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No studies have examined diflerences between census methods for bilds in south-western Australian lorests'
yet unique features oi south,western forests may be responsible for differences from those recorded in studies
conducied elsewhere. Ditferences in the number ol bird species recorded and densities estimated by alea
Searches, line kansects and point counls in jarrah iorests of south'western Austlalia were examined. All three
methods detected a similar number of species but area searches gave higher estimates of overall bird density.
This ditference probably occurred because area searches were conducted for a longer period of time and detected
more cryptjc bi;ds in i given area than the other two methods. These results were similar 1o studies conducted
in eucaiypt forests in south,eastern Auslralia and in non-iorest habitats in western Australia, suggesting that
differenc;s between the three methods are consistent across different habitats and regions in Ausiralia- However,
density estimates should not be compared directly between studies using area searches and either line transects
or poinl counts, even if ihe censuses are conducted ior the same length of time.

INTRODUCTION

Recher (1984, 1988) reviewed bird census procedures in
Australia and concluded that there was a need to investigate
how density estimates derived fiom the various methods
differed. This was because researchers in Australia have
used a variety of methods to estimate bird densities,
making comparisons between studies difTicult. Recher
(1984) suggested that studies comparing census methods
would be particularly valuable if they were conducted by
the same obsgrver at the same site, therglbrg eliminating
differences due to observer or site. Studies in Australia
have generally censused bird communities using either area
searches, l ine transects, point counts, territory mapping or
mist-netting (Smith 1986; Recher 1988). Neither misC
netting nor territory mapping sample the entire bird
community and are rarely used (for a full discussion see
Recher 1988) leaving area searches, l ine transects and point
counts as the main census methods used in Australia.
However, tew studies have compared census methods in
Australia and none of them have been conducted in south-
western lbrests (Loyn I980; Arnold 1984; Shields and
Recher 1984; Bell and Fenier 1985; Arnold et al. 198'7;
Saffer 2001). Even fewer have compared all three census
methods, and those that have were conducted in south-
eastern Australia (Hermes 1977; Hewish and Loyn l989).

The avifauna of the janah forest in south-western
Australia differs from avifaunas of south-eastern tbrests in
import.rnt ways. It is relatively depauperate in terms of
species number and abundance, probably due to the small
area of forest remaining and the poor potential fbr
migratory avoidance of l imiting food periods (Wykes
1985). In addition, some foraging guilds are parricularly
pooriy represented, such as bark foragers (perhaps due to
a shortage of decorticating bark) and leaf-l itter fbraAers
tWykes lo85t .  Spec ies  compos i t ion  is  a lso  qu i re  d i t fe rcnr .

with south-western forests containing many endemic
species (e.g. Red capped Pafiot Purpureicephalus spurius
and Red-winged Fairy-wren Malurus elegans) and some
more common species being absent from south-gastern
forests (e.g. Western Gerygone Gerygone fusctt and Inland
Thornbil l Aca[r/ri la epicalis). The structure of the jarrah
forest is also unique, with the canopy being dominated by
just one tree species (Dell and Havel 1989). Studies have
shown that habitat structure has a significant impact on the
detectabil ity of bird calls (Wiley and Richards 1982; Waide
and Narins 1988; Schieck 1997) and, thus, on the efficacy
of various census methods. Owing to these differences,
there is reason to believe that the comparability of different
census methods in the jarrah forest may differ from results
obtained from more diverse forests in south-eastern
Australia.

This study compared area searches, l ine transects and
point counts in the jarrah forest of south westem Australia.
It aimed to determine whether the three census methods
provided comparable results in the jarrah forest and, if not,
whether the differences between the three census methods
were similar to those fbund elsewhcre.

METHODS

The study was conducted in Kingston, Walcou, Warrup and Winncjup
forest  management b locks located 20-30 k i lomerres north-easr of
Manj imup (3a'03 l0 'S,  l16 '18-258).  The canopy of  rhe area was
dominated by Jatlah Eurcl\ptus nnrgbeta altho'rgh M^rr; Corr-nbia
MLophllla was co-dominant 'n somc areas. Canopy heighl averdged 2?
mclres wi th occasional  t rees up to 53 metres.  The midstorey was
lypical ly  sparse and consisted pr imar i ly  of  Jarrah and Mani  atong wirh
a few individuals of Banksia S.dndir and Ita*.eo oleiIdia. Ttt.
undcrstorey was typically quite open and common understorey spccics
;aclxdctl Bossnka L,bphylla, Bossian ontata, l2u.opogor rupitellatrs.
Leunposott ptopi quus, Md.rozania rcidleii, Persoonia lonsifulia,
PkrAiLoi esoletfio ar.d Xattharthra gnili.t.
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Census nEthodolosl

( lensuses were conducted at  e ight  s i res locared in unlogged Jarrah
lbrcsl .  Si tcs lvcrc locr tcd al  lcrst  1.2 k i lomctrcs apart  to avoid counl ing
the same indiv iduals at  d i f ferent  s i ies.  At  each s i te,  a one-hectare plot
wrs csl rb l ishcd lhal  was a I00 mclrcs square al igned nor lh soulh Each
comcr $,as mrkcd with a mclal lirce dropper ard each side by a liDe
of pink flagging tape tied to ve8etation

Al l  threc ceosus rnclhods wcrc conductcd at  cach s i lc .  Area searches
were conducled by searching each one-heclr re pLot  for  30 minulcs and
rccording al l  b i rds seen or heard on that  p lo l  dur ing lhal  t ime. Birds
scen or heard outside the plot were also recordcd bu1 did nol contribute
to lhe densi ty cst imales.  Birds ouls idc the plot  were recorded to p lovide
drtr  compxrable wi lh point  counts and l ine l ransccts bccruse tbose
ccnsus methods of len sample lhe bi rd community lo an in l in i le d istance
rather than within a dcfincd area The counls from all arer searches al
a s i tc  wcrc combined and densi ty est imates,  in b i rds per hectare.  were
cr lcularcd usrng lhc formula ( f rom Edwards cr  a1.  1981):

D = 3

wherc D cquals the densi ty io b i rds per heclare,  n is  the tota l  number

of individu:lls counted within lhe plot and m is the tolal number of area
searches conducted in thrt plot

Line lransects were conducled usiDg the norlh and south boundarles
of  each one hectare plot  as l ransec!  l ines.  These 100 metres t ransect
l ines wcre cc sused one af ler  anothcr for  e ight  minutes each.  Dur ing
elch lransecl all the birds seen or hcard uere assigned 1o onc of two
dis lancc categor ies:  ( l )  wi tb in an inner band extendin8 20 nrc l rcs e i ther
s ide of  the t ranscct  l ine in a perpendicular  d i rect ion or  (2)  beyond thal
band. Pink f la8ging tape was used to del in€3tc thc inncr band Dala
from al l  l inc t ransccls a!  r  s i te were combined and densi ty esl imalcs
(bi rds pcr hcctare)  calcula led using the formul i l  ( f rom Ji i rv inen and
V! i is incn 1975):

"=l'"ltll{".'

,1r*dl-
L

where D equals the density in birds per hectare, L is thc Iength of all
l inc t raosecls cooducted in k i lon1eres,  N is  the lota l  numbcr o l  b i rds
counrcd,  w is  the perpeodicular  width of  the inner band f rom thc
l ransect  l ine and p is  lhc proponion of  b i rds wi lh in th€ inncr band.

Poinl  counls were conduclcd using lwo opposire comcrs ol  each one-
hectare plot  as count stat ions,  The point  counts were conducted one
afrer  the other and lasred fo.  a lota l  of  f ive minutes a!  each counr
star ion.  Dur ing each f ive minute per iod al l  b i rds seen or heard were
assigned ro one of  two distance categor ics:  { l )  wi th in a f ixed radius of
20 melrcs from lhe counting station or (2) bcyond a fixed radius of 20
melres f rom the count ing s la l ion Pink f lagging tape was used 10
delineate the 20 metres radius. Dala from all point counls at a sile werc
combined and densily estimales (birds per heclare) calculated using lhe
formula (from Bibby cr dl 2000):

where D cqurls thc densily in birds per heclare, n is lhe lotal number
of birds counted, n, is the number of birds counled beyond the fixed
radius,  m is rhe lota l  numbcr of  point  counls conducled and r  is  the
f ixed.adius in dccrmclres.

For area searches,  only species recorded wi th in the plot  had an
estimaled d€nsity for lhat site greatcr than z€ro Spccics only rccordcd
outside the ploi hrd a dcnsity eslimate of zero For lire transects and
poini  counts the proport ion of  indiv iduals recorded in the inner band
( i .e.  c loser than 20 m from lhe t ransect  or  count stat ion) determined
the density estimate for thal sile If a species $as only recorded outside
the inner band the densi ty esl imate for  that  species for  that  s i te was
zero.  In th is papcr the number o l  spocies recordcd per s i tc  wi l l  rc fer  to
al l  specics recordcd al  a s i tc  inc luding those species whose densiry
eslimale was zero. During all censuses a note was made ot the direction
in which bi rds f lcw to avoid count inS the same indiv iduals 1wice.
However,  as r t  was unusual  lo encountcr  mor€ lhan one group of  a
species a1 di f ferent  l imes dur ing a census,  double counl iog is  unl ikely
to have takcn placc.  For a l l  censuses,  b i rds were recorded lor  the
durat ion ol  the census,  evcn indiv iduals that  had Dol  been prescnl  whcn
tne census commenccd.

Each area scarch and each pair of line transccts and poinl counrs were
repcalcd thrcc limes al each site giving a lotal of three area searchcs,
six line lransects and six poinl coLrnts conducted at each site. All eigh!
s i les were censused on the samc day bclwcen 0500 and 1000 hours and
whether an area search. ljne lransect or point counl was conducted at
a panicular  s i lc  on a par l icular  moming was delermined randomly.  Each
sile was only ccnsused once a day and. although time of day docs nol
inf luence densi ty esr imatcs in the study arca (Clra ig and Roberts 2001),
the order in which area searches, line lransecls and point counts were

conduclcd on each morning was randomized wi th respect  to t ime of

day Censuses were conduc[ed on cight days between 14 Dccember 1993
and 14 January 1994 dur ing l ight  winds wi th no ra in.

Stat is t i (a l  dnaL\te\

Thc variables eslrmated by the three ccnsus melhods werc compared
wilh a one factor Analysis of Variancc using Statview 4.0. The vaflables

comparcd wcre the overal l  densi ty of  b i rds,  thc number of  species
recordcd at each si!e, the numbcr of species recordcd at each srte that

had a densi ly  est imate greeter  lhan zero and the dcnsi t ies of  each of

lhe ten most common species. Trealment variances werc analysed using

a Hartley's tcsl and found io be homogeneous. Trealmcnt means were

compared post-hoc using Fisher's Proteclcd LSD as recornmcnded by

Day and Quinn (1989).

RESULTS

All three census methods recorded a similar number of
species. Area searches recorded 32 species, l ine ffansects
30 species and point counts 29 species. The total number
of species recorded per site did not differ significantly
between the three census methods (&:r = 0.57, P = 0 514)
(Fig. l). In contrast, the number of species recorded at each
site that contributed to the density estimate was
signihcantly different between the three census methods
(F /.2t - 17.43, P = 0.001). The number of species that
contributed to the density estimate was significantly higher
for area searches than for l ine transects, which was
significantly higher than for point counts (Fig. 1). There
was no signiflcant correlation between the number of
species that contributed to the density estimate and the area
of either the alea search or the inner bands of the l ine
transects and point counts (rt = 0.92, P = 0.251).

Area searches, point counts and line transects produced
significantly different estimates of the overall density of
birds (Fr.r1 = 3.91, P = 0.036). Area searches produced
significantly higher density estimates than either point
counts or l ine transects although there was no significant
difference in the density estimates derived from point
counts and line transects (Table 1). The density estimates
were not significantly correlated with the time taken to
conduct the census (rr = 0.95, P = O.2O7).

There was no significant difference in the density
estimates calculated from the three methods for any of the
ten most common species (Table 2), although the difference
in the density estimates for the Striated Pardalote
Pardolotus striatus was almost significant with area
searches giving the highest value (Table 2).

DISCUSSION

The three census methods did not differ significantly in
their abil ity to sample the entire bird community. All three
methods recorded a similar number of total species and a
similar number of species per census. Arnold (1984) also
fbund that, in wandoo woodlands of Western Australia, the
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Line transects

Census method

Area searches

total number of species detected by area searches and point
counts was similar. ln contrast, area searches provided
density estimates that were greater than zero ior a
signil icantly greater number of species at each site than the

TABLE I
The r ime taker to complele each census and thc olcral l  b i rd densr ly
( t r i rds pcr  hccrare)  est imated by each of  the three census mclhods
DcDsiry est imate are means,r  S.E.  The same superscr ipt  lc l tcr  indicatcs

that means were noi significantly diflercnt.

Point counts

other two methods. A major reason for this is because the
. r rca  s rmpled  lu  dcr tve  a  dens l l y  es l lma le  g reu ter  th rn  zero
was higher in area searches (1.00 hectare) than in l ine
transects (0.80 hectare) and point counts (0 25 hectare) ln
support of this idea is the fact that there were no significant
differences in the overall number of species recorded at
each site (when the area sampled was the same for all three
methods). However, the area sampled does not explain all
of the ditlerences between the census methods because
there was no corelation between the area sampled and the
number of species with a d€nsity estimate greater than
zero. In addition, the number of species with a density
estimate greater than zero in area searches was almost
twice as high as in l ine transects although the area sampled

9

b

z

Figure l .  7/ r . '  dr?/ase,'to 
Ihr d?t!it|

iMlifttl! that nva,is heft not sigtlf.antll dLtfeftn!

L ( n t r h  o i  c ( n . u r  { m i n  n c n ' i r )  e ' t i m J t e

Line l ransect
30 13.33' a 1.0,1
16 6.02r r 1.0,1
l 0  6 2 6 " 1 L 7 l

TABLE 2
Thc densi ty (b i rds per hectare)  of  the ten mosr common species esr imated by the three di f iercnr ccnsus melhods and the probabi l i ty  of  the ANOVA

test  comorr ins the three values.  Valucs are means a S.E.

Species Line transects Point counls

R ( d . . , l l ( d  P , r r o t  f k t p k , , t , , p l t ,  t . ,  \ p u n L .
Strirted I'ardalote Padabtu\ \trfutu.\
White'bfowed Scrubwren S(rir'.rrni.\ Jirrxldli.l
Wcsrem Gerygone C?r\Co e .fk.n a
ln l rnd Thornbi l l  A.dr th i .u api . / ] l i r
Wesrcm Thofnbill A(a iaa itbDtakt
Western Yellow Robin fr)pra/rria Stieog Lait
Grey Fantail Rhipkhrd lilitorcla
Trcc Martin IIituIdo t4rr anl
Stlyercye Zos t( ro p ! lat( rdl i:;

0 .17  !  0 .09
1 .37  1  0 .42
0.58 r 0 35
l . 2 l  a  0 .39
1 .25  t  0 .11
0 .67  t  0 .19
0 .54  10 .32
0 .83  t  0 .29
l . 9 l  i  I  5 9
L20  r  0 .53

0 1 4  r  0 0 9
0 l ? r 0 0 8
0 .53  a  0 .31
1 .02  1  0  22
L6,{ a 0.59
L l 0  a  0 . 7 1
0 56 r 0.2,t
0 . , 11  a  0 .17
0.00 r 0.00
0 .3E  a  0 .19

0.68 :t  0 6E
0 .54  t  0 l 9
0.00 1 0.00
I 25 r 0.4,t
1 .80  1  0  79
0.28 t 0 28
0.96 t 0.70
0 7 6 a 0 2 9
0.9'1 1 0 55
0 .23  10 .23

0.56,1
0 .051
0.25  8
0 .E97
0.E20
0 460
o.7'7 6
0 ,175
0 39,1
0 .13 .1
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was only slightly larger. This suggests that area searches
may have detected more species than the other methods,
even if the area sampled to derive density estimates was
standardized between the three methods. lt is Dossible that
lrel:crrches are better lt dcrccline cryptrc speiier becluse
areas of dense vegetation can be thoroughly searched to
detect non-singing individuals but there is no evidence to
support this. I concluded that a large part of the diflerence
in the number of species with a density estimate greater
than zero was due to the different areas sampled but the
possibil i ty that area searches did detect more species should
be investigated further.

The three census methods differed significantly in their
estimate of overall bird density with area searches giving
a signil icantly higher density estimate than either point
counts or l ine transccts. These results are similar to other
studies in Australia that have compared these methods
(Hermes 1977; Arnold 1984; Arnold e/ a/. 1987; Hewish
and Loyn 1989). Arnold (1984) found that the overall
density of birds estimated by point counts was 49 per cent
lower than the density estimated from area searches,
compared to 53 per cent lower in this study. Arnold e/ dl.
(1987) found that the density of the six most common
species estimated by l ine transects was 6l per cent lower
than the density estimated by area searches, whereas this
study found that the density of the six most common
species was 55 per cent lower when estimated by l ine
transects compared to area searches. Hermes (1977) fbund
that for a given area the density estimates derived from
area searches were higher than fbr either point counts or
l ine transects.

Why do area searches provide higher estimates of overall
bird density and, possibly, the density of individual
species? I propose that there are two explanations as lo
why area searches provided higher density estimates than
line transects or point counts in this study. One reason is
because, in this study, area searches were conducted for
longer time periods than for either point counts or l ine
transects. Several observers have noted that density
estimates provided by the same method increase as the
length of the census increases due to the continual
accumulation of birds moving on to the plot (Granholm
1983; Harden et al. 1986). Because area searches in this
study took nearly twice as long as l ine transects and three
times longer than point counts (Table l) we would expect
them to provide higher estimates of density estimate.
However. this cannot account for all of the differences in
density estimates. Firstly, there is no correlation between
the density estimates and the length of t ime taken to
conduct the census. Secondly, Arnold ( 1984) conducted his
point counts and area searches lbr the same lgngth of t ime
(10 min.) and found that area searches sti l l  gave an
estimate of overall density that was 28 per cent higher This
suggests that area searches would provide higher density
estimates than line transects or point counts, even if all
three methods were conducted for the same length of t ime.
I postulate that this difference occurs because in area
searches fewer individuals are missed than in point counts
or l ine transects. In area searches the whole area from
which the density estimate is derived is traversed whereas
in point counts and line transects only a small proportion

of the afea from which the density estimate is derived is
travened. Traversing an area increases the l ikelihood of
detecting cryptic individuals that are perching quietly, not
singing or in dense undergrowth, because these individuals
can be flushed no matter where they occur on the plot
(Loyn 1986; Arnold er al. 1981). There are two pieces of
evidence that suggest that area searches detect more birds
than the other two methods. Firstly, by dividing the number
of birds detected in the inner band of the l ine transect by
the area of that band a density estimate for a fixed-width
strip transect (which is essentially an area search where the
observer js only allowed to walk down the middle of the
area) could be calculated. The density estimates from the
fixed-width strip transects were much lower than the area
searches (5.10 versus 13.33 birds per hectare), which
suggests that the fixed-width strip transects failed to detect
many birds that were detected during the area searches.
This explanation is supported by Hermes (1977) who found
that in a given area line transects detected fewer birds than
area searches. Secondly, area searches detect more birds
by sight than other methods. Arnold (1984) fbund that
point counts detected 69 per cent of birds by sound alone
whereas area searches detected only 44 per cent of birds
by sound alone. This suggests that area searches detect
many non-singing birds that are not detected by l ine
transects and point counts. I concluded that differences in
dgnsity estimatcs between the threg census methods were
partly because each method was conducted for a difTerent
length of t ime but also because areas searches gave
inherently higher density estimates

There were no significant differences between the density
estimatgs of the ten most common species derived from
each census method. This is surprising as evidence from
the overall density estimates suggests that area searches are
better at detecting cryptic individuals. However, an
examination of the data reveals that, although some species
show little difference in density between the three methods,
others, particularly Striated Pardalote, Tree Martin and
Silvereye, show large differences (Table 2). These species
probably show large variations because they are flocking
species, which would decrease the probabil ity of detecting
a flock during all censuses and lead to large variations in
density estimates. The large variations in density also
suggest that differencas may exist between the methods at
the species level but that the experiment lacked enough
power to detect them because of the low number of
replicates. The possibil i ty that density estimates differ
between the three methods for individual species should
be investigated further.

The question of which census method is the most
accurate is impossible to answer. Two studies in Australia
have combined territory mapping of extensively colour-
banded populations with nest searches to provide a true
density with which to judge the accuracy of other census
methods (Shields and Recher 1984; Bell and Fenier 1985).
Those studies found that l ine transects underestimated the
overall density of birds by 14 per cent and 28 per cent
respectively. Even these ditTerences represent the minimum
underestimates because the colour banding studies wil l
miss some non-breeding birds and floaters. The fact that
l ine transects underestimate densitv mav lead one to
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conclude that area searches, which detect more birds'

p rov ide  a  more  a(cura te  es t lmf , le  o l  dens i t )  lhJn  o ther

methods .  I  be l ie \e  lha l  s rea  ser r (hes  do  prov ide  a  be t te r

estimate of density than the other methods, particularly in

open habitats. However, it is not possible on current

evidence to assess how accurate area searches are (but see

Craig and Roberts 2001). It is l ikely that accurate estimates

of bird density are probably not obtainable in terrestrial

habitat in Auitralia for any except a small minority of

species (Recher 1988).

CONCLUSION

Area searches, point counts and line transects in the
jarrah forest of south-western Australia all detected a

iimilar numbcr of species but area searches gave higher

estimates of overall bird density than the other two

methods. The reasons why area searches gave higher
density estimates is partly because they were conducted ibr

a longer time period in this study and is partly because

they detected a greater number of non-singing birds than

the other methods. These results are similar to those

obtained in eucalypt forests in south eastern Australia and

in non-forest habitats in wcstern Australia. This suggests

that diffsrences bctween area searches and the other census
methods are consistent across many habitats and regions
in Australia. Density estimates should not be cornpared
between studies using area searches and either l ine
transects or point counts, even if the dii lelent census
methods are standardized with respect to trme.
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