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Rcclrcr c,r d1. (I98-3a) have described ways of
usr rg  t ransec t  counts  to  mcasure  thc  abundance
' , I  h i r ( l '  i n  Io re . rs .  A ] th , rugh ex len i i ve  cenrus ing
work in now bcing carried out in Australia iew
data have so far bccn published. There is a
(langer that census workcrs have, and may
continuc to, present rcsults uncrit ically, leading
to  an  (un in tcnded)  imprcss ion  tha t  the i r  da ta
accuratcly dcscribc the absolute densities of
b i rds  p rcsent  (e .g .  Be l l  1980a) .  Recher  e r  a l .
suggcsl that, if mcthods used arc consistent,
transect data will at least indicatc relative differ-
cnccs in thc dcnsity of birds over time and
spacc.

Thc aim of this paper is to demonstrate thg
necd fo r  cau t ion  in  us iug  t ransec t  mcthods  to
conrpa lc  s i tua t ions  in  wh ich  the  de tec tab i l i t y  o f
b i rds  may d i f i c r .  Such d i l ie renccs  may occur
bc tuccr r  .ncc ics .  r ' r  u  i th in  lhc  samc spec ies
undcr  vary ing  cond i t ions .

Wc $,i l l  contparc cstintatcs of density derived
lronl transcct counts with known dcnsities of
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Densit ies were estimaled from transect counts for seven species at Wollomombi,
New South Wales. These esi imates are compared with accurate densit ies derived from
jntensive sludies of colour-banded birds. Also estimates ot density ol the Golden-headed
Cist icola Cist ico/a exl is, at Port Moresby, Papua New Guinea, are aompared with seasonal
changes rn behaviour of that species. Three methods ol analysis were applied to the
transect data: lhe Fixed-str ip Transect. Variable-str ip Transect and the Line Transect
Methods. Whrle al l  methods tended to underestimate densitv the Variable-str io and Line
Transect Methods perlormed much berter than the Fixed-str ip Transect Method, because
they attempted to overcome problems associated with varying detectabi l i ty. However, the
bias of estmates was not cbnstant and di l fered greatly beiween species and between
seasons. These results demonstrate the need lor caul ion in usinq transect methods to
compare densit ies where the detectabi l i ty of birds may di l ter. l t- is concluded that no
one method of censusing is appropriate to al l  species under al l  condit ions and that
combinations of dif ferent methods are required tor accurate estimatgs.

sevcn spijcies, derived from intensive colour-
bancling and mapping. This information wil l be
uscd to invcstigatc thc influence of inter- and
intra-spccific variation in dctectabil ity on
transcct counts. The influencc of intra-spccific
variation wil l be further investigatcd using
t ranscc t  du ta  Io r  thc  Go ldcn-hcadcd C is t i co la
Cistitola e,ri l is, a species dispiaying marked
seasonal changes in bchaviour and detectabil ity.

STUDY AREA AND MITHODS

The two study areas were Wollomombi Falls
Reservc  (10 '32 'S . ,  152 '02 'E . )  ncar  Armida le ,
NSW, and Por t  Morcsby  (9 '30 'S . ,  147"10 'E . ) ,
Papua Nerv Guinca. Wollomombi Reserve is
dcnsc cucalypt woodland with a sparse but
clumpcd understorey ancl is described by Noske
(197t)). 1'5" arca at Po[t Morcsby is cucalypt
savanna w i th  l i t t le  undcrs to rey  bu l  a  dqnsc  cover
o l  g rass  (Be l l  1982a) .

At Wollomonlbi alr avcrage of f ive transect
counts wcrc madc monthly (rangr 2-8, but rare-
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l ) . . . : l " t t l i l .  . .1 - ( r )  l ronr  scp tcmhcr ,  r978 to  May,  ( r )  r ; i xcd-s t t ip  f ranscc t  \4erhod (Rccher  e l  d1 .
l9 l i l .  ' I ' l r c  

r ranscc t  \ \ ' as  600m long an t l  was  l9g . la ) .
t f . r \ ( . t . ( ( i  I r ( ,n ]  l lhU0 1 . ,  { t r { . i t t  h t 'u r : .  A l l  r .ounts
Nctc  n ladc  i l l  d rv  an( l  ca ln r  cond i t iuns .  A l l  b i rds  \  hxcd  t lunscc t  w i t l th  o f  I20m was uscd
scc l l  \ \ ' c rc  rccordcd cxcept  fo r  r rvc rhcar , l  t ran-  l " r  J l l  spcc lcs .  No ad jus tmcnt  was n ladc  to r
s i c r ' r t s ( b u l i n c l u i l i n g r l r o ! c - c a n o p y f o r a g e r s s u c h  ( l c t c c l a b j l i t \ .
. s  f .p rors  anr l  * . . r l -swa l rows) .  For  , thc  f i r \ t  ( r t  Var iah lc -s t r . ip  f ranscc t  Mcthocr  (Frmlcn
lh r rusr r rc l  h i r r . l s  coun ic ( i  i t  rvas  four rd  t .h r t  60 f to  t , j j l .  g l l :  Ramse y  &  Scot t  lgg l ) ., ' l  . r r . i r r i , l u r l . .  r , t  l ) . r r t i c \  o l  l n c  \ D ( c i c s .  w c r e
t i rs r  locured  bv  rhc i r  ca l l s .  A l rh - , , ; ! -h - ; ; ; , r ; ' , r ;  FUt  cuch spcc ics .  the  f rcqucncy  o f  observed
n'rosr ol rhcsc bircrs nruv l lur," ,;rrr-.r"i.;; ;r;, i  :1:1.., ' j tn. 

\\as plotlcd against latcral dis-
( l c rcc lc ( t  rhe  in ( jucncc  o f  ca l l ins  ; ; ,1 ; l ; . ; " ; i i r ;  t r . ! : . : . -1 . , 'n  thc  t ranscc t  l inc  An inncrbasa l
|nusr  bc  h igh .  For  cach in , r i r i , ru i f - i f ] " ' i " i " r " i  rcg iu t r  o f  'pc f l cc t '  de tec tub i l i t y  was  dc tc r -
tl istancc f rt irt rhc ccnt|c-l irrc ;,,.; r.;rrf i. ;] nrincd b!'.thc tcc-hniquc proposed by Balph
l0nr  banc ls ,  u r i , rg  n rcarur "d  lun , ln , ; , I ;  i ; ; ; t i ; -  t t  u l  (1977)  fh is  techn ique sc lcc ts  the
r.]1!l ioIL A cunruli-rrire t...,r.,t ni. ir iJ,l"l . i i i iun.", tfrrr\cc1 \\ ' i( l th iot a spccies as thc distancc
las  kept  lo r  cach spcc ic i .  A t  p , , i i  l i . . rU"  i f , ' .  

r r i th in  * 'h ic l r  the  h ig i rcs t  dcns i ty  o f  observa-
ccn \u \  n rc rhod\  usc( t  w0rc  , in - ' i r " l  " * i .n i ' r | ' ; i  l ' , ' l l t  $as  fccorded ( ( loub lcd  to  account  lo r

l i r rc r i i l  ( r rs ru rccs  * . r "  , . .o r , l . , l  l . ; ; ; ; i ' i t  
' i ; ;  h " lh  s idc 's  o f . the  t ran icc t ) .  Dens i l y  was  thcn

c  ch  mon lh .  and { ) t  cumula t i r . i i  
- i i r . ' p r . l  

e r t imated  on ly  f rom counts  ob ta incd  w i th in

Nl . rcsbv  s tu t l v  las  l rom c l . t " t . " '  i vz ,  i "  i J t -  lh i \  h rsa l  reg ion

ruury  l97 lJ  (Bc l l  l9 f t2a) .  ( ] )  t_ inc  Tran :cc t  Mcthod (Andcrson & pospa_
ha la  1970.  Burnham er  c1 .  I980) .

A1 wo l lonrombi  th rec  spec ics , - l  t j i f r f  
l ' ;  

t  h , .  A  pu ly r ronr ia l  rcgrcss ion  cquatbn  (w i th  thc
?::).':::,.,A1"::t,'i.1! 3iiii1i1: lh.,,,8"T-runtp.d. 'l ri,'Jo""t"'.,'-' ser at zc,'o) was riucd to rhet  (  t : t t t ( ) tq t  \ '  a r r ( r  t l rL  ) t r ru l ! ( l  '  " '1 i '1  

I  i ' l t  , ' : : :n -  r lu lu  "n  r  fugLr (nc \  . l  r l c lec l ion  lo r  eaehsivcly studierl for (n'er thrcc yeii\.(,! l . l ] I98'r! , ' ir.. i . '  lhis cquariorl was uscd to cstimarein prcss). R. i\. Noskc studic,cl treccrecpe[s, .f. i ,.*i l , fry adJusti l.tg l irr. the influencc ofinc luc l i rg  t l rc  \ \ ' h i t c - th roa tc t l  C l imactc r is  leuco-  i " , . ru i  , f , r tun . "  on  dc tcc tab i l i t y .plaau attt l thr l{cd-brot'cd ('. cr_r./ lrr.rps, for ovcr . .----
lh rcc  \ . i r r \  ( \oske  1979,  I9 l t2 i .  In  lg ' l8 l ig  L .  

' [hc  
|c la t i rc  b ias  o f  thc  abovc  th rec  cs t in ]a tcs

Ilutldy stuclicrl thc Scarlct Robitl Petroica multi- ,f\ ,-,,
i , , / , , r  r H L r r l , l r  l ' / 7 r , r .  I n  u , l , l i r i " ' ' -  u l l  

1 l  
r . t ,  

= -  u u .  e a l e u l u r c r l  b )  R U  l  { r  \  \  h . f cs r r t r . l t r ' t . .  . . ' l , , r r r -h l rn . l c , l  l rny  r |g \ ' ju r  hc l i c rcd  ro
hc scr'lcntar-v ancl this irrcltrctctl' 

l.l:ll?iiil*; D rs rtle rransccr csrin'rarc of dcnsitrlancr D isto ta l  loca l  p .Pu la t ion  9 l  the  s lcck lc r l -  \ \ ' l rh lc r  , r , .  . r "u r i11 :  dc tc rnr incd  l rom in tcns ive  s tudy  o tl i t r i< t tn is  saq i r ta !u . \  w i th  a l l  seven,  spec ics  " . , i , , r r_ r r ' i  r "a  b i r .c is  {T i lghman & Rusch lg l l t ) .t cn l l { ) iV ihomc range wus dc lc rmined by  spot -
n rapp ing  o l  occur rcnccs  anc l  o f  in t ra -spcc i f l c
rggrcss ion .  ' l -hc  

a r l t l i l i on  o l  p rogcny  was no ted  RESULTS AND DISCUSSION
an( l  ( l i \ i l ppcarunccs  o f  n ta rkcc l  b i fds ,  o [  in t ru -
sions of uirnarkccl oncs. \\ 'crc ngtcd On a we ckly. I)i l lct (n('t ht'tn'ecn nrclltotls at Wollomombi
oftcn ciail l . basir. Thus therc \\ 'e[c selcn srlccies, 

-fablc 
I shorvs nrcan clcnsitics for each specics

o l  wh ich  a l l  in t l i ! i t l ua ls  ucre  co lour -bandcd,  iL t  Wol lon lon ' lb i  cs t in ' ta tc ( l  us ing  thc  th rcc  t ran-
\ l l c rc  tc r r i lo r i l l  bour rc la r jcs  l vc rc  known anc l  scc t  n ' t c t l to r l \ ,  comparc t l  w i th  n tean dens i t ies
whosc  rcc ru i tn rcn t  an( l  loss  was mon i to red  c lc r i vcc l  I rom co lour ' -bant l ing .  Tab lc  2  shows thc
rcgu la r ly .  I -hc  popu la t ion  o f  c is t i co las  a t  Po l t  rc la l i vc  b ias  o f  l l re  t ranscc t  cs t imatcs  and sum-
Morcsbv  r rus  no t  markcc l  and ac tua l  nuntbcrs  f la r l zcs  rcsu l ts  o l  a  t \ \ ( ) -way  aneva tcs t in€ i  fo r
scre  unknown.  c l i lTc rcnccs  be t rvccn  nc tho( ls  and be twccn

spcc ics .  A l l  th rcc  nc thods  tcndcd to  under -
Thrcc  l inc  t r i rn \cc1  mcthods  were  app l ied  to  es t ima lc  dcns i ty .  A  pos ter io r i  l cs ts  (Soka l  and

lhc  cc l ) r ius  ( la1a ( tc fn l ino logy  fo l lons  Ebcrhard t  Roh l f  l r ( r )  s l ro t 'ed  no  s ign i i i cur r t  d i lTcrencc  in
1978) .  the  ac lua l  ( ie ta i l s  o f  how to  car ry  ou t  rc la l i vc  b ias  be twccn t l te  Var iab le -s t r ip  and L ine
thcsc  n ' rc tho( l \  a fc  l - . rc \cn1e( l  in  Appeuc l i x  A .  

- f ranscc t  
Mcthoc ls  (p ;0 .05) .  bu t  suggcs tcd  tha t
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bo lh  lhc \c  n r . lhods  \ \ ' c rc  s ign i f i can t ly  less  b iased
t l ' ran  t l rc  F i \c ( l - \ t f iD  Mctho( l  (p<0.001) .  The
Var iab lc -s t r ip  an t l  L , ine  

' f ranscc t  
Met l tods  bo th

a l l cn lp t  io  cornpc l t \a tc  fo r  dc tec tab i l i t y .  These
1wo nre t l lo ( l s  ncVcr thc less  usua l ly  underes t imated
dcns i ty  p rohab ly  becausc  o f  v io la t ion  o f  thc
assunrp t io l l s  n ra t ie  in  app ly ing  such techn iqucs
( I lu [nham t , l  ? / .  1980) :

(a )  tha t  b i rds  r l i r cc t l y  on  o I  t rcar  thc  ccn t rc l ine
r r ,  i l l  nerc r  bc  missed:

1b)  tha t  thc rc  i s  no  mo\ 'cnrcn t  o f  b i rds  in
rcsponse to  th ! r1  o f  thc  observer :  and

(c )  tha t  no  b i rd  i s  counted  m{) rc  than oncc .

Spccific Lli l lerenus
Undcre  s t imat io l r  in  i t sc l f  c loes  no t  necessar i l y

i r f l c ( l  t l r c  r r ieJ r r lnc . , r  o f  l ra lsce l  c l t imatcs  as

H. L. Bel l  & S. Fert ier: Transect counts densitv rel iabi l i tv

i nd iccs  o f  abun i lancc .  What  fca l l y  mat te rs  i s
whcther  o r  no t  b ia !  i \  cons tan t  un( le r  a l l  s i tua-
t i t l r r '  h , . ing  (on t lL r r i r l .  \ ' .g .  \ cur \ .  \ ja \ ( 'ns .  iPec icS.
hab i ta ts ,  e tc .  l ' he  Wol lomombi  ( l i r ta  havc  becn
use(l to test for diffcrenccs in bias bctween
species anrl betwecn seasons. I l ias was found
to dilTcr significantl) ' bet\\ 'ccn spccics for all
th ree  t r i tnsec t  methods  (see Tab lc  2 ) .  Th is  i s
probably bccausc cliffcrcnt spccics violated thc
assumptions ol thcse methocls to dilTerent
clegrees. 

'fable 
3 summarizcs thc main factors

alTccting dctectabil ity of thc seven species. We
suggcst thc follorving main rcasons for clifferences
in (letectabil ity. White-throatcd ancl Red-browed
Trcc-crccpcrs wcrc accuratcly cstimatcd bccause
lhcy  arc  consp icuous  anc l  no t  shy .  Scar le t  Rob ins
rvcrc  gcncra l l y  ovcrcs t in ra tcd  poss ib ly  bccause
lhe same markcd birt ls \\()uld re-appear in the

TABLE I
Mean densily (individuals/10 ha) of seven species at Wollomombi. estimated from intensive study of colour-banded birds and three

transect methods.

Brown Buff-rumped Striated Scarler Speckled Red-browed white-thrcated All
Thornhill Thornbill+ 

A,I"btl 
Robin Warblcr Treecreeper Treecreeper Species

7.l l 7.5 11,1.5 3.2 :l. l) 4.2 4.5 48.t

l. Fixed-stripTransect

2. Variable-stripTransect
-1. Line Transect

2.9
4 . t ' 2.3---

2.3. - -

3 . 5 . .
3 .9
3 .9

4 .3
4 .4
,1.5 36.7"..

+ i September 1971i-May l9lt2 (22,1 transects). all other species September lg78-August 1979 (56 rransccrs).
Signif icance of dif t !rence bctwccn actual and estimated density (paired t-test) *:  p < 0.(,5. ** p < 0.01. .*+ p < 0.(X)l

TABLE 2
Mcrn relative hias ('X,) ot density cstimarcs al Wolk)mombi. using rhrec rransecr merhods

Brown Bufl-rumped Siriared Scnrler Speckted
Thornbill Thornbill Thornhill Robin W|rblcr

Rcd-hr)wcd Whfte-thmaled Alcrlrgc
'Iieccrceper Trccc..cpcr

L Fixcd-stripTraDsecl

I Varirhlc-strip lrxnsecr

,3il

l8 F=24.3**'
(d:22rtn)

t 5

)7 +21{

+ 1 7

-17

1

7

{5

,-15

-:li)-21 :13

-13 -50 +19 -5{l

l -  =  4 r . r . "  ( d f  = 6 . 2 1 6 1 )

-10

F values arc lrom r lwo-w.ry Anova tesring for diftircnccs in relarilc bias herween merhods lnd hcrween \pecies: "'p<(t.{II r rh'r method x speli€s
rnteracl()n sr\ flot signjficrnl (F = 0 ll: df = t2.2163; p>{}.(t5)
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TABLE3
Faclon contributing to detectability and abundance ofseven inteNively-studied species at wollomombi,

Species Social groupings Dispenal of young Fongitrg station Calling Reference
BrcwnThornbill

Buff-rulnped
Thombill

Striated Thombill

Scarlet Robin

Speckled Warbler

White-throared
Tle€€reeper

Red-browed
Treecreeper

Permallent pairs, hold
territory year-round.
Tenitorial non-
breeding clan of
1G20, dividing into
teritorial breeding
groupsofl 9,1-3 dd.
Similar to Buff.
rumped.
Pairs hold year-
rould territory.

Pairs or possibly poly-
gamous, year-routrd
territory?
Pairs or individual.
Year-round territory.
Pairsorgroupsl9,
1-2 d d, year-round
territory.

Evicted in auturm.

Retained until spdng,
d d usually added to
parental group, 9 9
usually evicled.

As for Buff-rumped.

Asfor Brof,n
Thombil.

Retained until spring.
Then evicted.

Evicted ca 2 months
ftonfledging.
Evicted cd 2 months
ftom fledging, may
retain young 6 ,

Dens€ foliage of
undentorey
Gmundorbark
January-August;
moie arboreal
September-Decemb€r.

Foliage of campy.

Cround (autumn atrd
winter), calopy
(spring and summer).
Ground.

Trunks and bramhes.

Trunk and branches.

Irud, inftequent,
year-round.

Quiet, idre4uetrt,
year-round.

Similarto Buff-
rumped.
Quiet, moreftequeot
in sprirg.

Moderately loud,
inftequent, year-
round.
lrud, frequenl, more
winter aod spring.
Quiet, Aequetrt,?

Be[(1983)

Be[ (1983)

Be 0983)

HuddyOE79)

B€ll (in pr€66)

Noske (1982)

Nosk€ (1982)

samc transcct, suggesting that they werc being
ilrivcn forwartl and counted morc than once.
tsrorvn Thornbil ls wcre undcrcstimatcd possibly
bccausc thcy movc uway from thc observcr, into
(lcnsc shrubbcry. Striated Thornbil ls wcre under-
cstimatcd bccausc they are small inconspicuous
canopy-foragcrs which could bc overlooked even
fight on a transcct-l inc. Buff-rumped Thornbil ls
ancl Speckletl \\ 'arblers wcrc underestimated,
bccausc although easily locatcd, each group
rou ld  conta in  ind iv idua ls  over lookcd because
thcv wcrc fcctl ing behind tussocks of grass.

Seasonal dillcrences
Scasonal rl i lTercnccs in bias were investigated

for  cach spcc ics  us ing  cs t imatcs  c le r ived  f rom a
basal rcgion calculatrd from the total data for
that spccics. Seasonal comparisons between
ac lua l  and cs t imatcd  dcns i t l '  a re  p rescnted  in
F igu lc  l .  A lso  shou 'n  a re  the  resu l ts  o f  s ta t i s -
l ical analyses tcsting for rl i ffercnces in relative
bias bctwccn scasons. Fir,e out of the seven
spccics sh0rvctl significant seasonal variation in
bias. To show that this variation is truly seasonal
anrl nol sinrply random, Figure 2 depicts

cstimatcd and known densities for Striated
Thornb i l l s  ove [  45  months .  The pa t te rn ,  as
shown in Figurc 2, is of gross underestimation
in spring and summer occurring in thrce succes-
slvc ycars.

Figurc 3 summarises variations in bias be-
tween spccies and between seasons. Not only
were thcrc marked dilTerences betwccn spccies
and between seasons within spccics, but there
were also signincant clifrcrences between the
pattcrns of seasonality displaycd by diffcrent
specics (indicated by a significant intcraction
bctwcen species and scasons in a two-way anova:
F  -  2 .55 :  d . f .  18 ,700:  p<0.001) .

We can providc plausiblc cxplanations for all
but onc of thcsc scasonal differences in the bias
of estimates (sec Table -.1). The low estimates of
S t r ia ted  Thornb i l l s  in  spr ing  and summer  con-
form to othcr rcports on the specics (Bell 1980a,
Ford  & I le l l  1981,  Kavanagh & Recher  1983,
Rechcr  ? l  a1 .  I983b,  Tay lo r  1983) .  wh ich  sug-
gestcd a movcmcnt out of the census area. In
fact therc is very l itt lc cvidcncc that Striated
Thornb i l l s  a t  Wol lomombi  move ou ts ide  a  range
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Figurc l. Jt,anrrral (()mpdrison\ beti'ecn meon o.1ual
dcnsity and nteen e:timated densit! lvariable-
ttrip 7 runle< t) at Wollom.'mbi. Estimated
.lensitiex arc leri*d from a lixed hawl re?ion
(alotlated Jront thc total data lor that speCIex_
Rcsultr ol one-wc)) Anoyas restin!: lor difler-
ence in rclati,t,e bias het\jeen season! t'rere,
Rntwn Ttntnbi l l  F -  8.1,  d l  -  -1.2J,  p <
0.001; RulJ-rumped 'l 

tutrnhill F = 0.7, dl -
: t ,2:0,  p > 0.05;  Str iated Tl tornbi l l  F = 12.7,
dl : .1.220, p < 0.001; Speckled Il/arbler
F = L0, dl - .1,5-?, p > 0.05 Srctlet Robin
F'  -  . t . t ,  d l  = . t .52.  p < 0.05 Red-browed
Treecfeeper f  = 11.1,  df  = -1,52,  p )  0.001;
White-throated Trcerreepet F =26.5, dl =
|,52; p <- 0.001.

with a radius of ca 200 m (Bell 1983), even
iluring spring and summcr. The seasonal varia-
tion in cstimatcs results from seasonal changes
in social organization (Table 3). The large (ca
20 birds) non-brccding clans break up in spring
into small breeding groups of 2 to 4 birds. These
small groups are lcss noticeable; thc species does

not join mixed-specics flocks in spring (see Bell
1980b): the abundance of food, comparcd with
autumn and wintcr, results in fewer tree-to-tree
movements of what is a diff icult spccics to
observe at any time; femalcs are incubating for
part of that t ime antl adults probably moult and
arc lcss activc in summcr.

We can olTer no cxplanation for the Red-
browed Treecreeper being less detectable in
autumn. However, the high detectabil ity of
Whitc-throated Treccreepcrs in wintcr may
relate to their violent and conspicuous territorial
displays by males before the breeding season
(Noske 1982) ,  H igh  de tec tab i l i t y  o f  Scar lc t
Robins in autumn and winter relates to their
seasonal change in foraging habits. Huddy (1979)
found that Scarlet Robins switched from arbo-
real to ground feeding in autumn and winter
and also joincd mixcd-species fiocks. Thus they
became more conspicuous and, being closer to
the obscrver than when feeding in the canopy,
probably responded more to his movcmcnts. The
low detectabil ity of Brown Thornbil ls in spring
and summer  is  p robab ly  because they  nes t  and
hide their young in dense undergrowth at that
time, and rarely participate in mixcd-spccics
flocks. Thcre appcar to bc no seasonal differ-
ences in estimatcs of Bufi-rumped Thornbil ls and
Speckled Warblers, the consistcnt undcrestimates
probably being for reasons givcn carlicr.

The problem of seasonal variations in detcct-
abil ity can be partly overcome by processing
data scparately for cach scason (or even by
month if data are sulicicnt). This was not done
at Wollomombi, because when the various
studics startcd, thc implications of the widely-
difTering social systcms and the scasonal changes
in behaviour to estimates of density wcrc not
apprcciatcd.

Comporison ol seasonal astimales with
behavkturql changes of cisticr as

The proccssing of data separately by months
will be i l lustrated with census counts of cisti-
colas at Port Moresby, the data of which had
not becn analyzed unti l wcll after the commence-
mcnt of the studies at Wollomombi. In the
brced ing  season c is t i co las  a rc  rc ry  consp icuous .
call ing conlinuously lrom prominent perches and
frequcntly making soaring display fl ights. When
not  b reed ing  they  arc  s i l cn t ,  kcep ins ide  the
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Figure 2. Med, monthl\' .cnsus cstimatet (Va able-strip Transe(tt) ol Striatad |'lu)rnbills ot tt/otktmombi, tnmparetl't|ith octual numhers known to be present Septt,mber jgZg-Maf 19g2.
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Figure 3. Seasonal cltanges in relstiye bias ol trunsect
estimate: (tlaiahle-strip Transectst at Wolk)-
momhi. Estimotcs lor ea<h species ware
derived fntm a lixcd basal region calculated
lrum the lotol data lor that species.
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Figljrc 4. PertentaKe frequency ol detections ol Golden-
headed Cisli(:olas pbtted against distance lrom
thc centre-line ol ttut$e.t. Data dividcd ink'
whether or ru)t cislicolas were heard calling
during a parlitular tranrcct.
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grass  layer ,  and arc  usua l ly  on ly  secn as  a  resu l t
ol l lushing at short distances from the centre-
I rnc  , r l  thc  t r i ln .cc t .  F igurc  4  shr r rvs  tha l  thc
' i i r l t h  , , f  t h , :  r c g l u n  ' ) l  d c t c c t a h i l i r y  i s  g r e a t l y
rn l lucnccd by  th is  Var ia l ion  in  bshav iour .  Whcn E^ .
e i r l l i rg .  thc  .pee ic ;  i .  car i l y  Je tecrcJ  ou t  t t r  d  " .
100 m:  when no t  ca l l ing  most  b i rds  a re  de tec ted
u i l h i n  i 0  m  f r o m  l h c  c r : n r r e - l i n s .

l-igurc 5 shows thc scasonal variation in esti-
mrlcs of cisticolas based on a Fixed-strip-l-ianscct. 

fhis scasonal variation is signiRcantly
icduccd if bascd on a Valiable-strip Transect
ca lcu la ted  scpara tc ly  fo r  cach month  (co-
cll icients ol variation, f ixcd basal area - 927o,
var iab lc  basa l  . . rca  .  51qo:  t  2 .3 -1 ,  d . f .  -  50 ,
p < 0 . 0 5 ;  D o w  1 9 7 6 ) .

I - r ' cn  a l l c f  us ing  the  Var iab lc -s t r ip  Transec t
\lctho(l nlurkcd scasonal dilTcrcnces in estimates
o i  c is t i co las  a re  s t i l l  apparent .  These may be
rerl. fhc cxtcnt of grass-covsr burnt (sec
I j igurc  5 )  in  thc  c l r l  (non-breed ing  scason)  may
grca t ly  rcduccc l  thc  popu la t ion .  A lso ,  in  thc  wet
srason whcn brccdil 'rg occurs, therc may be, un-
l i ke  most  t rop ica l  l )asser incs ,  heavy  recru i tmcnt
of young. Most Ncrv Guinean birds havc small
c lu tchcs  ( l lanc l  &  Gi l l ia rd  1967)  bu t  c is t i co las  a t
Por t  Moresby  lay  four  cggs  and seem usua l ly  to
l l cdgc  th rcc  young (Bc l l ,  unpub l .  c la ta ) .  More-
ovcr ' .  un l i kc  n los t  l rop icaL b i rds  thcy  may be
tloublc hrootlccl. Horvcvcr, scasonal I luctuations
i r r  c \ t imutcs  may a lso  bc  duc  par t l y  to  var ia t ions
in (lctcctabil ity ltot conrpensatcd for by the
Variablc-strip Mctho(l (c.g. variation in dctect-
ab i l i t v  d i rec t l y  on .  o r  ncar  to  the  t ransec t  l ine) .

C'ON(]LUSIONS

( autior is nccdcd whcn using transect methods
to  conrparc  s i tua t jons  in  wh ich  dc tec tab i l i t y  may
c i i l l c r .  In  th is  paper  u 'c  havc  concent ra ted  on
cii lTclcnces bctween spccies and betwecn seasons.
Y-ct detcctabil ity can also be affccted by time
of  day  (Sh ic lds  l9 ' /7 ,  1979 Robb ins  Ig lJ la ) ,
wcathcr  (Rarko$sky  & Ratkowsky  19 j9 ,
Robh ins  l9 l t lb ) .  hab i ta t  (Dawson I981,  R ichards
l9 l l  I  ) .  topography  (Myrbergc t  &  St rommc
lr)74), and diffcrcnccr hctwecn individual
obscrvcrs  (Faanes & Bvs t rak  1981,  Kavanagh &
l lechcr  1983) .

Somc comparisons may not involvc dif lerenccs
in  dc tcc tab i l i t y .  F r r r  cxample ,  annua l  counts

Figurc 5. (r,) Monthly rainlall dt l\,rt Morcltb! \t()
and p.r .?ntagc d t run\kt  ar?u hurnl
( ) ) '

lb)  Montt t l ) 'cst imatcs of  densi t ics o l  Goldan
lrcarled Cistiulat uing tlle Iixerl-!rip
and Varial)l(strip Trcn\ed Mctlnds.

(c) Monthlt variatian in the oelli(ient ol
dctedahilitJ, (Enlcn l97l\ lor th(
Golden-hcatlctl Cistittla, i.c. tlk (iimated
Droportion 4 hit.lr (ountel within a
)00 m t i lp  r ranvtr  srr ip.

designed lo assess population trcnds may be
rclatively frcc of detectabil ity problems it con-
clucted undcr stanclard conditions (c.g. t ime of
year and day, wtjathcr ancl habitat). I ixanples
of studies in which such problems are l ikely to
be encountercd  inc lude:

(a) comparisons of counts madc at clif lerent
timcs of ycar to asscss scasonal cllangc in abun-
c lance;  (b )  compar isons  o f  counts  made in
dilTerent habitats, or in thc sanlc habitat sub-
jec t  to  a l tc ra t ion  (e .g .  by  logg ing) :  (c )  compar i -
sons ol coullts obtaincd for diffcrent spccics
clcsignccl to conrpare thcir rclativc abLlndancc.

9
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Several transcct methods havc bccn specifically
designcd to ovcrcomc the problems associated
with varying dctectabil it_v (scc rcviews by Eber-
hard t  l97 l l  anc l  Burnham cr  c1 .  1980) .  In  th is
papcr we hav!' conccntratcd on two of these,
thq Variablc-strip Transcct and the Line Transect
Mcthods. While both tcchniques performed
bct lc r  than thc  F ixcd-s t r ip  Transcc t  Method,
thcy sti l l  failed to compensatc adequately for
var ia t ion  in  dc tcc tab i l i t ) ' .  Th is  fa i lu re  most  l i ke ly
resu l ts  f rom thc  assumpt ions .  imp l ic i t  in  a i l
n rc lhoL l5 .  no t  hc inc  ra t i r f i cd .  Thc  mo\ t  impor tan l
oncs  arc :

(a )  b i r i l s  d i rcc t l l  onr  o r  near  to ,  the  cent re - l ine
rv i l i  a lways  be  de tcc tcd ;  (b )  thc re  l s  no  move-
mcnt  o f  b i rds  in  rc la t ion  to  tha t  o f  the  observer :
and (c) no bird is countccl more than once. The
accuracy  o f  es t imatcs  is  la rge ly  dc te rmined by
thc  dcgree to  wh ich  thcse  assumpt ions  are
v io la tcd .  V io la t ion  o f  assumpt ion  (a )  resu l ts  in
undcr-cstimation. Violation of assumption (b)
rcsults in ovc r-cst inla tion if birds arc attracted
to thc observcr and undercstimation if birds are
repe l lcd  by  thc  obscrver .  V io la t ion  o f  assump-
tion (c) rcsults in ovcrestimation. If the assump-
tions are violatcd to different degrees in different
s i tua t ions  thcn  compar isons  o f  the  es t imates
derived nrust bc intcrpreted with caution.

In cascs rvhere the violation of assumptions is
severc thc bcst solution nlay be to calibratc
t ransec t  cs t imates  aga ins t  independent  cs t imates
obta incd  us ing  morc  in tens ivc  census  techn iques .
This approach has alrcady been used; for surveys
of  Ncw Zca land passcr ines  (G i l l  1980) ,  Emus
I)ronlaius novachollandiae (Caughley & Grice
1982). Noisy Scrub-birds Atriclrcrnis clamosus
(Snr i th  &  l -o f rcs tc r  l98 l ) ,  and Rufous  Scrub-
btrds A. tufesrcnr (Ferricr 1984). The propor-
tions of knorvn bircis countcd at Wollomombi
in tl 'rc prcscnt study could also be used to
adjust counts mads elsewhere in similar habitats
and conditions. Unfortunately, calibration is t ime-
consuming and its a(lvantagcs thcrcforc nced to
bc carcfully wcighecl against dif lerent methods
.ueh i i s  co l , ru r -banJ ing  anJ  mapp ing .

Abovc ali, wc sl 'rould guard against dogmatic
c la im!  tha t  any  one census  method is  supcr io r
to  another ,  o r  tha t  a  s tandard  census  mcthod
should be uscd for all species in all situations.
The advantagcs of stanclardization may be offset
by problcms of r,arying dctcctabil ity. These
problcnrs may be partlv overcome by using

methods that adjust for dclectabil ity. Howevcr,
if the assumptions underlying such methods are
sevcrcly violated then it may be neccssary to
consider othcr typcs, or combinations of types,
of censusing tcchniques. For example, in a study
of lowland rainforcst in New Guinea, Bell
(l9tt2b) cstimated densities using a combination
of transccts; spot-mapping: delincation of terri-
torics by colour-banding, mark and recapture;
and, as a last rcsort, cstimated distances between
call ing birds. Thc overall dcnsities were closc tcr
thosc from other cquatorial forests of similar
structurc, where diffcrcnt mcthods of census
werc applied to diffcrcnt species (e.g. Africa,
Z immerman 1972,  and in  Ma lays ia ,  Wc l ls  1978) .

To concludc, we can do no better than to
h c e d  t h e  p o i n t s  m a d e  b y  K a r r  ( 1 9 8 1 ) :
' ( l )  Use a  compos i te  o f  census  proccdurcs

selected to provide the best possiblc data
fo r  a  var ic ty  o f  spec ies .

(2 )  Se lcc t  p rocedure(s )  wh ich  do  no t  depend
on some seasonal phcnomenon like breed-
ing for their cffcctiveness.

(-]) Identify cxccptional species and usc special
procedurcs to improve knowledgc of thcir
abundances if such knowledge is appro-
pr ia tc  to  p ro jcc t  t ,bycc t iver .

(4) There is no substitute for knowledge of
thc  an ima l  under  s tudy .

(5 )  Kccp in  mind  the  cons t ra in ts  p laced on
these thoughts  by  var iab i l i t y  in  s tudy
objectives.'
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APPI]NDIX

Core l l a  9  (1 )

? ! E = : r r r s

4.50  ,  ,<
2  

- " '

7 . 2 0  ̂ . ^-T="u

9 $ = r a ^

11.80  ̂  -_
5  - " "

|]4 =.> 'R

12.50 . -^
1  " -

12 .65  .  . .
g  =  r . 4 r

12.65 . ^-
l 0 -

' = I ha, calculated by length (500 m) x twice the width ofthe
band (10 m x 2) to account for both sides of the c€ntreline.
10.000m'?= | ha.

This appcndix shows ho* to carry out the thrcc
census mcthods, Fixcd-str ip Transcct, Variable-str ip' Iransect 

and Line Transect. We rccommeod thc Vari-
able-\tr ip Transecl as an cas!. practicab,e method,
! jclding relal irely rcl iable results.

Fixed-strip Transect

number of birds counted

area of transec! str ip ( i .c. IcnSth x widlh)

d i v i ded  bv  n r rmbr r , ' f  t r an :e ( l  ( oun l . .

I

l eo -
L_ _f  _ _ _ _ CENTRE-LI ' |E

l e o ' '  
\J : .

ffi
Al l  b l rds lns lde
bouhdory counted

A transcct  of  f i red-$idth has i ts  boundar ics marked
(wid1h of  t ransccl  r i l l  dcpend on v is ib i l i ty ,  or  type oI
bi rds bcing counled).  Al l  b i rds ins idc the t ranscct  arc
counted.  Overhead l ransienls,  except aer ia l  foragers.
are not  inc luded. Densi tv is  cst imatcd as:

Variable-strip Transect

A l ransect  \ \ i th nr)  set  boundary.  Al l  b i rds recorded,
not inS their  lateral  d istance f rom thc centre l ine.  For
thc per iod under s lLrdy (e.g.  month,  scason, \ \hole studr)
obscrval ions for  cach spccies are ta l l ied in bands of
equal  \ r ' id lh f rom thc centre- l ine.  We recommend
monthly or  scas()nal  la l l ies bul  th is depends ()n a sul l l -
c iency of  observat ions.  The band that  cncomp:tsses lhe '
greatcst  dcnsi l !  f rom thc ccntrc- l inc is  the outer  l imi t
of  thc 'basal  .cgion'  conla in ing 'userblc '  obscrvat i ( )ns.
al l  other observat i ( )ns bcing discardcd.  In the example
bclo\ l .  the 40 m band encompasses the grcatest  dcnsi l r .
Est imated densi i )  for  th is \pecies is  thercforc 2.46 bi rds
pcr heclare,

Length oftransecl = 500 m, numbet of transects = 20

Band No. of Cumulative No. of Cumulative density
observations observations. (birdsperhectare)

averaged over20
rransecls
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Line Transect

to 20 30 40 50 50 70 ao 90 too
OISTANCE FROM TRANSECT LINE (ln)

A r\ ide variet!  of l ine transect est imators have b€cn
dcveloped, most involving complcx mathematical calcula-
t ions. Bumham e/ a/.  (1980) provide an excel lent
revie\r' of these techniqucs. The method us€d
in lhe present study was derived from that prof$sed
b) Andcrson and Pospahala (1970). The step6 involved
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are i l lust.ated usinS the
strip Transects above:

data presented for Variable-

(a) The densily of otrservations is calculated for
each l0 m band. For examDle. in the 40-50 m
band the average density of observations is

53 birds
z

@
o
u - l

z

=  2 .65  b i r ds /ha .
20 transects x I ha

(b) The density of observations within each l0 m
band is plotted against the mid-point of that
band. For example, in the graph below the
value of 2.65 birds/ha for the 40-50 m band
is plotted against 45 m.

(c) A F)lynomial regression line is fitted to these
points. In the present study we used a lhird
order polynomial with the l incar term set at
zero. The advantages of using this form of the
polynomial for density estimation are outlined
by Burnham el o,/ .  (1980). The l ine is most
easily fitted to the data by the method of lcast
squares (see Anderson and Pospabala 1970).

(d) The value of the regression line at zero dis-
tance from the transect is the estimated dcnsitv
lor thal \pecies. adju\t inB for the inffuence ol
distance on deteciability. In this example the
estimate is 2.78 birds/ha.


