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A moulting population of non-breeding Mute 
Swans with special reference to flight-feather 
moult, feeding ecology and habitat selection

S V E N  M A T H I A S S O N

M ute Swans Cygnus olor a re  know n to  have 
gathered  fo r m oulting purposes in bays of 
th e  Swedish w est coast during th e  1960s 
(M athiasson, 1973a,b). In 1971 th es itua tion  
a t the m ajor m oulting g round , K ungs
backafjo rden  (57.25N, 12.04E), was an 
alysed in detail.

General description of moulting flocks

From  previous investigations (M athiasson, 
1963, 1973a,b) we know  th a t th e  west coast 
gathering o f m oulting swans is an annual 
cyclic event. W e also know  th a t th e  range 
o f these swans covers the coastal areas o f 
the S kagerack-K attegatt (including sou th 
ern N orw ay, Ju tland  and  th e  D anish  Isles), 
m iddle and south-w estern Sweden (but 
no t th e  eastern  p a rt o f sou thern  Sweden),

and th e  w esternm ost p a rt o f th e  Baltic Sea 
(including th e  coasts o f  E ast and  W est 
G erm any). The breeding a rea  is restric ted  
to  the no rthern  part, bu t w intering occurs 
all over th e  range. T he m oulting ground 
consequently  form s a  centre on w hich the 
non-breeding fraction  o f  th e  geographic 
p opu la tion  concentrates once a year.

Six m oulting  grounds w ere found along 
the Swedish w est coast in 1971 (F igure 1) 
w ith in all 1,572 non-breeding m oulting 
swans.

T he general build-up and  decline o f the 
m oulting popu la tion  a t K ungsbackafjorden 
follow ed a norm al curve (F igure 2). H ow 
ever, it was skew ed tow ards the  early part, 
indicating  a rap id  d isappearance  (between
3-9-8) o f swans. T he decrease in m oulting 
num bers was m ore rap id  in som e haunts 
(F igure 1).

Figure 1. The moulting grounds (A -F ) on the 
Swedish west coast. A, Odsmals kile, 92; B, 
Torslanda, 220; C, Kungsbackafjorden, 921 ;
D, Klosterfjorden, 93; E, Balgöfjorden, 63; F,

Aug. Sept. Oct. Nov.

Uteros-Lisereds skär, 183. The graph illustrates 
the decline from August to Novem ber (initial 
num ber =  100%).
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Figure 2. Num erical fluctuations (thick curve) 
o f swans at Kungsbackafjorden. Diagrams A, B, 
and C illustrate the start o f the m oult and the 
regained ability to fly of samples o f moulting 
birds caught on 20 July, 3 August and 28 August. 
The onset of moult in absolute numbers, in five 
day intervals is indicated to  the left o f the dotted 
central part which shows when the birds were 
still unable to fly. The right histograms present,

in percent and pentads, the fractions of the 
population with fully grown flight feathers. To 
the right a • ,  indicates all birds had regained 
their ability to fly ; O , that their flight feathers 
were full length. Diagram D shows (upper line) 
when birds started their moult, and the central 
black section when most did so. The lower line 
indicates when flightless birds occurred.

A t K ungsbackafjorden, 138 swans were 
caught. All save th irteen  (9-4%) w ere 2 
years old o r o lder. Twelve, previously 
ringed, had  th e  follow ing age d istribution: 
2 years, 1 ; over 3 years, 2; 5 years o r m ore, 
5; 7 years, 1 ; 9 years o r m ore, 2; m ore than  
10 years, 1. The percen tage  o f m ales was: 
68% (w =  31) betw een 5—21 -7; 61 % (n =  51) 
on 3-8; 64% (n =  14) on 17-8; 62% (n =  40) 
betw een 25-28-8. C alculations based on 
th e  sex ratio  o f b irds starting  the ir m oult 
in d ifferent periods (Table 1) gave a  male 
p ropo rtion  o f 65-8 for th e  sam e population . 
F o r la ter calculations o f b iom ass an 
average o f this value and th a t on 3-8 has 
been used, i.e. 63-3% males.

T he stabilized Ju ly -A ugust concen tra

tion  had  been 1,530 swans in 1970 w hereas 
in 1971 there  w ere only 939. The decrease 
can be explained in term s o f reduced breed
ing in th e  sum m er o f 1970 caused by the 
h ard  conditions o f the preceding w inter 
(M athiasson, 1973a,b), w hich had  the effect 
th a t sexually m atu re , b u t underfed  swans 
w hich failed to  breed jo ined  th e  non-breed- 
ing, im m atu re  swans a t th e  m oulting 
grounds. T he bad breeding success o f 1970 
is also reflected by the very low  percentage 
o f 1-year-old swans am ong the m oulting 
swans of 1971 (only 9-4% against 29% on an 
average for th e  years 1964-1967).

In th e  early 1960s th e  K ungsbacka
fjorden m oulting  g round  had  m ore swans 
th an  now adays (1961: 1,360 individuals;
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Table 1. Timing of started moults at Kungsbackaf]orden moulting ground, calculated from the moult 
stage of swans caught

18-30June 1-15 July 16-31 July 1-15 Aug.

No. (and %) of started moults 87 (9-8) 209 (23-5) 436 (49-0) 157(17-6)
No. (and %) of started moults of males 46 (7-8) 154(26-3) 305 (52-0) 81 (13-8)
No. (and %) of started moults o f females 41 (13-6) 52 (17-3) 131 (43-7) 76 (25-3)
Sex ratio (% males) o f birds

starting their moult 52-9 73-7 70-0 51-8

1962: 1,850 individuals), the  recen t decrease 
is m ost p robab ly  explained by a shift o f 
m oulting g round  (M ath iasson , 1973a,b).

The effect o f d ifferent flock sizes on the 
behav iour o f the m oulting swans in respec
tive years is poorly understood . W e do not 
find any dead  sw ans a t th e  m oulting 
grounds, n o t even w hen th e  m oulting 
num bers reach  the ir peaks. So e ither the 
food supply is superabundan t o r th e  birds 
are  able to  escape th e  ‘m oulting  tra p ’ 
(flightlessness fo r 5 -6  weeks). O n th e  o ther 
hand, the  food supply m ay vary in abund 
ance and  availability  and  determ ine the 
num bers o f m oulting b irds and  the ir be
hav iour a t an  early stage.

M oult

T he m oult is an annual cyclic event, w hich 
takes p lace in M ay (body fe a th e rs ) -Ju n e -  
O ctober (body fea thers/fligh t fea thers/ 
ta il fea thers)-N ovem ber (tail fea thers/ 
body feathers). T he body fea ther m oult 
often starts  on th e  p re-m oult haunts. The 
flight fea ther m oult o f non-breeding swans 
is norm ally perform ed a t certa in  central 
m oulting grounds, th e  b reed ing  swans 
m oulting a t th e ir breeding sites. T he p ri
m aries are  d ropped  som e days before the 
secondaries.

The grow th rates o f the  5 th  p rim ary 
and  th e  5th secondary  o f fou r sw ans (two 
m ales, tw o fem ales) kep t in captivity  w ith 
superabundan t food supply (Zostera  
m arina , Ulva lactuca) w ere 5-5, 5-7, 5-9, 
7-6 m m /day and 3-2, 4-1, 4-3, 5-8 m m /day. 
T he grow th ra te  o f the  5th p rim ary  o f  th ree 
w ild-living fem ales at K ungsbackafjorden 
was 5-0, 7-4, 8-3 m m /day . T he average 
grow th ra te  o f th e  renew ed 5th prim ary  
is thus 6-5 m m /day  (n = 7), th e  individual 
variation  being ra th e r large.

The longer p rim aries have a  faster 
g row th ra te  than  the shorter secondaries 
so th e ir rep lacem ent is synchronized. The 
g row th ra te  o f secondary  5th is 71-0% and 
its length is 70-2% of th a t o f p rim ary  4 th  !

H ow ever, th e  5th p rim ary  is full-grown in 
a  day less th a n  th e  5th secondary  (67 days in 
an adu lt m ale, having a  5th p rim ary  length 
41-5 cm, against 66 days for the 5th 
secondary  o f 29 cm).

T he length o f the grow ing flight feathers 
(prim ary 4 th) o f  138 sw ans o f the  Kungs- 
backa-popu la tion  was m easured. K nowing 
the grow th in mm per day, we are  able to 
calculate w hen the flight feather m oult 
started  and  w hen th e  flight feathers reached 
th e ir full lengths.

T hree d iagram s (F igure  2A ,B,C) give 
the essential in fo rm ation  on the  onset, 
con tinuation  and term ination  o f the m oult 
in 1971. The flight fea ther m ou lt started  
ab o u t 18-19 June. O f th e  sw ans w hich w ere 
m oulting the ir flight feathers (and therefore 
unable  to  fly) on 3 A ugust, 2% started  the 
flight feather m oult betw een 19-21 June 
(F igure 2B). O n 3 A ugust there  w ere 890 
unable to  fly and an add itional 183 flying. 
Thus, only 1-7% (eighteen birds) o f th a t 
popu la tion  sta rted  the ir flight fea ther m oult 
betw een 1-21 June. C onsequently , only
4-1% (eighteen ou t o f 420 individuals) o f 
th e  b irds p resen t at the m oulting ground 
betw een 18-21 June w ere in flight feather 
m oult a t th a t tim e, against 83% o f  the 
swans p resen t on 3 A ugust.

M ost b irds started  th e ir flight feather 
m oult betw een 14-7 and  7-8 (F igure 2 A,B), 
quite obviously w ith th e  culm ination  a t the 
tu rn  o f th e  m onth . T he first m oulting swans 
regained the ir ability to  fly a round  3 August. 
But no less than  46% o f th e  swans m oulting 
flight feathers on 28 A ugust had  started  the 
flight feather m oult la te r th an  3 A ugust 
(F igure 2C). N one o f th e  b irds w hich started  
the ir flight fea ther m oult before  15 July 
(=  33% o f the birds unable  to  fly in 3 August, 
i.e. 294) w ere caught on 28 A ugust. T hat 
m eans th a t those  b irds had  by then  regained 
the ir ability to  fly. T he to ta l num ber of 
swans p resen t on 28 A ugust was only about 
914, w hich m ay im ply th a t m ost (at least 
159) o f  th e  294 capable  o f  flight had  also left 
the m oulting ground.

Sex d is tribu tion  in sam ples o f m oulting
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swans caught, ind ica te  a stronger p re
dom inance o f m ales in the m oulting flocks 
at the beginning o f th e  m oulting period. 
M ore reliable, how ever, is the sex ratio  o f 
swans starting  th e ir flight feather m oult in 
d ifferent periods, by calculating the s ta rt o f 
th e  m oult from  th e  length o f the  5th p rim ary  
(T able 1). B etw een 18 Ju n e-1 5  July, alm ost 
an equal p a rt o f  th e  m ales and  fem ales 
started  the ir m oults (34-1% o f th e m a le s , 
30-9% o f th e  fem ales). The culm ination  in 
‘s ta rted  m oults’ occurred  betw een 16 Ju ly -  
31 July fo r bo th  m ales and fem ales. In  the 
period  a fter th e  culm ination , on the o ther 
hand, a  h igher p ro p o rtio n  o f th e  fem ales 
th an  o f th e  males started .

O n 13 June th ere  w ere 316 swans at 
K ungsbackafjo rden-5  days la te r th e  first 
swan dropped  its flight feathers. H ow ever, 
th e  increase in  th e  num ber o f swans actually  
u nab le  to  fly show s a 30 days’ re ta rda tion  
com pared  to  th e  influx o f new com ers 
(F igure 3). T he gap  betw een arrival and

Figure 3. Increase in total numbers o f swans at 
the Kungsbackafjorden moulting ground (left) 
in relation to num bers o f swans having started 
their flight feather m oult (right) a t different 
dates in M ay-July. The arrowed lines indicate 
30 days.

sta rt o f flight fea ther m oult seem s to  be 
radically reduced (to 16 days) in the begin
ning o f July.

T he tim e requ ired  fo r th e  flight feathers 
o f  an adu lt m ale to  achieve full length is 
calculated  to  be 66-67  days, for an  adu lt 
fem ale 6 -7  days less. A t least 55% o f th e  
m ales in a sam ple o f forty  swans caught 
betw een 25-28  A ugust should have prim ary

5th 25-32  cm long. A ctually  there  was only 
4%. This indicates th a t the b irds regain their 
ability to  fly before th e  wing feathers are 
fully grow n, w hen p rim ary  5th reached a 
length o f ab o u t 25-27-5 cm, i.e. 35^12 days 
after the s ta rt o f the m oult.

T he num ber o f swans a t the  m oulting 
ground  decreased in a clear re la tion  to  the 
tim e w hen th e  m oulting swans regained 
th e ir ability  to  fly (F igures 2 and  4). There 
was a  clear tendency  for m ore swans to 
depart sooner a fter they have regained 
the ir ability to  fly in the beginning o f the 
season than  la te r (F igure 4). T hus, on 10

Figure 4. The relation between the decline in 
swans present at the moulting ground (right) and 
the fraction unable to  fly (left). Expressed as 
percentages of num bers present in August.

Septem ber w hen all birds m oulting on 3 
A ugust (890) had  regained the ir ability to  
fly, 76% o f th e  average A ugust-m oulting 
popu la tion  w as still on th e  m oulting 
g round . T he calculations ind icate  th a t all 
swans should be able to  fly by 17 O ctober. 
On 25 O ctober all th e  190 swans still in the 
h au n t w ere indeed capable  o f  flight.

T here was a clear tendency fo r fem ales 
to  s ta rt th e  m oult som ew hat la te r than  the 
males. This seem s to  be explained by the 
excess m ales (average sex ra tio  =  63-3% 
m ales) arriv ing  a t the  m oulting ground 
earlier in the season (m ales betw een 5 and  21 
July =  68%). O f b irds starting  th e ir m oult 
betw een 1 and  5 July, 73-7% w ere males 
(ef. T able  1). H ow ever, in b reed ing  swans 
the  fem ale is said  to  in itia te  th e  m oult, th e  
m ale no t starting  its m ou lt until the  fem ale 
has com pleted  hers, i.e. 6 -8  w eeks la ter 
(H ilprecht, 1970; H ein ro th , 1928).
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Localization within the moulting ground

The K ungsbackafjorden m oulting  ground 
is a sheltered coastal bay o f about 53 sq. 
km. T he shallow  w aters o f less th an  1-5-m 
depth  p rov ide accessible feeding places for 
th e  swans (ef. F igure 6). U nder extrem e 
low -w ater conditions som e o f  th e  bo ttom s 
betw een 1-5 and 3-0 m are  also accessible,

extending the  to ta l feeding a rea  to  21 sq. 
km.

W e find (Table 2, F igure  5): haun t A was 
m ost im p o rtan t in M ay -Ju n e  and  again in 
O ctober; hau n t B was im p o rtan t all th rough  
th e  season, bu t especially in A u g u st- 
Septem ber; haun t C  harb o u red  m ost swans 
in July; h au n t D  was no t used during M ay - 
A ugust, bu t lodged com paratively  high 
num bers in S ep tem ber-O ctober; h au n t E

Table 2. Monthly and seasonal (22 May-31 Aug. 71) swan-days at different haunts in 
Kungsbackafjorden (see Figure 5)

Haunts May June July Aug. Sept. Oct. Season

A 280 3,060 4,538 576 5,157 3,664 17,275
B 220 2,088 2,681 11,044 8,839 2,644 27,506
C 160 2,147 14,501 4,716 1,000 316 22,840
D 0 516 3,983 11,079 1,129 204 16.911
E 0 8 1,004 1,690 1,868 347 4,917
F 30 7 0 0 1,440 1,335 2,812

All 690 7,826 26,707 29,105 19,423 8,510 92,261

30

J J A S 0 J J A S 0

Figure 5. The Kungsbackafjorden moulting 
ground. The black sectors of the circle diagrams 
illustrate the proportion of the total annual 
moulting population (in swan units) which 
stayed at the different haunts. The histograms

show (upper) the fraction o f the  monthly total 
of swan units at Kungsbackafjorden present at 
respective haunt, and (lower) the seasonal 
distribution of the total sum of swan units at the 
single haunts. See Table 2.
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was dom inan t in A ugust, h aun t F  was un
im portan t th ro u g h o u t the season.

T he swans thus tended  to  m ove betw een 
haunts.

A  com parison  o f  th e  actual swan days 
for the  shallow  sections (high-w ater grazing 
areas =  B l) o f h au n t B (cf. F igure 5) and 
those o f the deeper sections (norm al/low - 
w ater grazing areas =  B2 and 3) for the 
period  before  the first extrem e high-level 
situation  (1-7-27-8) and a fter (28-8-25-10) 
gives th e  follow ing values:

1 Ju ly- 
27 Aug.

28 A ug.- 
25 Oct.

Shallow sections 683 4,022
Swan-days (7-0%) (33-1%)

Deeper sections 9,013 8,116
Swan-days (93-0%) (66-9%)

Totals 9,696 12,138
Average depth

and range 38 cm 56 cm
at Forsbäck (18-57 cm) (25-100 cm)

T hus, m ost sw ans occurred  in shallow  
w aters near the  coast o r in the shelf betw een 
Kalvo and the  m ain land  (i.e. at depths less 
than  1-5 m). T he norm al low -w ater grazing 
a rea  was favoured by the swans and  form ed 
th e ir regu lar quarte rs (F igure 5). A t high- 
w ater the  swans m oved to  shallow er 
sections close to th e  coast.

Food and feeding habits

T he availability  and  abundance  (biom ass) 
o f po ten tia l food organism s and th e  feeding 
technique o f the sw ans lim it the num ber of 
significant food organism s to  the following: 
p lan ts— Zostera  m arina , Z. nana, Ulva 
lactuca, Enterom orpha intestinalis, Ecto- 
carpus sp., Fucus vesiculosis, and  Chorda 
filum ', an im als— M ytilus edulis, Cardium  
edule and  Littorina  littorea. F igure 6 and 
T able 4 give the essential d istribu tion  of 
these species in th e  different haunts.

Feeding swans w ere specially observed 
w ith a telescope (x  25 o r x 40) a t certain 
haunts. T he behav iour o f the  to ta l flock a t 
th e  location  in question  was no ted , and as 
m any birds as possible w ere individually 
checked for visible food item s in the bill 
(Table 3). A clear preference was indicated 
fo r Z ostera  marina, w hich also entirely 
dom inated  the  available crops o f most 
haun ts all th rough  the  m oulting season. 
A t high w ater levels and  late in the  season 
Ulva lactuca plays an  im portan t role. It 
m ust be stressed, how ever, th a t it was only 
possible to  exam ine w hat was b rough t out

o f the w ater, and  kept in th e  bill for a while, 
and also only item s o f  a certain  m inim um  
size.

Sam ples o f faeces w ere collected from  the 
cloaca o r rectum  o f  th irty  sw ans caught for 
ringing betw een 9 July and  6 Septem ber. 
T issue fragm ents and  cells w ere exam ined 
under the m icroscope. Two types o f frag
m ents dom inated , Zostera  marina {nana) 
and  Ulva lactuca. T he classifications were 
checked against fresh cell m ateria l collected 
a t K ungsbackaQ orden. F u rther, captive 
swans w ere fed th e  p lants to  prov ide faeces 
o f know n origin.

Technically  it is difficult to  distinguish 
betw een sm all cells o f Z . marina and  Zostera  
nana. H ow ever, Z . marina was com pletely 
dom inan t in tw enty-four sam ples. Only in 
tw o sam ples could lea f fragm ents be re
ferred  definitely to  Z. nana. F ou r sam ples 
had  Ulva m ixed w ith th e  Zostera. In m ost 
sam ples single th reads o f Ectocarpus sp. had 
obviously been consum ed by accident when 
the swans w ere feeding on Zostera.

F o u r sw ans (three fem ales, one m ale) 
w ere caught and killed. T hroughou t their 
alim entary  trac ts  th e re  was a  p redom inan t 
presence o f Z ostera  marina. T hin th reads 
o f Ectocarpus sp. occurred  in all specim ens.

F o u r sw ans (two m ales, tw o fem ales) 
w ere caught am ong th e  m oulting  swans at 
K ungsbackafjorden and b rough t to  the 
N a tu ra l H istory  M useum , w here their 
food preferences w ere tested  in a  special 
basin offering eight choices (F igure 7 and 
T able  5). A gain the  indicated  preference 
was fo r Zostera  marina, w ith Ulva lactuca 
as second choice, in a series o f fifteen 
experim ents. T he sam ples o f these plants 
offered w ere nearly alw ays to tally  con
sum ed. This was also the  case w ith Zostera  
nana. Enterom orpha intestinalis and  Ruppia 
maritim a  w ere only partly  taken  w hen eaten 
a t all. Fucus vesiculosus, Chorda filum , 
Ectocarpus sp. M ytilus edulis, L ittorina  
littorina, Cardium edule w ere all ignored.

Food consumption

T he daily (24 hours) food requirem ents o f 
a m oulting sw an w ere determ ined  for two 
m ales and  tw o fem ales individually under a 
superabundan t food supply. As th e  m ou lt
ing swans a re  unable to  fly, and ra ther 
sta tionary , we m ay assum e th a t in th e  test 
basin  energy requirem ents do no t differ 
too  m uch from  those  u nder na tu ra l living 
conditions. T he food plan ts offered were 
fresh, bu t b lo tted  dry before weighing. 
D ry w eight was determ ined  after heating
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Figure 6 . Food resources at Kungsbacka- Mute Swans. The area o f sparse vegetation is a
fjorden. Areas below 1-5 m. water depth (broken shallow, sandy stony section. The figures refer
line) have been investigated for the main dis- to sample stations (see Table 4).
tribution o f the three dom inant food items of the

Table 3. Observations on feeding swans and stated food items (see Figure 5)

No. observed feeding on 
No. o f swans ------------------------------------------

Haunt Date observed feeding Zostera marina Ulva lai

A:4 2 July 15 15 ___

B:2 5 July 12 2 —
A:3 9 July 297 16 —

C:2 9 July 312 2 —

B:3 15 Aug. 235 3 ___

A:4 25 Aug. 53 7 ___

A:3 10 Sept. 216 9 ___

A:4 10 Sept. 72 2 —

A:1 22 Sept. 148 — 2
A:1 16 Oct. 22 — 5
A:1 16 Oct. 97 — 1
D:1 16 Oct. 48 — 6
A:4 25 Oct. 89 2 —
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Table 4. Relative abundance of food organisms at sampling stations in Kungsbackafjorden (see Figure 6 )

Station

1 2 3 4 5 6 7 B 9 10 11 12 13 14

Ulva lactuca + /+  + + + + + — + _

Zostera nana
Zostera marina + + + _ + + + +
Enteromorpha intestinalis —  + + + + + + + + + + + + — + + / +  + + + + + +
Ectocarpus sp. — —

Fucus vesiculosus —  — + + + + — ___ + + + + + + + + +
Chorda filum + + ____ ___

Mytilus edulis —  + + ____ + + +
Cardium edule + + — + + +

+ -  + + + + ,  Degree o f abundance;—, present but unim portant.
All stations investigated by com plete bottom  sample and by raking except 1 ,7 ,1 0 ,1 4  (rake only).

Sven 
M

athiasson
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Table 5. Combined food preferences of four swans. Columns I-VI refer to sequential choices; 
the figures indicate how many food units were eaten in fifteen experiments ; total of 
that food offered in one experiment was 100 units

Food I II Ill IV V VI Total

Zostera marina 1,180 300 20 _ 1,500
Ulva lactuca 195 840 285 160 — ___ 1,480
Zostera nana — 200 410 400 90 ___ 1,110
Enteromorpha intestinalis — 5 140 300 240 — 685
Ruppia maritima — — — — 70 10 80

for 1 hou r a t 100°C. T he am oun t o f food 
eaten was calculated  by sub tracting  the 
w eight o f the am oun t left from  the weight 
o f  the am oun t offered.

T he consum ption  o f  th e  tw o essential 
food p lan ts was expressed as kg food/kg 
body-w eight/24 hours. The consum ption 
o f Zostera  marina  averaged 0-49 kg fresh 
weight, o r 0-077 kg dry weight. T hat o f 
Ulva lactuca averaged 0-54 kg fresh weight 
o r 0-183 kg dry w eight

T he average consum ption  o f  fresh w eight/ 
sw an/24 hours was 3-66 kg Zostera  marina 
(n =  4), and  4-03 kg Ulva lactuca (n — 2).

T he in form ation  collected tells us th a t the 
sw ans feed nearly  exclusively on Zostera  
during M ay-A ugust, w hile in S ep tem b er- 
O ctober they also feed on Ulva lactuca. 
T he faeces con tain  less th an  0-5% o f  Ulva

in all sam ples o f a m ixed com position. 
O bservations, how ever, show  th a t large 
flocks m ay feed exclusively on Ulva for 
som e periods, p redom inan tly  in h au n t F  
(northern  part) and  h au n t A (inner, n o rth 
ern part).

T he w eight o f m oulting  m ales (m ore 
than  2 years old) averaged 9-7 kg (n =  10), 
th a t o f fem ales 8-1 kg (n =  10). T he ac
cum ulated  biom ass o f th e  w hole period 
22 M ay-25 O ctober w as 861,715 kg (=  the 
average b iom ass o f  each day x the  to ta l 
num ber o f days), w hich is equivalent to  
94,561 swans. In th e  period  o f m ore active 
m oult, i.e. 15 July-31 A ugust, the  daily 
average sw an num ber w as 939, the  ac
cum ulated  num ber 45,074. C onsequently , 
th e  accum ulated  b iom ass was 417,842 kg. 
T he daily b iom ass o f the  stabilized average
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A ugust num bers (betw een 9 -24  A ugust) 
was 8,557 kg. T he highest average daily 
b iom ass— 9,660 kg— was found betw een 
27 Ju ly -4  A ugust.

K nowing th e  biom ass o f  th e  m oulting 
popu la tion  and th e  daily food consum ption 
o f  Zostera  m arina  and  Ulva lactuca re
spectively, we a re  able to  calculate the 
to ta l food need o f the m oulting flock. Thus, 
th e  theo re tica l food consum ption (fresh 
w eight) o f  th e  m oulting  popu la tion  betw een 
22 M ay and  25 O ctober was 422,240 kg 
(based on Z ostera  marina) o r 465,326 kg 
(based on Ulva lactuca).

In hau n t F I , 1,775 sw an-days occurred  
betw een 11 Sep tem ber-25  O ctober in a 
section w here no th ing  bu t Ulva lactuca 
w as available, high w ater p reventing  graz
ing in the  Z ostera  areas. O bservations 
show ed th a t the swans w ere feeding on 
Ulva. W ith a b io m a ss  o f 15,990 kg, the to ta l 
consum ption  (fresh w eight) w ould be 
8,635 kg. In the sam e period  2,885 swan- 
days occurred  in the  ad jacen t hau n t A l 
u nder the sam e conditions, and  the  birds 
w ere observed feeding on Ulva, which might 
have form ed th e ir  p redom inan t food 
(T able 3). T heir b iom ass was 26,290 kg, 
th e ir to ta l food consum ption  14,197 kg.

I t seem s justified  to  judge th e  true  to ta l 
consum ption  o f food o f th e  m oulting 
swans betw een 22 M ay and  25 O ctober to  be 
th e  o rder o f  401,523 kg o f Z ostera , and 
22,832 kg o f Ulva lactuca ; 424,355 kg in all.

D uring Ju n e -Ju ly  Zostera  to tally  dom in
ated , during S ep tem ber-O ctober it only 
answ ered fo r 55-4% o f  th e  to ta l food intake, 
th e  rest being Ulva. This m eans a consum p
tion  o f 373,123 kg Zostera  during J u n e -  
A ugust, against 28,400 kg during Septem - 
b e r-O c to b e r, w hen 22,832 kg o f  Ulva was 
consum ed as well.

Food resources o f Kungsbackafjorden

T he d is tribu tion  and  relative abundance  of 
d ifferent food organism s are  show n in 
F igure 6 and T able  4. T hree quan tita tive  
studies have also been m ade. T he food item  
studied  was m anually  collected by a frog
m an, w ithin a  fram e o f 50 x 50 cm , and pu t 
into p lastic bags. F resh  w eight and dry 
w eight w ere taken .

Zostera  marina

H aun t A3 harb o u red  the richest m eadow s 
and th e  largest p lan ts o f the m oulting 
ground. T he stand ing  crop (roo t system,

leaves, etc.) was 1,392 g /sq . m (fresh weight), 
equivalent to 204 g dry weight. T he value is 
the sum  o f  fo u r sam ples 50 x 50 cm (235, 
237, 390, 530 g fresh w eight respectively).

Ulva lactuca

H aun t D l prov ided  th e  richest supplies o f 
this food. The standing crop was 1,030 g/sq. 
m (fresh w eight), 348 g dry w eight. The 
value is th e  sum  o f four sam ples o f 50 x 50 
cm (150, 232, 298, 350 g fresh weight).

Zostera  nana

T he richest supplies o f  this p lan t were found 
in H aun t E. T he standing crop was 550 g 
(fresh w eight)/sq. m, w hich is equivalent 
to  383 g dry weight. T he value is the  average 
o f  tw o sam ples covering 1 sq. m each (525 g 
and  575 g).

U nfortunately  there  w ere no possibilities 
o f m aking transects for quan tita tive  studies 
n o r to  determ ine the productiv ity  o f these 
p lan ts during this study period.

T he to ta l food consum ption o f swans 
staying in h au n t F I betw een 11 S ep tem b er- 
25 O ctober was calculated  to  8,635 kg o f 
Ulva lactuca. T he  standing crop o f this p lan t 
in the h au n t was 1,030 g/sq. m in the m iddle 
o f Septem ber. This m eans th a t th e  am ount 
consum ed converted  to  standing crop 
covered an a rea  o f 8,383 sq. m. This a rea  is 
sim ilar to  th e  a rea  used by th e  grazing 
swans, and  th e  d is tribu tion  o f  th e  Ulva 
supplies o f  th e  hau n t. A n investigation on 
25 O ctober show ed th a t th e  en tire  Ulva crop 
(except w ithin a narrow  zone along the 
shore, covering abou t 800-1 ,000  sq. m) had 
been elim inated , leaving em pty, sandy 
bo ttom s. T he grow th form  o f Ulva (w ithout 
a ro o t system ) facilitates a  to ta l elim ination 
o f  th e  p lan t by th e  feeding swans. T he a rea  
is p ro tec ted  from  heavy waves and strong 
curren ts so no o th er factors bu t the  grazing 
could have been  responsible. A fter the 
elim ination  o f  th e ir food resources the 
sw ans ab andoned  the  locality.

Summary

The build-up of the moulting numbers at the 
moulting ground and their decline followed a 
regular, gradual curve. This implies a clear time 
relation between arrival and departure.

Individual swans started to moult about 30 
days after the arrival, this span reducing to half 
at the later part of the influx period. Govern
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ing factors must include population density, 
available food supplies and horm onal condition.

Males start their m oult somewhat prior to the 
females. The swans regained the ability to fly 
3^4 weeks before the flight feathers achieved 
full length.

The rate of departure seems to be dependent 
on population density and available food 
supplies.

The swans shifted between haunts in relation 
to  changed food supplies. The main food was 
Zostera during summer and early autum n, while 
Ulva was taken later. The swans totally elimin
ated Ulva in certain areas.

The moulting population consumed 425 
metric tons, mainly of Zostera , but also some 
Ulva.
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