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Common noddies on Christmas Island in the Indian Ocean were captured at a social 
roost during the breeding season and their primary moult and brood-patch condition was 
examined. Early in the attendance period at the roost (May). few noddies showed evidence 
of either breeding or primary moult, and very few individuals were engaged in both activities. 
Most noddies had started to moult by June and many were incubating and moulting simul
taneously. The number of noddies incubating peaked in early July when almost all breeding 
birds showed active wing moult. Moult was not completed during the main laying period. 
Although moult overlapped with breeding, it did not advance beyond the third primary in 
pre-laying or incubating noddies. However, it had resumed in birds with re-feathering brood
patches, many of which were rearing chicks. The extensive overlap between moult and 
breeding in July presumably corresponds to a period when the nutritional and/or energy 
requirements for both activities can be met by the food resources. However, moult was 
arrested in pre-laying and incubating birds, possibly because of the nutritional and/or 
energy cost of the early stages of the nesting cycle. 

INTRODUCTION 

In most populations of lariform seabirds, the 
basic moult and the nesting cycle take place in 
different seasonal periods or at different stages in 
a periodic cycle of moult and breeding. It is not 
uncommon for moult to overlap the beginning or 
end of the breeding season but, normally, indi
viduals are not involved in both activities simul
tam:ously (Ashmole 1962, 1968, Harris 197 l ,  
Dunlop 1985). However, there arc a number of 
populations of gulls and terns in which moult 
occurs extensively in birds engaged in breeding. 
Tht.:st.: populations include the Bridled Tern 
Srerna anaerhera in the Seychelles (Diamond 
1976) and the Least Tern Srerna anti/farum in 
Texas, U.S.A. (Thompson and Slack 1983). In 
populations of the Common oddy Anous 

sro!idus, both overlapping and alternating patterns 
of moult and breeding have been inferred from 
limited data. On Ascension Island (7°S., l4° W.) 
the replacement of some primary feathers oc
curred during the nesting cycle (Dorward and 
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Ashmole 1963) and this is also thought to be the 
situation on Alclabra (9' S., 46 'E.) (Diamond 
1971). Dorward and Ashmolc (1963) suggested, 
from very little data, that moult alternated with 
breeding on some islands in the North Atlantic. 
There are conflicting views about the situation 
on the Galapagos (2°N., 92° W.) (Dorward and 
Ash mole 1963, Diamond 1971). On Christmas 
lslancl, in the Pacific (2°N., 157° W.), moult and 
breeding were more or less separate activities 
early in the breeding season but were frequently 
concurrent in individuals breeding towards the 
end of the season (Schreiber and Ash mole 1971). 

At Christmas lsland in the lnclian Ocean (10° 

25'S., 105"42'E.) the common noddy nests from 
early April to the encl of September (Nelson 
1972, Gibson-Hill 1947). The earliest date re
corded for an incubating bird during the year of 
study (1985) was I April. However, most laying 
appears to be concentrated between May and 
July. 
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The sites chosen for nesting by common 
nocldics on Christmas Island are ledges on the 
precipitous sea-cliffs and inland cliffs and the 
forks of tall, monsoon forest trees on the coastal 
terraces. Such sites arc different from those used 
by the srecies elsewhere in its range and presum
ably are the result of predation pressure from the 
immense populations of land crabs. The inaccess
ibility of the breeding site makes the capture of 
birds on thc nest impractical. However, during 
the middle of the breeding season. between May 
and August. nocldics form small flocks or clubs. 
in ll'hich mating displays occur, on one of the 
small beaches of coral fragments around the is
land (Lily Beach). Here the birds engage in 
courtship displays. including courtship feeding 
and copulation. Nocldies are also attracted to 
this beach to ingest small pebbles which arc pre
sumably swallowed as an aid to digestion. Under 
suitable conditions. it was possible to capture 
noddics at the club using mist nets. 

METHODS 

Lily BL:ach was visited in daylight al least twice 
each week from February to early September 
1985. Attempts to trap the noddics began when 
the birds started lo roost on the beach in May. 
Noddics were captured in mist-nets set just above 
the tide line at Lily Beach. Most birds were 
captured in the first 2 hours of daylight, during 
tlK peak period of arrival at the club. The beach 
was not used for roosting at night. 

The primary moult on both wings was scored 
using the methods of Ash mole ( 1962. 1963). This 
is similar to the mL:thocl used on thL: Australian 
Bird Banding Scheme moult cards but permits 
better notation of discontinuities in feather re
placement in birds without actively growing 
primaries. using (N) ror newish feathers. (0) 

for olcl. worn feathers and (.) for intermediate 
wL:ar and age. 

The state of the paired. thor:icic brood-patches 
was recorded as follows: 

0 - no brood-patches 
I - brood-patches dcfeathL:ring 
2 - brood-patches completely de

feathered 
3 - brood-patches rcfeathering (pin

feathers emerging from the area). 

�tandard bill measurements were taken for 
most birds handled. However. there was no evi
dence of marked dimorphism in these characters 
a;id the scx of the birds examined is unknown. 

RESULTS 

The Lily Bcach club was occupied by common 
nodclics from May to August 1985. An attempt 
was made to capture birds every 2 to 3 weeks. 
nctling over scvL:ral days where necesary lo pro
vide an adequate sample. Table I shows the 
numbers of adults. second year birds (I+) and 
juveniles (year I) handled during five different 
ctitching periods. Second year (I+) birds were 
ddinguishcd from adults by their whiter and less 
defined cap, their paler orange gape colour, by 
their voice and from juveniles (year I) by larger 
bill measurements and moult in the primaries. 

There were no rL:captures or sightings or 
banded nocldies within the 1985 sL:ason. 

The percentage of adults captured remained 
around 90 per cent in May. June and July. de
clining in the last sample during August. Most of 
the birds using the beach at this time were young 
from that year and the club was no longer being 
visited by early September. The only two adults 
captured in August wcrL: not used in thc following 
analysis. Second year birds were present in May. 
June and early July but were not recorded to
wards the L:nd of the season. 

TABLE I 

Adults 

Th'-' numb.:r or adult, second y.:ar (I+) and juvenile (year I) 
nodclies captured during five sampling periods from May to 

August 1985. Sample proportions in parenthesis. 

May June July Julv August 
10-12 21-24 12-14 27 24 

J2 24 42 8 2 
2nd Year (I+) I I 2 0 0 

Juveniles (Yr I) I 2 2 I 5 
Total 34 27 46 9 7 

Total 

108 
4 

11 
123 
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Figure I .  The proportions of ad11l1 Common Noddies in 
four samples caught 011 Christmas Island be
tween May a11d July which had no brood 
patches (0 ), defeathering brood pc//ches (I), 
fully defeathered brood patches (2) or re
featheri11g brood patches {J). 

Ddcathcred brood-patches arc generally in
dicat iv1.: of birds engaged in  incubation anci 
brooding. Dorward and Ashmole ( 1963) found 
that in common noddies the brood-patches were 
well-dcvelopecl in incubating birds but had begun 
rcfeathering in one bird with a newly hatched 
chick. oddics with older chicks had advanced 
rdeathcring of the brood-patches. Thus birds wi th 
brood-patches clefeathcring (condition I )  or com
pletely dcfeathered (condition 2) can be assumed 
to bc incubating. Noddies with rcfeathering 
brood-patches may be either rearing ch icks or 
havc completed an unsuccessful breeding attempt. 

. Figure I shows the state of the brood-patches 
1 1 1  nodd1es caught on four different occasions 
through the season. In May. 7 1  per cent of adult 
nodclies had yet to develop brood-patches, wh ilst 
the rema111der had defeathering brood-patches 
and were presumably in eary incubation. Towards 
the encl of June. nearly half of the adults had 
laid _eggs and by mid-July the majority of birds
studied were engaged in incubation or chick care. 
ln the last sample. at the end of July, all adults 
had brood-patches which were defcathering, com
pletely dcfeathcrccl or rcfcathering, indicating 
P?st-laying stages in the reproductive cycle. Many 
birds had also completed incubation at this time. 
There was no evidence of non-breeding adults 
using the Lily Beach club (i.e. all noddies with 
adult pl_umage had developed brood patches ) .  On
�he _basis of brood-patch clcvelopmcnt, peak lay-
111g 111 1985 was apparently around cary Ju ly. 

Figure 2 shows the proportions of birds which 
were breeding (i.e. with brood-patch condition I 
or 2 ) ,  in moult ( i.e. growing fresh primaries) , or 
engaged in both activities. About 18  per cent of 
adult. were involved in breeding or moult in 
May. al which time only 6 per cent were en
gaged in both activities concurrently. 
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Figure 2. The proportions of adull Common Noddies in 
four samples caught 011 Christmas Island be
tween _ May and July which were breeding ( I)},
111oult1J1g (M). or bo!h ( IJ + M). 

The proportion of birds breeding increased to 
a peak in the mid-July catch and then declined 
as more birds moved into the post-breeding 
(brood-patch condition 3) category. By the end 
of July ab?ut 90 �er cent of adults, including 
most breeding noclcl1cs. were in wing moult. Thus 
111 common nocldics on Christmas Island in the 
I ndian Ocean, the early basic moult almost com
pletely overlaps the breeding season. At the be
ginning of the period, breeding and active moult 
in the same individual was uncommon but, as the 
season progressed, all birds commenced moult 
including those engaged in the nesting cycle. L� 
the mid-July sample, close to the peak in laying, 
almost all breeding noddics were also in primary 
moult. 

The inOucncc of the stage in the nesting cycle, 
as indicated by brood-patch condition, on the 
progress of primary moult is shown schematically 
in Figure 3. I n  addition to a seasonal influence 
on the proportion of noclclies concurrently breed
ing and moulting, the following pattern emerges. 
Primary moult in pre-breeding or incubating birds 
(brood-patch condition 0, I and 2) only advances 
to the completion of the third primary (P3) . [f 
P3 is replaced early in the season or early in the 
nesting cycle the moult is arrested. Two examples 
of this were recorded. 
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Broodpatch state 

None ( 0 )  

Broodpatch 

defeathering ( 1 I 

Broodpatch 
completely 

defeathered ( 2 )  

Broodpatch 
rafeathering ( 3 )  

Number 

24 

10 

3 

2 

6 

9 

4 

9 

Prim aries 

1 2 3 4 5 6 7 8 9 10 

/-------, 

Figure 3 .  The pri111ary 11101111 stales (generalised for both 
wi11,:s) of 11ocldies with 110 brood patches (0), 
defeathering brood patches {I), co111ple1e/y de
feathered brood patches (2) and refeat!teri11g 
brood patches (3), /111/y grown /resit primaries 
are cross-hatched, actively grow11 primaries 
hatched. and primaries replaced in the previ
cms moult cycle indirated by a !tori�ontal line. 

One pre-breeding bird in May had the following 
pallern on both wings: 
Pl P2 P3 P4 PS P6 P7 P8 P9 P I O  
0 0 0 

This probably ind icated a period of arrest in the 
primary moult of the previous season. Another 
bird witil a dcfcathcrcd brood-patch, captured in 
June. showed thc converse pattern on both wings: 
Pl P2 P3 P4 PS P6 P7 P8 P9 P l O  
N 

This discontinuity indicates arrested primary re
placement in the current season. 

I n  birds with refeathering brood-patches (con
d!tion 3 ) .  which may include failed breeding 
btrds or those rearing chicks. primary moult ad
vances beyond the third primary. The highest 
moult score was 54 for a bird captured in June. 
Three birds captured in July showed moult which 
departed from the general serially descendent 
pattern (Figure 3 ) .  These adult terns with re
feathering brood-patches had actively growing 
primaries at two points on the wing. Two indi
viduals had PI and P I O  being replaced on both 
wings and the other was growing P2 as well as 
P4 and PS. 

Only the single bird with a primary moult score 
of 54 was recorded as replacing secondaries. This 
is consistent with the normal pattern in gulls and 
terns, in which most of the basic moult coincides 
with the replacement of the outer primaries 
(Ashmole 1 963 ) .  The remainder of the basic 
moult in noddies on Christmas I sland apparently 
takes place late in the breeding season. Confirm
ation of th is would necessitate other methods of 
study. 

DISCUSSION 

Both breeding and the basic moult impose 
increased nutritional and/or energy costs (Rahn 
and Wh itlow, 1984). Probably for this reason, the 
two activities rarely occur in the same seasonal 
period or concurrently in the same individuals. 
Only under unusual ecological cond itions could 
mou I I-breeding overlap con fer selective advan
tages. 

In common nodclies on Christmas Island, the 
early basic moult almost completely overlaps the 
breeding period, and pre-breeding and incubating 
birds will moult the inner three primaries. The 
replacement of the outer primaries takes place 
once the brood-patches are refeathering and 
probably begins soon after the hatching of chicks. 
Reaching this stage may release both parents 
from the nest for longer periods, allowing them 
to forage freely and improve their nutritional 
status. I n  the Bridled Tern on the Seychelles, the 
onset of the primary moult was synchronised 
with the time of hatching (Diamond I 976). In  
this species-population, however, t he  breeding 
cycle was aseasonal and sub-annual. 
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The abiliLy to  replace the  inner three primaries 
early in the season and whilst engaged in in
cubation may relate to the relatively small size 
of the feathers and the low nutritional cost in
, olvecl. Alternat ively, it may be possible to shed 
these primaries without affecting flight and forag
ing ability. The replacement of the larger outer 
primaries may only occur when the breeding 
adults are free from the most nutritionally de
manding pans of the nesting cycle, namely egg 
production and incubation. 

There are marked seasonal changes in sea 
surracc temperatures around Christmas Island. 
An analysis by the AbbotL's Booby MoniLoring 
Programme suggests that the period from Dec
ember to March. the monsoon period, is charac
terised by high temperatures and, presumably, 
low marine productivity. During the season of 
the trade winds, fro m  about April to October or 
November, there is an intrusion of cooler water, 
presumably from deeper layers. The decline in 
sea surface tempe ra ture is progressive, normally 
with a sharp drop to the lowest point in October 
or early November (J. Tranter, pers. comm.). I f  
the observed intrusion of cooler. more nutrient 
rich water into the surface layers increases pro
ductivity then it might be related to the seasonal 
timing of moult and breeding. Both activities 
may depend on food resources such that, early in 
the season (May), Lhe majority of birds neither 
breed nor moult and very few engage in both 
cycles concurrently. As the season progresses, 
rood availability may increase and more nocldies 
produce clutches and commence primary moult 
presumably because they can now support both 
activities. Presumably i t  is advantageous to com
plete both the nesting cycle and the moult during 
this favourable period. However, moult is con
strained by the nutritional demands of the early 
stages of the nesting cycle. l f  the  peak in laying 
during early July reported in this study is con
sistent from year to year, then most fledging 
would take place in late September and early 
October, close to the suspected period of highest 
marine productivity. This would maximise the 
probability of post-fledging survival, a critical 
period in the  biology o f  most terns. The July 
peak, however, differs from the May timing 
suggested by Nelson ( I 972) and Gibson-Hill 
( 1 947). 
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