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ABSTRACT 

The breeding biology of Arc t i c Terns (Sterna paradisaea) 

(=S,macrura) was studied on the Farne Islands, off the coast of 

Northumberland, from 1965 to 1968. Clutches of two predominated 

i n 1966 and 1967 but the second eggs were si g n i f i c a n t l y smaller than 

the f i r s t . S t a r l i n g (Sturnus vulgaris) predation accounted for most 

of the egg loss, and i n 1966 and 1967 approximately 4^ of a l l eggs 

l a i d , hatched successfully. 

Chicks viere weighed daiiy and showed a steady increase i n weight 

from the third to the fourteenth day. Laboratory rearing of chicks 

showed that these required 26.2g of f i s h per dgy to maintain a daily 

growth rate of 6.8g. The low chick mortality i n 1967 (20.9^) may 

have been due to an abundance of food. I n other years chick 

n o r t a l i t y was approximately 4€^, with a si g n i f i c a n t l y higher mortality 

of second chicks. 

I t was only possible to detennine the age of individual adult 

birds from the ringing records of previous years. Ringed adults 

were caught and from the survival of colour ringed birds, the annual 

mortality was found to be 13.^. A l i f e table was constructed and 

gave an annual mortality of 15.1% with an expectation of l i f e of 

4.5 years. 

Members of a pair were l i k e l y to be of a similar age. Birds 

over ten years old returned to the colony f i r s t and produced more 

young than any other age group, i n spite of having a smaller clutch 

and egg size than birds of s i x to eight years. Three year olds 

were the least successful age group. I n 1968 a bloom of 

dinof la g e l l a t e s , or red tide, led to the death of approximately 1% 

of the breeding terns, and breeding success was very low due to increased 

egg predation by Starlings and chick predation by gu l l s , which was 

probably associated with the loss of the advantages of colonial 

breeding. 
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INTRODUCTION 

The average l i f e span of d i f f e r e n t animals shows 

considerable v a r i a t i o n . Within the i n s e c t s , the m a y - f l i e s 

(Ephemeroptera) l i v e f o r l e s s than a day i n the adult stage, 

while the reproductive forms of some termites ( I s o p t e r a ) 

may l i v e between 15 and 20 y e a r s (Imms 1 9 6 4 ) , 

Summarising the work on the barnacle (Balanus balanoides L , ) , 

Deevey (194?) quoted the maximum longevity at about f i v e 

y e a r s . Within the mammals there appears to be a general 

trend towards the smsdl mammals havdLng a short l i f e span, 

with a high reproductive r a t e , while the l a r g e r mammals 

are much longer l i v e d and produce fewer young per year. 

Southern ( 1 9 6 4 ) , however, has noted t h a t the Whiskered Bat 

(Myotis mystacinus ( K u h l ) ) has been found to have a l i f e 

span of 20 y e a r s , although much of t h i s time i s spent i n 

h i b e r n a t i o n , Matthews (I96O) has given the average l i f e 

of shrews (Sorex spp) as 14 to I 6 months, and the vole 

(Microtus a g r e s t i s ( L , ) ) and the f i e l d mouse (Apodemus 

s y l v a t i c u s ( L . ) ) as l e s s than one year; these animals 

t h e r e f o r e only experience one breeding season although 

they produce more than one l i t t e r i n that year. Red 

deer s t a g s (Cervus elaphus L.) are s t a t e d by Matthews (I96O) 

normally to be a t t h e i r peak from 7 to 13 years old, a f t e r 

which they s t a r t to "go back" with a reduction i n the 

number of points on the a n t l e r s , and few w i l d stags 

r e a c h , an age of over 15 y e a r s . 



I n many cases i t i s d i f f i c u l t to determine the 

length of l i f e of an animal because many i n d i v i d u a l s die 

without being found and i n only a few cases can the age 

of an i n d i v i d u a l animal be estimated. Such estimations 

have been p o s s i b l e by \m^the annual r i n g s on the s c a l e s 

and o t o l i t h s of bony f i s h ( A c t i n o p t e r y g i i ) , on the horns 

of D a l l Mountain Sheep (Ovis d a l l i ) ( S c h e f f e r 1950) , 

and on the g e n i t a l p l a t e s of sea u r c h i n t e s t s (Echinoidea) 

(Moore 1935)* age of some mammals can be estimated 

by counting the corpora l u t e a i n the o v a r i e s , f o r example, 

whales (Cetacea) (^^/heeler 193^) and s e a l s (Bertram 19kO), 

Among the b i r d s i t i s u s u a l l y p o s s i b l e to i d e n t i f y the 

ifomatures from the a d u l t s by plumage d e t a i l s , but there 

i s no way of a s s e s s i n g the age of the l a t t e r from 

morphological c h a r a c t e r s . A long term programme of 

trapping and r i n g i n g n e s t l i n g s i s required, and t h i s has 

probably l i m i t e d the number of the s t u d i e s on the age of 

l o n g - l i v e d b i r d s . 

Average annual mortsility r a t e s have, however, 

been c a l c u l a t e d f o r a number of l o n g - l i v e d b i r d s i n c l u d i n g 

the Herring G u l l (Larus argentatns) (Paynter 19^7$ 

Paludan 1951, Kadlec 8e Drury 1968, Kadlec et a l 1969), 

the Common Tern ( S t e r n a hirundo) (Austin 19^2), the 

White Stork ( C i c o n i a c i c o n i a ) (Schiiz 1955) i the Heron 

(Ardea c i n e r e a ) (Lack 1949a), the Common G u l l (Larus canus) 

(Onno 1968) , the Mallau*d (Anas platyrbynchos) i n Great 

B r i t a i n (Hohn 1948) and the Lapwing (¥anellus v a n e l l u s ) 

(Lack 1 9 5 4 ) . Coulson & White (1957) estimated the 



m o r t a l i t y r a t e of the Shag (Phalacrocoraa: a r i s t o t e l i s ) 

by two independent methods; one from dead r e c o v e r i e s , 

and the second u s i n g Jackson's " l i v e " method of recaptures, 

Dminet et a l ( I 9 6 5 ) considered the s u r v i v a l of the Fulmar 

(Fulmarus g l a c i e J . i s ) n e s t i n g on Eynhallow, Orkney, The 

work on p a s s e r i n e s p e c i e s i n c l u d e s that by Nice (1937) 

on the Song Sparrow (Melospiza melodia) i n the United 

S t a t e s and t h a t by Lack (1946a) on the B l a c k b i r d (Turdus 

merula), the Song Thmsh (T.philomelos), and the Robin 

( E r i t h a c u s m b e c u l a ) i n Great B r i t a i n , K l u i j v e r (1935) 

has estimated the annual m o r t a l i t y of the S t a r l i n g 

(Sturnus v u l g a r i s ) and the Great T i t (Pams major) i n 

Holland, Lack (1954), reviewing the l i t e r a t u r e on 

m o r t a l i t y r a t e s , has pointed out that i n using ringed 

b i r d s found dead, to estimate death r a t e s , the estimations 

may be too high i f the b i r d s l o s e t h e i r r i n g s with time. 

The r i n g s of sea b i r d s are p a r t i c u l a r l y exposed to corrosion 

and t h i s has been shown to occur i n the r i n g s of many b i r d s , 

i n c l u d i n g the Manx Shearwater (Pu f f i n u s p u f f i n u s ) 

( L o c k l e y 1942), the Cormorant (Phalacrocorax carbo) 

(K o r t l a n d t 1942) and the Kittiwake ( R i s s a t r i d a c t y l a ) 

and the Shag (Coulson & White 1955, 1957), 

I n some ca s e s , a s w e l l as estimating m o r t a l i t y , 

i t has been p o s s i b l e to c o n s t m c t a l i f e t a b l e (Deevey 1947) 

f o r the population. Many of the s p e c i e s studied i n t h i s way 

are those where the animal i s of commercial importance f o r 

the information i n the l i f e t able i s v i t a l to the proper 

management of the population to avoid o v e r - e x p l o i t a t i o n . 



Paludan (1951) has produced a l i f e table f o r Herring G u l l s 

ringed as c h i c k s i n Denmark between 1917 and 1942 and 

Kadlec 8e Drury ( I 9 6 8 ) have presented s i m i l a r information 

f o r a population of t h i s s p e c i e s i n New England, 

A u s t i n & Austin (1956) have studied l a r g e numbers of 

Common Terns n e s t i n g on Cape Cod, Massachusetts and 

have compared the m o r t a l i t i e s of d i f f e r e n t year groups, 

and cs i l c u l a t e d the age s t r u c t u r e of the population. 

I n two e a r l i e r papers (Austin ( 1 9 3 8 , 19^5) 

consid'ered the e f f e c t of age on the breeding success of 

Common Terns, but he concentrated mainly on the success 

of the very o ld b i r d s which were over I 3 years old. 

More extensive s t u d i e s on the e f f e c t of age on the 

breeding biology of long l i v e d s p e c i e s include those 

on the Yellow-eyed Penguin (Megadyptes antipodes) by 

Richd a l e (19^9), the Kittiwake by Coulson & White (1958) 

and the Shag by P o t t s (I966), Among the short l i v e d 

s p e c i e s the m a j o r i t y of s t u d i e s have compared the success 

of b i r d s breeding f o r the f i r s t time, u s u a l l y i n these 

c a s e s one year old b i r d s , with the success of experienced, 

o l d e r breeders. These s t u d i e s include those on the Song 

Sparrow by Nice (1937), the B l a c k b i r d by Snow (1958), 

and the Great T i t by E L u i j v e r (1951, 1952) and P e r r i n s (I965). 

Apart from the work on the Common Tern at Cape Cod 

( A u s t i n 1938, 1945; Austin & Austin 1956) , there i s very 

l i t t l e published information on the e f f e c t of age on t e r n s , 

although there are some age records (Andersen 1959» 

Bergstrom 1952, Grosskopf 1937, and Goethe I 9 6 6 ) , 



Palmer (194la) d i s c u s s e d "white-faced" Common Terns and 

suggested t h a t these were young b i r d s not o l d enough to 

breed; he a l s o suggested that some of the very old b i r d s 

show a plumage s i m i l a r to that of the\ujinier pVun^jp^s main 

study (Palmer 1 9 4 l b ) , however, was on the behaviour of 

the Common Tern, 

Bullough (1942) considered the Fame I s l a n d 

c o l o n i e s of the A r c t i c Tern i n 1938 and compared these to 

the c o l o n i e s of other sea b i r d s , Cullen (1956, 1957) 

stu d i e d the behaviour of the A r c t i c Tern on Inner Farne, and 

during the course of t h i s study undertook some retrapping 

and colour r i n g i n g of a d u l t s from which he was able to 

estimate the annual a d u l t m o r t a l i t y . I n a l a t e r paper 

( C u l l e n 1 9 6 0 ) , he compared the n e s t i n g adaptations of 

A r c t i c , Common and Sandwich Terns (Sterna s a n d v i c e n s i s ) 

to d i f f e r e n t methods of avoiding predation, Springett (1967) 

has a l s o studied the A r c t i c Tern on Inner Fame, p a r t i c u l a r l y 

i n r e l a t i o n to c h i c k m o r t a l i t y and he showed that the 

corpses were an important source of food of the beetle 

Necrophorus i n v e s t i g a t o r Z e t t , , the reproductive period 

of the b e e t l e s c o i n c i d i n g with the pre-fledging period of 

the t e r n s . E x t e n s i v e s t u d i e s on other A r c t i c Tem 

c o l o n i e s i n c l u d e those of Hawksley ( 1957) , P e t t i n g i l l ( 1939) , 

Burton 8e Thurston (1959) and Belopciskii (1957) , i^hile others 

consider p a r t i c u l a r f a c e t s of the breeding of A r c t i c Terns 

such a s incubation period and egg s i z e (Bent 1921) , 

c l u t c h s i z e (Suomailainen 1938, G u l l e s t a d & Norderhaug I 9 6 7 ) 

and dimorphism of young (Bergman 1955) . 



Among comparative s t u d i e s with other species 

of t e r n s are the general survey by Marples & Marples (1934) 
and the more d e t a i l e d s t u d i e s by Ashmole (I96I) on 

Ascension I s l a n d and Langham (I968) on Coquet I s l a n d , 

Northiunberland, Boecker (1967) made a comparative study 

o f the A r c t i c and the Common Tern, p a r t i c u l a r l y i n r e l a t i o n 

to t h e i r feeding ecology. 

I t has been p o s s i b l e i n the present work, which 

was c a r r i e d out between I965 and I968, to study the e f f e c t 

of age on the breeding biology of the A r c t i c Tern by 

trapping l a r g e ntmbers of a d u l t s that had been pre v i o u s l y 

r i n g e d . An extensive r i n g i n g programme has been c a r r i e d 

out on Inner Farne since 1950 and some n e s t l i n g s have 

been ringed i n most ye a r s before t h a t . There was, 

t h e r e f o r e , a population of breeding tern s whose agjss 

could be determined from r i n g i n g d e t a i l s . The genersQ. 

breeding biology of the t e r n s was studied, p a r t i c u l a r l y 

i n r e l a t i o n to d i f f e r e n t s u b s t r a t e s on the i s l a n d . 

The e f f e c t of age on the breeding biology was studied 

i n d e t a i l and an attempt made to a s s e s s the age s t r u c t u r e 

of the population and annual adult m o r t a l i t y by the 

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

To some extent the work on the e f f e c t of age 

was cut short i n I968 by an exceptional bloom of dino-

f l a g e l l a t e s , h e r e a f t e r r e f e r r e d to as a red t i d e , v/hich 

caused the m o r t a l i t y of many sea b i r d s on the Fame I s l a n d s , 

p a r t i c u l a r l y the Shags. The e f f e c t s of t h i s outbreak, 

p a r t i c u l a r l y i n r e l a t i o n to the Shags, have been described 



by Coulson e t a l (I968), Although only a r e l a t i v e l y 

s m a l l proportion of t e r n s were fijund dead, the breeding 

of the A r c t i c Terns i n I968 was considerably upset euad 

the reasons f o r t h i s aire d i scussed i n Section 4, 

Note : 

1. The s p e c i e s nomenclature f o r p l a n t s 

mentioned i n t h i s t h e s i s i s from 

Clapham et a l (I962), 

2. The s p e c i e s nomenclature f o r b i r d s 

i s from Vaurie (I965), 

3. The s t a t i s t i c a l anedyses have been 

based on B a i l e y (1959) and the following 

symbols have been used : 

d - a normal v a r i a b l e , with zero mean 

and u n i t standard deviation (p.3 6 ) , 

t - the "Student's" s t a t i s t i c modified 

fo r s mall samples (p.48), 

4. A l l times of the day r e f e r to B.S.T, 
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Study Area 

The f i e l d work f o r t h i s study was c a r r i e d out 

on the Farne I s l a n d s , 55° 35'N, 1° 35'W, (Grid reference 

NU 2236) and almost e n t i r e l y on Inner Fame which i s 

the ftastemmost i s l a n d , about 1-J m i l e s from the nearest 

point on the shore. The Fame I s l a n d s are the e a s t e r l y 

outcrop of the Whin S i l l and show the c h a r a c t e r i s t i c 

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

and southweat s i d e s of the i s l a n d which a t t h e i r highest 

point are about 60' above Ordnance Datum, Inner Farne 

has an a r e a of about I6 a c r e s a t low water and 

approximately two t h i r d s of the i s l a n d then c o n s i s t s of 

bare rock or rock covered only by l i c h e n ; t h i s i s 

mainly around the c o a s t l i n e , with the g r e a t e s t extent 

on the north-eastern s i d e . P a r t of t h i s a rea i s 

covered by sand forming S t , Cuthbert's Cove, The remainder 

of the islauid has a t h i n l a y e r of s o i l and supports a 

mixed vegetation of flowering p l a n t s . The dominant 

p l a n t s i n the t e r n n e s t i n g areas are n e t t l e s ( U r t i c a d i c j ^ a ) , 

docks (Rumex o b t u s i f o l i u s and R . c r i s p u s ) , sea campion 

( S i l e n e maritima), hemlock (Conium maculatum), 

ragwort (Seneoio jacobaea) and t h r i f t (Armeria maritima). 

The A r c t i c Tem i s the most abundant breeding 

t e r n on the i s l a n d ( i n I967 the number of breeding p a i r s , 

was estimated to be 2000), but the Common Tem (100 p a i r s 

i n 1967) and the Roseate Tern (Sterna d o u g a l l i i ) 

(20-25 p a i r s i n I967) a l s o breed r e g u l a r l y . The A r c t i c 

Terns breed i n the rocky areas around the NW and NE 

s i d e s of the i s l a n d , i n c l u d i n g S t , Cuthbert's Cove, 



and a l s o i n p a r t s of the vegetation, p a r t i c u l a r l y near 

the tower and i n the area, south of the cove; the Common 

and Roseate Terns are mainly confined to the vegetation. 

The extent of the areas used by a l l three species i s 

i n d i c a t e d i n the sketch map of Inner Farne i n Figure 1, 

The A r c t i c Tern n e s t s were c l a s s i f i e d according 

to the predominant ground cover at the nest s i t e , rocks, 

ssuid or vegetation, and the d i f f e r e n c e s i n the breeding 

s u c c e s s of these areas were compared. Rocky s i t e s 

were u s u a l l y on a f l a t rock, often with a v e r t i c a l face 

on a t l e a s t one side of the n e s t , although sometimes 

the nest was i n a g u l l y , between two v e r t i c a l f aces 

which were only a few inches a p a r t . The n e s t s i n the 

cove were on f i n e sand. I n the vegetation areas the 

height of the p l a n t s v a r i e d from a few inches i n the 

case of t h r i f t up to nearly 6 f e e t i n the case of hemlock. 

Apart from the comparison between the d i f f e r e n t 

a r e a s the main study was concentrated i n the cove, 

P6u:ticularly the work on b i r d s of known age. There 

were three main reasons f o r using the cove e x t e n s i v e l y :-

(1) Continuous observation of the cove and 

nearby areas was p o s s i b l e a t any time from the top of 

the d e r e l i c t b u i l d i n g , the F i s h e House, Here the 

observer was hidden from the main path up from the 

quay, and although some disturbance to the b i r d s 

was caused by boats landing a t the quay bringing 

day v i s i t o r s to the i s l a n d , t h i s was only f o r a 

s h o r t time each day. The v i s i t o r s were not allowed 

a c c e s s to the n e s t i n g areas and were confined to the 

main paths shown i n Figure 1, 
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(2) Colour-ringing was used to i d e n t i f y b i r d s 

of known age and i t was e a s i e r to see the r i n g s on a 

b i r d walking over sand than one on rocks or vegetation. 

I n the same way i t was found p o s s i b l e to read the r i n g 

numbers on some b i r d s using a zoom telescope 

(magnification xl5-x60) and t h i s was much e a s i e r i n 

the cove, p a r t i c u l a r l y as the pale sand r e f l e c t e d l i g h t 

on to the ring s V 

(3) Some re-trapping and colour-ringing of 

t e r n s i n the cove had been \uxdertaken by previous workers, 

mainly Cullen from 1953 to I955 and Springett from 1963 

to 1965, and some of these colour-ringed b i r d s were 

s t i l l present. 



Figure 1. Sketch map of Inner Farne, to show the location 

of the cove, rock, and vegetation stucjy areas. The 

A r c t i c Terns bred predominajfvtry i n the cove and rock 

areas, and i n the areas of vegetation indicated by A. 

The main breeding areas of the Common and Roseate Terns 

i n the vegetation are indicated by C and R respectively. 

Buildings have been indicated i n s o l i d black, including 

the lighthouse to the SW. of the island, and the f i s h 

house (fh) near to the cove. 
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SECTION ONE - GENERAL BREEDING BIOLOGY OF AECTIC TERNS 

ON INNER FAENE 

Methods 

A sample of nests from each of the three main 

ne s t i n g h a b i t a t s , sand, rocks and vegetation, was 

studied. This enabled comparisons t o be dravm between 

the e f f e c t s o f the d i f f e r e n t h a b i t a t s on the various 

facets of breeding. As many of the vegetation areas 

had both A r c t i c and Common Terns i n the same v i c i n i t y , 

the observations on nests i n vegetation were confined 

to those areas used e x c l u s i v e l y by A r c t i c Terns, 

This avoided the chance of confusing the two species 

but i t reduced the number of vegetation nests which 

could be studied eind therefore t h i s sample was usually 

lower than those from the other two main h a b i t a t s . 

Each nest was marked w i t h a numbered metail 

tag and was v i s i t e d at l e a s t once a day when a record 

was made of i t s contents. I n I968 the number of nests 

i n the colony a t any one time was lower than i n other 

years and i t was possible t o make t w i c e - d a i l y v i s i t s 

t o each nest. This was not attempted i n 1966 and 

1967 as the number of nests studied was much l a r g e r 

and more time was spent i n t r s j p i n g adult b i r d s at 

the nest. 

The eggs were marked w i t h a chinagraph p e n c i l 

t o record the order i n the c l u t c h . The maximum length 

and breadth of each egg was measured to O.lmm bvj use. 
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a Vernier c a l i p e r . A smaller sample of eggs was weighed 

at the beginning o f incubation and again j u s t before 

hatching, A sample of young was weighed s h o r t l y a f t e r 

hatching and, p a r t i c u l a r l y i n 1966 and 196?, a large 

number of young were weighed every day up to f l e d g i n g . 

These were i d e n t i f i e d by means of a s e r i a l numbered 

metal B.T.O, r i n g put on a few days a f t e r hatching. 

The young were c a r r i e d to a t o r s i o n balance reading 

to an accuracy of 0,lg which was kept permanently i n 

a b u i l d i n g sheltered from the wind. Some d i f f i c u l t y 

was experienced i n l o c a t i n g young b i r d s more than two 

weeks of age as by t h i s stage they wandered considerably 

from the nest s i t e , p a r t i c u l a r l y i n t o dense vegetation. 

The sample size f o r the growth rates of older chicks 

was therefore reduced. 

Much of the observation was made from the 

vantage p o i n t overlooking the cove th a t has already 

been described. The q u a n t i t y of experimental rather 

than observational work was reduced because one was 

not permitted to enter the nesting areas during the 

major p a r t of the day when v i s i t o r s were present on 

the i s l a n d . 

Return t o the colony 

Cullen (1956) has given the dates of f i r s t 

s i g h t i n g of A r c t i c or Common Terns near the Fame 

Islan d s as 3 May i n 1953» 7 May i n 195^ and 29 A p r i l 

i n 1955. Detailed observations on the e a r l y eurrival 
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were not made i n the present study, but single b i r d s 

were seen i n the area of the Fames from l a t e A p r i l 

onwards i n each year. These b i r d s stayed away from 

the breeding areas a t f i r s t , spending t h e i r time at 

sea or on areas not normally used f o r nesting. As 

the numbers of b i r d s increased at the beginning of 

May, a few b i r d s came on to the breeding areas, but 

these yusoaWa SVQ-̂ Â f o r p a r t of the dsiy and were 

absent overnight. By the middle of May i n I966 and 

1968 large numbers of b i r d s were present i n the colony, 

but i n 1967 the r e t u r n to the breeding areas was delayed 

by n e a r l y a week, possibly by a long s p e l l of very cold, 

wet weather. At t h i s time of the season, j u s t p r i o r 

to the onset of l a y i n g , the terns were very r e s t l e s s 

and 'panic' f l i g h t s (Marples & Marples 193^) were 

frequent. The behaviour of the terns may have been 

p a r t i c u l a r l y i n f l u e n c e d by the weather u n t i l very 

l a r g e numbers of b i r d s appeared when the niunber of 

panic f l i g h t s was reduced, and as the b i r d s s e t t l e d 

down t o l a y i n g t h e i r behaviour became more independent 

of the weather. 

Display and n e s t i n g t e r r i t o r i e s 

When the terns a r r i v e d on the breeding areas 

they very q u i c k l y established t e r r i t o r i e s and began 

to defend these, Springett (I967) suggested t h a t 

many b i r d s defended a t e r r i t o r y during the e a r l y phase 

of the r e t u r n , which was d i f f e r e n t from the ul t i m a t e 
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t e r r i t o r y of the nest site". Of the 35 colour-ringed 

b i r d s t h a t he studied, 25 changed t e r r i t o r i e s a f t e r 

the i n i t i a l r e t u r n and l a i d t h e i r eggs i n a d i f f e r e n t 

area. For the Black-headed G u l l , Larus ridibundust 

Tinbergen (1957) postulated that the f u n c t i o n of a 

dis p l a y t e r r i t o r y defended by the meuLe was to ensure 

the r e t u r n o f the female t o the same s i t e , and therefore 

to the same male. This may have the important f u n c t i o n 

of keeping the p a i r together before i n d i v i d u a l recognition 

i s p o s s i b l e , but i t does not explain the advantage of 

changing the t e r r i t o r y defended since keeping the same 

t e r r i t o i T " a l l the time could make the p a i r more f a m i l i a r 

v/ith the eirea eind so increase the advantages of having 

a defended t e r r i t o r y . Moore (1957) suggested that 

these advantages included the prevention of interference 

w i t h sexual behaviour, the reduction of losses to 

predators, and l e s s time spent on i n t r a - s p e c i f i c 

aggression, Tinbergen (1957) f u r t h e r suggested t h a t 

s i t e attachment was e s s e n t i a l as i t enabled a b i r d t o 

r e t u r n r e g u l a r l y t o i t s brood and, also, that knowing 

one area very w e l l , the b i r d could go i n s t a n t l y i n t o 

cover a t the approach o f a predator. The l a t t e r i s 

i n a p p l i c a b l e to a d u l t terns but i t i s probably of 

great importamce t o the chicks. 

I n 1968 a study was made of the t e r r i t o r i e s 

taken up on i n i t i a l s i r r i v a l i n the colony compared 

w i t h the f i n a l nest s i t e , A series of short posts 

were staked out i n the cove, forming a g r i d where one 
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side of each square was 2 metres long. The g r i d squares 

were numbered on a plan of the cove, and the square to 

which a colour-ringed b i r d returned i n i t i a l l y , and the 

area i n which i t was seen d i s p l a y i n g , were recorded, 

together w i t h the area of the nest s i t e . Of the 

23 colour-ringed b i r d s under observation, 19 made 

t h e i r i n i t i a l r e t u r n t o the eirea i n which they f i n a l l y 

nested and the m a j o r i t y of the display occurred less 

than k metres from the f i n a l nest s i t e . Of the remaining 

p a i r s , 2 nested eventually i n vegetation and 2 nested very 

close to a high bank. The display of these p a i r s took 

place mainly a t the shore l i n e , u s u a l l y below high t i d e 

l e v e l when the t i d e was out. I t may have been th a t 

d i s p l a y a t the nest s i t e was d i f f i c u l t f o r these p a i r s 

because of the nature of the t e r r a i n . 

I t seems l i k e l y t h e r e f o r e , t h a t i n 1968 at least, 

the b i r d s returned d i r e c t l y t o a p a r t i c u l a r area of the 

colony £ind t h a t most of t h e i r p r e - l a y i n g behaviour took 

place t h e r e ^ i n what would be the u l t i m a t e nest s i t e . 

The only b i r d s which d i d not displeiy i n the nesting area 

were those which were hindered by vegetation or other 

p h y s i c a l obstacles, and t h e i r display took place mainly 

i n the undefended area below high t i d e l e v e l when the 

t i d e was out. The f i n d i n g s of Springett (I967) of a 

change i n t e r r i t o r y are not i n c o n f l i c t w i t h the 

present observations since h i s r e s u l t s were obtciined 

from b i r d s which were nes t i n g out of the cove, i n areas . 

of dense vegetation where display at the nest was 

p h y s i c a l l y d i f f i c u l t . 
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Egg l a y i n g 

Egg l a y i n g normally began a few days a f t e r the 

main r e t u r n t o the breeding areas. The dates when the 

f i r s t eggs were found i n each year were 25 May i n I966, 

21 May i n 1967, and 23 May i n I968, and they correspond 

c l o s e l y w i t h the oversuLl mean date of 23 May which has 

been reported by Springett (I967) f o r the occurrence of 

the f i r s t egg over the period I95I to 1964, A more 

precise comparison between the three years was made 

by comparing the dates when 25^, 50?̂ , and 759̂  of the 

clutches had been s t a r t e d . The data f o r the three 

years are presented i n Table 1 and show that there was 

very l i t t l e d i f f e r e n c e between the mean dates of the 

commencement of clutches i n the three years, although 

1967 was s l i g h t l y e a r l i e r than the other two. This 

was also r e f l e c t e d i n the consideration of 259̂ , 5099, 

and 73% of the clutches, the dates f o r these values 

being c o n s i s t e n t l y e a r l i e r i n I967 than i n I966 and 

1968. 
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Table 1, Dates when 23%t 50%, and 75?̂  of the clutches 

had been steirted and the o v e r a l l mean dates 

f o r 1966, 1967, and I968 

Tear 

259^ of 
clutches 
s t a r t e d 

50^ of 
clutches 
s t a r t e d 

(Median date) 

759s of 
clutches 
s t a r t e d Mean 

No, of 
clutches 

1966 1 June 8 June 17 June 11 June 29^ 

1967 31 May 5 June 12 June 8 June 271 

1968 3 Jtuie 10 June 16 June 11 June ^ 6 

The percentages of clutches s t a r t e d f o r each 

2 day i n t e r v a l f o r each year are i l l u s t r a t e d i n Figure 2 

which shows t h a t the general p a t t e r n of l a y i n g was very 

s i m i l a r f o r 1966 and 1967, w i t h a sharp i n i t i a l increase 

i n the munber of clutches s t a r t e d every 2 days, followed 

by a gradual t a i l i n g - o f f , There i s some evidence of a 

second, smaller peak i n these years,which i n at le a s t 

some cases was due to the l a y i n g of replacement clutches. 

I n 1968, however, the ra t e o f l a y i n g was slow between 

29 May eaxd 2 June, This was the main period of the 

m o r t a l i t y of the adult terns a f t e r the red t i d e and, 

at t h i s time, majiy b i r d s were absent from the colony 

f o r most of the day u n t i l the numbers gradually increased, 

w i t h the main bulk r e t u r n i n g on or a f t e r k June, These 

b i r d s spent a few days resuming t h e i r courtship and 

mating, and began l a y i n g a few days a f t e r t h e i r r e t u r n . 

This surge of r e - l a y i n g accounts f o r the sharp increase 



Figure 2. Percentage of t o t a l clutches started f o r every 

2 day i n t e r v a l i n I966, 1967 and I968. 
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i n the percentage of clutches s t a r t e d between 8 June 

and 12 June when 23% of the t o t a l number of clutches 

were l a i d w i t h i n a 5 day period. 

A f t e r t h i s the p a t t e r n of l a y i n g i n I968 

was very s i m i l a r to 1966 eind I967 and the l a t e clutches 

v/ere again due to the r e - l a y i n g of clutches destroyed 

by "normal" m o r t a l i t y which occurred i n a l l three years. 

I n 1967 a study was c a r r i e d out to see i f 

there was einy d i u r n a l p a t t e r n i n the time of egg l a y i n g . 

This i n v e s t i g a t i o n l a s t e d f o r 8 consecutive days from 

28 l^Iay to h June, A totsuL of 217 scrapes were each 

given a l a r g e , numbered peg and although the m a j o r i t y 

of these scrapes were empty, a few contained 1 egg. 

The scrapes were v i s i t e d every 2 hours throughout the 

8 day period and ajiy new eggs were recorded. I n order 

to minimise disturbance, the scrapes were selected from 

a concentrated p a r t of the colony, alongside a path. 

I t was thus possible to walk q u i c k l y along the path, 

recording any new eggs without walking through the 

n e s t i n g area. The numbers of a l l eggs l a i d i n each 

2 hour i n t e r v a l over the whole period are shown i n 

Table 2 and Figure 3 and as the t o t a l number of eggs 

l a i d , 106, i s so close to 100, the actual numbers 

are presented i n the f i g u r e , r a t h e r than percentages, 

there being l i t t l e d i f f e r e n c e between these tv/o 

parameters. 



Figure 3. Total numbers of eggs l a i d f or each 2 hour period 

of the day between 28 May and 2f June 196?. 
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Table 2, T o t a l numbers of eggs l a i d between 28 May and 

k June 1967 i n each 

2 hour period 

Time 
Single egg 
c l u t c h 

Clutch of 2 
F i r s t egg 

Clutch of 2 
Second egg Tot€ 

0100-0300 1 0 2 3 

0301-0500 0 1 1 2 

0501-0700 3 2 1 6 

0701-0900 3 2 5 10 

0901-1100 3 2 3 8 

1101-1300 4 k 3 11 

1301-1500 0 2 . 6 

1501-1700 2 k 8 Ik 

1701-1900 17 3 8 28 

1901-2100 6 1 11 

2101-2300 3 3 1 7 

2301-0100 0 0 0 0 

T o t a l k2 27 37 106 

I n comparing the eggs l a i d during d a y l i g h t 

(0501-2100hrs) w i t h those l a i d during the n i g h t , i t was found 

t h a t the mean numbers of eggs l a i d per two hours (- S.E.) 

were 11,8 + 5.0 and 3,0 * 2.9» r e s p e c t i v e l y . These values 

are s i g n i f i c a n t l y d i f f e r e n t , t = 3.02, df = 10, P<0.02, 

The higher number of eggs l a i d during the d a y l i g h t period 

was f u r t h e r concentrated i n t o the l a s t s i x hours, and 50^ 

of a l l the eggs were l a i d between I50I and 2100, 
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The distribution of the time inter v a l s between 

the laying of the f i r s t and second eggs of clutches of two i s 

given i n Table 3. 

Table 3, The distribution of the time inter v a l s between the 

laying of the f i r s t and second eggs of a clutch of 

two i n 1967 

Time i n t e r v a l <10 10-19 20-29 30-39 kO-k, 50-59 60-69 >69 
(hours) 

Number of 
clutches 0 1 2 5 9 7 3 

Total number of clutches = 27 

The mean time i n t e r v a l (,* S,E,) was 46,2 - 4,6 hours, 

a finding which shows close agreement with that of Palmer (194la) 

who reported that the majority of the second eggs of the Common 

Tern were l a i d within two days of the laying of the f i r s t egg. 

I t i s clear from Table 3 that the second egg may be l a i d within 

the same 2k hour period; one egg was l a i d l8 hours after the 

f i r s t egg, or that i t may be l a i d nearly 3 days l a t e r , the 

three i n t e r v a l s greater than 59 hours being 60, 62, and 64 hours. 

As the i n t e r v a l between the hatching of the eggs, was usually 

l e s s than two days,it i s probable that incubation began 

sometime a f t e r the laying of the f i r s t egg. This topic 

w i l l be considered i n more d e t a i l l a t e r . 
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Egg measurements 

During the three years of the study the maximum 

lengths and breadths of a large number of eggs were measured, 

and from these measurements the shape indices, which compare 

the r e l a t i v e proportions of the lengths and breadths of the 

eggs ajid the I'olumes of the eggs, v/ere calculated. The 

shape index was ceilculated from the formula : 

„. _ , Breadth x 100 Shape Index = 
Length 

and the volume from the formula and method given by 

Coulson (1963) 

Voliune a Breadth^ x Length x K 

where K = 0.000^7 and the linear measurements are i n mm 

Eind the volume i s i n cc, 

A smaller number of eggs were weighed i n addition 

to being measured. The mean values for the lengths, 

breadths, and calculated volvimes for I966, I967, and I968 

are presented i n Table 4, 

I t i s cleax from Table h that there was no 

consistent trend to produce greater lengths and breadths 

i n any one year, and from an inspection of the standard 

error values i t can be seen that there was no significant 

difference between the mean volumes of the eggs i n the 

three years. 
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Tabl© k. Mean lengths, breadths, and volumes i~ 2 standard 
errors) for the eggs i n each year 

Tear Length Breadth Volxime No. i n sample 

1966 40.35-.2'f 2 9 . i 5 i . l l l6.4li.20 194 

1967 A-0.13-.22 29.00i.09 I6.23i.i4 246 

1968 ^0.^5-.56 29.Oli.09 I6.36i.i3 380 

A l l 40.33^.12 29.Oli.O6 l6.33i .O9 820 

The overall mesm length of these eggs corresponds 

closely to the value of 40.22mm which i s given by V/itherby 

(1941) as the average value for 100 B r i t i s h eggs, but the 

overall breadth i s smaller than Witherby's average value 

of 29.37nini for t h i s dimension. Both the mean length 

and the mean breadth of the eggs measured on Inner Fame 

are smaller than the averages of 4l.0mm and 29.5inm 

respectively, which are given for 123 eggs by Bent (1921). 

There i s no indication i n either of these two sources of 

the time of the season when the measurements were made, 

and as the dimensions of the eggs were found to vary 

during the season, i t i s possible that the discrepancies 

between the quoted dimensions and those of the present 

study may be accounted f o r by seasonal variation. 

Alternatively, geographical variation i n egg size i s 

a possible source of difference, ailthough there i s 

very l i t t l e indication of variation i n the size of the 

adults. 
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The values for the overall shape index i n 

1966 and 1967 were 72.35 and 72,36, indicating almost 

i d e n t i c a l l y shaped eggs. However, the mean shape 

index for 1968 was 71.82, indicating longer, narrower 

shaped eggs, but t h i s value i s not s i g n i f i c a n t l y different 

from the other two yesirs. 

The eggs from each yesir have been considered 

i n more d e t a i l according to the size of the clutch and 

the order of laying, and Table 5 shows the mean lengths, 

breadths, and voltunes for three categories of eggs; 

those from single egg clutches (C l ) , f i r s t eggs from 

clutches of two (C2/1), and second eggs from clutches 

of 2 (C2/2) f o r each of the 3 years. 

In 1966 and 1967, there was a tendency for the 

f i r s t eggs of the clutches of two to be larger, both 

longer and broader, than the single eggs. This trend 

was reversed i n I968 when the single eggs tended to be 

larger. Neither of these differences significant 

6ind may have been due to the variation within the years' 

samples. 

In a l l 3 yeso's the second eggs of the clutches 

of 2 were s i g n i f i c a n t l y smaller, i n length, breadth, and 

volume than either the single eggs or the f i r s t eggs 

of the clutches of two. For the differences i n length, 

d=3.78 P<.001, for the breadth, d=4,80 P<.001, and 

for the volume, d=3»kk P<.001. These differences 

were also reflected i n the shape indices; the mean 

for a l l single eggs was 71.99, for f i r s t eggs of the 
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Table 5. Mean lengths, breadths, and volumes ( i 2 standard 

errors) f or 3 different categories of eggs for 

a l l 3 years (the t o t a l numbers of eggs measured 

are shown i n Table 6A only, i n parentheses) 

A - Lengths (mm) 

Egg category 1966 196? 1968 A l l 

01 40.34i.32 40.30i.32 40.60i.22 40.48i.l6 
(94) (105) (263) (462) 

C2A 40.74i.44 40.43i.46 40.30i.40 40.46i.26 
(50) (70) (69) (189) 

C2/2 39.97i.34 39.60i.32 39.86i.50 39.78i.26 
(50) (71) (48) (169) 

B - Breadths (mm) 

Egg category I966 I967 1968 A l l 
CI 29.19i.14 29.09i.i6 29.08i.11 29.10i.08 

C2A 29.24i.24 29.i7i.16 29.03i.i8 29.14i.11 

02/2 28.97i.22 28.70i.i7 28.63i.22 28.76i.i2 

C - Volumes (cc) 

Egg category I966 I967 1968 A l l 

CI l6.5ii.22 l6.4oi.24 I6.50i.l6 I6.48i.l2 
C2A I6.74i.36 I6.53ii26 I6.3ii.26 I6.50i.l6 
C2/2 i5.90i.58 i5.68i.26 i5.70i.36 i5.75i.22 

clutches of two i t was 72.13, and for the second eggs of 
the clutches of two i t was 72.39. The edlngle eggs tended 
to be long and narrow, the f i r s t eggs of the clutches of 
two had a s l i g h t l y broader shape, whereas the second eggs 
had a r e l a t i v e l y shorter, broader shape thoin either of 
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the other two groups. This i s i n contrast to Coulson's 

findings (I963) f o r the Kittiwake where the l a s t eggs 

l a i d i n clutches of two and three were narrow and had 

a lower shape index than the other eggs i n the clutches. 

However, as i n the Arctic Tern, these l a s t eggs had a 

r e l a t i v e l y lower volume than the other eggs l a i d . 

This seems a typiceJL feature of the Laridae; Paludan (1951) 

fovmd a reduction i n the volume of the terminal eggs of the 

Herring and Lesser Black-backed Gulls, Preston & Preston 

(1953) found a similar reduction i n the Laughing Gull, 

Larus a t r i c i l l a , as did Gemperle 8e Preston (1955) i n 

the Common Tern. Gemperle & Preston further suggested 

that i n 909S of the t o t a l clutches of three examined, 

i t was possible to pick out the terminal egg without 

measurement by the differences i n shape, but i t was not 

possible i n the present study to select the second egg 

by eye as the differences i n the clutches of two i n the 

Arctic Tern were not so great as those found i n the 

clutches of three i n the Common Tern. 

Variation of egg size with season 

The breeding season was divided e i r b i t r a r i l y 

i n t o 5-day periods and the sizes of the eggs l a i d during 

d i f f e r e n t periods were compared for each year. Where 

the samples for adjacent periods were both less than 20, 

these were combined to give an average over a 10 or 15-day 

period. This occurred p a r t i c u l a r l y tov/ards the end of 

the laying period. The variations i n length, breadth. 
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volume and shape index throughout each season are shown 

i n Figures 4-7 respectively and are considered i n greater 

d e t a i l below. 

Length 

There was very l i t t l e general pattern i n the 

changes i n the lengths of eggs during the season, and 

while there was an increase tov/ards the end of the 

season i n 1967, t h i s was en t i r e l y due to a group of 

very l a t e clutches l a i d i n an isolated area. The effect 

of these clutches can be seen i n Figure 8 which shows 

some increase i n the standard deviation of the egg 

lengths throughout the season i n 1967» compared with 

the f a i r l y uniform values of standard deviation throughout 

1968. These late clutches i n I967 were l a i d on an area 

of the rocks not normally used by the terns smd many of 

the eggs l a i d were s i g n i f i c a n t l y larger than those l a i d 

i n the rest of the colony at the same time. The laying 

of these eggs was very well synchronised and may have 

been due to a group of birds being disturbed from one 

part of the colony. A l l the eggs were l a i d on open 

rocks and were f"^^^ uporv within a few days of being 

l a i d . No birds nested i n the same area i n I 9 6 8 . 

Breadth 
The general trend i n a l l 3 years was a decline 

i n the breadth of the eggs during the season; the only 
exception to t h i s being the increase late i n 1967 

which was due to the group of birds already mentioned. 
The variation i n the breadths of the eggs was much less 



Figure Variation of mean egg length with season i n 

1966, 1967 and 1968. 
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Figure 5, Variation of mean egg breadth with season i n 

1966, 1967 and 1968. 
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Figure 6. Variation of mean egg volume with season i n 

1966, 1967 and 1968. 
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Figure 7. Variation of mean egg shape index with season i n 

1966, 1967 and 1968, 
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Figure 8. Variation of standard deviation of egg length 

with season i n 196? and I 9 6 8 . 
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than that i n the lengths, and i n 1966 the f u l l range 

of the mean breadths l a y between 29.1 and 29.2mm, 

Volume 

As the value of the breadth^s of the egg 

was squared during the c a l c u l a t i o n of the volume, 

t h i s has a greater i n f l u e n c e on the volume than the 

len g t h . Accordingly i t i s not s u r p r i s i n g to f i n d 

s i m i l a r seasonal v a r i a t i o n of the volume and of the 

breadth. I n I966 there was a general decldLne i n the 

value of the volume throughout the season, and 

s i m i l a r l y f o r 196?» apart from the upsurge l a t e i n the 

season due to the group of l a t e - n e s t e r s on the rocks. 

There was very l i t t l e v a r i a t i o n i n the volumes of the 

eggs i n 1968, 

A l l the i n i t i a l eggs l a i d p r i o r to 28 May 

were very small; i n 1966, four eggs l a i d during t h i s 

period had a mean volume of 15,20cc and i n the same 

period i n I967 the mean volume of eight eggs was 15.72cc. 

No eggs were l a i d during t h i s period i n I968, 

Shape Index 

I n 1966 the shape index was low i n i t i a l l y , 

i n d i c a t i n g r e l a t i v e l y long or narrow eggs, but was of 

a high value l a t e r i n the season, i n d i c a t i n g broader 

or s h o r t e r eggs. As the breadth of the eggs showed 

a s l i g h t decrease throughout I966, the decrease i n the 

length must have been g r e a t e r i n proportion to the 

decrease i n the breadth. I n I967 and I968 the shape 

index g r a d u a l l y d e c l i n e d throughout the season as the 

eggs acquired a longer, narrower shape, This was due 

ihore to a decrease i n breadth r a t h e r than to an 
i n c r e a s e i n length. 
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A l l these trends are r a t h e r s i m i l a r but l e s s 

marked than those found i n the Kittiwake by Coulson ( I963 ) 

where there was a progressive decrease of the length and 

shape index throughout the season, an i n i t i a l i n c r e a s e 

i n volume and length u n t i l the middle of the l a y i n g 

season, followed by a r a p i d decrease i n volume and a 

sma l l e r decrease i n length with a suggestion of an 

i n c r e a s e a t the end of the season, Coulson suggested 

that these trends were p a r t l y the r e s u l t of older females 

breeding e a r l y , but t h i s was u n l i k e l y to be the case i n 

the t e r n s as the l a y i n g of the b i r d s of a l l ages was 

f a i r l y w e l l synchronised and the l a r g e s t eggs occurred 

i n the middle-aged group r a t h e r than i n the oldest b i r d s . 

The e f f e c t s of age on the time of l a y i n g sind the s i z e of 

the eggs are de a l t with i n more d e t a i l i n Section 3 , 

I n a l a t e r paper Coulson e t a l ( I 9 6 9 ) showed that f o r the 

Shag, w i t h i n an age c l a s s , the e a r l y breeding b i r d s l a i d 

l a r g e r eggs than the l a t e breeders. 

C l u t c h s i z e 

I n many c a s e s i t was impossible to determine 

the s i z e of the f u l l c l u t c h as predation took place 

s h o r t l y a f t e r the l a y i n g of the f i r s t egg. These 

c l u t c h e s were therefore discounted and only those n e s t s 

which contained the same t o t a l number of eggs f o r 3 

consecutive days were included i n t h i s a n a l y s i s . 

The mean c l u t c h s i z e s f o r the 3 years are given i n 

Table 6 , 
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Table 6 , The numbers and percentages of one, two, and 

three egg c l u t c h e s together with the mean 

c l u t c h s i z e (- 2 standard e r r o r s ) 

Number(& percentage) of 
Total Mean c l u t c h 

Year CI C2 03 c l u t c h e s s i z e 

1966 99(3^.0%) 192(66,09$) 0 291 1,66^0,06 

1967 1^6(3^.09^) 275(64 ,1?^) 8 ( 1 , 9 ^ ) 429 1.68^0,05 

1968 19^(57.9%) IkOiklM) 1(0,3%) 335 1.42^0,06 

The mean c l u t c h s i z e s , p a r t i c u l a r l y from the "normal" years 

of 1966 and 1967 are i n cl o s e agreement with Cullen's 

comments i n Bannerman (1959) s t a t i n g that c l u t c h e s of 

one and two predominate with an average c l u t c h s i z e of 

1 ,5 - 2 , 0 which v a r i e s from year to year. I n other 

regions the c l u t c h s i z e may be quite d i f f e r e n t , 

G u l l e s t a d ( I 9 6 7 ) , studying two extreme l o c a l i t i e s i n 

West Spitsbergen, found that 2-egg c l u t c h e s were more 

common iSS,l%) i n the south western l o c a l i t y than i n 

the northern area i37»l%) which had a d i f f e r e n t climate 

with l a t e r melting of i c e and snow. Table 7 gives the 

c l u t c h s i z e quoted by various authors i n d i f f e r e n t regions. 

Many of these f i g u r e s are based on spot checks and may 

therefore be r a t h e r low, Springett ( I 9 6 7 ) found from 

a c l o s e study of 50 n e s t s , each of which o r i g i n a l l y had 

two eggs, g i v i n g a c l u t c h s i z e of 2 , 0 , that the mean 

c l u t c h s i z e was reduced to l A due to egg l o s s e s during 

i n c u b a t i o n . 
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Table 7. Mean c l u t c h s i z e of the A r c t i c Tern i n 

d i f f e r e n t regions 

C l u t c h 
s i z e Sample L o c a l i t y 

Year of 
Lat i t u d e Authority observation 

100 Machias S e a l I s l a n d 
Canada 

P e t t i n g i l l 
(1939) 

1939 

1.19) 130 It I I 45" N Hawksley (1957) 1947 
1.73 125 H I I 45° N It 1948 

1.62 208 Wangeroog 
Germany 

53*47'N Boecker (I967) 1962 

2,23 210 r i t i It 1963 
2.01 172 I I I I I I 1964 
1.70 209 Ravenglass,England 54** N Bick e r ton (1909) 190*=̂  
1.92 82 Norderoog,Germany 55° N Dircksen(l932) 1932 
1.88 92 B r i t i s h I s l e s 55*'N Marples 8e 

Marples (1934) 1934 
1.86 

1.80 
55 
45 

Coquet I s l a n d , 
England 

5^ 2O;N 
I I 

Langham (I968) I965 
" 1966 

1.81 82 11 I I . It 1967 

1.69 

1.76 

92 
29 

Fame I s l a n d s 
England 

I I 

55°40'N 
I I 

Cullen (1957) 
I I 

1954 
1954 

1,91 90 I I It I I 1955 
1.94 49 t i It I I 1955 
1.87 1116 It It Springett(1967) 1961 

1.61 699 I I I I It 1962 
1.75 86k It It It 1963 
1.76 868 I I It I I 1964 
1.66 291 I I I I (pers.obs,) 1966 
1.68 429 It It It 1967 
1.^2 335 t i t i It 1968 

2.00 45 S,E,Alaska 60° K Williams(1947) 1947 
1.70 279 Greenland 62" N Eklund (1944) 1944 
2.12 

1.80 

60 

127 

F i n n i s h coast 

Canada 

63° N 

64'N 

Suomalainen 
(1938) 

Sutton (1932) 
1938 
1932 

2,01 82 U.S,S.R. 73° N B e l o p o l s k i K 1961)1961 
1.69 55 Spitsbergen 

(2 l o c a l i t i e s ) 
78° N Gui l e s t a d & I965 

Norderhaug(1967) 

1.57 k2 It It It 1965 
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The d i f f e r e n c e between the c l u t c h s i z e f o r 1967 

and 1968 i s a s i g n i f i c a n t one (d = 5 ,66 P< 0 . 0 0 1 ) and 

may again be explained by the e f f e c t s of the red t i d e . 

Many b i r d s may have s t a r t e d l a y i n g before the main 

d i s p e r s a l from the colony due to the red ti d e but may 

not have completed these i n i t i a l c l u t c h e s and the eggs 

were preyed upon during the b i r d s ' absence. When they 

l a t e r returned to the colony and r e - l s i i d , the replacement 

c l u t c h e s were smaller with a high preponderance of clutches 

of one. T h i s i s shown l a t e r i n t h i s s e c t i o n to be t y p i c a l 

of replacement c l u t c h e s i n a normal year and accounts f or 

the low c l u t c h s i z e i n I 9 6 8 , 

The changes i n c l u t c h s i z e throughout the season 

were examined i n a l l y e a r s and the r e s u l t s are shown i n 

Figure 9* where i n 1966 and I967 there i s a s l i g h t 

i n c r e a s e i n c l u t c h s i z e from the beginning of the season 

u n t i l , a f t e r reaching a peak with a mean c l u t c h s i z e of 

1,77 i n 1966 and 1 ,79 i n 1967, the proportion of 2-egg 

c l u t c h e s declined, reducing the mean c l u t c h s i z e although 

t h i s e f f e c t was delayed i n I 9 6 7 . I n 1968, the c l u t c h 

s i z e f e l l during the e a r l y part of the season when the 

main e f f e c t s of the red t i d e were seen. After the main 

m o r t a l i t y of terns, the mean c l u t c h s i z e rose shairply to 

a peak of 1,58 and then s t e a d i l y d e c l i n e d during the 

r e s t of the season u n t i l e a r l y J u l y when a l l the clutches 

were of s i n g l e eggs. 

During the main period of the red ti d e some bird® 

did l a y but they produced only small c l u t c h e s . The 

reasons f o r t h i s are not obvious, but presumably the 



Figure 9, Variation of mean clutch s i z e with season i n 

1966, 1967 and 1968, 
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phenomenon may have had a general depressant e f f e c t on 

the breeding of the colony, p o s s i b l y by a f f e c t i n g i t s 

food supply although there i s no d i r e c t evidence f or 

t h i s ^ 

Incubation Period 

The incubation period may be defined as the 

time between the onset of continuous incubation of the 

egg and the hatching of that egg. The onset of continuous 

incubation was d i f f i c u l t to determine and i t was often 

found t h a t b i r d s which had apparently s t a r t e d incubating 

would leave the c l u t c h for periods of varying length. 

I t was u s u a l l y p o s s i b l e to d i s t i n g u i s h these c l u t c h e s 

by e s t i m a t i n g the temperature of the eggs by hand. 

Eggs which were being continuously incubated f e l t very 

warm and r e t a i n e d most of that heat during the period 

of the ro u t i n e , t w i c e - d a i l y , round. These eggs were 

put i n t o the category of 'warm', Other eggs, where 

the a d u l t s were presumably only incubating at i r r e g u l a r 

i n t e r v a l s and which did not f e e l warm, were put i n t o a 

•cold' category. I n most cases these two categories 

of continuous and i n t e r m i t t e n t incubation were confirmed 

by observation. 

On the b a s i s of t h i s information i t was found 

that incubation of a s i n g l e egg may not begin u n t i l one 

or even two days a f t e r l a y i n g , which i s i n general 

agreement with C u l l e n ( i n Bannerman 1959) who stated 

that i n c u b a t i o n began with the f i r s t egg but was l e s s 

continuous than l a t e r , Hawksley (1957) a l s o found 
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that i n some c a s e s incubation began before the c l u t c h was 

complete. Of the 32 c l u t c h e s of two that were examined 

i n the present study, 10 b i r d s (319$ of the c l u t c h e s ) 

began in c u b a t i n g on the same day that the f i r s t egg was 

l a i d and 19 b i r d s i59% of the c l u t c h e s ) delayed incubation 

u n t i l the second egg was l a i d . I n three cases, (99$ of the 

c l u t c h e s ) i ncubation began on the day between the l a y i n g 

of the f i r s t and second eggs. The mean incubation periods 

f o r s i n g l e eggs, and the f i r s t and second eggs of a c l u t c h 

of two, are given i n Table 8, 

Table 8, The mean incubation periods f o r s i n g l e eggs, 

and f i r s t and second eggs of a c l u t c h of two, 

together with the o v e r a l l mean incubation period 

Meein incubation period Number of 
Egg category (days i 2 s t a n . e r r o r s ) c l u t c h e s 

C l u t c h of 1 22,39 i 0,72 19 

Clutch of 2 

f i r s t egg 22,09 t 0,kk 32 

C l u t c h of 2 

second egg 21.87 - 0.32 32 

A l l eggs 22,07 - 0.32 83 

I t i s c l e a r t h a t there i s no s i g n i f i c a n t 

d i f f e r e n c e between the incubation periods of any of the 

three egg c a t e g o r i e s , Belopol'skii (I96I) found that 

the average period from the l a y i n g of the second egg, 

which he considered to be the true onset of incubation, 

to the time the n e s t l i n g s hatched, was 20,2 days for the 

f i r s t c h i c k , 21,3 days f o r the second, and 20,5 days for 
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the t h i r d , with the maximum time between 20 and 22 days. 

T h i s apparently s h o r t e r incubation time i s due to B e l o p o l s k i i 

c a l c u l a t i n g from the l a y i n g of the second egg, and not, as i n 

the present study, from an estimated time of the onset of 

incubation which i n 13 out of 32 c l u t c h e s was before the 

second egg was l a i d . 

Role of the sexes i n incubation 

A continuous watch over a number of days was 

maintained on a s e l e c t i o n of nest s i t e s i n order to determine 

( a ) the length of time each b i r d spent a t the nest, smd 

(b) whether there was any di f f e r e n c e between the sexes i n 

the length of time spent incubating the eggs. This was 

posv̂ We. onlij ' on colour-ringed b i r d s where the sex was 

known, and therefore any d e t a i l e d a n a l y s i s of the r e s u l t s 

i s impossible due to the small sample. I n I967, the sex 

of the in c u b a t i n g b i r d was found by the observation of 

colour-rings on 31 occasions, and i n 1968, on 34 occasions, 

and out of t h i s t o t a l of 65 observations, the meile was found 

i n c u b a t i n g on 30 (46%) occasions, and the female on 35 (54%) 

o c c a s i o n s . These f i g u r e s suggest that both parents may 

share the r o l e of incubation e q u a l l y said are i n agreement 

with the f i n d i n g s of Dirksen (1932) and Bent (1921), 

I n c o n t r a s t Palmer ( I 9 4 l a ) has reported that females of 

the Common Tern do 75% of the incubation and Schonert (1961) 

has suggested that the males of the L i t t l e Tern, Sterna 

a l b i f r o n s , do no incubating, but br i n g food f o r the 

inc u b a t i n g female. 
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Hatching success 

The hatching success f o r the three years has 

been determined by c a l c u l a t i n g the number of eggs which 

produced l i v e young as a percentage of the t o t a l number 

of eggs l a i d . These values are shown i n Table 9 . 

Table 9 . Hatching success f o r 1966, I 9 6 7 , and I968 

T o t a l number Niunber of Hatching 
Year of eggs young hatched success 

1966 322 1^3 ^ ' ^ % 

1967 508 239 ^7.0% 

1968 659 103 15.6?^ 

The r e s u l t s from the f i r s t two years were very s i mi lair 

but 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 the success 

of the 1967 and the I968 eggs ( d = l l , 6 7 P-^COOl). 

The reasons f o r the low hatching success i n I968 were 

probably r e l a t e d to the red t i d e and are discussed more 

f u l l y i n Section 4 , 

The main reason for hatching f a i l u r e was 

predation of the eggs by S t a r l i n g s , T h i s phenomenon was 

f i r s t noted by Springett (pers,comm.) i n I963 and seems 

to be p e c u l i a r to Inner Farne, No reference to i t s 

occurrence can be found i n any other colony although 

predation by other s p e c i e s , p a r t i c u l a r l y by g u l l s of 

v a r i o u s s p e c i e s , i s w e l l documented ( C u l l e n I 9 6 O ) , 
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A few, u s u a l l y four or f i v e , p a i r s of S t a r l i n g s 

bred on I n n e r Farne each year, and these r e s i d e n t b i r d s 

appeared to c o n s t i t u t e the main predators. They were 

observed f l y i n g between n e s t hole and the tern colony 

with beaks s t a i n e d with, yolk on a l a r g e number of occasions. 

Small f l o c k s of S t a r l i n g s o c c a s i o n a l l y appesired on the i s l a n d , 

presumably from the mainland, but these were never observed 

s y s t e m a t i c a l l y searching f o r eggs although they may have 

taken any eggs discovered a c c i d e n t a l l y . I t seems therefore 

that t h i s h a b i t of egg predation by S t s i r l i n g s has been 

acquired on Inner Farne and i s confined to the breeding 

population t h e r e . 

Although A r c t i c Terns v i c i o u s l y attacked most 

i n t r u d e r s e n t e r i n g the colony, even harmless ones l i k e 

r a b b i t s , Oryctolagus c u n i c u l u s ( L , ) and E i d e r s , Somateria 

m o l l i s s i m a , they were l e s s aggressive towards the S t a r l i n g s , 

T h i s may be connected with the s i z e and colour of the 

S t a r l i n g s , They resemble, i n gross appearance, the 

Rock P i p i t s , Anthus s p i n o l e t t a petrpsus, which a l s o enter 

the colony unmolested. Terns seem to r e a c t more strongly 

to l a r g e r b i r d s , p a r t i c u l a r l y to l i g h t coloured plumages, 

and t h e i r behaviour i s , f o r i n s t a n c e , completely upset by 

the appearance i n the colony of a wandering r a c i n g pigeon, 

which they w i l l mob f o r hours on end, often l e a v i n g c l u t c h e s 

unguarded. 

The S t a r l i n g s which had developed the habit of 

predation were very thorough i n t h e i r search f o r eggs. 

One method of searching was to f l y low over the colony 
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and dart s t r a i g h t to an unguarded ne s t as soon as t h i s was 

observed. The eggs were broken immediately by one sharp 

blow with the b i l l , u s u a l l y cracking the egg i n t o two p i e c e s . 

The second method they used p a r t i c u l a r l y when most of the 

t e r n s had l e f t t h e i r eggs during a pajiic f l i g h t . As soon 

as the t e r n s l e f t the colony on t h e i r outward f l i g h t , a 

S t a r l i n g Ismded i n the n e s t i n g area, running q u i c k l y 

through i t , d a r t i n g to e i t h e r side i n i t s search for eggs. 

On a few occasions, when S t a r l i n g s were searching the groxmd 

l i k e t h i s , they preyed upon more than one c l u t c h , taking a 

small amount from each egg. 

S t a r l i n g s sometimes remained at the s i t e of 

predation f o r a minute or two, feeding on the egg contents, 

but they u s u a l l y l e f t the s i t e f a i r l y q u i c k l y , presumably 

c a r r y i n g some of the egg contents i n s i d e the b i l l , or 

perhaps to be l a t e r r e g u r g i t a t e d i f feeding young. 

They were never observed to c a r r y away the s h e l l with 

or without any egg contents i n i t . Sometimes when preying 

|tpon a c l u t c h of two eggs S t a r l i n g s v;ere seen to break both 

eggs although they only fed from one. They were never 

seen to r e t u r n to a c l u t c h to feed on the egg contents 

on a second occasion. 

I t was not always p o s s i b l e to determine whether 

or not an egg of a c l u t c h had been preyed upon. When 

predation was observed i n the cove a r e a , i t was sometimes 

impossible to f i n d any t r a c e of the c l u t c h w i t h i n two hours 

of the time of predation. I t i s p o s s i b l e that some clu t c h e s 

i n the study a r e a were s t a r t e d and preyed upon w i t h i n a 
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few hours of the f i r s t egg being l a i d and as these c l u t c h e s 

would be missed by the twice d a i l y round, the true l e v e l of 

predation may have been even higher than estimated. Any 

eggs which disappeared were assumed to have been preyed 

upon as t h i s , from d i r e c t observation of other c l u t c h e s , 

was the most l i k e l y explsination. On t h i s b a s i s , i n I 9 6 7 , 

predation accounted f o r 85% and i n 1968 899̂  of the toted 

egg loss',' 

Predation was more l i k e l y to occur e a r l y i n 

the i n c u b a t i o n period than l a t e r , and Table 10 shows the 

number of eggs which were preyed upon, expressed as a 

percentage of the t o t a l number of eggs at r i s k at that 

time, f o r three periods of the incubation time i n I 9 6 8 . 

Table 10 , Percentage predation during three periods of 

incubation i n I968 based on 335 c l u t c h e s 

Percentage S i g n i f i c a n c e 
predation of the 

Period of incubation per day d i f f e r e n c e 

L e s s than 2 days a f t e r l a y i n g 8 .7 

2 - 1 2 days a f t e r l a y i n g 5.4 

More than 12 days a f t e r l a y i n g 3 .8 

d= 3 ,76 P<0.001 

d=2,54 P<0.02 

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 the percentage of 

predation i n each of the three periods. I t i s l i k e l y that 

the i n i t i a l higher l e v e l of predation may be explained by 

the low frequency of incubation, p a r t i c u l a r l y of 2-egg 

c l u t c h e s , between the l a y i n g of the f i r s t and second eggs. 
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B i r d s which had been in c u b a t i n g for a few days were l e s s 

l i k e l y to be disturbed than those which were only j u s t 

s t a r t i n g incubation and t h e i r eggs would be l e s s l i k e l y 

to be l e f t exposed to predation. 

The other main causes of egg l o s s were desertion 

and flooding of n e s t s by high spring t i d e s which, i n 1967, 

accounted f o r 4,8% and 1.9% of the t o t a l egg l o s s 

r e s p e c t i v e l y , A few eggs survived the incubation period 

and s t a r t e d to hatch, but the g-Uck. died during hatching. 

This often seemed to be due to a Vfsry t h i c k s h e l l membrane 

which the embryo found impossible to t e a r open, A very 

small number of eggs -fwil*^.-to WoAcVv, l e s s than 0,5%, 

but the reasons f o r -vKls _,SLre not known; the 

eggs were incubated apparently normally but f a i l e d to hatch. 

T h i s was a much lower rate^^^than the 5% observed 

by P e t t i n g i l l (1939) and the 10% by Hawksley ( 1950 ) . 

I t i s p o s s i b l e that a much l a r g e r proportion of the eggs 
or o<i.A\eiL, 

were i n f e r t i l e ^ but that they were preyed upon before 

i n c u b a t i o n was completed. 

I n 1967 an attempt was made to see i f human 

disturbance to the b i r d s i n c r e a s e d the chances of predation. 

I t was thought that while the b i r d s l e f t the eggs to attack 

humajis near the colony^the S t a r l i n g s would f i n d i t e a s i e r 

to prey upon these n e s t s than any f u r t h e r away from 

distu r b a n c e . 

Two s t r i p s of vegetation, 50 x 15 metres, v/ere 

s e l e c t e d which were as a l i k e as p o s s i b l e , apart from t h e i r 

proximity to the paths used by the general p u b l i c . 
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S t r i p A ran p a r a l l e l to a well-used p u b l i c path and the 

b i r d s , on a busy day, s u f f e r e d disturbance from between 

100 to 200 people pas s i n g i n an afternoon. S t r i p B 

ran p s i r a l l e l and adjacent to the f i r s t s t r i p but f u r t h e r 

away from the path, A t o t a l of 9^ n e s t s i n S t r i p A and 

51 i n S t r i p B were found and examined d a i l y and t h e i r nest 

contents recorded. 

The mean c l u t c h s i z e f o r the disturbed area, 

based on t h i s d a i l y n e s t round, was 1 .38 , £ind for the 

undisturbed area the mean c l u t c h s i z e was 1 ,71 , % e 

d i f f e r e n c e i s probably accounted f o r by the f a c t that 

many of the n e s t s i n tl^p disturbed a r e a were preyed upon 

before completion, "^he mean hatching success for S t r i p A 

was 309$ and for S t r i p B 589$, 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 these (d=3,96 P^ 0 , 0 0 1 ) which may be 

accounted f o r by the d i f f e r e n c e s i n disturbaince, 

StarlingsB had a much gre a t e r chance to prey upon eggs i n 

S t r i p A while the a d u l t s were away from the nest a t t a c k i n g 

people on the neighbouring path, while S t r i p B, being 

f u r t h e r away from the p u b l i c path, most l i k e l y suffered 

l e s s d isturbance. 

Re-laying 

I f the f i r s t c l u t c h l a i d by a p a i r i n the season 

was preyed upon, then they sometimes l a i d a replacement 

c l u t c h , ^ i s was u s u a l l y l a i d i n the same area as the 

i n i t i a l c l u t c h and o c c a s i o n a l l y i n the same s i t e . I t 
only 

w a s i j i p o s s i b l e to determine i f r e - l a y i n g occurred/^n 

colour-ringed b i r d s which nested i n the cove. Of 55 p a i r s 
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which l o s t t h e i r f i r s t c l u t c h e s , 22 p a i r s (^0^) r e - l a i d , 

and four p a i r s (7%) l a i d a second replacement c l u t c h . 

The f i r s t replacement c l u t c h e s were mainly s i n g l e eggs, , 

and a l l the second replacements were s i n g l e eggs while 

none of these r e - l a y i n g s r e s u l t e d i n the production of 

young, S p r i n g e t t (196?) suggested that there was a 

c o r r e l a t i o n between the length of time incubation had 

proceeded and the time interveJ. before r e - l a y i n g took 

p l a c e . No evidence f or or against t h i s was found i n 

the present study but the observations were mainly based 

on r e - l a y i n g s i n I968 when the breeding of the b i r d s was 

upset. 

Weight of Eggs 

A number of eggs were v/eighed and measured 

at the onset of incubation and t h e i r weights and 

c a l c u l a t e d volumes have been compared and found to 

be very c l o s e l y r e l a t e d . The mean values f o r each 

category of egg and the values of the c o r r e l a t i o n 

c o e f f i c i e n t ( r ) , and the r e g r e s s i o n of volume on 

weight, are given i n Table 11, 

I n a d d i t ion to the close r e l a t i o n s h i p between 

the weight aind the volume of the egg, there was a l s o a high 

c o r r e l a t i o n ( r = +0,83) between the weight of the egg and 

the weight of the young on hatching, with the regression 

of the l a t t e r on the former being y = 0,49 + 0,75 x (Figure 10), 

The mean weight of the f r e s h eggs was l6 , 8g and the mean weight 

of the newly hatched young was I 3 . I . ^ i s l a t t e r value was 

12,29^ of the mean a d u l t weight and i s identical " 5 " * ^the 



Figure 10. Comparison of the weights of eggs at the onset 

of incubation with weights of corresponding 

chicks within 6 hours of hatching. The 

regression equation i s y = 0.49 + 0,75x 

and the value of the correlation c o e f f i c i e n t 

r = + 0.83. 
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Table 11,; The mean weights and volumes of eggs i n each category 

together with the number i n each sample ( n ) , the 

c o r r e l a t i o n c o e f f i c i e n t ( r ) , and the re g r e s s i o n 

equation of volume on weight 

Egg Mean Mean 
category weight volume n r Eegression equation 

(g) ( c c ) 
Eegression equation 

CI 17 .0 18.0 37 +0.83 y = 2.57 + 0.91 X 

C2A 17.0 18.0 13 +0.95 y = 2.52 + 0.91 X 

02/2 15.7 16.6 8 +0.93 y = 2.87 + 0.88 X 

A l l eggs 16.8 17.8 58 +0.87 y = 2.71 + 0,90 X 

percentage given by Belopol'skii (I96I), although he 

quotes a mean egg weight, based on 11 measurements, that 

i s higher (17.8g) sind a mean weight of newly hatched young 

that i s lower (10,6g), than have been found i n the present 

study. 

Weighing the eggs was a r a t h e r lengthy process 

and i n v o l v e d c a r r y i n g them from the colony to a p o s i t i o n 

where the balance was s h e l t e r e d from the wind. I t caused 

cons i d e r a b l y l e s s disturbance to measure a large number of 

eggs and from these measurements to c a l c u l a t e the volume, 

than i t d i d to weigh the same number of eggs. As i t has 

been shown that the volume and the weight of the egg are 

c l o s e l y c o r r e l a t e d , the volume of the eggs r a t h e r than the 

weight has been considered i n r e l a t i o n to chick s u r v i v a l . 

I n 1967 the volumes of a number of eggs i n the d i f f e r e n t 

c a t e g o r i e s were obtained and the progress of the c h i c k s 
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which hatched from them was follov/ed. I n Table 12 the 

volumes of the eggs which produced fledged young have 

been compared with those t h a t produced young which died. 

Table 12, The volumes of the eggs, i n 1967, which produced 

fledged young, compared with those producing young 

which died. The sample s i z e s are given i n parentheses, 

Mean volume ( c c ) of eggs Meam volume ( c c ) of eggs 
Egg where young survived where young died 

category + 2,S:.E, + 2 S,E, 

CI 16,39 + 0,60 (16) 17.31 
+ 0,66 (3) 

C2/1 16,37 
+ 0.50 (15) 17.19 

+ 4.14 (4) 

C2/2 16,23 + 0.72 (8) 15.89 + 0.04 (15) 

A l l eggs 16,30 + 0.36 (39) 16,22 + 0.82 (22) 

There was no evidence of any d i f f e r e n c e between the 

siz e : of the eggs producing young that survived and those 

producing young which ev e n t u a l l y died, i n e i t h e r the s i n g l e 

egg c l u t c h e s or i n the f i r s t egg of the c l u t c h e s of two. 

However, i n the second egg of the c l u t c h e s of two,there 

was some evidence that the young hatching from l a r g e r eggs 

were more l i k e l y to s u r v i v e than those hatching from smaller 

eggs, although the d i f f e r e n c e s i n egg s i z e were not s i g n i f i c a n t . 

The t a b l e has included a l l c hick m o r t a l i t y r e g a r d l e s s of the 

age a t which t h i s occurred, although i t i s u n l i k e l y that 

the hatching s i z e of e^hlck has any e f f e c t on i t s s u r v i v a l 



a f t e r the f i r s t few days. However, before t h i s time, the 

m o r t a l i t y of the c h i c k s i s heavy and the s i z e of a chick 

on hatching may be a c r i t i c a l f a c t o r i n i t s s u r v i v a l , 

p a r t i c u l a r l y i n a brood of two where the newly-hatched 

second c h i c k has to compete with i t s e l d e r s i b l i n g . 

T h i s f i r s t c h i c k may be up to a day older and w i l l a l s o 

have hatched from a l a r g e r egg, gi v i n g i t a leirger s i z e 

before i t s t a r t e d feeding. 

The weights of the young on hatching 

The d i s t r i b u t i o n of the weights of the young 

wi t h i n s i x hours of hatching, and before they received 

t h e i r f i r s t food, i s shown i n Table 13. 

Table I 3 . The weights of the young w i t h i n s i x hours of 

hatching 

Weight ^10,1 10.1-11,0 11,1-12,0 12,1-13.0 
(s) 

Number of 
young 0 1 6 3 

Weight 13.1-1^.0 14.1-15.0 I5.I-I6.O >16.0 
(g) 

Nxunber of 
young 7 2 4 0 

T o t a l number of young = 23 

Mean weight (ts,E,) = I 3 . I t 0,6 g 

The mean weight of the c h i c k s hatching from 

s i n g l e egg c l u t c h e s was 13.5g» from the f i r s t egg of c l u t c h e s 

of two, 13.Ig and from the second egg of a c l u t c h of two. 
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12.8g, but as these values are based on samples of 8, 

8, and 7, r e s p e c t i v e l y , no s t a t i s t i c a l s i g n i f i c a n c e can 

be attached to the d i f f e r e n c e s between them. However, 

i t seems c l e a r that the second c h i c k s of a brood of two 

aire l i g h t e r i n weight than t h e i r e l d e r s i b l i n g s , and t h i s , 

i n conjunction with the d i f f e r e n c e i n the time of hatching 

t h a t i s considered l a t e r , may have a considerable e f f e c t on 

the r e l a t i v e s u r v i v a l of the two categ o r i e s of chi c k . 

I n t e r v a l i n hatching between the f i r s t and second eggs 

I n 1968 the hatching time of a number of eggs 

was recorded to the neares t 12 hours and the d i s t r i b u t i o n 

of the time i n t e r v a l s i s shown i n Table l 4 . 

Table 14, Time i n t e r v a l s between the hatching of the 

f i r s t and second eggs i n a c l u t c h of two 

Time i n t e r v a l 4 1 2 12-24 24-36 36-48 48-60 60-72 >72 
(hours) 

Number of 
c l u t c h e s 2 10 7 3. 1 2 0 

Tot a l number of c l u t c h e s = 25 

Mean time i n t e r v a l ( i S.E.) = 2&6 - 64 hours 

On average, the second c h i c k hatched j u s t over 

one day l a t e r than the f i r s t c h i c k and a t a weight 

approximately 0.5g l i g h t e r . Some second c h i c k s hatched 

on the same day as the f i r s t c h i c k s , but i n two cases 

they hatched n e a r l y 3 days l a t e r . I n 12 cases, both 

c h i c k s hatched w i t h i n the same 24 hour period and from 

t h i s group,one of the f i r s t c h i c k s died (8%) and three 



• of .the second chicks (25%). There were 6 cases when the i n t e r v a l 

between hatching was greater than 36 hoxirs and one of these f i r s t 

chicks died {iffo) but f i v e of the second chicks (83?S). Although 

the numb;eF3; were small, they showed a tendency towards a higher 

s u r v i v a l rate for those second chicks which hatched within the 

same 24 hour period as the f i r s t chicks compared with those 

which hatched a f t e r an i n t e r v a l of more than 36 hours of the 

f i r s t chick hatching. As the i n t e r v a l between hatching of 

the eggs showed a close relationship with the laying i n t e r v a l , 

i t was an advantage for the survival of the second chick for 

the two eggs to be l a i d within a short time i n t e r v a l or for f u l l 

incubation to be delayed u n t i l the laying of the second egg. 

I t has been shown already that there was a tendency for incubation 

to be delayed u n t i l a f t e r the laying of the second eggj 59% 

delayed incubation u n t i l a f t e r the second egg had been l a i d , 

9% began incubating on the day between the laying of the two 

eggs and only 33% began incubating on the day the f i r s t egg 

was l a i d , 

&rowth rates,of young 

In 1965, 1966 and I967, a large sample of young were 

weighed at the same time each day, from a few days aft e r hatching 

onwards. After the young had reached 2-3 weeks, d i f f i c u l t y was 

ejqjerienced i n finding them at a regular time each day, as they 

could then wander considerable distances from the original nest 

s i t e . The mean growth rate for the young was calculated for 

each year for the f i r s t three weeks of l i f e , and as the differences 

between the years were very s l i g h t , only the growth curve for I967 

i s shown i n Pigure 11, After i n i t i a l small increases, there was 



Figure 11, Mean growth curve of chicks up to 20 days 

old i 2 standard errors, i n I967. Day 0 

i s the day of hatching. The sample s i z e 

i s always greater than 30. 
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a constant daily increase i n weight from the th i r d to the 

fourteenth day which i n 1967 was 6.8g. After t h i s time chicks 

had reached adult weight and showed large fluctuations i n their 

d a i l y weights, probably due to differing amounts of exercise 

and i r r e g u l a r feeding. 

The growth rates of chicks which had come from different 

brood s i z e s have been compared by placing them into four categories; 

single-brooded, f i r s t chick of a brood of two where both survived, 

second chick of a brood of two where both survived, and the 

surviving chick of a brood of two where one died. The mean 

growth rates for chicks from each of these four categories i n 

1967 are shown i n Figure 12. Although the rate of increase for 

each of the four categories was very similar, there i s a signif i c a n t 

difference between the mean weights at each age for f i r s t and second 

chicks of a brood of two where both young survived. The second 

chick was always s i g n i f i c a n t l y smaller than the f i r s t at any given 

age ( t = 7.60 df = 16 P<0.001). This was approximately equal 

to one day's delay i n development but afte r this delay there was 

no difference i n the development ra.te. 

The growth curves of single chicks and the surviving 

young of a brood of two where one y-oung died were very similar 

but both these categories of chicks attained a smaller average 

weight at any age than the f i r s t chick of a brood of two, 

where both.young survived. 

Studies on.the feeding of the young 

I n 1967 observations were made on a t o t a l of 

14 colour-ringed young i n the cove. The time when each young 

was fed was recorded, together with an estimate of the type and 

s i z e of the f i s h . A l l the food brought i n daring t h i s time 



Figure 12a Mean growth curves of 2 categories of chicks 

i n 1967 

1) Brood of one from clutch of one 

2) Brood of one from clutch of two 
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Figure 12b Mean growth curves of 2 further categories 

of chicks 

3) Brood of two, f i r s t chick 

4) Brood of two, second chick 
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consisted of sand eels (Ammodytes spp.) although at other t i ^ e s 

Clupeids and Euphausi^ were eaten. The numbers of f i s h supplied 

to the 14 young under observation at different times of the day 

are i l l u s t r a t e d i n Figure 13 and show an intensive period of 

f i s h i n g a c t i v i t y i n the l a t e evening which has also been noted 

from casual observation on other days. I t i s unlikely that 

any f i s h i n g occurs during the hours of darkness, although on a 

c l e a r night, p a r t i c u l a r l y i n l a t e June and early July, the actual 

period of darkness coiild be of l e s s than four hours dioration and 

some f i s h i n g may occoksioAa.Uy Kome. commenced before 0400 hours. 

The average number of feeds to the young over the whole 

24 hour period was 0.67 feeds per hour. Over the main peiiod 

when the chicks were fed, during the hours of daylight (0400-2100), 

t h i s produced an average of 11.4 feeds per chick per day. The 

feeding has been considered i n more d e t a i l i n relation to age i n 

Table 15, 

Table 15. The mean number of feeds per hour over a 24 hour period 

together with the mean length of the f i s h supplied to 

chicks of different ages 

Age of chick 

Less than 1 week 

1 to 2 weeks 

More than 2 weeks 

Mean and Total 

Mean number of feeds 
per hour 

0.45 

0.74 

0.61 

0.67 

Mean length of No.of young 
f i s h (inches) under 

observation 

2.2 4 

2.3 5 

2.5 5 

2.4 l i f 



Figure 13. The numbers of f i s h supplied to 14 chicks 

in every two hour period of the day. 

Data from two days' observations in the 

cove, in June 1967. 



No. 

30 

20 

10 

J 1 I L J L J I 

04 06 08 10 12 U 16 18 
Hours 

20 22 



49 

These results may be interpreted with reference to the 

growth curve, from which the average growth rate for chicks of 

less than a week old was calculated as 5.25g per day, and that 

for chicks between one and two weeks old 6,06g per day. After 

two weeks the chicks showed considerable fluctuations in weight and 

many were the same weight as the adults. The size of the f i s h 

brought to the chicks showed a tendency to increase with the age 

of the chicks, but during the period of maximum growth i t was 

the number of feeds which was increased to provide the necessary 

food for the young and the slight increase i n f i s h size was 

probably less important. 

The lengths of the f i s h were estimated to the nearest 

half inch as they were brought in by the adult birds and when 

any of the f i sh were dropped they were collected and measured. 

In a l l cases where this occurred^the original estimate of the 

size of the f i s h was correct to the nearest half inch. The 

mean length of f i s h brought to the young during the period of 

observation was 2,kins (6,1cm), 

In addition to measuring their lengths, the dropped 

f i s h were also weighed whilst they were s t i l l fresh. This 

gave an estimate of the weight of a known length of f i sh and 

from this the average weight of f i s h taken per day by chicks 

of a l l ages was found to be 26.6g, 

Rearing chicks in the laboratory 

In 1967 an attempt was made to rear chicks in the 

laboratory for a comparison of the weight of food taken per -

day with their growth rates. A total of seven chicks of 

various ages were removed under licence at the end of the season. 
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The chicks were divided into two groups for the analysis of data; 

four younger chicks with i n i t i a l weights of 27,0, 27.0, 35.2, and 

35.5g, and three older chicks whose i n i t i a l weights were 84.5, 

86.0, and 98.3g. 

The chicks were fed every 1-2 hours between 0700 and 

2300 each day on pieces of raw herring cut from the whole f i sh , 

and of a size approximating to that of the average sand eel . 

The f i s h pieces were offered to the chicks with a pair of forceps 

and at f i r s t the smaller chicks begged and took food from the 

forceps. The older chicks and, after a few days, the younger 

ones too would not take food i n this way and were force-fed. 

Sometimes they regurgitated the food after feeding but usually 

accepted i t when i t was fed to them a second time. A model 

cardboard head and a stxiffed head of an adult tem were both 

used i n conjunction with the forceps in an attempt to provide 

the necessary stimulation for begging. These had limited 

success with the smaller chicks at f i r s t but provoked no 

reaction after a few days; the older chicks hardly responded 

to them at a l l . 

The chicks were kept in an open tray of sand with a 

wire-netting guard round the edge. They were provided with 

water but took l i t t l e interest in th is . At f i r s t they seemed 

to suffer from cold, particularly the smaller chicks which 

probably missed the warming effect of a brooding adult, and 

an infra-red lamp was set up over the tray to raise the 

temperature. This was apparently successful in providing 

conditions close to those which prevailed in the cove on a 

hot day when the temperature in the sheltered areas reached 

25-30°C and the parents spent very l i t t l e time brooding. 
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A l l the food which was given to the chicks was weighed 

and they were weighed before and after feeding to obtain an 

accurate measure of the weight of food they had ingested. 

The total amount of food taken in 2if hours, was calculated 

together with the net change in weight of the chick over the 

same period. The mean net weight changes for different 

weights of food taken in are shown in Table l6 and Figure 14. 

Table l 6 . The mean changes in weight (^day) in relation to 

the different weights of f i s h ingested (^day) for 

the two groups of chicks in the laboratory. The 

number of occasions that food within any weight 

range was ingested i s shown in parentheses. 

Younger, l ighter chicks Older, heavier chicks 

Range of food 
weights (g/day) 

Mean food 
intake 

Mean weight 
change 

Mean food 
intake 

Mean weight 
change 

0 - 5 2.5 (3) -2.1 • • • • 

5-10 8.4 (15) -1.2 • • • • 

10 - 15 12.2 (14) +1.2 13.8 (5) -4.4 

15 - 20 17.9 (5) +3.3 • • • • 

20 - 25 21.5 (5) +4.8 21.6 (1) -4.5 

25 - 30 26.0 (4) +7.0 • • • • 

30 - 35 • • • • 32.8 (^) -2.2 . 

35 - W) • • • • • • • • 

¥) - 45 • • • • 42.3 (2) +7.0 

45 - 50 • • • • k6.Q (2) +12.3 

The amount of f i s h that any one chick could be induced to 

ingest permanently has been divided into a series of weight ranges 
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that are indicated i n the table, and within each range the mean 

weight of f i s h ingested per day i s given, together with the 

resulting mean change in weight over the same period, and the 

number of occasions that this happened. This number of occasions 

that a chick consumed food within a given weight range was determined 

entirely by how much the chicks would ingest, though i t i s clear that 

the larger group of chicks tended to consume proportionately more 

food per day. 

Of the three larger chicks, two showed l i t t l e overall 

weight increase, and although the third gained 25.Og in three days, 

i t died the following day. These chicks have therefore been 

considered separately in Table 16 and Figure 14, and none of them 

survived for long; two died on the 7th day after collection, and 

the third after 10 days. The direct cause of death was probably 

starvation as a l l the birds were very thin when they died, and 

weighed respectively 108.Og, 86.6g, and 76.3g; the lat ter two 

weights were 20-30g less than the average weights for 3-4 week 

old chicks that have been reported ear l ier . I t was l ikely that 

although adequate food was.available, they lacked the necessary 

stimulation to beg for food or to accept i t . I t seemed unlikely 

that herrings lack any essential food items which are possessed 

by sand eels, as herrings have been used successfully in the 

laboratory in the rearing of Shag and Kittiwake chicks (Brazendale 

pers.comm,), both of which are normally fed on sand eels on the 

Fame Islands. 

The four smaller chicks survived for longer, two for 

11 days and two for 15 days, and they showed some weight increases 

during this time. These increases were at a very low rate, on 



Figure 14. The relationship between the mean food intake 

(g/day) in the laboratory, and the resulting 

mean change in weight (g/day) for two groups 

of chicks : 

A Four young, small chicks a l l weighing less 

than hOs i n i t i a l l y 

r = + 0.93 

y = - 4.22 + 0.42 x 

B Three older, larger chicks a l l weighing 

more than 40g i n i t i a l l y 

r = + 0.71 

y = - 11.9 + 0.42 X 
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average less than Ig per day, as opposed to 6-7g per day for 

chicks of the same age in the wild. They were offered food 

as frequently as in the wild, 10-11 times a day, and although 

at f i r s t they begged for this , they were easily sat isf ied and 

accepted less than 15g of f i sh a day, rejecting more when this 

was offered to them, although this amount was inadequate to 

sustain normal growth. The only way their daily intake could 

be increased was by force-feeding and this was resorted to after 

the f i r s t few days of feeding. 

The weight changes for the older chicks were rather 

errat ic , but they showed that the chicks were capable of consuming 

very large amounts of food in one day, often over ^Ofo of the weight 

of the chick, and that this could result in a very large net weight 

increase. The largest recorded increase was 18,3g after consuming 

2f6,lg of f i s h . Some of the younger chicks also regularly ingested 

over 50^ of their own weight in f i sh in a day. The maximum 

recorded was a chick weighing 34.1g which ingested 27.8g of f i s h , 

81.5^ of i t s own weight, producing a net weight increase over 

24 hours of 7.0g. 

I t i s clear from Figure 14 that both groi^js show a 

reasonably l inear relationship between mean food intake per day 

and mean weight change per day. The correlation coefficients 

for the two groups are : young, r = +0.93 and old, r = +0.71, 

both of which are significantly different from zero. The equations 

of the two regression lines are, y = -4.22 + 0.h2 x, for the young 

group and y = -11.49 + 0.42 x for the older group. The identical 

slopes indicate that the same amount of f i sh produces the same 

change in weight in the two groups, although the different 

intercepts on the horizontal axis indicate that, while the yoiinger 
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chicks required only lOg of f i sh to produce no change in the wei^t , 

the older group required sl ightly more than 27g to produce the same 

effect. 

From the earl ier section on the measurements of daily 

growth rates of chicks in the f i e ld , i t was shown that the mean 

daily growth rate in I967 was 6.8g and i t was estimated that a 

chick was supplied with approximately.26,6g of f i s h each day. 

From the graph of the young chicks fed in the laboratory, i t was 

found that to maintain a growth rate of 6.8g per day required 

26,2g of f i s h , which was very similar to the estimate obtained 

from f i e l d observations, 

Cymborowski & Szulc-Olechowa (I967) reared I5 Common Tem 

nestlings successfully in the laboratory and compared their 

development with 8 chicks reared in the wild. They found that 

similar weight increases occurred in both groups, but the hand-

reared birds reached maximum weight a few days la ter . The weight 

of the hand-reared birds did not exceed the adult weight which 

normally occurs under natural circumstances and they showed 

greater fluctuations from the mean values. 

Mortality of the chicks up to the time of fledging 

Methods 

Chick mortality was estimated in two ways, (a) by the 

recording of a l l dead chicks in the study area, both ringed and 

unringed, and (b) by recording a l l surviving chicks and assuming 

that any which disappeared before an age when fledging would be 

likely^ had died. These two methods were used in conjunction 

with each other for a l l the nests in the study areas. At every 

nest round^the corpses of any young were recorded and removed, 

so that the time of death was known to within 12 hours. 
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The ring numbers of the surviving young were also noted or, i f 

they were too small to be ringed, the number of the nest from which 

they came. This gave a good cover of the area as a l l the chicks 

which were known to have hatched in the area were either seen alive 

at least once every f ive days or were found dead. I f they were 

not observed for a period of f ive days, prior to fledging age, 

they were assumed to have died. I f they were observed within a 

few days of fledging and in a healthy condition, but not subsequently 

found, these were assumed to have fledged successfully. 

As a further check on survival, mist nets were used 

la ter in the season to catch f lying juveniles, partly to obtain 

weights for birds of this age, but also to provide a check on the 

chicks which had fledged from the study area. Most of the juvenile 

birds were caught in this way and a l l were in the previously "assumed 

survived" category; none in the "assumed died" category. 

These methods depended on the fact that Arctic Tern 

chicks spent their f i r s t few weeks of development near the natal 

s i te . A few days after hatching they wandered for short distances, 

partic\ i larly into cover, but always returned to the original nest 

site to be fed. Even after fledging, when the birds are s t i l l 

being fed by their parents, they often returned to the natal site 

for this food and i t was therefore possible to net flying juveniles 

over the original study area although they were not confined to 

this area and were not spending a l l their time there. 

Causes of mortality 

The main causes of mortality were exposure, predation, 

attack by adult terns and possibly starvation. I t was d i f f icu l t 

to assess the differing contribution of a l l these to the mortality, 

particularly when the chick was assumed dead on the negative 
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evidence that i t was not found al ive . I t was also l ike ly that 

in some cases more than one factor contributed to the death of 

a chick and so a detailed evaluation of the different causes of 

mortality could be misleading. 

1 , Exposure 

Very young chicks, those up to 3-4 days old, were 

brooded almost continuously by their parents. I f this brooding 

did not take place, the heat losses from small chicks would be 

very great and they would suffer from exposure, particularly 

during periods of strong winds or ra in , Belopolskii (I961) 

stated that the thermo-regulatory powers of tem chicks are 

not fu l ly developed xmtil the chicks are a few days old. 

As the tem chicks increased in size, brooding became less 

continuous and f ina l ly ceased by the time the chicks were about 

a week old, except during heavy ra in . Heat loss from these 

older chicks was reduced as t^eir surface area to volume ratio 

was l e s s . They also had greater mobility and moved away from 

exposed areas into the shelter of rocks or vegetation. 

Exposure was probably a more important factor in the 

mortality of very young chicks than in the deaths of older ones, 

although i t had an effect on a l l chicks in poor weather conditions. 

The effects of poor weather were enhanced i f the colony was 

suffering disturbance, which on Inner Fame usually took the form 

of the general public walking on the paths around the edges of 

the colony. The reasons why this disturbance added to the effects 

of bad weather were (a) that the amoimt of time spent brooding was 

reduced as the adults spent more time attacking the intruders into 

the colony than looking after their young and (b) that when the 

adults l e f t the nest,the chicks made for the nearest cover. 
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In the vegetation areas this usually consisted of a small tunnel 

into the vegetation, sometimes up to a foot long, and after heavy 

rain the walls of these tunnels became very wet so that the chicks, 

on pushing their way into the vegetation, became soaked. Their 

subsequent heat losses were much greater and they were more l ike ly 

to suffer from exposure. This probably contributed to the 

higher mortality in the vegetation areas vrtiich i s discussed later , 

Nye (1964) investigated the heat loss in wet ducklings 

and chicks and found that wet birds had considerably lower 

temperatures than dry birds. She further found that week old 

chicks that had been wetted by half immersing them in water for 

three minutes suffered a much greater reduction in their body 

tenrperatures after removal from the water than did four week 

old birds af ter the same treatment. A tern chick on the Faroes 

during ra in , although unlikely to be immersed in water, suffered 

considerable wetting, particularly i f i t was pushing i t s way 

through wet vegetation. When the adults were disturbed from 

the nest siteethe chicks were also exposed to the cooling effect 

of the wind. The effects would be particularly marked in small 

chicks, as apart from their poorly developed thermo-regulatory 

mechanism and high surface area to voltime ratio, these chicks 

were more l iable to wetting as they lacked the waterproofing 

contour feathers of older chicks. The down feathers possessed 

by the young chicks quickly became soaked and the birds soon 

suffered from hypothermia. 

Chicks which were suffering from exposure could usually 

be identif ied before they succumbed. Typically they stood s t i l l 

with drooping wings and with their eyes closed, and called at 
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regular intervals , although not apparently in response to any 

external factor. In the more extreme stages the chicks were 

apparently unable to stand, but l i f t e d their heads, with eyes 

s t i l l closed, to c a l l occasionally. They were sometimes found 

shivering. A l l the chicks which showed any of these symptoms 

were la ter found dead. The reactions of the parents to these 

chicks varied considerably but they rarely brooded them. I f 

there was a surviving chick s t i l l in the nest, particularly i f 

this was begging for food, the feeding urge was much stronger 

than the brooding urge, and the dying chick was abandoned for 

the healthy one. This has obvious selective advantages where 

the parents attempted to rear two chicks. 

Figure 15 shows the numbers of chicks found dead each 

day in 1966 and I967 for the main period of the breeding season, 

together with the mean daily r a i n f a l l . In each year, after a 

period of heavy rain, the numbers of chicks found dead increased. 

This was particuarly marked at the beginning of the season when 

there were a very large number of chicks about. In I967, a spell 

of heavy rain icî fek °'̂ *il_Z]i for a short time, less than 12 hours, 

and although this resulted in some mortality, this was not as 

great as that ear l ier in the season due to the predominance of 

older chicks in the colony at this time, Springett (I967) 

found severe hypothermia resulting from exposure in the vegetation 

areas that here caused 44 out of a total of 64 deaths (68^) in 

1963 and 1964, In the cove he found no deaths through exposure 

i n 1963 and only 5 out of a total of 23 (2]^) in 1964. 

2. Pre da t i on 

Springett (1967) does not mention predation as being 

a cause of chick mortality on the Fame Islands and i t i s l ike ly 

that this has increased since his observations from I963 to I965. 



Figure 15, The numbers of Arctic Tern chicks found dead 

during the main part of the breeding season 

in 1966 and I967, expressed as percentages 

of the total number of chicks at r i s k . 

The daily r a i n f a l l i s shown for the same 

period, (• 
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I n 1966 and 1967 very l i t t l e predation of chicks was observed, 

but t h i s was greatly increased i n I968, Casual observations 

by N. Brown (pars,comm.) i n 19^9 and 1970 suggest that predation 

was at a f a i r l y high l e v e l i n those years, p a r t i c u l a r l y towards 

the end of the seasons. The predation was caused by Herring 

and Lesser Black-backed G-ulls Larus fuscus which do not nest on 

Inner Fame but breed i n large numbers on the neighbouring islands 

of Knoxes Reef, and East and West Wideepens. The reasons f o r the 

increase i n predation i n I968 are discussed f u l l y i n Section k* 

No accurate estimate could be made of the percentage of chicks 

preyed upon as only r a r e l y was t h i s known by observation to have 

occurred to a p a r t i c u l a r chick, and many chicks which came i n t o 

the "disappeared" category may have been preyed upon. This 

category also included chicks which had wandered away from the 

study area and probably died either of starvation because t h e i r 

parents could not f i n d them, or of attacks from other adults 

i n t o whose t e r r i t o r y they had wandered. 

Predation has been found to be a major factor i n chick 

• m o r t a l i t y i n other colonies; f o r instance Burton & Thurston (1959) 

found the G-laucous G-ull Larus hyperboreus an important predator 

i n Spitsbergen, Cullen (1960), r e f e r r i n g to the terns breeding 

on the Fames, found evidence of g u l l predation and suggested 

that t h i s was reduced by the mobbing attacks of the adult terns. 

These attacks also had the effect of making the gulls move quickly 

through the colony so that they-^^^~Jiad. the chance of seeing and 

picking up^^oorly camouflaged young. Colonial attacks on predators 

were also seen i n the Wideawake Tem Sterna fuscata on Ascension 

Island by Ashmole (I963) where the synchronisation of hatching was 
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an important protection against the marauding cats and f r i g a t e 

b i r d s . Any yoving which hatched l a t e r than the majority stood 

a much greater chance of being preyed upon due to the reduced 

or minimal attacks on the predators by the few adult terns that 

remained, 

3. Attack by adult terns 

During the f i r s t week of t h e i r l i f e ,chicks often 

wandered short distances away from the o r i g i n a l nest s i t e . I f they 

strayed i n t o the neighbourhood of another nest site,the adult attacked 

them by pecking sharply at the chicks' heads. Unless the chicks 

could move out of the area quickly,this usually resulted eventually 

i n death. The attacks by the adults continued while the chicks 

were trespassing u n t i l they lay s t i l l . Older chicks were much 

more s k i l f u l at avoiding these attacks and moved quiclcly either 

back to t h e i r own nest s i t e or to neutral ground. The attacks 

were mainly confined to open areas of the cove or rocks where the 

chicks were much more l i k e l y to stray i n t o the wrong area and 

, accounted f o r only a small percentage of the mortality i n each year, 

approximately ^% of a l l chicks found dead i n the open areas were 

found to have been attacked i n t h i s way, P e t t i n g i l l (l939) found 

that i n t e r n a l factors i n the colony accounted f o r the greatest loss 

of young and Springett (I967) calc\ilated that attack by adults 

accounted f o r 39^ of a l l deaths i n the cove but only '^fo i n the 

vegetation areas. I n the l a t t e r , the chicks were usually confined 

to the area around the nest s i t e and t h e i r "escape tunnels", by 

the physical height of the vegetation u n t i l they were at least 

three weeks old. The amount of mortality from attack by adult 

terns was therefore considerably reduced i n the vegetation areas. 
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k. Starvation 

I t was d i f f i c u l t to assess when a chick had died 

from starvation as the weights of chicks found dead varied 

considerably according to the length of time since death and 

the rate of drying of the corpses. I t was d i f f i c u l t to separate 

starvation and exposure as d i s t i n c t causes of death, p a r t i c u l a r l y 

when the young had died during heavy rai n . I t was l i k e l y that 

these two factors operated together. Starvation was the l i k e l y 

cause of death i n many of the second-hatched chicks i n broods of 

two as these chicks hatched on average just over one day l a t e r 

than the f i r s t chicks and, having come from smaller eggs, had 

an average weight on hatching 0,5g less than that of the f i r s t 

chicks. I t was unlikely that they were able to compete with 

the older chicks f o r food, p a r t i c u l a r l y i f t h i s was at a l l l i m i t e d . 

Even when food was p l e n t i f u l , the adults returning to the nest s i t e 

with food gave t h i s to the chick which begged most greedily or 

which grabbed the f i s h . As the f i r s t chick had a head s t a r t i n 

development and would be more vigorous i n begging f o r f i s h , i t 

usually obtained t h i s i n competition with the second chick. 

Only when the f i r s t chick was satiated would the second chick 

obtain food. I f i t became weak, the pecking of the adult's 

b i l l which Quine & Cullen (1964) foiind to be essential to stimulate 

the adult to further f i s h i n g became less, u n t i l the adult received 

i n s u f f i c i e n t stimulation and f a i l e d to feed the chick. The 

resultant starvation was probably the main cause of death i n the 

second chicks of broods of two where these died i n the f i r s t 

week of l i f e . 
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Comparison of the t o t a l annual chick mortality during 1965-1968 

The t o t a l mortality f o r 4 years from I965-I968 was estimated 

from l i m i t e d study areas and t h i s i s shown i n Table 17, I n I968 

the minimum chick mortality i s shown; the actual chick mortality 

may have been much higher, but t h i s i s discussed i n d e t a i l i n 

Section 4, 

Table 17. Total chick mortality f o r I965-I968 

Total young Total young Percentage mortality 
Year hatched found dead * S.E, 

1965 258 10k 2tO,3 i 3.1 

1966 404 179 44.3 - 2,5 

1967 239 50 20.9 i 2.6 

1968 103 39 37.9 i 4.8 

Although considerably fewer young hatched i n I968, the minimum 

mort a l i t y of those which did hatch was similar to that i n I965 

and 1966. In I967, however, the mortality was s i g n i f i c a n t l y 

lower than that i n other years (d = 5,98 P<0,00l). There 

was very l i t t l e difference i n the t o t a l r a i n f a l l of the four 

years and each year suffered some very heavy rain with over 

20mm i n 12 hours. I n 1967,most of the rain f e l l at night 

when the colony was undisturbed and the adults were not away 

at sea f i s h i n g . They had greater opportxinity to brood the 

chicks and t h i s may have contributed to the increased survival. 

Casual notes on the weather were made ̂ n̂ Inner Fame and i n I967 

there was some very hot weather i n late June and early July, 

the time when the majority of chicks were hatching, and i t i s 



63 

suggested that t h i s , combined with the r a i n f a l l mainly occurring 

at night, accounted f o r the lower chick mortality observed i n 

th i s year. 

Further': observatipns around the Fame Islands i n 

1967 suggested that there was an abundance of plankton and that 

small f i s h , feeding on the plankton, were also p l e n t i f u l . On 

several occasions, when i t was possible to look down from a 

small boat i n t o a calm sea, t h i s was seen to have a 'soupy' 

appearance and planktonic animals v i s i b l e to the naked eye were 

very abundant. The tems were bringing i n more clupeoids than 

sand eels which was unusual as normally sand eels form the major 

part of t h e i r d i e t , Pearson (1968) found that on average sand 

eels accounted f o r 65?S of the Arctic Tems' diet when the numbers 

of f i s h were considered. Clupeoids normally only accounted f o r 

2252 by number, although t h i s was Gjfo by weight. I t i s possible 

that the clupeoids were i n greater abundance around the islands 

due to the abundance of plankton, and t h i s may have been the 

northern end of a large scale concentration of sprats recorded 

by Johnson (pers.comm.) which mainly occurred 10-15 niiles north

east and south-east of Tynemouth during the early part of I967. 

Johnson said that t h i s concentration broke up to some extent early 

i n 1967 but that stocks of f i s h throughout the summer of 1967 

were at a very high l e v e l . A similar situation was recorded 

o f f the coast of North Yorkshire near Robin Hood's Bay by 

Feare (pers.comm.) who found that the inshore waters i n July I967 

were teeming with sprats and thousands of f i s h were l e f t stranded 

i n the rock pools at low t i d e . 
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A l l t h i s evidence suggests that i n I967, during the 

period June to July, there was an abundance of food around the Fames. 

The main effec t of t h i s may have been that the adult terns found food 

very easily and could spend more time brooding the chicks than i n 

other years when f i s h were less abundant. I t i s rather surprising 

that t h i s did not give r i s e to increased growth rates of the chicks, 

but i t may have been an important i n d i r e c t factor i n the increased 

survival of the chicks i n I967. 

Chick mo r t a l i t y i n r e l a t i o n to time of breeding season 

The differences i n chick mortality throughout the 

season were examined by comparing the percentage mortality of chicks 

which hatched at various periods throughout the season. The 

seasonal changes i n mortality are shown i n Figure I6 f o r the four 

years I965-I968. I n each year the mortality showed a general 

increase towards the end of the season and reached very high levels, 

31$, and 100^ i n I965 and 1966 respectively f o r the l a s t period. 

In a l l years except 1966,the mortality at the beginning of the season 

was f a i r l y high, the value then dropped to the lowest l e v e l , and 

f i n a l l y showed a slow increase to the end of the season. I n I966, 

although the mortality i n the early part of the season was lower 

than any other value i n I966, i t was s t i l l higher than the early 

value i n 196? and approximately the same as that i n I965. I n 

other years the highest mortality occurred i n the very early and 

the very l a t e part of the season and this may have been due to 

the smaller numbers of breeding birds i n the colony at these times. 

Yfhen the niimber of birds i n the colony was reduced,the attacks on 

predators were much less intensive and the increased mortality 

may be p a r t l y accounted f o r by an increase i n predation. I n I966 

p a r t i c u l a r l y , and to a lesser extent i n 196?, a few nights of very 



Figure l 6 . The numbers of chicks dying, expressed as 

percentages of the t o t a l at r i s k , i n r e l a t i o n 

to the date of hatching I965 to 1968. 



100 
7. 

60h 

20^ 
1965 

lOOr 
7= 

60 h 
1966 

.i=± 

60r 
7 , 

0 

60 r 7. 

• \ 1967 

1968 

20 
20 

June 
30 10 

July 
20 



65 

heavy rain i n mid-July may have contributed to the late mortality 

of chicks. 

Comparison of chick mortality i n d i f f e r e n t areas 

The numbers and percentages of chicks which died i n 

three d i f f e r e n t areas were examined i n the three years 1966-I968 

and the figures are shown i n Table 18. The totals f o r the years 

were not combined as the t o t a l mortality i n I967 was s i g n i f i c a n t l y 

lower than i n the two other years. 

The discrepancy between the vtotal number of chicks 

i n 1966 studied f o r seasonal mortality and the lower totals i n 

Table 24 was due to the smaller sample of nests studied i n 1966. 

The main e f f o r t i n 1966 was concentrated on the weighing of a 

large sample of chicks; the ages of these were known but i n many 

cases neither the brood size nor, i n the cases of older chicks, 

the precise areas i n which they had hatched were known. 

There was l i t t l e difference between the mortality 

on the rocks area or i n the cove i n any year. I n I966 the mortality 

i n the vegetation was much higher than i n the other areas, but not 

s i g n i f i c a n t l y so, and i n I967 and I968 i t was only s l i g h t l y higher. 

This was probably due to the wetting effect of the vegetation which 

has already been discussed. I n 1967, when the general mortality 

was much lower, possibly p a r t l y due to the drier season and p a r t l y 

due to the f a c t that the r a i n f a l l which did occur f e l l mainly at 

night when the effect on chick mortality was much less, the 

mortal i t y i n the vegetation was only s l i g h t l y higher than i n the 

other area's. In I968, when one of the main causes of mortality 

was probably g u l l predation, the mortality of chicks i n the vegetation 

was similar to-that, i n other areas as the chicks, inHhe vegetation 

were more protected from predation than chicks i n the more open areas. 
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Comparison of morteility of c h i c k s from d i f f e r e n t brood s i z e s 

The numbers of c h i c k s dying from broods of 

one ( B l ) , f i r s t c h i c k s from broods of two ( B 2 / l ) , and second 

c h i c k s from broods of two (B2/2) i n each year were compared 

and are shown i n Table 19. 

I n 1966 the mean m o r t a l i t y of single-brooded c h i c k s 

was s i g n i f i c a n t l y higher than that of f i r s t c h i c k s of a brood 

of two (d = 3.08 P<.01). This may have been due to the 

d e c l i n e i n c l u t c h s i z e throughout the season with a greater 

proportion of single-egg c l u t c h e s towards the end of the 

season. M o r t a l i t y has been shown to be higher a t t h i s 

time, f o r reasons d i s c u s s e d e e i r l i e r , and the s i n g l e brooded 

c h i c k s were s u b j e c t to an i n c r e a s e d r i s k from m o r t a l i t y due 

i n d i r e c t l y to the time of hatching. This d i f f e r e n c e was not 

seen i n 196? or I968, but the f i g u r e s for these years were 

based on much smaller numbers of c h i c k s . 

I n 1966 and I967 there was a s i g n i f i c a n t d i f f e r e n c e 

between the m o r t a l i t y of the f i r s t and second c h i c k s from a 

brood of two (I966 - d = 7.97 P< 0.001; I967 - d s 3.36 

P<0,001)t I n 1968 the f i g u r e s were too small to show 

s i g n i f i c a n c e but r e f l e c t e d the same general trend. The 

m a j o r i t y of the second c h i c k m o r t a l i t y , over 95^, occurred 

during the f i r s t week and was probably due to two main 

f a c t o r s (1) the f i r s t c h i c k s hatched from l a r g e r eggs and 

as has been estimated e a r l i e r , had a greater mean weight on 

hatching than the second c h i c k s and (2) the f i r s t c h i c k s 

hatched on average over one day before the second c h i c k s 

(mean i n t e r v a l between hatching 28,6 * 6,4 h o u r s ) . 



68 

During the f i r s t few days of l i f e , t h e second c h i c k s were 

therefore competing with a Brach l a r g e r c h i c k and i n many 

case s could not sur v i v e the competition. Figure 1? shows 

the mean weights of second c h i c k s f or the f i r s t week of l i f e , 

taken from the growth curve, together with the corresponding 

weights of the f i r s t c h i c k s , a t an age when they would be 

competing, i . e . s l i g h t l y over a day older. The mean 

d i f f e r e n c e i n the weights of the competing c h i c k s f or the 

f i r s t week of competition was 15.Og; the gr e a t e s t d i f f e r e n c e , 

21.Ig, occurred when the f i r s t c h i c k was j u s t over 6 days old, 

competing with i t s 5 day old s i b l i n g . A f t e r that the 

d i f f e r e n c e between the c h i c k s lessened and the m o r t a l i t y of 

the second c h i c k was reduced, !Phis was very s i m i l a r to the 

e f f e c t found by Hawksley (1957) who s a i d that most of the 

m o r t a l i t y i n the f i r s t week of l i f e was that of second c h i c k s 

and that t h i s was due to competition from older c h i c k s , which 

were d i s p r o p o r t i o n a t e l y l a r g e r due to t h e i r e a r l i e r s t a r t . 

Age a t which m o r t a l i t y occurred 

The ages of a l l c h i c k s which were found dead 

were known to w i t h i n one day from the r i n g i n g and the nest 

r e c o r d s . The numbers of dead c h i c k s of d i f f e r e n t ages 

from the three c a t e g o r i e s are shown i n Table 20 andl i n 

Figure l8^ these are expressed as percentages of the t o t a l 

number found dead i n any one category. 

The m a j o r i t y (66?^) of the m o r t a l i t y of a l l c h i c k s 

took p l a c e w i t h i n three days of hatching and 929̂  of the t o t a l 

number of deaths occurred during the f i r s t week of l i f e . 



Figure 17. The mean weights (g) of second chicks during the 

f i r s t week of l i f e compared with the corresponding 

weights of the f i r s t chicks. 
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Figure 18. The numbers of chicks dying at d i f f e r e n t 

ages, expressed as percentages of the t o t a l 

which died i n each category : 
. „ , „ , i f i r s t chicks A Broods of two, .. j v.. i * 11 second chicks 

B Broods of one 

C A l l chicks 
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Table 20 , Numbers and percentages off the t o t a l number 

at r i s k of dead chicks of different ages from 

the three brood categories 

B2/1 B2/2 Bl A l l 

Age No, % No. % No, % No, 

Hai^ching k 17 13 23 12 ^3 29 27 

Less than 
3 days 7 30 23 ^1 12 ^3 ^2 39 

3 - 7 days 6 26 17 31 k 15 27 25 

8 - 1 ^ days 5 22 2 k 0 0 7 7 

1 5 - 22 days 1 ^̂  1 2 0 0 2 2 

Total 23 36 28 107 
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Hawksley (1957) fotind that 7656 of a l l chick mortality occurred 

within the f i r s t week of l i f e . This effect was particularly 

marked i n single-brooded chicks. The reason for this early 

mortality was the effect of exposure on small chicks that 

has been discussed e a r l i e r . The increased effect of this 

on the single-brooded chicks was probably due to the pre

dominance of these l a t e r i n the season. At this time 

disturbsince i n the colony increased and paorents of young 

chicks spent more time away from the nest than adults with 

chicks of the same age e a r l i e r i n the season. I f t h i s wass 

at the very early stages of development, during the f i r s t 

few days of l i f e , when the chicks required almost continuous 

brooding, there was an increased r i s k of chick mortality. 
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Within the broods of two, the mortality of the 

second chick was higher for the f i r s t few days when thi s was 

competing with a disproportionately larger f i r s t chick. 

After the f i r s t week the surviving second chick was more 

capable of competing successfully with i t s elder sibling 

and the mortality decreased to l e s s than 3% of the total 

deaths of the second chicks. The mortality of the f i r s t 

chicks apparently increased i n the second and third week 

of development, but these percentages were based on totals 

of only five and one dead chicks respectively and were not 

si g n i f i c a n t . 

Fledging success and weights of juveniles 

The age at which a bird was said to have fledged 

was defined as the age at which i t could f l y , but i n practice 

a bird was assumed to have fledged, that i s , to be capable 

of f l i g h t when the primsuries were f u l l y developed i n length,' 

Belopolskii ( I 9 6 I ) stated that Arctic Terns flew from the 

nest s i t e after 20-24 dsiys, but he quoted differences between 

the Northern legions given by Pleske (1928) 20 days, and 

the Southern regions given by Horthig (1929-31) as 28 days. 

Palmer (19^1) said that Common Terns f l y at an average of 

30 days but Boecker (196?) suggested that they may require 

more time to fledge than Arctic Terns, Cullen (in Bannerman 

1959) said that Arctic Terns took their f i r s t f l i g h t of a few 

yairds at between 3 and h weeks. 

In 1966 a large number of chicks were weighed 

daily and their plumage was examined. The development of 

the primaries was recorded and the mean time (- S.E.) for 
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the f u l l development of the primaries i n 77 birds was 

1 7 . 7 - 0 .6 days. There was a significant difference 

between the mean for the f i r s t chicks, 17 ,0 t 0 .5 days 

and the second chicks of a brood of two, 19*3 - 1.1 days 

( t = 2 .11 df 57 P < 0 . 0 5 ) . The mean time for thirteen 

single brooded chicks to reach fledging age v;as 17 .5 - 1.0 

dlays. 

The majority of young birds were probably flying 

at l e a s t short distances by the time they were 21 days old. 

Mist nets were used i n the l a t e r part of the season to catch 

these f l y i n g juveniles and a l l birds caught were weighed auid 

the i r plumage examined. By the time the birds were k weeks 

o l d ^ a l l traces of down feathers had disappeared, and i n I966 

when the use of mist nets was most intensive, the youngest 

juveniles caught were 17 days oldj only four birds were 

caught i n the cover over k weeks old. By this age,the 

birds were s t i l l being fed by the parents but t h i s mainly 

took place i n the open rocky areas or on the 'club' areas 

at low tide, rather than i n the nesting area. The mean 

weight ( i S.E.) of fl y i n g juveniles caught i n I966 was 

95.05 - 2 .66g and the reinge of weights was from 73 - 112^. 

This was s l i g h t l y but not si g n i f i c a n t l y lower than the mean 

weight, 9 9 . 3 ^ - 1 .12g, of 17 adults weighed i n I966 when 

the range of weights was from 93 - 108g, There was 

however a significant difference between the mean v/eight 

of the adults i n I966 and the mean weight, 108,05 t l . 7 0 g 

(range 92 - 12^g), of 57 adults weighed during a similar 
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period i n 196? (d = 6 .09 P< 0 . 0 0 1 ) . The difference between 

the mean weights was nearly lOg and t h i s may have been due to 

the abundance of food i n I967 which has already been discussed, 

The s i g n i f i c a n t l y higher weights of adults i n 1967 may account 

for the increased breeding success i n that year. Belopol'skii 

(1961) found that the mean weight of 67 males to be 107,3g 

(range 93 - 13^), and of 3I females 106.1g (range 89 - 129) 

and these means are nearer the weights of I967 on the Fame 

Islandoi Belopol'skii also suggested that the mean weight 

of the adults dropped by 8 - lOg from May to August, but 

he^aJi onlj T^small samples to support this'. No evidence 

for t h i s was found and i t cannot explain the differences 

observed between the mean weights i n I966 and I967 as the 

birds were weighed throughout the same period'. 

Breeding success 

Total breeding success was calculated i n each 

year by expressing the nixmber of young which fledged 

successfully from the study area as a percentage of the 

niimber of eggs l a i d i n that area. The figures for the 

three years are shown i n Table 21 . In 1966, the number 

of chicks under consideration i n the chick mortality 

section was large; 179 chicks died out of a total of kOh^ 

giving a mortality rate of kk,J>% and a survival rate of 

53»7%t hut the number of chicks from I966 under consideration 

i n Table 21 i s reduced, as the chicks here 'mcAoie. eM^j those 

where the clutch size of the nest from which they came was 

known. This information was not available for many of the 

chicks i n I 966 as they were primarily studied to provide 
data for the daily growth rate section. 
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Table 21,' Hatching, fledging and total breeding success 

1966 - 1968 

% total 
No,of eggs No,of young % No,of yoiuig % breeding 

Tear l a i d hatched hatch fledged fledged success 

1966 322 1^3 75 52.^ 23.3 

1967 508 239 h7,0 189 79.1 37.2 

1968 659 103 15.6 Sh 62.1 9.7 

The t o t a l breeding success i n I966 (23.39^) was lower 

than that i n 1967 when 37*2% of a l l eggs l a i d produced fledged 

young. The hatching success for the txio years was very 

similar and the differences i n breeding success v/ere mainly 

due to the increased chick survival i n 1967» which has 

already been discussed. The breeding success i n 1968 

was s i g n i f i c a n t l y lower than the breeding success i n I966 

or 1967 (d = 11.7 P<0.001), and this was due to the 

considerably lower hatching success (15.6?^) i n I968 compared 

to kk,k%'±Q. 1966 and ^7.09S i n I967. The reasons for this 

are discussed i n Section V.' Those chicks which did hatch 

i n 1968 had a f a i r l y good chance of fledging; 62.1% fledged 

compared to 79.1% i n 1967 and 52.4% i n 1966. 

The figures for the total breeding success include 

any clutches which were r e - l a i d after the loss of the f i r s t 

clutch. As the incidence of re-laying may have been 

different i n the three years, the breeding success was 

also calculated as the number of young fledged per breeding 

p a i r . Unfortunately t h i s could be known^for colour-

ringed p a i r s and therefore the samples which are shown 

i n Table 22 are rather smallV' 



Table 22, Number of young fledged per pair of breeding birds 

Observed 
No. of % increase 

No. of fledged Expected between observed 
No. of fledged Young/pair no, of and 

Tear pairs young i S.E. young/pair expected 

1966 72 34 0.47i,12 0,39 + 20% 
1967 93 61 o,66i.io 0.63 + 5% 

1968 111 23 0,2li,08 0.14 + 50% 

Knowing the mean clutch size eind the breeding success 

for each year, i t was possible to calculate an expected number 

of young per pair, assuming that each pair only l a i d one 

clutch. These expected values are shown i n Table 22 and 

they are a l l smaller than the observed values; the percentage 

increases between the figures are shown i n the f i n a l column'. 

These differences between the observed and expected values 

were not significant i n I966 (d = I.39) or I967 (d = 0,60) 

but the difference i n I968, an increase of 50.1%, was a real 

one (d = 2.12 P<0.03) and was probably, due to the re-laying 

of clutches l o s t during the main period of the red tide. 

Dimorphism of young 

In each year a dimorphism i n the colour of the 

yomx^ Arctic Terns was observed; one form having pre

dominantly brown and the other grey down plumage for the 

f i r s t week of l i f e . As soon as the primary feathers began 

to develop, this ground colour was no longer obvious. A 

few chicks vera found with very yellow down feathers, but 

as these accounted for l e s s than 1%' of a l l chicks, they 

were ignored i n the present analysis. Approximately 
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5% of a l l chicks had a plumage which was intermediate 

between grey and brown, and these were also disregarded. 

In 1967 and I968 a tot a l of 95 chicks was 

investigated; 67 of these, i . e . 71% were brown and 

28 •(3C^) were grey. The proportion of brov/n to grey 

chicks was similar i n each year, 7^% of brown chicks i n 

1967 and 67%'in I968. There was no difference i n the 

proportion of the two forms i n different areas i n either 

year. 

Table 23, The mortality of grey and brown chicks i n 

1967 and 1968 

1 9 6 7 1 9 6 8 1967 and 1968 
Chick Nô -at No. Mort- No,at No'." Mort- No,at No, Mort-
colour r i s k dead a l i t y r i s k dead a l i t y r i s k dead a l i t y 

Brown 33 10 30% 3^ 7 21% 67 17 25% 

Grey I6 9 56% 12 3 25% 28 12 ^3% 

The values for the mortedity of the brown and grey 

young are given i n Table 23, and although there i s no 

sig n i f i c a n t difference between these mortalities, there 

appears to be a tendency for the brown young to suffer l e s s 

mortality than the grey young. There was no evidence of a 

seasonal trend i n the proportions of the two colours of 

young and the mean hatching dates i n each year were very 

similar with no significant differences between them. 
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There i s a p o s s i b i l i t y that the dimorphism may have 

evolved o r i g i n a l l y as a camouflage adaptation for different 

ground colours, Cullen (I96O) has mentioned the importance 

of camouflage i n Arctic Tern chicks when the adults mob 

marauding g u l l s , forcing them to f l y quickly through the 
O O I H 

colony so that they are able to see^tne most obvious 

chicks. As no differences were found between the 

proportions of brown and grey chicks i n the different areas 

on Inner Fame, i t seems unlikely that colour has any 

selective advantage at the present, although a more detailed 

and longer term study would he necessary to confirm t h i s . 
Preliminary discussion of Section One 

The breeding biology of Arctic Tern on Inner 

Fame was considered i n d e t a i l for the years I966 to I968, 

with some information from the l a t t e r part of 1965. 

The tems normally l a i d a clutch of one or two eggs, but i t 

was found that i n a brood of two, the second chick had a 

considerably higher mortality than the f i r s t , " This was 

probably due to a smaller second egg resulting i n the 

second chick having a lower hatching weight than the f i r s t 

and being unable to compete with the f i r s t chick which had 

hatched j u s t over a day e a r l i e r . The second chick may 

quickly have become so weak that i t was unable to provide 

the parent with s u f f i c i e n t stimulation to feed i t and 

eventually succumbed. I t i s unlikely that the young 

brood was limited by the amount of food the parents were 

physically able to bring to the nest s i t e as other pairs. 
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at the same time would be successfully feeding two chicks of 

much greater si z e when the second chick did survive. I t 

seems possible that the high mortality of the second chick 

i s caused mainly by a behavioural f a i l u r e rather than 

d i r e c t l y by food shortage. As the mortality of the f i r s t 

chicks of a brood of two was not si g n i f i c a n t l y higher than 

single brooded chicks, i t i s c l e a r l y an advantage overall 

for the adult to lay two eggs as, i n spite of the high 

mortality of second chicks, t h i s r e s u l t s eventually i n an 

increased t o t a l production of young. 

In both 1966 and 1967» when the breeding was un

interrupted by the red tide, there was considerable evidence 

of a short i n i t i a l increase followed by a general decline 

i n reproductive success throughout the season. This was 

shown i n the clutch size and egg volume, and particularly 

i n the survival of chicks; i n a l l years, the l a t e r hatched 

chicks had a much higher mortality than any other group and 

in 1965 and 1966, the mortality of chicks hatched after 

10 l u l y was nearly 955̂  and 100% respectively. This decline 

i n reproductive success towaurds the end of the season may 

have been due to one or more of the factors which are discussed 

below, decline i n food supply, increase i n disturbance, 

reduced density of the colony, or the age of the breeding 

adults'. 

I t i s possible that the supply of sand eels, the 

main food item of the Arctic Tern on Inner Farne, may decline 

towards July and August, although no sampling has been carried 

out i n t h i s area of the North Sea, Macer (I966) said 
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that i n the south-western North Sea,the peak of the sand 

eel fishery was i n June and that this normally extended 

from A p r i l to July, exceptionally from March to August. 

Cameron worked on sand eels i n the waters near the I s l e 

of Man and found they were shoaling heavily near the shore 

from March to the end of August, but after t h i s time they 

moved further offshore and changed to a more sedentary 

habit of lying on the bottom. I f th i s happens near the 

Fame Islands, there copLd be a reduction i n the niimber 

of f i s h available to the terns towards the end of the season 

but at the moment there i s no evidence for t h i s . 

There i s , however, positive evidence that the 

number of human v i s i t o r s to the islands increases during 

the season, p a r t i c u l a r l y i n the main holiday period of 

July and August, The effect of disturbance on the breeding 

success of the tems has been shown i n t h i s section and i t 

i s probable that t h i s i s one factor contributing to the low 

success of the la t e nesters. Similarly, the reduction i n 

the density of the colony as the early breeders move away 

with fledged young may reduce the success by removing the 

advantages of colonieil breeding. These are considered i n 

greater d e t a i l i n the general discussion. 

The age composition of the late breeders may have 

an important effect on the reproductive success; this i s 

discussed fixrther i n Section 3 where i t i s shown that the 

younger birds return l a t e r to the colony but apparently 

synchronise their laying with the older birds which have 

returned e a r l i e r . I t i s probable that a proportion of 
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these late nesters are birds which have already Isdd one 

clutch and sure attempting to breed for the second time. 

I t has been shown already that replacement clutches have 

a very limited chance of success and t h i s could be the 

direct result of reduced reproductive drive and lov/er 

capacity for egg production of the adults because they 

were re-laying or could be a consequence of the lateness 

of these clutches which would be affected, l i k e a l l late 

clutches, by the factors considered above. I t i s d i f f i c u l t 

i n t h i s case to separate cause and. effect, as, by definition, 

replacement clutches must always occur l a t e r i n the season 

than i n t i a l clutches. 
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SECTION TWO - ESTIMATES OF THE AGE COMPOSITION OF THE 

COLONY AND ADULT MORTALITY 

Introduction 

Austin & Austin (1956), working on a population 

of Common Tems breeding at Cape Cod, Massachusetts, foxmd 

that 75% of the breeding birds were 3 - 7 years old 

inclusive and that 90% were 3 - 1 0 years old. Only 3.4% 

were under three years emd l e s s than 7.0% were older than 

ten years, although they estimated the maximum reproductive 

l i f e span to be about 20 years, based on the presence of 

a few older birds i n the colony,' Grosskopf (1957) found 

the average age of 46 Arctic Terns which had origineilly been 

ringed as nestlings and were found breeding on Wangerooge 

to be 11,7 years, and of 56 birds originally ringed as 

adults of unknown age (x years) to be x + 6.5 yesirs. 

A l l these birds were caught on the nest apart from nine 

found dead. Andersen (1959) records three Arctic Terns 

ringed as young at Tipperne i n Deiunark which were l a t e r 

re-trapped as adults at 10, 10, and l4 years old. The 

oldest Arctic Tern appears to be a 29 year old recorded 

by Goethe (I966), although Bergstrom (1952) quoted a 

record of a 27 year old Arctic Tern, a 26 yeeir old 

Caspian Tern, and a 21 year old L i t t l e Tem, The oldest 

Arctic Tern caught on the Fame Islands was a 27 year old 

i n 1965* hut the ring number of a 29 year old was read 

by telescope in 1968, I t seems l i k e l y that the average 

l i f e span for Arctic and Common Terns i s up to ten years, 

with a few individuals surviving to a much greater age. 
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Methods of estimating the age composition of the colony 

1, Plumage 

A l l birds which were known to be one year old 

from ringing d e t a i l s possessed the 'Portlandica' plumage 

which was described by Cullen ( 1957) , This plumage was 

i d e n t i c a l with the eclipse plumage and had the following 

c h a r a c t e r i s t i c s , white forehead, dark carpal bairs, l i g h t 

underparts, dark beak, and dark legs. These birds were 

e a s i l y distinguishable i n the f i e l d sind none attempted to 

breed. They arrived l a t e r than the other birds and 

spent very l i t t l e time i n the actual breeding area, 

staying on the edge of the shore l i n e with the 'club' 

of other non-breeders or f a i l e d breeders. Although 

these birds were e a s i l y identified as one year olds, 

i t was d i f f i c u l t to assess their numbers as none of them 

[ u j a s j colour ringed. No accurate counts were possible, 

but the general impression gained was that there were 

far fewer one year old birds on the island at any time 

during the breeding season than any other age group. 

I t seems unlikely that many Arctic Terns return to their 

natal area during the f i r s t sximmer after hatching. 

Cullen (1957) found that some, but not a l l , 

of the two year olds had a plvunage intermediate between 

the Portlandica and the f u l l adult plumage. This was 

typified by the presence of white speckling on the fore

head, dark carpal bar, whitish face, and a black marking 

on the innelrredge of the primaries which Cullen referred 

to as the 'Pikei' plumage. Several birds which were 
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known to be two years old were seen with some or a l l of 

these characters, but other two year olds were indistinguishable 

i n plumage deta i l s from older, breeding adults*^. One i n 

part i c u l a r , found dead on Brownsman i n 1967, was examined 

carefully and showed a l l the adult characteristics and 

none of the Portlandica ones. Palmer (194 lb) suggested 

that i n the Common Tem, the eclipse plumage was worn i n 

the summer by a l l birds which were not old enough to breed 

and that these birds had rudimentary gonads, but i t i s not 

clear whether he i s referring to the one year old birds only. 

In the Arctic Tern the 'Pikei' plumage characteristics did 

not apply to a l l the two year old birds, although there was 

no evidence of breeding i n those two years old birds that 

did possess the f u l l adult plumage. 

Palmer ( l o c c i t . ) further suggested, for the 

Common Tem, the existence of an 'old-age' plumage i n 

birds 13 years and older that was intermediate between 

that of the eclipse and the normsil plumage of younger 

breeding birds, Cullen ( l o c c i t . ) , however, found that 

i n the Arctic Tem some characters of t h i s 'old-age' 

pliuoage could be distinguished i n smy eige group and that 

many birds wore t h i s plumage for one year only. He suggested 

that there was a whole rsmge of plumages intermediate between 

the adult and eclipse (or Portlandica) plumage and that they 

were not age-specific, although some characters of this 

'Pikei' plumage were more l i k e l y to be worn by two year 

old birds than by any other age group. 
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In the present study the plumage d e t a i l s of a 

l a r g e number of a d u l t s whose age was known from r i n g i n g 

were recorded. The maj o r i t y of these possessed the f u l l 

breeding plumage, but a few had some ch a r a c t e r s of the 

• P i k e i ' plumage, mainly s p e c k l i n g on the head. This was 

very v a r i a b l e i n i t s extent, from an almost pure white 

fibrehead and crown to a few fe a t h e r s of the crown having 

white t i p s . The numbers of b i r d s of d i f f e r e n t ages 

showing one or more of the ' P i k e i ' plumage c h a r a c t e r i s t i c s 

are given i n Table 24', There was a s i g n i f i c a n t l y higher 

proportion of ' P i k e i ' b i r d s among the two year olds (69%) 

and the b i r d s over nine years old ( l 8 % ) than among the 

remainder of the breeding population (mean for 3 - 8 years, 

5%) (the values f o r r e s p e c t i v e l y were 131 . 8 and 17.8; 

P <.001 i n both c a s e s ) . Some b i r d s , which were observed 

f o r three consecutive y e a r s , were seen to wear the pliimage 

i n one year and not i n the succeeding yeeirs, while others 

were without i t f o r one or two years, but appeared l a t e r 

with some ' P i k e i ' c h a r a c t e r s . There was no evidence to 

suggest t h a t , apsirt from the two year old b i r d s , these 

' P i k e i ' b i r d s abstained from breeding or that they bred 

e i t h e r more or l e s s s u c c e s s f u l l y than a d u l t s i n f u l l 

breeding pliunage. Plumage d i f f e r e n c e s could not therefore 

be used to age individuaLL Antic Terns apart from the one 

year o ld b i r d s . 
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Table 24. Numbers of birds of different ages which possessed 

at l e a s t one characteristic of 'Pikei' plumage 

Age i n 
years 

Numbers with 
'Pikei' 
plumage 

Number 
examined 

Percentage of 
birds caught 
with 'Pikei' 
plumage 

2 3 4 5 6 7 8 9 10-15 >15 Total 

25 5 4 4 3 0 0 5 8 5 59 

36 37 88 69 64 40 37 35 42 20 468 

69 13 4 6 5 0 e 14 19 25 126 

2 . Measurements and weights of adults 

Many of the adults caught were weighed and 

measurements made of their wing and t a i l length. The wing 

length was measured from the shoulder of the wing to the end 

of the longest primary feather and the t s i i l length from the 

base of the t a i l to the end of the longest t a i l feather. 

The mean weights, id.ng and t a i l lengths, for different age 

groups are shown i n Figure 1 9 . There was a correlation 

between age and wing length ( r = + .22 df = 92 P <0 .05 ) 

and betv/een age and t a i l length ( r = + .23 df = 83 P <0 .05 ) 

but there was no significant correlation between the age and 

weight of the birds, although older birds tended to be 

heavier, and i t was impossible accurately to estimate the 

age of cin individual bird from i t s weight or measurements. 

The sex of some of the birds was known and the differences 

between the weights and measurements for the sexes; are 



Figure 19, The mean weights (g) and the mean wing and 

t a i l lengths (mm), f o r adiilts i n dif f e r e n t 

age groups. 
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shown i n Table 25 togetker with f i g u r e s quoted by 

Witherby s t ̂  (19^0) and Belopol'skii (1961). I n the 

present study none of the d i f f e r e n c e s between the sexes 

uj<As] s i g n i f i c a n t and they were i n s u f f i c i e n t to allow an 

i n d i v i d u a l b i r d to be sexed on the b a s i s of measurement 

alone. They r e f l e c t the general trends suggested by 

C u l l e n (1956) who s a i d that on average the females are 

s l i g h t l y s m a l l e r than the males.' The f i g u r e s given by 

B e l o p o l s k i i ( l o c . c i t . ) show the same trends although, 

on average, the b i r d s he measured were a i l l l a r g e r than the 

b i r d s n e s t i n g i n B r i t a i n , 

Table 25, Mean weights and mean wing and t a i l lengths 

of male and female A r c t i c Terns The sample 

s i z e s are given i n parentheses 

Weights (g) Wing length (mm) T a i l length (mm) 

Inner Fame (I966-I968) 

102.5 101.6 267,1^3.8 265.^^2.6 l62.oi5.^ 158,7-6.2 
(5) (11) (20) (20) (19) (20) 
B e l o p o l s k i i (I96I) 

cf 9 a 9 

107.3 106.1 27̂ .̂2 264.3 
(6?) (31) (61) (25) 

Witherby (19^0) 

265-282 260-275 170-200 158-185 
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3 . Ringing d e t a i l s 

I t was found that the only r e l i a b l e method of 

a c c u r a t e l y ageing the b i r d s was by marking as n e s t l i n g s . 

Approximately 20% of a l l the adult t e r n s on Inner Fame 

have been ringed, but some of them were ringed as adults 

and were therefore of l i m i t e d use i n age s t u d i e s . The 

m a j o r i t y of ringed a d u l t s , however, were o r i g i n a l l y ringed 

as c h i c k s and t h e i r age was therefore known to the nearest 

y e a r . Some of those ringed as a d u l t s over 12 years before 

the study began were assumed to belong to the oldest age 

group ( > 1 5 y e a r s ) as there was a high p r o b a b i l i t y that 

they were ringed as breeding a d u l t s , when they were a t 

l e a s t three years o l d . 

The methods of trapping b i r d s and reading r i n g 

numbers are discussed below : 

a) Mist n e t t i n g 

The use of mist nets was confined to the 

esu:ly ( p r e - l a y i n g ) and l a t e p a r t s of the season as t h i s 

might have caused too much disturbance to incubating 

a d u l t s or to a d u l t s looking a f t e r very young c h i c k s i n 

the main p a r t of the season. Large numbers of terns 

were caught i n the net i f i t was placed i n the l i n e of a 

normal panic f l i g h t and;̂ : as the terns were f a i r l y easy to 

e x t r a c t from the net, they could be removed very q u i c k l y . 

The main disadvantage of t h i s method of trapping v/as that 

i t was u n s e l e c t i v e and l a r g e numbers of unringed a d u l t s 

were caught which were of no p a r t i c u l a r use for age 

studies'. Any ringed b i r d s which were caught v/ere 
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colour ringed, weighed, measured, and r e l e a s e d . Observations 

were then made i n the colony i n an attempt to l o c a t e the 

n e s t i n g s i t e of these colour ringed b i r d s and to estimate 

t h e i r breeding suacess. I f the b i r d s had chosen to nest 

i n vegetation the chances of f i n d i n g the nest were lov;; 

a much higher success r a t e was achieved- with the b i r d s 

n e s t i n g on the sand i n the cove or on the rocks. The 

trapping of a d u l t s u s i n g mist nets therefore had l i m i t a t i o n s 

i n p r o v i d i n g colour ringed b i r d s f o r i n d i v i d u a l s t u d i e s of 

breeding success, but was u s e f u l i n obtaining a random 

sample of a d u l t s f o r a s s e s s i n g the age composition of 

the colony. 

b) Sight records of year-ringed b i r d s 

I n 1962, 1963i and 1964, a l l the c h i c k s ringed 

on Inner Farne were, i n ad d i t i o n to the B.T.O, r i n g , a l s o 

given a colour r i n g according to the year i n which they 

hatched. These r i n g s were v i s i b l e from the edge of the 

study areas u s i n g 8 x 30 b i n o c u l a r s only and were u s e f u l 

f o r ageing some i n d i v i d u a l b i r d s . They eliminated the 

need f o r catching birdis, except to put on i n d i v i d u a l s e t s 

of colour r i n g s , and considerably i n c r e a s e d the sample s i z e 

f o r breeding b i r d s of known age. I t was found d i f f i c u l t 

to a s s e s s the niunbers of year-ringed b i r d s around the 

colony or on the 'club* areas and therefore the s i g h t 

records were not used to estimate the niunbers of b i r d s 

of one age group i n the colony u n l e s s t h e i r nest s i t e 

was known. 
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c ) Telescope readings of r i n g numbers 

I t was p o s s i b l e to read the r i n g numbers of 

mainy b i r d s u s i n g the p r i s m a t i c telescope vdth a magnification 

range of xl5 to x60, but as there was a p o s s i b i l i t y of e r r o r , 

a' r i n g number was assumed to be c o r r e c t only i f each d i g i t 

had been checked a t l e a s t once. Many b i r d s whose r i n g 

numbers were read i n t h i s way were l a t e r caught and the 

r i n g numbers v e r i f i e d . T h i s method was time-consuming 

but had the advantage of keeping disturbance to a minimum. 

The numbers of telescope readings i n each year were 55 i n 

1967 and 90 i n 1968; _jxone; |>o'»i~' 'read i n I966. The e f f o r t 

on t e l e s c o p e reading was concentrated i n I968 as very few 

b i r d s were caught at the n e s t . 

d) Trapping of incubating b i r d s using cafee traps 

Experiments were c a r r i e d out with various 

types of trap, placed over the n e s t , i n c l u d i n g those 

i n c o r p o r a t i n g a trap door operated e i t h e r by a t r i p 

wire or by a s t r i n g p u l l e d by the observer. ^hese l a t t e r 

two types were found to cause some disturbance to the b i r d 

when the door f e l l . The b i r d sometimes panicked i n s i d e 

the trap and there was a danger of i t breaking i t s eggs 

before i t could be removed. Observations on the nest 

a f t e r trapping showed that b i r d s caught i n t h i s way took 

longer to r e t u r n to the n e s t to continue incubation them 

b i r d s caught i n simple cage t r a p s . This l e f t the eggs 

ungueurded and i n c r e a s e d the chances of predation. 
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The most u s e f u l type of trap was found to be a simple 

cage trap with an open, but f u n ^ l l e d entrance. These were 

made out of w i r e - n e t t i n g ajid were e a s i l y put i n t o place over 

the eggs. Most b i r d s entered the t r a p s w i t h i n ten minutes 

of t h e i r being positioned and continued incubation i n s i d e 

the t r a p s . As the observer approached a trap from the 

open end, the b i r d moved axvray from the eggs toweu'ds the 

c l o s e d end of the trap and was then l i f t e d out. As the 

b i r d moved away from i t s eggs, the chances of breakage 

were considerably reduced. After^r^gST^;, weigh^ai, and 

measur^ti, the b i r d s were r e l e a s e d and most returned to 

continue incubation w i t h i n 15 minutes'. The b i r d s were 

colour ringed so that observations could be made i n 

subsequent years without re-trapping. 

This method was found very u s e f u l as i t enabled 

the s e l e c t i o n of n e s t s f o r trapping where at l e a s t one 

adult was known to be ringed. I n I968 very l i t t l e 

t rapping was c a r r i e d out, so that apart from the twice-

d a i l y n e s t round, disturbance was at a minimum. The 

numbers of a d u l t s caught i n each year and observations 

of colour r i n g i n g from previous years were r e s p e c t i v e l y 

i n 1966, 9h and 28, i n 1967, 39 andl 58, and i n I968, 
25 and 159^ 

Of the four methods used, the l a s t three were 

found to be the most u s e f u l . Most e f f o r t was concentrated 

i n the cove or the open rocky aureas as i t was e a s i e r to 

observe colour ringed b i r d s there i n subsequent y e a r s . 

Some cage trapping was c a r r i e d out at random i n other areas. 
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p a r t i c u l a r l y i n the high vegetation, where observation of 

r i n g s was impossible, to see i f there was any d i f f e r e n c e 

between the age s t r u c t u r e of the cove and other p a r t s of 

the colony. As no s i g n i f i c a n t d i f f e r e n c e s were found, 

the main abudy on age s t r u c t u r e was concentrated i n the cove. 

R e s u l t s of a d u l t trapping 

I n each y e a r , l a r g e numbers of b i r d s were recorded 

by being p h y s i c a l l y caught, by telescope readings of r i n g 

numbers or by records of colour combinations of b i r d s 

caught i n previous y e a r s . The majority of these b i r d s 

were breeding b i r d s , oG.though a few telescope readings 

of r i n g numbers were obtained from non-breeders. None 

of the breeding b i r d s l e s s than three years old and 

i t seems u n l i k e l y that A r c t i c Terns attempt to breed u n t i l 

t h e i r f o u r t h summer. C u l l e n (1956) a l s o found no evidence 

of breeding i n two year o l d s , and consideration of r e -

trapped b i r d s i n t h i s s e c t i o n has been l i m i t e d to those 

where breeding was confirmed. The numbers of breeding 

b i r d s of each age^vrere recorded i n I 9 6 6 , 1967, and I968 

are shown i n Table 26 . Figure 20 shows the t o t a l f or 

each age recorded i n a l l three years expressed as 

percentages of the t o t a l number recorded. B i r d s which 

were seen i n more than one year are included each time 

they were seen as there was an equal chance i n each year 

of observing or catching a b i r d of any age. 



Figure 20. The numbers of breeding birds i n each age 

group that were caught i n the three year 

period I966 to I968, expressed as 

percentages of the t o t a l number of birds caught. 
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Table 26 . Numbers (and percentages of total) of breeding 

birds of known age re-trapped or observed i n 

each year 

1966 1967 1968 ALL 
Age No. of 

birds 
j(, of 
tota l 

No. of 
birds 

% of 
total 

No. of 
birds 

% of 
total 

No. of 
birds 

0 
tot) 

3 11 12 .7 25 16 .9 2 1.1 38 9.1 

2k 27.6 27 18.2 37 20.4 88 21.1 

5 5 5 .7 23 15 .5 31 17.1 59 14 ,2 

6 13 l'f . 9 1^ 9 .5 37 20.4 64 15.4 

7 7 8.0 19 12.8 Ik 7.7 40 9.6 

8 15 17 .2 9 6 .1 13 7.2 37 8.9 

9 7 8.0 15 10.1 13 7 .2 35 8,4 

10 0 0 6 k,0 21 11.6 27 6.5 

11 2 2 .3 0 0 5 2.8 7 1.7 

12 0 0 3 2 .0 0 0 3 0 .7 

13 0 0 0 0 3 1.7 3 e .7 

1^ 1 1.1 0 0 0 0 1 0 , 2 

15 0 0 1 0 .7 0 0 1 0 , 2 

16 2 ^ 2 . 3 0 0 1 0 .6 3 0 .7 

17 0 0 3 2.0 0 0 3 0 .7 

18 0 0 0 0 2 1.1 2 0,4 

19 0 0 1 0 .7 0 0 1 0 .2 

20 0 0 2 1.3 0 0 2 0.4 

21 0 0 0 0 1 0.6 1 0 .2 

29 0 0 0 0 1 0 .6 1 0 ,2 
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These f i g u r e s g'i«e."̂ nT̂ ~ an i n d i c a t i o n of the 

age s t r u c t u r e of the breeding population as they do not 

take i n t o account the d i f f e r e n t t o t a l s of b i r d s o r i g i n a l l y 

r i n g e d . The chances of re-trapping b i r d s from some years 

was higher than from other years due to the higher r i n g i n g 

t o t a l s and t h i s i s d e a l t with more f u l l y l a t e r i n t h i s s e c t i o n . 

I n the cpve, the ages of approximately 50?^ of a l l 

the breeding b i r d s were known and i n each year the mean age 

of these b i r d s was c a l c u l a t e d . I n 1966 the mean age i* S.E.) 

was 7 .90 - 1.18 y e a r s , i n 1967, 7.39 - 1.10 years, and i n 

1968, 8 .47 - 1.04 y e a r s . The d i f f e r e n c e s between the years 

were not s i g n i f i c a n t . 

The sex of some of the b i r d s of known age was known 

and i n each year the mean ages of breeding males and females 

were c a l c u l a t e d . These are shown i n Table 27 , As there 

was no s i g n i f i c a n t d i f f e r e n c e between the t o t a l mean breeding 

ages of 1966, 1967, and I 9 6 8 , the vsilues were combined to 

give an o v e r a l l mean breeding age for males of 8 .1^1.1 years, 

and f o r females, 7 . 9 - 1 . 1 yesLrs. There was no s i g n i f i c a n t 

d i f f e r e n c e between these means e i t h e r and the range f or 

both sexes was from 3 to at l e a s t 19 y e a r s . The maximum 

ages were not known as some b i r d s which had o r i g i n a l l y 

been ringedl as a d u l t s were assumed to be the minimum 

p o s s i b l e age. Thus, i f a b i r d was known to be at l e a s t 

12 y e a r s old, i t was counted as 12 years old i n the c a l c u l a t i o n , 

and both means are probably therefore too low. 
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Table 27 , Mean ages of males and females i n each year, 

from 1966 to 1968. The sample s i z e s are 

^iv e n i n parentheses 

1966 1967 1968 A l l years 

C 7 . 8 ( 9 ) 7 . 6 ( 1 6 ) 8 . 6 ( 2 7 ) 8 . l l l . l ( 5 2 ) 

9 8 . 4 ( 1 0 ) 7 . 2 ( 2 1 ) 8 . 4 ( 2 3 ) 7 .9^1.1(5^) 

E s t i m a t i o n of Mean Annual Adult M o r t a l i t y 

The s u r v i v a l r a t e of ad u l t s i n each year, eind 

hence the mean annuaG. m o r t a l i t y r a t e was cedculated from 

r e - t r a p s or s i g h t i n g s of b i r d s colour ringed i n the previous 

y e a r . T h i s was confined to b i r d s which nested i n the cove 

a s observations were made i n t h i s a rea every day and i t was 

u n l i k e l y that any colour ringed b i r d s were missed. The 

numbers of a d u l t s colour ringed i n each year, the numbers 

observed i n subsequent y e a r s , and the annual s u r v i v a l r a t e s 

are shown i n Table 28 which intlodas onlij b i r d s which were 

breeding and were therefore a t l e a s t three years o l d . 

S u r v i v a l of the younger a d u l t s could not be estimated as 

very few of these were caught. 

Table 28*, S u r v i v a l r a t e of a d u l t s colour ringed i n I966 and I967 

Number o r i g i n a l l y Number observed Number observed 
colour ringed following year t h i r d year 

1966 9^ 1967 85 (90,4?^) 1968 73 (85.9^) 

1967 39 1968 31 (79.55^) 

T o t a l 218 189 

189 
Mean s u r v i v a l r a t e = x 100 = 86,7% 
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The f i g u r e s i n the table gave a mean annual 

s u r v i v a l r a t e ( i S,E.) of 86 ,7 - k,S%.OT a m o r t a l i t y 

r a t e of 13.3 - k,6%. C u l l e n ( 1956) , working with 

s m a l l e r numbers of A r c t i c Terns i n the same colony from 

1952-1954 found a mean annual m o r t a l i t y r a t e of 13,6% 

w h i l s t Springett (pers.comm,) found the m o r t a l i t y r a t e 

to be 15.79^' between I 963 and 1965, I t seems l i k e l y 

t h erefore t h a t the annual mortsility of breeding A r c t i c 

Terns i s about 13?^, B i r d s which were colour ringed a t 

the end of one breeding season aid observed a t the beginning 

of the next season had not been subject to a whole year's 

p o t e n t i a l m o r t a l i t y and i t was p o s s i b l e therefore that 

the estimate of annual m o r t a l i t y was s l i g h t l y too low'i 

A u s t i n 8e Austin (1956) found that the annual m o r t a l i t y 

r a t e f o r the Conmion Tern was constant from the 4th to 

the 18th year a t 259^» and that a f t e r t h i s there was a 

steady i n c r e a s e i n mortality,' Coulson & White (1959) 

found the annual adult m o r t a l i t y r a t e of the Kittiwake 

to be 12,4% whiah was then the lowest morteility recorded 

fo r any B r i t i s h bird'. 

Construction of a l i f e t a b l e f o r the A r c t i c Tern 

Deevey (1947) s t a t e d that the sources of 

infoiTnation f o r the co n s t r u c t i o n of a l i f e table f e l l 

i n t o three groups : ( 1 ) cases where the age at death 

was d i r e c t l y observed f o r a l a r g e , random san^jle of the 

population; ( 2 ) cases where the s u r v i v a l of a large 

cohort, born more or l e s s simultaneously was followed 
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a t f a i r l y c l o s e i n t e r v a l s throughout i t s e x i s t e n c e ; 

( 3 ) c a s e s where the age s t r u c t u r e was obtained from a 

sample, assumed to be taken a t random from the whole 

population, Deevey considered that only information 

obtained by the second method was s t a t i s t i c a l l y respectable 

but, unfortunately, i n the present study information was 

a v a i l a b l e i n any qu a n t i t y ^ r o m the t h i r d method. 

The numbers of a d u l t s found dead, whose ages were known 

from r i n g i n g , was very small i n each year and provided 

i n s u f f i c i e n t information for the construction of a l i f e 

t a b l e . I n the present study, therefore, only information 

on the age s t r u c t u r e of the population, based on the ages 

of l i v e r e c o v e r i e s from trapping and reading r i n g nimbers, 

has been used i n the l i f e t a b l e , 

A f u r t h e r l i m i t a t i o n was imposed by the l a c k 

of information on the pre-breeding b i r d s . No b i r d s were 

found to be breeding before three years old and very few 

of the one and two year o ld birdes entered the colony. 

These were not therefore a v a i l a b l e f o r trapping and no 

estimate of t h e i r annueil m o r t a l i t y was obtained, although 

i t i s l i k e l y that t h i s was higher than t h a t of the older 

b i r d s , Austin 8e Austin (1956) estimated that f i r s t year 

m o r t a l i t y of the Common Tern was between 60 and 70% although 

the annual morteuLity f o r the second and t h i r d year b i r d s was 

l e s s than f o r the other breeding b i r d s . Lack (1946) 

suggested that i n many s p e c i e s the j u v e n i l e s had a higher 

m o r t a l i t y than older b i r d s due to t h e i r inexperience. 

As no p r e c i s e f i g u r e s were a v a i l a b l e f o r the A r c t i c Tern, 
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only the breeding b i r d s were considered i n the construction 

of the l i f e t a b l e and t h i s therefore begins with the three 

year old b i r d s . 

The ntxmbers of b i r d s of any age (x y e a r s ) 

recovered a l i v e i n a l a t e r year depended on two f a c t o r s ; 

(1) the m o r t a l i t y r a t e of the b i r d s and (2) the numbers 

of b i r d s o r i g i n a l l y ringed as p u l l i x years p r e v i o u s l y . 

As the t o t a l number of p u l l i ringed on Inner Fame v a r i e d 

con s i d e r a b l y from year to year, p a r t i c u l a r l y i n the 1940s 
and e a r l y 1950s, t h i s was c o r r e c t e d f o r by expressing the 

t o t a l number of b i r d s of x years recovered l i v e i n one 

year as a percentage of the number of p u l l i ringed x years 

p r e v i o u s l y . These percentages, together with the r i n g i n g 

t o t a l s and the numbers of b i r d s recovered, are shown i n 

Table 29. There are a few anomalies i n the table which 

are d i s c u s s e d i n d e t s i i l below. 

I n 1968 only two three-year old b i r d s were 

recovered (0,18%) and t h i s was considerably lower than the 

twenty-five three-year old b i r d s recovered i n 1967 (1,83%) 

and the eleven b i r d s recovered i n I966 (0,8l%). I t i s 

p o s s i b l e that the low recovery r a t e i n I968 was due to the 

e f f e c t s of the red t i d e . I n I966 and 1967 the three year 

old b i r d s returned to the colony on average f i v e days l a t e r 

than the four year old b i r d s . I t was p o s s i b l e that i n 

1968 the r e t u r n of the three year old b i r d s coincided with 

the main period of the red t i d e and that these b i r d s delsiyed 

t h e i r breeding due to the l a c k of s t i m u l a t i o n from other 

b i r d s i n the colony, which might be p a r t i c u l a r l y necessary 
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to b i r d s attempting to breed f o r the f i r s t time. A f t e r the 
red t i d e , the number of b i r d s i n the colony was considerably 

reduced and the amount of courtship and display by the older 

b i r d s may have been i n s u f f i c i e n t t o ' s t i m u l a t e the three year 

o l d b i r d s to commence breeding. Lacking t h i s s t i m u l a t i o n , 

they may have moved out of the breeding areas as only two 

ringed b i r d s were recorded i n these su-eas i n I968, 

The number of p u l l i ringed i n I962 (615) was low 

compared to the number ringed i n 196I (10^3) and i n I963 

(1358). The recovery r a t e of the I962 b i r d s i n I966 (3.99^) 

was s i g n i f i c a n t l y higher (d = 2.48 P<0,02) than f o r b i r d s 

of the same age i n I967 ( 2 . 0 % ) . I t i s possible t h a t t h i s 

may be accounted f o r i n conjunction w i t h the low r i n g i n g 

t o t a l f o r 1962, f o r although the t o t a l r i n g i n g e f f o r t was 

l e s s i n I962 than i n otherijyears, i t may have been 

concentrated on older p u l l i . I n subsequent years chicks 

of a l l ages were ringed and these suffered heavy m o r t a l i t y , 

p a r t i c u l a r l y those less than a week o l d . I f older chicks 

or f l y i n g j u v e n i l e s were ringed i n I962, they would have 

a b e t t e r chance of s u r v i v a l , and t h i s would explain the 

d i f f e r e n c e s between the r e t u r n of four year o l d b i r d s i n 

1966 (hatched i n 1962) and the r e t u r n of f o u r year o l d 

b i r d s i n I967 (hatched i n 1963). As the recoveries from 

1962 were s i g n i f i c a n t l y d i f f e r e n t from the other years, 

these were r e - c a l c u l a t e d using am estimated t o t a l of b i r d s 

ringed i n 1962, based on the average r i n g i n g t o t a l of 

1961 and 1963» assuming th a t t h i s would have been the t o t s i l 

i n 1962 i f chicks of a l l ages had been ringed. The estimated 

percentages of recoveries obtained by t h i s method are 

underlined i n Table 29 and the actual percentages are given i n 

brackets. 
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I n many cases the number of retraps i n I968 was higher 

than the number i n 1966 and I967,and yet a l l the b i r d s retrapped 

i n 1968 must have been eilive during the two preceding years. 

However, i f these b i r d s were not caught or observed i n 1966 

or 1967 they were not included i n the t o t a l r e t r a p s . This 

meant t h a t the age s t r u c t u r e f o r each jear was based s o l e l y 

on the random sample f o r t h a t p a r t i c u l a r year and these 

f i g u r e s could then be summed to calculate the mean age 

st r u c t u r e as described below. 

The percentages of ringed b i r d s recovered at a 

p a r t i c u l a r age were summed f o r the three years to give the 

f i r s t column of Table 30 which represents the numbers of 

b i r d s of age x years a l i v e a t one time, Nice (1937) quoted 

i n Deevey (19^7) argued t h a t the r a t i o of the l i v i n g at any 

age t o the t o t a l ntmber of the l i v i n g must equal the r a t i o 

of the dead at siny age to the t o t a l number of deaths, t h a t i s : 

1 d 
X = X 

^1 I d 
^ X X 

As ^ d by convention i s 1000, d = 1 1000 
X _ ^ 

u s a ©HF t h i s formula, the second column of Table 30 

has been cal c u l a t e d and, from t h i s , the value of 1^/lOOO, 

These values have been p l o t t e d on a logarithmic scale i n 

Figure 21 to give a surv i v o r s h i p curve f o r the A r c t i c Tern, 

The value f o r 29 years was omitted from the c a l c u l a t i o n of 

the regression as only one b i r d of t h i s age was recovered. 



Figure 21. The survivorship curve for the A r c t i c Temj 

log l-x/lQO i s plotted against age, the 

equation of the l i n e i s y = 3.20 - 0.0? x. 



3-0 

2-5 

2-0 

Log I JlOOO 

•J 1 1 1 1 I ' ' ' 
8 12 16 

Age (years) 
20 



99 

The equation of the l i n e i s y = 3.20 - 0.07x and the close 

l i n e a r r e l a t i o n s h i p i s i n d i c a t e d by the slope being very 

s i g n i f i c a n t l y d i f f e r e n t from zero ( t = 29.68 df = 17 P<0,001)', 

This suggests t h a t a constant p r o p o r t i o n of A r c t i c 

Terns die w i t h i n each age group although there i s some 

evidence from the graph of s l i g h t l y increased s u r v i v a l 

i n the 4 - 8 year o l d b i r d s and the b i r d s over 15 years o l d ; 

while between 9 and 15 years there i s some evidence of 

s l i g h t l y decreased s u r v i v a l . I t i s suggested l a t e r i n 

Section 3 t h a t b i r d s of 4 - 8 .years o l d are at the best 

p h y s i o l o g i c a l age f o r breeding and t h i s may explain t h e i r 

b e t t e r s u r v i v a l , Austin (pers.comm,) found i n both the 

Common eind the Sooty Tern a comparatively high m o r t a l i t y 

i n the f i r s t year of l i f e followed by a lower m o r t a l i t y 

t h a t remained steady over the adult years u n t i l the onset 

of o l d age, s t a r t i n g a t about age l8 i n the Common Tern 

and a t 23-27 i n the Sooty Tern, 
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Table 30, I n i t i a l f i g u r e s used i n the c a l c u l a t i o n of 

the l i f e t a b l e 

T o t a l of percentage Calculated value 
Age i n years r e t r a p s of d 

3C 
1 

X 

2.82 59 
4 6.69 141 

5 5.51 116 
6 5.85 123 
7 ^̂ .59 98 
8 4.48 94 
9 4.43 94 

10 2.80 59 
11 1.30 27 
12 1.18 25 
13 1.18 25 
Ik 0.24 5 
13 0.24 5 
16 0.78 16 

17 0.8o 17 
18 0.54 11 

19 0.50 11 
20 1.00 21 

21 0.50 11 

29 2.00 42 

.1000 

i 1 = ^7.45 ^ d = 1000 
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The l i f e t able f o r the A r c t i c Tern from three 

years o l d has been calculated from the formulae given by 

Deevey (19^7) and t h i s i s shown i n Table 31, The mean 

m o r t a l i t y r a t e {- S,E,) from 3-21 years was calculated as 

15.1 - 3.0% which i s s i m i l a r to the value of 13,3 * 4,6% 

obtsiined from the observations of colour-ringed birds',^ 

From Table 31;the average expectation of f u r t h e r 

l i f e ( i S,E,) f o r an adult A r c t i c Tern of three years or 

more on Inner Farne was ca l c u l a t e d as 4,48 - 0,36 years, 

A u s t i n (1942) gave the average expectation of f u r t h e r l i f e 

of the Common Tern as 2,8 years w i t h an a d u l t m o r t a l i t y of 

30%, Lack (1954) gave f i g u r e s f o r the expectation of 

f u r t h e r l i f e i n many b i r d s calculated from d i f f e r e n t sources 

and he compared the small l i f e span of many Passerines, 

having an expectation of l i f e of only one to two years, and 

an a d u l t m o r t a l i t y of 40 to 60%, w i t h t h a t of many l a r g e r 

birds'*. He used Richdale's f i g u r e s (1952) f o r a small 

population of the Royal Albatross (Diomedea epomophora) 

to c a l c u l a t e the expectation of f u r t h e r l i f e as about 

36 years and f o r the Yellow-eyed Penguin (Richdale 1949a), 

9,5 yearst Lack quoted Paynter's f i g u r e (1947) f o r the 

Herrin g G u l l as 2,8 years and calculated the expectation 

of l i f e i n the Heron as 2,7 and the Lapwing 2.4 years. 

He expected the highest average to be i n the l a r g e r p e t r e l s 

or eagles, w i t h a c l u t c h of only one egg and several years 

of immaturity. 
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Table 31. L i f e Table f o r A r c t i c Terns from 3 years o l d 

IDOOq^ 
M o r t a l i t y 

dx Number 1^/1000 Number rate/1000 
dying i n age s u r v i v i n g at a l i v e a t 

Age i n i n t e r v a l out beginning of beginning 
years of 1000 alive, age i n t e r v a l of sige 

i n t e r v a l 

Expectation 
of f u r t h e r 
l i f e t o those 
a t t a i n i n g 

'age 
i n t e r v a l 

3 59 1000 59.0 6,01 
4 l 4 l 941 149.8 5^6 

5 116 800 143.0 5.21 

6 123 684 179.8 5.01 

7 98 561 174.7 5.00 

8 94 463 203.0 4,95 

9 94 369 254.7 5.09 
10 59 275 214.5 5.65 

11 27 216 125.0 6,06 

12 25 189 132.3 5.85 

13 25 164 152,4 5.66 

14 5 139 36.0 5.59 

15 5 13^ 37.3 4.78 

16 16 129 124.0 3.94 
17 17 113 150.4 3.^2 

18 11 96 114.6 2.94 

19 11 85 129.4 2.25 
20 21 74 283.8 1.51 

21 11 53 207.5 0.91 

29 42 42 1000 0.50 
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Preliminary Discussion of Section Two 

As the only accurate way of determining the age 

of i n d i v i d u a l A r c t i c Ternswas from r i n g i n g , t h i s l i m i t e d 

the study t o a c e r t a i n a t e n t . Although terns have been 

ringed on the Fames f o r a long time, the numbers of b i r d s 

which were ringed 20-30 years before the study begsin, i . e . 

1930s and 19406, were very small, p a r t i c u l a r l y as t h i s 

p e r i o d included the war years. The chances of an adu l t 

being recovered from t h i s e a r l y period were therefore 

very s l i g h t , p a r t i c u l a r l y i n view of the f a c t t h a t r i n g 

wear and l o s s i s known to occur t o some considerable 

extent i n sea-birdsV Austin & Austin (1956) found t h a t 

some s e r i e s of r i n g s put on t o Common Terns only l a s t e d 

5-6 years although a few remained readable a f t e r 20 years'. 

They found great v a r i a t i o n i n the d u r a b i l i t y of d i f f e r e n t 

s e r i e s o f r i n g s eind between i n d i v i d u a l terns^ but on 

average, the older series of r i n g s l a s t e d between eight 

and twelve years. I n the present study very few signs 

of wear were seen i n A r c t i c Tern r i n g s , even i n some of 

the very o l d aluminium r i n g s which were over 15 yeaxs 

o l d , and i t i s possible t h a t t h i s i s not such an important 

cause of r i n g loss i n A r c t i c Terns as i n other sea-birds. 

Corrosion of r i n g s was found to occur i n a few cases, 

p a r t i c u l a r l y i n the e a r l i e r Monel series, sometimes 

making the r i n g i l l e g i b l e a f t e r only a few years.' 

Some r e t r a p p i n g and r e - r i n g i n g of a d u l t terns 

has been c a r r i e d out on Inner Fame, but t h i s has been 

a t i n f r e q u e n t i n t e r v a l s . The chances, therefore, 
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of very o l d b i r d s being re trapped on Inner Fame were 

f a i r l y small and y e t , i n s p i t e o f t h i s , a few very o l d 

b i r d s were caught. This suggested t h a t the A r c t i c Tern 

may be a l o n g e r - l i v e d species than was previously thought. 

The oldest d e f i n i t e record of a retrapped b i r d was a t e r n 

of 27 years, caught i n the year before the present study 

began, although there was a telescope reading of a r i n g 

number of a b i r d 29 years o l d . As t h i s was recorded a t 

the time without any doubt, and each d i g i t was checked a t 

l e a s t once, i t seemed l i k e l y t h a t t h i s was a correct record. 

I f l a r g e r numbers of b i r d s had been ringed i n the 20-30 

years before the study, and an int e n s i v e programme of 

r e t r a p p i n g and r e - r i n g i n g of adults had been followed 

c o n s i s t e n t l y , i t i s l i k e l y t h a t l a r g e r numbers of older 

b i r d s would have been caught, and the age s t r u c t u r e might 

have had a s l i g h t l y older b i a s . 

However, on the i n f o r m a t i o n a v a i l a b l e a t the 

present time, i t can be assumed t h a t although individueJ. 

b i r d s may survive t o considerable ages, the m a j o r i t y of 

the breeding population i s less than 10 yesirs old'". 

This i s a f a i r l y t y p i c a l age s t r u c t u r e f o r sea-birds; 

Austin & Austin (1956) fovind 90% of the Common Tern on 

Cape Cod were 3-10 years old. Although they also found 

t h a t the m o r t a l i t y rate increased a f t e r the l8th yeeo*, 

w i t h the onset of o l d age, no evidence f o r t h i s was found 

i n the present study. The s u r v i v a l r a t e of the very o l d 

b i r d s was not s i g n i f i c a n t l y d i f f e r e n t from the younger 

b i r d s ; nor, as i s shown i n Section 3» was t h e i r totaO. 
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breeding success reduced. I t i s possible t h a t the A r c t i c 

Tern, l i k e the Sooty Tern, may normally be a l o n g e r - l i v e d 

b i r d thsin the Common Tern and may not go through a period 

of s e n i l i t y and increased m o r t s i l i t y , or t h a t t h i s occurs 

a t a l a t e r age than was possible to measure i n the present 

study. 
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SECTION THREE - THE BREEDING BIOLOGY OF ARCTIC TERNS OF 

KNOWN AGE 

I n t r o d u c t i o n 

I t has been shown already t h a t the A r c t i c Tern i s 

a r e l a t i v e l y l o n g - l i v e d b i r d . The m a j o r i t y of the bi r d s 

i n the breeding population were between three and f i f t e e n -

years o l d , w i t h i n d i v i d u a l s s u r v i v i n g and breeding at a 

much greater age. There have been few studies on the 

e f f e c t o f age on the breeding biology of l o n g - l i v e d b i r d s , 

other than those of Coulson & White (1958) on the K i t t i w a k e , 

and Richdale (1949) on the Yellow Eyed Penguin. Austin (1945) 

studied the Common Tern but concentrated mainly on the demo

graphic aspects of the colony, although he d i d give some 

i n f o r m a t i o n about breeding success i n r e l a t i o n to age. 

There are, however, many references to the aige 

at which b i r d s commence breeding. This can veiry from a 

few months o l d i n the E s t r i l d i n e F i r e f i n c h (Lagonfstica 

senegala) (Morel 1964) to the e i g h t , nine and eleven 

year o l d i n d i v i d u a l s recorded f o r the Royal Albatross 

(Richdale 1952). This deferred m a t u r i t y of the 

Pro c e l l a r i f o r m e s has been w e l l documented and i s t y p i c a l 
A 

of l o n g - l i v e d b i r d s . I n the A r c t i c Tern i t has been 

f a i r l y w e l l established t h a t the b i r d s do not breed u n t i l 

they are a t l e a s t three years o l d . Neither Cullen (1957) 

nor the present study found any evidence of b i r d s breeding 

at two years of age. Hawksley (1957) c i t e d one instance 

o f a two year o l d A r c t i c Tern breeding, but Cullen suggested 
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t h a t t h i s might have been the r e s u l t of a t r i a n g u l a r marriage 

where the non-breeding two year o l d was t o l e r a t e d by the 

older breeding p a i r , and even allowed t o s i t on the eggs. 

Tria n g u l a r marriages were occasionally recorded i n the 

present study where three b i r d s were seen c o n s i s t e n t l y 

at the same nest s i t e , w i t h very l i t t l e animosity between 

them. Unfortunately i t was not possible to determine the 

ages of £iny of these b i r d s as meiny of them were not ringed. 

The three year p e r i o d , from I966 - I968, was a 

short enough time to study age e f f e c t s on l o n g - l i v e d b i r d s , 

and the o r i g i n a l plan f o r the study was to concentrate on 

tr a p p i n g and c o l o u r - r i n g i n g the adults i n 1966 and I967 

w h i l s t also studying t h e i r breeding biology. Thus, by 

1968 i t was hoped t h a t there would have been a large 

number of colour ringed birds,whose ages were known, 

breeding i n the study area. The breeding biology of 
ICnouifX 

these^yaged b i r d s could then have been studied mainly by 

observation, w i t h very l i t t l e t r apping of adults necessary, 

but u n f o r t u n a t e l y the breeding of a l l the b i r d s was so 

disr u p t e d i n 1968 by the red t i d e t h a t discussion of any 

age e f f e c t s i s mainly confined to the r e s u l t s from I966 

and 1967. 

That the numbers of adults i n each group was 

f a i r l y small was due to the p r a c t i c a l d i f f i c u l t i e s of 

working on Inner Fame where, as has been stated e a r l i e r , 

work i n the colony was only permitted during times when 

the general p u b l i c were not on the i s l a n d . This l i m i t e d 

the hours of work i n the colony to a period before 



108 

10.00 hours when the f i r s t v i s i t o r s a r r i v e d and a period 

a f t e r 17.00 hours when the l a s t boat u s u a l l y l e f t . On 

f i n e days, p a r t i c u l a r l y at the weekends, the v i s i t i n g 

p e r i o d was much longer and work, apart from observation, 

was even more l i m i t e d . 

I n order t o compensate f o r these small groups, 

some of the age classes have been combined i n some pa r t s 

of the study t o give groups of approximately the same 

sample s i z e . For the same reasons where no s i g n i f i c a n t 

d i f f e r e n c e e x i s t s between I966 and I967, r e s u l t s from these 

two years have of t e n been combined. 

Methods 

The ages of the b i r d s were estimated by re t r a p p i n g 

ringed b i r d s , observations of colour-ringed b i r d s , or by 

telescope readings of r i n g numbers as described i n Section 2, 

I n some cases, inhere both members of a p a i r had been ringed 

as p u l l i i n previous years, i t was possible t o determine the 

mean age of the p a i r . From observations on courtship and 

mating made ea r l y i n each season,the sex of many colour-

ri n g e d b i r d s was also known. 

I n many cases only one b i r d i n a p a i r had been 
OfN\w 

r i n g e d , and i t was possible to know the age o f ^ ^ h i s 

b i r d . This was assumed to be the mean age of the p a i r 

and i s considered as such i n t h i s s e c t i o n . From studies 

on peiirs where the ages of both b i r d s were known there 

was found to be a high c o r r e l a t i o n ( r = + 0.92) between 

the ages of the two members of a p a i r . 
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When the nest of a b i r d of known age was found 

t h i s was marked w i t h a numbered metal tag and observations 

were made on the nest and eggs u n t i l the young hatched. 

The young were ringed w i t h i n a few days of hatching and 

were given a numbered B r i t i s h Trust f o r Ornithology r i n g 

and a sin g l e c o l o u r - r i n g on the other l e g to d i s t i n g u i s h 

the chicks from parents of known age. When the chicks 

were older and had wandered from the immediate nest s i t e 

the c o l o u r - r i n g enabled quick i d e n t i f i c a t i o n of young 

which were t o be weighed. I n a i l l three seasons a sample 

of these chicks was weighed a t d a i l y i n t e r v a l s t o compare 

the growth rates of chicks from parents of d i f f e r e n t ages. 

Date of r e t u r n t o the colony 

The dates when colour-ringed b i r d s were f i r s t 

seen i n the study area were recorded, provided that they 

were seen on at l e a s t two subsequent occasions. This 

eli m i n a t e d the chemce of i n c l u d i n g b i r d s which had fedled 

to breed i n other areas and l a t e r wauidered i n t o the main 

study area. The r e s u l t s obtained are not true dates of 

r e t u r n , as i t was not possible t o record w i t h cer t s i i n t y 

the f i r s t dates on which the b i r d s returned t o the breeding 

colony, but at any time during the early p a r t of the season 

there was an equal chance t h a t a b i r d of any age might be 

observed and therefore these dates can be compared f o r 

d i f f e r e n t age groups. 

There was no s i g n i f i c a n t d i f f e r e n c e between the 

mean dates f o r 1966 and I967 ( t = 2,03 df = 9 P>0,05) 

£uad these have therefore been combined i n Table 32 and i n 
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Figure 22. The r e t u r n i n I968 was probably upset by the 

red t i d e when the behaviour of the b i r d s r e t u r n i n g a t the 

normal time was u n s e t t l e d , rendering them more iToble. to 

e a r l y observation. T h i s may have been rsesponsible f or 

the e a r l i e r mesin date i n a l l age groups i n I968, 

Table 32. Mean dates of f i r s t s i g h t i n g f o r b i r d s of known 

age - 1966/1967 and 1968. ( A l l dates are June 

u n l e s s otherwise s t a t e d ) 

Age Mean date - S.E, Mean date - S.E, 
( y e a r s ) 1966/1967 No. 1968 No, 

2 13 J u l y - 4 days 7 - -
3 2 9 - 4 days 2k 13 i 3 2 

2 3 ^ 3 43 29 May i 3 30 

5/6 21 t k k2 3 ^ 3 66 

7/8 18 i 3 45 9 i 4 28 

>8 12 i 4 64 5 i 3 74 

The mean dates f o r t^e f i r s t s i g h t i n g of the 

two year old b i r d s were considerably l a t e r i n both I966 

and 1967 (mean 13 J u l y - 4) than the youngest breeding 

b i r d s , that i s , the three year olds (mean 29 June - 4 ) , 

There was no evidence of any of the two year old b i r d s 

attempting to breed. I t was p o s s i b l e , but not meaningful, 

to c a l c u l a t e t h i s date i n I968 as the re t u r n of the two 

year old b i r d s probably occurred i n the middle of the 

red t i d e . 



Figure 22. The mean dates of f i r s t sighting "birds of 

known age. The data f o r I966 and I967 

have heen combined. 
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Table 33. A n a l y s i s of variance for mean dates of r e t u r n 

to the colony i n each age c l a s s 

Source of Sum of Mean Var. 
v a r i a t i o n squares D.F, squares Ratio P 

Between age 

c l a s s e s 9338 8 116?.3 2.8^ <C0.01 

R e s i d u a l 85791 209 410.5 

T o t a l 95129 217 

The s m a l y s i s of variance given i n Table 33 shov/s 

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 (P <0,01) between 

the mean dates of r e t u r n f o r each age c l a s s using the 

combined data f o r I966 and 1967. The older b i r d s returned 

to the colony f i r s t and there i s a high c o r r e l a t i o n between 

the age of the b i r d s and the mean date of return : r = -0.93, 

df = 7, P<0.001. This may give the older b i r d s a chance 

to secure a b e t t e r nest s i t e thsin those younger b i r d s 

r e t u r n i n g l a t e r . 'Inhere i s some evidence to suggest that 

the younger b i r d s nest i n the l e s s densely occupied areas, 

p a r t i c u l a r l y a t the edge of the colony. The younger b i r d s , 

e s p e c i a l l y those r e t u r n i n g to breed f o r the f i r s t time, 

may not choose to nest a t the edge of the colony, but as 

a consequence of a l a t e return,these areas may be the 

only ones not already occupied. Coulson & White (1958) 

found a s i m i l a r e f f e c t i n the Kittiwake, where bi r d s that 

had bred a t l e a s t once before, returned to the colony 

approximately a month e a r l i e r than those r e t u r n i n g to 

breed f o r the f i r s t time. I t was d i f f i c u l t to estimate 
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the mean date of a r r i v a l of the young A r c t i c Terns as none 

of them were i n d i v i d u a l l y colour ringed, but general 

observation showed a s i m i l a r i t y with the f i n d i n g s of 

C u l l e n (1957) tha t the P o r t l a n d i c a b i r d s a r r i v e d three 

to four weeks a f t e r the a d u l t s had f i r s t appeared and 

c e r t a i n l y a f t e r the main bulk of the a d u l t s had a r r i v e d . 

Age of the p a i r 

An attempt was made to determine the age of 

both members of a p a i r but t h i s was only p o s s i b l e where 

both b i r d s had been o r i g i n a l l y ringed as p u l l i , or as 

a d u l t s , i f they were known to be at l e a s t nine years old 

and could be put i n t o the 'old' category. The b i r d s were 

sexed by observation of courtiship and mating. The detedls 

f o r tv/enty-nine p a i r s where the age and sex of both b i r d s 

was determined are shown i n Figure 23. The regression 

of the l i n e i s y = 1.0 + 0.92x, showing a c l o s e r e l a t i o n 

s h i p between the ages of the two parents although, as might 

be expected, t h i s i s l e s s so i n the older b i r d s . I f the 

long-standing partner, of an old b i r d d i e s , then the 

s u r v i v o r i s more l i k e l y to choose a mate from younger 

age c l a s s e s . V/ith t h i s i n mind, three very wide values 

have been omitted from the r e g r e s s i o n c a l c u l a t i o n , but 

they are shown on the graph. As the ages of the p a i r s are 

o v e r a l l so equal : the slope of the r e g r e s s i o n does not 

d i f f e r s i g n i f i c a n t l y from u n i t y ( t = 0,83 df = 24 P<0.10), 

where the age of only one partner was known, t h i s has been 

assumed to be the mean age of the p a i r . 



Figure 23, The relationship between the ages of paired 

birds, the equation of the l i n e i s : 

y = 1.0 + 0.92 X, The three values 

marked 0 have not been used i n the 

regression (see t e x t ) . 
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Observations on colour ringed p a i r s suggested 

that the p a i r bond i s strong i n the A r c t i c Tern and b i r d s 

may r e t a i n the same mate x m t i l one partner d i e s . B i r d s 

r e t u r n i n g to the colony to breed for the f i r s t time are 

t h e r e f o r e more l i k e l y to f i n d a mate of s i m i l a x age as, 

apart from the s u r v i v i n g member of a p a i r where one b i r d 

has died, there w i l l be few other unmated b i r d s around. 

C u l l e n (1957), however, suggested that there maiy be a 

shortage of younger females as the males of three years 

old have a stronger urge to r e t u r n to the breeding grounds 

than females of the same age. 

Nest S i t e 

The choice of nest s i t e may a f f e c t the ultimate 

breeding success of the p a i r . An attempt was mgde to see 

i f the choice of d i f f e r e n t types of nest s i t e was r e l a t e d 

to the age of the p a i r . 

Where both members of a p a i r survived the winter^ 

there was considerable evidence to show that they returned 

to nest i n p r e c i s e l y the same place as the previous year. 

T h i s has been noted elsewhere i n A r c t i c Tern (Andersen 1959)» 

and a l s o i n Common Tern (Austin 1956), Austin a l s o 

suggested that i n the Common Ter n , t h i s s i t e t e n a c i t y 

i n c r e a s e d with age and was l a r g e l y responsible for keeping 

the group together and r e t u r n i n g i t to the same p l a c e . 

I n the present study, general observations on colour-

ringed b i r d s confirmed t h i s s i t e t e n a c i t y i n the A r c t i c 

Tern. 
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I n any one year the only b i r d s which w i l l be 

choosing a n e s t - s i t e r a t h e r than r e t u r n i n g to a f a m i l i a r 

one are those r e t u r n i n g to breed for the f i r s t time and 

perhaps the b i r d s whose mates have not survived 'the winter. 

As the average annual m o r t a l i t y of adults: i s 13-159^, the 

l a t t e r group w i l l be f a i r l y small,^ However, t h i s group 

and the young b i r d s are the only ones which are l i k e l y 

to breed i n new a r e a s . 

I n order to quantify the density at which b i r d s 

of d i f f e r e n t ages were n e s t i n g , a 2 metre squaire g r i d was 

staked out i n the study area before the onset of breeding. 

The p o s i t i o n of each n e s t was recorded according to the 

square of the g r i d i t occupied. Knowing the dates at 

which a l l the eggs i n the study area were l a i d , an 

estimate was made of the numbers of n e s t s i n any one square 

a t a p a r t i c u l a r time i n the breeding season. Knowing the 

l a y i n g dates of b i r d s of known age, i t was p o s s i b l e to 

determine how many other n e s t i n g s i t e s i n the same g r i d 

square were occupied at the time when a b i r d commenced^ 

l a y i n g . This does not give a true value for density 
onKj 

as i t J takes in t o accounty^the p a r t i c u l a r g r i d square 

i n which the b i r d has nested and not the neighbouring 

squares. I t does, hotifever, give some i n d i c a t i o n of 

the number of other n e s t s i n the proximity of a 

p a r t i c u l a r b i r d . These " d e n s i t i e s " were c a l c u l a t e d 

i n r e l a t i o n to age and are shown i n Table 3̂ » 
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Table 3^. R e l a t i v e density of nest s i t e s i n r e l a t i o n to age 

Age of breeding Mean Number of 
b i r d s ( y e a r s ) Density p a i r s 

3 6,0 2 

k 6 A 23 

5-6 9.5 3^ 

7-9 8.1 17 
10-15 8.9 27 

>15 10.3 7 

The f i g u r e s obtained f o r the d e n s i t i e s of the n e s t s 

show t h a t there was a marked tendency for older b i r d s to nest 

more c l o s e l y together than the younger b i r d s , p a r t i c u l a r l y those 

r e t u r n i n g to breed f o r the f i r s t or second time. 

Another aspect of the nest s i t e was considered by 

comparing the n e s t s which were i n a corner of the study area, 

s h e l t e r e d by a bemk, with the n e s t s which were i n the more 

exposed c e n t r a l p a r t s of the cove. The mean age of b i r d s 

( i S.E.) breeding i n the s h e l t e r e d areas was found to be 

9.4-7 i 0.12 and i n the exposed areas 6.35 - 0.24 years. 

These values are s i g n i f i c a n t l y d i f f e r e n t (d = 12,73 P<0,001), 

I t seems l i k e l y that the older b i r d s , returning to the 

colony f i r s t , e i t h e r r e t u r n s t r a i g h t to t h e i r breeding place of 

the previous season or d e l i b e r a t e l y choose a favourable nest 

s i t e . They a l s o appairently choose to crowd i n t o a pa r t i c u l e i r 

a r e ^ where presumably the greater proximity of other breeding 

b i r d s may have a s e l e c t i v e advantage. 

D a r l i n g (1938) concluded "that c o l o n i a l nesting 

b i r d s f u r n i s h each other with the necessary v i s u a l and 
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a u d i t o r y s t i m u l a t i o n f o r the reproductive c y c l e " and 

Salomdnsen (1943) showed that small groups of Ki t t i w a k e s , 

Guillemots, L i t t l e ajid L e s s e r Black-backed G u l l s f a i l e d to 

breed, presumably because of l a c k of s t i m u l a t i o n . I t i s 

p o s s i b l e that the older A r c t i c Terrs on the Farne I s l a n d s 

chose to n e s t §t a very high d e n s i t y i n order to obtain 

the maximum s t i m u l a t i o n from t h e i r neighbours. This crowding 

may a l s o r e s u l t i n the b i r d s being more aggressive towards 

predators, f o r i t has been shown i n many spec i e s that b i r d s 

n e s t i n g i n small groups are much l e s s aggressive than those 

n e s t i n g i n l a r g e , dense c o l o n i e s . I s o l a t e d A r c t i c Tern n e s t s 

may be more prone to a t t a c k s by predators due to t h i s l a c k of 

aggression. 

The older b i r d s , r e t u r n i n g e a r l i e r to the colony and 

having f i r s t choice of nest s i t e , probably b e n e f i t i n two ways 

by choosing to nest c l o s e together; f i r s t , the increased 

s t i m u l a t i o n on the sexual c y c l e by other breeding p a i r s , and, 

second, the p r o t e c t i o n from predation g^ned by the Increased 

aggression of the sub-colony. 

Date of l a y i n g 

I n some cases the date when the f i r s t egg was l a i d was 

known a c c u r a t e l y ^ but f o r msiny b i r d s of known age the l a y i n g date 

was estimated by an e x t r a p o l a t i o n back from the hatching date. 

T h i s occurred i n cases where the colou r - r i n g s on the b i r d were 

not seen u n t i l a f t e r i t had s t a r t e d incubating. As s t a t e d 

e a r l i e r , the mean incubation period ftofflthe l a y i n g of the f i r s t 

egg i s twenty-two days, and there i s no i n d i c a t i o n of any 

appreciable v a r i a t i o n i n t h i s with age. Therefore the 
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l a y i n g date was assumed to be twenty-tivo days e a r l i e r than 

the hatching date, and these c a l c u l a t e d dates have been used 

i n t h i s a n a l y s i s together with the known l a y i n g dates. 

The mean l a y i n g dates i- S,E,) for each age group 

i n 1966, 1967 and 1968 are shown i n the f i r s t p a rt of Table 35a 

where i t should be noted that the absence of a standard e r r o r 

value i n t h i s and subsequent t a b l e s i n d i c a t e s that the mean 

was derived from i d e n t i c s i l numbers. As 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 I966 and.1967 ( t = 4.5 df = 8 P<0,01), 

a c o r r e c t i o n f a c t o r (mean d i f f e r e n c e = * ^^^^^ applied 

to the 1966 r e s u l t s before they were combined with those from 

1967. These combined r e s u l t s are shown i n Table 35b and>. have 

been subjected to an a n a l y s i s of variance with respect to age. 

The a n a l y s i s i s presented i n Table 36 and shows that no 

s i g n i f i c a m t d i f f e r e n c e e x i s t s between the mean l a y i n g dates 

f o r the d i f f e r e n t age c l a s s e s . An a n a l y s i s performed on the 

1968 data gave a s i m i l a r r e s u l t . 

Table 35a. Mean l a y i n g date i n r e l a t i o n to age ( a l l dates 

i n June u n l e s s otherwise s t a t e d ) 

1966 
Age - . . - • 
( Y r s . ) MEAN L.D.- S.E. 

3 7 ^ 5 
4 6 ^ 2 

6 2 * 1 . 
7 3 i 2 

8 3 ^ 1 
9 6-1 2 

10-15 31 Mayi 2 

>15 ^ - 2 
A l l 4 i 2 

1967 1968 

N MEAN L.D.I S.E. N mM L .D.i S,E. N 

3 11 i 3 13 4 1 

12 9 1 3 9 16 + 3 12 

1 l ^ i 3 14 11 + 2 11 

8 1^13 9 12 + 2 9 
3 17 i 6 5 10 + 2 2 

13 24 i 3 4 i i + 3 5 
8 9 i 5 7 13 + 6 6 
3 6 i 3 11 9 + 2 28 
5 1 2 ^ 7 5 13 + 4 7 

56 12 * 3 77 11 + 2 81 
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Table 35b. Mean l a y i n g date i n r e l a t i o n to age. Corrected 

data from 1966 and I967 combined ( a l l dates i n June) 

Age 
years 

3 
4 

5 

6 

7 

8 

9 

10-15 

>15 

A l l 

Mean l a y i n g date 
+ S,E. 1966/1967 

12 1 3 
12 t 2 

14 i 4 
1 3 ^ 3 

15 

1 5 ^ 2 

12 i 4 

10 1 4 

N 

16 

21 

15 

17 

8 

17 

15 

14 

10 

133 

Table 36. A n a l y s i s of variance between the mean l a y i n g dates 

for each age c l a s s , u s i n g the combined and corrected 

data of 1966 and I967 

Source of 
v a r i a t i o n 

Sum of 
squares D.F. 

Mean 
squares 

Var. 
Ratio P 

Between dates 796 8 99.6 1.13 o.or 

R e s i d u a l 10946 124 88.3 

T o t a l 11742 132 

I t has been suggested from the dates when f i r s t 

o bservations were made on colour-ringed b i r d s that the older 

b i r d s r e t u r n to the colony f i r s t . The advantage of an 

e a r l i e r r e t u r n was probably mainly i n the greater choice 
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of breeding s i t e . The younger b i r d s , r e t u r n i n g l a t e r , had 

a more l i m i t e d choice of nest s i t e , but they spent l e s s time 

i n p r e - l a y i n g a c t i v i t i e s than the older b i r d s . The presence 

of b i r d s already involved i n breeding a c t i v i t i e s probably 

stimu l a t e d the younger b i r d s to commence breeding f a i r l y 

q u i c k l y and t h i s r e s u l t e d i n a synchronisation of the time 

of l a y i n g of b i r d s of a l l ages. 

Clutch s i z e 

The d i f f i c u l t i e s of determining the c l u t c h s i z e 

a c c u r a t e l y when the b i r d s were s u f f e r i n g egg predation have 

already been discussed i n Section 1, The same c r i t e r i o n 

f o r c l u t c h s i z e i s used here, neunely that the c l u t c h must 

have had the same number of eggs f o r at l e a s t three days. 

T h i s e l i m i n a t e s the chance of i n c l u d i n g c l u t c h e s which are 

preyed upon before completion. I n many cases b i r d s which 

had t h e i r f i r s t c l u t c h preyed upon l a i d a second and sometimes 

even a t h i r d . Only the s i z e of the f i r s t c l u t c h i s included 

i n t h i s a i n a l y s i s . The mean c l u t c h s i z e s f o r each eige group 

i n 1966, 1967 and 1968 are shown i n Table 37 and Figure 24, 

Table 37. Mean c l u t c h s i z e i n r e l a t i o n to age 

Mean Clutch s i z e s 

Age 1966 + S.E. N 1967 + S.E. N 1968 + S.E. N 

3 1.6 + 0.3 5 1.5 + 0.2 12 1.0 1 
4 1.7 + 0.1 13 1.5 + 0.2 11 1.4 + 0.1 14 

5 1.5 + 0.5 2 1.5 + 0.1 20 1.2 + 0.2 9 
6 1.9 + 0.1 11 + 0.2 7 1.5 + 0.2 11 
7 2.0 3 2.0 7 1.8 + 0,3 4 
°8 1.9 + 0.1 10 2.0 4 1.6 + 0.3 5 
9 1.6 + 0.2 7 1.^ + 0.3 5 1.3 + 0.3 4 

10-15 + 
mm 0.2 2 1.0 1 1.5 + 0.1 34 

>15 + 0.2 2 1,8 + 0.3 4 1.5 + 0.2 6 
A l l 1.6 + 0.2 55 1.6 t 0.1 71 1.5 0,2 88 



Figure 24. The mean clutch s i z e i n r e l a t i o n to age. 
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There was no s i g n i f i c a n t d i f f e r e n c e between the 
c l u t c h s i z e s i n I966 and 1967 and I968 but the r e s u l t s from 

the l a t t e r year tended to be lower and have not been included 

i n the combined data that are presented i n Table 37b. 

Table 37b, Mean c l u t c h s i z e i n r e l a t i o n to age. I966 and 

1967 data combined 

Age Mean c l u t c h s i z e * S.E. N 

3 1.5 + 0.1 17 
k 1.6 + 0.1 2k 

5 1.3 + 0.1 22 
6 1.7 + 0.1 18 

7 2.0 10 
8 1.9 + 0.1 Ik 

9 1.5 + 0.2 12 

>9 1.6 + 0.2 10 

An a n a l y s i s of variance was c a r r i e d out on the 

combined data and the r e s u l t s i n Table 38 show that there 

was more v a r i a t i o n between the age c l a s s e s than would be 

expected by chance. The l a r g e s t c l u t c h e s were l a i d by 

the seven and eight year old b i r d s , while b i r d s of l e s s 

than seven years and greater than eight years were l e s s 

l i k e l y to l a y c l u t c h e s of two than the intermediate aged 

b i r d s . A s i m i l a r e f f e c t with inexperienced b i r d s was 

found i n the Ki t t i w a k e by Coulson & White (1958) where 

the c l u t c h s i z e of females breeding f o r the f i r s t time 

was lower thsm those breeding on the second and subsequent 

o c c a s i o n s . They found no evidence of a decl i n e i n the 
c l u t c h s i z e of the older b i r d s . 
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Table 38, A n a l y s i s of variance between the mean c l u t c h s i z e s 

for each age c l a s s , using the combined data of 

1966 and 1967 

Source of Sum of Mean Var. 
V a r i a t i o n squares D.F, squares Ratio P 

Between age 

c l a s s e s 4.0 8 O.5O 2.32 0.05 

Re s i d u a l 25.3 II8 0.21 

To t a l 29.3 126 

Egg measurements 

The maximum length and breadth of s i l l eggs l a i d by 

a d u l t s of knovm age was measured i n mm using a verr\^r c a l i p e r . 

From these measurements the shape index and volume were 

c a l c u l a t e d as has been described i n Section 1. A number 

of eggs were weighed w i t h i n a day or two of being l a i d ajid 

the weights were very c l o s e l y c o r r e l a t e d with the volumes 

(see S e c t i o n 1) and i n t h i s study the volumes of the eggs 

are considered r a t h e r than the weights f o r the reasons 

given e a r l i e r . 

The mean lengths and breadths (- S.E.) of eggs 

measured i n I966 and 1967 from b i r d s of d i f f e r e n t ages 

are presented i n Table 39. 
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Table 39. Mean length and breadth of eggs for each age group 

i n 1966 and 196?. Dimensions i n mm 

Age 
( y r s ) Length i S.E. Breadth - S.E. N Length - S.E. Breadth i S.E. N 

3 ko.i + 0.8 28.8 + 0.2 3 39.6 + 0.5 28.7 i 022 12 
k + 0.4 29.1 

+ 0.2 13 40.0 + 1.2 29.4 t 0.6 3 

5 - - - 41.3 + 0.7 29.1 i 0.2 12 
6 41.3 + 0.5 29.2 + 0.4 6 40.5 + 0.6 29.5 i 0.3 8 

7 hoA + 0.4 29.5 + 0.2 4 40.8 + 0.5 29.4 t 0.1 6 
8 40.5 + 0.4 29.2 + 0.2 10 42.1 + 0.8 29.4 i 0.1 6 

9-15 40.7 + 0.2 29.4 + 0.2 10 40.6 + 0.4 29.3 i o . 3 11 

>13 40.6 + 0.8 29.3 + 0.3 5 40.3 + 0.5 29.3 t 0.2 3 

Length 

There i s very l i t t l e d i f f e r e n c e between the lengths 

of the eggs l a i d by b i r d s of d i f f e r e n t ages, and although there 

i s a s l i g h t p o s s i b i l i t y that b i r d s breeding f o r the f i r s t time 

may l a y a somewhat sh o r t e r egg, the d i f f e r e n c e s are not 

s i g n i f i c c i n t . 

Breadth 

The mean breadth of eggs l a i d by three year old 

b i r d s i s somewhat l e s s than the mean breadth l a i d by any 

other age group, but the d i f f e r e n c e s again are not s i g n i f i c a n t . 

There i s , t h e r e fore, a tendency f o r young b i r d s to 

l a y narrow eggs and f o r the breadth to in c r e a s e a f t e r the 

f i r s t y e a r of breeding. Richdale (1955) found a ' s i m i l a r 

e f f e c t i n the Yellow-eyed Penguin, where two year old 
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females which were breeding f o r the f i r s t time l a i d 

s i g n i f i c a n t l y l i g h t e r and narrower eggs thaji the older bir d s , 

Volume 

As there i s l i t t l e d i f f e r e n c e between the lengths 

and breadths f or the d i f f e r e n t age c l a s s e s i n e i t h e r 1966 

or 1967, these data have been combined to give the mean 

volumes (- S.E.) shown i n Table 'fO. I t i s important to 

s t r e s s that these means have been c a l c u l a t e d from the 

i n d i v i d u a l volvunes f o r each age c l a s s , and not from the 

mean length and breadth v a l u e s . 

Table ^0. Mean egg voliunes, I966 auid I967 combined data 

1966 and 1967 
Age 

( y e a r s ) 

3 

k 

5 

6 

7 

8 

9-15 

>15 

I t has been shown i n Section 1 that the volume of 

the egg i s c l o s e l y c o r r e l a t e d with the weight of the chick 

on hatching ( r = +0,83 y = 0.^9 + 0.75x), and t h i s f a c t o r 

i s probably the most important one u l t i m a t e l y i n f l u e n c i n g 

Mean Vol. ( c c ) + S.E. N 

15.7 
+ 0.2 15 

16.5 
+ 

0.3 16 

16.7 
+ 0.2 12 

17.0 + 
0.3 Ik 

16,9 
+ 0.2 10 

16.9 + 0.2 16 

16.8 + 0.2 21 

16.7 
+ 

0.3 8 
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breeding s u c c e s s . Although there i s only 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 d i f f e r e n c e betv^een the egg volumes of three 

and four year o ld b i r d s ( t = 2 ,22 df = 29 P < 0 . 0 5 ) , 

there i s , nonetheless, a d e f i n i t e trend of i n c r e a s i n g 

volume with age. S i x year old b i r d s show a msiximum egg 

volume of 17.Qcc and a f t e r t h i s there i s a s l i g h t decline 

to l6 .7cx. for b i r d s older than f i f t e e n y e a r s . Romsmoff & 

Romanoff (19^9) found i n the domestic hen that t h e i r eggs 

were s m a l l e s t during the f i r s t year and then increased i n 

volume u n t i l the t h i r d or fourth year. Subsequently 

the volume of the egg decreased as the age of the fowl 

adveinced. 

The mean lengths euid breadths f o r I968 are 

presented s e p a r a t e l y i n Table kl together with the mean 

volumes. These l a t t e r , together with those from 1966-I967 , 

are i l l u s t r a t e d i n Figure 25 . 

Reference to Figure 25 shows that although the 

egg volumes i n 1968 f o r the two age groups, four years 

and g r e a t e r than f i f t e e n y e a r s , are close to those for 

1966-1967, the trend of i n c r e a s i n g volume up to s i x 

y e a r s o l d does not occur. These l a t t e r b i r d s i n 1968 

have the lowest egg volume of 15,8cc. , Although the 

ma j o r i t y of the egg volumes for 1968 are lower than those 

f o r 1966-67, only the volumes f o r the f i v e and s i x year 

old b i r d s are s i g n i f i c a n t l y so : 

5 y e a r s : t = 2 .10 df = 19 P< 0 , 0 3 

6 years : t = k,lk df = 3 I P< 0 . 0 0 1 



Figure 25. The mean egg volume (cc) i n r e l a t i o n to age. 
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CO lA H o H Â . • . • . . 
•p OO 00 CO as ON ON ON 
13 OJ OJ CVJ <\j CVJ OJ CM 

u 

1 

-p 

nJ 

U 

to 
0) 

H 

0) 

w . 
CO 

+ 1 

+> 
60 0 
H 
s 

IN lA rA rA 
• . • • . 
o O o O o O o 

+ 1 + 1 +1 + 1 + 1 + 1 + 1 

nj l A VO OO rA 
• . • . . • • • O O o O o O 

-:f- J - J - J -

H 
« H 
EH 

CO 
U 
a 

a> 
tiO 

lA VO CO 
lA H lA I H 
ON ^ 



126 

The r e d u c t i o n i n egg volume i n 1968 may have been due to a 

general e f f e c t of the red t i d e on the bi r d s * a b i l i t i e s to 

produce l a r g e eggs. Part of the reduction may be accounted 

f o r by the a c t i v e s e l e c t i o n f o r smaller eggs, i n that i n 

1968 many b i r d s were found dead i n an egg bound condition 

and i f the l a t t e r was the primary cause of death, then 

p o s s i b l y those b i r d s l a y i n g smaller eggs would be more 

l i k e l y to s u r v i v e . I t i s i n t e r e s t i n g that the volumes 

l a i d i n I968, while lower, are wit h i n a range of two 

standard d e v i a t i o n s from the 1966 eind I967 volumes. 

Cl u t c h volume 

The mean c l u t c h volume f o r each age group i n I966-I967 

and i n I968 has been c a l c u l a t e d by mu l t i p l y i n g the r e s p e c t i v e 

mean c l u t c h s i z e s and the mean egg volumes. The mean c l u t c h 

volumes obtained i n t h i s way are given i n Table k2 and 

i l l u s t r a t e d i n Figure 26. 

Table 47, Mean c l u t c h volume (mean c l u t c h s i z e x mean egg 

volume) i n r e l a t i o n to age, 1966-I967 and I968 

Age (year) Mean c l u t c h woliune Mean c l u t c h volume 
1966-67 ( c c ) 1968 ( c c ) 

3 23.6 
k 26A 23.0 

5 25.1 19.2 

6 28.9 23.7 

7 33.8 29.3 

8 32.1 26.4 

9-15 25.2 24.6 

>15 28.4 25.1 



Figure 26, The mean clutch volume (cc) i n r e l a t i o n to age. 
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The c l u t c h volumes f o r I966-I967 show a general 

i n c r e a s e up to the seven year old group, with some evidence of 

a s l i g h t d e c l i n e a f t e r t h i s . The lovfest value f o r c l u t c h 

volume occurred i n the three year o ld b i r d s . The values for 

1968 are a l l lower, with the Isirgest c l u t c h volumes i n the s i x , 

seven eind e i g h t year age groups. 

Shape Index 

The v a l u e s of the shape index f or each age c l a s s 

i n 1966, 1967, and I968 are given i n Table 43 and have been 

c a l c u l a t e d from the i n d i v i d u a l shape i n d i c e s f o r each group. 

The table shows very l i t t l e r e l a t i o n s h i p between shape index 

and age £br any of the y e a r s . Given the p o s s i b l e r e l a t i o n s h i p 

between egg volume and age, discussed e a r l i e r , t h i s must mean 

that i n c r e a s e s i n egg volume are brought about by equally 

p r o p o r t i o n a l i n c r e a s e s i n length and breadth together. 

Table 43, Mean shape index (- S.E,) f or each age c l a s s i n 

1966, 1967, and 1968 

Age 
( y r s j 

3 
4 
5 
6 
7 
8 

9-15 
>15 

1966 1967 1968 
s , i . t S.E, Me am S . I , - S.E. Mean S . I . + 

mm 
S.E 

71.8 i 1.8 72.5 - 0.9 
72.3 - 0.7 73.5 i 2.9 70.2 + 0.6 

70,8 i ̂ •5 71,0 + 

70,6 i 0.9 72.9 i 0.9 70.2 + 1.2 
72,9 - 0.5 72.2 * 0,9 72.3 + 0.6 
72.3 - 0.5 70.1 - 1,7 71.1 + 1,7 
72.2 t 0.7 72.1 i 1.0 72.7 + 0.5 
72.3 ' 1.4 72.9 - 1.4 72.8 + 0,6 
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The d i f f e r e n c e s i n egg s i z e f o r d i f f e r e n t age groups 

are r e f l e c t e d i n the change i n egg s i z e l a i d by i n d i v i d u a l females 

i n s u c c e s s i v e y e a r s . I n t h i s short term study i t ivas * p o s s i b l e 
£JoIm 

to follow i n d i v i d u a l s ^ r o r two or a t the most three years, but they 

show a r e f l e c t i o n of the general trends'. The mean volumes of a l l 

eggs l a i d by i n d i v i d u a l females i n each year are shown i n Table 44, 

Table 44', Mean volume of a l l eggs l a i d by i n d i v i d u a l females 

of known age i n 1966, 1967, and 1968 

Ring number 
Age i n I966 

( y e a r s ) 
Mean egg volume 
( c c ) 1966 

Mean eggvol. 
( c c ) 1967 

Mean egg v o l . 
( c c ) 1968 

CK36695 2 - 14.42 15.32 

CK34198 2 14.86 15.73 

CK23164 3 16.14 - 17.32 

CKIO959 4 16.29 - 16.13 

CK25358 4 - 15.20 16.14 

CK02481 5 - . 17.89 15.70 

705055 6 15.91 - 15.67 

727593 6 15.48 - 14.75 

GK63528 9 17.16 15.94 17.93 

727112 >10 16,22 - 15.13 

GKO2108 >10 16,87 15".44 16.15 

When considering these i n d i v i d u a l measurements^ i t must 

be borne i n mind that the t o t a l mean egg volume for 1968 was 

considerably l e s s than the mean for e i t h e r 1966 or 1967» the 

reasons f o r which are d i s c u s s e d i n Section 4. Where an in c r e a s e 

i s seen from 1967 to I968 i n the s i z e of the eggs from a normal 

individueJ., t h i s would probably have been a l a r g e r i n c r e a s e i n 

a normal year; where no i n c r e a s e or a s l i g h t decrease has 
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occurred, there would probably have been a s l i g h t i n c r e a s e i n 

a normal y e a r . 

Hatching Success 

The hatching success of b i r d s of known age was 

c a l c u l a t e d by expressing the number of eggs which hatched as a 

percentage of the t o t a l number of eggs l a i d by a p a r t i c u l a r 

age group. The r e s u l t s f o r I966/I967 have been combined and 

are given i n Table 45a together with those from I968. Table 43b 

shows the hatching success f o r c l u t c h e s of one and two for 

d i f f e r e n t age groups, u s i n g the combined data from 1966 and 196?< 

Table ̂ 5a. Hatching success i n r e l a t i o n to age of the adu l t s , 

1966 and 1967 combined euxd I968 

Age No. of No. of 
(y e a r s ) 1966/1967 c l u t c h e s 1968 c l u t c h e s 

3 30,9% 28 mm- 0 

4-5 37.6^' 55 kO,7% 27 

6-8 48,2% 50 31.1% 29 

>8 53.2?^ 42 26.99^ 54 

Table 45b. Hatching success f or 1966 and 1967 combined i n 

r e l a t i o n to c l u t c h s i z e and age of adults 

Age Clutches No. of Clutches No. of 
( y e a r s ) of 1 c l u t c h e s of 2 c l u t c h e s 

3 42.85^ 14 25.05^ 14 

4-5 Sk.Of/o 25 26,7% 30 

6-8 kl,2% 17 30,Cf/o . 33 

> 8 50.0%' 22 55.0% 20 
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There was some evidence of an increased hatching success 

from the o l d e r b i r d s i n I966 /I967. Table 45b shows that t h i s was 

mainly due to the greater success of cl u t c h e s of two; 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 the hatching success for c l u t c h e s 

of two i n 1966/67 from four and f i v e year olds (26.79^ and from 

6-8 year o l d s (509$) (d = 2.68 P<:0.01). T h i s could r e f l e c t a 

gr e a t e r a b i l i t y of the older b i r d s to look a f t e r two eggs, 

p a r t i c u l a r l y i n the c r i t i c a l period e a r l y i n incubation when 

i t was shown i n Section 1 that t h i s was the time when clu t c h e s 

of two were most l i k e l y to be preyed upon. 

Reasons f o r hatching f a i l u r e 

These have been discussed i n d e t a i l i n Section 1 and 

are d e a l t with here only i n r e l a t i o n to age. 

1. S t a r l i n g predation 

S t a r l i n g predation accounted for most of the 

hatching f a i l u r e i n each year and showed some v a r i a t i o n with 

the age of the adult t e r n s . The percentage of cl u t c h e s l a i d 

by b i r d s of known age, which were presiunably preyed upon by 

Starlings, i s shown i n Table 46. These f i g u r e s are for 1966 

and 1967 only. 

Table 46. The percentage of the t o t a l number of cl u t c h e s 

l a i d which were praj«*iû n by S t a r l i n g s i n r e l a t i o n 

to age; data from I966 and I967 

Age ( y e a r ) Total c l u t c h e s No.preyed upon % preyed upon 

3, 4, & 5 74 28 38 

6, 7, 8e 8 50 22 44 

Greater than 8 4 l 25 61 
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Although S t a r l i n g s may sometimes toVce. OAU| one egg 

from a c l u t c h of two, t h i s incomplete predation never occurred 

where the age of the parents was known. The r e s u l t s are 

therefore r e l a t e d to the number of c l u t c h e s , r a t h e r than eggs 

l a i d , to be c o n s i s t e n t with other data presented under t h i s 

heading. Although there i s an apparently higher l e v e l of 

predation i n the older group, the d i f f e r e n c e between t h i s 

and the 6, 7» and 8 yeeir groups i s not s i g n i f i c a n t . 

2. Exposure 

I t has been shown e a r l i e r i n t h i s s e c t i o n that 

there i s a c o r r e l a t i o n between the age of the b i r d and the 

date of r e t u r n to the colony. This may give the e a r l y 

a r r i v a l s , the older b i r d s , an advantage i n the choice of 

nest s i t e . Within the cove the most important v a r i a b l e 

i n the d i f f e r e n t s i t e s was the amount of s h e l t e r . The cove 

was protected from the north-west to the south by a f a i r l y 

steep bank aaxd to a l e s s e r extent to the south-east by a 

low ridge of rocks. P a r t s of the cove were thus f a i r l y 

s h e l t e r e d from the main w e s t e r l y winds, other sireas were 

much more exposed. There i s some evidence to suggest 

that b i r d s which r e t u r n e a r l y to the cove, having a free 

choice of nest s i t e and no attachment to a particulao* s i t e , 

s e l e c t ' the more s h e l t e r e d areas, and i t has been shown 

e a r l i e r 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 , 

the mean age of b i r d s breeding i n the s h e l t e r e d areas 

and those breeding i n the more exposed ar e a s . 

The s i g n i f i c a n c e of the s h e l t e r may be r e l a t e d to 

the d e n s i t y a t which b i r d s are n e s t i n g i n these a r e a s . 
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I t may a l s o be r e l a t e d to the r a t e of cooling of an unattended 

c l u t c h . I f there was some delay during change-over or i f a 

b i r d l e f t a c l u t c h f or any t i m e ^ t h i s would cool much more 

q u i c k l y i n the exposed areas than i n those s h e l t e r e d from 

the p r e v a i l i n g wind, 

3 . Flooding 

Some n e s t s were i n a p o s i t i o n below the High 

Spring Tide l e v e l smd i f a Spring Tide occurred during the 

incubation period then the eggs were washed away. This 

accoonleA orvV^ , f o r a very small percentage of the t o t a l 

egg l o s s . The percentage of c l u t c h e s from b i r d s of known 

age l o s t t h i s way i n I966 and I967 are shown i n Table ^7. 

Table ^7, The percentage of c l u t c h e s l o s t through flooding 

i n r e l a t i o n to the age of the parents; combined 

data from I966 and I967 

Age ( y e a r ) T o t a l c l u t c h e s No,flooded Percentage flooded 

3 , 4, and 5 7^ 7 10 

6 , 7 , and 8 50 2 k 

Greater than 8 41 0 0 

The flooding of n e s t s accounted o v e r a l l f o r a very 

small percentage of the hatching f a i l u r e s , and was confined 

to the younger b i r d s . T h i s suggests that a b i r d may become 

more experienced i n i t s choice of nest s i t e and that b i r d s 

breeding f o r the f i r s t time are more l i k e l y to choose 

u n s u i t a b l e n e s t s i t e s . There i s considerable evidence 

to show that older b i r d s r e t u r n to the same nest s i t e 
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every year, but i n s u f f i c i e n t to show that i f young b i r d s are 

c o n s i s t e n t l y u n s u c c e s s f u l a t one s i t e they v d l l move on to 

a new one, although t h i s seems very l i k e l y , 

k. Other causes of egg l o s s 

As discussed i n Section 1, other reasons for 

hatching f a i l u r e accounted f o r only a very small percentage 

of c l u t c h e s and the data are i n s u f f i c i e n t to show any age 

s p e c i f i c i t y . 

R e -laying replacement c l u t c h e s 

The a b i l i t y of a b i r d to l a y a second c l u t c h i f 

i t l o s e s the f i r s t i s obviously an important f a c t o r i n i t s 

u l t i m a t e breeding success ajid an attempt was made to see 

i f there was any d i f f e r e n c e i n the r e - l a y i n g a b i l i t y of 

b i r d s of d i f f e r e n t ages. 

T h i s study was confined to colour-ringed b i r d s 

n e s t i n g i n the cove a r e a . As observations were made by 

telescope f o r at l e a s t two hours on almost every day of 

the breeding seasons of 196? and 1968, the chances of 

i d e n t i f y i n g a colour-ringed b i r d at i t s nest s i t e were 

f a i r l y high. Those b i r d s which r e - l a i d always did so 

i n the same immediate axea, eilthough not always at the 

exact s i t e as the f i r s t c l u t c h . None seen to r e - l a y 

i n other areas and observations of some of these colour-

ringed " f a i l e d " breeders i n the "club" areas provided 

f u r t h e r confirmation,;,that they had not l a i d a replacement 

c l u t c h . Table 48 shows the numbers and percentages of 

b i r d s of d i f f e r e n t age groups which l a i d a replacement 

c l u t c h when the i n i t i a l c l u t c h f a i l e d . 
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Age 
( y e a r s ) 

3 

4-5 

6-8 

Number of 
f a i l e d 
c l u t c h e s 

10 

9 

14 

22 

Number of 
replacement 
c l u t c h e s 

2 

4 

3 

13 

Percentage of 
replacement 
c l u t c h e s 

20 

44 

21 

59 

The d i f f e r e n c e s between the age groups are r a t h e r 

v a r i e d , but there i s a p o s s i b i l i t y that the older b i r d s may 

have a g r e a t e r a b i l i t y or i n c l i n a t i o n to r e - l a y a c l u t c h i f 

the f i r s t one f a i l s . 

Growth r a t e s of young from parents of known age 

A sample of c h i c k s from parents of known age was 

weighed at the same time each day i n a l l three y e a r s . The 

c h i c k s were ringed with a s i n g l e colour r i n g on the day a f t e r 

hatching and l a t e r with a numbered B r i t i s h Trust for Ornithology 

r i n g . The colour r i n g enabled quick i d e n t i f i c a t i o n of ch i c k s 

which were to be weighed every day. These r i n g s were removed 

before f l e d g i n g and replaced with the normal year colour r i n g . 

The growth curve of A r c t i c Tern c h i c k s has been 

di s c u s s e d i n Section 1 where i t was shown to have a constant 

d a i l y i n c r e a s e i n weight between the fourth and the fourteenth 

day. Only c h i c k s of t h i s age are included i n t h i s study and 

the mean growth r a t e s between the fourth and fourteenth day 

fo r c h i c k s from parents of known age are shown i n Table 49, 
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Table 4 9 . Mean growth r a t e s of c h i c k s from parents of known 

age, 1966 and I967 data combined 

Age of 
parents 
( y e a r ) 

Mean growth r a t e 
of c h i c k (gi ./day) + S,E, N 

3 6 ,7 
+ 

0.7 10 

4 5 . 5 
+ 

0 .4 10 

5 6 ,6 
+ 

0 ,5 12 

6 6,1 
+ 

0 ,4 9 

7 6 .3 
+ 

0.9 4 

8 6 ,1 
+ 

0 ,5 11 

9 6 .4 + 
0 ,3 7 

>9 7 .5 
+ 0 ,4 12 

The growth r a t e s of young from parents of over nine years old 

were over one gram per day more tham those from younger psirents. 

T h i s i n c r e a s e i n the growth r a t e i s presumably a r e f l e c t i o n of 

the p a r e n t s ' greater e f f i c i e n c y a t f i s h i n g or of a greater 

concentration on the task of feeding the young or of a 

combination of both these f a c t o r s , Coulson & V/hite (1958) 

found that i n the Kittiwake,the growth r a t e s of ch i c k s from 

parents breeding for the f i r s t time were s i g n i f i c a n t l y lower 

than those where the parents had bred before. 

I t i s importsint to remember that the growth r a t e 

only r e p r e s e n t s a proportion of the amount of food brought 

to a c h i c k . Chicks were reared i n the laboratory as 

described i n S e c t i o a 1 and t h e i r t o t a l intake of food euid 

d a i l y growth r a t e were measured. These were compared with 

observations i n the f i e l d on the number and estimated length 
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of f i s h brought to c h i c k s . By weighing sand e e l s of various 

l e n g t h s , i t was p o s s i b l e to estimate the weight of the mean 

d a i l y i n t a k e of f i s h . The two s e t s of data showed a great 

s i m i l a r i t y and suggested that i n order to maintain a d a i l y 

i n c r e a s e i n weight of seven gramsa chic k must r e c e i v e between 

twienty-five and t h i r t y grsims of f i s h each day. 

As the i n c r e a s e i n the growth rate of the c h i c k s 

from old e r parents i s maintained f o r the whole of the l i n e a r 

s e c t i o n of the growth curve, the c h i c k s from these pau:ents 

w i l l be approximately lOg heavier when they are 14 days old 

than the c h i c k s from younger parents. T h i s d i f f e r e n c e i n weight 15. 

may w e l l have £in e f f e c t on t h e i r s u r v i v a l through the fledging 

period. 

Fledging s u c c e s s 

The f l e d g i n g success has been c a l c u l a t e d as the 

percentage number of young which fledged, compared with the 

number of young which hatched. I n Table 50a the fledging 

success i s presented f o r the young of parents i n the d i f f e r e n t 

age groups u s i n g combined data from I966 and 196?, while 

Table 50b g i v e s a breakdown of f l e d g i n g success f o r broods 

of one and two. The numbers of young that were fledged 

from each p a r e n t a l age group i n I968 were very small and 

are not considered here. 

Although there i s no s i g n i f i c a n t d i f f e r e n c e between 

the r e s u l t s f o r the d i f f e r e n t ages, there i s some evidence 

of a s l i g h t i n c r e a s e i n f l e d g i n g success simong the older 

parents, •̂ he causes of c h i c k m o r t a l i t y have been discussed 

i n S e ction 1 and no evidence i s a v a i l a b l e to i n d i c a t e that 

any p a r t i c u l a r m o r t a l i t y of the c h i c k s i s s p e c i f i c to the 

age of the parents. 
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Table 5 0 a . Fledging success^. . u s i n g combined data from 

1966 and 1967^ i n r e l a t i o n to age 

Age of 
parents 
( y e a r s ) 

3 

4-5 

6-8 

>8 

No. of 
young 
hatched 

13 

32 

40 

33 

No, of young 
survived 

to f l e d g i n g 

7 

25 

25 

23 

Percentage 
fledged 

54 

66 

63 

70 

Table 50b. Fledging s u c c e s s i n r e l a t i o n to age and brood 

s i z e , 1966 and 1967 combined 

Brood of one Brood of two 
Age of No,of No.of No.of No.of 
parenjts young young Percentage young young 
( y e a r s ) hatche'd fledged fledged hatched fledged 

3 

4 -5 

6-8 

> 8 

6 

16 

7 

11 

3 

9 

5 

9 

50 

56 

71 

82 

7 

16 

33 

22 

4 

12 

20 

14 

Percentage 
fledged 

57 

75 

61 

64 

Breeding s u c c e s s 

The t o t a l breeding success f o r each age group has 

been c a l c u l a t e d as the percentage of eggs which produced 

fledged young. As has been discussed e a r l i e r , i t was not 

p o s s i b l e to a s s e s s post fledging s u r v i v a l i n t h i s short 

term study. The breeding success of the d i f f e r e n t age 

groups i s given i n Table 51 which i l l u s t r a t e d the very 

s l i g h t tendency for breeding success to increase with age, 

although the d i f f e r e n c e s a r e ^ s t a t i s t i c a l l y s i g n i f i c a n t . 
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Table 51» ^he percentage of eggs which produced fledged young 

i n r e l a t i o n to age i n I966 and I967 combined and 

i n 1968 

1966 and 1967 1 9 6 8 

Age 
( y r ) No. eggs 

No. 
fledged 

Percentage 
fledged No, eggs 

No. 
fledged 

Percentage 
fledged 

3 42 7 17 1 0 0 

4-5 85 21 25 34 6 18 

6-7 51 11 22 34 3 9 

8-9 49 20 41 15 1 7 

> 9 45 17 38 70 13 19 

T h i s value of the breeding success i s not, however, 

a true r e p r e s e n t a t i o n of the breeding success of the age groups 

as i t does not take i n t o account e i t h e r the c l u t c h s i z e or the 

a b i l i t y of the b i r d s to r e - l a y , ^he true success of the 

population has therefore been expressed as the number of 

yoimg rea r e d per female parent amd these values are given 

i n Table 52 and i l l u s t r a t e d i n Figure 27 . 

Table 5 2 . The number of young reared to fledging per adult 

femsile, i n r e l a t i o n to eige; combined data 1966 

and 1967, 1968 s e p a r a t e l y 

1966 and 1967 1 9 6 8 

Age 
( y r ) 

No. Adult 
9 

No';' 
young 

No. 
young/9 

No. 
adult 9 

No. 
young 

No, 
young/9 

3 27 7 0.26 1 0 0 

4-5 47 21 0 .45 27 6 0.'22 

6-8 50 24 0.48 2 f 3 0.10 

>8 37 20 0 .54 54 14 0.26 



Figure 27. The number o f young reared t o f l e d g i n g per 

a d u l t female, i n r e l a t i o n t o age. 
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I n 1966 and I967 there was c l e a r evidence that the 

older b i r d s were more s u c c e s s f u l than the younger ones 

although the data have had to be grouped i n t o r a t h e r l a r g e 

c a t e g o r i e s i n order to maintain a reasonable sample s i z e . 

The 1968 r e s u l t s once again manifest the e f f e c t of the red 

t i d e which w i l l be d e a l t with i n the next s e c t i o n . The 

r e s u l t s from 1966 and I967 are s i m i l a r to those reported 

by Coulson & White (1958) who, i n t h e i r study on the Kittiwake, 

found tha t b i r d s breeding f or a t l e a s t the t h i r d time had the 

g r e a t e s t breeding success, those breeding f o r the second time 

a reduced s u c c e s s , w h i l s t the lowest breeding success occured 

amongst b i r d s breeding f o r the f i r s t time. 

P r e l i m i n a r y d i s c u s s i o n of the breeding biology of A r c t i c Terns 

i n r e l a t i o n to age 

A r c t i c Terns of a l l ages returned to the breeding 

colony, but the time of t h e i r r e t u r n depended on age. 

The older b i r d s returned on average a week or two e a r l i e r 

than the younger b i r d s which i n turn a r r i v e d a week or two 

e a r l i e r than the non-breeding b i r d s , •'•his l a t t e r group 

c o n s i s t e d mainly of the f i r s t year or "P o r t l a n d i c a " b i r d s 

which spent very l i t t l e time i n the n e s t i n g areas and were 

not seen i n l a r g e numbers u n t i l the breeding season was 

almost over, together with two year old b i r d s . I t has 

been suggested that the tv/o year old b i r d s may p l a y a 

p a r t i n t r i a n g u l a r 'marriages', but no evidence has been 

found of t h e i r breeding. Even though they spent more 

time i n the n e s t i n g areas than the "Portlsmdica" birds, 

they did not a r r i v e u n t i l the breeding season v/as w e l l 

e s t a b l i s h e d , and i t i s concluded that three year old 

A r c t i c TernScomprised the youngest group of breeding b i r d s . 
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T h i s deferred maturity has already been mentioned and 

i s t y p i c a l of l o n g - l i v e d b i r d s . Lack (1966a) suggested that 

breeding, being d i f f i c u l t , was not attempted u n t i l the b i r d s 

were older, because they would then be more l i l c e l y to succeed 

and o v e r a l l r a i s e more young. There may be some evidence 

f o r t h i s from the present study where young parents are l e s s 

e f f e c t i v e a t r a i s i n g c h i c k s than older parents, but i t i s 

d i f f i c u l t here to separate a true age e f f e c t from that of 

the l a c k of experience by b i r d s breeding f o r the f i r s t time. 

The a l t e r n a t i v e explanation of deferred maturity was offered, 

by Wynne Edwards (1955» 1962) who suggested that i t might 

have been evolved by group s e l e c t i o n to reduce the niunber of 

young and so prevent over-population. The i m p l i c a t i o n s of 

t h i s are d e a l t with i n gre a t e r d e t a i l i n the General D i s c u s s i o n . 

Throughout t h i s study i t was found that b i r d s breeding 

f o r the f i r s t time were considerably l e s s s u c c e s s f u l than any 

other age group. Much of t h i s l a c k of success may have been 

r e l a t e d to inexperience or as a consequence of a l a t e r e t u r n . 

The l a t e a r r i v a l of the three year old b i r d s may mean that 

t h e i r choice of nest s i t e i s l i m i t e d to the edge of the colony 

where they may l a c k the s t i m u l a t i o n of other b i r d s nearby. 

T h e i r inexperience would make them l e s s l i k e l y to avoid areas 

belov/ Spring Tide l e v e l where flooding of the nest might occur. 

S i m i l a r reduced reproductive success i n b i r d s breeding f o r the 

f i r s t time has been recorded i n many other l o n g - l i v e d s p e c i e s , 

f o r example, the Kittiv/ake (Coulson & White 1958) and i s a l s o 

t y p i c a l of many s h o r t - l i v e d s p e c i e s , f or example, the Great 

T i t ( P e r r i n s I965). 
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A f t e r the f i r s t attempt at breeding^the t o t a l breeding 

success showed a general i n c r e a s e with age, so that the oldest 

b i r d s produced the l a r g e s t number of young, ^ i s occurred i n 

s p i t e of the f a c t that t h i s group showed a reduced c l u t c h s i z e 

and egg volume v/hen compared with the s i x , seven, and eight 

year old b i r d s , but th-ese l a t t e r ages may represent the best 

p h y s i o l o g i c a l ages f o r breeding. However, i t may be that 

the o l d e r b i r d s have an o v e r a l l higher breeding success 

because they make up f o r a p o s s i b l e p h y s i o l o g i c a l d e f i c i e n c y 

of t h e i r reproductive c a p a c i t y by being more experienced. 

T h i s may give them an advantage when s e l e c t i n g a nest s i t e 

and t h i s i n i t i a l choice may a f f e c t t h e i r whole reproductive 

s u c c e s s . Although there i s a suggestion that they may be 

more l i a b l e to predation, they may compensate for t h i s by 

having a g r e a t e r a b i l i t y to r e - l a y . The growth r a t e s 

f o r the c h i c k s from older parents were higher than those 

from the other groups and i n d i c a t e that older b i r d s are 

more e f f i c i e n t a t f i s h i n g than the other groups or are 

more r e s p o n s i b l e i n c a r i n g f o r t h e i r young. I t i s possible 

that younger parents, although equcilly capable of catching 

f i s h , may not be so single-minded i n taking the food to the 

young and may be more e a s i l y d i s t r a c t e d from t h i s purpose. 

Again, i t i s l i k e l y that t h i s i s a l s o influenced by the 

p o s i t i o n of the n e s t s i t e i n r e l a t i o n to other nest areas 

£ind a c c e s s to the seq.. 

I t seems l i k e l y therefore that, p h y s i o l o g i c a l l y , 

the middle age groups are b e t t e r adapted f o r reproductive 

success i n that they are l i k e l y to produce the l a r g e s t 
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eggs by volume, and hence the l a r g e s t c h i c k s on hatching, 

and that they are more l i k e l y to have a c l u t c h of tv/o eggs. 

I n s p i t e of t h i s , the o v e r a l l breeding success o f the older 

b i r d s i s g r e a t e r and t h i s i s probably because, although 

they may be p h y s i o l o g i c a l l y l e s s capable of breeding, 

t h e i r g r e a t e r experience l e a d s to behaviour which r e s u l t s 

i n an i n c r e a s e d production of young. 
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SECTION FOUR THE EFFECTS OF AN EXCEPTIONAL BLOOM OF 

DINOFLAGELLATES ON THE BREEDING .OF THE 

ARCTIC TERN5IN I968 

I n t r o d u c t i o n 

At the beginning of the I968 breeding season,there 

was an e x c e p t i o n a l l y high m o r t a l i t y of sea-birds on the Fame 

I s l a n d s and many of the s u r v i v i n g b i r d s had t h e i r breeding so 

s e r i o u s l y upset that they were u n s u c c e s s f u l i n r a i s i n g young 

i n 1968, T h i s was probably caused by the exceptional 'bloom' 

of d i n o f l a g e l l a t e s , mentioned e a r l i e r , which rel e a s e d toxins 

i n t o the sea and has been documented by Couiaon et a l ( 1968) , 

The b i r d s most a f f e c t e d viere Shags and, although only 199 

corpses were found (175̂  of the b i r d s a t r i s k ) the l o s s of 

colour-marked b i r d s i n d i c a t e d that 80% of the breeding 

population died. Fewer corpses of A r c t i c Terns were 

found, namely a t o t a l of 71 (1% of the b i r d s a t r i s k ) . 
I 
I 

T h i s ^difference may have been a r e a l one i n that Shags 

were more l i k e l y to succumb to the e f f e c t s of the toxins 

or i t may have been i n f l u e n c e d by the smaller chance of 

f i n d i n g the corpse of an A r c t i c Tern compared to that of a 

Shag! There was some evidence from the return of colour 

ringed t e r n s that the m o r t a l i t y was l e s s than 5% of the b i r d s 

at r i s k . The main e f f e c t on the t e r n s \-ia.s that the breeding 

was considerably upset, r e s u l t i n g i n the production of l e s s 

than 10% of the normal number of young, and the reasons for 

t h i s are d i s c u s s e d i n t h i s s e c t i o n . 
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Number of adu l t A r c t i c Terns found dead i n I968 

'•̂ he numbers of adu l t A r c t i c Terns found dead on 

Inner Farne each day i n May and June I968 are i l l u s t r a t e d 

i n Figure 28 which shows the main peak of m o r t a l i t y to be 

between 25 May and 3 June. This was s l i g h t l y l a t e r than 

the main Shag m o r t a l i t y , 21-28 May, and coincided with the 

commencement of the main t e r n l a y i n g period. I t was possible 

to sex 48 of the ter n corpses recovered and 38 (799̂ ) of these 

were females. Many of the b i r d s were i n the process of egg 

l a y i n g and e i t h e r had a f u l l y formed egg ixi the cloac a or 

had obviously j u s t laiid an egg; one b i r d was found f r e s h l y 

dead on top of a new egg. I t seems l i k e l y that the toxins 

produced by the d i n o f l a g e l l a t e s did not i n general adversely 

a f f e c t the A r c t i c Terns to the point of m o r t a l i t y u n t i l the 

females had the e x t r a muscular s t r a i n eind co-ordination of 

egg-laying. T h i s was not the case i n the Shag where the 

m o r t a l i t y occurred equally i n both sexes. 

Ages of dead A r c t i c Tern& 

A t o t a l of 18 of the A r c t i c Terns found dead were 

ringed b i r d s whose ages were known a c c u r a t e l y , and the 

numbers of dead t e r n s from d i f f e r e n t age groups are shown 

i n Figure 29 . There was no evidence of age s p e c i f i c 

m o r t a l i t y ; the l a c k of any dead one or two year old b i r d s 

was due to the m o r t a l i t y occurring e a r l y i n the season, 

before the younger non-breeding b i r d s a r r i v e d i n the colony. 



F i g u r e .28.. The numbers of a d u l t A r c t i c Terns found dead each day 

• on' In n e r Fame i n . May and June' I968. 
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Figure 29, The. numbers of adult A r c t i c Terns of knorni 

age found dead i n May and June I968. 
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Hatching success i n 1968 

I t has been shown i n Section 1 that the hatching 

s u c c e s s f o r I968 (15.6^) was s i g n i f i c a n t l y lower than that 

i n 1967 (^7.0^) and 1966 ( H . W (d = 11 . 7 P< 0.001). 

I n 1968 the causes of egg f a i l u r e were i n v e s t i g a t e d i n 

d e t a i l f o r d i f f e r e n t areas and these are shown i n Table 53, 

The m a j o r i t y of the eggs which were l o s t came i n t o the 

•disappeared' category, that i s , they were present on one 

ne s t round but no t r a c e of them could be found on the 

next round 12 hours l a t e r . The most l i k e l y reason for 

t h e i r disappearance was predation by S t a r l i n g s ; eggs 

p i e r c e d and damaged by S t a r l i n g s disappeared completely 

w i t h i n s i x hours, presumably removed by the t e r n s . 

The eggs i n the 'disappeared' category were therefore 

combined with those which were known to be preyed upon 

£ind t h i s gave an o v e r a l l l e v e l of predfrtion that represented 

93'9% of a l l eggs which f a i l e d to hatch. The amount of 

predation i n the cove amd on the rocks was very high (95.19^) 

and (96,89^) r e s p e c t i v e l y , but was s i g n i f i c a n t l y l e s s i n the 

vegetation (83,5%) (d = 4,3 P< 0 . 0 0 1 ) , I'he main reason 

f o r the high l e v e l of predation was that during and 

immediately a f t e r the period of main m o r t a l i t y due to 

the red tide;many of the c l u t c h e s were l e f t unguarded 

and many breeding areas were sometimes completely devoid 

of t e r n s f o r p a r t s of each day. For the remainder of 

the breeding season^the numbers of terns i n the breeding 

areas a t ajxy one time were considerably l e s s than normal. 

Marauding S t a r l i n g s were therefore able to work t h e i r way 

through the eggs with l i t t l e i n t e r r u p t i o n , p a r t i c u l a r l y 
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as the incubation of many c l u t c h e s was sporadic. The 

lower l e v e l of predation i n the vegetation was probably 

because many eggs were hidden by the p l a n t s compared to 

the eggs exposed on the rocks and sandy areas of the cove. 

Eggs which were^incubated f o r more than 22 days 

and f a i l e d to hatch were assumed to be i n f e r t i l e , but i t 

i s probable that the o v e r a l l percentage of i n f e r t i l i t y 

i s an under-estimate, due to the high l e v e l of predation. 

. Spot checks were c a r r i e d out to quantify the 

i n t e n s i t y of incubation during and immediately a f t e r the 

main m o r t a l i t y , from 25 May to 3 June, Only n e s t s where 

the eggs had been l a i d f o r more thein 12 hours were included 

i n these checks as i t has already been shown that incubation 

i s normally r a t h e r e r r a t i c immediately a f t e r egg l a y i n g , 

A t o t a l of 1^0 observations were made on 3^ c l u t c h e s and 

on only 108 occasions (7799) were the c l u t c h e s incubated, 

while experience from 1966 and I967 i n d i c a t e d that almost 

100?^ incubation was usuail a t t h i s time. 
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Table 53. Causes of egg f a i l u r e i n d i f f e r e n t areas, I968 

Cove Eocks Vegetation A l l 

No. % No, % No, % No. % 

•Disappeared' 183 127 kk 354 

Predation known 88 53 27 168 

Predation assumed 271 95.1 180 96,8 71 83.5 522 93.9 

Flooded 6 2.1 k 2,2 0 0 10 1.8 

Deserted 2 0.7 0 0 7 8.2 9 1.6 

Died during 
hatching if lA 2 1.1 3 3.5 9 1.6 

I n f e r t i l e 0 0 0 0 4.7 k 0.7 

Others 2 0.7 0 0 0 e 2 

T o t a l eggs l o s t 285 186 85 556 

The proportion of c l u t c h e s being incubated i n I968 

was almost 100^ at times, but at others was l e s s than 10%, 

T h i s was shown by notebook comments, as on 2 June at l800hrs 

when there were no b i r d s a t a l l i n the breeding areas apart 

from the cove and a small area of the rocks nearby. A 

s i m i l a r comment on 3 June a t 1900hrs recorded 23 b i r d s i n 

the cove and 1 i n the vegetation, a l l s i t t i n g on c l u t c h e s , 

but no other b i r d s i n the n e s t i n g areas at a l l and very 

few around the islamd, although there were a la r g e niunber 

of c l u t c h e s i n other a r e a s . The d e t a i l e d notebook comments, 

together with the timetable of the red t i d e are shown i n 

Table 54. From these the general pattern of a c t i v i t y of 

the s u r v i v i n g terns during and immediately a f t e r the red 

t i d e was a r e t u r n to the i s l a n d each day i n the very e a r l y 
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morning at about 0300hr6 with apparently normal a c t i v i t y , 
including incubation, followed by a slow d r i f t away from 
the island during the day. At f i r s t , 2 June, t h i s was 
almost complete by 0900hrs, but on 3 June the majority 
of the birds stayed v m t i l 1300hrs, and on k June u n t i l 
iSOOhrs, By 7 June there were birds present i n a l l 
breeding areas for the majority of the day but the numbers 
present at £iny one time were s t i l l less than 50?̂  of the 
normal numbers seen i n previous years. This situation 
continued u n t i l the end of the season with a steady decline 
i n t o t a l numbers. 

Although there was no defini t e evidence for the 
reason f o r the birds' absences from the islands for long 
periods, immediately after the main mortality, i t seems 
l i k e l y that i t was due to a shortage of food near the 
Fame Islands. The evidence for t h i s , although rather 
subjective, i s presented below, 

1, In the period 23 May to 10 June very few 
terns were observed fishing from the isleind. This was 
unusuEil as normally^large numbers of terns, p a r t i c u l a r l y 
i n concentrated groups over shoals of f i s h , could be seen 
at a l l times from the island, 

2, Large numbers of dead sand eels were 
washed up on the shore of the island sind were reported 
from the mainland coast by the local fishermen, 

3, Very few of the terns f l y i n g around the 
island carried f i s h . Several hour-long observations of 
birds f l y i n g into the cove at di f f e r e n t periods of the 
day were made and a t o t a l of 15 f i s h were brought i n 
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Table 54. Timetable of the red t i d e based on Coulson et a l (I968) 

and d a i l y notebook comments 

13 May 4 Shags died at Amble 
14 May 1 Shag died Fame Islands'. Phosphorescence seen from 

Inner Fame, 1 Sandwich Tern dead at Amble, 
15 May 2 Semdwich Tern found dead on Northumberland coast. 
16 May Reduced number of Shag n e s t s occupied on Fame I s l a n d s . 
17 May About h a l f the expected number of A r c t i c Terns i n 

Inner Fame colony. 
18 May Few Shags around apart from incubating b i r d s . 
19 May Normeil a c t i v i t y among A r c t i c Terns on Inner Fairne. 

No mention of reduced numbers. 
21 May 1 A r c t i c Tern died overnight - Inner Fame, 
23 May Only 9 out of 298 Shag n e s t s occupied on Fames. 

F i r s t A r c t i c Tern egg l a i d . Fewer terns i n cove 
than on 22 May, 

24 May Dead sand e e l s (Ammodytes) washed ashore, 
25 May A r c t i c Tern seen with Earthworm, 
26 May Dead A r c t i c Tern with f u l l y formed egg i n cloaca, 
27 May Vast numbers of sand e e l s washed up on Northumberland 

co a s t . Large numbers of A r c t i c Terns found dead. 
14 A r c t i c Tern c l u t c h e s commenced. 

28 May 35 A r c t i c Tern c l u t c h e s commenced. 
30 May A r c t i c Tern seen i n cove with symptoms of poisoning -

i n a b i l i t y to stsmd, 
2 June 10 A r c t i c Terns seen with sand e e l s a l l day. O9OO -

no t e r n s i n enclosure. 2000 - no terns i n colony 
apart from a few i n the cove and on rocks nearby. 

3 June 0300 - l a r g e numbers of t e r n s i n vegetation, I3OO -
no t e r n s i n enclosure. I8OO - no b i r d s i n vegetation. 
1900 - 19 n e s t s under observation i n cove, 9 being 
incubated, 10 not, 2100 - I9 n e s t s , 5 being incubated, 
l 4 not being incubated, 

.4 June 0700 - large numbers of t e r n s i n cove and on rocks. 
Only one small group seen f i s h i n g during whole day, 
10 t e r n s seen with ssuid e e l s a l l day. I8OO - a few 
t e r n s i n cove, on nearby rocks, and i n vegetation 
on top of i s l a n d . None elsewhere, 

5 June Large amount of a c t i v i t y i n e i l l tern n e s t i n g areas 
throughout the day. 

6 June Terns very a c t i v e . Large numbers of painic f l i g h t s , 
1800 - very few t e r n s i n any areas apart from cove 
and nearby r o c k s . 2-hour watch - 2 terns returned 
to cove c a r r y i n g sand e e l s . 
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during 12 hours of observation between 29 May and 7 June; 

11 of these were Ammodytidae, 3 Clupeidae, and 1 Syngnathidae 

(p i p e - f i s h ) . 

4, There was some evidence of terns using rather 

unusual food, for example, the pipe-fish quoted i n (3)» 

while one b i r d was seen during t h i s period carrying an 

earthworm, and one with a dead sand eel which v;as covered 

i n sand. 

I t i s l i k e l y therefore that the reason for the 

absence of the terns from Inner Fame immediately after 

the red tide was due to a shortage of t h e i r main food, 

sand eels, i n the v i c i n i t y of the Fame Islands, The 

birds were spending longer looking for f i s h and were 

t r a v e l l i n g much further than usual from the islands. 

Later i n the season there was more fishing a c t i v i t y within 

sight of Inner Fame, and although only six chicks were 

weighed regularly, t h e i r mean growth rate of 6,7g/day 

was the same as tha± i n 1967 which suggests that there 

was no food shortage from the middle of June onwards. 

Chick mortality 

I t was d i f f i c u l t to determine chick mortality 

accurately i n 1968 for a number of reasons. The rearing 

of chicks i n the laboratory on the mainland caused the 

routine twice-daily nest round to be discontinued after 

6 July, and observations were res t r i c t e d to those made 

on four separate day v i s i t s to the island, the l a s t being 

on 29 July, This also meant that no deiily weighings of 
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c h i c k s cmuld be made, and i n previous years these had 

provided a u s e f u l check on the s u r v i v a l of c h i c k s . 

I n 1966 and I967 i t was p o s s i b l e to estimate chick 

m o r t a l i t y a c c u r a t e l y due to the i n t e n s i t y of observations 

and i n a d d i t i o n to f i n d i n g corpses, m o r t a l i t y was a l s o 

assumed where a chick was not seen a l i v e f o r f i v e days 

before an age at which i t could be assumed to have fledged'. 

I t could a l s o be assumed that i f a chick of nea r l y fledging 

age disappeared, then t h i s had s u c c e s s f u l l y fledged, as 

many of these b i r d s were l a t e r caught i n mist n e t s . 

T h i s was not p o s s i b l e i n I968 as the main cause of chick 

m o r t a l i t y was predation by Herring and L e s s e r Black-backed 

G u l l s and many c h i c k s disappeared a t an age of 1-2 weeks 

before they could be assumed to have fledged. Predation 

was observed on a number of occasions and one g u l l p e l l e t 

was found with the ringed l e g of a chick i n s i d e . Very 

few corpses were found, except on the v i s i t of 19 J u l y , 

immediately a f t e r a period of heavy r a i n . The minimum 

ch i c k m o r t a l i t y has been c a l c u l a t e d on the b a s i s of d i r e c t 

evidence but t h i s i s l i k e l y to be a considerable under

estimate, and on the b a s i s of the known s u r v i v a l of 

ringed c h i c k s i t i s p o s s i b l e that c h i c k m o r t a l i t y could 

have been as high as 83%m The minimum chick m o r t a l i t y 

has assumed that i f a chick had survived the f i r s t week 

of l i f e , then i t survived to fledging, u n l e s s i t s corpse 

was found, and was based on the assumption that the amount 

of observation on the day v i s i t s was too low to f i n d a l l 

s u r v i v i n g c h i c k s . Minimum chick m o r t a l i t y i n I968 as 

shown i n S e c t i o n 1 was 38?̂  and was not s i g n i f i c a n t l y 
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d i f f e r e n t from the known mortality i n I966 (44%) or i n 

1965 (.^0%), The reasons for the very low chick mortality 

i n 1967 have already been discussed i n Section 1. The 

mortality values for 1968 are given i n Table 55 and on 

an area basis, the I968 mortality i n the vegetation (43%) 

was not s i g n i f i c a n t l y higher than that i n the cove (35%) 

or on the rocks (33%)• The s i g n i f i c a n t l y higher mortality 

i n the vegetation i n I966 over other areas was probably 

due to the greater wetting effect of the vegetation, 

but i n 1968, although t h i s factor s t i l l operated, the 

mortality i n the vegetation was r e l a t i v e l y lower, probably 

because of the protective cover i t provided agsiinst g u l l 

predation. 

Table 55. Minimim chick mortality, 1968 

Niunber of chicks hatched 
Number of chicks assumed died 
during f i r s t week of l i f e or 
found dead l a t e r 

Minimum mortality 

Cove Rocks Vegetation A l l 

48 15 40 103 

17 

35% 

5 

33% 

17 

43% 

39 

38% 

The reasons for the deaths of chicks whose corpses 

were found i n I968 were probably, as i n previous years, a 

combination of exposure and food shortage, the l a t t e r 

p a r t i c u l a r l y applying to the second chick i n a brood of two. 

No chicks were found which showed signs of attack by adult 

terns, and t h i s i s probably related to the small numbers 

of adults i n the colony i n I968, The main reason for the 
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increase i n chick mortality was g u l l predation which was 

not seen to occur i n 1966 or 1967. There was l i t t l e 

d i r e c t evidence of g u l l predation apart from observation 

on a few occasions, but a number of chicks disappeared 

and despite intensive searching, the i r corpses were not 

found. At no time during the breeding season of I968 

were there large numbers of terns on the nesting areas 

and gulls were frequently seen f l y i n g over these areas, 

unmolested by adult terns. In previous years, small groups 

of terns were seen to attack gulls which came close to the 

nesting areas, but i n 1968 the low density and small numbers 

of terns probably resulted i n a lack of aggression which 

enabled the gulls to search for and prey upon large 

numbers of chicks. 

Total production of young i n I968 

I t has been shown i n Section 1 that the proportion 
of re-laying i n I968 was much higher than i n previous years, 
but the success of each peiir considerably lower. Over the 
whole of Inner Fame, as has been stated e a r l i e r , a t o t a l 
of only 112 yoxmg were ringed i n I968, while i n I967 sind 
1966 the t o t a l s were respectively 1243 and II89, with 
approximately the ssime amount of e f f o r t i n sesirching for 
the chicks. Of the birds that were ringed i n I968, only 
13 are known to have died, but as 63 of them were not 
seen a f t e r ringing, i t i s possible that only 36 of the 
ringed birds survived. Spot checks of fledged terns 
standing on rocks showed that approximately 50% of these 
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birds were ringed emd i t i s l i k e l y therefore that the t o t a l 

production of fledged Arctic Terns from Inner Fame i n 1968 

was about 70-100 birds. The breeding of Common and 

Roseate Terns on Inner Fame was not studied i n d e t a i l 

i n 1968, but from general observations and the ringing 

t o t a l s , i t i s l i k e l y that t h e i r breeding was affected i n 

a similar v;ay to that of the Arctic Terns The numbers 

of Common Tern p u l l i ringed i n 1967 and 1968 were 
and 

respectively 186 and 8 ,for the Roseate Tern, the totals 

were 30 euid .8, 
Preliminary discussion of Section 4 

From the recoveries of corpses and the return 
of colour-ringed birds, i t i s unlikely tkat the mortality 
of adult Arctic Terns exceeded 3% during the main period 
of the red t i d e . The breeding was, however, considerably 
disrupted, resulting i n a t o t a l production of young which 
was probably less than \(f/o of that i n a normal year, the 
main reason for which v/as a shortage of food caused by 
the red tide coinciding with the main laying period. 
The terns were away from the breeding axeas for long 
periods and therefore unable to defend t h e i r eggs 
against Starling predation. I t has been shown i n 
Section 1 that both the clutch size and egg dimensions 
were small i n I968. This l a t t e r may have been due to 
a selection for small eggs, i n that the birds producing 
larger eggs were more l i k e l y to die during the process 
of egg laying. Alternatively, both these factors may 
have been the direct result of the food shortage 
rendering the terns unable to lay more or larger eggs. 
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An in d i r e c t effect of the food shortage was that 

breeding was unsynchronised and the birds were nesting i n 

scattered pairs rather than i n a dense colony. They may 

thus have l o s t the advantages of colonial nesting and were 

unable to drive away predators, p a r t i c u l a r l y g u l l s , for 

i n the vegetation areas where predation i s thought to be 

less important, these effects were less marked. 
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GENERAL DISCUSSION 

In 1966, 1967, and I968, at the age of I 6 , 17, and 
18 years respectively, an individual Arctic Tern returned 
to breed at the same nest si t e on Inner Fame, In each 
year, t h i s b i r d , which was probably a female, with i t s 
mate of unknown age, successfully reared one young to 
fledging. This occurrence i s probably by no means an 
unique event; during the r e l a t i v e l y short duration of 
the present study i t has become obvious that some Arctic 
Terns may l i v e to a considerable age and that their a b i l i t y 
to produce young i s not impaired by age and may be increased 
by t h e i r greater experience. 

In many long-lived species, i t has been well 
established that birds which have acquired adult plumage 
and are apparently mature, may delay t h e i r time of f i r s t 
breeding for a few years, Austin & Austin (1956) stated 
that very, few Common Terns nest i n thei r second or t h i r d 
summers and some not u n t i l t h e i r f i f t h . The age of 
f i r s t breeding i n the Common Gull i s given by Onno (I968) 
as 2-4 years, i n the Gannet (Sula bassana L.), 4-5 years 
(Wynne Edwards 1954) the Fulmar up to 7 years (Bannerman 
1959), and i n the Yellow-eyed Penguin up to 8 years 
(Richdale 1949). Richdale further suggested that of the 
two year old birds, females were more l i k e l y to breed than 
males as there was probably an excess of meiles i n the 
population. Palmer (I94la) said that Common Tern% v/hich 
were not old enough to breed, possessed the eclipse (or 
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winter) plumage i n the summer, had rudimentary gonads and 

were not t r u l y migratory; some of them arrived i n 

the northern colonies acp^ they are social and followed the 

flocks of breeding birds. He does not give the age of 

these non-breeders, but i t i s l i k e l y that they eire one 

year old birds as, s i m i l a r l y i n the Arctic Tern, the 

f i r s t year birds possess the "Portlandica plumage". 

Only small numbers appear i n the breeding areas late i n 

the season and they do not attempt to breed. Many of 

the two year old birds axe apparently f u l l y adult, 

although a higher proportion than any other age group 

possess some characteristics of the "Pikei plumage", 

but there i s no evidence that any of them breed (Cullen 1956, 

pers.obs.). 
The reasons for t h i s deferred maturity i n long-

l i v e d birds have been discussed by V/ynne-Edwards (I962) 

and Skutch ( I967 ) . Wynne-Edwards considers that i t has 
been evolved by group selection to prevent overpopulation 
and overexploitation of the food resources and Skutch 
s i m i l a r l y regards i t as an adaptation to adjust the rate 
of reproduction to mortsility. He finds i t d i f f i c u l t to 
accept that birds which learn i n a few weeks how to find 
s u f f i c i e n t food to keep themselves al i v e , require a matter 
of years to develop s u f f i c i e n t s k i l l i n foraging to maintain, 
with a mate, one or two young. Skutch believes that the 
greater proficiency of older birds comes from practice at 
rearing young rather than an increased s k i l l i n foraging. 
However, Schuz (1957) used Hornberger's figures (1954) 

for the White Stork to show that i n birds breeding for 
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the f i r s t time, older b i r d s (5 y e a r s ) were more s u c c e s s f u l 

i n r e a r i n g young than younger b i r d s (3 yeair s ) . Me Lack (1966a) 

p o i n t s out, t h i s does not show a s e l e c t i v e advantage for 

d e f e r r i n g f i r s t breeding a s , although the three year old 

b i r d s produce fewer young, they do produce some and 

t h e r e f o r e , u n l e s s breeding a t t h i s e a r l i e r age i n c r e a s e s 

the r i s k of m o r t a l i t y , there i s a s e l e c t i v e advantage i n 

breeding e a r l i e r as t h i s adds to the eventual t o t a l 

production of young by these b i r d s . Lack suggests that 

young b i r d s do not i n many cases attempt to breed as 

t h i s would be dangerous f o r them, although he admits 

there i s no evidence f o r t h i s . 

Even i n s p e c i e s where deferred maturity occurs, 

b i r d s breeding f o r the f i r s t time are considerably l e s s 

s u c c e s s f u l than those breeding for the second and subsequent 

occ a s i o n s , Coulson 8e White (1958) found that Kittiwcikes 

breeding f o r the f i r s t time reared l e s s than h a l f the number 

of young produced by b i r d s breeding f o r the t h i r d time, 

Richdale (19^9) found th a t the f e r t i l i t y of the eggs i n 

the Yellow-eyed Penguin was very low i n the two year old 

b i r d s but i n c r e a s e d considerably i n the three year old 

b i r d s , p a r t i c u l a r l y i n those which had bred at two y e a r s . 

A f t e r r e a c h i n g a peak at four y e a r s , when 91^ of the eggs 

were f e r t i l e , there was some evidence of a d e c l i n e with 

age. I n the present study, the number of young reared 

to f l e d g i n g by three year old A r c t i c Terns(0,26/adult 

f^emale) was considerably l e s s thain that of the four year 

old b i r d s (0.50/adult female). 
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A number of reasons have been suggested for the 

low reproductive success of inexperienced b i r d s . I t has 

been e s t a b l i s h e d i n many cases that b i r d s breeding for 

the f i r s t time have a smaller c l u t c h s i z e i t h i s has 

been shown among others i n the Kittiwake (Coulson & White 1958), 

Yellow-eyed Penguin (Richdale 19^9), Great T i t ( P e r r i n s I965) 

and i n the B l a c k b i r d (Snow 1958). ELomp (1970) considered 

t h a t t h i s had adaptive s i g n i f i c a n c e as females l a y i n g for 

the f i r s t time are l e s s l i k e l y to be able to provide food 

f o r a l a r g e r brood than older b i r d s . T h i s i s s i m i l a r to 

Lack's t h e s i s (1966a) that the c l u t c h s i z e corresponds 

to the brood s i z e from which most young s u r v i v e . 

However, not only do inexperienced b i r d s produce 

fewer eggs, but these eggs are u s u a l l y smaller than those 

from older b i r d s , Romanoff & Romanoff (19'*-9) showed that 

hens' eggs are always s m a l l e s t during the f i r s t year and 

t h i s has been found to be true for many w i l d b i r d s , i n c l u d i n g 

the K i t t i w a k e (Coulson & V/hite 1958) and the Shag (Coulson 

et J L I 1969). Heinroth (1922) showed that the s i z e of the 

newly hatched c h i c k i s proportional to the s i z e of the egg 

and a c h i c k hatching from a l a r g e r egg has a greater food 

r e s e r v e . The newly hatched c h i c k s from inexperienced 

females may therefore be a disadvantage from the time of 

hatching due to t h e i r small s i z e , Coulson £± (1969) 

f u r t h e r showed that the s i z e of eggs l a i d by a p a r t i c u l a r 

year c l a s s of Shags declined through the season. This 

seasonal e f f e c t may be common i n other sea-birds and may 

a d v e r s e l y a f f e c t the s i z e of eggs l a i d by inexperienced 

b i r d s , as i t has been shown that they tend to nest l a t e r 
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i n the season, Coulson & White (1958), P e r r i n s (I965) 

and Snow (1958)'; 

A f u r t h e r reason f o r the reduced success of 

inexperienced b i r d s may be that they are l e s s able to 

look a f t e r c h i c k s than older b i r d s . I t i s d i f f i c u l t 

to measure d i r e c t l y the a b i l i t y of adu l t s to f i n d food, 
i n 

but t h i s can be e s t i m a t e d / d i r e c t l y from the growth 

r a t e s of c h i c k s , Coulson 8e White (1958) showed that 

the growth r a t e s of Kittiwake c h i c k s from inexperienced 

b i r d s was reduced i n broods of two but not i n s i n g l e -

brooded c h i c k s . I n the A r c t i c Tern,the highest growth 

r a f e s occurred i n c h i c k s from experienced b i r d s , over 

nine y e a r s o l d . 

A f t e r the f i r s t attempt a t breeding, the 

reproductive success i n c r e a s e s considerably with age. 

I n some cases i t i s considered that t h i s reaches a peak 

and then d e c l i n e s i n the very old b i r d s , Richdale (19^9) 

suggested a tendency for very old penguins to produce 

s i n g l e eggs, f o r these to be on average smaller i n weight 

and length, and fo r them to have a lower f e r t i l i t y than 

eggs l a i d by younger b i r d s , Austin (1938) considered 

t h a t Common Tern a t t a i n e d maximm f e r t i l i t y i n the fourth 

yeeir, r e t a i n e d t h i s for three y e a r s , auad then showed a 

d e c l i n e , u n t i l a f t e r about ten years they were not 

reproducing e f f e c t i v e l y . However, i n a l a t e r paper, 

Aus t i n (19^5) considered that older b i r d s , that i s , 

those over 13 y e a r s , were more s u c c e s s f u l i n breeding 

than the younger b i r d s because of a more 'propitious 

behaviour p a t t e r n ' which was presumably the r e s u l t of 
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g r e a t e r experience. S i m i l a r l y , i n the present study i t 

has been found that A r c t i c Terns of nine years aind older 

produce on average more young per p a i r than younger b i r d s . 

As these older b i r d s have reduced c l u t c h s i z e s and smaller 

eggs, i t i s suggested that they may be p h y s i o l o g i c a l l y 

a t a disadvsintage compared to the younger b i r d s , but t h e i r 

g r e a t e r experience and a b i l i t y to look a f t e r the young, 

shown by higher growth r a t e s of c h i c k s , more than 

compensates for t h i s . I n the A r c t i c Tern, as i n the 

Common Tern euid the K i t t i w a k e , there seems to be no 

evidence of a d e c l i n e i n reproductive success with age, 

and b i r d s which do s u r v i v e f o r a long time seem to gain 

g r e a t e r experience and produce more young per p a i r than 

younger birds'. 

I t i s possible/that older b i r d s may, by t h e i r 

choice of n e s t s i t e , b e n e f i t more from the e f f e c t s of 

colonieil breeding than the younger b i r d s . The older 

b i r d s r e t u r n e a r l i e r to the colony and t h e i r n e s t s 

are at a high d e n s i t y . Many sea-birds nest c o l o n i a l l y 

and i t has been foxind t h a t , i n general, the p r o d u c t i v i t y 

i n c r e a s e s with the s i z e of the colony. F i s h e r (1952) 

showed that i n Order 1 Fulmar c o l o n i e s , with fewer than 

10 eggs, only of the s i t e s occupied produced 

young, whereas i n Order 3 c o l o n i e s , over 50?S of the 

occupied s i t e s produced fledged young. H a l l (1970) 

found t h a t small c o l o n i e s of the Black-headed Weaver 

Ploeeus c u c u l l a t u s were l e s s s u c c e s s f u l than l a r g e r 

ones, apparently because the process of p a i r formation 
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f a i l e d due to a l a c k of s o c i a l s t i m u l a t i o n . This was 

f i r s t suggested by D a r l i n g (1938) as being important i n 

co l o n i s i l n e s t i n g b i r d s where the d i s p l a y and p e r i p h e r a l 

a c t i v i t i e s provided s t i m u l a t i o n for reproduction. 

Palmer (IL9A-1) found that s c a t t e r e d p a i r s of A r c t i c Tem^ 

n e s t i n g up to h a l f a mile away from the main group, 

gathered with the others f o r s o c i a l f l i g h t s e a r l y i n 

the season. This may have been important i n providing 

the necessary stimulus to breed but a l s o i n synchronising 

the l a y i n g of the eggs with the l a y i n g i n the main colony, 

Belopol'skii ( I 9 6 I ) considered that t h i s synchronisation 

was important i n maintaining the sexual c y c l e , and that 

a t the beginning and end of the season, when synchronisation 

was l e s s e f f e c t i v e , he found . higher proportions of 

u n f e r t i l i s e d eggs, Salomonsen (19^3) supported Darling's 

argument th a t the l a r g e r the colony, the e a r l i e r and the 

more s u c c e s s f u l the breediflg. He found that breeding was 

u n s u c c e s s f u l i n very small groups of K i t t i w a k e s , Guillemots 

and L i t t l e and L e s s e r Black-backed G u l l s . 

I n t e r n s , i n a d d i t i o n to s o c i a l s t i m u l a t i o n and 

sy n c h r o n i s a t i o n of breeding, one of the important functions 

of the colony i s to provide co-operative a t t a c k s on predators. 

These may have the e f f e c t of d i r e c t l y chasing away the 

predator or as Cul l e n ( I 9 6 O ) found, they may make the 

predator move more q u i c k l y through the colony and l e s s 

l i k e l y to spot any but the very poorly camouflaged eggs 

or c h i c k s . Palmer (19^1) found that i n the Common Tern 
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these a t t a c k s were very w e l l organised with two or three 

b i r d s plunging a t a time so that the predator suffered 

a constant s u c c e s s i o n of d i v i n g b i r d s . Tinbergen (1951) 
suggested th a t the a t t a c k s on the predators probably 

conditioned them to avoid p l a c e s where such a t t a c k s had 

r e c e n t l y occurred. 

These c o l o n i a l a t t a c k s on predators may be one 

important reason f o r the synchronisation of the breeding 

season i n the t r o p i c s , where there i s no seasonal change 

i n weather and breeding would be p o t e n t i a l l y p o s s i b l e 

a l l the year round. Ashmole (1963), working on the 

Wideawake Tern which breeds every nine and a h a l f 

months on Ascension I s l a n d , found that the synchronisation 

was important i n reducing a t t a c k s from c a t s and f r i g a t e 

b i r d s ; any e a r l y eggs or l a t e young were rauch more 

l i k e l y to be preyed upon than those i n the main part 

of the season. However, H a r r i s (I969), working on the 

breeding c y c l e of the R e d - b i l l e d Tropic b i r d Phaethon 

a e t h e r s on the Galapagos I s l a n d s suggested that i n 

t h i s and some other non-annual breeders, the a v s i i l a b i l i t y 

of food was the main f a c t o r c o n t r o l l i n g the synchronisation 

of breeddLng. 

Tinbergen (1953) suggested that one of the problems 

of c o l o n i a l n e s t i n g was that too dense a concentration of 

prey makes the predator s p e c i a l i s e on them and therefore 

the n e s t s must be spaced out to some extent. This i s 

a l s o important i n avoiding aggression between neighbouring 

' Palmer (19^1) found that t h i s i n c reased as the s i z e 
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of the t e r r i t o r i e s w i t h i n the colony decreased. He found 

that i n the Common Tern,the lower l i m i t of tolerance was 

achieved when the nests; were about 17 inches apart. The 

boundaries were not r i g i d l y defended; defence increased 

towards the centre of the t e r r i t o r y , Austin (1929, 1932) 

found tha t the average home c i r c l e of Common Tern n e s t s 

was about 6 f e e t i n diameter although the presence of 

vegetation i n the t e r r i t o r y reduced the amount of aggression 

and enabled the n e s t s to be c l o s e r together. I t i s therefore 

apparent th a t w i t h i n a breeding colony a compromise must be 

reached, balancing s o c i a l a t t r a c t i o n on the one hand £uid 

pugnacity between neighbouring p a i r s on the other. This 

i s u s u a l l y achieved by having f a i r l y l a r g e t e r r i t o r i e s 

w i t h i n a d i s t i n c t breeding colony. 

I n 1968 the e f f e c t s of the red t i d e on the breeding 

of the A r c t i c Terns on Inner Earne were mainly to remove the 

advantages of c o l o n i a l n e s t i n g , ^ e breeding of msmy bi r d s 

was i n t e r r u p t e d and they were probably faced with a food 

shortage near the Farne Islainds which meeint that they had 

to spend a considerable proportion of t h e i r time foraging 

f o r food away from the i s l a n d s . The r e t u r n a f t e r the 

main period of m o r t a l i t y due to the red t i d e was therefore 

not synchronised, and the t o t a l number of b i r d s i n any sirea 

a t one time was l e s s than h a l f the u s u a l t o t a l . Although 

the number of chtches l a i d was smaller than i n a normail year, 

these were l a i d over the same area as the b i r d s tended to 

show s i t e l o y a l t y . T h i s had the e f f e c t of reducing the 

s p a t i s i l d e n s i t y of the colony and t h i s , together with the 
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asynchronised r e t u r n reduced the numbers and density of 

b i r d s involved i n breeding a c t i v i t i e s at any time. The 

main e f f e c t of t h i s was that the b i r d s were l e s s aggressive 

towards predators of both eggs and young. This accounts 

f o r the very high egg l o s s , although some of t h i s was due 

to the length of time the b i r d s needed to spend f i s h i n g , 

l e a v i n g the eggs unguarded. The number of young taken 

by g u l l s was probably very high and both Herring and 

L e s s e r Black-backed G u l l s were seen more frequently on the 

breeding E i r e a s , without being attacked. 

The s i t e of the breeding colony i n many sea-birds 

i s t r a d i t i o n a l and although apparently s u i t a b l e s i t e s e x i s t 

elsewhere, the colony may be confined to a p a r t i c u l a r area 

and may be l i m i t e d by t h i s , Wynne-Edwards (1962) suggested 

tha t these t r a d i t i o n s maintained the numbers at a l e v e l 

where they avoided d i r e c t competition for food. The spread 

of the Fulmar i n North-Western Europe l e d Salomonsen (I965) 
to suggest that the l o y s i l t y to s i t e s was not i r r e v e r s i b l e , 

Skutch (1967) considered that t h i s r e s t r i c t i o n to traditionsQ. 

s i t e s was an important adaptive l i m i t a t i o n of the reproductive 

r a t e ; t h i s was one of the ways i n v/hich he s a i d that some 

b i r d s adjusted t h e i r reproductive r a t e to s u i t t h e i r 

environment. This i s i n c o n t r a s t to Lack's ideas (I966) 
of maximum reproduction where b i r d s a d j u s t t h e i r c l u t c h 

s i z e to t h a t brood s i z e from which most young survive,' 

Skutch argued that many b i r d s could support 

more young thsm they normally reared, aad he quoted 

experiments on the Gannet by Nelson (1964) where a 

normally single-brooded b i r d can, i f given an e x t r a chick. 
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s u c c e s s f u l l y reiise two. Some evidence f o r t h i s i s a l s o 

given by the present study where the growth r a t e s of 

c h i c k s from broods of two were not found to be s i g n i f i c a n t l y 

lower than those from broods of one. Skutch and Wynne-

Edwards argued s e p a r a t e l y that some b i r d s were therefore 

d e l i b e r a t e l y a d j u s t i n g t h e i r reproductive r a t e s to maintain 

the population a t a l e v e l where there would be no d i r e c t 

competition f o r food. 

On the Farne I s l a n d s , the main food items of 

the A r c t i c Tern are the sand e e l s Ammodytes spp, 

Pearson (1968) found th a t A r c t i c Terns which were r a i s i n g 

the maximum brood s i z e neeided to spend up to 19 hours 

per day i n f i s h i n g to support the brood. He suggested 

that these b i r d s were near the l i m i t s of t h e i r p h y s i c a l 

a b i l i t y to c o l l e c t food. This may explain why i n 196?, 

when food was very abundant around the Farne I s l a n d s and 

the a d u l t t e r n s were s i g n i f i c e i n t l y heavier than the terns 

i n other yeaurs, they had a much higher breeding success, 

mainly due to an in c r e a s e d c h i c k s u r v i v a l . I n 19^8 

when the food supply a t the beginning of the season was 

sh o r t , the evidence suggests that the b i r d s had to spend 

long periods searching for food away from the i s l a n d s 

and l e f t c l u t c h e s unguarded. This r e s u l t e d i n a very 

high egg predation auid consequent low breeding success. 

I t i s p o s s i b l e therefore that i n some years the breeding 

s u c c e s s of the te r n s may be l i m i t e d by the a v a i l a b i l i t y 

of food i n the immediate v i c i n i t y of the i s l a n d s . 

Although t e r n s are capable of f l y i n g long d i s t a n c e s f o r 
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food, i f they have to do t h i s , c a r r y i n g only one f i s h 

per t r i p , then they w i l l have d i f f i c u l t y i n r e a r i n g 

two young, the normal maximum brood s i z e . I t i s 

suggested that the a v a i l a b i l i t y of food may be the 

u l t i m a t e f a c t o r l i m i t i n g the reproduction of the terns, 

by determining the amount of time spent i n f i s h i n g . 

I f food i s short, the t e r n s have to spend longer away 

from the colony foraging sind t h i s r e s u l t s i n a greater 

l o s s of eggs Eind c h i c k s from predation and an increased 

c h i c k l o s s from the e f f e c t s of exposure, as the adults 

can spend l e s s time brooding young c h i c k s . I t i s a l s o 

suggested that these e f f e c t s are reduced i n older b i r d s 

due to t h e i r g r e a t e r experience i n both foraging and 

looking a f t e r eggs and young. 
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SUMMARY 

1, The d i f f i c u l t i e s of d e t e r i ^ g the length of l i f e 

of animals were di s c u s s e d . The l i t e r a t u r e on 

age s t u d i e s and l i f e t a b l e s was reviewed, 

together with recent work on the A r c t i c Tern, 

2, The study was c a r r i e d out from the end of 1965 

to 1968 on Inner Fame, the innermost i s l a n d 

of the Fame I s l a n d s , o f f Northumberland, and 

was concentrated i n the sandy cove, with com

p a r a t i v e observations from the rocky and 

vegetation a r e a s . 

3, The msdn r e t u r n to the colony took place from 

the beginning to the middle of May and i t was 

suggested that most b i r d s returned d i r e c t l y to 

the ultimate n e s t s i t e and c a r r i e d out t h e i r 

d i s p l a y a c t i v i t i e s there, 

4, Egg l a y i n g began tovfards the end of May and 

the peak was over by the f i r s t week i n June; 

t h i s was s l i g h t l y delayed i n I968, 

5, There was a s i g n i f i c a n t peak of l a y i n g betv/een 

1501 and 2100 SST; the mean time i n t e r v a l S.E.) 

between l a y i n g eggs i n a c l u t c h of two was 46.2 - 4,6hrs, 

6, The mean length, breadth and volume i- S.E.) of eggs 

from s i l l y e ars were r e s p e c t i v e l y 40,33 ~ 0.12mm, 

29.01 - 0.06mm and 16,33 - 0,09cc, The second 

eggs from a c l u t c h of two were s i g n i f i c a n t l y 
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smaller than the f i r s t or the s i n g l e eggs. 

There was some evidence of a d e c l i n e i n breadth 

and volume of eggs with season, 

7, The mean c l u t c h s i z e ( i S.E.) f o r I966 was 1,66 - ,03, 

f o r 1967 1,68 i 0,02, and f o r I968 lAZ i 0,03, 

I n a l l years t h i s showed a seasonal d e c l i n e , 

8, The mean incubation period (- S.E.) was 22.07 * 0,l6 

daysJ i t was suggested that both parents incubate 

e q u a l l y , 

*9. The hatching success i n I966 {kk,k%) was very s i m i l a r 

to that i n I967 (47,0?^); these were s i g n i f i c a n t l y 

higher than the success i n 1968 (15,6%), The 

main cause of egg l o s s was predation by S t a r l i n g s ; 

t h i s was most l i k e l y to occur i n the f i r s t two days 

a f t e r l a y i n g and i n the areas disturbed by day 

v i s i t o r s to the i s l a n d , 

10, There was a high c o r r e l a t i o n between the weight 

of the egg and the v/eight of the chick on hatching 

( r = + 0,83). Second c h i c k s had a c a l c u l a t e d 

hatching weight 0.5g l e s s than f i r s t c h i c k s and, 

i n the same n e s t , hatched on average over a day l a t e r , 

11, The growth curve of c h i c k s showed a steady rate of 

i n c r e a s e from the t h i r d to the fourteenth day; 

a t t h i s age the c h i c k s had a t t a i n e d a d u l t weight, 

12, The average number of feeds brought to a c h i c k 

per hour was 0.67 and the mean length of f i s h 

2.4in (6,1cm); the average weight of f i s h given 

per day was cal.culated from f i e l d observations 

to be 26.6g, Chicks were reared i n the laboratory 
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and i t was found that they needed 26 ,2g of f i s h 

per day to maintain a d a i l y growth r a t e of 6 .8g . 

1 3 . The main d i r e c t causes of chick m o r t a l i t y were 

probably exposure and s t a r v a t i o n . Percentage 

c h i c k m o r t a l i t y i S.E. i n I967 (20 ,9 * 2 , 6 ) was 

s i g n i f i c a n t l y lower than i n anj other year 

(1965 40,3 i 3 , 1 , 1966 44.3 - 2 , 5 , and 1968 

37.9 - 4 , 8 ) ; t h i s may have been due to an 

abundance of food i n 1967. I n a l l years the 

chi c k m o r t a l i t y i n c r e a s e d to a high l e v e l 

towards the end of the season and was highest 

i n the vegetation. I n I966 and I 9 6 7 , second 

c h i c k s had a s i g n i f i c a n t l y higher m o r t a l i t y 

(75^ and 5^^) than f i r s t c h i c k s {23% and 12%), 

The majority, 66%, of the ch i c k m o r t a l i t y took 

pl a c e w i t h i n three days of hatching, 

14. Fledging took place a t about three v;eeks; 

the mean weight of f l y i n g j u v e n i l e s (- S.E.) 

was 95.05 - 2 ,66g i n I 9 6 6 , 

1 5 , T o t a l breeding success was 23,39^ i n I 9 6 6 , 37.2% 

i n 1967, and 9.7% i n I 9 6 8 . More r e - l a y i n g 

occurred i n I 9 6 8 . The t o t a l numbers of ch i c k s 

ringed f or the three years were r e s p e c t i v e l y 

1189, 1243, and 112, Dimorphism of c h i c k s 

was d i s c u s s e d , 

16 , The reasons f o r the high m o r t a l i t y of the second 

c h i c k s and the seasonal d e c l i n e i n reproductive 

su c c e s s were d i s c u s s e d . 
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17. There was a s i g n i f i c a n t l y higher proportion of 

• P i k e i ' b i r d s among the two year old b i r d s (69%) 

and the b i r d s over nine years (18?^) than among 

any other age group, 

18. Older b i r d s tended to be heavier; there was 

an i n c r e a s e i n wing and t a i l length v/ith age. 

Males were s l i g h t l y l a r g e r thain females, 

19. Cage trapping was found to be the most e f f e c t i v e 

way of catching a d u l t s ; these were subsequently 

colour ringed and r e l e a s e d . I t was p o s s i b l e to 

read r i n g numbers on some b i r d s without catching 

them, usin g a telescope of magnification xl5 to x60, 

20. The mean age of breeding males f o r a l l years (.* S.E.) 

was 8,1 ~ 1.1 and f o r females 7.9 - 1»1 yea r s . 

The mean annual mortsLLity r a t e of a d u l t s was • 

c a l c u l a t e d to be 13.3 - ^.6% from the s u r v i v a l 

of colour ringed a d u l t s . 

21. A l i f e t a b l e f o r the A r c t i c Terns of three years 

old and over was presented. There was no 

evidence of a change i n adult m o r t a l i t y with age; 

some b i r d s survived to over 15 yea r s , two 

i n d i v i d u a l s to 27 amd 2^y^respectively. The 

mean m o r t a l i t y r a t e (- S.E.) from 3 to 21 years 

was c a l c u l a t e d from the l i f e t able as 15,1 i 3.0?̂  

and the average: expectation of l i f e 4.̂ 8 - O.36 

years, 
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22. There was a high p o s i t i v e c o r r e l a t i o n ( r =+0,92) 

between the ages of a p a i r ; where the age of 

only one member of a p a i r was known, t h i s was 
be 

therefore assumed to/the mean age of the p a i r . 

23. Older b i r d s returned^ to the colony f i r s t ; 

there was a c l e a r c o r r e l a t i o n ( r = -0.93) 

between age sind the date of r e t u r n , the 

time of egg l a y i n g was synchronised f o r b i r d s 

of a l l ages. Older b i r d s were more l i k e l y 

to nest a t a higher density, 

24. Clutch and egg s i z e were found to be highest 

i n the middle age group, 6, 7 and 8 yea r s , 

£ind s m a l l e s t i n the three year old b i r d s , 

i , e . b i r d s breeding f or the f i r s t time. 

25. Hatching success tended to i n c r e a s e with age, 

p a r t i c u l a r l y with c l u t c h e s of two eggs. 

B i r d s over nine yeaxs old were more l i k e l y 

to r e - l a y (59%) than younger b i r d s (21% 

i n 6-8 y e a r s , 44%" i n 4-3 yea r s , and 20% 

i n 3 y e a r s ) , 

26. The mean d a i l y growth r a t e { - S.E.) of c h i c k s 

from parents over nine y e a r s old (7.5 - 0,4g) 

was greater thain from any other age group, 

27. There was some evidence of an in c r e a s e i n 

fl e d g i n g and toteil breeding success with age 

i n 1966 and I967; b i r d s over eight years 

produced 0,54 and three year old b i r d s 

produced 0,26 young per adult female. 



173 

28 , The reasons f or the general i n c r e a s e i n reproductive 

success with age were discussed; t h i s was probably 

due to the greater experience of the older b i r d s 

although the best p h y s i o l o g i c a l age for breeding 

was middle age, 6-8 y e a r s , 

29 , A bloom of d i n o f l a g e l l a t e s , red t i d e , occurred 

near the Farne I s l a n d s i n l a t e May I 9 6 8 , This 

caused the death of many se a - b i r d s , particulso'ly 

Shags; 71 A r c t i c Tern corpses were found, 

r e p r e s e n t i n g 1% of the b i r d s a t r i s k , 

30 , Clutches were l e f t unguarded during and a f t e r 

the red t i d e ; t h i s l e d ̂ io an inc r e a s e i n 

S t a r l i n g predation, accounting f or 93•99^ 

of the t o t a l egg l o s s , 

3 1 , Evidence of a food shortage from the middle 

of May to e a r l y June was presented, 

3 2 , An i n c r e a s e i n g u l l predation was observed, 

but t h i s was d i f f i c u l t to quantify. Chick 

m o r t a l i t y was estimated at 389̂ ^ but from r i n g i n g 

t o t a l s of c h i c k s i t was suggested that the t o t a l 

production on Inner Farne i n I968 was 70 to 100 

c h i c k s . T h i s may feave been d i r e c t l y due to the 

food shortage, or an i n d i r e c t r e s u l t of t h i s ; 

the t e r n s l o s i n g the advantage of c o l o n i a l 

breeding as they had to spend more time 

foraging, r e s u l t i n g i n an i n c r e a s e i n egg and 

ch i c k predation. 
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33» The reasons for deferred maturity and the lack 

of success of inexperienced birds were discussed. 

I t was suggested that the more successful, older 

birds may gain more benefit from colonial breeding, 

p a r t i c u l a r l y from protection against predators 

and s o c i a l stimulation, as they nest i n denser 

areas thsin the younger birds. The reproduction 

of the Arctic Tern may be limited by the amount 

of time they have to spend fishing; the effects 

of t h i s may be reduced i n older birds due to 

their greater experience. 
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