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The Shelduck population of the
Ythan estuary, Aberdeenshire

Introduction

The Shelduck T  adorna tadorna is a large and 
conspicuous species whose spectacular 
m oult m igration  has a ttrac ted  m uch atten ­
tion  (H oogerheide& K raak , 1942; Coombes, 
1950; G oethe, 1961a, 1961b). As one of the 
territo rial ducks, the social structure and 
regulation of its populations pose p a r­
ticularly interesting problem s. There have, 
however, been few detailed studies of local 
populations, an  exception being H ori’s 
(1964a, 1964b, 1965,1969) study on Sheppey 
in the Tham es estuary. H ere the m ajority  of 
breeding birds hold territories on freshwater 
fleets in grazing m arshes and nest in hollow 
trees, haystacks and  farm buildings in close 
proxim ity to  m an. The population  on the 
Y than estuary, A berdeenshire, contrasts with 
the Sheppey one in  being m uch further north, 
with the birds staying th roughou t the breed­

ing season on a m uddy estuary and nesting 
mainly in rabb it burrow s am ong sand dunes.

The present study was carried out in 
separate periods by the three au thors; in 
1962-1964 by C.M.Y., in 1966 by F.S.T. and 
since 1968 by I.J.P. The aim  of this paper is 
to  describe changes in population  size over 
this period and discuss the various popu la­
tion  processes which might have contributed  
to  these changes.

Study area

The Y than estuary, 57°20'N, 2°00W, 21 km 
n o rth  of A berdeen is well separated  from 
other estuaries suitable for shelduck popula­
tions, the nearest being at F indhorn  on the 
M oray F irth  100 km  northw est and at M on­
trose 75 km  south. The intervening coast is 
chiefly rocky with som e sandy beaches and

Figure 1. The Ythan estuary and Sands of Forvie National N ature Reserve, showing the areas of the 
former used by Shelduck broods.
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only scattered pairs of Shelduck occurred 
there during the study.

The estuary is 7 km  long and up to  0-6 km 
wide (Figure 1) with a m ixture of m uddy 
shores and  bays, sand and  gravel beaches 
and mussel M ytilus edulis beds. R oads and 
tracks run close to  the shore along the entire 
length, so th a t all parts of the relatively 
narrow  area can be observed easily. O n the 
east (seaward) side is the Sands of Forvie 
N ational N ature  Reserve, a  com plex area of 
dunes. Seven dune ridges are oriented at right 
angles to  the coast stretch  from th e  southern  
tip  o f the peninsula to  the village of Collies- 
ton  (Landsberg, 1955; B urnett, 1964). The 
dunes at the southern  end are m obile and 
sparsely covered with m arram  grass Ammo- 
phila arenaria; tow ards the n o rth  there is 
increasing vegetation cover w ith extensive 
heather Calluna vulgaris. R abbits Orycto- 
lagus cuniculus were ab undan t in  the dunes 
th roughou t the study, their burrow s provid­
ing m ost of the Shelduck nesting sites. Tem ­
porary  and perm anent pools occurred in 
m any of the dune valleys.

N orth  and west o f the estuary is mixed 
farm land where a  few scattered pairs of Shel­
duck occurred on lochs and  ponds.

M ethods

A large p a rt of the study was based on the 
case histories of individually m arked  Shel­
duck. These were caught as ducklings just 
before fledging by chasing them  or by driving 
them  into nets, and as adults in  the w inter 
flock by baited funnel traps (Young, 1964). 
A few were caught on territories and a few 
females were netted  at the nest burrow . Each 
bird was given a  unique ring com bination  of 
coloured celluloid (1962-1966) or ‘D arvic’ 
rigid P.V.C. (from 1968) rings. O nly black, 
white, red, yellow, green and blue were used 
to  avoid confusion in the field. Since the 
Shelducks spent m uch of their tim e on open 
m udflats, leg rings were easily identifiable up 
to  300 m. F rom  1969, com binations of dye 
spots on the w hite parts of the plumage, 
using ‘D urafur Black R’ a fur dye kindly 
supplied by I.C.I. Ltd, allowed identification 
of birds at greater distances, on w ater o r in 
long grass.

O ther techniques used in particu lar parts 
of the study will be described in the relevant 
sections.

The annual cycle

M ost of the Shelducks were absent from the 
Y than from early July until M arch. Re­
coveries of tw enty-one ringed birds during 
this period were all from  m oulting  areas on 
the northw est coast of G erm any and  from 
the southern  N orth  Sea coasts. The first Shel­
ducks returned to  the Y than during N ovem ­
ber but num bers rem ained low over m id­
w inter, in con trast w ith the Tham es area 
where there were large w intering flocks 
which dispersed to  o ther areas in February  
leaving only the breeding popu la tion  (Hori, 
1964a, pp. 333, 335). M arked Y than Shel­
ducks have been seen in w intering flocks on 
the Eden estuary near St Andrews where the 
num ber in late w inter greatly exceeded the 
local breeding populations (Boase, 1959 and 
personal observations). It is likely th a t re­
tu rn ing  m oult m igrants first assem ble in large 
estuaries like the Eden and later disperse to 
breeding areas.

Shelducks arriving on the Y than during 
w inter and early spring form ed a loose flock 
usually centred on the largest m udflat, the 
Sleek (Figure l) th o u g h  som etim es, especially 
in severe w eather, near the m outh  of the 
estuary when the higher salinity nearer the 
sea prevented the m ud from  freezing. The 
flock was usually widely scattered while feed­
ing bu t the birds roosted  at high tide in a  dense 
group  on an island in the Sleek. Two Shel­
ducks caught in this w inter flock have been 
recovered in subsequent weeks in w intering 
areas further south suggesting th a t some 
birds may return  to  the m ajor w inter flocks, 
although records of co lour-m arked in­
dividuals showed th a t m ost birds stay con­
tinuously once they arrived. In the Sheppey 
population  (Hori, 1964a, p. 336) adults 
similarly left the w intering area on the 
Swale channel and  dispersed to  freshwater 
pools nearer the nesting area in early 
spring.

D uring M arch, pairs began to  leave the 
Sleek flock and dispersed over the whole of 
the m uddy parts of the Y than estuary. The 
establishm ent of territo ries has already been 
described by Y oung (1970a) who showed 
th a t in 1962-1964 a constan t num ber (seventy 
to  seventy-two) of pairs were territo ria l while 
the rem ainder of the population  rem ained in 
a flock either on the Sleek, or, later, on the 
upper parts  of the estuary. M ost of the flock 
birds were 1- o r 2-year-old pre-breeders but 
som e were paired adults w hich quickly occu­
pied territories when the owners were re­
moved. This contrasts w ith H ori’s study 
where, after a sim ilar dispersal of adults to  
territories on freshwater fleets, the rem aining
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flock was m ade up  entirely of im m ature birds 
and unpaired  adu lt males.

C oncurrently  with the establishm ent of 
territories, pairs from the Y than began to 
visit the  Forvie sand dunes (Figure 1). Soon 
after dawn, single pairs left the estuary and 
flew or walked around  the dunes visiting 
burrow s for som e tim e before usually assem ­
bling in groups, as described by Y oung 
(1970b). H e called these groups ‘parliam ents’ 
after C oom bes ( 1949) although the la tte r may 
have been referring to  groupings on feeding 
grounds. Y oung (1970b) found th a t the same 
individuals w ere seen a t the sam e place on 
several occasions over periods of some weeks. 
H ori (1964a) found sim ilar groups w ith con­
sistent m em bership, which he called ‘com ­
m unes’, in the nesting area and showed tha t 
the association between the pairs persisted 
th roughou t incubation  ; birds which lost their 
eggs continued to  visit the same nesting area 
until the last pa ir in the group hatched their 
brood. Y oung (1970b) also found th a t pairs 
which failed to  hatch  ducklings were m ore 
likely to  be seen in gatherings in the nesting 
area th an  were successful birds.

D uring the incubation  period the male 
rem ained alone on the estuarine territory  
where the female jo ined  him  to  feed when she 
left the nest. Fem ales which lost or deserted 
their clutches returned to  their territories 
which were m aintained for som e tim e before 
the pairs abandoned  them  and jo ined  the 
non-territo ria l flock. This flock gradually 
increased until the general departu re  on 
m oult m igration in early July. The flock also 
contained at this tim e num bers of 1-year-old 
birds which arrived during the late breeding 
season.

Successful pairs took  their young directly 
to  the nearest p art o f the estuary and  then 
swam with them  to  their feeding area. This 
was alm ost always in a different p art of the

estuary from the form er territo ry  site al­
though  the parts  of the estuary used by 
broods included m any also used for te rri­
tories (though m ost of these were abandoned  
by the brood  stage). The parents, particularly  
the males, vigorously defended an area round 
the brood  against o ther Shelduck and were 
also seen to  a ttack  W igeon Anas penelope, 
R edshank Tringa totanus. C om m on Tern 
Sterna hirundo and  Eider Somateria mollis­
sima as well as potential p redato rs such as 
the H erring G ull Larus argentatus.

Crèches o f young Shelduck have been 
widely reported  (K irkm an, 1913; Boase, 
1938, 1959, 1963; C oom bes, 1950; G illham  
& H om es, 1950; B annerm an, 1957; Isakov, 
1952; H ori, 1964a, 1964b, 1969). These were 
also seen on the Y than, though the group 
size was sm aller (m axim um  twenty-seven) 
th an  a t o ther places. Creches were detected 
by the m ixing of young at different stages of 
plum age developm ent w ithin one brood 
(criteria described by G ollop  & M arshall,
1954), and  by dye-m arking ducklings. W ater- 
soluble food dyes were injected in to  each egg 
of selected clutches ab o u t 4 days before the 
expected hatching date, using the m ethod 
developed by Evans (1951). D ucklings with 
their dow n dyed red or blue could be dis­
tinguished in  the field for at least 4 weeks.

Crêching was seen to  occur when broods 
cam e together while feeding and  as the 
parents interacted. Afterwards, in m any 
cases, som e or all of the young from one 
brood  jo ined  the o ther parents. M ost crèches 
were seen on  areas like the Sleek where 
several b roods occurred at the sam e time 
w ith overlapping ranges. In  1962 four crèches 
were detected (from tw enty-seven broods 
hatched), in 1963, six from tw enty-tw o broods 
and in 1964. none from eighteen 
b roods (Table 1). O n Sheppey, H ori (1964a, 
1969) found th a t m ost b roods formed crèches

Table 1. Shelduck brood crèches on the Ythan

Date 
(day, m onth, year)

Total Age groups present

1a Small 1b Large 1b Ie

16.6.62 4 3 1
20.6.62 5 2 3
20.6.62 4 2 1 1
14.7.62 10 3 7

1.7.63 19* 11 8
13.7.63 10 3 10
22.7.63 5* 2 3
22.7.63 14* 14
23.7.63 27* 27
25.7.63 18 8 2 8

* Included  co lo u r-m ark ed  young.



Shelduck population, Y than estuary 19

with only a few of the parents attending 
young. The difference may have been caused 
by the greater concentration  of b roods on 
Sheppey, where m ost young were taken  to  
one area ra ther than  to  several as on the 
Y than.

After b roods mixed, the behaviour of the 
parents varied; som e show ed no obvious 
reaction to  the change while others attacked 
the ducklings by rushing at them  and peck­
ing. These attacks were som etim es directed 
entirely at the strange ducklings, as in the 
case of one pair w ith unm arked yourig which 
a ttacked red-dyed ones in the mixed brood. 
In  con trast on 11 June 1969, after tw o pairs 
with young of different ages had  been forced 
together by hum an disturbance leaving one 
pair w ith all the young, the m ale and female 
a ttacked  both  their own and the strange 
(larger) young indiscrim inately for 5 m inutes 
before the o ther pair, w ho had  flown off, 
returned. W hen they called, their own young 
ran to  them . A ttacks by parents on their own 
young as described by H ori (1964a, 1964b,
1969), have no t been seen on the Y than in 
any brood  w ithout evidence of p rio r mixing.

Paren ts which lost young by brood  am al­
gam ation or d isappearance rejoined the flock 
in early July. Paren ts with b roods stayed 
until the  young were fledged and then 
m igrated in August, leaving only the juveniles 
which formed a scattered flock until they 
gradually dispersed. The Y than was then 
generally em pty of Shelduck during O ctober 
and N ovem ber.

and F indhorn . However, in such a mobile 
species there was likely to  be interchange 
between the Y than birds and  those on neigh­
bouring estuaries, as well as a th rough  pas­
sage of returning m igrants in spring.

T he birds were counted by m oving sys­
tem atically up the estuary by bicycle o r car 
from the river m outh , scanning each section. 
T he narrow ness of the estuary and proxim ity 
of roads m ade it easy to  count these con­
spicuous ducks. C ounts were m ade at low 
tide, when the birds were m ost dispersed, 
and after m id-m orning when few were likely 
to  be in the nesting area. A w atch was kept 
for flying birds m oving from the counted  to  
the rem aining area o r vice versa. D uring the 
incubation  period, the num ber of sitting 
females was estim ated by counting solitary 
males on territories. M ost o f these were in­
dividually recognizable by rings or by being 
consistently at the sam e spot, bu t a few 
single males near the non-territo rial flock 
may have been unpaired birds. In  1962-1964 
and 1968, counts were restricted to  the 
estuary but from 1969 the birds in the sur­
rounding area were counted  by one person 
traversing the Forvie dunes and  another 
visiting the know n lochs and  pools in the 
farm land while a th ird  counted  the birds on 
the river.

C hanges in num ber were m easured both 
w ithin and between years.

Seasonal changes in number

Population size The to tal num ber of adu lt Shelduck on the
Y than estuary rose rapidly in each year from 

The Y than Shelducks form ed a convenient D ecem ber to  April, after low num bers in 
population  unit for study, being over 75 km  N ovem ber (Figure 2). A fluctuating level 
away from o ther sim ilar groups at M ontrose through April, M ay and  June was followed
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Figure 2. Seasonal changes in the total number of adult Shelduck on the Ythan estuary.
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by a very rapid  decline with the moult 
m igration in early July.

Shelduck are thus virtually sum m er visi­
to rs to  the Y than, with the whole population  
present in the area for only 3 m onths. This 
contrasts strongly w ith m ore southern  popu ­
lations such as th a t on Sheppey (Hori, 1964a) 
w here the local population , although mixed 
w ith w intering birds, appear on estuary 
shores near the breeding area from  early 
winter. Even in the F o rth  estuary, only 
155 km  south, som e stocks reach their 
breeding-season levels of abundance as early 
as D ecem ber (Jenkins, 1972).

Changes in population between years

T he m ean num ber of Shelduck present in 
M ay of each year, when the population  
appeared to  have reached the seasonal peak 
and  to  be relatively stable, was used to 
m easure annual changes.

There was a slight but non-significant drop 
from M ay 1962 to  M ay 1963 (Figure 3) with 
only slight recovery in 1964. By 1968 the 
population  had declined m arkedly. In  1969, 
the m ean num ber of birds on lochs and  pools 
away from  the river m ade up 12% of the 
to ta l count; w hen these are excluded, to 
m ake the count com parable with the preced­
ing years, the 1969 to ta l shows a further slight 
decrease from  1968.

The d rop  from  1962 to  1963 may have 
been caused by heavy m ortality  in the excep­
tionally severe w eather, when large num bers 
of Shelduck were found dead (D obinson & 
Richards, 1964; H arrison  & H udson. 1964).

H ori (1964a) also found a decrease between 
these 2 years which he a ttribu ted  to  the severe 
weather. N o  sim ilar w inters occurred to  
account for th e  decrease from 1964 to  1968. 
There were reports of poo r breeding in at least 
som e of the intervening years bu t no counts 
of fledged ducklings were made.

Breeding

N ests

N est sites were found by w atching ducks 
returning from feeding to resume incubation, 
and  by searching for burrow s w ith traces of 
dow n on the vegetation around  them . Almost 
invariably the birds used rabbit burrow s with 
a few nests in  natu ral cavities behind tu rf 
overhanging low banks. M ost burrow s had 
w ell-overgrown entrances and the nest was 
usually abou t 1 m and  rarely beyond 2 m 
inside. O fthirty-five sites found in 1962-1964, 
three were used twice (by different birds) and 
two others show ed signs of having been used 
before, with traces of old dow n and egg shells 
below the nest. Shelduck on Sheppey (Hori, 
1964a) used sites in hollow  trees, haystacks 
and under isolated buildings as well as bu r­
rows, and m any of the sites were used every 
year, often by the sam e birds. This difference 
m ay have been caused by a shortage of rab ­
bit holes in a generally low-lying area of 
grazing m arshes with the w ater table near 
the surface com pared to  the very high density 
of available burrow s in the Forvie dunes, or 
it m ay indicate a difference in nesting ‘trad i­
tion ’ in the tw o populations.

1962 ¡ 9 63  1964 1968 1969

Figure 3. Changes in the Ythan population between years. The points show the total birds present in 
separate counts in May and the solid line joins the means. The dotted line indicates the 1969 mean total 
when birds away from the river are excluded. • ,  Total adults; O, young fledged.
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Figure 4. Date of laying the first egg of each clutch.

Laying dates

The date  on which the first egg of a clutch 
was laid was estim ated by back-dating. This 
was straightforw ard in the few nests where 
laying was still in progress w hen the nest was 
found, since the interval betw een eggs was 
1 day. The incubation  period m easured in 
five such nests averaged 28-8 days (26-31) 
which agrees well w ith H ori’s (1964a) obser­
vation of 30 days in six nests and  31 in 
another. In nests where the hatching date 
was know n, 29 days’ incubation  plus 1 day 
for each egg, were sub tracted  to  give the 
laying date. Some clutches were no t detected 
until after hatching; in these a further 1 day 
of brooding  in the nest (the m ean of four 
nests observed at hatching), plus the esti­
m ated age of the young when first seen, were 
subtracted. There were several errors especi­
ally in the last m ethod; young m ay no t have 
been seen on the day they left th e  nest, they 
m ay have been in the nest for m ore th an  a 
day (H ori, 1964a), their age m ay have been 
estim ated wrongly, and  any losses o f eggs or 
young before being seen w ould erroneously 
delay the estim ated laying date. Further, the 
laying dates of the successful pairs, estim ated 
from the appearance of their broods, may 
have differed from  those of pairs which lost 
their eggs. However, H ori (1964a) found that 
the d istribu tion  of laying dates derived by 
back-dating  from  the appearance of broods 
agreed well with th a t from  direct observation 
of nests. The results from  all the m ethods 
have been com bined in F igure 4.

The first egg was laid a round  20 April in 
1962 and 1964, slightly later in 1963, with 
m ost clutches started  in  the first 2 weeks of 
May. Laying continued up to  12 June (1964), 
show ing a  very wide spread of laying date 
even though  there was no evidence of repeat 
clutches by birds which failed. H ori (1964a) 
found a very sim ilar laying period of 25 April 
to  19 June with a peak from 7 to  23 May, 
show ing tha t the later arrival o f Shelduck in 
A berdeenshire did no t result in later breeding 
than  in the south.

Proportion o f  the population which bred

The difficulty o f finding Shelduck nests in 
an  extensive area of sand dunes w ith abund ­
an t burrow s m ade it im possible to  detect 
breeding directly by finding nests except in a 
few pairs. Instead, breeding was assum ed in 
pairs where the males were seen alone, with 
the female appearing only occasionally, since 
prelim inary observation and  o ther studies of 
Shelduck (e.g. H ori, 1964a, 1969) showed 
tha t pairs stay together in all their activities 
p rio r to  laying and incubation . This m ethod 
is, however, very sensitive to  the frequency 
of observation. If clutches are lost during 
laying or early in incubation , the short 
absences of the female will be detected only 
by frequent o r prolonged observation  of the 
pair and  such pairs m ight be regarded as 
non-breeders.

Frequency of observation varied between 
1962-1964 and  1966. In  the first period all 
the  pairs on the estuary were checked at 
fairly long intervals; in  1966 a sam ple of36%  
of the pairs, those which were particularly  
easy to  observe from  roads, were selected 
and checked at least once daily. In  both 
periods, whenever a male appeared to  be 
alone, the whole adjacent area of shore was 
searched particularly  thoroughly  for his 
female. The possibility of a neighbouring 
female being erroneously recorded as the 
m ate was reduced by identification of in­
dividuals by rings, dye or variations in female 
facial plumage.

N one of the adult males from pairs w ith­
ou t territories was ever seen consistently 
w ithout its m ate or accom panying young in 
any of the 4 years. It is of course m ore 
difficult to detect the absence of the female 
in pairs w ithout a fixed territo ry  and so 
breeding is less likely to  be detected. H ow ­
ever, all females seen flying from the nesting 
area to  the estuary jo ined  territo ria l males 
and all identifiable pairs which hatched duck­
lings were know n to  have been territorial, 
so it is unlikely th a t any non-territo rial pairs 
did breed and certainly none was successful.

A mong territo ria l pairs, m any m ore males 
were seen alone in 1966 th an  in 1962-1964
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Table 2. Proportion of territorial pairs in 
which the male was seen alone on 
his territory at least once

Year Territorial
pairs

Male seen 
only

% seen 
alone

1962 71 44 62-0
1963 70 32 45-7
1964 72 31 43-1
1966 27* 23 85-2

* Sam ple selected from  the  to ta l o f seventy-five pairs. 
X2 values com paring  each year w ith 1966: 1962, 4-87; 
1963, 12-36; 1964, 14-06; 1962-1964 com bined , 11 79: all 
significant.

(Table 2) and it is im portan t to  establish 
w hether this was a rea! difference or one 
resulting from the difference in technique 
described earlier. The results differ in the 
direction expected ; fewer pairs were recorded 
as breeding in the years (1962-1964) when 
observation frequently was lower. The 
efficiency of the m ethod  in the tw o periods 
can be tested by considering pairs with 
ringed males which were later seen with 
ducklings, and finding w hat p roportion  of 
such successful pairs w ould have been de­
tected before hatching by the ‘m ale seen 
alone’ technique. Since the females would 
have been absent for m uch of the tim e over 
the whole laying and incubation  period of 
30-40 days they had the highest chance of 
being recorded absent. In  1962-1964 just 
under half of the successful males were seen 
alone during laying and  incubation  by the 
female (Table 3), whereas in 1966 all of the 
successful males in the selected sam ple were 
seen alone at least once. Since the proportion  
of successful pairs ‘m issed’ in 1962-1964 was 
sim ilar to  the p ropo rtion  ofthe to ta l classified 
as non-breeders, it is likely th a t the difference 
in results was due to  the difference in m ethod

Table 3. Proportion of ringed male Shelduck, 
later seen with broods, which were 
seen alone on territory at least once 
during the laying and incubation 
period of the female

Year
Num ber of 
successful 

males

Number
seen

alone
% seen 
alone

1962 13 4 30-8
1963 10 6 60-0
1964 8 4 50-0
1966 11 11 100-0

X2 values for each yea r com pared  w ith 1966: 1962, 4  06 ; 
1963, 5-30; 1964, 6-97; 1962-1964 com bined , 7-45; all 
significant.

and tha t all te rrito ria l females did in fact lay 
in all years. However, the one season of m ore 
frequent observation  m ay have been unusual, 
so it w ould be very desirable to  test this 
m ethod further. H ori (1969), th rough  finding 
a large num ber of nests by searching and 
observation of flight paths of females, also 
suggested th a t m ost o r all of the territorial 
pairs laid.

Clutch size

Clutches varied from five to  eleven eggs with 
an overall m ean of 8-1 (Table 4). C lutches in

Table 4. Clutch size of Sheiduck on the Ythan

Year Clutches Range Mean SE

1962 13 5-11 8-7 0-4
1963 11 6-9 7-6 0-2
1964 6 7-9 7-7 0-3

1962 were slightly bu t no t significantly higher 
than  in 1963 and 1964. Tw o clutches, each 
of which appeared to  have been laid by two 
females, have been excluded. In one, eleven 
had been incubated  for a round  20 days and 
three others for only a few days; in the other, 
w ith seven eggs, a second nest was started 
in the same burrow  and the tw o clutches 
becam e scattered and mixed. These nests 
were eventually abandoned. Such m ultiple 
nesting, in only tw o out of th irty-tw o com ­
pleted clutches exam ined, was less frequent 
than  on Sheppey where H ori ( 1969) suggested 
it in thirty-five ou t of 128 clutches (x2 =  6-41, 
^  <  0-05). H e used a criterion of over twelve 
eggs in a clutch as an  ind icator of m ultiple 
nesting, since in sixty clutches over twelve 
had evidence of m ore th an  one female, lack­
ing in sixty-nine isolated nests, all with 
clutches under twelve. In addition  som e of 
the clutches under twelve m ay have been 
m ultiple as seven norm al clutches of three to  
six eggs were recorded. The slightly higher 
m ean clutch size of single clutches (7-6-9-3) 
on Sheppey m ight be explained by the gener­
ally higher likelihood of m ultiple nesting 
there than  on the Y than. This in tu rn  may, 
w ith the m ore frequent re-use of the same 
nest sites on Sheppey, reflect a m ore restricted 
supply of nest sites.

Incubation

Visits by the female to  the next burrow  were 
recorded by placing in the entrance a treadle
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switch connected rem otely to  an electrical 
pen recorder. Inw ard  and  ou tw ard  m ove­
m ents were distinguished by occasionally 
w atching the female arrive o r by checking 
w hether the m ost recent tracks were entering 
or leaving the burrow . Incubating  females 
left the nest at any hou r during daylight and 
show ed no clear d iurnal o r tida l rhythm  ; they 
were rarely off at night. In  a  particularly  
com plete exam ple from m any sim ilar but 
shorter records, the b ird  left the nest three 
to  six tim es a day for a to ta l of ab o u t 4 hours, 
though  th is varied even for the  sam e female 
in successive days (Table 5). H ori (1964a)

Table 5. Frequency and duration of periods off 
the nest by one female Shelduck

Date Num ber of Total time off
(June 1963) times off per day (hours)

5 3 3-25
10 4 4-50
11 5 3-75
12 5 4-50
13 4 3.50
14 3 2.75
15 4 7-00
17 5 4.50
18 5 4.75
19 6 4-25
21 5 4-75

Mean 4-46 +  0-28 4-31+0-33

did no t return  after the nest was first 
exam ined (Table 6). Excluding desertion due 
to  disturbance, 76% of clutches hatched 
(Table 6). This m ay well be an over-estim ate 
since the clutches lost by desertion might 
have been those m ost likely to  fail from o ther 
causes. A lthough the sam ple was small, there 
was little variation  in the hatching success 
of clutches between years. It was no t possible 
to  calculate the hatching success of the in­
dividual eggs since the dye-injection tech­
nique used on m any of the clutches appeared 
to  cause m ortality  in a num ber of eggs. H ori 
(1964a) found th a t 69% (1963) to  71% 
(1962) of all eggs laid hatched successfully, 
bu t he regarded this as unreliable and  an 
over-estim ate o f success. O f the six Y than 
nests lost, two were deserted before the clutch 
was com pleted, tw o were associated with 
m ultiple nesting (see above) and  tw o were 
taken  by predators, tentatively identified by 
tracks as W easels M ustela nivalis o r S toats 
M . erminea.

A nother estim ate of the hatching success 
of clutches can be obtained from the num ber 
of broods of day-old ducklings seen on the 
river, com pared to  the num ber of pairs which 
bred. This will give a m inim al value since 
som e broods m ay be lost before being re­
corded. If it is assum ed (see above) tha t all 
territo ria l females laid eggs, between 25%
(1964) and  38% ( 1962) of them  were successful

found th a t female Shelduck on Sheppey left 
the nest less often (one to  three tim es, usually 
twice) and  for a shorter to ta l tim e (3-1 hours) 
and  he em phasized the difficulty experienced 
by the birds in retu rn ing  unobserved to  nests 
near hum an habita tion , rarely a  difficulty on 
the Ythan.

Hatching success

Nests were difficult to  observe regularly be­
cause the females were likely to  desert after 
being d isturbed ; over one th ird  of the females

Table 6. Hatching success of Shelduck clutches on Forvie; from observation of nests

Outcome of nest 1962 1963 1964

Hatched some young 8 8 3
Deserted after being examined 5 6 3
Clutch not completed 2
Taken by predators 1 1
Involved in mixed clutches, abandoned 1 1
Total 15 17 7
Total, excluding those deserted 10 11 4
% of these clutches hatching 80 73 75

Table 7. Hatching success of territorial 
Shelduck pairs on the Ythan; 
from counts of day-old broods

Year Territorial
pairs

Num ber seen 
with broods

%

1962 71 27 38-0
1963 70 22 31-4
1964 72 18 25-0
1966 75 28 37-3
(1966 sample 27 11 40-7)
1962-1966 288 95 33-0

N one o f the  differences is sta tis tica lly  significant.
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between years was statistically significant. In 
each year (1962-1964) the m ean brood  size 
was lower th an  the m ean clutch size (Tables 
4 and 8) bu t th e  largest b roods seen (Tables 8 
and 9) were larger th an  the biggest clutches, 
suggesting th a t som e am algam ation of 
b roods had  occurred before they were first 
seen, so th a t b rood  size m ay have been over­
estim ated. H ori (1969) recorded m ean brood 
sizes between 6T and  7-8 (excluding those 
broods w ith m ore than  twelve ducklings as 
being from  mixed clutches or broods). M ean 
brood  size on Sheppey was from 0 8  to  2-5 
sm aller th an  the m ean clutch size in the same 
year.

Duckling survival

M ost b roods were individually identifiable 
by having at least one m arked parent, o r by 
size, age of ducklings and position on the 
river. In  1962-1964 the num ber of young 
surviving in each brood  was recorded at least 
once in each p lum age stage (G ollop & M ar­
shall, 1954) until Hedging. In  1968-1969 the 
broods were no t checked in detail bu t the 
young were counted  ju s t before fledging.

D ucklings d isappeared m ost rapid ly  in the 
first 2 weeks (Table 9, F igure 5), and m ost 
of those which reached 30 days of age went 
on to  fledge. Very few ducklings were found 
dead; m ost disappeared  between counts, and 
the cause is unknow n.

Table 9. Size and survival of Shelduck broods on the Ythan in the years 1962-1964

Age class and (age in days)

Brood No. of 1a 1 b Ie 11a lib lie III Flying
size Broods (1-5) (6-12) (13-18) (19-25) (26-33) (34-43) (44-60) (60 +  )

1 1 1 1
2 6 12 8 5 3 1 1 1 1
3 3 9 8 5 5 5 5 5 5
4 8 32 23 7 4 4 4 4 4
5 6 30 14 7 7 2
6 9 54 27 14 13 13 13 13 13
7 7 49 35 15 14 10 7 6 6
8 10 80 58 40 33 14 8 8 8
9 4 36 35 29 29 25 25 25 25

10 4 40 30 29 26 22 21 18 18
11 3 33 14 10 1 1 1 1 I

12 1 12 3 2
13 1 13
14 3 42 39 33 38 35 30 30 30
15 1 15 5 3
All 67 458 300 199 173 132 115 111 111

1962 27 173 102 65 58 46 35 32 32
1963 22 159 140 97 93 66 65 64 64
1964 18 126 58 37 22 20 15 15 15

in bringing broods to  the river (Table 7), a 
m uch low er p ropo rtion  than  th a t suggested 
by the nest observations (above). The ‘brood- 
count’ m ethod probably  underestim ated suc­
cess bu t was likely to  be closer to  the real 
value than  estim ates from  nest observations.

Brood size at hatching

The num ber of ducklings in b roods when 
first seen on the river, com pared w ith the 
m ean clutch size, gives an estim ate of losses 
from  successful clutches between laying and 
appearance of the brood. There are a num ber 
of errors in this m ethod; b roods m ay not be 
seen on their first day, giving an undefined 
period in which losses are being estim ated: 
b roods which are lost before being seen may 
be different in size from those which survive; 
and  broods m ay am algam ate before being 
seen.

The mean b rood  size varied from 6-4 to  7-1 
(Table 8) a lthough none of the differences

Table 8. Sizes of broods when first seen

Year Num ber of 
broods

Range of 
brood size

Mean brood 
size

1962 27 2-14 6-4
1963 22 3-14 7-1
1964 18 2-15 7-0
1966 28 2-15 6-6
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Days

Figure 5. Survival of ducklings on the Ythan. The points show the num ber of ducklings alive at each 
age. Dates from Table 9. A , 1963; ■ , 1962; O, 1964.

In  the 1962-1964 period m ost young were 
fledged in 1963, when there was a  m uch lower 
rate of loss over the first 2 weeks of life. The 
proportion  fledging was significantly higher 
in 1963 than  in 1962 (x2 =  20-15, P  <  0-01) and 
1964 (x2 =  29-31, PcO -O l); the la tte r 2 years 
were no t significantly different. T he produc­
tion  of fledged young varied from  1-2 to  1-9 
per te rrito ria l pa ir with an overall m ean of 
1-5 per pair. I t w ould appear from  T able 9 
th a t the broods of interm ediate initial size 
were the m ost successful. Thus, 38-6% of the 
ducklings in b roods of six to  ten  fledged, as 
opposed to  26-9% in the eleven to  fifteen 
broods and 11-9% in those of one to five.

O n Sheppey, breeding was also m ore suc­
cessful in 1963 than  in the o ther years of study .

In  both  1968 and 1969 on the Y than the 
to ta l num ber of young fledged was consider­
ably higher than  in 1962-1964, in spite of the 
low er to ta l population  in the la ter years. The 
num ber of territo rial pairs was no t deter­
m ined in 1968-1969 bu t was probably  lower 
th an  in 1962-1964, so th a t p roduction  of 
fledged young per te rrito ria l pa ir m ay have 
been m uch larger. It is no t possible to  com ­
pare these values w ith Sheppey where the 
ducklings hid in deep vegetation well before 
fledging and so the num ber fledged could 
no t be counted directly (H ori, 1964a).

M ortality

The disappearance of m arked  birds was used 
to  estim ate their m ortality  rate, although 
such losses could have included m ovem ent 
of surviving birds to  o ther populations. 
Evidence of em igration will be considered 
below but in any case, death  and em igration 
affect the local popu la tion  in the same 
way.

T o calculate losses for each year, those 
m arked birds which were ringed or recorded 
on the Y than between D ecem ber and July 
were taken  as a  sam ple of birds know n to 
be alive a t the start of the season. There may 
have been som e bias in the newly ringed 
birds, since those m arked la ter in the winter 
had already survived p art o f the year being 
considered.

O f this sam ple, those birds seen in the next 
season (or in subsequent years) were know n 
to  hâve survived the 12-m onth period from 
the start of one season to  the start of the next. 
The same procedure was used for the 2-year 
interval from 1964 to  1966 and the 3-year 
period from 1966 to  1969. D uckling survival 
was calculated for the period  from their ring­
ing date ju s t before fledging until their retu rn  
in the subsequent season. These estim ates of 
survival are minim al, since som e surviving 
birds m ay no t have been recorded.

The survival of adults varied only from 
66-0 to  80-2% between years (Table 10).
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Table 10. Survival of marked adult Shelduck

Years No. alive at start of year 
a b

Survival 
per year (%)

1962(a)/! 963(b) 111 89 80-2
1963(a)/1964(b) 163 119 73-0
1964(a)/l 966(b) 107 57 73-0
1966(a)/! 969(b) 87 25 66-0

Boyd (1962) estim ated the m ean annual 
m ortality  rate of adu lt Shelduck, over Britain 
as a whole, to  be 20%, which is in agreem ent 
with the Y than estim ate.

O nly 13% of m arked  ducklings were ever 
seen on the Y than in subsequent years 
(Table 11), all b u t one of them  being seen

Table 11. Survival of marked ducklings

Num ber of Num ber seen
Year ducklings in subsequent %

ringed year

1962 15 0 0
1963 32 6* 18-8

Total 47 6 12-8

* O n e  n o t seen in 1964 b u t was seen in subsequen t 
years.

first as 1-year-olds. It is possible th a t m ore 
of this age group  moved to  o ther populations 
bu t so far none has been recovered elsewhere 
in the breeding season.

Movement

Im m igration  in to  the Y than population  was 
inherently difficult to  detect since very few 
Shelduck in adjacent populations were 
ringed. There was som e evidence of em igra­
tion ; on 21 M ay 1969 twenty-seven Shelduck 
were seen leaving to  the northw est, tow ards 
the M oray F irth  and  a further four left in the 
sam e direction 6 days later. Yearlings were 
seen in both  flocks. Several searches of 
populations up to  30 km  beyond Inverness 
revealed only one Shelduck previously ringed 
on the Y than, a m ale apparently  alone on 
territo ry  near Inverness on*12 M ay 1970. This 
bird was ringed as an  adult on the Y than in 
M arch 1965 and  had not been seen there in 
the intervening years. I t is possible th a t this 
bird and  those seen leaving, were Shelduck 
from  m ore northerly  populations which 
stopped for som e tim e on the Y than  in transit. 
N o  m arked b irds which had  been resident 
th roughou t a  breeding season on the Y than

have been recorded alive elsewhere in sub­
sequent years. The only Y than adult re­
covered dead  in  ano ther breeding area in the 
breeding season was found on 14 June 1963 
only a  short distance from the H eligoland 
m oulting a rea  and  so m ay well have been an 
early m oult m igrant.

Limitation of the population

Although the study so far has been too  short 
for definite conclusions to  be draw n about 
the factors lim iting the size of the Y than 
population , it is possible to  arrive at some 
hypotheses.

Adult survival was high, and  varied rela­
tively little between years even though  the 
population  size changed. It is p robable tha t 
m uch of the m ortality  occurred in w inter 
away from th e  Y than, so th a t this factor was 
unlikely to  be im portan t in lim iting the local 
population  in  relation  to  its environm ent.

Im m igration  and em igration were difficult 
to  study. N o Y than residents were found to 
have moved elsewhere bu t it is possible tha t 
m igrants return ing  north  may stop  for some 
tim e on the Y than and thus provide a pool 
of potential settlers so th a t th is factor m ust 
be left for future assessment.

The p roduction  of fledged young varied 
considerably betw een years and  was in­
versely related  to  popu la tion  size in the same 
year (Figure 6). The study has been too  short 
to  show w hether breeding ou tpu t affects sub­
sequent popu la tion  size bu t the low survival 
and return  (Table 11) of the small num ber 
of young produced in 1962-1964 (Figure 5) 
was clearly inadequate  to  replace the annual 
loss of adults. A lthough the deficit m ay have 
been m ade up to  som e extent by im m igra­
tion, it m ay have been a cause of the lower 
population  in 1968.

A first lim itation on the num ber of young 
fledged was set by the num ber of pairs able 
to  ob tain  territories, since there was no 
evidence of breeding by non-territorial 
adults. The num ber of territories was strik­
ingly constan t from 1962 to  1966 bu t was 
probably  low er in 1968-1969, raising the
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Figure 6. The relationship between the population size in May (river only) and the number of fledged 
young produced. The line is the calculated regression; y = 27\-l — 1T3.X, r =  0841, (0-10 < P >  0-05).

question of the factors lim iting the num ber 
of territories, discussed by Y oung (1970a).

C lutch size varied relatively little, either 
between years or between the Y than and 
Sheppey populations. Losses of com plete 
clutches, although also not very variable, 
were high and accounted for ab o u t two thirds 
of the to ta l loss from egg laying to  fledging. 
The cause of this considerable depression of 
breeding ou tpu t is unknow n.

D uckling m ortality  in the first 2 weeks of 
life was also high and varied considerably 
and significantly between years. Since losses 
were correlated  with popu la tion  size in the 
sam e year they could potentially  regulate the 
population , although it is not yet possible to 
show the effects of changes in breeding ou t­
pu t on subsequent population  size.

F u tu re  w ork m ust m easure changes in 
population  size and  breeding over a longer 
period and determ ine the cause of the low 
and variable ou tpu t, concentrating  on the 
lim itation on the num ber of breeding (terri­
torial) pairs, and on the causes of the high 
level o f clutch loss and the high m ortality  of 
ducklings in their first 2 weeks.

Since the num ber of territories was fairly 
constan t most of the variation  in  population

size was associated with changes in the num ­
ber offlock birds. The decrease in the num ber 
of young fledged with increasing population  
size (Figure 6) thus suggests an  effect of these 
non-breeding flock birds on the breeding ou t­
pu t of the territo ria l birds. T here are several 
ways in which the tw o categories might in­
teract, by com petition over food, by be­
havioural in teraction  on the estuary or 
nesting area or by direct interference with 
breeding. These possibilities will be tested in 
a m ore detailed study started  in 1970.

Summary

The Shelduck Tadorna tadorna is virtually a 
summer visitor on the Ythan Estuary, Aberdeen­
shire, with most of the local population absent 
from the moult migration in early July until all 
have returned in April. The mean population in 
May dropped from 210 in 1962-1964, to 160 in 
1968-1969. Breeding success was low, with 24% 
of clutches lost and 76% of ducklings lost between 
hatching and fledging. 87% of fledgelings failed to 
return after their first year dispersal. This very low 
recruitment was inadequate to  replace annual 
adult mortality of 20-34%, but there is some in­
dication that breeding output was better in years 
with a lower May population.
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