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Seasonal and diurnal patterns in abundance ol waterbirds (excluding waterfowl: Anatidae) on a waste-

srabitization pond (Pond Nine) within the Lake Borrje System at the Western Treatment Plant, Werribee, Victoria

were determined. ihe Western Treatment Planl is an irnportant Ramsar site, mainly lor the waterbkd populations

that occur there. Pond Nine often supports large numbers of waterbirds. However, seasonal and diurnal use of

the site has received little attention to date.

The pond was used as a non-breeding site by large numbers of Straw-necked lbises and also by more variable
numbers ol Australian White lbises, Pied Cormorants, Little Pied Cormorants, Little Black Cormorants, Australian
Pelicans, Si lver Gulls, Eurasian Coots and Hoary-headed Grebes.

Straw-necked tbises. Australian White lbises, Pied Cormorants, Little Pied Cormorants, Little Black Cormorants,
Silver Gulls and Australian Pelicans demonstrated crepuscular peaks of abundance. None ot these species feed
regularly at Pond Nine. In contrast, species that led at or near Pond Nine, such as Eulasian Coot, Hoary-headed
Grebe and consistent numbers ot Black-winged Stilts were observed throughout the day.

INTRODUCTION

The migration patterns of waterbirds are often studied by
monitoring the movements of individually marked birds.
This method has the advantage of providing direct evidence
of movements but is often l imited by small sample sizes.
Changes in the abundance of populations at particular sites
can also be used to deterrhine seasonal movemgnts and,
whilst such data do not provide direct evidence of
movements, they can be used in conjunction with banding
data to develop a more complete picture.

This paper pres€nts inlbrmation on seasonal abundance
patterns of waterbirds at the Western Treatment Plant
(WTP) on the Victorian coast. lt is only concerned with
waterbird species that do not belong to the family Anatidae
(waterfowl). Waterfbwl were considered separately by
Hamilton et dl. 2002. The data are used to make inferences
on seasonal movements and also to infer the significance
of the WTP in the annual l i fe cycles of the birds. The WTP
is known to be an important site for waterbirds. It is of
regional or state signiflcance fbr several species, including
the Hoary-headed Grebe PoLioceplulus poLioceplnlus
(state), Straw-necked Ibis Threskiorni:t ip,?lcolll.r (state),
Little Black Cormorant Plnlacrocorcu suLclnrsrri.r (regional
and possibly state) and Pied Cormorant Phalacrocorax
rarfus (state) (Lane and Peake 1990). There is l i tt le
intbrmation on seasonal changes in abundance for these
species at the WTP Ell iget (1980) presented data for a few
species from March to October in 1980 and Steele (1996)
summarized data fbr Eurasian Coots Fulice atra and
Hoary-hcaded Crebes.

Daily movements to and from roosts have not been well
studied tbr many Australian waterbirds. Marchant and
Higgins (1990) concluded thar no systemaric information

on times of arrival and departure from roosts exists for
the Australian Pelican Pelecanus cottspicilLatus, Great
Cormorant PhaLetcrocorax carbo, Little Black Cormorant,
or Litt le Pied Cormorant Phalacrocorax melanoleucos.
Here we dcscribe diurnal changes in abundance of
watcrbirds at Pond Nine.

MATERIALS AND METHODS

S,'ldy lite

The Wcstem Trealmenl Plant occupies an area of l0 851 heclares and
is situated 35 kilometres south-west of Melbourne on the shores of Port
Phi l l ip  Bay (38'00'5,  144"34'E) (Fig.  l ) .  Obscrvadons lbr  the present
study were madc a! a wasle slabilization pond known as Pond Nine,
part of a series of ponds that make up the Lake Borrie system. Pond
Nine, which covers 109 hectares, is the largest pond. I1 is also thc only
pond in rhe sysiem with a stand of dead trees (mostly M?ldlc{..t
lan(eo[ata) lhat can be used as roos! siles. Thc avcrage water depth is
60 cenr imetres (Ca(wr ight .  unpubl .  data,  1996).

Sanrylinq prcto.o[

Sampling was uodertaken on 47 dalcs: three times a monlh from ll
July 1998 to 20 June 1999 and then at  approximately monthly intervals
fiom I August 1999 to 9 August 2000 Sampling was conducted at five
evenly spaced t imes of  day;  sunr isc,  mid-morning.  midday.  mid-
afternoon and sunset. Typically, it took about one hour 10 sample the
cnlire pond, hence sampling for each time of day slarred 30 rninutes
bcfore the midpoint of the sarnpling pcriod (e.g. 30 mins before sunrise).

Surveys were made f rom def ined observat ion points on the
cmbankmenl  using a Leica@ Televid 77 re lescope (20 60 x zoom
magnification). The pond was too largc to be sampled from one point
and i r  was div ided in lo f ive sect ions.

Largc numbers of Slraw-necked Ibis and occasionally Ausralian Whjre
lbis Thrcskbrnis Dtoltu|a fi the trccs, and Hoary headed Grebe on rhe
water, were cstiDrated groups of 100 or 100O, dcpending on flock sizc.

Hoary hcadcd Grebe was the only spccies thar regularly dived ar pond
Nine (Eurasian Coot,  general ly  considered a part ia l  d iv ing spccies.  was
rarely sccn drv jng at  Pond Nine) For th is species a p.e l iminnry srudy
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was urdertaken lo delermine the maxiinum divc lenglh. Thc rnaximum
dive length was found to be 20 seconds (mean = 12.5 s, s.e. = 0.?5 s),
and hence rn the surveys cach field of view was mainlained for a! least
20 seconds to cnable any b;rds below thc surface enough time to re
surtace and be counted.  Bar low (1976) ard Besl  (1976) idcnt i f ied
simi lar  d ive leDglhs for  th is spccies.

N i ght - t ine o b s e rvat ions
Night  v is ioD equipmenl  -  Fuj inon@ PS 910 Starscope ( l  x

magnification) - was only available for onc niShl durinS rhe study (25

145"00' 145"1s',

October t999).  Observal ions were made at  three i imes:  evening'
(midway between sunset  and midnigho,  'midnight '  (midway between
sunrisc and sunset), and early moming' (midway between midnight and
sunrise). Even rvith the aid of night visioo apparatus, most species were
ioo small and too far away to be idcnrified clearly: hence observalions
are ooly presenlcd for the two species that could clearly be idenrified,
Australian Pelican and Pied Co.moranr.

Seveml species showed strong diurnal trends in abundance and for
th is reason bolh dai ly  maxima and mean values were plo l (ed when
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represcnt ing scrsonal  abundlncc t rends.  Dai ly  maximum valucs are

pai t icuiar iy  meaningful  for  spccies that  show diurnal  t rends in

abundance s ince a s i te could st i l l  have been impoftanl  lo a spccies at  a

Di l r l icuhr t ime of  Year even i f  i t  was only used at  ccr ta in t imcs of  day

leasonal abundance da|a were only plotled for species where rt lcast

f ive ind;v iduals ( for  any r ime ol  day) were obscrved on a minimum oi

ten dares th.oughout the s ludY

The rbundancc and f rcquency ol  occurrcnce of  species vrr ied

substdnlislly, from lhose species oflen seen in the thousands (e 8 SFaw-

nccked lb is)  to specics wher€ only one bi rd was rccorded throughout

the cnt i re study i ie.  Great  Clestcd Grebe P.r . /n?pr.r i . \ r . r r r r t  Only lho

more colnmon specics sat is iy ing an arbi l rary crr tcr ion of  at  least  50

indiv idur ls for  the en( i re day o a minimum of  f ive dales wcre includcd

in the analysis Thc cf tect  of  i ime of  day on abundance was anr lysed

using anal l ;s is  of  var iance wi th dale berng model led rs a b lockrng lactor '

A completc census was mrdc of  each sect ion,  so data could be

poolcd icross secl ions Data were log,o (x + l )  l ransformed for  cach

specics lo improlc homoscedasl ic i ty :  the t raDsiormat ion also impfovcd

normal i ly  of  data for  cach specics Al l  analyses wcrc performcd using

Genstal  for  Windows, 5th Edir ion (Lawes Aer icul lural  Trusl ,  IACIR

Rothamsted).  Al l  compar isons belwecn means w€rc made at  tbe l '=

0.05 lcvel .

RESULTS

Seasortel aburtdattce

Straw-necked lbis abundance peaked in mid-autumn in
both 1999 and 2000, although relatively high numbers were
also observed in the 1998 winter (Fig. 2). Australian White
Ibis abundance followed a roughly similar trend to that of
the Straw-necked lbis, although there was no winter peak
in 1998 (Fig. 3). Pied Cormorant numbers were generally
highest in spring each year (Fig. 4), but patterns for all the
other cormorant species were far more variable. Litt le Pied
Cormorant numbers (Fig.5) peaked on a tew dates from
late summer to late autumn in 1999 and on one date in

autumn 2000. Litt le Bllck Cormorant and Australian

Pelican numbers were erratic, with no obvious seasonal

oa t te rns  rF ig '  0 ,  7 . t .  Number :  o I  S i l ver  Cu l ls  Laru t
'tto, 

u"lrcllaniiae and Purple Swamphens Porphyrio

porplryrio tended to increase in autumn in both years (Figs
'S, 

it j . gutasian Coot abundance peaked in autumn 2OOO

but numbers were relatively consistent throughout 1999,

following low levels from July through to December 1998
(Fig. 9). Hoary-headed Grebe nrrmbers showed no

con"sistent seasonal trends; peaks in the late winter 1998

and autumn 1999 were not repeated the following year

(F ig .  l0 ) .

DiuntaL abLurdance

There was a significant effect of t ime ol day on

abundance (P < 0.05) for all species cxcept Eurasian Coot.

Both ibis species, all cormorant species' Australian

Pelican and Silver Gull all demonstrated distinct peaks rn

abundance for the sunrise and sunset samples (Figs I2a,

b, c, d, e, f, g). The peak abundance at sunset occuned
for both Straw-necked Ibis and Silver Gull by the artival
oi large flocks of birds from about 20 minutes before
sunset up unti l sunset. Straw-necked Ibises mostly arrived
from the north, f iom farmland, and the Silver Gulls from

the south'east, from the coast. Straw-necked Ibis flocks
were sometimes in the order of 5 000-7 000 birds. In

contrast, Pied Cormorant and Australian Pelican numbers
tended to build up gradually throughout the afternoon. For
both species the mid-afternoon abundance was about 30
per cent of the sunset level (Figs l2c, t), compared to only
0.4 per cent and 2.3 per cent for Straw-necked lbis and
Silver Gull respectively. Litt le Pied Cormorant, Litt le Black
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Cormorant and Australian White Ibis were roughly
intermediate between these extremes, with the mid-aftemoon
numbcrs bcing 16.7 per cent, 22.7 per cent and 12.8 per cent
(respectively) of those fbr sunset (Figs l2d, e, b).

Of the species that showed distinct crepuscular trends in
abund lnce ,  severa l  inc lud ing  bo th  ib is  spec ies ,  P ied
Cormorant ,  Aus t ra l ian  Pe l ic ln  and S i lver  Gu l l ,  were
significantly more numerous at sunset than they were at
sunrise (Figs l2a. b. c, f, g). This implies that many birds

left the roost betbre the sunrise sample. Qualitative
observations of both ibis species and Australirn Peiican
suggested that many birds left the roost at around first
l ight. rvell before the sunrise sample was taken (i.e. > {5
mins before sunrise). Moreover, during the night t ime
study. Australian Pelican and Pied Cormorant were present
in the trees at the evening sample (7 and 95 respectively)
but none of either species was seen at midnight. Australian
Pelican numbers had increased again to lbur by early-
morning, but Pied Co.morants were sti l l  absent.
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IABLE I
Lisl of iess common waterbird species observed at Pond Nine Maximum abundance values

represent lhe maximum flumber of birG seen on any particular dale al any particular lime of day

Mioinrum refcrs to the minimum number of birds (othcr than zero) observcd. For species that lvere

observed on only one occasion, the number of birds seen is presentcd in lhe maxlmum column

only. Similarly, for species that wcrc seen on more than ooe occasion, but for which lhe same

numbcr of birds were seen on each of these occasions, a value is only presenled in the

maximum column. The number of dates that a species was observed on is also prcscntecl

Minimum Maximum No dates

Da.i.et (Atlhittga nle lano tas te r)
Grea! Crested Grcbe (Podi(eps ctislatus)
Dusky Moorhen (GaLlinula tenebtuta)
While faced Hercn (Egretta novaelnllandiae)
Carle Egrct (Ardu ibi|)
Grcar Egret \Ardea aLbd)
Intefmediate E{el (A ea inle ledia\
Australasian Biltern (Botaurus poic iloptilut)
Glossy lbis (Plesadir /dl.i/rell4r)
Royal Spoonbill (Platalea rc8ict)
Yellow-billed Spootlbill (Platalea Jlaripe s)
Marsh Sandpipef  (Ttuga nag,mt i l i r \
Sharp tailcd Sandpipet (Calidri! acuntinata)
Red'nccked Stint (Calidris nli( oLlis)
Masked Lapwing (UaneUus niL?!)
Red knccd Dotrercl (Erytltrogo|yr cinclus)
Rcd ncckcd Avoccr (Il?(unibstru noweholldndiaa)
Pacific Gull (Iatus pa. ili.u.t)
Whire-winged Black Tem (C/rlld.,nidr leuoprcrus)
Li,0.le 

'f 
em (Stene albihon.t)

Fal[y 
'fctn (Stema tkrei!)

Cresled Tern (S!?nn beryiiJ

For Hoary-headed Grebe there were significantly more
birds at sunset than at any other time of day except sunrise,
but there were no significant differences in numbers
between any other times of day (Fig. l2i).

Numbers of Eurasian Coot were consistent throughout
the day with no significant diffbrences between any two
par t i cu la r  t imes o f  day  (F ig .  l2h) .  B lack-w inged St i l t s

Hinantopus hinantopus tended to use Pond Nine most
frequently in the first half of the day (Fig. 12j).

Aside from the species mentioned thus far, several other
less abundant waterbird species were observed at Pond
Nine (Table l). These ' less common'species did not satisfy
the arbitrary criteria for seasonal and diurnal analysis
described in the methods.
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DISCUSSION

SeasornL use of Pond Nitre

Several species of waterbirds used Pond Nine during the
apparent non-breeding season. In the species accounts
below seasonal variation in numbers is primarily discussed
in relation to possible movements associated with breeding
seasons. Howevcr, it is acknowledged that other factors,
such as the condition of feeding sites or erratic inland
rainiall events, might alse be important for determining
seasonal movemgnts.

Straw-necked lbises breed mostly in northem or south
eastern Australia. For those breeding in the north, north-
eastcrn Queensland appears to be a non-breeding area,
while for those breeding in the south-east, south eastern

Queensland is believed to be used in the non breeding
season (Car r ick  1962;  McKi l l igan  1975;  Marchant  and
Higgins 1990). However, it has also been suggested that
some birds are sedentary around breeding sites (Marchant
and Higgins 1990). In the prescnt study, large l1ocks were
observed at Pond Nine after the southern breeding season
of August to December (McKill igan 1975) each year. This
suggcsts that after breeding in the south-east, many birds
mry move to Pond Nine, a non breeding site, rather than
move north or stay around their breeding sites. The autumn
llocks at Pond Nine were often large (Fig. 2), and hence
the site may be considered to be an important non-breeding
resource for the species. In addition to the safe roosting
habitat offered by the dead trees, the surrounding cattle
pasture may add to the attractiveness of the site. Much of
this paslure is f looded with sewage each summer as part
of the land-fi l tration treatment system and is probably
ferti le and likely to support high invertebrate densities.
Large flocks of Straw-necked Ibis were frequently seen
feeding in these pastures.

Australian White Ibises also breed in spring and early
summer (Marchant and Higgins 1990), and like the Straw-
necked lbis, thcy demonstrated peak abundance at Pond
Nine shortly after this breeding period. Banding studies by
Lowe (1984 cited in Marchant and Higgins 1990) and
analysis by Marchant and Higgins ( 1990) of the Auslralian
B i rd  A t las  (B lakers  e t  a / .  1984)  da ta  suggest  tha t ,  in
contrast to the Straw-necked lbis, this species remains in
south-eastern Australia throughout the year. Thus, it is
possible that some birds breeding in other parts of south-
eastern Australia may use Pond Nine as a non-breeding
site, although not in such high numbers as thc Straw-
necked Ibis. Australian White Ibises were also seen feeding
in the surrounding land-fi l tration pastures during the day.

The Pied Cormorants reached peak abundance in spring
each year The only breeding data available for this species
in south-eastern Australia comes from a three year study
at Pond Nine itself in the early 1970s (Norman 1974),
whcn it used to breed there in high numbers. Laying started
at the end of May and had finished by rhe starr of
November, and hatching was completc by the start of
December. In the present study numbers increased
throughout winter and reached a peak around the end of
spring each year. However, no nests were sighted at Pond
Nine throughout the two year study.

No overall ssasonal trends in abundancc fbr Litt le Pied

Cormorants have been reported in Victoria as a whole
(Marchant and Higgins 1990), although Missen and Timms
(1974) reported peaks in autumn and winter in western
Victoria. In the present study, peak abundances were
recorded from late-summer to the end of autumn in the llrst
yer r  lF ig .  5 r .  In  the :econd year .  un ly  ln  au lumn pea l  w ls

observed, althor.rgh sampling frequency was less then Thc

timing of breeding in this species is not well understood
It has been suggested that l ike the Litt le Black Cormorant'
it breeds mainly in spring and summer in the south, but it
may also breed all year round (Marchant and Higgins
1990). ' lherefore, it is possible that the peak in abundance
in late-summer/autumn 1999, and maybe even the single
peak in March 2000, represent an influx of birds alter
breeding.

Marchant and Higgins (1990) have suggested that there
is a general influx of Litt le Black Cormorants into Mctoria
in spring and summer. This was based on an analysis of
data documented in the Victorian Bird Atlas (Emison er al.
1987). Litt le Black Cormorants are believed to breed in
southern Australia in spring and summer, although evidence
supporting this is generally anecdotal and they may
apparently breed at any time of year (Marchant and
Higgins 1990). There were no clear seasonal trends in
abundance in the present study.

Australian Pelicans generally brecd ihroughout the year,
and according to reporting rates in the Victorian Bird Atlas
(Emison el al. 1987), there are no regular seasonal
movementsi breeding and movements seem to be driven by
environmental factors such as rainfall (Marchant and
Higgins 1990). Abundance data from over the two years
of this sludy (Fig. 7) tend to suggest that Pond Nine is used
throughout the year as a regular roosting site. No nests
werg observed.

Silver Gull abundance was erratic, although there was a
general tendency towards peak abundances in autumn each
year, after the acknowledged spring/summer breeding
season for south-eastern and eastern Australia (Marchant
and Higgins 1990). Hence, it is assumed that Pond Nine
was predominantly used as a non-breeding site. Silver
Gulls are generally considered to be partly sedentary and
partly nomadic/migratory. There are no clear large-scale
seasonal movements (Marchant and Higgins 1990). It is
possible that birds arriving at Pond Nine in autumn have
come from breeding grounds elsewhere in south-eastern
Australia. Wheeler and Watson (1963) reported that most
adult and young birds departed breeding grounds at Altona,
Victoria (<50 km east of Pond Nine) in November.
How€ver, this colony is probably not used any more, and
the main breeding colony is now at Mud Islands in Port
Phil l ip Bay (P Dann, pers. comm.; E. Walker, pers. comm.;
R. Jessop, pers. comm.).

Eurasian Coot abundance peaked around February to
May each year, after the Mctorian breeding season from
around August to January (Bedggood 1980). However,
there was substantial variation between the flrst and second
years of the study. Abundance du ng the breeding season
in the second year was similar to that for the non-breeding
season of the first year (Fig. 9). Other counts at Lake
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Daiiy use of roosts by Litt le Pied Cormorants and Litt le

Black Cormorants has not been studied in depth Potts

(1977 - citecl in Marchant and Higgins 1990) made the

general observation that both these species depart from the

;oost at around sunrise, or iust after, and arrive around

sunset, or just before. Data from the present study tend to

sunoort these observations, with greatest numbers of birds

b"ing r"ported at sunrise and sunset Furthermore, unlike

the othei species that demonstrated crepuscular peaks tn

abundance, there was no significant difference between

numbers at sunrise and sunset for these two species, which

suggests that they did not generally depart the roost before

the sunrise samPle.

No information exists for diurnal use of roosts by the

Australian Pelican (Marchant and Higgins 1990) In the

present study, it was fbund to have a similar diurnal

irbundance pattern to the cormorants, with peak numbers

at Pond Nine at both ends of the day. In contrast' the Great

White Pelican Pelecanus onocrotalus and the Pink-backed

Pelican Pelecattus rufescens have been reported to forage

most intensively around sunrise and sunset (Fasola and

Canova 1993; Ntiamoa-Baidu et at 1998\. The limited data

set from the night t ime observations in the present study

suggests that Australian Pelicans might leave the roost,
preJumably to feed, during the night This species has

previously been reported to feed at night (Stone 19l3)'

although it is generally considered to feed mostly during

the day (Marchant and Higgins 1990). Night feeding also
has been demonstrated for Great White Pelican (Ntiamoa

Baidu et a/. 1998) and Pink-backed Pelican (Fasola and

Canova 1993).

Of all the species demonstrating crepuscular peaks in

abundance, the difference between the sunrise and sunset
peaks was substantially greatest for the Silver Gull.
However, these data may not provide a true reflection
of the diurnal movements of this species. Belbre sunrise,
large roosting flocks were often observed on an area of
land less than 40 metres from the north-eastern corner of
Pond Nine. Presumably the birds that assembled on
Pond Nine at sunset moved to this site later. These birds
usually left this roost at around sunrise. Movement of
Silver Gulls to a roost at sunset, and departure around
sunrise, has been reported previously (Wheeler and Watson
1963) .

Black-winged Stilts were generally observed more
frequently in the morning and most oi the birds observed
at Pond Nine were seen foraging on the edge of the
islands. However, Pond Nine did not appear to be the main
t'eeding site for this species; large flocks were regularly
seen feeding in a shallow wetland that abuts the north-
eastcrn corner of Pond Nine (commonly known as
'Paradise Ponds').

Conclusion

Large numbers of several species of waterbirds used
pond Nine as a non-breeding site. Species that tended to
feed away from Pond Nine demonstrated crepuscular peaks
of abundance at Pond Nine, whereas species that used the
pond as a feeding site were iound there in consistgnt
numbers throughout the day.

Borrie also depict a genetal t lend of peak abundance

during late summer and early spring (Steele 1996)' ln

contr;st, Ell iget (1980) observed relatively consistent

abundancc thioughout the dulation ol her March to

October study at Lake Borrie. Whilst this species does not

appear to undertake large-scale seasonal movements'

numbets at particular sites are known to fluctuate

seasonally (Emison er aL 1987, Marchant and Higgins

1990), although reasonably consistent abundances have

been reported in some areas throughout the year (Leach

and H ines  1987) .

Marchant and Higgins (1990) suggest that the breeding

season of FIoary-headed Grebes extends from September

to January. Numbers at Pond Nine fell towards the end ol

thc 1998 winter and stayed low fiom October through to

the end of January, before peaking again fiom February

through to the end of April in 1999 (Fig l0). This pattern

possibly suggests an influx of birds arriving after breeding,

6ut it * 'as not repeated the following year. However' Steele
(1996) also reportcd a general trend towards peak

abundance at the end of summer or start of spring

In Victoria, Purple S*amphens bteed from mid-August
to December (Bedggood 1970). Peak abundance was

recorded in March to May each year at Pond Nine
matching earlier observations by Ell iget (1980). In New
Zealand, they are nol known to undertake large scale
seasonal migrations, and may stay in their territory
throughout the year (Craig I979, 1984). However, dispersal
has been rccorded, prcsumably in response to food
availabil ity (NormtLn and Mumford I985). The peaks in
rbundance at Pond Nine afier the breeding season may
represent either recruitment of nerv birds through breeding
at Pond Nine itself or an influx of birds from a breeding
site elsewhere. The latter is more l ikely as no nests, broods
or juveniles were seen at Pond Nine.

DiLotnl abwrdartce

Straw necked Ibises and Australian white Ibises are
generally considered to arrive at roosts just betbre sunset,
and depart around sunrise, but this has not been quantif ied
before (Marchant and Higgins 1990). This belief is
supported to a degree by the tindings of the current study,
where numbers of both species were clearly greatest around
sunrise and sunset. However, Australian White Ibises
tended to arrive anytime from mid-afternoon through to
sunset, whereas the large Straw-necked Ibis i locks
gencrally arrived within the last 20 minutes before sunset.

Mi l l iner  (19?2,  c i ted  in  Marchant  and H igg ins  1990)
found that the Pied Cormorants started to arrive at the roost
around 2.5 hours before sunset (roughly equivalent to 'mid-

afternoon' in present study) and the majority had arrived
by half an hour before sunset. The present study also
supports a gradual arrival of birds over the afternoon (Fig.
l2c). In contrast, Stonehouse (1967), in a study of New
Zealand shags, observed that most birds returned to the
roost within the last hour befbre sunset and departed within
the first and second hours after sunrise. However,
observations from the present study suggest that many birds
m. ry  le rve  the  roos l  we l l  be fnre .unr rse .
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