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Receirel lE Mat(h. 1991

Atlention is drawn to deficiencies in some melhods of est imating survival,  including 'known to be
al ive or 'calendar ol captures melhods. The Jol ly-Seber model is recommended for est imalion of
survival, population size and recruitment from capture-recapture data.

The Jol ly Seber model is described and used to analyse banding data col lected from 184 Bridled
Honeyeaters at Paluma, Queensland between 1982 and 1987. The average populai ion size was 191
(190) but popu ation varjed markedly wilh season. A large inf lux oi birds was detected in lhe Apri l /June
quarler in 1984 and 1986 when populai ions were estimated at 750 and 322 birds respectively. The
local populal ion in non inf lux seasons averaged 80 birds. Annual survival ( inierpreted as proport ion of
birds remaining n the populat ion) averaged 0.751 (10.256) overal l  with an expectal ion of further fe
of 3 years 6 months but survival also varied seasonally. In 1982 €4 when most dala were avai lable
annual surv val averaged 0.672 during the period July-March (expectation ol further lile ol 2 years
4 months) but dropped to 0.077 durlng the Apri l-June inf lux period (expectat ion ot further l i fe ol
4 months). Recruitmeni to the local populat ion averaged 12 birds per quarter throughout the year but
received a boost oi several hundred birds during the Apri l  June quarter in some years.

INTRODUCTION

Estimates of survival arc available for compara-
tivcly few specics of Australian birds and some
of the estimation mcthods used are known to
yicld biased estimatcs of survival rates (Brownic
cr  (1 .  1985) .  Rowlcy  and Russe l l  (1991)  havc
summarized the methods and thc resulting
survival cstimates for 35 Australian species. Yom
Tov e/ a/. (1992) introduccd a new method to
analyse a further 35 spccies, including 22 not
included in Rowley and Russell 's summary but
their mcthod undcrestimates survival.

It is appropriate to use l ife tablc mcthods to
estimate suryival when wc are reasonably cerlain
of the fate of all animals in our sample. The
problems arisc in thc capturc-rccapture situation
whcn wc do not know the fate of missing animals.

Good methods arc now available for cstimating
survival rates in open populations from capture-
recapture data (Seber 1982; Pollock et al. 1990).
Based on  the  Jo l l y -Scbcr  modc l  (Jo l l y  1965;Scbcr
1965). these methods also provide for the estima-
tion of population size and recruitment.

Nevertheless several inappropriate Inethods are
sti l l  being used to estimate average annual
survival frorn capture-recapture studies.'I 'hese
suffer frorn a number of shortconrings, and
problcms arising from thcir use are worse if we
wish to compare estimatcs from diffcrcnt placcs
or species or cstimatcs dcrivcd frorn different
mcthods of analysis.

Nicholls and Woinarski (1988) have described
thrcc mcthods of cstimating survjval which arc
based on the number of birds known to be alive
(KTBA). Untbrtunately all three sufTer from
problems. Method 1 is a modillcation of Lack's
(1954) method. Lack's method underestimates
survival by an unknown but potentially large
amount. Method I can be positively or ncgativcly
biased. Methods 2 and 3 providc overestimates of
survival (again to an unknown degree). The latter
mcthods (citcd in Seber 1982, Pp.252-253) were
adnpted from lifetables where the fate of all
i r t r l i v idur ls  i s  knoun lnd  urc  n , r  l , , r tgc r  lP I r . 'P r i i r t c
when this is not true. All these mcthods assume
that survivirl is constant over thc pcriod of
interest, which wil l rarely be the case.
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_. .N jcho ls  and Po l lock  ( t983)  and Sebcr  ( t982,
1986)  d rcw l t t cn t ion  to  thc  ser ious  b iascs  in  such
mcthods i lnd rccornmenclcd that thev be droppcd.
Nichols and Pollock shou,cd thai the KTge
irppronch assullcs that survivil l  rates arc equll to
c i lp tu rc  ra tes  ( i . c .  a l l  b i rds  in  the  urea  oT rn rc rcsr
u'i l l  bc capturccl on every occasiorr) ancl this
assumption is rarclv truc ti)r capturc-rccirpture
data .  KTBA methods  arc  shown to  cs t imate
complicatcd functions ol suryival ratcs and prob-
ab i l i t i cs  o f  cap lu rc .  Thc  Jo l l y -Sebcr .  merhoa was
demonstratcd to be supcrior to thc KTBA
cst imatcs  anc l  N icho ls  (198( r )  showcd tha t  KTBA
cst rmates  rverc  espec ia l l y  inappropr ia te  tb r  usc  in
corrpllrtt i \.c studies.

The Jo l l y -Seber  n rodc l .  der ivec l  indepenc lcn t ly
b l  . lo l l y  (  1965)  and Sc t re r  (  1965) ,  has  been found
to bc a useful modcl for populations in which
there  is  deat l t .  permancnt  n ig ra t ion  and rccru i t -
mcnt. Thcsc arc often rcfcrrcd to as.??a popula-
t ions .  A  popu la t ion  wh ich  remains  unchanged
durin-q thc period of investigation (i.e. the effects

l  r t l r , t t i l l i l \ .  r e c r r r i t n t c n l  i t n d  n t i g f i t l i ' ) n  i l r c
ncgligiblc) is callecl a doserl population. In popu-
lations whcrc migration is present. rccluitment
includcs both birth and immigration. and mortality
incluclcs both death and pcrmitnent cmigratiol].

Thc original Jolly-Seber modcl distinguishcd
bc twecn the  probab i l i t y  o f  an  an imal  surv iv ing
runtl its probabil itv of bcing caught. It allows both
quant i t i cs  to  varv  bc tween sampl ing  per iods  and
i t  has  s incc  been ex tcnded in  a  numbcr  o f
dircctions. It can include tags rccovcrcd fron.t
clcad animals (Bucklantl 1980) and the cilse wltcrc
different cohorts havc difterent catchabil it ies
(Buck land 1982 i  Buck land.  Rowlcv  anc l  Wi l l iams
l ( / x l )  l l  \ ' r n  r r i l , ' u  t , , r : . u r v i v r l  r r i r l i n g  w i t h  r r g t
class (Pollock l9lt l) and for tag loss and trap shy-
ncss. Thcse antl othcr refinements are mentioncd
by  Scbcr  (19136)  and N icho l l s  (1992) .

Although used widclv by rnammalogists anci by
ovcrseas ornitltologists thc Jolly-Sebcr method
has bccn largcly ignored by Australian
ornithologists. Givcn its advantages ovcr othcr
nlcthods of cstimating survival it has been thought
worthwhilc to describe thc method and give an
cxample  o I  i t s  use  w i th  Aus t ra l ian  da ta .

In this paper the Jolly-Scber nrethod is used to
estrmate survival. population size and recruitment
trom cilpture-recapture data covcring the period

191J2 to 1987 for a population of Bricllccl Honcy-
eaters at Pii luma, Quecnslanti. Estimatcs arc then
cornpared betwccn yetrs and bctu'ccn scasons.

METHODS

Studr Site
' Ihc 

study s i te was locr ted 5 kn]  wcst  of  Pl lu ' l la  (19"0 '5.
l .+6"9 L)  t rnd aboul  u{)  k ln north wcsl  o l  

' fownsvi l lc  
in

Oueelr \ l i lnd.  The Palumr Rlngc r i \cs 1()  |  051) m abovr sca
lcvcl  rnd f l r in la l l  sufpo s rn i r rcr i  o l  r ropic l l  ra ioforcsl .  Wet
sclcroplr r l l  iorc\ l  ( lominurcd bl  l ] lo(x lcd ( lunr t l rnt t |pf t ts
8tu,1i \ l  occurs on thc r i r in l ( r rcs l  murgin.  Wi lh i  thc wer
sclcrophvl l  forcsr  thc undcrstorcv coo\ is t \  ot  r i r in l i ) rcst  phnls
or l \ .c t  sc ler  ophyl l  spccics.

T h c  c l i | n i i t c  r s  t r o p i c r l .  w i t h  h i g h  r a i D l a 1 1 .  h i g h  h u n i d i r y
and wirrm lo h01 rcrnpcnr lufc\  Mcan annual  f r in i i l l l  for
l ' a l u n l a  i s : 6 6 5  m n  \ \ ' i l h  m o s l  n i n  f a l l i n t  b c t w c c n . L r n u a r y
rnd Mrfch.

Birds wcrc t rapped in mist  ncts uhich rvcrc opcncd for  a
m i  i m u n o l 6 h o u r s i n ) n  6 . 1 { ) l . n r .  o n  c a c h o c c l s i o o .  B i n d i r g
\ l ls  c i r r r icd oul  oncc Lr  nx)nlh f rct l  Junc l9 i l2 to Dccember
198.1.  lhcn sporrdicLi l l )  thcfer f lcr  Lrp to Mar-  l9 i i7.

Thc dal i r  anal)scd consist  of  lbc c i ip lurc h isk)r ics of  lU. l
Br id lcr l  I loneleatc|s caughl  a1 thc s lud! '  s i lc  bctwccn Junc
l98l  and Mrl  l9f i7.  I t  \ \ ' i ls  to(  possib lc lo dctect  whcthcr
birds wcrc ju leni le or  idul l . l rd only l . l  o l  thc b i rd\  could bc
sexcd (9 fcf i r lcs.5 nalcs)  so thar age l rnd scx havc been
ignorcd i r  lhc analvsis.

Dalr  wcrc rn i t ia l ly  consol idatcd in lo annulr l  to l i t ls  bascLl  on
cl lcodar yci rs.  I  h is t ime sprn is  appropr i r lc  l i ) r  b i rds of  thc
wet t ropics whcrc brceding.  i r l though i1 can occLrr  in a l l
r rxnrths.  l \  l rcqucnt lv  i  i t ia l rd by lhe onsct  ( ) t  thc wc1 scl tsol r
in midsunrn]cr . ' l { )  r lk) \ , ,  cr lcLr l l r l io t  o l  scrsonal  cf lec ls rhc
data wcrc l lso anrhscd as qui l r lcr ly  lota ls l i ) r  Janui t rv March.
Apf i l -Jurc.  July Seplembef and ( lc to l )cr  t )ccelnber l i ) f  rhc
ycah l9f i2 lo 1986.

Statisticul Analysis

Est imutcs oI  thc paraIncters \ !cre obla incd using thc Jol l ) , -
Sebcr nrcthod dc\cr ibcd Lrc low lvhich n) l lo$s Scbcr (1982).
Al l  Drersufcs of  vrr iat io i l rc  s(rnd rd crn)rs which wcrc
calcula lcd f rorn the lormuh givcn bv Pol lock 4 t t .  ( l t ) ( )0\ ,
using thc p()gram JOLLY (Brolvnie .1 11.  l9f i5:  Pol lock ?l
a/. 1990).

I l  is  assunred thal  ar  rhc l i rs l  t imc oi  b lnding (hcrc is  a
popul l t ion o[  NL bix]s (of  i r  par l icul r r r  spccies or  gnrup)
prcscnl  in lhc afca of  intcrcsl .  A1 thc second point  in t in lc (he
nuDbcr of  b i f t ls  prcscor \y i l l  bc Nr.  Bctween rhe two r imc\  we
assumc tha!  B1 bi rds havc been rccrui ted to lbc populrr ion.
by bi f lh ( ' r  imnr igrat ion.  and ihal  Lr  b i rds hrve bccn losl
througb de.r th or  cmigral ioD. We sh.r l l  c l l l  thc propor l ioD of
bi rds losl  the morta l i !y  fatc (dL).  r l rhough rhis wi l l  jnc ludc

losscs through cmigrat ion as wcl l  i ls  dcath.  
' l  

he numbcr Lr  of
b i fds los l  bclwccn the two t imes i \  cqual  to drNL. I l  we cal l
thc surv ivr l  Sr .  then nrcr t r l i ly  (dr)  = I  Sr We crn now si tv
that  thc number of  b i rds prescnt  at  t imc 2 is  equr l  to thc
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nunr l rcr  prcsr :nt  r t  t inrc l .  p l t l \  b l rL ls rccrui tcd lo rhc popnla-
l i o n  l h r ( r u { h  b i ( h  ( l  i n l r  i s r a l i o n .  n i n u s  b i r d s  l o s r  l r o m  t h c
t)ot)u l i r t ron lhf( rugh dei t lh or  crnigr l r r i ( rn.

r . r .  N r  =  N  r  I i r  ( l  S L ) N ,

thr \  cr in b l r  rc l lcr i r l izcd so thar.  for  cuch pi r i r  o l  roniecul ive
t r r r : c \ .  \ l \  t l m c  i  a n d  t r m c  I  +  l

N ,  ,  =  \ .  +  B .  ( l  s , ) N , .

Thc ()b i f f t ivc is  ro csl inr i r rc pofular i (nr  \ ize (N,) .  rccrui tmcnt
( l l  )  rnd \Lrr \ i !u l  (S,) .  nnd thci r  corrc\ponding standrrd crr( r rs.
l l ) r  crrch t inr .  tcr  iod.

( l )  c \ c r ) ' b i r d  i n  t h c  t o f u l a t i o n  h l s  t h c  s a n c  p r o b a b i l i t y  o l
br lng c i rL{ht  in i r  g i \ 'en \ lnrplc.  providcr l  i t  i \  i r l ivc and in
thc f ,opulLl l ion al  th i r t  t im. i

( l l  f \cr)  b i i ( i  in  thc poful r r ion hls rhc sanlc probirh i l i lv  of
\urv iv i l ] l l  l r ( )m one s i rn4r l inr  pcnod ro thc ncx( i

( - l )  c \cr i  b i rd cuplLrrcd in rhc polLr l r i ion ha\  rhc s lmc prob
irh ih lv (J l  bcin{  rcturncd to thc fopul i i l ioni

( .1)  b i r r ls  t l ,  nor lo\c brncl \  lnd l l l  b lnds arc c{)nccr l !
l L  l \ t l l ( i l  

t l l  l ! r '  \ .  1 \ :

(5)  \ i lnrp l ing t r Inc i \  \ rn i r l l  i r r  rchl ion rc 1otr l  r inrc i
(6)  los\c\  l ( )  thc populal ion f ron cDr i l ln t ion or  dcath arc

Nol l t ion js  \ur  nr i i r izcd in f rb lc l  Tbc values nr , .  r , .  and
z,  can be cr lculuted i r (Jnr lhe t lbnl i l t ion of  rn, / .  i .c .  the nunbcr
ci lu{hl  in lhc r rh s lnrplc nc\ l  cupturcd i  lhc l lh  srnlp le.  Thc
vr lucs In,  i rc  thc column lo la ls.  r , l rc  thc r (n i  r ( ) r l ls  and z,  r r rc
thc t ( ) lu ls of  lhc dumbcr\  ln thc rcctanguhr b lock to thc r ighl
o l  colunr l  r  i rnd abo\r  r1)w r  \ \hcrc i  = /  Fof Inulae for  M,.  S, .
N, .  l l ,  rnd p,  i i rc  as lo l lows:

(a lculat ion ol  nunrbcr o i  l ) i rds marked (M, and N,I ' , )
P  r l

M  
- . ,  

2  r r r  r ,  1 . . t . . . . '  l )

R
M ' .  =  r . r  +  I n .  ( /  =  1 . 3 .  . . . .  s  l J

I,

Calculat ion oi  surv ivr l  (Sr and S,)

. .  M ,
- '  

R l
t\t +

' ,  =  I  -  ) '- I ' V

Cal(u lnt ion ol  populr t ion s ize (N,)

N . = N I  '  : r r : l .  l . . . . \ - l r .'  l ,  +  |

Calcuhl ion oi  fecrui tnrenl  ( l l , )

B  =  N , . r -  S ,  l N ,  n ,  +  R , ) .  ( i : 2 . . 1 . . . . .  s  -  2 )

Calcul : r t ion oi  ln)bl lb i l i { !  o l  c : rp lurc (p,)

P : M r ' : -  \  \  r )

Lxamplcs of  c l | lcula! ion\  are givcn in Trble 4.
' Ihc 

expcclcd l i fc  spaD .r i tc f  crp lurc.  E/  .  can bc cr lculat€d
fronr \urv i ra l  (S,)  using the formulr

L.  :  1/ log.  (S,) .

r  = nunrbcr ofsampl ing Frn)ds.
p,  :  probrhi l i l )  of  a b i rd bcing c i ru lh l  in thc i th srmt lc.
d ,  :  p r o b r L ) i l i l ) o f x b i f d l c a ! i n g t h c l ) o p L r l i r l i o n h c t w c c n

t h c  i t h  a n d  ( i +  I  ) t h  s l m p l c .
S,  -  I  d,  :  probrbi l i l !  o l  r  b i  \urv iv ing f ronr rhc t th to

t h c  ( i +  l ) t h  s l  r f l c .
N,  :  lo l i r l  unrher o l  b i rds in thc pofula l ion iust  bciorc

M, :  lo la l  numbcf of  brn. lcd bi rds in lhc potulat ion jnsl
hcl { ) rc t imc i .

M",  = lota l  numbcf of  b i rndcd bi rdsin lhc popuLrt ion just
hek)rc i imc I  ( ignof ing possih lc b i rs la,  smI l l
n u n r h c r \ ) .

n ,  =  n u l n b c r  o l  b i r d s  c u u g h t  i n  t h c  i t h  \ a n r p l c .
n r ,  :  n u n r b c r o l b a  ( l c d l ) i r d s c a u g h l i n t h c i t h s i r  r t l c .
ln, ,  :  nunrbcr c ' rughl  in thc i th srnlp lc ncxt  c i lpturcd in thc / th.
R, :  numbcr of  brndcd l ) i rds rc lcase. l  af tc f  thc i th sanlple.
r ,  :  un]ber o l  bandcd bi fds l fonr thc rc lcasc ol  R,  b ids

\ \b ich arc la lcr  rcc lp lufcd.
z,  :  nuInber o id i f fcrcnt  l ) i rds caughl  hel i ) rc lhc l rh \ l ln ldc

which r fe not  cuughl  i r r  thc i lh  samplc but  l rc  caughl
h l c  r .

B ,  =  I l u m b c r  o l  n e w  b i d s  j o i n i  r  t h c  p o p u l a r i o n  i n  r h c
in lcr  val  tn)rn t inrc t ,  tu t i ruc 1, ,  I  which l fc  s l i l l  i t l ivc
. , r ' . 1  i I  r l ' .  t h l . J l . r r . ' ,  , r  r r m (  I

L,  :  numbcI of  b i rc ls lcrv ing thc populat ion in lhc in lcrv l l
1 r  o m  r i m c  1 ,  r c  l i m c  1 , ,  r .

Er.  :  cxfccla l ion ol  l i fc  a l ter  captu|c
loge (S,)  = log.rr i lhn to bnsc c ot  surv ivr l  (S,) .

Knorvn var iablcs arc:  n, .  m,.  m,r .  R, .  r , .  z
l lnknown r ' l lue\  l l re:  p, .  S, .  N, .  M,.  I i , .
I t  is  Lrssumed: n)L = r \  = zr  :  r ,  :  Nlr  :  0 und BL =Nr.

Sincc surv ivLr l  has bcen dcf incd in tcrns ol  b i rds rcnr l in ing
in the populat ion.  c 'xpcctc( l  l i fespan c ln bc thoughr of  ls  thc
cxpcctcd l i Inc b i rds are pre\cnl  bei) fc  lhc!  lc l lc  or  d ie.
For su|v ival  v i t luc\  crcalcr  than 0 I  thc approxin l r t ioo
E'  : (2 d) / ld.  whcrc d is  mor l . r l i r ) .  is  sor ct rnrc\  Lrsed.
I Iowc!cr .  lor  surv ival  valucs hclow l ) .1 thc rpproximit l r (D Do
l , ' n g r r  h . ' l J , : , , r , 1  I h ,  l , ' !  l , ' r n r . l . ,  r r  , n t r , , f  , r (

E: j l imir lcs for  annual  and quar lef lv  s\ r r l iv l l  i t rc  ot  c(nr l
prrable.  To l rarrsform rhc quar lcr ly  \urv ival  cst imalcs 1o
annual  esl imates i1 is  necessafv to tnkc thc log of  S(quar lcr ly) .
d i ! idc b)r  l .  nrul l ip l )  b]  l l .  rnd l rke thc rn l i l ( )9.

RESULTS

Capturc histories lbr individual birds can bc
represented by l scrics of zcros and ones.
representing not captured or captured, rcspcctivcly.
in a particular pcriod. Somc typical capture
histo es are shown in Tablc 2. Bird I was capturcd
jn the first period and never seen again. Bird 2
was capturcd in thc first pcriod. r 'ctrappcd in

TABLE I

SLInInl rv o l  n() lat ion.
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(l
0
I
0

0
0
0
0

0
l
I
I

I
2
l
1

TABLE 2
Captufc historics for four hlpotherical birds. I  = caplurcd.

0 = nol capturcd.

Bir.l
Capture pcriod

t l

0
LI
I
0

Captufc pcriod
.l .:i

Number
of birds

pcriod 2 but not caught again. Bird 3 was caught
i n  p c r i o d s  1 . 2 , 3  a n c l  5 .  B i r d  4  w a s  c a u g h t  i n
period 2 but not rccaptured.

As manl' birds lnay hzrvc thc same capture
history. such inlirrmation can be compressed by
introducing a weighting variablc. or count. besicle
each typc of capturc history to indicate how many
birds arc represented with that history. Thc full
sct of annual capture historics for thc Bridled
Honcycatcrs is givcn in Table 3.

TABLE 3
('ulturc-hi\rorics ior Bridlcd Iloncvcrtcrs al Paluma.

I : callurcd. {l : not capturcd,

Thc number of birds caught in cach year can
bc calculatcd from thc total of thc wcights in rows
with a 1 in the appropriate year column. The
complctc set of ycarly totals for captures are givcn
in Table 4.

Thc capture l 'r istorics arc also needed to tabulate
tlre pairs of successive capturcs, nti,. For insti lnce
the number of birds that were caught in ycar 1.
ncxt in ycar 2, is l-5. These are the birds that
cont r ibu te  to  thc  capturc  combina t jon  ( l  ,2 ) .  B i rds
with the capture historl '  1 I 1 0 I contribute
towards  3  separ i t te  ce l l s ,  namely  the  (1 .2 ) ,  (2 .3 )
and (3.5) combinations. Thc full t irbul.rt ion
o f  ' th is  and thc  ncx t  cap turcs  on  an  annua l
basis. designated m,i. is shown in thc body of
Tab le ,1 .

TABLE ,1

Tabulat ion ol  m,r .  rhc numbcr caughl  in thc i lh san\ tc ncxl
crught  in thc i th srmple of  Br iL l led Honcycrtcrs Lrr  Paluma.

f r  :  1 5 + 1 +  l : : 0 . r r =  1 5 +  I  +  l + l : 2 0 .

r r  =  l l  +  2  +  l :  1 6 .

m , :  1 5 .  m r  =  " 1  +  1 5  =  1 9 .

z t  : l ) , 2 . : . 1 +  I  :  5 . z r =  I  +  I  +  I  +  3  : 6 .

M  =  # . 5 +  1 5 - 1 7 x h

M . .  =  : . 5  +  l 5 : 2 8 . 2 5

5 ? + l
N . :  2 7 . u 6 .  -  =  9 . 1 . 0 3

.  J 7  5 q
' r  1 ) 1  , 5  1 5  +  i l

B 1  =  1 9 2 . 7 3  -  0 . 7 1 u  ( 9 1 . 0 2  5 3  +  5 3 )  =  1 1 5 . 2 ( )

2 3 1 5 6
53 80 28 22 19
s3 i to 28 22 19

nr: .13
R,, 43

1 1 5 . 1  0 0 1 2 0
2 15 t r  3 20
: r  l l  :  3  t 6
.1 3
5

1 5  1 9  1 2  6  9
z,: 5 6 l0 l{

I
I
I

i,
0
I
I
0
0

1 0 0 2
0 0 1 1
0 0 0 3
l l 0 l
0 0 1 2
0 0 0 6
t 0 { )  2
0 0 0 2
0 0 i l
0 0 0 2 3
t 1 0 l
I 0 0 l
0 0 l l
0 0 0 6
0 r 0 i
0 0 1 1
0  0  a  2 /
r 0 l l
1 0 0 1
0 I I I
0 l 0 r
0 0 l l
0 0 0 5 . 1
l l 0 l
I  0  0  1 5
0  I  0  1 6
0  0  I  t 0

0
0
0
0

0
0
0
0
0
l l
0
0
0
0

t)
0
l l

0
0
0
0
0
0
0

0
{)
0
0
0
t1

l 5
2',7 .86

= 0.53u.1
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TABLE.5

Annual  populat ion cst inatcs and s landard crrors of  cst imatcs fof  thc Br id lcd Honcyc.r ter  populat ion
i i t  Paluma from 1982 |o 1986.

Nunlber

M,

PopulLrt ion
size
N,

Surviv i i l
S,

Probabil i l t  SE
Recruitncnl ofcapture (survival)

B, P, scls, l

l9l{2
19lr l
l9i i l
t 985
r986

Mcan

0. t)0
27 .36
.17.59
70.00
98.00

60.86

0.6.1f3
0 . 7 1 8
0.616
1.000

0 .75 l

91.01
t9).13
1 5 6 . l 5
322.00

l 9 l . 2 3

125 .20
3 3 . 5 1

l68.l l5

l 0u .11 l

{).5:19
0.399
0 .  l 7 l
{).061

0.293

0. 1.10
0.10.1
0 .1 l0
0 .  100

0.259

I
2
3
I
5

TABLE 6
Scusonit l  populatron estimalcs for lhc Bridled Honeyeater populat ion at Prlunlr for J-Inon1h peiods ffun 19i12

k) 1985.

Numbcr
banded

M,

11)pulat ion
Survival sizc

S, N,

Probabil i ly SE
Rccrui lmcnt ofcaplure (survival)

B, P, sc[S;]

Apr.-Junc 1982
Ju l y  Scp t .  1982
Oct. Dec. 1982
.lan. Maf .  l9f i3
Apr.- lunc 198-l
Julr Sept. 198-' l
Oct. Dcc. 1983
.tan. Mar. 198-l
Apr.-June 198.1
July Sept. l9lJ l
Ocl. Dcc. L98l
Oct.-Dcc. l t) t l5
(1c1. Dcc. 19136
iUcan

I
2
l
-l
5

'/
8

l 0
1 1
t )
l l

0 . 00

t7 .20
32.00
39.25
37.20
3It.27
1t.6',7

102 .90
15 .87
5 l . 3 3
,13.00
63.00

1i1.62

{1.456
l).66,1
1.000
0 .919
0.656
0.rJ4l
0.8'7',7
r . 000
0 .231
L .000
0.6it0
L000
0 .167

57.?IJ
.11.2t i
89.60
96.1.1
99.20
63.79
16.39

149.',70
.19.33
82 . l l
69.30

322.00

1 3 7 . 1 5

) .92
35.56
1,1.0 i
16.02
0.00

20..13
592.49

0.00
r 8.83
0.0r)

241 .15
0.01)

s8 .55

0 .231
0.233
0 . 1 2 5
0.255
0.05,1
0.2u7
0 . 1 2 0
0.0511
0 . I 9 5
0.273
0 .081
0 .061

0 .  t 42

0 . t 7 ' 7
0 . 1 5 0
0 .359
0.291
0.256
0.:r0ri
0 . 1 1 6

0.080
0.198

L000

Population variablcs estimated on an annual
trasis arc summarized in Table 5. Seasonal popu-
lation v^riables for the ycars 1982 to 1985 are
given in Table 6.

Surviva! antl expected life-span

A summary o[ survival estimates and expcctcd
lifc spans, all on an annual basis, is givcn in Table 7.

The overall avcragc survival rate of Bridlcd
Honcvcatcrs at Paluma was 0.751 (+ 0.2-56) and
survival increased somewhat over the four years
(Table 5). The average lifc span was 3 years
6 months. However survival varied markedly
betwccn seasons. Calculated in annual tcrms,
survival was lowest in the April,June quartcr,

with survival rates ol 0.0433 in l9il2, 0.1850
in 1983 and 0.0028 in 198,+, with corrcspond-
ing  l i fe  expec tanc ies  o f  4 ,7  and 2  months
rcspcctively. Survival was higher in other seasons,
up to 1.0 in the December 1982, and March and
September l98,1 quarters. but it varied from ycar
to year.

Over the period I982-84 for which most data
was available, the mean s[rvival rate for the
March-Junc quartcr was 0.077. with a corresponcl-
ing l ife expectancy of 4 months. The mean
survival for the other nine months was 0.671
with a corresponding l ife expectancy of 2 years
5 months. These suruival f igures are all expressed
on an annual basis.
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.I'ABLE 
7

Arnual  sur! ival  rarc Lrnd cxpecrcd l i fc-sprn (year\)  of  Bfk l lcd
Hone!c i t lefs for  \eason\ dur ing l9E2_l9i l5.

Expcctcd
l i te span
(ycrrs)

Apr. Junc l9lJ:
July Scpt. l98l
Oct.-Dcc. l93l

l gu l

J. ln. Mar. l9i l3
Apr. . lunc l9tt3
Juh, Scpt. l9i l l
Oct. Dcc I98l

l9lJl

Jan .  Mr r .  l 9u . l
Apr. JLrne 198.1
Julv Scpt l9u1
Ocl. Dec. l9l i .1

l9l1-l

J  an .  Dcc .  1985

1935

0 0.1i3
0 .  r 913
L(X)t)0

0.6.17ll

0 .7130
0 .  t 850
0.5(x)7
0 .5921

0.71lt- ' l

L0000
0.0021r
L0000
0 .2134 )
(1.616.1

r.00110

l U(J{){)

0 .32
0 . 6 1

2 .30

2.96
0 .59
L.15
L9 l

1.00

0  t 7

0 .65

2 .21

fbpulution size

Thc average population size of Bridlcd Honey-
caters during thc study was 191 (1 90) birds, but
popu la t ion  tended to  inc rease as  the  s tudy
progressed. from 9,1 in 1983 to 322 in 1986. How-
ever. t lrcrc were large incrcases in population in
June of 1984 and 1986 where sizes were 750 and
322 respectively. Thc local population in non-
inllux seasons averaged 80 birds.

Recruitnent

Annual rccruitment figures werc misleading as
recruitment varicd markedly with scason. Large
influxes were measured following the March 1984
and Dccember 1985 quarters, of 592 and 241 birds
respectivcly. At other times rccruitment averaged
l2  b i rds  pcr  quar te r .

Probability ol capture

Proh: rh i l i t y  o f  c r l ch ing  a  h i rd  in  rny  onc  year
decreased irs the study progrcssed. from 0.54
(+  0 . l l )  in  l98 l  to  0 .06  (+  0 .06)  in  1986.  On a
quirrterly basis, the probabil ity of capture was
correspondingly lowcr. averaging 0.14 per season.

Corel la 19(2)

DISCUSSION

Few cstimates of survival or local popul t ion
s ize  arc  r r r r r i lab je  to r  n r ,n r ; r l ie  . , r  m ig l in i  .pcc i< .
in Au:rrajirr an(l Jetnr,grrphic L.:,t inrirr,... lur t iol ' i t.rrl
\pLcres  r r rc  p i l r t i cu l i r r l \ '  \p i t r {e .  T l t r '  i r v i r i l rb i l i t y  o f
l h (  P i r l u m l  d a l a  s c l  p r o m p t c J  t h i s  i r l t e m f l  l L r
c . l rm i r t (  jume l { )pu l i l l i ( )n  p l l r i  ne tc r \  l r r r  g r ;n ' -O
Honeyeaters, a spccies which has not bcen widcly
studicd to datc.

Thc rcsults of this study should be intcrprcted
with caution as sample sizcs were small and
standard errors of cstimates wcrc correspondingly
large. Scbcr ( t982) rccommends tltat mi and zi be
greatcr than l0 for satisfactory cstimates to be
achieved and numbers wcrc somewhat below this
lcvcl for quarterly pcriods.

Neverthclcss the results clcarly demonstratc
the prcscncc of passage birds bctween March and
Junc during the stucly. Thc survival rate drops in
thc April-Junc quarter of cach year with birds
remaining in the population for periods ol 2 to 7
rnonths. High recruitment levcls bctween the
March and June quartcrs lcd to population sizes
of severirl hunclred bircls in thc April-June quarter
in 198,1 and 1986.

These results suggest t lrat thcrc is a local
population of between 50 antl 100 Bridlccl }{eney-
eaters present in the study arca throughout the
year. The population is sometimes augmented by
an influx of birds on passage during the April-
June quar te r .

It should be noted that ovcrall avcragcs of
survival, population size anci recruitment can
t n a s k  p o : s i l r l e  \ a r i r l i , ' n .  T f  t h c r <  i r  r \ ' i r \ r ) n  l o
suspect sezrsonal Or annual variation ovcr the
period of study. ovcrall averages wil l be biased
and can hide important variations in the variablcs
under  s tudy .

Thus the average sutr/ival in non-inllux months in
1982-84 was 0.672 with an average expected l ife
span of 2 years 4 months, while the corrcsponding
influx season (April-June) figures were 0.077 and
4 months respectively.

The Jolly-Scbcr approach has important
advantages in this regard. It allows us to model
variation from period to pcriod. It also uses
in fo r rna t ion  l rom e lch  pa i r  , r f  succe. ' i r  e  c lp tu rcs
from cvcry bird, rcgardlcss of whcn it was
lirst caught, thus making maximum use of the
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i n lo rmat ion  ava i lab lc .  l t  lu r ther  d is t ingu is l rcs
bc tween thosc  mi r rked an imals  caught  a t  t imc I
and those no1 citught at t ime I but caught latcr.
Th is  cnab lcs  us  to  es t imate  thc  p robab i l i t v  o f
capturc. rvhich in this case ranged frorr 0.539 in
1982 to  0 .061 in  1986 as  the  ra tc  o f  v is i t s
dccrcascd. Thesc values demonstratc how the
assumption of completc captures. requircd by thc
K T B A  n r c t h , ' d . .  i :  r  i , r l r r t c d  i n  t h i s  e i r s c .

Thc  Jo l l v -Seber  mcthod a lso  a l lows us  to
calculatc standarci crrors and confidencc intcrvals
so that we can use powerful statistical nethods
basccl on probabil ity theorv. asscss thc value of
our cstimates. and clccide whether or not thcv
r (  r r l i l i t l  ! 1 , r 1 \ l i l r t l  r , r  L  h i l l t g L  u v e r  l i n l r  o r  l r o l ;
placc to place.

It is rl 'ortl l  making several poilts about thc
moc lc l  assunrp t ions .  F i rs t .  assunpt ions  l .  2  and 6
are tcstablc using goodncss-of-fit tcsts (Pollock cl
a / .  1985:  Brownic  c t  a / .  1986) .  Sccond.  i t  shou ld
bc notcd that some cstimators are not sensitivc to
dev ia l ions  f lom par t i cu la r  assumpt ions .  whereas
otlrcrs arc. For example diflcring capture
probab i l i t i cs  (dcv ia t ion  f lo rn  assumpt ion  1)  can
lcld to fairly large biascs in cstinrates of popula
tion sizc bul affcct survival very l itt lc (Carothers
1973.  1979;  N icho ls  and Po l lock  1983) .  Pemranen l
t rap  rcsponse (e .g .  nc t  shyncss)  l i kcwise  resu l ts
in biasccl estimates of population sizc but
procluccs no bias in survival cstinates (Nichols el
41. 19f14). Finall l ' .  Jolly-Scbcr estinrates perform
better than K'I 'tsA estimators cvcn when uncler-
lying assumptions are not met exactly. For
instance. the commonly uscd cstimator of survival
rs  lh \ '  l l l ( ' p i , r t i , ,n  o f  h i rds  .c r 'n  in  uny  une ye l r
aftcr ycar I pcrtbrms much worsc than the Jolly-
Seber stlrvival estimator. even whcn capture
probabil it ics dilfcr (Nichols and Pollock 19i.l3).

Sebcr  (1982,  1986)  and N icho l l s  (1992)  have
rccommended that approaches based on
'min imum number  known a l i ve 'o r ' ca lendar  o f
capturcs' mcthods be dropped and rcplaccd by
approaches based on modcls l ike Jolly-Seber.
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