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INTRODUCTION 

Most B r i t i s h work on A r c t i c Tern ( S t e r n a paradisaea) 

b i o l o g y has been c a r r i e d o u t on e i t h e r t h e Farne I s l a n d s 

or Coquet I s l a n d i n Northumberland, and a l l was undertaken 

d u r i n g f a v o u r a b l e b r e e d i n g c o n d i t i o n s , ( S p r i n g e t t 1967; 

Langham 1968; Pearson 1968; Horobin 1971; Dunn 1972; 

Coulson and Horobin 1976). 

S p r i n g e t t (1967) s t u d i e d A r c t i c Terns on Inner Fame, 

l o o k i n g i n p a r t i c u l a r a t c h i c k m o r t a l i t y and i t s r e l a t i o n 

t o t h e b i o l o g y o f t h e b e e t l e Necrophorus i n v e s t i g a t o r . He 

found t he curve o f d a i l y w e i g h t i n c r e a s e i n c h i c k s t o be 

si g m o i d and d a i l y w e i g h t i n c r e a s e t o be a p p r o x i m a t e l y 

l i n e a r a t 7.2g per day from Day 3-13. Calm weather 

decreased t h e d a i l y w e i g h t i n c r e a s e o f a l l c h i c k s but r a i n 

and t e m p e r a t u r e had no e f f e c t . He concluded t h a t i n years 

of f a v o u r a b l e weather and adequate food supply a d u l t t e r n s 

may r e a r two c h i c k s s u c c e s s f u l l y but i n adverse c o n d i t i o n s 

o n l y t h e f i r s t hatched s u r v i v e . 

Langham (1968) i n v e s t i g a t e d t h e comparative b i o l o g y o f 

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

p r o x i m i t y on Coquet I s l a n d . Common ( S t e r n a h i r u n d o ) . 

A r c t i c , Roseate ( S . d o n g a l 1 i ) and Sandwich Tern 

( S . s a n d v i c e n s i s ) b r e e d i n g b i o l o g y was s t u d i e d t o f i n d out 

whether any s p e c i e s competed f o r a common resource. 

Langham found t h a t t h e t h i r d hatched (most l i k e l y ) and 

second hatched c h i c k s d i e d o f s t a r v a t i o n i n t h e f i r s t week 

because one p a r e n t was s t i m u l a t e d t o brood and the second 



p a r e n t c o u l d n o t o b t a i n s u f f i c i e n t food f o r a l l c h i c k s . I n 

year s o f abundant f o o d , m o r t a l i t y was much lower. The 

e f f e c t o f weather on th e f e e d i n g o f t e r n s was s t u d i e d by 

r e c o r d i n g the d a i l y w e i g h t i n c r e a s e s o f c h i c k s under 

v a r i o u s c l i m a t i c c o n d i t i o n s . Wind speed was the most 

i m p o r t a n t f a c t o r a n a l y s e d a f f e c t i n g Roseate and Common but 

h a r d l y a f f e c t i n g A r c t i c Terns. Rain always had a 

de p r e s s i v e e f f e c t on the growth o f these t h r e e species. 

Sunshine had a v a r i a b l e e f f e c t on Common and Roseate Terns 

but a c o n s i s t e n t p o s i t i v e e f f e c t on the average weight 

i n c r e a s e o f A r c t i c Tern c h i c k s . The food o f d i f f e r e n t 

s p e c i e s was examined and i t was found t h a t f o r Common 

Terns l e s s t h a n 30% o f t h e c h i c k s ' d i e t was sand e e l s 

(Ammodytidae) but f o r A r c t i c Tern c h i c k s over 60% of t h e i r 

d i e t was sand e e l s . The s i z e s o f f i s h taken were not 

s i g n i f i c a n t l y d i f f e r e n t . S i g n i f i c a n t d i f f e r e n c e s i n the 

areas i n which s p e c i e s f i s h e d were found. A r c t i c Terns 

were found t o feed m a i n l y o f f s h o r e which may i n d i c a t e 

areas f o r t h e i r p r e f e r r e d prey sand e e l , whereas Common 

and Sandwich p r e f e r r e d H e r r i n g (Clupea harengus) and 

Sp r a t s (C. s p a t t u s ) and f e d i n s h o r e . 

I n 1968 Pearson concluded h i s work concern i n g the f e e d i n g 

b i o l o g y o f t e n s p e c i e s o f s e a b i r d s ( i n c l u d i n g A r c t i c 

T erns) on the Farne I s l a n d s . He found t h a t sand e e l s were 

th e most i m p o r t a n t f i s h t a k e n by a l l except the Cormorant 

( P h a l a c r o c o r a x c a r b o ) . Young S a i t h ( P o l l a c h i u s v i r e n s ) and 

C o d l i n g (Gadus morrhua). (Gadidae) and young H e r r i n g and 

S p r a t s were a l s o i m p o r t a n t i n th e d i e t o f most species. 

The growth curves o f in c r e a s e i n w e i g h t and w i n g l e n g t h 
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w i t h age were c a l c u l a t e d f o r t e n speci e s i n c l u d i n g A r c t i c 

Terns. E s t i m a t e s were made of the amounts o f food r e q u i r e d 

f o r maintenance and the amounts of food r e q u i r e d f o r 

growth o f c h i c k s under l a b o r a t o r y c o n d i t i o n s . 

H o r o b i n (1971) and Coulson and Horobin (1976) v\?orked on 

In n e r Farne from 1965 t o 1968 r e s e a r c h i n g t he breeding 

b i o l o g y o f A r c t i c Terns, c o n c e n t r a t i n g i n p a r t i c u l a r on 

a d u l t s o f known age. Egg l a y i n g was found t o peak i n the 

f i r s t week of June and mean c l u t c h s i z e s showed a seasonal 

d e c l i n e . L a y i n g , h a t c h i n g and growth s t a t i s t i c s were 

s t u d i e d , c h i c k s were found t o grow a t a co n s t a n t r a t e from 

Day 3 t o 13 (6.8g) and t o a t t a i n a d u l t weight a t Day 14. 

P r o v i s i o n i n g r a t e s and f i s h s i z e s were a l s o g i v e n . The 

main causes o f c h i c k m o r t a l i t y were found t o be exposure 

and s t a r v a t i o n and these i n c r e a s e d towards t he end of the 

season and were h i g h e s t i n v e g e t a t e d areas; 66% of c h i c k 

m o r t a l i t y t o o k p l a c e w i t h i n t h r e e days of h a t c h i n g . The 

mean d a i l y growth r a t e o f c h i c k s from p a r e n t s over nine 

y e a r s o l d (7.5 +/- 0.4g) was g r e a t e r than from any o t h e r 

age group. I n 1966 23% o f eggs produced f l e d g e d c h i c k s ; 

w i t h 37% i n 1967 and 10% i n 1968. 

Dunn (1972) s t u d i e d t h e f e e d i n g b i o l o g y o f f o u r species o f 

t e r n on Coquet I s l a n d , and found t h a t A r c t i c and Roseate 

Terns u s u a l l y f o r a g e d o f f s h o r e . Sandwich Terns inshore and 

Common Terns used b o t h . The e f f e c t s o f windspeed and sea 

c o n d i t i o n on f e e d i n g were s t u d i e d f o r Sandwich and Common 

Terns. Windspeed was t h e most i m p o r t a n t environmental 

f a c t o r a f f e c t i n g c h i c k growth. 
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Breeding success f o r the Farne I s l a n d s and Coquet I s l a n d -

from 1961 t o 1970 a r e g i v e n i n Table 9. I n a l l years 

b r e e d i n g success was over 0.5 c h i c k s f l e d g e d per p a i r , 

w i t h over 0.9 per p a i r f l e d g i n g i n 1967 and 1968 on Coquet 

I s l a n d . 

There e x i s t s , t h e r e f o r e , a w e a l t h of i n f o r m a t i o n on the 

b r e e d i n g b i o l o g y o f t h e A r c t i c Tern i n Northumberland. 

I n f o r m a t i o n on c l u t c h s i z e s , c h i c k growth r a t e s , prey 

t y p e , s i z e and b r e e d i n g success from years of good 

b r e e d i n g c o n d i t i o n s are a v a i l a b l e f o r comparison w i t h data 

c o l l e c t e d i n S h e t l a n d d u r i n g an u n p r o d u c t i v e year. 

There has been l i t t l e work on A r c t i c Tern breeding b i o l o g y 

i n S h e t l a n d a l t h o u g h n e a r l y 42% of the B r i t i s h p o p u l a t i o n 

bred t h e r e i n 1980. T h i s was r e v e a l e d by an e x t e n s i v e 

survey which found n e a r l y 32000 p a i r s i n 1980 ( B u l l o c k and 

Gomersall 1981). A d d i t i o n a l l y 1014 p a i r s of Commom Tern 

were found a t 87 c o l o n i e s . They a l s o recorded c l u t c h s i z e s 

f o r b o t h s p e c i e s and p o p u l a t i o n t r e n d s and colony t e n a c i t y 

a r e d i s c u s s e d . 

I n t h e p e r i o d 1978 t o 1981 l a r g e s c a l e colony d e s e r t i o n s , 

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

t h e deaths of l a r g e numbers o f u n f l e d g e d young were 

r e p o r t e d ( S h e t l a n d B i r d Reports 1979-1981; B u l l o c k and 

Gomersall 1981). Ewins (1983;1985) s t u d i e d breeding A r c t i c 

Terns from 1982 t o 1984 c h i e f l y on the i s l a n d of Mousa 

(South Mainland) t o o b t a i n i n f o r m a t i o n on c l u t c h s i z e , 
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growth c u r v e s , d i e t and m o r t a l i t y o f c h i c k s i n an attempt 

t o i n v e s t i g a t e r e c e n t r e p r o d u c t i v e f a i l u r e s . The Shetland 

growth d a t a covers poor and p r o d u c t i v e years. The 1982 and 

1983 seasons were r e p o r t e d t o have been p r o d u c t i v e , w i t h a 

f l e d g i n g r a t e o f a p p r o x i m a t e l y 0.71 per p a i r from 1024 

p a i r s on Mousa i n 1983. The b r e e d i n g season of 1984 was 

poor, w i t h a f l e d g i n g r a t e o f a p p r o x i m a t e l y o.08 per p a i r 

from a sample of 1309 p a i r s on Mousa (Ewins 1985). 

The S h e t l a n d data covers b o t h poor (1978; 1980; 1984; 

1985) and p r o d u c t i v e years (1981; 1982; 1983). I t 

t h e r e f o r e p r o v i d e s a d d i t i o n a l m a t e r i a l f o r comparison w i t h 

t h e r e s u l t s o f the p r e s e n t study which aims t o assess the 

success of t h e b r e e d i n g season i n S h e t l a n d 1986, and t o 

compare t h e s t a t u s o f s e l e c t e d c o l o n i e s w i t h B u l l o c k and 

Gomersall's 1980 d a t a . Ten study c o l o n i e s were chosen t o 

i n v e s t i g a t e b r e e d i n g i n d e t a i l , w i t h p a r t i c u l a r emphasis 

on growth d a t a . T h i s d a t a i s compared t o both Farne/Coquet 

I s l a n d and e a r l i e r S h e t l a n d b r e e d i n g b i o l o g y data. 

A number of reasons have been suggested why A r c t i c Terns 

have been u n p r o d u c t i v e i n r e c e n t y e a r s i n Shetland. I n 

1978 adverse weather c o n d i t i o n s were blamed f o r the 

d e s e r t i o n o f c h i c k s i n many c o l o n i e s (Richardson 1979). 

Ewins c o n s i d e r e d t he p o s s i b i l i t y t h a t as i n h i g h e r 

l a t i t u d e s , i n some years o f adverse c o n d i t i o n s b i r d s 

e i t h e r do n ot breed or e l s e abandon n e s t i n g a t t e m p t s but 

o c c a s i o n a l l y experience f a v o u r a b l e y e a r s and breed w e l l . 

A r c t i c Terns are long l i v e d b i r d s and i f they were i n poor 

b r e e d i n g c o n d i t i o n may abandon n e s t i n g i n s t e a d o f r i s k i n g 

themselves. 



The b r e e d i n g season of t e r n s i s c l o s e l y synchronised w i t h 

t h e seasonal s u r f a c e appearance of sand e e l s (Pearson 

1968). The u n p r e d i c t a b l e appearance of such shoals from 

season t o season c o u l d be a cause o f l o c a l colony s h i f t s , 

and t h e absence of s h o a l s may cause wi d e s c a l e d e s e r t i o n s , 

such as those r e p o r t e d i n 1979 and 1980 ( B u l l o c k and 

Gomersall 1981). The g e n e r a l i m p r e s s i o n i n Shetland i s o f 

t h e p r o g r e s s i v e disappearance of s m a l l e r f i s h from i n s h o r e 

w a t e r s and t h i s i s p o p u l a r l y a t t r i b u t e d t o commercial 

e x p l o i t a t i o n which has i n c r e a s e d s t e a d i l y d u r i n g the 

1970's and 1980's ( B u l l o c k and Gomersall 1981). 

The r e c e n t i n c r e a s e i n U.K. l a n d i n g s of sand e e l s has been 

r e s t r i c t e d t o S c o t l a n d where a f i s h e r y based on s t o c k s 

around t h e S h e t l a n d s began i n 1974. Landings i n Shetland 

i n c r e a s e d s t e a d i l y from 7546 tonnes i n 1974 t o 46650 

tonnes i n 1981 w i t h a drop i n 1979 when 13404 tonnes were 

landed. Recent workers i n S h e t l a n d have recommended t h a t 

t he e f f e c t s o f commercial f i s h i n g on the A r c t i c Terns and 

t h e i r main food r e s o u r c e should be m o n i t o r e d c l o s e l y . 



REGIONS: 

SHETLAND ISLES 
FIGURE 1 

A:Unst 
B:Yel1 
C : P e t l a r 
D:Mainland Northmaven 
E:Main l a n d Del t i n g 
F:Whalsay 
G:Papa S t o u r 
H:Mainland Vagaland 
I:South Mainland 

FOULA 

STUDY COLONIES: 

Ward of Culswick 
Ward of S i l w i c k 
K e t t l a Ness 
H i l l of Sandwick 

5;Whalsies Ayre 
6 : F l a d d a b i s t e r • 
7 : D a l s e t t e r 

FAIR ISLE 



STUDY AREA 

S i t e s a l l over S h e t l a n d were v i s i t e d between 28 May and 

31 J u l y 1986. A t o t a l o f t e n st u d y c o l o n i e s were chosen 

f o r d e t a i l e d s t u d y , a l l o f which were s i t u a t e d on Mainland 

or B u r r a I s l e t o enable f r e q u e n t v i s i t s t o be made. 

On t h e e a s t e r n s i d e o f Mainland two c o l o n i e s were 

s e l e c t e d . D a l s e t t e r , an area of a p r o x i m a t e l y 16 he c t a r e s 

s i t u a t e d a t 59°55'N, 1°17'W and F l a d d a b i s t e r , 15 he c t a r e s 

s i t u a t e d a t 60''05'N, 1°13'W. On the western s i d e of 

Sh e t l a n d , Ward of Culswick (60''l2*N, l°3l'W) and Ward of 

S i l w i c k (60°10'N, l''28'w) were used from the Mainland 

Vagaland r e g i o n . Burra I s l e i s s i t u a t e d j u s t o f f of the 

west e r n s i d e o f Mainland and i s i n c l u d e d i n B u l l o c k and 

Gomersall's South Mainland r e g i o n . F i v e c o l o n i e s were used 

on West B u r r a , f o u r d i s c r e t e s i t e s a t K e t t l a Ness (60° 

02'N, 1°21'W) named "Main", "Lower", "Marsh" and "New" and 

H i l l o f Sandwick (60°04'N, l°20'W). One colony was 

s e l e c t e d from East Burr a and t h i s was Whalsies Ayre (60° 

06'N, 1°18'W). The l o c a t i o n o f study c o l o n i e s i s shown on 

F i g u r e l and co l o n y d e t a i l s are g i v e n i n Table 11. 



BREEDING POPULATIONS 

METHODS 

I n 1980 B u l l o c k and Gomersall made a comprehensive survey 

of a l l A r c t i c Tern c o l o n i e s i n Shet l a n d . They recorded 396 

c o l o n i e s w i t h an e s t i m a t e d t o t a l o f 31794 p a i r s , which 

t h e y broke down i n t o t o t a l s f o r t h e major i s l a n d groups. 

I n 1986, 72 (19.7%) o f t h e o r i g i n a l c o l o n i e s knovv^n i n 1980 

were v i s i t e d and e s t i m a t e s o f numbers of bre e d i n g p a i r s 

made from " f i r s t f l u s h i n g " counts, u s i n g methods g i v e n by 

B u l l o c k and Gomersall (1981). These were then compared t o 

1980 f i g u r e s f o r t h e same c o l o n i e s t o measure changes i n 

co l o n y s i z e . T h i s i s broken down f u r t h e r i n t o the c o l o n i e s 

surveyed a g a i n (and i n c l u d e s s i x new c o l o n i e s ) f o r each 

i s l a n d group i n Table 1. 

Coverage was p o o r e s t on Y e l l (5.5%) and Mainland D e l t i n g 

( 6 . 4 % ) . and best on t h e s m a l l e r i s l a n d s of Papa Stour, 

Mousa, and F a i r I s l e ( a l l 100%). South Mainland had the 

next b e s t coverage w i t h 45.1%. No c o l o n i e s were v i s i t e d on 

Unst or Mainland Northmaven. I t i s u n l i k e l y t h a t any l a r g e 

c o l o n i e s were missed because s u i t a b l e areas ( i n c l u d i n g 

Unst and Mainland Northmaven) were covered, by teams of 

f i e l d w o r k e r s c o n d u c t i n g o t h e r surveys. No l a r g e c o l o n i e s 

were r e p o r t e d by these f i e l d w o r k e r s a l t h o u g h one s m a l l e r 

one was bro u g h t t o my a t t e n t i o n . 

A l l s i t e s ( e x c l u d i n g Y e l l c o l o n i e s ) were r e v i s i t e d l a t e r 

i n t h e season b u t no l a r g e i n f l u x had o c c u r r e d a f t e r the 
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i n i t i a l count. The c o l o n i e s surveyed i n 1986 are shown 

w i t h t h e comparative 1980 f i g u r e s i n Table 2 . when making 

a comparison i t i s assumed t h a t a l l b r e e d i n g seasons were 

s u b j e c t t o t h e same c o n d i t i o n s , t h e r e f o r e t h e y e a r l y 

p o p u l a t i o n changes are o n l y suggested f i g u r e s . 

N e v e r t h e l e s s t h e changes g i v e an i n d i c a t i o n o f the c u r r e n t 

s t a t u s o f She t l a n d ' s A r c t i c Terns. 

RESULTS 

The sample c o l o n i e s had 15925 p a i r s i n 1980 which was 

50.1% o f t h e t o t a l n e s t i n g i n 1980. I n 1986, i n c l u d i n g s i x 

new c o l o n i e s , 4195 p a i r s were counted i n the c o l o n i e s , 

which r e p r e s e n t s 26.3% o f the 1980 v a l u e . 

Table 1 g i v e s t he p o p u l a t i o n changes and the percentage 

change per year e s t i m a t e d from surveys i n 1980 and 1986, 

f o r each i s l a n d group. 

S h e t l a n d as a whole has decreased a t a r a t e of 19.9% per 

year. The gene r a l t r e n d i s t h a t b r e e d i n g p o p u l a t i o n s , t h a t 

i s , t h e number of b r e e d i n g p a i r s , have decreased between 

1980 and 1986. Decreases v a r y from an e s t i m a t e d 0.3% per 

year over s i x years f o r South Mainland ( n o t i n c l u d i n g 

Mousa), t o 43.3% per year f o r Mousa. Papa Stour shows the 

t h i r d g r e a t e s t decrease, one of 37.3% per year, though 

t h i s r e l i e s upon counts made oh 4 J u l y . The o n l y i s l a n d t o 

have i n c r e a s e d i n p o p u l a t i o n i s F a i r I s l e , which expanded 

from two p a i r s i n 1980 t o 103 p a i r s i n 1986. 

Si x new c o l o n i e s were found i n 1986. Two were l o c a t e d i n 
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F a i r I s l e ' s expanding p o p u l a t i o n , on Bu Ness (50 p a i r s ) 

and by t h e so u t h l i g h t h o u s e (20 p a i r s ) . A colony of 29 

p a i r s was found a t Ward o f Culswick, and one of 6 p a i r s a t 

Ayre o f Deepdale, b o t h i n Mainland Vagaland. The new 

c o l o n y o f 49 p a i r s a t Grunasound (South Mainland) was 

r e p o r t e d as p r e s e n t i n 1985. The o n l y new colony o f 

reasonable s i z e was a t F l a d d a b i s t e r (South Mainland). A 

t o t a l o f 368 p a i r s made t h i s t h e second l a r g e s t colony 

found i n 1986 and i t was used as a st u d y colony. A t o t a l 

of 23 o f t h e 1980 c o l o n i e s were not used by breeding t e r n s 

i n 1986. 
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TABLE l : POPULATION CHANGES 1980 TO 1986 

I s l a n d Number of p a i r s % 1980 % Sample no. % 1980 
group 1980 1986- pop. change of c o l o n i e s c o l o n i e s 

i n 1986 per year -1980 1986- i n 1986 

Y e l l 637 27 4.2 -41.0 55 3 5.5 

F e t l a r 1346 186 13.8 -28.1 25 6 24.0 

Papa S t o u r 4394 267 6.1 -37.3 21 21 100.0 

Mainland 931 221 23.7 -21.3 48 8 16.7 
Vagaland 

Mainland 173 156 90.2 -1.7 78 5 6.4 
Del t i n g 

Whalsay 832 531 63.8 -7.2 37 8 21.2 

South 2146 2112 98.4 -0.3 45 17 37.S 
Mainland 

Mousa 1264 42 3.3 -43.3 6 6 100.0 

S.Mainland 3410 2154 63.2 -7.4 51 23 45.1 
i n c . Mousa 

Foula 4200 550 13.1 -28.7 3 1 33.3 

F a i r I s l e 2 103 5150.0 +192.9 1 3 300.0 

T o t a l 15925 4195 26.3 -19.9 51 23 45.1 
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TABLE 2: ESTIMATED NUMBER OF BREEDING ARCTIC TERNS 
AT SAMPLE COLONIES 1980 & 1986 

Regi on Est imated Date o f No. of 
Colony No. of pai r s count v i s i t s 

1980 1986 1986 

YELL 
Migga Ness 100 18 6 June 1 
V a t s e t t e r 120 9 6 June 1 
L i t l a w ater 417 0 5 June 1 

FETLAR 
Upper Trona M i r e s 96 14 6 June 3 
Lower Trona M i r e s 171 7 6 June 3 
Kegga 137 18 6 June 3 
Cruss 12 80 29 May 3 
Brough Plough 382 6 5 June 3 
S t i v i a 548 61 29 May 3 

MAINLAND DELTING 
Green I s l e 60 101 26 June 1 
Loch o f Houland 34 9 1 June 3 
Ri bbans 31 8 18 J u l y 3 
S. Holm of Gletnes s 38 4 1 June 3 
Hamnavoe 10 34 23 J u l y 1 

PAPA STOUR 
The Creed 130 0 4 J u l y 1 
N o r t h Ness W. 160 0 1 
N o r t h Ness E. 68 40 " 1 
Geubery 15 0 " 1 
Gardie N. 600 76 1 
Robie's Noost 50 0 " 1 
Gorda Water E. 15 40 " 1 
Gorda Water W. 205 0 1 
Qui da Ness 103 25 1 
C u l l a v o e E. 55 0 1 
C u l l a v o e Dale 205 84 1 
Sholma Wick 240 0 1 
H undsetts 65 0 1 
L i t t l e V i r d a F i e l d 1026 2 1 
Lochs o f Aeshia 513 1 1 
C h r i s t i e ' s Hole 103 0 1 
Dutch Loch 34 0 " 1 
Mauns H i l l W. 205 0 1 
Mauns H i l l SW. 240 0 1 
Mauns Hi 11 S. 205 0 1 
Hamna Voe N. beach 157 0 1 

MAINLAND VAGALAND 
H i l l o f S w a r t a g i l l 92 0 19 June 1 
Ward o f Culswick 390 51 . 2 June 8 
Ward o f S i l w i c k 38 74 30 June 6 
S o t e r s t a Culswick 362 15 2 June 3 
H i l l o f Culswick 0 29 2 June 3 
Br i d g e o f W a l l s 24 35 25 June 2 
Greenvale Reawick 25 11 19 June 2 
Ayre o f Deepdale Reawick 0 6 19 June 2 
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Reg i on Es t i m a t e d Date o f No . 
Colony No. o f pa i r s count v i s 

1980 1986 1986-
( c o n t . ) 
WHALSAY 
Hunder holm 52 19 26 June 1 
Wether holm 75 25 1 
Houb K i r k n e s s 54 76 1 
I n n e r holm o f Skaw 104 38 1 
Holm o f Sandwlck 22 290 1 
Mooa 151 20 1 
East L i n g a 301 58 1 
G r i f s k e r r y 73 5 1 
SOUTH MAINLAND 
Grutness 765 55 13 J u l y 10 
Noss H i l l S p i g g i e 64 0 8 June 2 
Uradale 12 14 9 June 5 
Hogaland s p i t 1 6 31 May 3 
K a l l e e Ness 24 15 31 May 2 
Whalsies Ayre 22 119 14 June 10 
Symbister Ayre l i s 22 22 June 6 
Holm o f Houss 22 30 29 J u l y 1 
K e t t l a Ness (4- s i t e s ) 1 262 15 June 25 
H i l l o f Sandwick 10 176 26 June 20 
Papa 103 432 15 June 3 
Pund P o i n t 4 0 31 May 2 
Dal s e t t e r 903 551 29 May 18 
F l a d d a b i s t e r 0 368 23 June 30 
Grunnasound 0 49 8 June 5 
Trumba 92 0 13 June 1 
MOUSA 
N. I s l e 602 21 28 May 2 
M i d f i e l d 315 21 t t 2 
Muckle Bord 213 0 f» 2 
Muckle Bord 28 0 t» 2 
Green Head 23 0 t f 2 
Green Head 83 0 r ? 2 
FOULA 
Ai r s t r i p 4200 550 4 June 1 
FAIR ISLE 
N. Haven s t a c k 2 33 25 J u l y 1 
S. l i g h t h o u s e 0 20 f t 1 
Bu Ness 0 50 " 1 
TOTAL 15093 3564 
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BREEDING BIOLOGY AT STUDY COLONIES 

METHODS 

The t e n s t u d y c o l o n i e s were v i s i t e d f r e q u e n t l y t o monitor 

t h e b r e e d i n g season a t each one. Observ a t i o n s of p r e d a t i o n 

w i t h i n t h e c o l o n i e s were noted, as w e l l as dates of 

d e s e r t i o n . 

At each c o l o n y a random sample of n e s t s were marked. These 

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

t o be de t e r m i n e d and a v a l i d f i g u r e f o r mean c l u t c h s i z e 

t o be o b t a i n e d . A c l u t c h was cons i d e r e d t o be complete i f 

t h r e e days elapsed w i t h o u t an i n c r e a s e i n c l u t c h s i z e . 

H o robin (1970) g i v e s t he mean i n t e r v a l between l a y i n g as 

46.2 i 4.6 hours. Predated n e s t s were d i s c o u n t e d from the 

sample. Standard Chi-squared t e s t s were a p p l i e d t o c l u t c h 

s i z e d a t a . 

L a y i n g d a t e s were o b t a i n e d from marked n e s t s and by back 

t r a c k i n g 22 days from known h a t c h i n g dates. Combinations 

of known and e s t i m a t e d h a t c h i n g dates f o r a l l c o l o n i e s 

enabled t h e frequency d i s t r i b u t i o n o f h a t c h i n g s t o be 

p l o t t e d . T h i s can be compared t o t h e d i s t r i b u t i o n o f 

h a t c h i n g d a t e s g i v e n by Ewins (1983) f o r Shetland 1982. 

The l e n g t h s and b r e a d t h s o f 138 eggs were measured. 

Chick m o r t a l i t y was re c o r d e d d a i l y , t h e dead c h i c k s being 

aged by wing l e n g t h and removed from t he colony on each 

v i s i t . 

The b r e e d i n g success o f each colony was determined from 
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f l e d g i n g r a t e s . 

I n f o r m a t i o n on t h e b r e e d i n g success o f K i t t i w a k e s (Rissa 

t r i d a c t y l a ) was o b t a i n e d from t he 1986 Sea b i r d Colony 

R e g i s t e r . 

Weather c o n d i t i o n s were noted a t each v i s i t and records 

were p r o v i d e d by the L e r w i c k M e t e o r o l o g i c a l o f f i c e . 

RESULTS 

TIMING OF BREEDING 

Table 6 g i v e s t he f i r s t egg dates f o r Shetland, and Table 

5 t h e t i m i n g o f b r e e d i n g i n 1986 compared t o 1982. Egg 

l a y i n g was l a t e r i n 1986 than a l l p r e v i o u s years w i t h 

r e c o r d s . The h a t c h i n g d a t e s were synchronous, w i t h 60% of 

c h i c k s h a t c h i n g i n the f i v e day p e r i o d 25-29 June 1986 

t h i s compares t o 62% o f c h i c k s h a t c h i n g i n the f o u r day 

p e r i o d 18-21 June 1982 (Table 5 ) . The date o f maximum 

h a t c h i n g was 27 June compared t o 19 June i n 1982.The 

median h a t c h i n g date (by which time 50% of c h i c k s have 

hatched) was 27 June compared t o 20 June i n 1982. ( F i g u r e 2) 

The secondary peak of h a t c h i n g i n 1986 was small and 

o c c u r r e d 13 days a f t e r t h e date of maximum h a t c h i n g 

compared t o an 8 day lapse i n 1982. I n both cases 

secondary peaks p r o b a b l y r e p r e s e n t t he h a t c h i n g of 

replacement c l u t c h e s . 

May 1986 was a cool and wet month. The mean maximum 

tem p e r a t u r e was 10.7°C and the mean minimum temperature 

was e . l ' c . R a i n f a l l t o t a l l e d 105.7mm and the mean wind 
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speed was 14.5 k n o t s . 

MEAN CLUTCH SIZES 

Table 3 g i v e s t he mean c l u t c h s i z e s and t h e dates they 

were o b t a i n e d , f o r e i g h t Mainland c o l o n i e s i n 1986. The 

samples used t o determine mean c l u t c h s i z e s d i d not 

i n c l u d e n e s t s which had been predated. Mean c l u t c h s i z e 

v a r i e d from 1.22 (n=27) a t K e t t l a Ness Main t o 1.71 <n=2l) 

a t Whalsies Ayre. 

The mean c l u t c h s i z e f o r S h e t l a n d as a whole was 1.49 

(n=350). T h i s comprised o f 181 s i n g l e egg c l u t c h e s (51.7%) 

and 165 c l u t c h e s o f two ( 4 7 . 1 % ) . Only f o u r c l u t c h e s of 

t h r e e were found ( l . l % ) , (Table 4 a ) . The mean c l u t c h s i z e s 

f o r d i f f e r e n t g e o g r a p h i c a l areas and t h e i r Chi-square 

s i g n i f i c a n c e s compared t o 1986 are g i v e n i n Table 4b. 

A sample o f eggs were measured and found t o be very 

s i m i l a r t o those measured by Horobin (1971) on the Farne 

I s l a n d s d u r i n g a s u c c e s s f u l b r e e d i n g season (Table 7 ) . 

MORTALITY 
Very few dead c h i c k s were found a t c o l o n i e s o t h e r than 

F l a d d a b i s t e r , because of s m a l l e r numbers of p a i r s and 

because v e r y few eggs hatched. T h i s i s r e f l e c t e d i n the 

r i n g i n g t o t a l s f o r each c o l o n y (Table 11). Of a t o t a l o f 

237 c h i c k s r i n g e d , 168 (70.9%) were a t F l a d d a b i s t e r . 

At F l a d d a b i s t e r 51 c h i c k s were found dead and many more 
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were scavanged by p r e d a t o r s . Of 169 c h i c k s r i n g e d o n l y 

t h r e e a r e known t o have f l e d g e d . A f u r t h e r 115 minimum 

must t h e r e f o r e have d i e d . A t o t a l o f 9.75 hours between 23 

June and 15 J u l y was spent w a t c h i n g the colony from a 

h i d e . Watches were a t any time o f the day between 0430 

hours and 2230 hours B.S.T.. A t o t a l o f 13 s u c c e s s f u l 

f o r a y s by p r e d a t o r s i n t o t h e c o l o n y t o scavange a p p a r e n t l y 

dead c h i c k s were r e c o r d e d . Three s p e c i e s were i n v o l v e d : 

Common G u l l ( L a r u s canus) 62% of f o r a y s ; H e r r i n g G u l l 

(Tarus a r a e n t a t u s ) 23%; and A r c t i c Skua ( S t e r c o r a r i u s 

p a r a s i t i cus) 15%. A p p r o x i m a t e l y t e n p a i r s of Common G u l l s 

and two p a i r s o f A r c t i c Skuas were n e s t i n g J u s t o u t s i d e 

t h e c o l o n y . No l i v e c h i c k s were seen t o be predated. 

The ages o f dead c h i c k s r e c o v e r e d a t F l a d d a b i s t e r 

( e s t i m a t e d from wing l e n g t h ) were as f o l l o w s : - 0-5 days: 

37; 6-10 days: 11; 10+ days: 3. The o l d e s t c h i c k s 

r e c o v e r e d dead were t h r e e , eleven day o l d s . However some 

o l d e r c h i c k s (13,14 and 16 days) were r i n g e d t h r e e t o s i x 

days b e f o r e t h e colony was abandoned and are presumed t o 

have d i e d as the y were too young t o have f l e d g e d . F i g u r e 3 

shows t h e ages o f d e t e c t e d death ( f o r a l l c o l o n i e s ) . 

I n 1986 t h e r e was a sm a l l peak o f m o r t a l i t y (9.5%) on 29 

June and the n a drawn out peak from 3 t o 8 J u l y i n v o l v i n g 

69.8% o f known m o r t a l i t y ( F i g 2 ) . The median h a t c h i n g date 

f o r a l l c o l o n i e s i n 1986 was 27 June. 

I n 1983 and 1984 peak m o r t a l i t y o c c u r r e d between 26 t o 30 

June ( 5 8 % i n 1983, 5 1 % i n 1984) and median h a t c h i n g dates 

were 20 June 1983 and 23 June 1984 (Ewins 1985). F i g u r e 2 
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g i v e s t h e frequency d i s t r i b u t i o n o f h a t c h i n g s and n e s t l i n g 

m o r t a l i t y f o r S h e t l a n d 1986. Only two dead a d u l t s were 

found, and b o t h had been dead f o r some t i m e . 

BREEDING SUCCESS 

The f l e d g i n g r a t e f o r S h e t l a n d as a whole i s 0.0266 per 

p a i r , from a sample o f 1900 p a i r s . The number of 

f l e d g l i n g s from each c o l o n y are g i v e n i n Table 8. I n 1986 

a minimum o f 43 c h i c k s f l e d g e d from eleven c o l o n i e s . 

Another n i n e were processed when c l o s e t o f l y i n g but were 

not seen sub s e q u e n t l y . T h i s g i v e s a t o t a l o f 52 from 1900 

p a i r s , n o t i n c l u d i n g any r e l a i d c l u t c h e s which may have 

been s u c c e s s f u l (some p a i r s on F a i r I s l e s t i l l had c h i c k s 

i n t o A u g u s t ) . The b r e e d i n g success f o r e a r l i e r years i s 

g i v e n i n Table 9. 

Nine of t h e eleven c o l o n i e s where c h i c k s are known t o have 

f l e d g e d were c o l o n i e s o f fewer than one hundred p a i r s 

( T a b l e 1 0 ) . Of these, s i x were i n t h e range of 1-30 p a i r s . 

Only one medium s i z e d c o l o n y (119 p a i r s ) and one l a r g e r 

c o l o n y (382 p a i r s ; f l e d g e d young. The h i g h e s t f l e d g i n g 

r a t e was 0.-67 per p a i r and t h i s was recorded i n the 

s m a l l e s t c o l o n y which had o n l y s i x p a i r s . Conversely the 

lo w e s t f l e d g i n g r a t e o f 0.008 per p a i r was a t the l a r g e s t 

c o l o n y o f 382 p a i r s . 

Table 11 shows t h e b r e e d i n g season d e t a i l s of the t e n 

s t u d y c o l o n i e s . 

Of t h e t e n , s i x f a i l e d c o m p l e t e l y and the f o u r a t which 
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c h i c k s d i d f l e d g e had f l e d g i n g r a t e s of 0.008 t o 0.255 per 

pa i r . 

The f i r s t l a r g e c o l o n y t o f a i l was D a l s e t t e r . One area of 

t h i s 700 p a i r c o l o n y was chosen f o r n e s t marking. A r c t i c 

Skuas f r e q u e n t l y q u a r t e r e d t h e colony l o o k i n g f o r eggs, 

e s p e c i a l l y when the t e r n s were f l u s h e d . P r e d a t i o n of eggs 

was n o t e d on a number of occasions. D e s e r t i o n of the 

marked p o r t i o n o f the c o l o n y began on the 11 or 12 June. 

Over h a l f t h e n e s t s had l o s t a l l eggs on 12 June but some 

a d u l t s were s t i l l p r e s e n t . By 13 June the marked area was 

d e s e r t e d and a l l eggs had gone. The r e s t of the colony 

s t e a d i l y d e c l i n e d and by 7 J u l y the l a s t 30 p a i r s 

( i n c l u d i n g some p a i r s r e - l a y i n g ) had d e s e r t e d eggs. Only 

two c h i c k s were seen and b o t h are presumed t o have d i e d 

s h o r t l y a f t e r w a r d s . D a l s e t t e r f a i l e d because of egg 

p r e d a t i o n . 

The second l a r g e s t c o l o n y , F l a d d a b i s t e r , appeared t o be 

p r o g r e s s i n g w e l l , w i t h eggs and c h i c k s up t o f l e d g i n g age. 

However, numbers of a d u l t s dropped r a p i d l y from 13 June, 

and t h e c o l o n y was d e s e r t e d by 17 June. Egg p r e d a t i o n was 

observed o n l y once, but dead c h i c k s were scavenged 

f r e q u e n t l y . No l i v e c h i c k s were seen t o be predated. 

F a i l u r e v\;as due t o the death of c h i c k s , caused by 

s t a r v a t i o n . 

Four d i s c r e t e c o l o n i e s were l o c a t e d a t K e t t l a Ness. The 

"Marsh" s i t e had a peak of l a y i n g around 12-15 June, but 

heavy egg p r e d a t i o n o c c u r r e d on the 15-16 June causing 
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f a i l u r e by t h e t i m e o f the subsequent v i s i t on 21 June. 

K e t t l a Ness "New" co l o n y f a i l e d d u r i n g t he i n c u b a t i o n 

s t a g e , w i t h o n l y one c h i c k h a t c h i n g . At the o t h e r two 

K e t t l a Ness c o l o n i e s , "Main" and "Lower", c h i c k s hatched 

b u t a l l d i e d i n t h e i r f i r s t week of l i f e w i t h o n l y one 

e x c e p t i o n . Both c o l o n i e s decreased as c h i c k s d i e d and the 

p a r e n t s abandoned b r e e d i n g . F a i l u r e was due t o c h i c k 

s t a r v a t i o n . 

H i l l o f Sandwick was a h e a l t h y colony o f a p p r o x i m a t e l y i i o 

p a i r s a t t h e time o f d e s e r t i o n . Chicks up t o 17 days o l d 

and c l u t c h e s n e a r i n g t he end of i n c u b a t i o n disappeared on 

9 or 10 J u l y . Two sheepdogs were roaming around the area 

i n v e s t i g a t i n g n e s t s on 10 J u l y and these are presumed t o 

have caused abandonment. 

Whalsies Ayre colony i n c r e a s e d i n s i z e from 30 May (45 

p a i r s ) t o 14 June (119 p a i r s ) . Many of these b i r d s d i d not 

s e t t l e down t o breed and numbers r a p i d l y f e l l t o 70 p a i r s 

on t h r e e s m a l l areas by 18 J u l y . The b i r d s on two of the 

sma l l areas o f a c t i v i t y f a i l e d d u r i n g i n c u b a t i o n and a t 

the t h i r d o n l y f o u r w e l l grown c h i c k s were found and 

r i n g e d , a l l o f which f l e d g e d . The poor f l e d g i n g r a t e per 

p a i r was due t o the p r e d a t i o n of eggs. 

At b o t h Ward of Culswick and Ward of S i l w i c k c o l o n i e s were 

p r e s e n t a l l t h r o u g h t h e b r e e d i n g season. Few c h i c k s were 

found d e s p i t e r e g u l a r searches. At Culswick 23 c h i c k s were 

r i n g e d and 13 f l e d g e d and a t S i l w i c k f i v e c h i c k s were 

r i n g e d and a l l o f them f l e d g e d . At Culswick t h e r e were 
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a p p r o x i m a t e l y t e n p a i r s o f A r c t i c Skuas i n the v i c i n i t y 

and t h i s s p e c i e s f r e q u e n t l y p a t r o l l e d t he colony and 

l o a f i n g area. A d d i t i o n a l l y one Common G u l l was observed t o 

p r e d a t e an egg or c h i c k . I t can be assumed t h a t most p a i r s 

f a i l e d a t t h e i n c u b a t i o n stage. 

The b r e e d i n g success o f K i t t i w a k e s was 0.79 per p a i r i n 

1986 and i s g i v e n i n Table 12. The b r e e d i n g c o l o n i e s were 

l o c a t e d a t Sumburgh Head, S. Mainland (59°5l'N., 1°15'W.); 

Tro s w i c k Ness, S. Mainland (59° 56 ' N. , l" 15 ' W. ) and Esha 

Ness, Mainland Vagaland (60° 30 ' N. , l''35 ' W. ) . 
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FIGURE 2: FREQUENCY DISTRIBUTIONS OF ARCTIC TERN 
18 1 HATCHINGS AND NESTLING MORTALITY,•SHETLAND 1986 
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FICURE 3: FREQUENCY DISTRIBUTION OF AGES OF DEATH 
OF ARCTIC TERN CHICKS, SHETL.AND 1986 

% 

15. 

10. 

5J r1 

n = 63 

0 1 2 3 4 5 6 7 S 9 1011 
age (days) 



TABLE 3: CLUTCH SIZES, SHETLAND 1986 

Colony Date c / l c/2 c/3 n Mean c l u t c h 
s i ze 

Dal s e t t e r 8 June 18 9 0 27 1 .33 
Whalsies Ayre 14 June 6 15 0 21 1 71 
F l a d d a b i s t e r 15 June 23 33 1 57 1 61 
Papa 15 June 19 43 2 64 1 69 
K e t t l a Ness Main 22 June 21 6 0 27 1 22 
Ward o f Culswick 25 June 27 19 0 46 1 41 
H i l l o f Sandwick 26 June 53 33 1 87 1 40 
K e t t l a Ness Lower 28 June 14 7 0 21 1. 33 
T o t a l 181 165 4 350 1. 49 

TABLE 4a: COMPLETED CLUTCH SIZES, SHETLAND 

Year C / l % c/2 % C/3 % n Mean Source 
1980 77 17 . 0 317 70 . 0 59 13 . 0 453 1 . 96 B&G(1981) 
1982 27 8 .8 193 62 . 9 87 28 .3 307 2. 20 Ewins(1985) 
1986 181 51 . 7 165 47 . 1 4 1 . 1 350 1 . 49 Present 

TABLE 4b: CHI-SQUARE TESTS ON MEAN CLUTCH SIZE 
1986 COMPARED TO OTHER YEARS 

Year Area 
Mean C h i - Degrees 

c l u t c h square of S i g n i f i c a n c e 
s i z e v a l u e freedom 

1961 I n n e r Farne 1 .85 119 . 9 1 P<0 . 001 
1962 *t 1 .61 14 . 9 1 P< 0 . 001 
1963 tt 1 . 75 62 . 2 1 P< 0 001 
1964 t t 1 . 76 77 . 7 1 P<0 001 
1966 t f 1 66 20 . 2 1 P<0 001 
1967 f f 1 68 24 . 8 1 P< 0 001 
1968 f t 1 42 2 . 7 1 P>0 95 
1971 Spi t s b e r g e n 1 70 19 . 7 1 P< 0 . 001 
1977 S.W.Finland 2 03 183 .8 1 P<0 . 001 
1980 S h e t l a n d 1 . 96 109 . 1 1 P<0 . 001 
1982 2. 20 137 3 1 P<0. 001 
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TABLE 5: TIMING OF BREEDING OF ARCTIC TERNS, 1982 & 1986 

Year n 
Date o f Number o f 
maximum F i r s t Second days a f t e r Range o f 
h a t c h i n g Peak 

1982 271 19 June 18-21 
June 
62% 

1986 282 27 June 25-29 
June 
60% 

Peak f i r s t peak Hatching 

8 27 
June 

10 
J u l y 

13 

14 June-
6 J u l y 

23 days 

20 June-
15 J u l y 
26 days 

Median 
h a t c h i n g 

date 

20 June 

27 June 

TABLE 6: FIRST EGG DATES FOR ARCTIC TERNS, SHETLAND 

Year F i r s t egg date 

1975 
1976 
1977 
1978 
1980 
1981 
1982 
1986 

24 May 
27 May 
23 May 
21 May 
28 May 
26 May 
23 May 
28 May 

TABLE 7: MEAN LENGTHS & BREADTHS OF ARCTIC TERNS EGGS, SHETLAND 

Category Sample 1966-68 n 

C . l 1. 40.48 ± 0.16mm 462 
b. 29.10 + 0.08mm 

c.2/1 1. 40.46 ji 0.26mm 189 
b. 29.14 ± 0.llmm 

C.2/2 1. 39.78 i 0.26mm 169 
b. 28.76 ± 0.12mm 

Sample 1986 

1. 40.40 ± 0.2mm 
b. 29.10 ± 0.imm 

1. 40.00 
b. 29.10 

0. 3mm 
0. imm 

n 

82 

56 
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TABLE 8: BREEDING SUCCESS OF ARCTIC TERNS, SHETLAND 1986 

Colony Number of Number F l e d g i n g success 
p a i r s f l e d g e d per p a i r 

F l a d d a b i s t e r 368 3 0.0082 
Ward of C u l swick 51 13 0.2550 
Ward of S i l w i c k 74 5 0.0675 
Symbister Ayre 22 4 0.1818 
Whalsies Ayre 119 4 0.0336 
Reawi ck 6 4 0.6666 
Deepdale Reawick 11 3 0.2727 
Holm of Houss 30 1 0.0333 
Hogoland 14 1 0.0714 
Uradale 14 6 0.4285 
Fai r I s l e 83 8 0.0964 
Others 1108 0 0.0000 

T o t a l 1900 52 0.0266 

TABLE 9: BREEDING SUCCESS OF ARCTIC TERNS 

Year F l e d g i n g n Area Source 
Success 

1961 0. 67 63 In n e r Farne S p r i n g e t t (1967) 
1963 ~ 0. 62 253 In n e r Farne S p r i n g e t t (1967) 
1964 0 . 86 320 In n e r Farne S p r i n g e t t (1967) 
1965 0.83 87 Coquet I s l a n d Langham (1968) 
1966 0. 78 89 Coquet I s l a n d Langham (1968) 
1966 0.52 143 In n e r Farne Horobin (1971) 
1967 0 . 90 125 Coquet I s l a n d Langham (1968) 
1967 0 . 79 239 I n n e r Farne Horobin (1971) 
1968 0 . 62 103 I n n e r Farne Horobin (1971) 
1968 0 . 93 399 Coquet I s l a n d Dunn (1972) 
1969 0. 90 292 Coquet I s l a n d Dunn (1972) 
1970 0. 75 235 Coquet I s l a n d Dunn (1972) 
1983 0.71 1054 Mousa Ewins (1985) 
1984 0 . 08 1309 Mousa Ewins (1985) 
1986 0.03 1900 Present study 

TABLE 10: COLONY SUCCESS & ITS RELATION TO SIZE, SHETLAND 1986 

Colony S i z e 
( p a i r s ) 

0-99 
100-499 

500 + 

No. Of s u c c e s s f u l 
c o l o n i e s 

. 9 
2 
0 

No. of c h i c k s 
f l e d g e d 

44 
8 
0 

of c h i c k s 
f l e d g e d 

84. 6 
15.4 
0.0 
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T.ABLE 11: STUDY COLONIES, SHETLAND 1986 

Colony Maximum Chi cks Chicks Chicks Date 
p a i r s r i n g e d found dead f l e d g e d f a i l e d 

Dal s e t t e r 556 2 0 0 7 June 
K e t t l a Ness Main 142 3 1 0 13 June 
K e t t l a Ness Lower 55 8 2 0 15 June 
F l a d d a b i s t e r 382 168 51 3 17 June 
K e t t l a Ness Marsh 103 0 0 0 24 June 
K e t t l a Ness New 38 1 0 0 8 J u l y 
H i l l o f Sandwick 176 23 3 0 11 J u l y 
Ward o f S i l w i c k 74 5 0 5 -
Ward o f Culswick 51 23 0 13 -
Whalsies Ayre 119 4 0 4 -
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TABLE 12: BREEDING SUCCESS OF KITTIWAKES, SHETLAND 1986 

Area Number Number F l e d g i n g success 
i n c u b a t i n g f l e d g e d per p a i r 

Sumburgh Head 234 151 0.65 
Tro s w i c k Ness 133 149 1.12 
Eshaness 99 69 0.70 

T o t a l 466 369 0.79 
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GROWTH 

METHODS 

At t h e Study c o l o n i e s c h i c k s were r i n g e d t o enable 

i d e n t i f i c a t i o n o f i n d i v i d u a l s . Chicks o f known age were 

r e q u i r e d f o r d e t e r m i n i n g growth r a t e s , and were r i n g e d as 

c l o s e t o h a t c h i n g (Day 0) as p o s s i b l e . T h i s was p o s s i b l e 

f o r c h i c k s which hatched from marked n e s t s as these were 

m o n i t o r e d d a i l y . Eggs which were due t o ha t c h the 

f o l l o w i n g day were i d e n t i f i e d by t h e s t a r r i n g and c h i p p i n g 

of t h e e g g s h e l l . Chicks which were s t i l l wet, and l y i n g i n 

the n e s t scrape or a d j a c e n t t o broken e g g s h e l l were 

i d e n t i f i e d as Day 0 c h i c k s . Chicks were measured a t 

r i n g i n g and on each subsequent r e c a p t u r e . Wing l e n g t h s 

were measured t o t h e n e a r e s t mm (maximum f l a t t e n e d chord, 

e x c l u d i n g t h e downy t i p s t o the r e m i g e s ) , and c h i c k s were 

weighed a c c u r a t e t o 1.Og u s i n g an Ohaus e l e c t r o n i c 

balance. D a i l y c o l o n y v i s i t s were made t o r i n g and 

r e c a p t u r e c h i c k s . V i s i t s were made a t the same time o f day 

t o reduce b i a s e s due t o d i u r n a l v a r i a t i o n i n p r o v i s i o n i n g 

r a t e s . A p p r o x i m a t e l y 35 t o 45 minutes were spent i n the 

co l o n y , except d u r i n g c o l d , w i n d ^ and wet c o n d i t i o n s when 

v i s i t s were s h o r t e n e d . D i s t u r b a n c e was kept t o a minimum 

a t a l l t i m e s . 

To o b t a i n i n f o r m a t i o n on growth r a t e s a t t e m p t s were made 

t o c a p t u r e and measure c h i c k s on c o n s e c u t i v e days. 

D i f f i c u l t y was expe r i e n c e d i n r e c a p t u r i n g c h i c k s due t o a 

h i g h d e a t h r a t e and because of a tendancy f o r c h i c k s t o 

wander c o n s i d e r a b l e d i s t a n c e s and hi d e themselves i n the 
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dense v e g e t a t i o n ( m a i n l y C a l l u n a v u l g a r i s and Nardus 

s t r i a t a ) . The two c o l o n i e s w i t h t he t h i c k e s t v e g e t a t i o n 

were a t F l a d d a b i s t e r where the m a j o r i t y of the r i n g i n g was 

done and a t Whalsies Ayre. Very few c h i c k s were caught a t 

the s t u d y c o l o n i e s which f a i l e d a t the i n c u b a t i o n stage. 

A t o t a l o f 37 c h i c k s were r i n g e d a t Day 0 and t h e r e f o r e of 

known age. These were measured a t o t a l o f 62 times. The 

wing l e n g t h measurements of known age c h i c k s were compared 

t o known age wing l e n g t h s r e p o r t e d by Pearson (1964) from 

t h e Farne I s l a n d s and Ewins (1985) f o r Shetland. The 1986 

wing l e n g t h s showed a s i g n i f i c a n t c o r r e l a t i o n w i t h both 

(r=0.99.10 d.f..P<0.001). T h e r e f o r e c h i c k s not r i n g e d a t 

h a t c h i n g were aged from t h e i r wing l e n g t h . 

Measurements o f t h e mean d a i l y w e i g h t i n c r e a s e were used 

t o i n v e s t i g a t e c h i c k growth r a t e s . These were c a l c u l a t e d 

by t h r e e d i f f e r e n t methods. F i r s t l y by u s i n g the weight 

i n c r e a s e o f known age c h i c k s . Secondly by using the weight 

i n c r e a s e o f c h i c k s c a p t u r e d t w i c e i n the p e r i o d of 

a p p r o x i m a t e l y c o n s t a n t w e i g h t i n c r e a s e , and t h i r d l y by 

u s i n g c h i c k s o l d e r t h a n f i v e days (aged from wing l e n g t h ) 

but o n l y caught once. T h i s was done by t a k i n g the mean 

wing l e n g t h a t h a t c h i n g (Day 0) which was 17.1 + 0.1 mm 

(n=37) and t h e mean w e i g h t a t h a t c h i n g which was 13.1 + 

0.6g (n=37), and c a l c u l a t i n g t h e d a i l y increment up t o the 

day o f c a p t u r e . To o b t a i n t he mean d a i l y i n c r e a s e , t he 

change i n w e i g h t was d i v i d e d by one l e s s than the number 

of days i n between, t o a l l o w f o r Day 0 when t h e r e i s 

l i t t l e or no i n c r e a s e . The mean d a i l y weight i n c r e a s e f o r 

30 



a l l t h r e e methods were as f o l l o w s : -

1> 6.0 ± 0.31g (n=22). 

2) 6.0 ± 0.4.5g (n=18) . 

3) 6.2 ± 0.23g (n=33). 

R e s u l t s from a l l t h r e e methods were c o m p a t i b l e and 

t h e r e f o r e pooled. The mean d a i l y w e i g h t i n c r e a s e was 

c a l c u l a t e d from measurements of c h i c k s not l a t e r found 

dead, f o r F l a d d a b i s t e r and f o r a l l t he o t h e r c o l o n i e s 

combined. 
RESULTS 

The mean i n c r e a s e i n wing l e n g t h was a p p r o x i m a t e l y l i n e a r 

from Day 4 t o 20 ( F i g u r e 4) w i t h an average d a i l y 

increment o f 8.06 ± 0.21 mm between Day 4 and 14. T h i s 

compares t o an average d a i l y w e i g h t i n c r e a s e from Day 4 t o 

14 o f 8.2mm r e p o r t e d by Ewins (1985) f o r Mousa 1983. The 

average d a i l y increment between Day 2 and 22 was 7.23 + 

0.2lmm, which compares t o 7.4mm f o r t he Farne I s l a n d s 

(Pearson 1964). 

The mean d a i l y w e i g h t i n c r e a s e f o r Day 1 t o IS was 5.55 ± 

0.22g (n=99) f o r F l a d d a b i s t e r , and 6.71 ± 0.l6g (n=35) f o r 

a l l o t h e r c o l o n i e s . At F l a d d a b i s t e r between Day 1 and 9 

the average d a i l y w e i g h t i n c r e a s e was 6.12 i 0.2lg (n=64) 

b u t t h i s dropped t o 2.79 ± 1.27g (n=7) f o r Day 10 t o 23 

( F i g u r e 5 ) . For the o t h e r c o l o n i e s , t he mean d a i l y weight 

i n c r e a s e between Day 1 and 9 was 6.76 + 0.26g ( n = 2 l ) . Only 

one c h i c k was sampled f o r t h e p e r i o d Day 10 t o 23 and t h i s 

had a mean d a i l y w e i g h t i n c r e a s e o f 6.2g. 

F i g u r e 6 p r e s e n t s t he p l o t s o f wei g h t a g a i n s t wing l e n g t h 
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f o r 247 c h i c k measurements a t F l a d d a b i s t e r . T h i s can be 

compared t o the p l o t f o r Mousa i n a year o f h i g h 

p r o d u c t i v i t y , 1982 (Ewins 1985). The p l o t f o r F l a d d a b i s t e r 

has c o n s i d e r a b l y more s c a t t e r than t he Mousa data. A band 

c o n t a i n i n g 95% o f the Mousa p o i n t s has been superimposed 

onto t h e F l a d d a b i s t e r p l o t i n F i g u r e 6. No p o i n t s occur 

above t h e band b u t 35% f a l l below i t , i n d i c a t i n g t h a t many 

of t h e c h i c k s were underweight f o r t h e i r age (wing 

l e n g t h ) . The percentages o f p o i n t s w i t h i n and below the 

band f o r each t e n mm o f wing l e n g t h are g i v e n i n Table 13. 

The d i s t r i b u t i o n o f d a i l y w eight i n c r e a s e f o r c h i c k s a t a l l 

c o l o n i e s i s g i v e n i n F i g u r e 7. 

32 



FIGURE 4: GROWTH CURVE FOR OF MEAN WING LENGTH FOR ARCTIC 
TERN CHICKS AT FLADDABISTER 1986 
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FIGURE 5: GROWTH CURVES FOR FLADDABISTER, OTHER COLONIES IN 1986 
AND FARNE ISLANDS IN 1967 
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FIGURE 7: DISTRIBUTION OF DAILY WEIGHT INCREASES FOR 
ARCTIC TERN CHICKS, SHETLAND 1986 
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TABLE 13: COMPARISON OF WING - WEIGHT PLOTS 
1982 MOUSA & 1986 FLADDABISTER 

Wing l e n g t h No of p o i n t s P o i n t s w i t h i n P o i n t s bel ow 
(mm) i n wing l e n g t h 1982 band 1982 band 

No. % No. % 

10-19 27 23 85 2 4 14.8 
20-29 48 46 95 8 2 4.2 
30-39 33 29 87 9 4 12. 1 
40-49 30 22 73 3 8 26 . 7 
50-51 22 9 40 9 13 59. 1 
60-69 26 13 • 50 0 13 50. 0 
70-79 18 5 27 8 13 72.2 
80-89 13 4 30 8 9 69.2 
90-99 8 2 25 0 6 75 . 0 

100-109 6 1 16 7 5 83.3 
110-119 4 1 25 0 3 75. 0 
120-129 4 0 0 0 4 100 . 0 
130-139 3 1 33. 4 2 66. 6 
140-149 1 0 0. 0 1 100. 0 
150-159 1 1 100 . 0 0 0.0 
160-169 2 1 50. 0 1 50. 0 
170-179 1 1 100. 0 0 0.0 
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DIET 

METHODS 

Prey s p e c i e s and s i z e s were determined from observations-

of a d u l t s r e t u r n i n g t o t h e c o l o n i e s from f e e d i n g areas. 

Terns were c a r r y i n g f i s h e i t h e r f o r c o u r t s h i p or f o r 

f e e d i n g c h i c k s . Prey l e n g t h was e s t i m a t e d as a f r a c t i o n o f 

the head t o b i l l l e n g t h o f the r e t u r n i n g t e r n . The mean 

l e n g t h from t h e b i l l t i p t o t h e r e a r o f t h e b l a c k head 

f e a t h e r i n g on s i x f r e s h corpses measured by Ewins i n 1982 

was 9.1cm. Prey s p e c i e s were grouped i n t o t h r e e s i z e 

c l a s s e s , s m a l l ( 1 t o 5cm), medium (6 t o lOcm) and l a r g e 

( o v e r lOcm). 

The m a j o r i t y o f f i s h b r o u g h t i n were e i t h e r sand e e l s or 

S a i t h , a gadoid. Some prey items were c l u p e i d s ( H e r r i n g 

and S p r a t ) b u t t h e i r s p e c i e s was not i d e n t i f i e d . I n some 

cases c l u p e i d s and gadoids c o u l d not be separated and 

these two groups o f f i s h have been pooled but r e f e r m a i n l y 

t o S a i t h . F i s h of unknown i d e n t i t y were grouped as "other 

f i s h " . One t h r e e - s p i n e d s t i c k l e b a c k (Gasterosteus 

a c i i l e a t u s ) and one t e n - s p i n e d s t i c k l e b a c k (G. s p i n a c h i a ) 

were found i n the c o l o n i e s . The few u n i d e n t i f i e d n o n - f i s h 

items were m a i n l y c r u s t a c e a n s and these were grouped under 

" i t e m " . 

D e t a i l s o f t h e l a n d i n g s o f sand e e l s i n Shetland were 

o b t a i n e d from t he Department o f A g r i c u l t u r e Food and 

F i s h e r i e s . 

RESULTS 

Table 15 and F i g u r e 8 g i v e t h e c o m p o s i t i o n o f prey species 
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b r o u g h t i n t o F l a d d a b i s t e r by A r c t i c Terns. Numbers of sand 

e e l s show a steady d e c l i n e from 27 June t o 15 J u l y . There 

i s a s i g n i f i c a n t n e g a t i v e c o r r e l a t i o n between the 

percentage of sand e e l s i n t h e sample and the date of the 

sample (r = 0 . 8 0 , I 4 d . f . , P < 0 . 0 0 1 ) . G e n e r a l l y , over 50% of 

each sample b e f o r e 7 J u l y were sand e e l s and l e s s than 50% 

a f t e r w a r d s . The number o f sand e e l s compared t o ot h e r prey 

b e f o r e and a f t e r 7 J u l y i s s i g n i f i c a n t l y d i f f e r e n t 

( C h i - s q . =125.5,Id.f.,P<0.001). 

G a d o i d s / c l u p e i d s were brought i n t o F l a d d a b i s t e r a t an 

a p p r o x i m a t e l y s t a b l e r a t e t h r o u g h o u t t he season, t h e r e was 

no s i g n i f i c a n t c o r r e l a t i o n between percentage of the 

sample and t h e date ( r = 0 . 3 5 , I 4 d . f . , P > 0 . 1 ) . As a 

consequence o f t h e d e c l i n e o f sand e e l s i n the samples, 

t h e p e r c e n t a g e s o f " o t h e r f i s h " show a complementary 

i n c r e a s e over t he p e r i o d . U n i d e n t i f l e d "iterns" were 

br o u g h t i n t o t h e co l o n y a t a minimal l e v e l throughout 

(r=0.05,14d.f.,P>0.1). 

Over t h e p e r i o d 27 June t o 15 J u l y sand e e l s formed 49% 

and g a d o i d s / c l u p e i d s formed 33% of t h e observed d i e t , 

" o t h e r f i s h " formed 15%, and " i t e m s " 2% of the d i e t . 

The s i z e s o f prey items a t F l a d d a b i s t e r bave been grouped 

f o r a n a l y s i s (Table 14 & F i g u r e s 9,10,11). 

At F l a d d a b i s t e r 416 (57%) of t h e 729 sand e e l s observed 

were s m a l l , and 64 (8.7%) were l a r g e . Numbers of small 

sand e e l s d e c l i n e d a t a steady r a t e t h r o u g h o u t t he 
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s a m p l i n g p e r i o d 27 June t o 14 J u l y which i s a n e g a t i v e 

c o r r e l a t i o n ( r = - 0 . 9 0 , l 4 d . f . , P < 0 . 0 0 1 ) . Medium s i z e d sand 

e e l s i n c r e a s e d a t a complementary r a t e , 

( r = 0 . 9 4 , l 4 d . f . , P < 0 . 0 0 1 ) , b u t l a r g e ones were scarce and 

t h e i n c r e a s e was n o t s i g n i f i c a n t ( r = 0 . 4 2 , I 4 d . f . P > 0 . i ) . 

A t o t a l o f 497 g a d o i d s / c l u p e i d s were observed, 346 (70%) 

of which were e s t i m a t e d t o have been medium i n s i z e . Of 

th e o t h e r s , 15% were s m a l l and 15% l a r g e . Sizes were 

a p p r o x i m a t e l y c o n s t a n t from 27 June t o 15 J u l y . Small f i s h 

decreased s i g n i f i c a n t l y over the p e r i o d 

(r=-0.48,,13d.f.,P<0.1), medium f i s h i n c r e a s e d but not 

s i g n i f i c a n t l y (r=0.26,13d.f.,P>0.1) and l a r g e f i s h 

i n c r e a s e d s i g n i f i c a n t l y ( r = 0.512,l3d.f. , P<0. 1) . 

At F l a d d a b i s t e r t h e m a j o r i t y o f " o t h e r f i s h " , 15% of 227, 

were c l a s s e d as s m a l l , 24% medium and 9% l a r g e . Large f i s h 

decreased a t an i n s i g n i f i c a n t r a t e ( r = - 0 . 4 5 , 1 i d . f . , P > 0 . l ) 

between 2 and 15 J u l y . Medium f i s h decreased s i g n i f i c a n t l y 

( r = - 0 . 8 5 , l i d . f . , P < 0 . 0 0 1 ) and small f i s h i n c r e a s e d 

s i g n i f i c a n t l y ( r = 0 . 7 8 , l l d . f . , P < 0 . 0 l ) . 

Of 36- " i t e m s " 34 (94%) were small and one medium and l a r g e 

were r e c o r d e d . 

The main t r e n d i s o f a steady d e c l i n e i n the number of 

sand e e l s , complemented by an i n c r e a s e i n the number o f 

" o t h e r f i s h " c a p t u r e d by A r c t i c Terns, and o b s e r v a t i o n s i n 

o t h e r . a r e a s f o l l o w t h i s same apparent p a t t e r n . Samples of 

prey s i z e and c o m p o s i t i o n from Mainland Vagaland, South 
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Mainland, B u r r a I s l e , Papa Stour and F a i r I s l e are given 

i n Appendices 1 and 2. 

F i g u r e 12 shows t h e commercial f i s h i n g l a n d i n g s of 

S h e t l a n d sand e e l s from A p r i l t o J u l y 1986. I t i s not 

known whether any sand e e l s f i s h e d from Shetland waters 

were landed elsewhere. The S h e t l a n d l a n d i n g s show a 

d e c r e a s i n g t r e n d o f 37.6% per week from the peak l a n d i n g 

o f 1787.7 tonnes f o r t h e week ending 17 May t o a low of 

65.5 tonnes f o r t h e week ending 5 J u l y . T h i s data 

t h e r e f o r e backs up t h e apparent t r e n d o f d e c l i n i n g sand 

e e l s shown by the A r c t i c Tern prey samples. 

On o n l y t h r e e occasions were a d u l t s observed hawking f o r • 

i n s e c t s over l a n d though no i n s e c t s were seen t o be f e d t o 

c h i c k s . 
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FIGURE 12: LANDINGS OF SAND EELS IN SHETLAND PER WEEK 1986 
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TABLE 14: COMPOSITION OF DIET. SHETLAND 1986 
FLADDABISTER 

Date Sand Eel Gadoid/Clupeid F i s h spp. Item-
No. % No . % No . % No . % • • n 

27 June 39 83 . 0 5 10 . 6 2 4 . 3 1 2 . 1 47 
29 June 105 86 . 1 15 12 . 3 2 1 . 6 1 2 . 1 122 
30 June 74 66 . 6 34 30 . 7 0 0 . 0 3 2 . 7 111 
2 J u l y 41 77 . 4 8 15 . 1 4 7 . 5 0 0 . 0 55 
3 J u l y 56 29 . 6 113 59 .8 16 8 . 5 4 2 . 1 189 
4 J u l y 16 26 . 7 38 63 . 3 6 10 . 0 0 0 . 0 60 
5 J u l y 165 58 . 7 77 27 . 4 31 11 . 0 8 2 . 9 281 
7 J u l y 100 67 . 1 32 21 . 5 10 6 . 7 7 4 . 7 149 
8 J u l y 18 33 . 3 15 27 .8 20 37 . 0 1 1 . 9 54 
9 J u l y 56 23 . 7 92 39 . 0 83 35 . 2 5 2 . 1 236 

10 J u l y 19 47 . 5 12 30 . 0 7 17 . 5 2 5 . 0 40 
11 J u l y 10 27 . 0 16 43 . 3 10 27 . 0 1 2 . 7 37 
12 J u l y 7 28 . 0 12 48 . 0 6 24 . 0 0 0 . 0 25 
13 J u l y 7 28 . 0 2 8 . 0 15 60 . 0 1 4 . 0 25 
14 J u l y 9 24 .3 17 46 . 0 11 29 . 7 0 0 . 0 37 
15 J u l y 2 15 . 4 7 53 . 8 4 30 .8 0 0 . 0 13 

T o t a l 731 49 . 1 496 33 .3 227 15 2 36 2 . 4 1490 
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TABLE 15: SIZE & COMPOSITION OF DIET. FLADDABISTER, SHETLAND 1986 

Sand E e l - - Gadoid/Clupeld Date -Fish spp.-- Item-sm med. Ige n sm med. 1 ge n sm med. Ige. n sm med. Ige. n 
27 Jun 35 3 3 39 3 2 0 5 1 1 0 2 1 0 0 1 
29 Jun 99 5 0 104 6 7 2 15 2 0 0 2 0 0 0 0 
30 Jun 68 6 0 74 8 24 2 34 0 0 0 0 3 0 0 3 2 J u l 28 11 2 41 2 5 1 8 1 3 0 4 0 0 0 0 
3 J u l 23 26 7 56 7 83 23 113 7 7 2 16 2 1 1 4 
4 J u l 10 3 3 16 6 28 4 38 4 2 0 6 0 0 0 0 
5 J u l 93 58 14 165 13 57 7 77 18 8 5 31 15 0 0 15 
7 J u l 32 60 8 100 3 22 7 32 4 5 1 10 7 0 0 7 
8 J u l 6 10 2 18 1 12 2 15 14 5 1 20 1 0 0 1 
9 J u l 11 33 12 56 5 55 32 92 53 20 10 83 5 0 0 5 

10 J u l 1 9 9 19 1 7 4 12 6 1 0 7 2 0 0 2 
11 J u l 1 6 3 10 2 9 5 16 10 0 0 10 1 0 0 1 
12 J u l 2 .. 5 0 7 1 9 2 12 3 1 2 6 0 0 0 0 
13 J u l 2 5 0 7 1 1 0 2 14 1 0 15 1 0 0 1 
14 J u l 0 7 2 9 1 14 2 17 10 1 0 11 0 0 0 0 
15 J u l 0 2 0 2 3 3 1 7 4 0 0 4 0 0 0 0 
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DISCUSSION 
The o v e r a l l r a t e o f d e c l i n e i n t h e number of p a i r s of 

A r c t i c Terns b r e e d i n g i n S h e t l a n d between 1980 and 1986 

was 19.9% per year. 

The annual m o r t a l i t y r a t e o f b r e e d i n g a d u l t A r c t i c Terns 

o b t a i n e d on t h e Farne I s l a n d s between 1952 and 1954 by 

C u l l e n (1957) was 13.6%. Coulson and Horobin (1976) used 

two methods t o o b t a i n r a t e s of 13.3 + 2.0% and 12 + 0.3% 

f o r t h e Farne I s l a n d s between 1966 and 1967. The e s t i m a t e d 

r a t e of d e c l i n e f o r S h e t l a n d approximates t o , but exceeds, 

th e d e c l i n e which would be expected i f t h e r e was no 

r e c r u i t m e n t i n t o the c o l o n i e s . Some t e r n s must t h e r e f o r e 

be o p t i n g out o f b r e e d i n g . 

The r e s u l t s o f d e c l i n i n g numbers of b r e e d i n g p a i r s f o r 

each I s l a n d group show a g e o g r a p h i c a l t r e n d . N o r t h e r n and 

w e s t e r n r e g i o n s and o u t l y i n g i s l a n d s have decreased a t an 

average of 3 1 % per year compared t o 5% per year f o r 

s o u t h e r n and e a s t e r n r e g i o n s . 

There i s a t r e n d among th e 78 i n d i v i d u a l c o l o n i e s surveyed 

t h a t l a r g e r c o l o n i e s decrease p r o p o r t i o n a t l y more i n s i z e 

t h a n s m a l l e r ones. I n 1980, t h e r e were 38 c o l o n i e s i n the 

s i z e range 0 t o 99 p a i r s . Of these, 58% had decreased i n 

s i z e by 1986. Twelve o f these c o l o n i e s were not being used 

i n 1986 b u t f i v e new c o l o n i e s i n t h i s s i z e range were 

found. The s i z e range 100 t o 499 p a i r s i n c l u d e d 26 

c o l o n i e s o f which 96% had decreased i n s i z e . One new 
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c o l o n y was found and t e n had been abandoned. A l l e i g h t o f 

the l a r g e c o l o n i e s (each over 500 p a i r s ) had decreased i n 

s i z e . One had been abandoned. 

I n 1986 t h e b r e e d i n g season was a p p r o x i m a t e l y e i g h t days 

l a t e r t h a n i n t h e p r o d u c t i v e year o f 1982,.suggesting t h a t 

a d u l t s were i n sub - o p t i m a l c o n d i t i o n . An a l t e r n a t i v e 

e x p l a n a t i o n , however, i s t h a t t h e s p r i n g weather was c o l d 

and wet compared t o a good s p r i n g i n 1982. However, cool 

s p r i n g weather i s p r o b a b l y not of importance t o t h i s 

s p e c i e s as i t breeds s u c c e s s f u l l y a t h i g h e r l a t i t u d e s . 

The mean c l u t c h s i z e f o r S h e t l a n d i n 1986 i s s i g n i f i c a n t l y 

lower t h a n t h e 1980 and 1982 She t l a n d means, the 1961-1967 

Coquet/Farne I s l a n d means, t h e 1970 S p i t z b e r g e n (Bengston 

1971) and t h e 1976 S.W. F i n l a n d ( B e l o p o l ' s k i 1977) means. 

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 1986 mean 

and t h e 1968 mean f o r I n n e r Farne. T h i s i s because of the 

1968 "Red t i d e " (a d i n o f l a g e l l a t e bloom which produced a 

h i g h l y t o x i c substance c a u s i n g p a r a l y t i c s h e l l - f i s h 

p o i s o n i n g i n man) which reduced b o t h t he c l u t c h s i z e and . 

the b r e e d i n g success i n 1968 (Horobin 1971). 

I n 1980 and 1982 t h e percentage o f c l u t c h e s of t h r e e were 

13% and 28.3% r e s p e c t i v e l y . I n 1986 t h i s f i g u r e was much 

lower a t 1.1%. Two was t h e commonest c l u t c h s i z e i n 1980 

and 1982 but i n 1986 t h e r e were almost equal numbers of 

one and two egg c l u t c h e s . T h i s has r e s u l t e d i n the low 

mean c l u t c h s i z e and i n d i c a t e s t h a t i n 1986 A r c t i c Terns 

were i n poor b r e e d i n g c o n d i t i o n . 
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The average d a i l y w e i g h t i n c r e a s e of c h i c k s a t 

F l a d d a b i s t e r was a p p r o x i m a t e l y c o n s t a n t a t 6.12 ± 0.2lg 

(n=64) from Day 1-9, which i s v e r y s i m i l a r t o the growth 

r a t e s f o r normal y e a r s . However, the mean d a i l y weight 

i n c r e a s e from Day 10-23 was o n l y 2.79 ± l.27g (n=7). The 

low sample s i z e r e f l e c t s t h e p r o p o r t i o n of c h i c k s which 

were d y i n g b e f o r e t h i s age. T h i s t r e n d does not match the 

" o t h e r c o l o n i e s " , where t h e mean growth curve i n c r e a s e s i n 

a l i n e a r manner between Day 4 and 14 and then d e c l i n e s 

g r a d u a l l y w i t h a p e r i o d of we i g h t f l u c t u a t i o n j u s t p r i o r 

t o f l e d g i n g . T h i s c l o s e l y matches the s i t u a t i o n on Coquet 

and t h e Farne I s l a n d s 1961-1970, and on Mousa i n 1983. 

For t h e f i r s t few days a f t e r h a t c h i n g a c h i c k ' s demand f o r 

food i s n o t v e r y g r e a t . Pearson (1964) e s t i m a t e d t h a t 

c h i c k s r e q u i r e I g of food per 3.5g of body weight f o r 

maintenance each day. However, as they i n c r e a s e i n age and 

i n body w e i g h t t h e i r demand f o r food i n c r e a s e s r a p i d l y . At 

t h e age of n i n e days c h i c k s are i n t h e i r p e r i o d of f a s t e s t 

growth and g r e a t e s t food demand. The slow growth r a t e of 

c h i c k s o l d e r t h a n n i n e days o c c u r r e d d u r i n g the p e r i o d of 

g r e a t e s t f o o d demand and t h e r e f o r e i n d i c a t e s a food 

s h o r t a g e . 

Peak m o r t a l i t y o f c h i c k s was i n the p e r i o d 3 t o 11 J u l y . 

A l t h o u g h t h i s f o l l o w s peak h a t c h i n g and m o r t a l i t y i s 

expected, i t was h i g h e r t h a n expected. The weather f o r 

t h i s p e r i o d was normal f o r J u l y , s u g g e s t i n g t h a t t h i s was 

not t h e prime cause of m o r t a l i t y . As expected the m a j o r i t y 
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of c h i c k s (78%) d i e d b e f o r e t h e y were s i x days o l d . At 

t h i s age c h i c k s have n o t f u l l y developed t h e i r 

t h e r m o r e g u l a t o r y mechanism and are more v u l n e r a b l e t o 

c o l d , wet weather.The c o r r e s p o n d i n g f i g u r e s f o r Day 0-5 

m o r t a l i t y i n 1983 and 1984 were 92% and 97% r e s p e c t i v e l y 

(Ewins 1985). I n 1986 l a r g e numbers o f c h i c k s d i e d a f t e r 

t h e i r f i r s t week. More c h i c k s were d y i n g t h e r e f o r e , of 

causes o t h e r t h a n from t h e r m o r e g u l a t i o n problems and t h i s 

suggests t h a t death was a t t r i b u t a b l e t o s t a r v a t i o n . At 

F l a d d a b i s t e r a d u l t s d e s e r t e d l i v e young and t h r e e nests 

were found w i t h dead c h i c k s huddled t o g e t h e r , an 

i n d i c a t i o n of p a r e n t death or d e s e r t i o n . 

Terns e x p e r i e n c e d d i f f i c u l t y i n b r e e d i n g and colony 

f a i l u r e s a l l t h r o u g h t h e season. The severe egg l o s s which 

was a f e a t u r e of t h e e a r l i e r f a i l i n g c o l o n i e s such as 

K e t t l a Ness Marsh (24 June) and D a l s e t t e r (7 J u l y ) , i s 

l i k e l y t o have been caused by A r c t i c Skuas i n c r e a s i n g the 

amount of time spent f o r a g i n g f o r eggs. A r c t i c Skuas r e l y 

h e a v i l y upon r o b b i n g A r c t i c Terns c a r r y i n g f i s h and 

t h e r e f o r e , a food s h o r t a g e a f f e c t i n g t e r n s would a l s o put 

p r e s s u r e on A r c t i c Skuas. A consequence of t h i s was t h a t 

A r c t i c Skuas p u t more e f f o r t i n t o egg p r e d a t i o n i n t e r n 

c o l o n i e s . A d d i t i o n a l l y , i f t e r n s were having t o spend a 

g r e a t e r p r o p o r t i o n of t h e i r time f o r a g i n g , t h e r e would be 

fewer t e r n s p r o t e c t i n g t h e colony from such p r e d a t i o n . A 

r e c u r r i n g f e a t u r e of t h e " f i r s t f l u s h i n g " counts a t many 

c o l o n i e s was t h a t A r c t i c Skuas would f l y i n and begin 

s e a r c h i n g f o r eggs. A l t h o u g h the p r e d a t i o n of eggs, 

p a r t i c u l a r l y b e f o r e i n c u b a t i o n has begun, i s a normal 
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o c c u r r e n c e , i t i s i n t e r e s t i n g t o note t h a t i t occured on 

a l l v i s i t s t o D a l s e t t e r (which hatched few c h i c k s and 

f a i l e d on 7 J u l y ) , and n o t a t a l l a t F l a d d a b i s t e r which 

hatched many c h i c k s but had f a i l e d by 17 J u l y . At H i l l of 

Sandwick c o l o n y d e s e r t i o n was caused by two sheepdogs. 

A r c t i c Terns are ground n e s t i n g b i r d s and are t h e r e f o r e a t 

r i s k from ground p r e d a t o r s which can, as i n t h i s case, 

wipe out whole c o l o n i e s . D e s e r t i o n due t o heavy c h i c k 

m o r t a l i t y o c c u r r e d a t F l a d d a b i s t e r and K e t t l e Ness Main. 

The f i r s t c o l o n y f a i l u r e s were caused by heavy A r c t i c Skua 

egg p r e d a t i o n and t h i s was f o l l o w e d by d i s t u r b a n c e from 

dogs. However c o l o n i e s which s u r v i v e d these f a c t o r s s t i l l 

f a i l e d , t h e l a t e r d e s e r t i o n s being caused by c h i c k 

s t a r v a t i o n and death. Thus, colony f a i l u r e s were not 

caused by a s i n g l e f a c t o r , but by a whole s e r i e s of 

f a c t o r s . 

I n 1986 t h e b r e e d i n g season on S h e t l a n d was d i s a s t r o u s 

w i t h a f l e d g i n g success of 0.027 per p a i r f o r 1900 known 

p a i r s . On Coquet and t h e Farne I s l a n d s i n a l l years 

between 1961 and 1970 b r e e d i n g success was over 0.5 per 

p a i r . B reeding success on Mousa was e s t i m a t e d as 0.71 per 

p a i r f o r 1054 p a i r s i n 1983 but o n l y 0.08 c h i c k s f l e d g e d 

per p a i r f o r 1309 p a i r s i n 1984. Both 1981 and 1982 were 

r e p o r t e d by Ewins (1985) t o have been p r o d u c t i v e years but 

no f i g u r e s were g i v e n . I n 1986 small c o l o n i e s had a h i g h e r 

b r e e d i n g success th a n l a r g e r ones. T h i s i s c o n t r a r y t o 

normal e x p e c t a t i o n s t h a t t e r n s i n l a r g e r c o l o n i e s are 

b e t t e r a b l e t o p r o t e c t themselves, and t h a t s o c i a l 
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s t i m u l a t i o n causes g r e a t e r synchronousy and t h e r e f o r e more 

s u c c e s s f u l b r e e d i n g . 

A l l t h e evidence f o r t h e u n p r o d u c t i v e b r e e d i n g season 

p o i n t s t o a c h r o n i c s h o r t a g e o f s u i t a b l e food a l l through 

the season:-

1) L a t e b r e e d i n g season; 

.2) Low mean c l u t c h s i z e ; 

3) High c h i c k m o r t a l i t y ; 

4) Low growth r a t e o f c h i c k s d u r i n g t h e i r p e r i o d o f 

g r e a t e s t f o o d demand; 

5) The h i g h p r o p o r t i o n o f c h i c k s which are under weight as 

shown by t h e wing/weight p l o t ; 

6) Low f l e d g i n g success; 

7) Colony d e s e r t i o n s a l l t h r o u g h t he season; 

8) D e c l i n e i n sand e e l s brought i n t o t h e colony by a d u l t 

t e r n s ; 

9) D e c l i n e i n the number of sand e e l s landed by Shetland 

f i s h i n g b o a t s . 

A l t h o u g h t h e b r e e d i n g season was an u n p r o d u c t i v e one, some 

t e r n s d i d succeed i n r e a r i n g c h i c k s . These c h i c k s hatched 

i n b o t h t h e e a r l y and l a t e p e r i o d s of the h a t c h i n g range. 

The s u c c e s s f u l a d u l t s must have f o l l o w e d a breeding 

s t r a t e g y which made them more e f f i c i e n t than the o t h e r s , 

perhaps due t o them b e i n g o l d e r and more experienced. 

Coulson and Horobin (1976) found t h a t b r e e d i n g success was 

h i g h e r i n o l d e r t e r n s (over e i g h t years o l d ) . 

Sand e e l s formed 49% o f t h e observed d i e t t h r o ughout the 
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season, which i s lower t h a n the 97% observed on Mousa, i n 

1984. Sand e e l s d e c l i n e d over the b r e e d i n g season. Small 

sand e e l s d e c l i n e d a t a g r e a t e r r a t e than l a r g e r ones. 

T h i s c o u l d be because s m a l l sand e e l s had grown but i s 

more l i k e l y t o be due t o a r e d u c t i o n i n numbers because of 

the o v e r a l l d e c l i n e . The decrease i n small sand e e l s means 

t h a t a d u l t t e r n s are f o r c e d t o e i t h e r spend longer 

s e a r c h i n g f o r s m a l l f i s h or take l a r g e r f i s h , which has a 

d e t r e m e n t a l e f f e c t on the f e e d i n g of young c h i c k s , because 

th e y cannot swallow l a r g e prey items. 

G a d o i d s / c l u p e i d s were t a k e n a t a p p r o x i m a t e l y the same r a t e 

a l l season i n 1986 when th e y formed 33% of observed d i e t . 

They were u t i l i z e d more than i n 1983 when they formed 20% 

of t h e d i e t i n t h e e a r l y n e s t l i n g p e r i o d and 3% i n the 

l a t e n e s t l i n g p e r i o d . The main gadoid s p e c i e s f i s h e d was 

S a i t h , which has a lower c a l o r i f i c v a l u e than sand e e l s 

( 5 . 1 K j / g compared t o 6.5 K j / g , H a r r i s and H i s l o p 1978) 

r e s u l t i n g i n a p o o r e r d i e t . 

Pearson (1964) found t h a t A r c t i c Terns p r e f e r e d sand e e l s 

and f i s h e d up t o 20 km o f f s h o r e t o c a t c h them. The d e c l i n e 

i n sand e e l s i n 1986 caused an i n c r e a s e i n the number of 

" o t h e r f i s h " caught. Thus, t h e r e i s an i n c r e a s i n g 

importance b e i n g p u t on a food source which i s not 

p r e f e r r e d , a consequence o f which i s t h e low growth r a t e s 

and h i g h m o r t a l i t y of c h i c k s . 

I n 1986 t h e decrease of sand e e l s caught by A r c t i c Terns 

c o i n c i d e d w i t h t h e c o n t i n u e d low l e v e l s of sand eel 
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l a n d i n g s by f i s h i n g b o a t s . I t i s t h e r e f o r e p o s s i b l e t h a t 

t h e r e was a shortage o f sand e e l s f o r b o t h fishermen and 

t e r n s a l i k e . 

K i t t i w a k e s have a f e e d i n g range of 55 km and are 

p o t e n t i a l l y a b l e t o f e e d over an area about t e n times 

g r e a t e r t h e n t h a t u t i l i z e d by t e r n s beeding i n the same 

l o c a l i t y (Pearson 1964). I n 1986 K i t t i w a k e s had a b e t t e r 

b r e e d i n g season than A r c t i c Terns, w i t h an average of 0.79 

c h i c k s f l e d g i n g per p a i r (n=466). The r e l a t i v e l y h i g h e r 

b r e e d i n g success of K i t t i w a k e s i n d i c a t e s t h a t they were 

n o t under as much p r e s s u r e from food shortage as A r c t i c 

Terns. K i t t i w a k e s have l a r g e r f o r a g i n g ranges and do not 

r e l y so h e a v i l y upon the i n s h o r e s h o a l i n g of sand e e l s . 

T h i s i n d i c a t e s t h a t t h e food shortage was more severe i n 

i n s h o r e w a t e r s around S h e t l a n d . 

Recommendati ons: 

1) That a f u l l b r e e d i n g survey i s undertaken t o c o n f i r m 

t h e o v e r a l l decrease i n b r e e d i n g p a i r s i n d i c a t e d by t h i s 

s t u d y . 

2) F u r t h e r r e s e a r c h i s undertaken i n t o t he breeding of 

t e r n s r e l a t e d t o the ecology of the f i s h s pecies on which 

t h e y depend. 

3) A d e t a i l e d s t u d y i s made of p r o v i s i o n i n g r a t e s of 

A r c t i c Tern c h i c k s t h r o u g h o u t a s u c c e s s f u l season. 

4) F u r t h e r s t u d y of t h e e c o l o g i c a l e f f e c t s of commercial 

f i s h i n g on a l l N o r t h Sea f i s h s t o c k s . 
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SUMMARY 

Research on A r c t i c Tern b r e e d i n g b i o l o g y on the Fame 

I s l a n d s i s reviewed. 

A survey was made o f 78 A r c t i c Tern c o l o n i e s i n Shetland 

and t h e r e s u l t s compared t o the 1980 B u l l o c k and Gomersall 

survey. I n 1980 t h e e s t i m a t e d number o f p a i r s was 4195 

compared t o 15925 i n 1980. T h i s r e p r e s e n t s an o v e r a l l 

decrease of 19.9% per year. 

The b r e e d i n g b i o l o g y o f A r c t i c Tern's a t t e n c o l o n i e s was 

s t u d i e d . The f i r s t egg r e c o r d e d was on 28 May and the 

l a y i n g range was from 28 May t o 23 June and h a t c h i n g range 

from 20 June t o 15 J u l y . The b r e e d i n g season was e i g h t 

days behind t h e season i n 1982. 

The c o m p o s i t i o n o f c l u t c h e s was:- c / l = l 8 l ; c/2=l65; c/3=4 

g i v i n g a mean c l u t c h s i z e o f 1.49 (n=350). T h i s i s 

s i g n i f i c a n t l y lower t h a n f o r Coquet/Farne I s l a n d s 1961 t o 

1967, S h e t l a n d 1980, 1982, S p i t s b e r g e n 1971, and South 

West F i n l a n d 1977. 

M o r t a l i t y peaked from 3 t o 8 J u l y (70%) and 78% of dead 

c h i c k s were aged under s i x days. T h i s i s a s m a l l e r 

percentage t h a n r e c o r d e d on Mousa i n 1983 (92%) and 1984 

( 9 7 % ) . T h e r e f o r e a g r e a t e r number o f c h i c k s were d y i n g a t 

an age g r e a t e r t h a n one week. 

Growth curves are p l o t t e d f o r c h i c k s a t F l a d d a b i s t e r and 

f o r a l l t h e o t h e r c o l o n i e s combined. At F l a d d a b i s t e r t he 
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average d a i l y w e i g h t i n c r e a s e was a p p r o x i m a t e l y c o n s t a n t 

from Day 1 t o 9 but t h e r e a f t e r d e c l i n e d g r a d u a l l y . For the 

o t h e r c o l o n i e s t he average d a i l y w e i g h t increase was 

c o n s t a n t from Day 4 t o 14 and then d e c l i n e d g r a d u a l l y w i t h 

a p e r i o d o f w e i g h t l o s s p r i o r t o f l e d g i n g . The mean d a i l y 

w e i g h t i n c r e a s e o f c h i c k s a t F l a d d a b i s t e r , Day i t o 9 was 

6.12 ± 0.2lg (n=64) and f o r Day 10 t o 23 was 2.79 + l.27g 

( n = 7 ) . At t h e o t h e r c o l o n i e s t h e mean d a i l y weight 

i n c r e a s e from Day l t o 9 was 6.76 ± 0.26g (n=21). Few 

c h i c k s o l d e r than n i n e were caught because most were 

d y i n g , b e f o r e t h i s age. At F l a d d a b i s t e r 35% of c h i c k s were 

under w e i g h t as shown by t h e wing/weight p l o t . 

B r eeding success f o r 1900 p a i r s was 0.027 per p a i r . A 

t o t a l o f 52 f l e d g l i n g s were recorded. 

Colony d e s e r t i o n s o c c u r r e d a l l t h r o u g h the breeding season 

from 24 June t o 17 J u l y , and were caused by a s e r i e s o f 

f a c t o r s : - egg p r e d a t i o n by A r c t i c Skuas; 

d i s t u r b a n c e / p r e d a t i o n by dogs; s t a r v a t i o n of c h i c k s . 

O b s e r v a t i o n s o f s i z e and sp e c i e s o f prey c a r r i e d by a d u l t s 

r e t u r n i n g t o t h e c o l o n i e s were made. Sand e e l s formed 49% 

of t h e observed d i e t , g a d o i d s / c l u p e i d s 33%, "other f i s h " 

15% and " i t e m s " 2%. The number of sand e e l s decreased a t a 

steady r a t e from 27 June t o 15 J u l y . Small sand e e l s 

decreased more tha n l a r g e r ones. P r o v i s i o n i n g of 

g a d o i d s / c l u p e i d s were a p p r o x i m a t e l y c o n s t a n t a l l t h r o u g h 

th e p e r i o d but " o t h e r f i s h " i n c r e a s e d . The number of 

c o m m e r c i a l l y f i s h e d sand e e l s landed i n Shetland a l s o show 
a d e c r e a s i n g t r e n d . Catches peaked f o r t he week ending 17 
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May when e i g h t f i s h i n g b oats landed 1788 tonnes, and were 

l o w e s t f o r t h e week ending 5 J u l y when f o u r boats landed 

66 tonnes. 

There was a c h r o n i c food shortage i n i n s h o r e waters around 

S h e t l a n d . The evidence f o r t h i s i s : -

1) Late b r e e d i n g season; 

2) Low mean c l u t c h s i z e ; 

3) High c h i c k m o r t a l i t y ; 

4) Low growth o f c h i c k s d u r i n g t h e i r p e r i o d of g r e a t e s t 

food demand; 

5) The h i g h p r o p o r t i o n o f c h i c k s which were underweight as 

shown by t h e wing/weight p l o t ; 

6) Low f l e d g i n g success; 

7) Colony d e s e r t i o n a l l t h r o u g h t he season; 

8) D e c l i n e i n sand e e l s brought i n t o t h e c o l o n i e s by a d u l t 

t e r n s ; 

9) D e c l i n e i n t h e number of sand e e l s landed by Shetland 

f i s h i n g b o a t s . 

10) K i t t i w a k e s can f o r a g e upto 55km compared t o 20km f o r 

A r c t i c Terns and t h e y had a bre e d i n g success o f 0.79 per 

p a i r and were t h e r e f o r e n o t under pressure from food 

s h o r t a g e . 

A comprehensive survey o f A r c t i c Tern breeding c o l o n i e s i n 

S h e t l a n d i s recommended. F u r t h e r i n f o r m a t i o n on c h i c k 

p r o v i s i o n i n g r a t e s and d i e t d u r i n g a p r o d u c t i v e season, 

and t h e ecology o f sand e e l s and o t h e r N o r t h Sea f i s h 

s t o c k s i s r e q u i r e d . 
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SIZE & COMPOSITION OF DIET, 

Date Sand Eel 

APPENDIX 1 

BURRA ISLE, SHETLAND 1986 

-Gadoid/Clupeid- -Fish spp. 
sm. med. Ige . n sm. med. Ige. n sm. med. Ige. n 

21 June 2 0 0 2 0 2 0 2 0 0 0 0 
28 June 5 4 1 10 0 0 0 0 0 0 0 0 
2 J u l y 0 0 0 0 0 0 0 0 2 0 0 2 
4 J u l y 1 0 0 1 1 2 0 3 0 0 0 0 

11 J u l y 0 0 0 0 3 5 0 8 7 2 0 9 
12 J u l y 0 0 0 0 1 4 1 6 4 1 0 5 
16 J u l y 0 0 0 0 0 7 2 9 3 3 0 6 
17 J u l y o O o o 0 7 0 7 0 0 0 0 
IS J u l y 0 0 0 0 0 3 0 3 0 0 0 0 
19 J u l y 0 0 1 1 2 4 0 6 2 1 0 3 
22 J u l y 0 0 0 0 3 10 2 15 1 0 0 1 
28 J u l y 0 0 0 0 0 1 0 1 0 0 0 0 

T o t a l 8 4 2 14 10 45 5 60 19 7 0 26 

SIZE & COMPOSITION OF DIET, MAINLAND VAGALAND, SHETLAND 1986 

Date -Sand Eel -Gadoid/Clupeid- -Fish spp. 
sm. med. Ige. n sm. med. Ige. n sm. med. 1 ge. n 

30 June 5 1 0 6 4 2 0 6 0 0 0 0 
9 J u l y 0 1 0 1 0 3 5 8 0 2 0 2 

15 J u l y 0 3 1 4 0 9 5 14 1 2 0 3 
18 J u l y 7 1 1 9 3 24 5 32 13 1 0 14 
21 J u l y 1 4 0 5 2 17 0 19 6 3 0 9 
27 J u l y 0 0 1 1 1 16 1 18 7 0 0 7 

T o t a l 13 10 3 26 10 71 16 97 27 8 0 35 

SIZE & COMPOSITION OF DIET, S.MAINLAND, SHETLAND 1986 

Date -Sand Eel -Gadoid/Clupeid- •--Fish spp. 
sm. med. Ige . n sm. med. Ige. n sm. med. Ige. n 

16 June 3 0 0 3 2 0 0 2 3 0 0 3 
26 June 11 1 3 15 1 0 0 1 0 0 0 0 
29 June 8 0 0 8 1 0 0 1 0 0 0 0 
2 J u l y 15 0 0 15 1 2 0 3 2 0 0 2 
17 J u l y 3 5 0 8 0 3 3 6 1 1 0 2 
23 J u l y 0 10 1 11 0 14 0 14 1 0 0 1 
28 J u l y 0 0 0 0 0 6 0 6 4 1 0 5 

T o t a l 40 16 4 60 5 25 3 33 11 2 0 13 
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APPENDIX 1 (cont.) 

SIZE & COMPOSITION OF DIET, PAPA STOUR, SHETLAND 1986 
Date Sand Eel -Gadoid/Clupeid- Fish spp. 

sm. med. Ige. n sm. ined. Ige. n sm. med. Ige. n 
4 June 3 5 0 8 1 4 0 5 3 0 0 3 

SIZE & COMPOSITION OF DIET, FAIR ISLE. SHETLAND 1986 
Date Sand Eel -Gadold/Clupeid- Fish spp. 

sm. med. Ige. n sm. med. Ige. n sm. med. Ige. n 
25 July 2 7 0 9 2 7 1 10 4 1 0 4 
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APPENDIX 2 
COMPOSITION OF DIET, BURRA ISLE. SHETLAND 1986 

Date Sand Eel Gadoid/Clupeid Fish spp. --Item-
No % No. % No. % No. % n 

21 June 2 50 . 0 2 50. 0 0 0.0 0 0.0 4 
28 June 10 100. 0 0 0.0 0 0.0 0 0.0 10 
2 Ju l y 0 0. 0 0 0.0 2 100. 0 0 0.0 2 
4 July 1 25. 0 3 75. 0 0 0.0 0 0 . 0 4 

11 July 0 0. 0 8 47 . 0 9 53.0 0 0.0 17 
12 Ju l y 0 0. 0 6 54. 5 5 45. 5 0 0.0 11 
16 Ju l y 0 0. 0 9 60. 0 6 40 . 0 0 0.0 15 
17 Ju l y 0 0. 0 7 100.0 0 0.0 0 0.0 7 
18 Ju l y 0 0. 0 3 100. 0 0 0.0 0 0.0 3 
19 Ju l y 1 10 . 0 6 60. 0 3 30. 0 0 0.0 10 
22 Ju l y 0 0 . 0 15 93.8 1 6.2 0 0.0 16 
28 July 0 0. 0 1 100. 0 0 0.0 0 0.0 1 
Total 14 14. 0 60 60. 0 26 26. 0 0 0.0 100 

COMPOSITION OF DIET, MAINLAND VAGALAND, SHETLAND 1986 
Date Sand Eel Gadold/Clupeid Fish spp. 1 tern 

No . % No . % No . % No. % n 
30 June 6 50. 0 6 50. 0 0 0.0 0 0.0 12 
9 Ju l y 1 9. 1 8 72. 7 2 IS. 2 0 0 . 0 11 
15 July 4 20 . 0 13 65. 0 3 15.0 0 0.0 20 
18 July 9 16 . 4 32 58. 2 14 25.4 0 0.0 55 
21 July 5 15.2 19 57. 6 9 27.3 0 0 . 0 33 
27 Ju l y 1 3 . 8 18 69.3 7 26. 9 0 0.0 26 
Total 26 16 . 6 96 61 . 6 35 22.3 0 0.0 157 

COMPOSITION OF DIET. SOUTH MAINLAND. SHETLAND 1986 
Date Sand Eel Gadoid/Clupeid Fish spp. --Item--

No. % No . % No. % NO. % n 
16 June 3 37. 5 2 25.0 3 37.5 0 0.0 8 
26 June 15 93. 8 1 6.2 0 0.0 0 0.0 16 
29 June 8 88. 9 1 11.1 0 0.0 0 0 . 0 9 
2 Jul y 15 75. 0 3 15 . 0 2 10. 0 0 0.0 20 
17 July 8 50. 0 6 37.5 2 12. 5 0 0.0 16 
23 J u l y 11 42. 3 14 53.8 1 3.8 0 0.0 26 
28 Ju l y 0 0. 0 6 54. 5 5 45.5 0 0.0 11 
Total 60 56 . 6 33 31 . 1 13 12.3 0 0.0 106 
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