i f f i c u l t , the s u r v i v a l of the young i s d e f i n i t e l y 

i n f l u e n c e d by the number of c h i c k s i n the n e s t . 

a r t i s probably that seasons ~0"ceur- "wlieii f ood ITS i« such 

short supply th a t only the f i r s t hatched c h i c k s i n B/2 
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s u r v i v e . T h i s type of s i t u a t i o n may w e l l have developed 

i n 1965» when an unprecedented m o r t a l i t y of young c h i c k s 

occurred during a s p e l l of good weather. D a i l y weight gains 

i n the s u r v i v i n g c h i c k s did not show a marked decrease during 

t h i s period (17 to 29 June) and the majo r i t y of c h i c k s which 

died were the young, second hatched,chicks i n B/2 (Table 64)* 

Table 64 The number of a r c t i c t e r n c h i c k s dying i n the 

Cove i n the twelve-day period a f t e r the s t a r t of 

hatching i n 1964 and i n I965 

Chick category 1964 1965 

Number dying Number dying 

S i n g l e chicks 2 9 

F i r s t c h i c k s i n B/2 2 7 

Second chicks i n B/2 4 23 

TOTALS 8 39 
The m o r t a l i t y i n the Cove between 17 • 29 June (from 

h a t c h i n g of the f i r s t chick i n 1965 u n t i l twelve days 

afterwards) was 24$ of the b i r d s ringed. T h i s may be 

compared with the s i m i l a r period i n 1964, from 14 to 26 June, 

when 4$ of the b i r d s d i e d . (The f i g u r e s are comparable as 

the r i n g i n g e f f o r t i n the two years was s i m i l a r , t h a t i s a l l 

c h i c k s were ringed a t hatching.) M o r t a l i t y a f t e r 29 June, 1965 

was s l i g h t , ( J . Spriggs ,yprt.t6wo). I t i s suggested that the 

synchrony which e x i s t s between terns and t h e i r food supply, 
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Ammodytes sp., was maladjusted e a r l y i n 1965* I t seems l i k e l y 

t h a t the few f i s h that were a v a i l a b l e were not enough to 

supply the sudden post hatching demands of the tern colony. 

M o r t a l i t y and broods of two ch i c k s 

The number of 1st and 2nd c h i c k s dying i n B /2s are 

shown below i n Table.6 5 . I f f i r s t and second c h i c k s are 

assumed to have an equal chance of s u r v i v a l , an equal 

d i s t r i b u t i o n of m o r t a l i t y might be expected. I n f a c t t h i s 

i s not so, and second c h i c k s hatched i n E/2s have 

s i g n i f i c a n t l y l e s s chance of f l e d g i n g than f i r s t hatched 

c h i c k s . 

Table 65 to show the unequal d i s t r i b u t i o n of m o r t a l i t y 

w i t h i n broods of two chicks (B/2) 

Area Year Number of 1st Number of 2nd T o t a l P r o b a b i l i t y 
c h i c k s dying c h i c k s dying 

Cove 1963 12 35 47 O . 0 0 1 

Gut Garden 1965 10 15 25 /Lo.5">0.30 

Cove 1964 4 14 18 £0.02 

Gut Garden 1964 4 16 20 40.01 

M o r t a l i t y and cause of death i n r e l a t i o n to brood s i z e 

I n connection with the data showing the unequal m o r t a l i t y 

i n B / 2 s , i t i s of i n t e r e s t to see how the known causes of 

death a f f e c t s i n g l e c h i c k s , and f i r s t and second chicks i n B / 2 s . 

Tables 66 and 67 show how the c a s u a l t i e s were a f f e c t e d 

by the cause of death. I t may be seen t h a t , i n the Cove, 



Table 66a To show incidence and cause of mortality i n aro t i c 

tern chicks i n G-ut Garden in 1963 

Cause of death Single 1st 2nd Total 

K i l l e d by adults 0 1 1 2 

iixposure 14 5 10 29 

Desertion 3 1 1 5 

Starvation 0 1 2 3 

Unknown 0 0 c A 1 -? 

Table 66b To show incidence and cause of mortality i n a r c t i c 

tern chicks i n Cove in 1963 

Cause of death Single 1st 2nd Total 

K i l l e d by adults 5 10 18 

Exposure 0 0 0 0 

Desertion 4 1 1 6 

Starvation 3 3 22 28 

Unknown 0 3 2 5 



Table 67a To show incidence and cause of mortality i n a r c t i c 

tern chicks i n Gut Garden i n 1964 

Cause of death Single 1st 2nd Total 

K i l l e d by adults 0 0 0 0 

Exposure 0 3 12 15 

Deserted 1 0 0 1 

Starvation 0 0 3 3 

Unknown 1 1 1 3 

Totals 2 4 16 22 

Table 67b To show incidence and cause of mortality i n a r c t i c 

tern chicks i n Cove in 1964 

Cause of death Single 1st 2nd Total 

K i l l e d by adults 2 2 9 13 

Exposure 2 1 2 5 

Deserted 0 0 0 0 

Starvation 0 0 1 1 

Unknown 1 1 2 4 

f o t a l s 5 4 14 23 
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second c h i c k s i n B/2 have twice as many c a s u a l t i e s caused 

by pecking and s t a r v a t i o n as f i r s t and s i n g l e c h i c k s . I n 

the Gut Garden, although m o r t a l i t y from pecking was absent, 

second c h i c k s s u f f e r e d twice as badly as f i r s t c h i c k s from 

exposure. The m o r t a l i t y of the f i r s t c h i c k s i n B/2 was very 

s i m i l a r to that of c h i c k s i n B./l. 

I t i s p o s s i b l e t h a t the heavy m o r t a l i t y i n f l i c t e d upon 

second c h i c k s i n B./2 was the r e s u l t of hunger, causing these 

c h i c k s to wander more f r e q u e n t l y . However, as second-hatched 

c h i c k s i n B/2 were normally fed as much as f i r s t - h a t c h e d c h i c k s , 

t h i s hypothesis may be discounted. 

M o r t a l i t y i n broods of two c h i c k s i n r e l a t i o n to the age of 

the c h i c k s . 

Second-hatched c h i c k s i n broods of two, as shown 

p r e v i o u s l y , have l e s s chance of s u r v i v a l than t h e i r e l d e r 

s i b l i n g s . The incidence of m o r t a l i t y w i t h i n broods of two 

c h i c k s , i n r e l a t i o n to t h e i r ages, i s shown i n Table 68, a and b. 

Table 68a. Chick m o r t a l i t y i n broods of two, i n r e l a t i o n to 

age, 1963 

Age (days) 1st chic k 2nd chick 
Cove Gut Garden Cove Gut Garden 

0-7 5 4 10 10 
8-14 2 3 3 1 
15-23 2 1 10 3 
24 + 3 2 12 1 
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Table 68b. Chick m o r t a l i t y i n broods of two, i n r e l a t i o n to 

age, 1964 

Age (days) 1st chi c k 2nd ch i c k 
Cove Gut Garden Cove Gut Garden 

0-7 3 2 13 10 

8-14 0 0 0 1 

15-25 1 1 2 2 

24 + 0 1 1 1 

These data c l e a r l y show tha t during the f i r s t week of 

l i f e , the second-hatched ch i c k s i n broods of two s u f f e r a t 

l e a s t double the m o r t a l i t y of the f i r s t - h a t c h e d c h i c k s . 

A f t e r the f i r s t week of l i f e , i n 1963» chi c k s i n broods of 

two i n the Gut Garden had a s i m i l a r m o r t a l i t y , and t h i s was 

the case i n both areas throughout 1964» I n the Cove i n 1963, 

although m o r t a l i t y of f i r s t and second hatched c h i c k s was 

s i m i l a r during the second week of l i f e , s t a r v a t i o n decimated 

second-hatched c h i c k s during t h e i r t h i r d and fourth weeks 

of l i f e . 

I t appears that i n seasons when tern s u r v i v a l i s normal, 

and above normal (1964), second-hatched c h i c k s i n broods of 

two have a hea v i e r m o r t a l i t y than f i r s t - h a t c h e d c h i c k s 

d u r ing t h e i r f i r s t week of l i f e . However, m o r t a l i t y a f t e r 

the f i r s t week of l i f e f a l l s e q u a l l y upon f i r s t and second-

hatched c h i c k s i n a brood, except a t times of a d v e r s i t y , as 

i n the Cove i n 1963 and e a r l y i n 1965» when the f i r s t - h a t c h e d 

c h i c k s u r v i v e s at the expense of i t s younger s i b l i n g . 
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The growth of a r c t i c t e r n chicks under f i e l d conditions 

I n 1 9 6 4 the study of the s u r v i v a l of a r c t i c t e r n chicks 

was expanded t o include a weighing programme. This programme 

was designed to supplement data on chick s u r v i v a l and 

m o r t a l i t y , and p a r t i c u l a r a t t e n t i o n was paid t o the growth 

of s i n g l e chicks and chicks i n "broods of two. 

Methods 

The major d i f f i c u l t y experienced i n t h i s p a r t of the 

study was the d a i l y l o c a t i o n of chicks. A f t e r experiments, 

wi r e mesh b a r r i e r s surrounding the nests were discarded, as 

they caused too much disturbance. The f i n a l s o l u t i o n was t o 

weigh a large sample of chicks d a i l y , and although every chick 

was not found every day, on average each chick was weighed 

once every two days. The method f o r weighing was as f o l l o w s . 

Each chick, as i t was found, was placed i n a numbered 

compartment i n a deep t r a y , and a stake w i t h a corresponding 

number was placed where the chick was found. Experience 

showed t h a t many i n d i v i d u a l chicks pre f e r r e d the same h i d i n g 

places from day t o day, and could be e a s i l y found. The t r a y 

of chicks ( t w e n t y - f i v e i n a l l ) was c a r r i e d out of the study 

area to the weighing machine which v/as kept under cover. 

(The weighing machine was a b a t t e r y operated M e t t l e r pan 

balance, weighing up to 800 ;g. and accurate t o w i t h i n 0 . 1 g») 

The time spent w i t h i n the colony, c o l l e c t i n g and s e t t i n g down 

chicks, was approximately two hours every day. I t was 
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found possible t o weigh approximately f i f t y chicks from each 

study area each morning, and a t o t a l of four hours was spent 

each day, from 0 6 0 0 - 1 0 0 0 G.M.T., on the weighing programme. 

The r e l a t i v e l y small amount of vegetation i n the Cove 

made i t easier t o f i n d chicks there than i n the Gut Garden, 

and more chicks were weighed i n the former area* A t o t a l of 

408 "birds were weighed at le a s t twice, and the weights of 

these bir d s were used to construct the curve of mean d a i l y 

weight increase, p l o t t e d against age i n Figure 5 0 o 

Curve of weight increase w i t h age 

The form of the curve of weight/age i s sigmoid, and the 

weight of chicks increases slowly from hatching u n t i l the 

t h i r d day. From the t h i r d day to the t h i r t e e n t h day, the 

chicks gain weight r a p i d l y and apparently l i n e a r l y . At about 

fourteen days the d a i l y weight increase slows down, and a loss 

of weight i s apparent at about the time t h a t the bi r d s f l e d g e , 

t h a t i s from twenty-one t o twenty-six days a f t e r hatching. 

Methods of analysis 

The d a i l y weighings showed large f l u c t u a t i o n s when the 

chicks were weighed a f t e r the f i r s t feed of the day. Birds 

which had been fed could weigh from 1 0 - 1 5 g more than s i m i l a r 

b i r d s which had not been f e d . I n a d d i t i o n , the overnight loss 

i n weight was up to 8 g. To avoid errors from these sources, 

the chicks were weighed i n the e a r l y morning, between 0 6 0 0 

and 0 9 0 0 , and the mean d a i l y weight increase throughout the 



l i n e a r period of weight increase used fo r comparative 

purposes. I n t h i s way the dai l y weight fluctuations were 

unimportant, and figures obtained f o r the mean d a i l y weight 

increase according to brood size could be compared. Similarly, 

the mean d a i l y weight increase over the f i r s t h a l f of the 

lin e a r period could be compared w i l i i a similar f i g u r e f o r the 

second ha l f of the li n e a r period. F i n a l l y , the mean da i l y 

weight increase f o r the whole of the l i n e a r period (three to 

thri t e e n days) could be examined f o r seasonal trends. 

The data were also examined on a d a i l y basis, and here 

d a i l y figures f o r mean weight increase according to chiok 

category were derived and compared using Student's ' t 1 t e s t . 

The data were analysed to determine whether d a i l y fluctuations 

i n mean weight increase were correlated with weather conditions. 

I n the analysis of the d a i l y mean weight increase, i t 

was thoughtreasonable to assume that the d a i l y weight increase 

of chicks was a r e f l e c t i o n of the f i s h i n g a b i l i t y of the 

adults. Fluctuations i n the a v a i l a b i l i t y of f i s h could thus 

be expected to be mirrored i n fluctuations i n the dai l y mean 

weight increase of the chicks. 

The l i n e a r i t y of dai l y weight increase from 3-13 days 

As mentioned previously, i t was decided to compare the 

dai l y weight increase of chicks, of d i f f e r e n t categories over 

tlrie period when weight increased l i n e a r l y i n r e l a t i o n to age. 

The l i n e a r i t y of the weight increase was tested by dividing 



Figure JO The mean d a i l y weight increase of a r c t i c t e r n 

chicks dn Inner Fame, 1 9 6 4 . 
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the period i n h a l f , from the t h i r d t o the seventh day, 

and from the eighth t o the t h i r t e e n t h day. The mean d a i l y 

weight increase of t i l l chicks f o r these two periods was then 

c a l c u l a t e d , and the d i f f e r e n c e between the two periods tested 

f o r s t a t i s t i c a l s i g n i f i c a n c e . I t was found t h a t the mean 

d a i l y v/eight increase from t h i r d t o the seventh day was 7 « 3 g 

per day, and from eighth t o the t w e l f t h day was 7 * 1 g» When 

t e s t e d , using Student'b ' t ' t e s t , i t was found t h a t 

t/n>» 0 , 0 3 9 » 0 . 9 0 , and i t was concluded t h a t the small 

d i f f e r e n c e observed did not a f f e c t the l i n e a r i t y of the 

growth curve. 

The mean d a i l y weight increase as a percentage of the adu l t 

weight 

The mean d a i l y weight increase, measured over the l i n e a r 

p o r t i o n of the curve of weight increase, was 7 . 2 g/day. The 

mean weight of 9 0 adult a r c t i c terns was found to be 

1 0 4 . 3 + 7 * 7 5 g» The mean d a i l y weight increase i n chicks, 

expressed as a percentage of the adu l t weight, was 6 . 9 per cent. 

A s i m i l a r and comparable f i g u r e , derived from weight increase 

from f i f t h to f i f t e e n t h day i n a r c t i c t e r n s , i s 6 . 5 per cent, 

quoted by E e l o p o l s k i i ( l o c . c i t . ) . I t would appear t h a t tern 

chicks of t h i s species increase i n weight at much the same ra t e 

on the.Fames as they do i n the East Murman Sea. 
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The mean d a i l y weight increase, from the t h i r d t o the 

t h i r t e e n t h day, according t o the category of the chick,. 

I n t h i s analysis a l l the a v a i l a b l e data were used, 

i n c l u d i n g the weights of chicks which had only been weighed 

twice w i t h i n the p e r i o d . I t was found t h a t s i n g l e chicks had 

a mean d a i l y weight increase s i g n i f i c a n t l y greater than the 

f i r s t - h a t c h e d chicks i n broods of two (P--^ 0 .05) . Also, 

second hatched chicks i n broods of two had a s i g n i f i c a n t l y 

lower mean d a i l y weight increase than t h e i r elder s i b l i n g s 

( P - ^ 0.05). These data are shown i n Table 69. 

Table 69 The mean d a i l y weight increase, from 3-13 days, 

according t o chick category 

Chick category No. weighed Mean d a i l y weight increase 
i n g per day, + S.D. 

Single 101 6.83 + 1.35 g 

1st i n B/2 181 6.21 + 1.79 g 

2nd i n B,/2 108 5.80 + 1.39 g 

The mean d a i l y weight increase from three-seven days compared 

w i t h the mean d a i l y weight increase from e i g h t - t h i r t e e n days 

A comparison of the f i r s t and second halves of the l i n e a r 

period of weight increase was c a r r i e d out. A l i m i t e d amount 

of data were a v a i l a b l e , as chicks t h a t had not been weighed 

c snsi-stent-l-y- were excluded.. For the. analysis a_ca.tje.gory was 

erected t o include f i r s t hatched chicks i n broods of two, 

http://a_ca.tje.gory
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where the second chick had died . I t was thought t h a t these 

data might i l l u m i n a t e the di f f e r e n c e s between s i n g l e chicks 

and f i r s t hatched chicks i n broods of two. U n f o r t u n a t e l y , 

i n a l l cases where data were a v a i l a b l e , the younger s i b l i n g 

died at an e a r l y age. Comparative data on weight increase 

before and a f t e r the death of a younger s i b l i n g are l a c k i n g . 

The r e s u l t s of t h i s 1 two-period' analysis are presented i n 

Table 70. 

The r e s u l t s shown i n Table 70 show i n t e r e s t i n g d i f f e r e n c e s 

between the categories of chicks. I t i s apparent t h a t s i n g l e 

chicks gain weight at a s i m i l a r r a t e throughout the 3-13 day 

pe r i o d . However, f i r s t hatched chicks i n broods of two where 

the s i b l i n g died, show an appreciable d i f f e r e n c e i n mean d a i l y 

weight increase between the periods, gaining s i g n i f i c a n t l y 

more weight per day during the second period than during the 

f i r s t ( P < 0.001). I n broods of two, f i r s t hatched chicks 

gained weight at a s i m i l a r r a t e throughout, w h i l s t t h e i r 

younger s i b l i n g s increased i n weight slower during the f i r s t 

p e r i o d and f a s t e r d u ring the second per i o d , than f i r s t hatched 

chicks (P< 0.001). 

The r e s u l t s shown i n Table 70 also reveal a bias i n the 

data used t o c a l c u l a t e the mean d a i l y weight increase 

according t o chick category (Table 69). This bias a r t i f i c i a l l y 

lowers the value of the mean d a i l y weight increase Tor 

second hatched chicks i n B /2 , and i s caused by the 

d i s p r o p o r t i o n a t e l y small numbers of weighings of second 
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hatched chicks i n B/2 during the second h a l f of the curve 

of d a i l y weight increase. Thus, an a r t i f i c i a l l y large 

number of low readings were used. The saean d a i l y weight 

increase shown i n Table 70 has been corrected f o r t h i s b i a s , 

as no chick was included unless i t had been weighed at le a s t 

twice i n each h a l f of each period. The values i n Table 70 

are more accurate than those i n Table 69, and i t i s i n t e r e s t i n g 

t o note t h a t , a f t e r c o r r e c t i o n , the o v e r a l l mean d a i l y weight 

increase i n both chicks i n B/2 i s c l o s e l y s i m i l a r . 

The mean d a i l y weight increase between 3-13 days i n 

r e l a t i o n t o the date of hatching 

The mean d a i l y weight increases f o r the four categories 

of chicks were examined f o r seasonal trends by p l o t t i n g the 

mean d a i l y weight increase on a s c a t t e r diagram according 

t o the date of hatching of each chick. The s c a t t e r diagrams 

showed no d i s c e r n i b l e trends and i t was concluded t h a t chicks 

ha t c h i n g a t the end of the season (14-15 J u l y ) had a mean 

d a i l y weight increase no d i f f e r e n t from those chicks hatched 

a month p r e v i o u s l y . This waB true f o r a l l four categories 

of chicks. 

The analysis of d a i l y f l u c t u a t i o n s i n the mean weight 

increase of chicks 

f . V o number s-f days when s u f f i c i e n t data ws-rs a-vad-ia-bie 

f o r t h i s analysis was 35• However, the a v a i l a b i l i t y of 

chicks w i t h i n each category varied from day t o day, and on 
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days when only two weighings i n any category were a v a i l a b l e , 

t h a t category was excluded from the a n a l y s i s . 

The e f f e c t of weather on the d a i l y mean weight increase i n 

t e r n chicks 

Three major components of weather which might a f f e c t the 

f i s h i n g of a d u l t t e r n s , and hence the amount of food presented 

t o the chicks, were recognised. These were: 

a. V/ind, which was so c o r r e l a t e d w i t h sea conditions 

as t o be inseparable. 

b. Bain 

c. Temperature 

I t was also considered t h a t t h i c k fog might hamper 

f i s h i n g a c t i v i t y , but there were no foggy days during the 

period i n question i n 1964* Other components of weather 

were considered unimportant i n r e l a t i o n t o the b i r d s f i s h i n g 

a c t i v i t i e s , and were disregarded. 

D a i l y weather observations, mainly of a su b j e c t i v e nature, 

were made on the Inner Fame. These observations were 

checked against accurate d a i l y records taken at B e l f o r d 

(5 miles west of Fames), R.A.F. Acklington (15 miles south 

of Fames) and Tynetnouth (40 miles south of Fames), I t was 

found t h a t the temperature readings taken at Tynemouth were 

very s i m i l a r t o the few readings taken on Inner Fame, and 

the Tynemouth temperature readings have been used i n the 

a n a l y s i s . The d a i l y data f o r r a i n f a l l at B e l f o r d were used 
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throughout. The wind speed observations from B e l f o r d and 

Inner Fame were so s i m i l a r t h a t the Inner Fame readings 

have been used. The observations from Acklington bore l i t t l e 

r e l a t i o n s h i p t o conditions on Inner Fame. I t was thought 

t h a t t h i s was a r e s u l t of the geographical p o s i t i o n of 

Ac k l i n g t o n , a mile i n l a n d , when compared w i t h Tynemouth 

(observations taken on the p i e r ) , and the Fame I s l a n d s . 

Methods of analysis 

A mean d a i l y weight increase f o r each category of chick 

according t o a p a r t i c u l a r component of weather was c a l c u l a t e d . 

These data are presented i n t a b u l a r form i n the t e x t . The 

mean d a i l y weight increases of each category were examined 

f o r s i g n i f i c a n t d i f f e r e n c e s i n r e l a t i o n to the weather, and 

because there were less, than ?0 samples i n each category, 

Student's ' t ' t e s t was used f o r t h i s purpose. ( S t a t i s t i c a l 

s i g n i f i c a n c e was determined at the 0.05 l e v e l ) . P a r t i c u l a r 

a t t e n t i o n was paid t o the e f f e c t of each component of weather 

on the mean d a i l y weight increase of second, chicks i n broods 

of two, as i t was thought t h a t these could be used as s e n s i t i v e 

i n d i c a t o r s of food shortage. 

Results 

a. The e f f e c t of wind on the mean d a i l y weight increase of 

Irei'ii chicks 

The e f f e c t of wind was analysed i n f o u r categories according 

t o Beauforts 4' Scale of wind speed. The categories were Force 0-1, 
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2-4, 5-7 and 8. These categories roughly correspond t o the 

f o l l o w i n g classes of sea c o n d i t i o n s , 

Force 0-1, l i t t l e or no breeze, sea f l a t or s l i g h t l y 

r i p p l e d 

Force 2-4» medium winds, sea choppy 

Force 5-7i strong winds, foam-flecked, short and steep 

seas 

Force 8, very strong winds, white-topped waves w i t h 

s t rong swell 

The r e s u l t s , presented i n Table 71, show t h a t calm 

conditions adversely a f f e c t e d the d a i l y mean weight increase 

of s i n g l e chicks, and of second hatched chicks i n B/2. On 

calm days, the mean weight increase of chicks i n these 

categories showed a s t a t i s t i c a l l y s i g n i f i c a n t decrease, 

compared w i t h days when wind speed was above Force 2. I t i s 

i n t e r e s t i n g t h a t , although not s t a t i s t i c a l l y s i g n i f i c a n t , a 

drop i n the mean weight increase of the other categories of 

chicks was observed during calm c o n d i t i o n s . 

V-Tien d i f f e r e n c e s between the mean weight increase on calm 

days were t e s t e d , i t was found t h a t second hatched chicks i n 

B/2 gained s i g n i f i c a n t l y less weight per day than any other 

category of chick ( t ^ « 3.5 P'C 0.01). 

I t should be noticed t h a t because a l l the data were used 

f o r t h i s analysis the bias depressing the mean d a i l y weight 

increase f o r second hatched chicks i n B/2 i s present i n the 
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r e s u l t s i n Table 71. The.bias was corrected by separating 

the d a i l y weights of chicks younger than eight days from those 

of chicks of eight days and older. The means of these two 

sets of weights were combined t o give an unbiased mean weight 

increase f o r each day. 

Days when only chicks younger than eight days were weighed 

were excluded, as were days when only chicks of eight days 

and older were weighed. The corrected d a i l y mean weight increase 

f o r calm days, and days w i t h wind conditions of Force 2 and 

more were compared and the r e s u l t was unchanged, w i t h second 

hatched chicks i n B/2 s t i l l g a ining s i g n i f i c a n t l y less weight 

(3«3 g) OTI calm days than on days w i t h wind (6.7 g) • 

b. The e f f e c t of r a i n on the mean d a i l y weight increase 

of chicks 

There was no s i g n i f i c a n t d i f f e r e n c e i n the mean d a i l y 

weight increase between r a i n y days and dry days. Adult 

t e r n s ' f i s h i n g a c t i v i t i e s d i d not appear to be hampered by 

r a i n and the data support t h i s observation. The mean d a i l y 

weight increases on r a i n y and dry days are presented i n 

^able 72. The data were corrected f o r the e f f e c t of wind by 

excluding days when wind speed was Force 1 or l e s s . 

c. The e f f e c t of temperature on the mean d a i l y weight 

inci'eas -- of chicks 

The d a i l y temperatures were grouped as f o l l o w s : 

10-15°C 
16-19°C 
20-25°C 



Table 72 The mean da i l y weight increase of tern chicks i n grams, 

according t o days with and without rain i n 1964 

Days with and without r a i n 

Chick category n Rain 

Single chicks 7 7.0+0.8 

F i r s t chicks i n B/2 

where s i b l i n g died 5 7.1 + 0.3 

F i r s t chicks i n B/2 6 6.7+0.5 

Second chicks i n B/2 6 5.9 + 0.4 

n 

27 

22 

24 

20 

No rain 

6.4 + 0.6 

6.7 + 0.6 

7.1 + 0.8 

5.7 + 0.9 
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Using the co r r e c t e d mean d a i l y weight i n c r e a s e f o r 

second hatched c h i c k s i n B/2 and al l o w i n g f o r the e f f e c t 

of wind by excluding days with calm or Porce 1 winds, the 

data are shown i n Table 73• I t w a s concluded that temperature 

had no e f f e c t on the feeding of t e r n c h i c k s . 

The d a i l y mean weight i n c r e a s e of c h i c k s according to season 

The d a i l y mean weight i n c r e a s e of c h i c k s l e a s t a f f e c t e d 

by wind provided a u s e f u l check on the r e s u l t obtained on p. 

where no seasonal trend i n the mean d a i l y weight i n c r e a s e 

was found. The d a i l y data f o r f i r s t hatched ch i c k s i n B/2, 

and f o r f i r s t hatched c h i c k s i n B/2 where the s i b l i n g had died, 

were plotted as s c a t t e r diagrams, but there were no d i s c e r n i b l e 

t r e n d s . 

Two hypotheses may be derived from these r e s u l t s . 

F i r s t l y , that the a v a i l a b i l i t y of f i s h was s i m i l a r throughout 

the season. Secondly, that the a v a i l a b i l i t y of f i s h decreased 

but that f i s h i n g e f f o r t and e f f i c i e n c y of the terns i n c r e a s e d 

throughout the season. The net r e s u l t i s , of course, 

s i m i l a r . I t seems very u n l i k e l y that f i s h i n g e f f i c i e n c y 

would i n c r e a s e when the ch i c k s hatch, f o r the adults have 

been on the Fame I s l a n d s f o r at l e a s t two months and have 

had ample opportunity to become f u l l y p r o f i c i e n t a t f i s h i n g . 

However, there i s no evidence e i t h e r way, and i n the absence 

of any information about the f i s h populations around the 

F a m e s no conclusions may be reached. 



Table 73 The mean da i l y weight increase of tern chicks i n grams, 

according to the temperature, in 1964 

Temperature ( WC) 

Chick category n 10-15 n 16-19 n 20-25 

Single chicks 6 6.2 +1 .3 22 6.2 + 0.7 7 7.1 + 0.8 

F i r s t chicks i n 
Broods of two 4 7.3 + 0.9 16 6.5 + 0.6 5 6.6 + 0.5 
where s i b l i n g died 

F i r s t chicks i n 

Broods of two 6 7.1 + 0.9 18 6.5 +.1 .2 6 7.4 + 0.4 

Second chicks in 
Broods of two 6 5.6 + 0.8 17 4.9 + 0.7 5 6.3 + 0.6 



Table 74. The number of days on which f i r s t hatched chicks 

i n B/2 gained s i g n i f i c a n t l y more weight than second 

hatched chicks i n B/2 

No. days % Total 

1st hatched gained s i g n i f i c a n t l y 

more than 2nd .11 30 

1st and 2nd chicks not different 21 70 

Totals 32 100 
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The d a i l y comparison of the mean weight increments of f i r s t 

and second hatched ch i c k s i n B/2 

The mean weight i n c r e a s e of f i r s t and 9econd hatched 

chioks i n B/2 were compared on a d a i l y b a s i s . Data from J2 

days were t e s t e d . Student's ' t ' t e s t was used to determine 

s i g n i f i c a n c e f or samples of below 30 weighings, and 2 x S.S. 

of the d i f f e r e n c e between the means f o r samples of above 30 

weighings. S i g n i f i c a n c e was determined at the 0.05 l e v e l . 

The r e s u l t s are shown i n Table 74* 

On no occasion did the younger c h i c k s i n B/2 gain 

s i g n i f i c a n t l y more weight than t h e i r e l d e r s i b l i n g s . The 

older c h i c k s gained s i g n i f i c a n t l y more weight than younger 

c h i c k s on eleven occasions. Seven of these days were during 

or immediately a f t e r calm c o n d i t i o n s . The remaining four days 

had weather which was apparently unremarkable. 

I t i s obvious that in summer on the Fame I s l a n d s there 

i s normally no shortage of food f o r broods of ter n c h i c k s , 

and that both c h i c k s are fed broadly s i m i l a r amounts. However, 

i t i s eq u a l l y obvious that during times of food shortage, 

however caused, the younger c h i c k s u f f e r s most, and gains 

s i g n i f i c a n t l y l e s s weight than i t s e l d e r s i b l i n g . I n other 

words, there i s competition for food between nest s i b l i n g s , 

at times when food i s i n short supply. 



GENERAL DISCUSSION 
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GENERAL DISCUSSION 

I n the past hundred years few e c o l o g i c a l themes have been 

more d i s c u s s e d than that of competition, p a r t i c u l a r l y 

competition between apparently e c o l o g i c a l l y s i m i l a r animals. 

The debate on t h i s fundamental problem i s by no means exhausted, 

and i t s h i s t o r y and recent developments need to be discussed 

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

The word 'competition' has been used i n b i o l o g i c a l 

l i t e r a t u r e with so many vague and ambiguous meanings that 

B i r c h (1957) was dr i v e n to say that "the word has l a r g e l y 

l o s t i t s value as a s c i e n t i f i c term". B i r c h ( l o c . c i t . ) 

proposed to r e s t r i c t the term to a narrow meaning, very c l o s e 

to the etymology of the word, and h i s d e f i n i t i o n i s "competition 

occurs when a number of animals (of the same or d i f f e r e n t 

s p e c i e s ) u t i l i s e a common resource which i s i n short supply." 

T h i s d e f i n i t i o n i s b a s i c a l l y the same as those of Darwin (1857)> 

Crombie (1947), Park (1954) and the l a t t e r h a l f of Milne's (1961). 
Competition i n the narrow sense has been used r e c e n t l y by 

Bakker (1961), Klomp (1961, 1966), Solomon (1964) and 
Reynoldson (1966). 

However, a wider d e f i n i t i o n of competition has been 

proposed by Odum (1959) who says that competition r e f e r s to 

the i n t e r a c t i o n of two organisms s t r i v i n g f o r the same t h i n g , 

such i n t e r a c t i o n s i n v o l v i n g space, predation, food or n u t r i e n t s , 

d i s e a s e , exudates or l i g h t . S t i l l wider i s E l t o n ' s (1946) 
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d e f i n i t i o n where competition i s used as an o b j e c t i v e 

d e s c r i p t i o n of the i n t e r p l a y of various f a c t o r s favouring one 

s p e c i e s at the expense of another. (However E l t o n and M i l l e r 

(1954) «se the word i n the narrower s e n s e ) . De Bach arid 

Sundby (1963), and Be.Bach (1966) have complicated matters by 

s t a t i n g t h a t competition occurs when a resource i s u t i l i z e d 

by two or more organisms, "even i f one does not harm or 

i n t e r f e r e with the other i n the process". Reynoldson (1966) 
p o i n t s out t h a t the d i s t i n c t i o n between T)e Bach's and other 

workers 'competition' i s i n d e f i n i t i o n only, and that i n the 

p a r t i c u l a r s i t u a t i o n studied by De Bach and Sundby (1963)* 

l o c a l food shortages may have a r i s e n . 

I t seems l o g i c a l to use the word 'competition* i n the 

sense i n which i t i s understood i n every day speech. Thus 

people compete f o r a p r i z e , or p r i z e s ( i n a competition) and 

the p r i z e s are l i m i t e d i n number. I n f a c t i n everyday speech 

the word i s used i n the narrow sense, and i t i s l e s s confusing 

i f the word 'competition' i s l i m i t e d to d e s c r i b i n g s i t u a t i o n s 

where animals s t r i v e f o r a common resource i n short supply. 

•Nicholson (1957) drew a t t e n t i o n to the 'contest' and 

'scramble' types of competition. I n the contest type, 

s u c c e s s f u l i n d i v i d u a l s l a y claim to a supply of r e q u i s i t e s 

s u f f i c i e n t to maintain them and to enable them to produce 

o f f s p r i n g , while i n the scram'ble type of competition, animals 

obtain d i f f e r e n t q u a n t i t i e s of the r e q u i s i t e according to t h e i r 
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i n d i v i d u a l a b i l i t y . I t has been pointed out (Bakker, 196l) 

t h a t a small d i f f e r e n c e i n 'competitive a b i l i t y * i s much more 

s e r i o u s f o r the l o s e r s i n a contest s i t u a t i o n , f o r the 

u n s u c c e s s f u l ones have nothing, w h i l s t i n the scramble 

s i t u a t i o n l e s s s u c c e s s f u l animals may get some of the supply 

and be able to s u r v i v e and perhaps breed. However, when the 

number of scrambling animals exceeds a c e r t a i n l i m i t , wastage 

o c c u r s , and some or a l l i n d i v i d u a l s which have secured part 

of the r e q u i s i t e may die or f a i l to reproduce because they 

have secured l e s s than the minimum f o r s u r v i v a l or 

reproduction, and the food or part of the r e q u i s i t e such animals 

have secured, i s l o s t to the s p e c i e s . With the contest type 

however, the wastage i s g r e a t l y reduced. I n these two s o r t s 

of competition the ' q u a l i t y ' of the i n d i v i d u a l , that i s i t s 

competitive a b i l i t y , i s i n v o l v e d , and t h i s aspect of 

competition has not been s u f f i c i e n t l y emphasised i n the 

l i t e r a t u r e . 

• Competition has been divided i n t o two components, 

" e x p l o i t a t i o n " and " i n t e r f e r e n c e " by B r i a n (1956) and Park (1962). 
E x p l o i t a t i o n i s defined as "the a b i l i t y of a s p e c i e s to f i n d , 

occupy and r e t a i n vacant resources" ( B r i a n , 1956)• However, 

as the resource i s defined as 'vacant' i t i s d i f f i c u l t to see 

how the s p e c i e s could compete f o r i t . De Bach's (1966) 
d e f i n i t i o n of competition i s o"peh to the same c r i t i c i s m s 

(Reynoldson, 1966). The second component of competition 

" i n t e r f e r e n c e " i s 'the a b i l i t y of a s p e c i e s to damage another, 
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e i t h e r d i r e c t l y , by a t t a c k i n g i t s i n d i v i d u a l s or i n d i r e c t l y 

by harming i t s resources or blocking i t s access to them". 

( B r i a n , 1956). I t i s the d i r e c t and i n d i r e c t aspects of 

t h i s second component which are s i m i l a r to the " a c t i v e " and 

" p a s s i v e " components of B i r c h (1957) and the " d i r e c t " and 

" i n d i r e c t " c a t e g o r i e s of ^night-Jones and Moyes (1961). As 

d i r e c t competition i n t h i s sense i s i n f a c t f i g h t i n g and as 

f i g h t i n g u s u a l l y occurs i n t r a - s p e c i f i c a l l y i t follows that 

i n t r a - s p e c i f i c competition can be both d i r e c t and i n d i r e c t 

whereas i n t e r - s p e c i f i c competition i s most l i k e l y to be 

i n d i r e c t . 

One of the conclusions drawn from H a i r s t o n , Smith and 

Slobodkin (196O) i s that i n t e r s p e c i f i c competition f o r a 

resource e x i s t s amongst the producer, catrivofe, and decomposer 

populations i n each t r o p h i c l e v e l , but not among he r b i v o r e s , 

which are l i m i t e d below the l e v e l s a t which resources are 

exhausted by predation. T h e i r argument i s based on s e v e r a l 

p o i n t s , i n c l u d i n g the observation that green p l a n t s are 

h a r d l y ever depleted by herbivores except when the s i t u a t i o n i s 

unnatural ( p r o t e c t i o n by man or i n t r o d u c t i o n i n t o new h a b i t a t s ) 

and that the vagaries of weather cannot c o n t r o l herbivore 

numbers. The remaining method of c o n t r o l i s by predation, 

which when removed ( s p r a y i n g with t o x i c chemicals or shooting 

o_u_t f o r example) , allows the herbivore population to i n c r e a s e 

and deplete i t s r e s o u r c e s . 

From these observations and others, H a i r s t o n et a l ( i . e . ) 
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conclude that predators (and p a r a s i t e s ) , p l a n t s and 

decomposers are l i m i t e d by n u t r i e n t s and space. According to 

R a i r s t o n et a l ( I . e . ) adaptations f o r i n t e r - s p e c i f i c 

competition are common i n decomposers ( a n t i b i o t i c s ) and i n 

producers (crowding, shading and z o n a t i o n ) . Carnivores are 

suggested to have side-stepped the problem to some extent by 

niche d i v e r s i f i c a t i o n as a r e s u l t of i n t e r - s p e c i f i c 

competition. I t i s a l s o pointed out that i t i s among 

herb i v o r e s " t h a t we f i n d examples of co-existence without 

evidence of competition for r e s o u r c e s " . 

Although Hairston et a l ( i . e . ) imply that herbivores do 

not compete f o r r e s o u r c e s , the argument of niche d i v e r s i f i c a t i o n 

as an i n d i c a t i o n of previous i n t e r - s p e c i f i c competition can 

be used against t h i s view. I n the case of three congeneric 

grasshopper s p e c i e s apparently feeding on the same food, i t 

was found by Capian (I966) that the " o v e r a l l usage of foods 

of each s p e c i e s formed a p r e f e r e n t i a l pattern s u f f i c i e n t l y 

d i f f e r e n t from the patterns of the other two s p e c i e s to i n d i c a t e 

t h a t the three grasshopper populations occupy separate niches 

i n the community and are not i n complete competition f o r food". 

C e r t a i n of the other observations suggest j^the populations of 

these three s p e c i e s were a l s o separated i n space and the 

population peaks i n time. Data c o l l e c t e d from ungulates i n 

E . A f r i c a point to the same s o r t of conc-l-us-ion; that although, a 
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p a r t i c u l a r herbivore s p e c i e s may take many p l a n t s , a 

p a r t i c u l a r plant s p e c i e s i s often p r e f e r r e d (Grizraek 19^0). 
Such a p r e f e r r e d plant s p e c i e s amounts to a 'food refuge' 

s i m i l a r to that found <n t r i c l a d s (Reynoldson 1966). T h i s can 

be taken to show tha t i n t e r - s p e c i f i c competition does, or has, 

occurred i n at l e a s t some herbivores, r e s u l t i n g i n niche 

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

C e r t a i n of the observations of H a i r s t o n et a l (1960) 
r e f e r to competition or c c S e x i s t e n c e between animals with 

s i m i l a r ecology. The idea that no two animals with s i m i l a r 

ecology can e x i s t together i n the same place f o r long has 

been h o t l y debated s i n c e Darwin (1857). G r i n n e l (1904) 
grasped the p r i n c i p l e i n r e l a t i o n to woodpeckers (ijUdvardy 1959) » 

V o l t e r r a (1926) s t a t e d the p r i n c i p l e and was followed 

independently, by Lotka (1932) who provided the formal proof 

u s i n g c a l c u l u s . Gause (1934) f r e e l y acknowledged e a r l i e r 

workers, but Lack (194-7) was the f i r s t to c a l l the p r i n c i p l e 

by i t s popular name, Gause's hypothesis. More r e c e n t l y 

Hardin (1960) proposed the term 'competitive e x c l u s i o n p r i n c i p l e ' 

but T)e Bach and Sundby (1963) and "De Bach (1966) p r e f e r the 

term 'competitive displacement p r i n c i p l e ' and the converse i s 

c a l l e d the 'competitive co-existence p r i n c i p l e ' . 

The formulation of the p r i n c i p l e has had a chequered 

h i s t o r y . F ollowing the symposium on 'The ecology of c l o s e l y 

a l l i e d s p e c i e s ' (Anon 1944)> Lack (1946) suggested that "two 
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s p e c i e s with the same ecology cannot p e r s i s t together i n 

the same region" w h i l s t Cromhie (1945) s t a t e d that two s p e c i e s 

with "the same e c o l o g i c a l niches cannot s u r v i v e together i n 

the same environment". Mayr (1948) points out tha t 

competition (with eventual e x t i n c t i o n of one s p e c i e s ) would 

occur i f two spe c i e s had i d e n t i c a l e c o l o g i c a l requirements 

and the same has been s a i d by Hutchinson and Deevey (1949) 
about s p e c i e s with the same niche requirements. The l a t t e r 

d e f i n i t i o n has been put i n a strong form by Savage (1958) 

who defines Cause's hypothesis a s : no two spe c i e s with 

i d e n t i c a l niches ( i d e n t i c a l environmental r e l a t i o n s ) can occur 

together without one form being eliminated w i t h i n a few 

generations by competition". 

The terms ' s i m i l a r ecology' and ' i d e n t i c a l ecology' have 

been dismissed by G i l b e r t , Bobart and Reynoldson (1952) 
and Park (1954)» These authors point out that two s p e c i e s 

d i f f e r e n t i a t e d by n a t u r a l s e l e c t i o n cannot be e c o l o g i c a l l y 

i d e n t i c a l , and that animals which are e c o l o g i c a l l y i d e n t i c a l 

only compete i n t r a - s p e c i f i c a l i y . Reynoldson (I966), Klomp 

(1961) and Pontin (1961, 1963) mention how the e x i s t e n c e of 

two d i f f e r e n t s p e c i e s with i d e n t i c a l ecology i n the same 

p l ^ c e i s extremely improbable. Two of the most r e c e n t 

statements of Cause's hypothesis are those of Mayr (1963) 
-in which i t i s s t a t e d that 'no two sp e c i e s c a n c o - e x i s t at 

the same l o c a l i t y i f they have i d e n t i c a l e c o l o g i c a l 

requirements, and Be Bach (1966) i n which the competitive 
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displacement p r i n c i p l e i s defined as ' d i f f e r e n t s p e c i e s 

having i d e n t i c a l e c o l o g i c a l niches cannot c o - e x i s t f o r long 

i n the same h a b i t a t * . 

De Bach's d e f i n i t i o n i s of i n t e r e s t because i t shows the 

d i f f i c u l t y i n i n t e r p r e t i n g d e f i n i t i o n s where the key words 

may be m i s i n t e r p r e t e d . 'Niche' i s such a word, having been 

used i n the widest sense to describe h a b i t a t or biotope 

(TTdvardy 1959» Savage 1958) and i n the narrow sense by 

C r c w e l l (1962). Crowell ( i . e . ) used the d e f i n i t i o n of 

Parker and Turner (196I) that i s : 'niche i s the complement 

of the a c t i v i t i e s ( a c t i v e , r e a c t i v e and i n t e r a c t i v e ) of the 

organism i n a given h a b i t a t or biotope at a given t i m e 1 . 

I t i s c l e a r that Be Bach ( I . e . ) uses 'niche' i n t h i s 

r e s t r i c t e d sense, and h a b i t a t i n the sense of the l a r g e area 

where p a r t i c u l a r organisms are found. I t should be emphasised 

t h a t animals have only to be i d e n t i c a l i n one aspect of t h e i r 

n i c h e before competition occurs, and as pointed out p r e v i o u s l y , 

i t i s extremely u n l i k e l y that animals w i l l have i d e n t i c a l 

e c o l o g i e s • 

There are many exampj es of work which provide evidence 

f o r the competitive co-existence p r i n c i p l e (De Bach 1966) 

which i s that s p e c i e s which c o - e x i s t i n d e f i n i t e l y i n the 

same h a b i t a t must have d i f f e r e n t e c o l o g i c a l n i c h e s . T h i s 

p r i n c i p l e has been -stated" i n d i f f e r e n t words by Andrawa-r-tha 

and B i r c h (1954), Hutchinson (1957) and Hardin (1960). 
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Although c o n c l u s i v e f i e l d evidence f o r t h i s p r i n c i p l e has 

been poor, Orians and C o l l i e r (1963)» the s t u d i e s of Lack 

(1945, 1946), MacArthur (1958) and Crowell (1962), on b i r d s , 

Carpenter (1952) and H a i r s t o n (1957) on r e p t i l e s , Heatwole 

and Davis (I965) on i n s e c t s and Reynoldson (1966) on t r i c l a d s 

have demonstrated the t r u t h of the co-existence p r i n c i p l e . 

Thus i n every case where two animals might have been s h a r i n g 

the same niche, f u r t h e r work has shown that i n a l l important 

e s s e n t i a l s the two animals do not compete. 

Competition and population r e g u l a t i o n are f a c e t s of the 

study of animal populations w&ich cannot be wholly separated. 

Animal populations are l i m i t e d i n numbers by two main 

mechanisms, by the d e s t r u c t i o n of a constant proportion of 

the population, independent of the population ( d e n s i t y 

independent), and by the d e s t r u c t i o n of a proportion that 

i n c r e a s e s as the density i n c r e a s e s ( d e n s i t y dependent). These 

terms were coined by Smith (1935)» and s i n c e then there has 

been much d i s c u s s i o n , and argument, as to the r e l a t i v e 

importance of these f a c t o r s i n r e g u l a t i n g animal numbers. 

One school of thought i s that the m«nst important factors 

r e g u l a t i n g ( o r controlling) animal numbers are climatic and 

edaphic ( d e n s i t y independent), and that populations are not 

governed by self-imposed checks (Thompson 1929» 1956). 
Andrewartha and B i r c h (1954) advanced a s i m i l a r i d e a , " t h e i r 

theme being that w i t h i n the range of an animal s p e c i e s there 
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w i l l be areas of high d e n s i t y i n favourable p l a c e s , while at 

the edge of the range the d i s t r i b u t i o n w i l l be patchy and 

the numbers s m a l l e r . 

The second sch o o l , l e d by Nicholson (1954 &»h,) b e l i e v e s 

t h a t although the gross d i s t r i b u t i o n of animals i s determined 

by p h y s i c a l f a c t o r s such as c l i m a t e , w i t h i n t h e i r range 

animals s u r v i v e independent of the environment. Animals 

r e g u l a t e t h e i r own numbers i n r e l a t i o n to the p r e v a i l i n g 

environmental c o n d i t i o n s . Such arguments have r e c e n t l y been 

supported by Klomp (1962) and Hai r s t o n e t . a l . (1960). 
The d i f f e r e n c e s between the two schools of thought are 

l a r g e l y due to d i f f e r e n c e s i n emphasis and d e f i n i t i o n ( V a r l e y 

1963). Some authors (Milne 1957 • Cragg 1961) have suggested 

t h a t populations may be regulated f o r long periods without 

in v o k i n g d e n s i t y dependent mechanisms, and t h i s might be the 

case p a r t i c u l a r l y i n an area with a severe c l i m a t e . Such a 

view i s quite compatible with both schools of thought, and 

a recent paper by Bosch, S c h l i n g e r , Lagace and H a l l (1966) 
has emphasised how e a s i l y d e n s i t y dependent i n t e r a c t i o n s 

between animals are overshadowed by weather, other b i o t i c 

agents or a g r i c u l t u r a l p r a c t i c e s . The s i t u a t i o n with regard 

to the r e g u l a t i o n of animal numbers has been summed up by 

E l t o n (1966), who sa y s : "For i f one f a c t i s c e r t a i n i t i s 

t-hat- somewhere at some time i n some sjp.ecies everyone of these 

f a c t o r s w i l l be found a c t i n g as the c h i e f or even the only 

l i m i t to numbers. S i m i l a r l y , somewhere at some time i n some 
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a p e c i e s , almost every conceivable combination of these f a c t o r s 

w i l l be operating i n complex i n t e r a c t i o n . And a p a r t i c u l a r 

s p e c i e s may not be l i m i t e d i n the same fashion at d i f f e r e n t 

times and p l a c e s . 1 

The relevance of competition and population r e g u l a t i o n 

to the present study i s most obvious i n Neorophorus, which 

provide a good example of a population apparently l i m i t e d i n 

numbers by competition f o r a resource. The l i m i t e d resource 

i s food, or r a t h e r , a corpse on which .to r e a r the young. The 

number of corpses on Inner Fame u t i l i s e d by Necrophorus 

appears to be much l e s s than the number of corpses produced 

each season. C l o s e r examination shows that t h i s s i t u a t i o n on 

I n n e r Fame i s caused by the u n a v a i l a b i l i t y of corpses, 

because they appear before Necrophorus emerge or a f t e r the 

b e e t l e s d i e , or during the period of pre-reproduetive feeding, 

or th a t corpses occur on the rocks or i n the sea where they 

cannot be u t i l i s e d , or even that too many corpses i n r e l a t i o n 

t o mature Necrophorus appear at once. S u p e r f i c i a l l y the large 

m o r t a l i t y of terns should provide enough corpses f o r b e e t l e s 

to reproduce without competition but i n p r a c t i c e t h i s never 

happens. As Bakker (1962) pointed out, competition occurs 

because the demand exceeds the immediate supply. I n f a c t there 

i s a r e l a t i v e shortage of s u i t a b l y aged and s i t e d corpses 

a v a i l a b l e -for Necr.opb.or-us. .on In n e r Fame , and t h i s causes the 

competition f o r the corpses which are s u i t a b l e . 
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The corpse i s buried c o - o p e r a t i v e l y , o f t e n several beetles 
of both sexes are present and there i s no f i g h t i n g . However 
when the corpse i s f i n a l l y below ground the m a j o r i t y of the 
beetles are eliminated by f i g h t i n g , e i t h e r escaping or being 
k i l l e d and eaten underground. Beetles only grapple w i t h 
those of the same sex, and as there i s only one brood per 
corpse,the number of corpses a v a i l a b l e at the r i g h t time 
determines the number of broods and hence the size of the 
population i n the next year. During the competition f o r the 
corpse, the beetles of e i t h e r sex w i t h the most appropriate 
"competitive a b i l i t y " (Bakker 1961) oust the others and are 
able t o reproduce i n i s o l a t i o n . 

The present study has now shown what are the most 

appropriate competitive a b i l i t i e s f o r Necrophorus, but 

observation i n d i c a t e s t h a t size i s of l i t t l e importance, 

small beetles of e i t h e r or both sexes o f t e n being victiorious 

over l a r g e r i n d i v i d u a l s of t h e i r own sex. Possibly the most 

pugnacious beetles are v i c t o r i o u s , and i f the behavioural 

change i s associated w i t h a gonadal change, then the v i c t o r s 

may be those w i t h the most mature gonads. This would ensure 

t h a t the corpse i s u t i l i s e d immediately, an advantage i n 

s i t u a t i o n s where the food can q u i c k l y d e t e r i o r a t e . 

I t i s d i f f i c u l t t o see where the major f a c t o r s c o n t r o l l i n g 

or r e g u l a t i n g Necrophorus population density occur. I t i s 

tempting t o describe the competition f o r a corpse on which t o 

reproduce as the f i n a l r e g u l a t i n g f a c t o r , the s e v e r i t y of the 

competition i n c r e a s i n g a t high beetle d e n s i t i e s and decreasing 
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a t low d e n s i t i e s . Althonagh t h i s much i s t r u e , the nature 

of the corpses a v a i l a b l e t o Necrophorus on emergence i s a 

f a c t o r which determines how many beetles are able t o mature 

t h e i r gonads. Adult Necrophorus are p r i m a r i l y predators of 

d i p t e r a n larvae found on corpses, and i t i s possible t h a t the 

a b i l i t y of Necrophorus t o destroy i t s major competitors, f l y 

l a r v a e , decides the reproductive success of a p o p u l a t i o n , 

and hence i t s density, or there may w e l l be a major parasite 

of Necrophorus undiscovered.. i n t h i s study which depresses 

t h e i r numbers. The r o l e of f l y larvae i n the ecology of 

Necrophorus i s equivocal, the larvae being the main food 

source f o r the beetles as w e l l as t h e i r main competitors. 

However, as long as there i s s u f f i c i e n t food a v a i l a b l e f o r 

gonad maturation, and so long as the mites deal s u c c e s s f u l l y 

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

major f a c t o r l i m i t i n g the number of Necrophorus populations 

i s the a v a i l a b i l i t y of s u i t a b l e corpses. 

T " i t h a constant supply of s u i t a b l e corpses at a 

r e s t r i c t e d period i n time during the reproductive period, 

there w i l l always be competition f o r them, and t h i s s i t u a t i o n 

i s perpetuated so long as every p a i r of beetles produce more 

than two beetles to j o i n the next generation. I f a l l the 

s u i t a b l e corpses are u t i l i s e d , and every corpse produces 

more than two beetles of e i t h e r sex wh±eh enter the next 

generation, then the next year w i l l see extremely vigorous 

competition f o r the a v a i l a b l e corpses. I n years w i t h fewer 
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corpses, than normal e.g. 1964> competition w i l l be very-

f i e r c e , while i n the f o l l o w i n g normal year (1965) there may 

be s u f f i c i e n t corpses f o r the beetles t o reproduce w i t h l i t t l e 

c o mpetition. However, given a second normal year (1966) 

competition w i l l again be f i e r c e . Over-production of young 

i s the r u l e i n Necrophorus, and t h i s allows the beetles t o 

u t i l i s e unusually large amounts o f c a r r i o n when these become 

a v a i l a b l e , e.g. d u r i n g myxomatosis. 

Competition w i t h i n the genus Necrophorus i s avoided by 

two mechanisms which have general a p p l i c a b i l i t y , separation 

of species i n time, and i n space. The Fame Islands 

Necrophorus demonstrate the separation of two populations i n 

time} t h e two species breeding at d i f f e r e n t times of the year. 

N_. humator finishes breeding before N. i n v e s t i g a t o r , and the 

only time when these two species may be found on the same 

corpse i s when N. humator i s feeding p r i o r t o h i b e r n a t i o n 

and N. i n v e s t i g a t o r i s feeding a f t e r reproduction. 

S p a t i a l separation of Necrophorus beetles was demonstrated 

by Pukowski who shovred t h a t i n Germany the. species reproducing 

a t s i m i l a r times tend t o occupy d i f f e r e n t h a b i t a t s , e.g. 

N. v e s p i l l o prefers open f i e l d s , N. humator damp deciduous 

woods and N. v e s p i l l o i d e s coniferous woods. S p a t i a l separation 

i n t h i s way.is also shown by many b i r d s , e.g. Tetraonidae 

(grouse, ptarmigan}". 

A d i f f e r e n t aspect of i n t e r - s p e c i f i c competition of v i t a l 

importance to Necrophorus breeding success i s the way i n which 
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the mites Parasitus necrophori confer p r o t e c t i o n t o the 

b e e t l e by destroying d i p t e r a n eggs and larvae. This 

ass o c i a t i o n points t o a long-continued r e l a t i o n s h i p between 

these two species. Under f i e l d c o n d i t i o n s , where the beetles 

may not reach and bury the corpse u n t i l up to tv/o days a f t e r 

death, the r o l e of the mites may be even more important than 

i n the l a b o r a t o r y s i t u a t i o n s studied during the present work. 

The r e l a t i o n s h i p w i t h the mites i s another f a c e t of the 

s o c i a l organisation of Necrophorus. f o r , as da Costa (1963) 

has pointed out, i t i s l i k e l y t h a t s o c i a l o r g a n i s a t i o n and 

brood care by the host may be e s s e n t i a l before successful 

associations between insects and mesostigmatid mites can evolve. 

Hughes (1959) has suggested t h a t i t i s probable t h a t 

associations where the immature stages of mites obtain food 

from the excretions of the beetle l a r v a e , or from t h e i r dermal 

s e c r e t i o n s , are more common than i s generally supposed. The 

i n a b i l i t y of P. necrophori t o reproduce without the presence 

of Necrophorus seems t o be a s i m i l a r case, and the substance 

i n question may w e l l be the contents of the fore~gut w i t h 

which the beetles baste the corpse. I n t h i s r e l a t i o n s h i p , 

the mites might almost be described as an i n t e g r a l p a r t of the 

s o c i a l organisation of the beetles, t a k i n g the r o l e of a 

defence system, and g a i n i n g advantages such as t r a n s p o r t , s h e l t e r 

and food from- -the beetle-; 
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The study of the m o r t a l i t y of a r c t i c terns provided l i t t l e 

d i r e c t evidence of the ways i n which t e r n populations are 

l i m i t e d i n numbers. As stated p r e v i o u s l y , population 

r e g u l a t i o n can occur by the a c t i o n of weather and other 

e x t r i n s i c f a c t o r s ( d e n s i t y independent), or by competition 

f o r food, space or other r e q u i s i t e s ( d e n s i t y dependent). 

Weather appears t o be a major f a c t o r i n k i l l i n g chicks, f o r 

i f heavy r a i n f a l l s when the m a j o r i t y of the chicks are less 

than 48 hours o l d , m o r t a l i t y i s h i g h . Some a r c t i c terns on 

Inner Fame nest i n apparently unsuitable places amongst t h i c k 

v e g e t a t i o n , and t h i s f a c t o r increases the chick m o r t a l i t y 

considerably. The depressing e f f e c t of the weather on chick 

s u r v i v a l i s shown by the numbers of chicks fledged per brood 

i n 1963» a wet year, and 1964> a dry year. I n 1963 *ne 

average number of chicks fledged from s i n g l e broods was 0,7» 

and i n broods of two 0.6, whereas i n 1964 the equivalent 

f i g u r e s were 0.9 and 1.6 chicks. 

Food appears to play an unimportant p a r t i n determining 

chick or adult s u r v i v a l , although some of the evidence points 

t o decreased f i s h i n g e f f i c i e n c y during c e r t a i n weather 

c o n d i t i o n s , and subsequent competition f o r food amongst nest 

s i b l i n g s . 

Space t o breed appears t o be the most important f a c t o r 

i n r e g u l a t i n g the numbers of a r c t i c t e r n s . Because there are 

apparently no more nest s i t e s i n the Cove, an i d e a l n e s t i n g 

area, a r d t i c terns are ne s t i n g i n the nearby t a l l v e g etation, 



142 

and t h i s f a c t o r considerably increases the m o r t a l i t y . 

This occurs i n s p i t e of the f a c t t h a t there are apparently 

s u i t a b l e sandy areas on other islands away from the main 

colony, and seems t o be s i m i l a r t o the s i t u a t i o n found by 

Nelson (1966) i n gannets Sula bass ana L., and Patterson (p«**. 

i n black-headed g u l l s Larus ridibundus I . . , and Coulson and 

Hickliing (1964) i n the grey seal Halichoerus grypus L., where 

the animals choose t o breed under crowded c o n d i t i o n s . I n 

the Cove there i s much m o r t a l i t y caused by young chicks 

trespassing and being k i l l e d by a d u l t s , and a s i m i l a r phenomenon 

has been described by P e t t i n g i l l (1939)» Sprunt (1948) and 

Paludan (195l)» This pecking could be a density dependent 

check on numbers, the frequency of trespassing i n c r e a s i n g as 

the density increases u n t i l so many chicks are k i l l e d i n t h i s 

way t h a t recruitment ceases. I t appears t h a t i n a c o l o n i a l 

b i r d l i k e the a r c t i c t e r n , r e g u l a t i o n of the breeding 

population i s most e a s i l y achieved by competition f o r space, 

p a r t i c u l a r l y i f the tendency i s f o r the b i r d s and t h e i r chicks 

t o be s i t e tenacious, as i n gannets (Nelson I966), and i f 

the most s u i t a b l e breeding areas are l i m i t e d i n extent, as 

on the Fames. I n areas of high density, m o r t a l i t y by 

pecking i s severe, and i n more unsuitable areas m o r t a l i t y 

from other f a c t o r s i s apparently equally severe. I t i s 

s i g n i f i c a n t that the a r c t i c tern population on Inner Farne 

has remained s t a t i c at between 1000 and 1250 nests f o r about 

10 years, and tha t terns, ringed as young chicks on Inner Fame 
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are being recovered breeding on Coquet I s l a n d 25 miles 

f u r t h e r south, but not elsewhere. I t could w e l l be t h a t the 

Inner Parne colony i s at f u l l capacity now, although there i s 

s t i l l room f o r expansion, p a r t i c u l a r l y i n the Meadow, and on 

others of the Parne Islands group. Experimental evidence i s 

l a c k i n g , but much could be done by a r t i f i c i a l l y i n c r e a s i n g the 

de n s i t y of terns i n the Cove on Inner Fame. 

This study emphasises the interdependence of f a c t o r s 

which at f i r s t s i g h t might appear q u i t e separate. I t i s 

reasonable t o assume t h a t the t e r n population on Inner Fame 

i s l i m i t e d by space i n which to breed, and the numbers of 

t e r n corpses a v a i l a b l e t o Necrophorus have an u l t i m a t e l i m i t . 

The f l u c t u a t i o n s i n Necrophorus numbers and also of the 

associated mites, are dependent on the numbers of dead t e r n 

c h i c k s , which i n t u r n are dependent on the degree of crowding 

w i t h i n the colony, the weather and other f a c t o r s . For instance, 

a period of r a i n can a f f e c t the Necrophorus population by 

k i l l i n g more t e r n chicks than normal, and s i m i l a r l y a dry 

breeding season can depress Necrophorus numbers because the 

terns survive b e t t e r than usual. Although the study i s not 

the study of a food chain, i t throws i n t o sharp r e l i e f the 

interdependence of animals. 

"Strange combinations out of common t h i n g s . . . . 

Which meet from a l l the points of heaven," 

Percy Bysshe Shelley. Prometheus Unbound, 
1820. 



SUMMARY 
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SUMMJERY 

1. A study of the biology of Necrophorus (Col.) and the 

breeding m o r t a l i t y of a r c t i c terns (SLterna paradisaea) 

i s described. The work was c a r r i e d out on the Inner 

Fame, one of the Farne I s l a n d s , Northumberland, U.K. 

2. 'I'TfO species of Necrophorus, N. i n v e s t i g a t o r Z e t t . , and 

N. humator 01., occur on the Farne I s l a n d s , and t h e i r 

l i f e h i s t o r i e s were studied using a baited p i t ^ f a l l t r a p 

technique. A branding method was used to mark beetles 

i n d i v i d u a l l y . 

3. N. humator emerged i n l a t e A p r i l and was a c t i v e u n t i l 

August. Callow i n d i v i d u a l s were caught i n September and 

October, and these hibernated and emerged the f o l l o w i n g 

Spring. 

4. N. i n v e s t i g a t o r emerged i n J u l y and was a c t i v e u n t i l 

October. The larvae hibernated as prepupae, and emerged 

the f o l l o w i n g J u l y . 

5« Dissection showed t h a t i n both species the f a t body and 

gonads were undeveloped on emergence, but t h a t over 70tfo 

of N. i n v e s t i g a t o r and of N. humator had mature ovaries 

a month a f t e r i n i t i a l emergence. Laboratory experiments 

showed t h a t females could only develop mature eggs a f t e r 

l a y i n g down extensive f a t body, and t h a t gonad maturation 

took 14 days from emergence. 

6. The post-reproductive l i f e of N. i n v e s t i g a t o r and N. humator 

was 10-11 days. 
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7« Estimates of the Neorophorus population of Inner Fame, 

usi n g mark and recapture techniques, showed t h a t 

N. i n v e s t i g a t o r was more abundant (400 animals) than 

H. humator (100 animals). 

8. I n i t i a l catches of both species of Kecrophorus were not 

at random i n r e l a t i o n t o area, but were d i s t r i b u t e d 

according t o the d i s t r i b u t i o n of c a r r i o n the previous 

season. 

9. A survey of the c a r r i o n a v a i l a b l e t o Necrophorus showed 

t h a t N. i n v e s t i g a t o r u t i l i s e d t e r n chicks and 5. humator 

eider ducklings. Preference experiments i n the f i e l d and 

la b o r a t o r y suggested t h a t small bi r d s are pr e f e r r e d t o 

r a b b i t s f o r b u r i a l . 

10. The mean number of eggs l a i d by N. i n v e s t i g a t o r was 11*1, 

and by N. humator 12.5. I n both species, over 80$ of 

the eggs hatched. 

11. The eggs hatch i n 5 days from l a y i n g , and the larvae pass 

through 3 i n s t a r s , being fed by the female during the 

f i r s t i n s t a r , and at the beginning of the second and t h i r d 

i n s t a r . The larvae died when the female was removed at 

these c r u c i a l times. 

12. The s u r v i v a l of larvae, from f i r s t i n s t a r t o emergence 

as an ad u l t was 83$ i n N. i n v e s t i g a t o r , and 86$ i n 

IT. humator. T-hs mean leng-t-h of the pupal per-iod. i n 

N. i n v e s t i g a t o r was 26 days, and 29 days i n N. humator. 
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15• Newly emerged i n d i v i d u a l s of N. humator survive f o r only 

5 days without food. 

14* The r e l a t i o n s h i p between the mite Parasitus (Poecilochirus) 

necrophori and Necrophorus beetles was examined, and 

i n f e s t a t i o n s of between 10 and 30 mites per beetle were 

c o nun on • 

15« I n f e s t a t i o n s of mites were low on immature and mature 

i n d i v i d u a l s of TjU i n v e s t i g a t o r (16.2 mites/beetle) but 

high on spent beetles (?1»8 m i t e s / b e e t l e ) . A s i m i l a r 

s i t u a t i o n was shown by N. humator. 

16. Eigh,density mite i n f e s t a t i o n s (360-800,/beetle) on spent 

females i n c u l t u r e were shown t o be reduced t o a more 

normal l e v e l (3O-4O) when the beetles were allowed t o f l y 

f r e e l y . 

17. A series of choice experiments showed t h a t Parasitus 

necrophori p r e f e r r e d Necrophorus t o Carabus spp., and t o 

Silpha c a r i n a t a . 

18. The r o l e of the mites i n the ecology of Necrophorus 

was i n v e s t i g a t e d i n experimental c u l t u r e s , and i t was 

found t h a t the mites ate the eggs and small larvae of 

C a l l i p h o r a on the corpse, which Necrophorus alone were 

unable to eradicate. 

19« The experimental c u l t u r e s also showed t h a t the mites 

reproduce at the same time as Necrophoius~ and up to-a 

dozen mites may a t t a c h themselves t o the beetle larvae 

and pupate w i t h them i n the s o i l . 
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20. A r c t i c terns return to the Fame Islands i n lat e A p r i l , 

and occupy pairing t e r r i t o r i e s p r i o r to egg laying. The 

eggs were l a i d i n t e r r i t o r i e s often d i f f e r e n t from the 

pairing t e r r i t o r i e s . 

21. Egg laying i s highly synchronised, 65.2/t- of the eggs were 

l a i d w i t h i n a week of the f i r s t egg. Arctic terns 

normally lay 2 eggs, the laying i n t e r v a l between 1st and 

2nd egg i s 44- hours. 

22. Replacement clutches were l a i d i f the f i r s t clutch was 

l o s t , but i n cases where the f i r s t egg was l o s t before the 

second was l a i d , a t h i r d egg was not normally l a i d . 

23. Incubation was i n t e r m i t t e n t u n t i l the second egg was 

l a i d , and the mean incubation period from the laying of 

the f i r s t egg was 21.6 days. 

24. The mean hatching success was 52|£, and predation by 

starlings (Sturnus vulgaris L.) was the major cause of 

egg loss, accounting f o r up to 35/̂  of the eggs l a i d . 

Other causes of egg loss were i n f e r t i l i t y , f a i l u r e to 

hatch, puncturing by adult terns, and mammalian 

disturbance. 

25. Chicks fledged between 21 and 26 days aft e r hatching and 

fledging success varied between 60$ i n 1963, and 8&yi i n 1964. 

26. Most chick mortality occurred during the f i r s t week of 

l i f e , when 20-30% of those at r i s k died. Four categories 

of chick mortality were important, k i l l e d by adults, 

exposure, starvation and desertion. Chicks i n the Cove 
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area were more l i a b l e t o die from a d u l t a t t a c k s , but 

survived heavy showers and prolonged r a i n b e t t e r than 

chicks i n the Gut Garden. Early m o r t a l i t y was heaviest 

i n the Gut Garden, where t h i c k vegetation c h i l l e d chicks 

a f t e r r a i n . 

27 • Over 18$ of the chicks i n the study areas starved to 

death i n 19&3» but only yf<s starved i n I964. Most birds 

dying of s t a r v a t i o n were f r e e f l y i n g j u v e n i l e s . 

28. The second chicks i n broods of two survived less w e l l 

than t h e i r s i b l i n g s , p a r t i c u l a r l y under adverse c o n d i t i o n s . 

During the f i r s t week of l i f e , second chicks s u f f e r 

double the m o r t a l i t y of f i r s t - h a t c h e d chicks. 

29* The curve of d a i l y weight increase i n chicks i s sigmoid 

and between the t h i r d and t h i r t e e n t h day a f t e r hatching, 

the mean d a i l y weight increase was approximately l i n e a r 

a t 7«2 gm/day. 

30. The mean weight of 90 adults was 104«3+ 7»75 B* 

31. The mean d a i l y weight increase of s i n g l e chicks was 

6.83 + 1.33 g, of f i r s t chicks i n broods of two 6.21 + 1.79 g 

and of second chicks i n broods of two, 5*80 + 1.39 g» 

These d i f f e r e n c e s were s i g n i f i c a n t at the 0.05 l e v e l . 

32. Single chicks saidi. f i r s t hatched chicks i n broods of two 

gain weight at a s i m i l a r r a t e between 3-13 days, but 

aeeoxid hat'ched chicks i n broods of two "gain weight more 

slowly during the f i r s t h a l f than during the second h a l f 

of the period. 



33» The mean d a i l y weight increase of each chick category 

d i d not vary according t o the date of hatching. 

34* Calm weather decreased the d a i l y weight increase of 

a l l chicks, and second hatched chicks i n broods of two 

gained s i g n i f i c a n t l y less weight on calm days than on 

other days. Fain and temperature had no e f f e c t on the 

d a i l y weight gain of chicks. 

35• Second hatched chicks i n broods of two never gained 

s i g n i f i c a n t l y more weight than t h e i r elder s i b l i n g s . 

I t was concluded t h a t i n years of good weather and 

adequate food supply a d u l t terns may rear two chicks 

s u c c e s s f u l l y , but t h a t i n adverse conditions only the 

f i r s t hatched s u r v i v e . 
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Appendix 

T h i s appendix i n c l u d e s the methods and data used to 

c a l c u l a t e the population estimates, expectancy of f u r t h e r 

l i f e and the m o r t a l i t y estimates of Necrophorus» 

1. Population estimates 

I n i t i a l l y the method of L e s l i e et a l (1953) was used to 

give population e s t i m a t e s , and f o r t h i s purpose the recaptures 

of marked and unmarked animals were tabulated according to 

th e date of t h e i r l a s t previous capture. The recaptures 

arranged i n t h i s way are shown i n Table 75 to Table 78 f o r 

both sexes and both s p e c i e s of b e e t l e . 

The f o l l o w i n g estimates were obtained from the t a b l e s of 

re c a p t u r e s : 

t - the t o t a l number of animals captured a t l e a s t once, 

which were a l i v e i n the population as a whole at 

time t . (The maximum-likelihood e s t i m a t e ) . 

N^- The t o t a l number of animals a l i v e at the time of 

trapping ^, i n c o r p o r a t i n g a c o r r e c t i o n f o r s m a l l 

number ( B a i l e y , 1952). 

The formulae from which these estimates were derived are 

as f o l l o w s : 

7 

V 

n t + 1 C t + ( A ) 
m t , t + 1 

with variance n + u (B 
S. i m, _ t + 1 t 1 t + 1 
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t ~ (The c o r r e c t i o n f o r small numbers 
/g ^ i n v o l v e s adding 1 to the t o t a l catch 

t C t and 1 to the t o t a l of marks S^) (C) 

{ * + l w 

v v 2 
v/ith variance V(N^.) ~ ^ t ( 

where i s the sum of the numbers of animals recaptured a t 

time t , which were l a s t captured at time x (x = 0, 1, 2 , 3 , ... 

t - l ) , and i s composed of two observed values n. and m. - 1, 
v, t-2 

where n̂ . ^ — 
I— m 

x t ! 

i s the number of animals captured at time ^; û . i s the 

number of unmarked animals captured a t time ^. 

As mentioned p r e v i o u s l y the population estimates obtained 

by t h i s method had large v a r i a n c e s . To gain the death r a t e 

( j i ^ ) the s u c c e s s i v e s u r v i v a l f a c t o r s (P.j.) from time ^ to ^ + ^ 

were c a l c u l a t e d , and P t = f t + 1 ( t = ^ ^ g ^ T _ 2 ) > 

f t * y t > 

where y t = R t - S t . 

The death r a t e = the force of m o r t a l i t y between 
w 

t and t + d̂ ., then P^ = e - M^i and i t follows that ju^ = - loge P^ 
w 

where w i s the time i n t e r v a l ( = 1 i n t h i s s t u d y ) . 

Many of the estimates of the death r a t e gained by u s i n g 

t h i s method were innaccurate, negative death r a t e s appearing 

on s e v e r a l o c c a s i o n s . I t was concluded th a t the biology of 



Table 75 The di s t r i b u t i o n of & N. investigator recaptures 

according to the i n t e r v a l since the l a s t previous 

Capture arranged a f t e r L e s l i e et a l ( 1 9 5 3 ) . 

Date when l a s t Date of capture ( t ) (week ending) 
previously 
captured (x) 

July 
1 4 21 28 

August 
5 12 19 26 

Sept 
2 9 23 

Oct 
6 

1 4 July 2 1 1 

28 July 1 7 3 7 8 

5 August 3 1 0 9 1 1 

12 August 5 3 3 

1 9 August 29 9 

26 August 6 4 0 2 

2 September 3 A 1 1 

9 September 4 2 

23 September 1 

6 October 

Total marks ( S t ) 0 0 2 1 8 7 22 4 9 7 5 6 7 4 

Total unmarked (u^.) 4 0 65 32 8 5 0 105 1 9 1 0 

Total catch ( C t ) 4 0 67 5 0 15 72 1 5 4 8 65 8 4 

Total release (R. ) 
x t 

4 0 6 7 5 0 15 7 2 1 5 4 8 65 8 4 



T J j l e 7 6 The di s t r i b u t i o n of 5 N. investigator recaptures 

according to the i n t e r v a l since the l a s t previous 

capture (M ) , arranged a f t e r L e s l i e et a l (1953) 
XT/ 

Date when l a s t 
previously 
captured (x) 

1 4 July 

21 July 

28 July 

5 August 

12 August 

19 August 

26 August 

2 September 

9 September 

23 September 

6 October 

Date of capture ( t ) (Week ending) 
July 

1 4 21 28 

1 

August 
5 1 2 19 26 

5 

16 

18 

2 

13 

Sept 
2 9 23 

1 1 

1 

2 2 

5 53 

5 

1 

3 

1 

4 

Oct 
6 

1 

0 

4 

1 

Total marked (S ) 0 1 2 

Total unmarked ( u t ) 2 0 69 

Total catch ( C t ) 2 1 71 

Total release ( R t ) 2 1 71 

22 4 9 4 9 8 62 9 6 

18 2 2 0 3 3 1 11 0 0 

4 0 6 29 82 ? 73 9 6 

4 0 6 29 82 9 73 9 6 



Table 77 Distribution of 9 N. humator recaptures according to 

the i n t e r v a l since the l a s t previous capture (M^), 

arranged after L e s l i e et a l ( 1 9 5 3 ) 

Date of capture ( t ) (Week ending) 

Date when l a s t Apr May June July Aug 
previously 28 5 12 19 26 2 9 16 23 3 0 7 1 4 21 28 5 
captured (x) 

28 i - p r l l 3 2 1 1 6 1 

5 May 2 2 
t 

12 May 2 1 1 3 1 
ft 

19 May 5 
E 

26 May 1 o 

2 June 

9 June 

16 June 

23 June 

j?0 June 
7 July jjj 

•p 
14 July 

o 

21 July 

28 July 

5 August 

o ^ 

o 
s 

Tot a l marked (S^) 0 3 4 3 1 4 0 0 1 3 21 6 4 1 1 

Total unmarked ( u j l i 1 25 } 1 1 1 0 0 0 3 2 0 0 0 

Total catch ( C t ) 14 4 29 6 2 5 1 0 1 3 24 8 4 1 1 

Total release (H.) 1 4 4 29 6 2 5 1 0 1 . 3 2 4 8 4 1 1 



Table 78 D i s t r i bu t i on of <5 N. humator recaptures, according t o 

the i n t e r v a l since the l as t previous capture ( M ^ ) , 

arranged a f t e r Leslie et a l (1953) 
Date of capture ( t ) Week ending 

Date when last Apr May June July Aug 
previously captured 28 5 12 19 26 2 9 1b 23 3 0 7 14 21 28 5 

(*) 

28 A p r i l 2 2 2 1 3 1 1 

5 May 2 1 

12 May 1 2 3 1 1 1 

19 May 1 2 2 

26 May 1 1 1 2 

2 June 1 1 6 1 

9 June 

16 June 1 1 1 1 

23 J Line 1 1 

30 June 2 2 

7 July 4 1 

14 July 

21 July 

28 July 

5 August 

Tota l marked ( S t ) 0 2 4 3 4 10 1 4 2 4 15 6 2 1 0 

Tota l unmarked ( u t ) 15 0 8 2 1 4 0 1 0 - 1 5 - 1 - 1 0 0 

Tota l catch (C ) 15 2 12 5 5 14 1 5 2 5 20 7 3 1 0 

Tota l release (R ) 15 2 12 5 5 14 1 5 2 5 20 7 3 1 0 
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Necrophorus, i n p a r t i c u l a r the disappearance of marked 

animals underground f o r long periods and then t h e i r reappearance, 

prevented the use of t h i s method f o r e s t i m a t i n g death r a t e s . 

A more recent method of a n a l y s i s , us ing the l a s t previous 

captures but t abu la ted i n a s l i g h t l y d i f f e r e n t way t o L e s l i e ' s , 

has been developed by J o l l y ( 1 9 6 5 ) . I n t h i s method, the 

p r o b a b i l i t y of an animal s u r v i v i n g f rom one sample t o the next 

sample i s d e r i v e d , and t h i s i s d i f f e r e n t (and probably more 

r e a l i s t i c ) than L e s l i e ' s method where i t i s assumed t h a t any 

group i n the popu la t ion has an exact s u r v i v a l r a t e per u n i t 

of t i m e . 

The f o l l o w i n g estimates were der ived f rom the tab les of 

recaptures according to J o l l y ( 1 9 6 5 ) . 

» the est imate o f popu la t ion on day i 

= the est imate o f the t o t a l number of marked animals 

a t r i s k i n the popu la t ion on the sampling day ^ = 

the p r o p o r t i o n of marked animals i n the popu la t i on 

a t the moment of capture on day i . 

The formulae f rom which these estimates were der ived are 

as f o l l o w s : 

T± = t ± n± ( 1 ) 

r i 

i i i + r i 

< k ± ' I ± ( 3 ) 

n i 



where I n ( l ) and ( 2 ) a^ i s the t o t a l number of animals 

released on day ^ and subsequently recaptured (R^); i s the 

number marked before time ^ which are not caught i n the i t h 

sample, but are caught subsequently; r ^ i s the t o t a l number 

of marked animals recaptured on day i , and n^ i s the t o t a l 

number captured on day i . 

The t o t a l population f o r each day i s then estimated as: 

* i = ! i (4) 

Cf-i 

The p r o b a b i l i t y that an animal a l i v e at the moment of 

release of the i t h sample w i l l survive u n t i l captured i n the 

i t h + 1 sample i s given by 

6. = M, + 1 
' I i (5 ) 

Iff. r . , a. 1 - i + 1 

which i s converted t o a loss e f f e c t (death or emigration) by 

Y i = 1 = £ (6) 

The approximate variance of , the population estimate, 

was obtained by: 
-A ( ) 

var ( P j / ^ i ) = PjCPi - n ± ) (M i - r± + a. ( 1 - 1 ) + 1 -
( ( T > a ) — — — ) 
( M± ( R i a i ) r . ) 

The t a b u l a t i o n of the recaptures according t o J o l l y ' s 

method are set out i n Tables 79 &s b t o 82 a, b, f o r both 

species and each sex. 

Both methods were expected t o show large standard e r r o r s 

attached t o the population estimates, p r i n c i p a l l y because of 



Table 79a The d i s t r i b u t i o n of recaptures of <i N. humator 

tabulated according t o J o l l y (1965) 

V/eek when l a s t captured ( ) 

Tota l (n . ) Total Apr May June July 
captured release! 28 $ 12 19 26 2 9 16 23 30 7 14 21 28 28 . L P r i l 15 15 

5 May 2 2 2 

12 fey 12 12 2 2 

19 May 5 5 
r» 
C 

r\ 

26 May 5 5 1 0 2 1 

2 June 14 14 3 1 3 <i 1 

9 June 1 1 0 0 0 0 0 0 

16 June 5 5 1 0 1 0 1 1 0 

23 June 2 2 0 0 0 0 1 0 0 1 

30 June 5 5 A 
I 0 1 0 0 0 0 1 1 

7 July 20 20 0 0 1 2 2 6 0 1 1 2 

14 July 7 7 0 0 0 0 0 0 0 0 0 2 4 

21 July J 3 0 0 0 0 0 1 0 0 0 0 "i 

28 July 1 1 0 0 0 0 0 0 0 1 0 0 0 

R. 
i 

= 3 9 5 5 9 0 4 2 4 5 



Table 79b The d i s t r i b u t i o n of recaptures of <S N. huraator 

tabulated according t o J o l l y (1965) 

The t o t a l number of marked animals recaptured on a given 

day ( l ) bearing marks of day or e a r l i e r 

2b' A p r i l 

Apr 
28 5 12 

May 
19 26 2 

June 
16 23 30 7 

July 
14 21 

5 May 2 

12 May 2 4 

19 May 2 2 3 

2b May 1 1 3 4 

2 June ^ 4 7 9 10 

9 June 0 0 0 0 0 1 

16 June 1 1 2 2 3 4 4 

23 June 0 0 0 0 1 1 1 2 

30 June 1 1 2 2 2 2 r\ 3 4 

7 July 0 0 1 3 5 11 11 12 13 15 

14 July 0 0 0 0 0 0 0 0 0 2 6 

21 July 0 0 0 0 0 1 1 1 1 1 2 2 

26 July 0 0 0 0 0 0 0 1 1 1 1 1 1 

10 9 15 16 11 19 15 17 15 4 3 1 

Z„ Z, Z, Z,. Z^ Z^ Za 2L Z„„ Z.„ Z _ Z _ 
£ j? i f 9 O / O J 1 U I I U 1 J 



Table 80a The d i s t r i b u t i o n of recaptures of $ N. humator 

tabulated according t o the method of J o l l y (1965) 

tVetk when las t captured 

n.= a. l l 

Apr 
28 5 

I'. 
12 

lay 
19 26 2 9 

June 
16 23 30 7 

July 
14 21 

28 A p r i l 14 

5 fey 4 3 

12 May 29 2 2 

19 May 6 1 0 2 

26 May 2 0 0 1 0 

2 June 5 0 2 1 0 1 

9 June 1 0 0 0 0 0 0 

16 June 0 0 0 0 0 0 0 0 

23 June 1 0 0 1 0 0 0 0 0 

30 June 3 1 0 2 0 0 u 0 0 0 

7 July 24 6 0 11 1 0 0 1 0 2 0 

14 July 8 1 0 <L 0 0 0 0 0 0 0 3 

21 July i 
<+ 0 0 1 1 0 1 0 0 0 1 o o 

28 July 1 0 0 0 0 0 0 0 0 0 0 0 1 0 

R. = i 4 21 2 1 1 1 0 r> 1 3 1 



Table 80b The d i s t r i b u t i o n of recaptures of 9 N. humator, 

tabulated according t o the method of J o l l y (1965) 

The t o t a l number of marked animals i-ecaptured on a 

given tiay ( i ) bearing marks of day j or e a r l i e r 

Apr 
28 5 12 

May 
19 16 2 

June 
9 16 23 30 7 

Ju] 
14 

28 A p r i l 

5 May 3 

12 May 2 4 

19 i>iay 1 1 3 

26 May 0 0 1 1 

2 June 0 2 3 3 4 

9 June 0 0 0 0 0 0 

16 June 0 0 0 0 0 0 0 

23 June 0 0 1 1 1 A 1 1 1 

30 June 1 1 JJ 3 3 3 3 3 3 

7 July 6 6 17 18 18 18 19 19 21 21 

14 July 1 1 3 3 3 3 3 3 3 3 6 

21 July 0 0 1 2 2 3 3 3 4 ) 
4- 4 

28 July 0 0 0 0 0 0 0 0 0 0 0 1 

11 11 29 30 27 28 29 28 27 7 4 1 

z , . 
VJ- - i y 

A 

Z 2 s \ Z 5 Z 6 27 h s 2 10 211 Z 12 \ 



Table 81a The d i s t r i b u t i o n of recaptures of o H. invest igator 

tabulated according t o the method of J o l l y (1965) 

Week when las t captured 

12|_ July 

n.= a. i i 

4 

July 
14 28 5 

August 
12 19 26 2 

Sep 
9 

23 July 67 r» 
£. 

5 August 50 1 17 

12 August 15 1 3 3 

1 9 August 72 0 7 10 5 

26 August 154 0 8 9 3 29 

2 September 8 0 0 1 0 0 6 

9 September 65 0 0 1 3 9 40 3 

23 September 8 o 0 0 0 0 2 1 4 

6 October 4 0 0 0 0 0 0 1 2 

R = 
•i 

35 24 11 38 48 5 6 



Table 81b The d i s t r i b u t i o n of recaptures of & N. invest igator 

tabulated according to the method of J o l l y (1965) 

The t o t a l number of snarked animals recaptured on a 

given day ( i ) bearing marks of day j or e a r l i e r 

July August Sej 
14 28 5 12 19 26 2 9 

14 July 

28 July 2 

5 August 1 18 

12 August 1 4 7 

19 .vogust 0 •7 1 17 22 

26 August 0 8 17 20 49 

2 September 0 0 1 1 1 —» 

9 September 0 0 1 4 13 53 56 

23 September 0 0 0 0 0 2 3 7 

6 October 0 0 0 0 0 0 1 3 

2 19 36 25 14 55 4 3 

Z 2 Z 3 \ S z . 
t> 

Z 7 Z 8 S 



Table 82a The d i s t r i b u t i o n of recaptures of 9 N. invest igator 

tabulated according t o the method of J o l l y (1965) 

Week when las t captured 
July August Sept 

n. = a. l I 
14 21 26 5 12 19 26 2 9 23 

14 July 2 

21 July 1 1 

28 July 71 1 1 

5 August 40 0 0 22 

12 August 6 0 0 2 2 

19 August 29 0 0 3 5 1 

26 August 82 0 0 16 18 2 13 

2 September 9 0 0 0 1 0 2 5 

9 September 73 n *j 0 0 i 1 2 53 5 

23 September 9 0 0 0 0 0 1 3 1 4 

6 October 6 0 0 0 0 0 0 1 0 b, 1 

R. = 
i 

1 43 27 4 18 62 6 8 1 



Table 82b The d i s t r i b u t i o n of recaptures of 9 N. investigator 

tabulated according to the method of J o l l y (1965) 

Tota l number of marked animals recaptured on a given 

day ( i ) bearing marks of day j or e a r l i e r 

July August Sept Oct 
6 14 21 28 5 12 19 26 2 9 23 

14 July 

21 July 1 

28 July 1 2 

5 . ..ugust 0 0 22 

12 August 0 0 2 4 

19 August 0 0 3 8 9 

26 August 0 0 16 34 36 49 

2 September 0 0 0 1 1 3 8 

9 September 0 0 0 1 0 
<_ 4 57 62 

23 September 0 0 0 0 0 1 k 5 9 

6 October 0 0 0 0 0 0 1 1 5 6 

1 0 21 44 39 8 62 6 5 -

z z z 
2 3 4 

Z 
5 Z 6 

Z 
7 

Z 
8 

z 
9 

Z Z 
10 11 



1 6 5 

the r e l a t i v e l y low incidence o f recap tures . Th is was 

p a r t i c u l a r l y the case w i t h N . humator, where the popu la t ion 

est imates must be regarded as g i v i n g only a rough guide t o 

the numbers present . S i m i l a r l y , both methods gave u n r e l i a b l e 

est imates f o r the death r a t e o f both species, and the 

d e r i v a t i o n o f death r a t e estimates by these methods f o r 

Hecrophorus popula t ions i s regarded as be ing v a l u e l e s s . 

The weekly m o r t a l i t y was f i n a l l y der ived f rom the recapture 

data by a r rang ing the data i n a simple t r e l l i s diagram 

accord ing t o the date when the beet les were f i r s t marked 

(Tables 83 t o 8 6 ) . The average weekly m o r t a l i t y was then found 
D l +

 5 2 + D 3 u s i n g the fo rmu la : W = w — ' 

D 1 + 2D 2 + 3I>5 

where D^ , TDg represents the number o f deaths i n the 

I s t , 2 n d and 3 ^ d weeks a f t e r marking . The number of deaths 

was determined by s u b t r a c t i n g the number of marks captured on 

week f rom the number of marks released on week D^, then 

s u b t r a c t i n g the number o f markB recaptured on f rom those 

recaptured on and so on . A worked example c l a r i f i e s t h i s 

procedure: Take the 1 5 males of N . humator marked on 28 A p r i l , 

and the numbers recaptured out of these 1 5 animals f rom 

29 A p r i l - 2 5 June. Then t a k i n g approximately weekly i n t e r v a l s : 
I n i t i a l May June J u l y 
no. marks 5 1 2 1 9 2 6 2. 9 1 6 2 3 3 0 7 1 4 

No recaptured 1 5 2 2 2 1 3 0 1 0 0 1 0 

No. dy ing ( l ^ , ] ^ . . . ) 1 3 0 0 1 -2 3 - 1 1 0 - 1 1 

No. dy ing x l eng th of 1 3 . + 0 + 0 + 4 + ( - 1 0 + 1 8 + ( -7)+8 + 0 + ( - 1 0 ) + 1 1 
l i f e (D-j+BT^ +3Dj) 
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T o t a l D, , D 0 etc ., c _ ___ _ c_ c . M w = 1 2 = 1% m O.555 Or 55.5% 
T o t a l D 1, 2D 2 etc 27 

This method gives the weekly average m o r t a l i t y of beetles 

marked on a p a r t i c u l a r date and i n the example the males 

of K. humator marked on 25 A p r i l (the beginning of the f l i g h t 

season) had a weekly m o r t a l i t y of 55$. The method has the 

advantage that standard errors may be attached t o each value, 

and the formula by which the S.E. i s derived i s : 

S.K. = M . [ S when S i s s u r v i v a l (which i s 1 - M ) and 

N i s the number dying x length of l i f e (D^ + 2Dg + 5 B ^ e t c ) . 

The average expectancy of f u r t h e r l i f e , i n weeks, was 

calc u l a t e d on the assumption t h a t each beetle l i v e d f o r h a l f 

the week i n which i t died or disappeared, i e : animals dying 

i n t h e i r second week (present at week l ' i absent at week 2) 

were assumed to have l i v e d f o r lJf- weeks. For example, i f 20 

animals were a l i v e at the s t a r t and the number of survivors 

per week i s as shown below: 

No. of survivors No. dying Average leng t h 
20 of l i f e 

end o f week 1 15 5 5 x -J- 2.5 

end of week 2 10 5 5 x !§• 7*5 

end of week 3 5 5 5 x 2 | 12.5 

end o f week 4 0 5 5 x 3 i 17.5 

T o t a l 40.0 

Then the average expectation of f u r t h e r l i f e i s gained" by 

d i v i d i n g the t o t a l average leng t h of l i f e ( 4 0 . 0 ) , by the 

o r i g i n a l number of animals ( 2 0 ) j i n t h i s example the average 

expectation of f u r t h e r l i f e i s 2.0 weeks. 


