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Between December 1995 and December 20OO there was an apparent decline of greatdr than 40 per cent ln

rn" nurtei oi.ccupid W"dg"-t"it"d Si;;G; iuffinus paciticus birrows on. Raine lsland. The estimated census

iii"+,"pr;--i.iiav Siso turioj*" o|. "r"ui"" n"rt" in Decembe|1995 dectined to estimares of approximately 2 360

and l5T0shearwaterbur ro* "or " r "u , " "nes ts inDecember lggsand2OO0respect ive lyBur rowoccupancywas
ioi,o"i.ut"Lv io fei cent in 1998 and 66 p"icent-in 2ooo' with,eggs or chicks found in 43 per cent of burrows

irii si; ";d 
'ad 

p6i ""nt in zooo. v"t tn" nlmol, ot occupieo tedge crevice nests found in 1998 ( 130) and 2000

{131) was aooroximately double thal rouno in tsgs looj fhe orerait oectine may be due to turlle nesling activities

in the northern ridge however lurther investigatlon is needed to venly lnls

INTRODUCTION

Raine Island (144"01'E. l1'37'5) is a 28 hectare coral

cay  s i lua ted  i lpprox imate ly  100 k i lomet res  ENE o f  Cape

Gienr i l le  in  nor thern  Queens land l t s  ocean ic  na ture  is

evidenced by the diverse range of seabirds it supports

(Gourlay er aI. 1993), amongst which' is a major breeding

colony of Wedge-tailed Shearwaters Pu{finus pacificus

(Lavery 1969).

The island consists of a vegetated ridge covered in low

shrubs, grasses, succulents and creepers This rid-ge

surroundi a central depression, which was once mined for

ohosohorous and is almost devoid of vegetation (Fig l) '

the high soil strength of the depression virtually excludes

Shearwater burrowing (Neil and Dyer 1992) except where

earth mounds remain. The phosphate ridge drops

away sharply at its outer edge with ledges reaching

appioximately 2 metres on the eastern end of the island.

A few Shearwaters nest in the grassed verge that

surrounds the ridge in seasons when turtle nesting does
not interfere.

The aim of this research was to repeat, in December
1998 and 2000, the December 1995 Raine Island Wedge-
tailed Shearwater study (Dyer 1999t in order to ascertain
any change in Shearwater burrow estimates or burrow/nest
occupancy rates during that period. Counts of occupied
ledge crevice nests, bunow census estimates and occupancy
rates were established for habitats previously identified
by Jeff Miller for the purpose of continuing bird studies
(F is .  1 ) .

METHODS

ht!pcdion of ledSe tret,i(e nests

Although all c.cvices thrt could support a Shearwater nest and could
be reached with the burowscope were inspected (Dyer and Hill l99l;
Dyer and Aldworlh 1998), only occupied ledge crevices were recorded
It \lrs impossible to determine whether or not unoccupied crevices
constituted an unoccupied nest. and therefore any ratc of occupancy for

ledge crevices would b€ little more thaD an educated guess.

Burrow census esti,ntes

All burrows in the grass verge were counted and their conlents

recorded. Estinates of burrow numbeE were established for the northern

uej . rateo t iage rNvn r :  the nodh sectron of the sou(hem vegetaled r idge

rN-SvRI rhe-couthern secl ion of  the soulhem vrgetated ndge rSSVR)I

u"i ln'iSCS only, an carlh mound in the central depression These

estimates wer€ .it"bli.h"d by counting burrows in 4 metres wide x 5

metres long contiguous quarlrats that formed transects traversing the

nreviouslv ldentilied habitats lsee Fig l) Ralio population estimates

w;rtr staniard crrors (Cochran 1977) thal account for different transcct

sizcs (Norton-Griffiths 1978) were eslablished An aggregalion of the

estimates for the individual habitats was determined lo provtde an

estimate for the whole island

Thc ra l io,  R,  of  tota l  number couo(ed.  Y lo lhe tota l  ramplc area Z'

\  as found (R = Lyl) .z) .  The esl imaled populal ion Y \  ar  calculdted by

muhiDlvine the ratio of the mean number of burrows (nests or birds)

.ouot"i pi. transect (i.e. the area of the island divided by the total

number of transects on the island) by the area of the island The

standard eror was also found as follows:

The variance betweeD burrows counted in all tlanseclsl

\' = l/(n-l)(ty'-[(ty)'/n])

The variance b€twcen the area of all transecls:

s"1 = l/(n-l )(tz1-t(:z):/nl)

The covariance belween the burrows counted and the area of each

uansecr:
sr  = l / (n- l ) ( lYz-[ ty* l /n] )

The besl estimate of the population variance then was calculated:

var i = (N(N-n)/n)(sy:-2Rs,,+R'?s.z)

The standard error of the estirnated number of burrowsi

s^E i = ./(var ̂i )
Y  = r 2 S E ( Y )

Where: N = tolal numbel of transects:

n = number of transects in sample;

Z = the area of thc census zone: island or habital;

z = area of any one transecti

y = bunow count in any one transecl; and

R = ratio of burrows counted to sample ResLrlts

Sample areas used for analyscs wcre taken from the diEitized map
(Fig. l) in order to standardize the area of the sample and the total

area of habitats. This facilitates between season comparison and reduces
bias in the final estimates-
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The contenls of all burrows within transects were ascertained unless
the bunows were too convoluted or  had obstrucr ions tha!  inhib i ted
cffcctivc use of thc burrowscope. OccupAncy rates, thc slage of the
breeding cyclc,  and usage of  ncsr l in ing rvere dcrermined.

RESULTS

Cowts ttutt occupancy in ledge creyice nests

Therc was a relatively high level of usage of ledge
crevices in December 1998 with 130 crevices being
occupied by Shearwaters. Of these, in nests where the
presence or absence of a chick or egg could be confirmed
(N= 126) ,  6 I  ( i .e .  18 .4oh)  conta ined an  egg or  ch ick .
S imi la r ly ,  61 .6  per  cent  (N= l12)  o f the  occup ied  c rev ices
inspected in December 2000 contained an egg or
chick (See Table l). Chicks (<12 days old) were found in
4 ledge crcvices in December .1998 and in l l crevices in
December 2000.

Burrcw census esti|ntes

In  December  1995,  Dyer  (1999)  es t imated  3551
bunows, including occupied ledge crevices and the burrows
lbund in the grass verge but excluding burrows in the
central depression. Replicating this method resulted in
comparative burow estimates for December 1998 of 2 361,
and for December 2000 of I 574 (see Table 2). In 1995

TABLE 1
Wedte-tailed Shearvr'ater PAF rrl.r pa.t crr occupancy of lcdge cavilies

on Raine Island.

Wedgc'tailed
Shearwater

No. percentage
1 9 9 8  1 9 9 8

No. percentage
2000 2000

Bird only
Two birds only
Two birds, l ined
Two birds, egg, lined
Two birds, chick
Two birds, chick, lioed
TWo birds egg?
chick? l ined?

Bird, lined
Bird. egg
Bird, cg8, l ined
Bird, chick, l ined
Bird, l ined - egg? chick?
Bird - egg? chick? l ined?
Egg, lined
Chick, lincd
TOTAL I

2
4
2

I

I
2 3

2

8

t 0
0
2

1 3 1

2',7
9
5
2
I
0

0
24
2

5 2
1

0
I
2

30

20 .8
6 .9
3 . 8
1 . 5
0 .8

1 8 . 5
1 . 5

40.0
0 .8
3 . 1
0
0 .8
1 . 5

1 0 0

10 .7
1 . 5
3 . 1
1 . 5
0
0 .8

0 .8
t '7.6
1 . 5

4t.2
6 . 1
6 . 1'7 .6
0
1 . 5

100

an additional 167, and in 1998 an additional 115 (se = 8l7o)
bunows estimated for the earth mounds in the central
depression, could be added to the above estimates. In
December 1995 the sample was based on one quadrat, thus
no standard error was established. The large standard eror
for 1998 results from the small sample size. The estimate
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TABLE 2a
Wedge'lailed Shearwater bunow ce sus estimates fo. indrvidual habitats:

South Seclion of lhe Souihem VeBetated Ridge (SSVR); North Scction

of thc Southem Vegetated Rialge (NSVR)I Northem Vegetatcd Ridge
(NvR); Ledge Crcvices; and Crassed Vcrge

Burrow Estimates

Habitat
(Area of Habital

in m'z)

Burrow
Esiimate

2000

523 34Ea
'719 24qo
192 16Vo

Burrow Count
2000 Se

Burrow
Estimate

=

d)

o
o)

E
z

ssvR (30 370)
NSVR (22 960)
NVR (26 550)

135
827
'199

lsland Census Tohl 2361'

* These eslimates do not include burrows in thc central depresslon and

rhey incorporate standard errors of habitat ertimates thus standard enors

of approximately 30 per cent.

TABLE 2b
Sample areas per transcct for habitat types.

Transcc! SSVR NSVR NVR Depression Transect Area

r .00  335 .10  95 .31  2T8 .22  7 ' 7  34  785  97
2 .00  2 t2 .94  2 \0 .41  116 .18  459 .27  998  83
3 0o 213.22 218.69 66.53 539.53 103',7 91
,1.00 2l l 83 199.35 6'7 96 5'16 63 | O45 '77

2000

1000

1995  1938

Year

Figure 2. Burrolt estimatet ! se fot Decenber 1995, 1998 and 2000

addition to the 1.7 per cent of burrows that were occupied

by an adult Wedge-tailed Shearwater but where it was not

possible to ascertain the presence or absence of a chick, a

iurther 10.1 per cent of burrows housed an adult bird'

Burrows with a bird incubating an egg in a l ined chamber

constituted the maj oity (38.'lEo of all burrows) ofoccupied

bunows (45.47o) (See Table 3). Relatively few birds were

present in unlined burrows (4 21a) with only 2 5 per cent

nf bu.to*, housing birds incubating eggs in unlined

chambers. In addition, two burrows (one in the central

depression) contained chicks that were thought to be about

12 days old, and one burrow in the central depression
contained an unaccomPanied egg.

In 1998 bunow occupancy was similar in the different

habitat types (X' = 0.565, df = 3, p = 0.904' n = 133)'

There was, however, a significant difference in burrow

occupancy between transects (X'? = 143.346' df = l8'
p < fi.OOt, n = 133). Only 13 of 133 burrows were found
in the four most easterly bansects. No burrows were found

in the grass verge in 1998.

TABLE 3
Contents of Wcdge-tailed Shearwatcr buFows in December 1998, in the

different habitats on Raine Island: South Section of the Southern

Vegehted Ridge (SSVR)i North Section of the Southem Vegetaled Ridge

(NSVR)I No(hern Vegetated Ridge (NVR); Ledge Crevicesi and
Crassed Vcrge

wedge-tailed
Shearwaters

Habitat

Burrow Count
1998

Ledge Crcvices
(occupied only) 1 3 0

9

15',7 4'

0o/o
0Io

5.00 207.92 208.06 190.48 349.51
6.00 208.94 195.25 98.98 362.27
7.00 121.37 197.68 229 4\ 158.00
8 .00  25 .42  175 .1 I  304 .40  100 .15

955 .97
865.4,1'709.16

605 08
9.00 92. '72 0.00 1s6.82 208.94 458 48

10 .00  1 ,18 .35  0 .00  l l . 2 l  
' 7313  232  69

fbr the earth mounds is therefore of little help, except to

draw attenlion to the fact lhJt the comparative estimales
presented here which exclude the central dePression are
probably underestimated by about 2oo burrows.

The burrow census estimate for 1998 falls within the

standard error for that of 1995, and the estimate for 2000
falls within the standard error for the 1998 estimate
Nevertheless. the estimate for 2000 falls outside the eror
range for 1995, thus the burrow estimate for 2000 indicates
that the declining trend represents a real reduction in the
number of bunows on the island between 1995 and 2000
(F ig .2 ) .

By applying the proportion of active burrows (i.e those
housing a chick or an egg) to estimates for the individual
habitats and then aggregating these, it was established that
approximately I 097 and 804 burrows or crevice nests
supported breeding activities in 1998 and 2000 respectively.
Taken at face value this suggests a reduction of
approximately 27 per cent in two years, and, based on a
similar estimate of breeding burrows for 1995 of | 472, oI
45 per cent in tive years.

Burrow occupancy

In 1998, 45.4 per cent of burrows were unoccupied.
Breeding activities, confirmed by the presence of an egg
or chick, were evident in 42.8 per cent of burrows. In

No. Ea No. %
10.1 24 20.2

No. Va No. '/o

l 8  1 5 . I  5 4  4 5 . 4

Vo
0.8
0.8
1.'7

0 .0
14.3
0.0
0 .8

Occupied Burrows
Bird only
Rird, lined
Bird, egg
Bird,  l ioed -

egg? chick?
Bird. lined, egg
Egg, Iincd
Chick, lioed

No. %
5  4 .2
1 5.9
3  2 .5

2  1 . 7
46 38.1

I  0 .E
I 0.8

No. 7o No. 7o No.
1 0 . 8  3 2 . 5  I
0  0 .0  6  5 .0  I
0  0 . 0  1 0 . 8 2

2 l. ' ,t 0 0.0 0
9 ',7.6 20 16.8 1',7
1 0 . 8 0 0 . 0 0
0 0 . 0 0 0 . 0 r

13  10 .9  30  25 .2 22 ta .5 65 54 .6Al l  Occupied

2 5  2 t . 0  5 4  4 5 . 4  4 0  3 3 . 6  I 1 9  1 0 0
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Unoccupied Bunows
Unoccupied?
Unoccupicd

In 2000, 32.6 per cent of bunows were unoccupied and
ir was impossible to see wherher or not an aAditional
bunow (l. l7o) was occupied. Occupancy was found in 66.3
per cent of bunows, with an egg or chick found in 49.4
per cent of burrows. In addition to the 2.2 per cent of
burrows that housed an adult but where the oiher bunow
contents could not be established due to the l imitations of
the burrowscope, a further 14.6 per cent of burrows housed
one or two (n = 3) adult birds. Burrows with a bird
incubating an egg in a l ined chamber constituted the
rnajority (40.57o) of all occupied burrows (See Table 4).
Relatively few birds were present in unlined burrows
(7.9%) with only 5.6 per cent of burrows housing birds
incubating eggs in an unlined chamber. Only one burrow
contained an unattended chick. Three of the nine burrows
found in the grassed verge in 2000 supported an adult
incubating an egg in a l ined chamber.

TABLE 4
Contents of Wedge tailed Shearwater burrows, in Decembq 2000, in rhe
different hibitrts on Raine lsland: Sourh Section of the Southem Vesetated
Rrdge (SSVRT: North Srcrion of rhe Sourhem Vrgelikd Ridge rN-SVRr:
Northem Vegetated Ridge (NVR)I Ledge Crevices; and crassed Ve.ge.

Wedge-tailed
Shearwaters

Habirar
nvr nsvr ssvr Total

in 1998 (David Neil, pers. comm.). The fact rhat data were
collected at night in 2000 may explain the higher
occupancy of burrows in this year as birds retum to the
island at night to roost. Even so, the data pertarning to
breeding would not be affected.

Accessing the earth mounds in the central depression
disturbs many nesting Brown Boobies Sllc leucogaster and
Ivlasked Boobies Sule dactylotra with eggs and young
chicks. This explains the small sample in this habitar in
1995 and in 1998. The large standard error for this habitat
combined with the predation by seagulls in December 2000
contributed to the decision not to include this habitat
in 2000.

A higher proportion of the crevice nests contained an egg
or a chick in December 2000 than in 1998 but neither
matched the proportion (7970) of occupied ledge crevices
containing eggs or chicks in 1995 (Dyer 1999). The
difference infers a higher proportion of roosting birds that
may be explained by the inclement weather conditions
experienced during the 1998 and 2000 trips. Even though
usage of the crevice nests had increased in absolute terms
from 47 in 1995 to 6i and 69 in 1998 and 2000 respectively,
the difference does not account for the reduction of burrows
or burrow usage in the vegetated ridge.

By doubling the estimated number of burrows containing
an egg or chick, an estimate of the breeding population can
be established. This results in estimates of 2 194 (1998)
and I 608 (2000) breeding birds on Raine Island. The
Shearwater population estimates for December 1998 and
2000 then, fell within the expected range of between 1 000
and 5 000 birds (Taplin and Blaber 1993). This study
however, in replicating the 1995 study, provides comparative
estimates thus suggesting a more reliable trend that indicates
an overall decline.

The habitat that appeared to suffer the great€st decline
was the northern vegetated ridge. The higher rate of ledge
occupancy may indicate a transition in habitat usage, but
there were insufficient breeding ledge nests to account for
the decline in the northern vegetated ridge. This narrow
habitat that supported burrow estimates of 915,799 and
192 in the respecti.e trips is relatively exposed to Green
Turtles (Chelonia mydas). As 1999 had one of the highest
numbers of breeding turtles on record there was substantial
disturbance to birds (Paul O'Neill, pers. comm.). The low
number of burrows in this habitat could result from the
high number of turtles present in the previous yea..
Shearwaters display strong site fidelity, habitually retuming
to specific islands to breed, so Shearwater breeding rates
could follow a latural cycle that reflects the turtle actiyity
on the island. When eggs or chicks are lost through burrow
disturbance Shearwaters are unlikely to re-lay because egg
deposition accounts for 3G-38 per cent of the reproductive
cycle (Warham 1990).

Other natural phenomena such as weather conditions and
food supply related to fluctuating pattems in the currents
could also impact on the population. It is too early to
determine whether or not the decline exposed by this
research is palt of a natural cycle, however, the degree of
the decline over a short period suggests that managers should
be concerned and that further investisations are waranted.

No. qa No. Ea No. 7. No. 7o
0  0 .0  0 .0  0 .0  I  L l  I  L t
5 5.6 17 l9. l  ' ,7 ' t .9 29 32.6

Occupied Bunows
Bird only
Two birds only
2 Birds, l ined
2 Birds - lined?
egg? chick?

Bird. l ined
Bird, eBg
Bird - l ined?
Egg? chick?

Bird, lined, egg
Bird. lincd. chick
Egg. lined

No. 7o No. 7o
4 4.5 ',7 ',7.9

2  2 .2  2  2 .2
0  0 .0  I  L l

0  0 . 0  I  1 . 1
0  0 .0  3  3 .4
5  5 .6  5  5 .6

0 0.0 I ] . l
I  I  12 .4  36  40 .5
0 0.0 2 2.2

Vo

0.0
l l

t . l
2 . 2
0.0

No.
3
0
I

1
2
0

0
22

I
0

No.
0

0

I
0

I
3
I

Vo
0.0
0 .0
0 .0

0 .0
1 t
0 .0

L l

l l
0 . 0

0.0

l . l
0 .0 L l 1 . 1

Al l  OccupieLl 6.1 30 33.1 23 25.8 59 66.3

| |  12.4 4',7 52.8 31 34.8 89 100

No significant influence was established between burrow
occupancy and the various habitat types (X'z = 2.046, df =
2, p = O.:00, n = 88) in December 2000. Even though only
17 of the 89 burrows were found in the four most easterly
transects in the vegetated ridge, the tansect location did
not appear to influence burrow occupancy (X2 = 11.292,
df = .14, p = 0.663, n = 88).

DISCUSSION

While the 1998 data collection methods closely
resembled those of 1995, the predation activities of seagulls
in 2000 precluded daytime work. Very early in the research
seagulls leamed to follow researchers in order to access
Booby Sala sp. eggs that were left unprotected when
Boobies were distu.bed by the presence of the research
team. Though predation was anticipated, it was not
witnessed by the researcher in 1995, or by her and others
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BOOK REVIEW

Canberra birds: A Report on the First l8 Y€ars of the Garden Bird

Surv€y.

Philip A. Veerman. I27 pp. Soft cover' Available from the author at

24 Castlcy Circuit, Kambah ACT 2902. Pveerman@pcug orS au. Also

available from BOCA and Birds Australia. Price $19 00 plus $3.50 p&p

On receiving a scientific book lhis reviewcr starts at lhe references

which indicate the homework the author has done. In this case they
run to more than 3rl, pages so he passes lhat test.

It is usual for scientific works to be rcad by a couple of one's Peers
prior to p'rblication and to be edited. In this case, neilher of these has
been done, much to the detriment of the work. Efficient €diting would
have reduced the volume of the first two sections of the book and made
thcm more readable.

The book is in three sections. The first is a Seneral discussion of
the data (49 pages). The second is a species listing and discussion which
goes to page 90 while the individual species figures extend to page 106
with 8 species analysed per page. There are 6 appendices.

The annual histograms and the 18 year graphs are the real meat of
the book and sharply illustrate lhe month by month status and the 18
year trend. It is shown that lhe developmeot of gardens in Canberra
has chargcd the behaviour of quite a few species. ln somc cases the
observations are of small numbers which makes th€se of little
conscquence. In olhers with larger numbers the increases are obvious
e.g. the Australian King Parrot, Sulphur crestcd Cockatoo, the Crimson
Rosella, the Australian Magpie and the Australian Raven.

Those passerines which appear to be in decline in easlem Australia,

probably because of land clearance, are represented by small numb€rs

;s they do not adapt to suburbia but the general tr€nd is there The fact

$at Canbcrra is virtually sunounded by the Nature Park appears also

to be a contributing factor to the wealth of birds lt appears from these

records that birals are more abundant where the site is near an area of

natural vegetatlon.

Two hundred and eighteen species were listed on the Garden Bird

Charts and I 151 charts wcre submitted by 27? individuals Only 8 sites

vr'ere covered for the full 18 years but the data are very comprehensive
because of the large number of contdbutors. 87 species were recorded

as breeding.

The author has workcd tirelessly for many years on the analysis of
the data for the Annual Bird Reports published in Canbena Bird Notes.

Canbe(a is a relatively compact, small city and it is doubtful if a

similar study could be made in any of the State capitals. This is atr
aspecl which makes this analysis of the data of the Garden Bird Charts

all the more valuable. The author acknowledges that the matenal he is
working with belongs to thc Canberra Omithologists Group.

This volumc is an important contribulion to the literature of
Australian omithology. To get a comprehensive pictur€ it demonstrates
that many people must contribute data over a very long period.

Sleve wilson OAM


