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The popu at on size of the Wh te-rumped S\t llel Aercdramus spodiapygius n f ve F jan caves
has been estlmated by up to f ive methods. The averages of these melhods lor 1974 are: Dry Cave
413i Waterfa Cave.20994 Ono Cave west entrance 345 east entrance 10365 WayaaCave
B 430 C kob a-i- la!,  210 The argest annua average est mated popLrlat ion was 32 526 for Walerlal l
Cave n 1975 A though the populat on of Dry Cave dec lned between 1974 and T9B4 the recapture
rate ol marked birds remaned hgh These dala show an aveTage survva rate ol 64%, though a
surviva rale ol 73% (whlch is deterrn ned when data taken in the abnormal Vears of 1976 and t9B2
are deleted ).  may be anore rea st c The higher rate. wh ch g ves an adult lurther le expeclancy ol
3 2 years is h gher lhan most passerlnes some seabirds and one other spec es of sw It  H gher adLt t
fe expectancies have been shown lor four other swift  species Juvenile morta tv s snown ro oe roo

hgrr lo replace the adul popuaton and l t  is reasoned that human nterference in DrV Cave s
responsib e for the hlgh lLrvenl le morlal i ty Adull  morta ty is low and ar ses lrom predahon and acc -
dents calsed by conspec I cs The current ongev ty record n lh s sludy is at least T 2 years

INTRODUCTION

It might be assumed that if a population is
large, its survival is not threatened, but without
ccnsus data only guesses can be made as to its
long term viabil ity.

. Knowing something of the stabil ity of thc popu-
la l ion  upon.wh ich  mrn ipu la t ion  {Tarbur lon  lqRT)
Jnd tongev t ty  \ tud lcs  \  e re  made.  cou ld  he lp  in
the intcrpretation of the results of those experi-
ments. The abil ity of the swift lets to o6tain
adequate food for themselves and their chicks is
the basis of both studies. ln the former, the
growth rates of chicks in artif icially enlarged

broods of three wlls compared with thc growth
rates tbr single chicks and those in broods of two
young. It was reasoned that a population in
balance with its food supply would not bc able to
gather enough food to feed an additional chick.
On the other hand it has been sussested that lor
the  Lesser  B lack-hr (ked Gu l l ' - l  a rus  Iu ; tus
( H r r r i s  a n d  P l u m b  l q b 5 )  a n d  t h c  N , ) r t h  A r l a n r i c
Gannet Sala bcssaaa (Nelson 1964). the abil itv to
ra isc  b roods  ar r i l i c ia l l y  l i r rger  than normal  wa i  a r
least in part facil i tated by an increaseci food
supply, resulting in a period of considerable popu-
la t ion  growrh  pr io r  ro  and dur ing  the  r ime ihe
manipulation experiments were being conducted.
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Figrre 1.  Loror ion ol  l rh i t t tuDtrd S\ i l i tu Lotoni$ sntdi?d

all birds that roost and Lrreed in a particular cavc
cnter  i t  cach  n i -qh t .  To  chcck  th is .  es t in l i i t cs  madc
b). dircct counting in Drv Cavc werc comparccl
wlth a ncst count anci two capturc-
recapture analyses: Jolly, 's Stochastic nrcthod and
the  Mod i l i cd  Pc terscn  met l rod  (Begon I979) .  As
t l le  Petc rsen n tc thod docs  no t  a l low fb r  dca ths .
thc  number  o f  markcd  l ) i rds  cs t im i l t cd  bv  th is
n t c t h , ' t l  w l s  l r ' ( l u ( e d  i r l  t l r c . . r r r l  , , 1  c r r . h  r r l l r  h r
29  pcr  cent .  t re ing  thc  cs t imatcd  annua l  n jo r ta l i t v
r i r l .  [ , ' r  c : r c l t  , , 1  t h c  l I | . l  i  \ (  i r r \  , l l l (  r  l r ; r r r , l r r r ! .

In thc Water[all C]ave. r,eIv f(]$' rccirptures
were matle so thc Schnabcl method as wcll as
those o f  Peterscn  and. lo l l v  u 'e re  app l ied  to  the
recilpture data aDd each rcsult corlpared with the
ncs l  count .

ln  thc  la rge : .cavcs  the  swi l t le t  popu la t ions  wcre
es t imatcd  bv  count ing  ncs ts .  nos l  o f  wh ich
remaincd intact and were uscd fronl year to ycilr.
Ihc sampled area in thc Wate rfall Cave a1 Nasinu
conta incc l  ius t  over  th rec  b i rds  to  cacn ncs t .  An
assumptton was nrade thrt a ratio of three birds
to  cach nes t .  he ld  fo r  a l l  par ts  o l  thc  cave i i s  we l l
as tor other citves. t ire largcI oncs bcing censused
wi th in  a  week o i  comple t ing  thc  Water fa l l  Cave
census .

A l t t  r r r r r t i r e l r .  i r  p , , p u l . r l i o n  t h l  i <  e i t h e r . l a h l e  o r
I | |  d L c l t n c .  r r s  r r  r e s u l l  , ' f  l r  l i m i t i n g  l u , r L 1  s u p p l l . i s
un l i ke ly  to  bc  ab le  to  ra ise  a  la rger  b rood- than
tha t  normal l \  p roduced.

.. Jn this pafcr the population trcnds in two F'i j ian
(1E"S. .  179"E. )  caves  where  man ipu la t ion  exp ie r i -
ments and longcvity studies werc conducted, arc
detcrmincd. Thc populations of thcse and threc
other Fij ian caves are estimated and the locality
ol the ncsting sites arc mapped for four of the
cavcs. T,ogethcr fivc caves on-two islands (Nasinu
Caves fWaterlall Cave and Dry Cave], Oni Cave.
and Waiva la  Cuve arc  on  thc  i s land o f  V i t i  Levu.
wh i lc  C)no- i -Lau Cave is  on  thc  i s land o f  Ono- i -
Lau) ,  wcrc  incorpora tcd  in to  the  s tudv .  The
t t t r ( h e t  l i l r ' ( X l i ( \ t i r n ( \  ( ) l  i r d u l l 5  i i  ( i r l r . u l i r l c ( l  i l n d
that nreasurc. survivrtrship and krngcvity arc dis-
t u s . e r l  i r r  r ( l i t t i , ) n  r , ,  r h r ' s t r r l r i l i t y  ( , 1  e i r ! l t  f ( , p U l i r -
l l i \n  i ln , l  i r r (  L ' . r l l j r l r re . l  u iLh  Ihose fo r  i l  range o l
otlrcr birds. Finallv. causcs of mortality arc iden
tif lctl and thcir relative importlncc cliscirssed u,ith
a vlew 10 prescrvtng thcse South Pacific popula-
t ions  o f  the  Whi tc - rumpcd Swi f t le t .

METHODS

The location ol thc five Fij ian cavcs visitecl in
th is  s tudy  are  shown in  F igure  1 .  A l l  caves  are  in
llrrrestone ancl altbouglr Ono Cavc has scveral
l cvc ls  o f  dcve lopmcnt  nonc  has  reachcd the  s tagc
of collapsc that allows light to entcr internal piis-
sagcs or chambers. The majority of nest and roost
s i tcs  r re  in  thc  to ta l l v  dark  por t ions  o f  cach cave.
Thc  c tvc  0n  Ono- i - lau  is  the  on lv  o l ]e  w i thout
running $, ter ancl it anci l)rv Cavc are the onlv
1\r'o that do not pliss con)pletclv through thc base
( ) t  a  h i l l  t r )  p rov ic lc  a  second cn t tancc .

Drv and Waterfall Cavcs werc the nlost
l rcquen l lv  v is i ted  in  the  co l l rse  o f  th is  an t l  o thcr
s tL rd ics  w i th  a  to ta l  o f  59  v is i t s  to  Water fa l l  Cave
lund:15  k )  Drv  Cavc .  Ono Cave rvas  v is i ted  l0
t imes wh i lc  Wai , , l la  and thc  cave on  Ono- i - I -au
wcrc  v is i t cd  once.

F iVc  mcthoc ls  o f  cs t imat ing  popu la t ion  s ize
har ,c .been uscd in  th is  paper .  Count ing  the  s leep-
ins  b i rds  l l te  a t  n igh t .  oncc  the t 'hac l  ceasec l  cn te i -
lng thc cavc. \\ 'as thc first ntcthod ol ccnsus trnd
rs  on l r ,poss ib le  w i th  smal l  popu la t ions  in  smal l
caves .  I 'hus  th is  was on lv  feas ib lc  in  Dry  Cavc .
Nas inu  und thc  so le  cave on  C ikob ia - i -L iu .  Th is
nrc thod o l  cs t imat ing  a  popu la t ion  assumes tha t
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RESULTS

Oave I'opulution attd Population Trends

Drv Cut'e, Nasitttt

Data from the Dry Cave alone are sufficiently
comprehensivc to be analysed by Jolly's Stochas-
tic mcthod. The results of this probablistic
method are shown in Table l The raw capture
and rccapture data and preliminary computatlons
are shown ars Appendices 1, 2 and 3.

The four estimates made in 1974 using Jolly's
mcthocl indicate an average population of 397 I
51 (x + SE). Close to this estimate is that of the
Modified Petersen cstimate of 430 t 32. The two
cstimates for 1975 average 339 :l 79 which is simi-
lar to the Petersen estimate of 346 + 56. The l1
recaptures made in 1976 provide an estimated
population of 305 I 37 using Jolly's method and
204 t 28 fronl Petersen's method. These esti-
mates differ considerably but both indicate a
marked decline. This decline has continued, as
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the nest and bird count data in Table 2 indicate.
Nests declined frorn ]63 in 1974 to'19 in 1983
Bird counts indicated that the population declined
from 200 in 197,1 to 90 in 1983 but was maintained
at 94 in 1986. Nest positions in the cave are shown
in Figure 2.

TABLE 2
Populat ion of Dry Cave. Nasinu.

No .

Nests
Nesls Nests

x 2  x J

Jolly s Modified
Estimatc Petersen Bird

: lSD +SD Ccnsus

t971 163
1975
t9'76 t42
1978
1979
r980
l98 l  6 l
1983 49
r986

200

ull
9 t

lJ2

s0

430 t 51 430 a 32
339 I 79 3,16 I 56
105 :I 37 204 t 26

326 ,189

281 426

122 182
98 1,17

TABLE I
Populat ion cst imalcs of  thc Dry Cavc populatron.

Jol ly  s Est imatcs Modihc, i  PcLcrrcn

SaInplc
Date N i  t S E N i  l S EBiM i oi

S  A u g . 7 l
l f  ALrg.  Tl
' I  Scpr.  7- l

17 Ocl  7 l
l 9  D e c . 7 . 1
: l  N o v . 7 5
- 1 D c r  l i

l l )  l u n c  7 6
l l  J u n c  7 6
I  Ocr.  76

l l o c r . 7 6
l 7  O c l . 7 6
l l  Ocr. 76
15 Ocr. 76
l9 ()r1. 76
7 Nov. 76

1 1  N o v . 7 6

0
5J .75

L 06.-16
l l i i . l
r 1 t . 72
155 .E5
155 .87
157 .u7
:5.1.82
I  l l . 66
157 .86

r71 .61
2 1 1 . 2
1 9 1  . 5
l  l : . 0
1 2 1 . 0
2 7  r . I  l

118 1 158
5 1 5  1  1 0 0
356 1 78
219 ! 51
118  i  7 t i
260 a 55
1 3 8 1  t 2
378 t 4.1
l l , 1 : l  25
135 r 9E
23,1 i 28
t2 l  +  . 11
231 X 15
211  i  6 l
461 t lJ2
561 t 300
328 i 9.1

1 8 9  a  | | 5
5 1 2  I  l l E
117 i 90
420 r 20I
.10 r r 157
2 9 0 r I 1 5
219 : l  7 ( l
32 : : r  5 l
r0ti t 59
l l0 1 15.1
l l l  1 .15
16 l  r  57
90 :f -1(r
6-1 t tl

t 5 l  t  5 :
l-'15 i 70
l l0 1 t l

.18
12

I  l 5
t6
l.l
5u
l 9
9 l
9 l
60

.1i

t l
u8
I 5
.13

0..17
0 .51
0  9 l
0.90
0 9 1
0 .96
0.7it
0 .90
0 . 9 1
0 .95
{).911
l tJ. l
L t ) 0

0 .91
0 .99
0 .9 t

l-t-l
2liJ
-r:r0
)9
-10
l l
36
39

llJ

N
I
l

-13
1

Kc\:  \ j I i  :  numbcr of  marked bi rds : r t  r isk.

.n :  \ i rnrplc srze
Ni = popul . r r ion s izc orr  d i ly  i .
Oi  = \ tochirst ic  surv ivalrarc.
Fl i  = i rddir ions betwccr i  and i+ I
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Wuterfull Cave, Nusinu 9 Mile

Although 2 545 birds were banded in the
Waterfall Cave. the population is so largc that it
wns the fifth evening visit before any recaptures
wcrc madc. Thc average number of recapturcs
thcrcaftcr was 5.8 fronl an average sample size of
192. This recapture rate was so low that popula-
tion estimates using Jolly s mcthod ranged from
I I 332 to ,108 165 having standard errors of 5 692
to 445 128. Thc rcsulting avcrage of 91 05,+ +
4l 796 (+ SE) seems less realistic than thc aver-
age derived by using only those estimates with
standirrd errors less than the means. Thcse aver-
aged 25 690 t 6 07u and are morc in l ine with the
Petersen and Schnabel estimates shown in Table
3. (Computations for Schnabel's method are
shown in Appcndix 4). The final column of this
Table is an average of all methods uscd in estimat-
ing the population and indicates a population
increase between t974 and i975 but no signil icant
change in to  1976.

As no bands were recovered from this cave
after 1976 (not an unexpccted result with only
about 87u of the population marked), the 1981
nest court is the only method for assessment of
the population sizc at the time the manipulation
experiment was run (470 birds were caught in an
etlbrt to make recaptures). This estimate indi-
cittes that the lgil l  population was similar in size
to that of 1976 and 1975. though the occurrence
of intervening fluctuations czrnnot be disproved.
Ncst numbers and positions are shown in Figure

Ono Cttve,Wuilotua

The west entrance to this large cave has only a
smal l  co lony .  There  were  115 nes ts  in  1975,  g iv ing
an estimated population of 3,15. This is much

TABLE 3
Populat ion of  Wxtcr fa l l  Cavc.

smal le r  than the  1211 g iven by  the  average o f
l ive Moclif ied Petersen estimatcs. This is probably
explained by a high level of band loss as a result
of the band being placed on the tarsus during thc
lirst few trips. Bands were subsequcntly placed
on thc tibia. once recaptures revealed that thc
hind toc does not prevent bands from slipping
down over the other thrcc toes and presumably
in some cascs slipping off the leg completely. No
birds were ever found flying the 390 m between
the closest west and east colonies, but as in the
Nasinu Caves, a small level of exchange may have
taken place through the separrate entrances.

The population at the east end of thc cave had
3 455 ncsts giving it an cstimated size of 10 365
birds. Nest positions in the cave are shown in
Figure 3. Thc Modil ied Petersen estimate was
l7 909 + 7 202. fron fbur recaptures in a total
catch of 167. Another estimate when only onc
recapture was made in a catch of 138 birds was
37 909 + 24 432. A subsequent capture of 298
birds made no recaptures. Perhaps this disparity
is due to some birds staying out at night, though
the small sample sizes (<3%) in this casc may
also influcnce the itccuracy.

Waiyah Cave

Only one visit was madc to this cave (February.
1975) and the best estimate of its population size
is made from thc count of 2 800 nests giving 8 430
birds. The position of these rests is sllown in
Figure 4.

Cikobia-i- Lau

Seventy nests were counted on 7 January, 1976
making an estimated population of 210 birds.

Corel la 11(4)

3x Modif ied
Nesrs Nests Pelcrsen i  SE Schnabel t  SE

Averagc Ol
Jol ly  Al lEst inates

22 266 ! 5 273 26 010 :! 2 121 21 688 20 994 t 3 123
45 032 t 1,1 E6lJ 30 753 t 2 U44 21 792 32 526 ! 6 767
37 0.15 1 12 613 32 l t90 t 965 29 113 30 292 t I  170

-l 660 l0 980197,1
1975
\916
l9ri  I

7  370  22  110
7 110 21 420
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Sttrviytl untl Further Life-expectoncv

l t  i s  in  thc  contcx t  o l  a  dec l in ing  swi f t le t  popu-
lation in Drv Clavc that thc data from 502 bandcd
birds have bccrr usccl to determinc survivorship
and further l i fe-cxpcctancv of adult bilcls and
lrence the results shonld bc rc-gardcd as conserva-
live. Of the .l. l(> banded adults 261 rvere sub-
seqL len t ly  rccaptured .  Th is  rcprcsents  a  recapturc
l l l t c  o f  59  per  cent  i inc i  con t ras ts  w i th  thc  nes t l ing
rccapturc  ra tc  o f  l7  pcr  cent .  Four  adu l ts  werc
rccaptL l re ( l  I  I  l imcs :  onc  was capturcd  n ine  t imes:
th lcc .  c igh l  t i l ] r cs :  four .  scvcn t im( ]s :  l l ,  s ix
t imcs :  2 l  f i ve  t imcs :  18 .  four  t imes:  41 .  th ree
t in rcs i  -12  lw icc  and 115 on ly  once.

-l 'hc 
675 rccovclics of thesc 261 trirds show a

liruge ol annual adull survivzrl of . l l  to 77 per ccnt
ancl an avcrase of 6-l pcr ccnt (Tablc 4). Thc lou-
cs t  annua l  surv iva l  u 'as  tha t  o i  1976.  the  year  tha t
thc Drv Cave populrtion had tlte nlost visits by
rnc and to m,v knorvledgc thc nost distulbulce
l \onr  o t l rc r  pcop lc .  Never the lcss  nonc  o l  99
clutchcs obscrvcd in thc manipulatior] experimcnt
(Tarburton l9ti7) rvcre desertcd and no chicks
f rom the  l f0  obscrvcd  in  thc  samc exper imcnt
c l i cd  o f  s ta rva t ion .

Decernber, 1987

TABLh .l

Su fv i \ o t \ h i p  o f  r du l t  b i r ds  i n  D r t  Cu re  as  a t
I S c p l c l n b c r . l 9 S - 3
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Evcn though the  two Nas inu  cavcs  were  on ly
l8 m apart fcw birds nade the short transfcr. On
cach b lnd ing  v is i t  to  Dry  Cavc  more  thar i  ha l f  thc
birds prcscnt were captLlred. yct only thrcc of the
2 5,15 birds bandcd in Waterfall Cave wclc found
irmong them.

Thirty-fivc of :18 birds tirken lroln Dry (-'avc
ar rd  rc lcascd a t  Fu l ton  Co l legc .  2 l  k In  to  the
nor th ,  on  l1 ) . lunc .  1976.  wcrc  subscquent ly  recap-
turcd at Dry cave. This reprcscnts a recapture
ratc of 73 pcr cent which is it lcntical to the aver
age adult rccapturc ratc for this population.
Hcncc my handling of bircls. whcthcr brccding or
non-trrcceding docs not causc clcsertiolr oI thc
breeding cave.

Whcn the data lbr all 9 ycars arc uscd thc
cxpcc tcd  fu r ther  adu l t  l i f c  cxPectancv  is  dc tc r -
mined to be 2.3 vcars. Whcn thc clata frtr 197(t
ancl 1982 are exclLrded. thc cxpcctcd furthcr adult
l i f c  i s  cs t imated  to  be  3 .2  ycars .

DISCUSSION

Tlrcrc has been some discussion of thc accumcy
of Lack s mcthod for population analysis. Frtr
exarnp lc  P ipcr .  Mundy and Lcdgcr  ( i981) lounc l
csti lratcs on vulturcs using Lack's methocl werc
lowcr  than thosc  o l  Ha ldanc  (1955)  anc l  P ipcr  c r
n / .  (1981)  wh ich  a l low fo r  the  incomplc teness  o f
data from bands yct to bc rccovcrcd. Yet Scbcr
( l972)  s t t t cs  tha t  i t  can  be  sho$,n  mathen la t i ca l l y
tha t  thc  n tc thods  o f  Ha ldanc  and Lack  s t i l l  ho ld
il thc rccoverics arc ignurecl for an init ial pcriod
oi anv length. In this longevitl '  stutlv banclcci
sw i l t l c ts  were  no t  cou t tcd  as  prcscn t  un less  thcy
wcrc recovcrcd subseqLlcl ' l t to ths I Scptcmttcr
fo l low ing  the i r  in i t ia l  rscaptLr rc .  As  a l l  eugs  ha tch
be l i ) re  thc  enc l  ( ) l  Fcbruary  a l l  b i rc ls  wou ld  bc  a t
leas t  scven months  o ld  l t c l i l c  be ing  inc ludec l  in
thc  ca lcu la t ions .  Thcsc  da ta  thcn  shou lc l  be
reasonab lv  accura lc  and in  anv  case arc  con lpar -
ab lc  w i rh  the  da ta  fo r  the  o thcr  spec ics  mcn-
t ioncd.  as  the  samc mct l lod  was uscd to  dc ter -
mine  the i r  nor ta l i t y , .  As  a l l  o l  thc  t rpor l i c l  spcc ics
havc  s imi la r  feed ing  and brcc t l ing  ccokrg ics .  com-
par isor rs  w i th in  thc  l i rm i l \  shou lc l  bc  rc rsonab lv
r  a l i J .

' l ' l tc 
adult rccaptut-c rate oi -59 l)cr cctrt in this

s tudv  co l l l ras ts  w i th  thc  rccaptL l t . c  r i t t c  o l  2 . I  pc r
ccnt f()r aclult Comnron Swilts ; l2rr.r aTrrr-r. in
Br i ta in  bc t rvcen 1909 anc l  19( r9  (Spcnccr  l97 l ) .
I lowcvcl. a Russian studv on tl ' ]c Contrtron Su,ift
(Kas l rcn tscvur  l9 i i2 )  hac l  bc t le r  rc tu rns  th i ln  the

1971
1975

t977
t ! ? t

t 9 t0
1 9 S 1
t9 r l

\ unhc f  o i  Nunbe r  S t i l l
Ll  undcd Bi s Prescnt

Prcsrnl i  Year Lltcr ' r .  Sunival

75

11

71

11

197- l -  l9t l ( r t ' , ,

I 'L [ thcr  rdul l  l i tc  c) ipecranc\  k)r  l l l  ]curs
:  n r  I  . l , l:  
: ' u  

-  
l

I -ur lhcf  l r lc  cxpcclanr\  f \c lLr( i in{  lhc I l )or  ! r . r rs o l  1976 and
l9r i l

1 . 7 l=  
r t  s . r  

.  . i  :  ) e a r '

5 l

.11
t1
l.l
l 1
l { )

l t 9

ss
65
]J
l..l
t-r
l 7
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Fisure 2. Nd'i/,rr ( aves ,howing the lo.arion and number: ol" 
Whit? runpcd Swilrlir ne:rr. lbroken halchin9 =

wate\ closrd brcken line = areas of nesting v'ith the
number of nests indicated, bolll btuken line : Poinl
at which twilight is rcplaced by darkness).

3. Wailotua CaNe shoh,in( lhe location and numbers
ol  White-rumYd Swi l la ne:r , .  tbrckPn hat .h int

^.1rct, t lo.\".1 brokpn IInc - nrca' of netttnS with
the numbet of nests itdicated).

Fieure 4.  w.r iyala Care thot tnR rhe locarnn and nunbet '  uJ" 
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to ta l  Br i t i sh  band ing  schemc.  Bc twcccn 1950 and
1979.  ,1 .1  per  cent  o f  juven i les  and 40 . I  per  cer r t
ol adults were recaptrlred fronr 667 banded swifts.
Both the Russian study and this study have much
higher returns than normal, rccovcry ratcs of all
l .t ird species banded in Britain and Arnerica being
usua l lv  less  than. l  per  cent  (Botk in  and Mi l le r
t971)' .

That frequent or severe humar disturbance and
low survival mav bc rclatcd is suggested by
several authors l lnding that distrubarnce causes
avoidancc of thc site of capture by up to one third
of the Common Swift population (Lack l9-56).
Lack qualif iecl this statement by adcling that some
birds taken from their nests for banding and
mcarsuring dcscrtcd but whcn thc birds wcrc
bartled on thc nest desertion was most un-
c()nl l l l ( )n.

It nright be reasoned that birds cleserting one
of thc tu,'o Nasinu Caves as a result of being dis-
turbed would be nrore l ikely to go to the other
cavc i ls the t\ l 'o cavcs arrc only 18 m apart.
whcrells the next nearest cave is 1() km awly.
From thc  propor t ion  o f  b i rds  bandcd in  the
Waterfall Cave and caught in Dry Cave it is esti-
nirtcd tlrat six birds bandcd in thc Watclfall Cavc
would havc subsequentlv been caught in the Dry
Cave if all birds present hacl treen capturcd at thc
t i rnc  o f  cach v is i t .  I f  i t  i s  assumcd tha t  thc  samc
percentage move in the reverse direction and that
thcrc is no rlovcnlcnt bctween the caves before
the birds are handled for banding. then only one
of the 502 trirds banded in the Dry Cave wil l have
tnrn : fc r rc , . l  t ( ,  lhc  \ \  d le rh l l l  C l \e

However. the obseryable effect of disturbance
in the two caves nrav not be equal. The Waterfall
Cavc is t luitc largc in cross-section (most birds
are  ou t  o f  reach o f  a  hand-net ) ,  i s  long  (178 m)
and has two entrances. Birds banded and released
in thc Waterfall Cave mav just relocate within
that cavc ancl would thus be rarely recaptured in
thc Dr1' Cavc. Dry Cave on the other hand is
small in cross-section (all nests and most birals
can be reached b.v the hand-net), is short (90 m)
ancl has only one entrance. This means that in
Dry Cave a grenter percentage of birds wil l bc
caught or otherwise disturbed at each visit. than
is the case in thc Watcrfall Cavc. If birds from
Dry Cave relocated in the Waterfall Cave therc
would be l itt le chance of thcir rccapturc and
hence litt le chance of determining whcthcr mcm-

Corel la 1 1(4)

bers of the Dry Cave population w(]rc dcscrting
more frequently due to thcir grearter disturbance.

It is also possible that somc birds may change
cavcs pcriodically whether disturbed by humans
or not. If this is the case the three birds banded
in Watcrfall Cave and retrapped in Drv Cave can
be used to estimate the total movcmcnt of
swift lets from the Waterfall Cavc to the Dry
Cave. The retrapped bircls arc counted as six to
allow for that (almost) half of the birds present
each visit that wcrc not caught. The 2 545 birds
banded in the Waterfall Cave makc 8.4 pcr ccnt
of the estimatcd total population of 30 292. Thus
71 lrirds arc l ikely to have moved from thc Water-
fall Cave to Dry Cave. Howcvcr. unless a greater
percentage move in thc rcverse dilection we can
sti l l  onl)' account for one bird moving lrom thc
Waterfall Cave as a rcsult of 'random movement.
for almost all birds in the Dry Cavc were banded
by thc cnd of 1976.

Thc above reasoning assumcs randofl nlove-
ment. but that this does not always exist in su'ifts
is shown by the regular usc of two chimneys
during the northward movements of Chimncy
Swifts Cft./ctrrd pehgica in Tcxas whcreas only
one of the chimncys is used during their south-
wurd movcmcnts in autumn (Michael and Chait
1973). Tliat swift lets crright in Dry Cave ma.v
sometimes slecp clscwhcre cannot be discounted.

Since the Dry Cave aliows fbr a lar higlrer per-
ccntagc capture of birds prescnt than docs tlre
Waterfall Cave, this activity itself possibly creates
greater disturbancc with more birds leaving the
cave after human zrctiviy in it. A small post-
disturbance exodus is l.rossible. as each of the
methods uscd for cstimating the population and
shown in Table 2 give consistently higher esti-
mates through the 1970's than tlrc numbcrs of
birds found to be in the cavc. But thcrc arc other
possibil i t ics.

It is l ikely that somc birds wcre sti l l  to return
after the time of thc visit. I havc rccordcd arrivals
as late as 2230 hours, the latest I have made
observations. The rate of arrivarl at that t inrc of
night is however very low, though it may continue
for some time as Medway (1961) has recorded
Black-nest Swiftlets Aerodram us maxinus t eturn-
ing as late as 0310 hours. 

'I 'hat 
birds may dclay

thcir rcturn to the roost is substantiated by the
first rcportcd night feeding for the White-rumped
Swiftlet. Jim Pierce who is familiar with this
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swiftlct told me of its feeding on insects flying
around fluorescent l ights at the Will ianlstown
mining canp 25-10 km south-west of Mungana,
Ouccnsland. These swift lets were seen teeding
amongst the bats for ar hour or so after sunset or
a t  l cas t  two n igh ts  in  Septembcr  1985.

Some birds may stay in the field. Several Fij ians
have told me swift lets wil l sleep in the coil of a
young banana leaf. Another Fij iar whon I con-
sicler reliable. oncc saw a swift let enter such a
banana leaf during the day and leave it a short
timc latcr. The Fij ian belief. that swift lets sleep
in the roll of a young birnana leaf may bave
dcvclopcd fr.om sightings such as this. Aftcr all,
the Fij ian belief that thc swift lct has no legs
appcars to have cleveloped lrom the observatioll
that the birds lever land on tree branchcs.

Watling (1982) suggests some swift lets probably
slccp on th(] wing but no supporting eviclence is
given. I presume the view is simply a transfcr of
Lack s rcport that the Conrnron Swift sometimes
slecps on the \\, ing.

That  r l t c rna l i vc  s )ccp ing  p laccs  nray  cx is t  docs
not. ho$cver. mean thilt they are used, nor does
it nrean lhat they are used more when the birds
arc distulbccl f lcqucntly at thcir normal roost sitc
in  thc  cave.  Ho$ 'cver ,  s r . rch  poss ib i l i t i cs  do  a l low
tor thc discrepancy bctween the population esti-
matcs  and the  number  o f  b i rds  counted .

My higll rccapturc ratc for all adults (including
those he ld  overn igh t  and takcn  somc d is t i rncc
arvav) caught in Dry Cave suggests my handling
oi the birds wils not cllusing a significant decline
in thc population. Howcvcr, disturbance through
ncs t  des t ruc t ion .  wh ich  is  qu i tc  poss ib lc  in  Dry
Cavc  (due to  o ther  persons  v is i t ing  i t ) .  cou ld
causc a population decline in tlrree ways. Birds
having to rebuild thcir nests could experience
greater physiological stress. resulting in highcr
nortalit l ,. Birds losing their nests and clutch or
broocl mav be more l ikely to abandon the colony.
Tlris has been suggested to cxplain the persistent
dcclinc of Black-nest Swiftlcts in Madai Cave
(Sabah. Malavsia). where the nests are haryested
for  human consumpt ion  (Da l ton) .  F ina l l y
rcplacement ncsts mav not be as largc or as strong
irs thc original nest. resulting in higher egg or
chick losses front the eggs, chicks and/or nests
fall ing to thc ground. Replaccmert nests in tltc
Ediblc-nest Styilt lct Aerodrtmus luciphagus are
infe rior in this wa1' (Gibson-Hil l 19,18), though
thc  c f tec t  on  brecd ing  success  is  no t  k rown.
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If we consider the disturbances of 1976 and
1982 to bc abnormally exccssive and so alelete the
data for these ycars, we obtain an average adult
survival ratc of 73 per cent instead of 64 pcr cent.
Thc consequent average mortality of 27 per cent
(rangc 16-32%) means the Whitc-rumpcd Swiftlet
does considerably better than the Barn Swallow
Hirundo rustica (631,) and 12 other passerines
(41-12%) but less than thc Alpine Swift Apas
melba (I8%), and the Common Swift (20%)
(all in Lack 1954). Two other studies on the
Common Swift found mortalit ies to bc bctween
that which Lack found for the Common Switt and
those found in this study. In the USSR, mortality
was 24.4 per cent (Kashentseva l9ll2) and in Bri-
tain it was 2l per cent. Two other switis also havc
lower nrortality than thc White-rumped Swittlet.
Thesc are the White-throatcd Swift Aeronautes
saxcialis ol thc United States, which has an
nnnual nortality of about 20 per cent (Coll ins
1973) and the Chcstnut-collared Swift ( 'ypseloides
r&tllrrn. which in Trinidad has 15 to 17 per cent
nrortality (Coll ins 1974). Whilc t lre recapture rate
lo r  lhe  \  h i te - t ippcd Su i f l  A . / " , , r , r r l c r  mont ivaq t t '
i n  Vcnczue la  (Co l l ins  unpub. )  i s  about  65  pcr
cent ,  C 'o l l ins 'work  on  th is  spec ies  leads  h im to
belicvc that thc rcal l lgure is about l l2 pcr ccnt.
It appcars that both a disturbed bird ancl its mate
arc l ikcly to losc thc nest site and leave the
co lony .  I rcncc  avo id ing  recrp ture  (Co l l ins ,  pers .
comm.) .  I f  th is  i s  cor rcc t  (as  i s  to  bc  cxpcc tcd .
for larger birds tcnd to l ive longer), the only swift
with higher mortality than thc Whitc-rumpecl
Swiftler is t lre Cli imnev Swift of the Unitcd Statcs,
which has an annual mortalitv of 3ii pcr ccnt
(Henny 1972) .  1 'hc  Whi te - rumped Swi f t le t  has
I , r u e r  n r , ' r l i l l i l )  t l t i r t t  I 5  o t h e t  n u n - p i l \ s e r i r c s .
including two seabirds and is only bcttcr(]d fron]
thosc non-passcrincs givcn in Lack (195.1) by thc
Royal Albatross Dionadeu eponophoru ancl lhe
Yellow-e ye d Pcnguin Mcgazl_y p te.\ ontipo(le.r,
which havc iurnual nortality rates of 3 per cent
and l0  per  cent  respec t ive ly .

Both estimations for further adult l i fe expec-
tancy  (2 .31 'ears  and 3 .2  vcars )  appcar  rcasonab le
when compared with 1.1 ycars for the Barn Swal-
low and 4.6 ycars (Magnusson and Svardson
19413) and 5.6 years (Wcitnauer l9rl7) lor the
Common Swift. Howcvcr. bccausc of the declin-
ing population in Dry Cavc cvcn the l ife expec-
tancl' of 3.2 years slrould corrcctlv be regarded as
conscrva t ivc .
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Just how consenative an adult l i fe cxpcctancy
of 3.2 ycars is, can be estimated by calculating the
number of years it would take fbr parents to
replace themselves with breeding offspiing at var-
iously selected mortalit] '  rates. By using th(]
annua l  f l cc lg ing  succcss  da ta  (1 .1  ch icks  pcr  pa i r
per year) from the stable population of the Water-
fall Cave and the 80 per cent survival rate of adult
European and American swifts, it would take 2.3
years for parents to replace themselves. With 74
per cent survival (the average of Fij ian swift lets
without thc two abnormally poor years) replacc-
ment would take 2.5 years. With 64 per cent
survival (the average of all years for Fij ian
swiftlcts) rcplacement would take 2.9 years.
Clearll '  each of these replacement rates could be
achieved in thc 3.2 yczrrs of further adult l i fe esti-
matecl trom the declining population of Dry Cave.
Howcvcr. as juvenile mortality is usually higher
than adult mortalit) ' , lower survival ratcs than
those used should bc cxpccted. The proven first
vear survival of 21.25 per cent (from 74 banded
chicks) in the declining Dry Cave population
would rcquire 8.6 years to replace parents and
can be regarded as bekrw thc minimum of that in
a  s tab le  popu la t ion .  I f  we ra ise  the  juvcn i le
survival to -50 per cent the parents would be
replaced io 3.6 years. which is the l lvcr.lgc longev-
ity of thc adult Common Swift in Russia
(Kashcntscva 1982) .

TIrc Comnon Swift also has an adult mortality
similar to that of the White-rumpcd Swiftlet, and
so (assunring no net migration gain or loss) if the
same rirt io of juvenile to adult mortality holds for
thc swift let. 50 per cent mofiality between llcdg-
ing and breeding may be realistic. If i t is realistic.
thcn disturbance of the birds by the suspcctcd
clestruction of their nests and contents in Dry
Clave has considerably reduced juvenile survival
and has led to the decline observed in that popu-
la t ion .

Maximum Recorded Longevity
At the time of writ ing (March 1986) the oldest

lccordcd bird frorn thc 502 banded in Dry Cave
was 013-69752 banded on ,1  September  1974 and
last recaptured on 27 February 1986, 137 months
hav ing  e lapsed.  As  the  b i rd  was. rn  adu l t  when
banded it would have been at least 12 years old
at the tine of recapture. Two other adult birds
have been recaptured 112 months alter banding,
mlking them at least nine years old when last
rccoroc0.

There are few longevitv records frtr Apodidae
with which to compare this rccord for this species.
The oldest rccorded Chimney Swift was 13 ycars
(Hight 1953). The record lor thc Alpine Swift is
16 years (Rydzewski 1962) and 21 years for the
Common Swift (Rydzewski 1962). Thc oldest
recorded Conmon Swift in thc Russian study is
ll ycars (Kashentseva 1982) and in a Czechos-
lovakian study 12 years 11 nonths and 2l days
(Beklova 1976). The records for two swallows in
this last study show that thcy only l ive about half
as long as the Apodidae. The longest records for
Hirundine longcvity arc 7 years for the Barn
Swallow and 6 years -5 months for the Housc
Martin Delichon urbicu.

Mortalitl' and its causcs

Becausc the survivorship of thc White-rumped
Swiftlet is here shown to be greater than most
othcr similarly sized land-birds studied so far, it
naturally lollows that its mortality wil l be low
comparcd to theirs. Adult mortality was shown to
average 27 per cent tbr 7 years. If thc ycars (1976
and 1982) showing abnormally high nortality are
incluclcd the average mortality for thc 9 years
rises te 36 pcr ccnt. It can be rcasoncd that the
practice ef being airborne all day and of roosting
and breeding in what may bc thought of as the
safe cnvironnlcnt of a cave would hclp reduce
mortality. Howevcr, mortality remains, irnd sonrc
observations and discussion regarding its causcs
will help clarify whether the fccding. roosting and
nesting habits do cnhance longevity. not only for
this species but possibly also for other species
having similar ccological habits.

Thal man has l itt le direct cffcct on tl lc nrortality
of this bird outside thc cavcs is evidenced by the
fact that whercas nuflerous bands from those I
have placcd on sinilar numbers of othcr bird
species in Fij i  have becn rcturned. none of the
,1 554 swift lets I banded in Fij i  wcrc ever
recovered away from the caves thc-"- usc fbr noc-
turnal roosting and breeding. The small size of
this swift let means man is not interested in it as a
food source. Though some indigenous Fij ians are
very good at collccting birds by throwing stones
at them I have heard only oncc of thcir collccting
a swift let in this manncr. The extreme difl iculty I
had in trying to mist-net thjs swift let in the field
also demonstrated that their keen eyesight and
rapid manoeuvrabil ity make them much harder
tbr man to capture than most land birds.

Core l l a  11 (4 )
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L,vcn the caves offer protection from man when
the birds are roosting. Indians are reticent to
cntcr caves for lear of snakes and Fij ians rarely
enter alonc. giving as their reason that the devil
l ivcs there. Howcver, when a group of Fij ians do
go in to catch the Long-tailed Fruit-bat Nolopterls
natyLonaldi for food, numbers of swift lets may
also perish. In Ono Cave at Wailotua vil lage in
thc Wainibuka Vallclr. bamboo is burnt to drive
the bats (and birds) into small dcad-end passages
and if this is donc wl'tclt swift lets are present,
swift lct mortality may result.

Apart from nran thc Whitc-rumped Swiftlet in
Fij i has fcw predators. A Pacific Python Enlsr4s
bibranii, ir l i tt lc ovcl a metre in Iength, was found
sleeping on a rock below ncsts in the eastern end
of Ono Clavc. lt would be unrcasonable to cxpcct
that p)thons would feed on anything but chicks
and eggs that fcll fron nests. American
Crrckrirachcs Blattori(1 ttmerican ri.r and large frcsh-
watcr ccls tlo the same. though the cockroachcs
also fccd on the saliva that glues the nests to thc
wall. Although cats are reported to caPture
srvift lets rvhen flying low (Clunic 198,1). most
birds fccd over the forest whcre such a fate is not
l i k  c  l y .

The Barr Owl fvlo alDa does takc adult and
nestling swift lcts. It was said to be responsiblc for
thc abandonment of several score of nests placed
in thc twil ight zone of the upper entrancc (south
encl) of the Waiyala Crvc (see Figure 4). Many
cggs lay on the guano below thc ncsts and
vil lagcls flonr Waiyala said they had seen thc
Barn Owl chasing swift lcts in this entrance. I have
found a Barn Owl teather in the entrancc to
Waterfall Cave and Clunie (1972) has sccn a Barn
Owl catching swift lets at the entrance to a cave in
Navosa. I have pickcd up scvcral frcshly dead and
corcussed birds from the stream in the entrtrnce
of Waterfall Cave. However. they were probably
victims of hcacl-on coll isions in thc zone wllere
thc birds fly thcir fastcst, t lrough thc possibil i ty
that they were struck by a Barn Owl could not bc
ruled out. Even in Europe where there are abund-
ant data for avian predation on the Clommon
Swift the diurnal predators take few swifts com-
pared to othe r spccics. The Common Swilt forms
only I per ccnt of the prey of the Sparrowhawk
A(cipiter aisrrs, 1.5 per cent of the prey of thc
Peregrine Falcon Ialto peregrinus and 2.25 per
ccnt of thc prcy of the Hobby .Falco subbuteo
(Lack  1956) .  C lun ic  (  1972b,  1976)  has  shown tha t
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swiftlets comprise only a small portion of the dict
of the Fij ian Peregrine Falcon.

In short, the low tnortality rate of the White-
rumped Swiftlet results from the inabil ity of ler-
rcsti ial predators to reach them and the l imited
effect of aerial predators on their numbers.
(Neither Barn Owls nor Pcregrine Falcons flock
at cave entrances). So apart from periodic inter-
ferencc from man, the availabil ity of food appears
to be the main regulator of Fij ian populations of
the White-rumped Swiftlet. As no chicks starved
iD the manipulation cxperiment. cven in the arti
f iciallv enlarged broods of three (Tarburton
1987), pressule from a lack of food does not
appear to be crit ical in a normal brood situation
and one is lcft with the l ikelihood that a period
whcn available foocl is low such as in a prolonged
cyclone, and/or a period of excessivc human intcr-
fc rcnce ma1 ind iv i t lua l l y  ( ) r  in  un ison inc re lse
mortality.

It is probably prcdatory pressurc lrom Barn
Owls that has encouragcd the majOrity of swift lets
to nest beyond the twil ight zone in the hve Fij ian
cavcs I have examined. That swift lcts increase
their spced at cave entrances (Tarburton 1986),
supports this view. This view is contrary to
Wat l ing 's  (19{12)  s ta tcment  tha t  most  nes ts  a re
built in thc twil ight zone of cavcs. In Waiyala only
4 per cent of nests werc in the twil ight zorc, thc
rcst in total darkness. In Dry Cave only I pcr ccnt
and in Waterfall Cave only about 27 per ccnt were
in  thc  tw i l igh t  zone.  A t  Ono Cave.36  per  cent  o f
nests were in the twil ight zone but nonc of the
nests in thc cave on Cikobia-i-Lau wcrc in the
twil ight zone. Thc position where twil ight givcs
way to total darkness is shown as a dottcd l inc
across the passage on each map.

Death may result from thc activity of con-
specifics. I found fivc adults dead at their nests.
Their wings had bccn glucd by saliva to their
neighbour's nest. This presumably happcncd
while they slept but the hardened saliva held them
suspendcd in tlre air when they attempted to fly,
thus prcvcnting thcm from fccding. 

'Iwo 
othcr

birds had not bccn long in thc sanlc prcdicamcnt
and were rescued. This problcm is clcarly causcd
by high density nesting.

CONCL US IONS
Population size of thc Whitc-rumped Switi let

in Fij i  correlates with island size, except that a
small colony ma1' be found even on the largest
island if i t is closc to anether colonv. Because
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nrost ncsts are i ir total darkncss and on overhllng-
ing cavc rvalls ancl roofs. broocling bircls, eggs and
chicks arc safe flom most natural prcdators.
Hancll ing of t l.rc birds or thcir young does not
causc tlcscrtion. but the markcd clecline in thc
population of Dry Cave. where all ncsts can be
rcachcci b1r humans is thought to havc occurred
as thc rcsult of wilful dcsrruction of nests, cggs.
chicks and possiblv aclults by rnan. The other
smal l  co lon l  i l l  th is  s t rLdy  is  no t  undcr  th rea t  as
thc vil lagcrs on C)no-i-Lau protcct the site ancl
thc birds. The lurge colonies are not consiclcrcd
to bc in clangcr cither. as lrost ncsts arc out ol
casy rcaclr antl ttrclc is l i tt lc interest in catching
such snra l l  b i rds .

Thc factols that havc nlade the Dry Cavc popu-
l l t ion  vu lnc l i rb le  lo  hunran predat i t tn  havc  a lso
brought  h ighcr  perccn tagcs  o f  banc l  rccover ies  in
th is  lon-qcv i t \  s tud !  than in  a l l  o ther  s tud ies  on
apod ids .  I t  i s  conc luc lcd  th r t  n !  ac t i v i t y  in  co l l cc t -
insl thc data thrt sllow ln expectecl furthcr adult
l i fe of 3.1 vcals has not signil icantly rcclucccl the
b i r t l  s  surv iva l  l rnc l  tha t  the  cs t in i l t c  i s  c lose  to
rca l i t \ .  Howcvcr .  thc  lowcr  than cxpec ted
juve l i l c  surv ivu l  i s  a t t r ibu tcd  to  t l l c  c lcs t ruc t ion
of  cqgs  and !oung b ! 'o ther  v is i to rs  to  thc  cavc .
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APPENDIX I

Raw Data for  use in Jol ly  s Populat id l  Esl i r i rate of  the Dty Cave Populalnm. 1971 !o 1978

1 0 9

DrLc D, , \ ,  n ,

Time ofrelease of markcd birds ( )

l8 l th 27 19 23 l rh 10 13 ?rh 11 1 ' ,7 22 25 29 7th 91h I  I  20

Aug. Sept.  Oct .  Dcc.  Nov.  Dcc.  June June Oct.  Ocl .  Ocl .  Ocl  Oct  Oct  Nov Nov Nov May

r, rj i+ 
'74 '71 

75 75 
'76 '16 "16 '16 16 "76 '16 16 76 16 76 '7ll

8 Aug. 7.1
l l t  Aug. ?4
.1Scpt. 7'1

27 Ocl. 7.1
l 9  Dec .7 . {
l3 Nov. 75
l. l  Dcc. 75
l0  J  unc  76
13 JuDc 76
7 Oct. 7a)

l l  Oct. 76
l7  Oc t .  76
22  Oc t .76
25  Oc t .76
29 Oct. 76
7 Nov. 76
9 Nov. 76

l1  Nov .  76
20 Mav 78

Kcy: n = number capturcd on day i ,  r '  :  nunl6"..".0"0 and rclcased on day i ,  rn; = number of Drarked rccaptures ot dit)  i .

Number ofMarked Birds Recaptured (n1,j)l - ' 1 8
2  7 t  7 t  8
I  1 5  | 5  8  1 5
1 3 7 3 6 2 6 1 0
5 3,1 l . l  3 I  l l  2
6 5 8 5 8 3 5 5 . 1' 7  t 9  1 9 0  r 4 0
3 9 0 9 0  1 2  9 8
9 9 1  8 9 6 1 7  r

1 0 6 0 6 0 0 2 3 0
1 1  1 6  1 6  0  0  0  0
1 2  . 1 3  1 1  2  2  2 2
13  l u  18  0  1  1  t )
r . . i 9 9 1 0 0 0
t 5  1 3  1 2 0  0  0 0
1 6 8 8 8 8 0 0 3 1
t 7  1 5  1 5 0  0  0 0
L I J  . 1 5  . 1 3  I 1 6 1
1 9 9 2 9 2 0 1 1 1

3 l
6  l 0  7
2 1 t 5 2 5
2  2 1 1 5  1 7
u L 0 3 1 2
2  3  t  6  3  l 0  l
l l 0 l 2 l 2 1
1 0 0 1 3 { ) l 0 l
0 1 0 2 0 t 2 2 l I
l  2 0 3 l t  15 3 9 6 2 6
0 0 0 0 2 1 0 2 1 0 0 5
1 0 0 4 5 2 3 3 2 0 I 6 0
0 5 2 5 3 1 l  5 2 2 I l . l  3 9

APPENDIX 2

Prel iDr inary Computat ions for  Jol ly  s Est imate of  thc
Dry Cave Populat ion.

Day i  r ,  nr i  y i  z ,

l l E l <
2  1 t  8  41  21
I 115 23 62 ,15
.1 16 18 20 ll9
5 34 1',7 22 93
6 5U 21 ,10 93
1  t 9  l l  1 6  1 2 2
8  9 0 4 3  1 6  9 7
9 89 6l .r5 98

l0 60 42 36 103
l l  16  7  11  132
12 41 36 21 106
1 3  1 8  l 1  1 3  1 1 6
1 1  9  8  5  1 1 4
15  12  10  8  121
16 88 59 24 69
l 7  1 5  l t  3  8 2
18 ,13 37 9 49
t ' )  9 )  5E

Key: r i :  number of nlarkcd birds rcleased on day i
(Appendix 1).

mi= number of marked birds recaptured on dav i .
z,:  number ofbirds markcd before day i .  bul not

rccaptured unti l  after day i .
y,:  numbcr of r,  individuals subsequcntly

recapturcd.
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APPENDIX 3
Resulls using Jol ly 's Estimate of thc Dry Cavc Populat ion.

Corel la 11(4)

Sample Mi N, SE Ni O' B'

I
2
3
4
5

1

l 0
l l
t 2
l 3
l, l
l 5
l 6
1 7
l l i

0
51.16

106.45
178.20
t43.72
155.115
155 .87
157 .87
2s4.82
213 .66
157 .86
196 .96
t'71.62
213 .20
l9 l  . 5 t )
312 .00
421 .00
2 1 1 . t 1

rl38

356
219
418
260
r58
378

ll l
234
221
23'l
241
,163
561
32fl

l5t i
100
7t
51
78
55
t 2

25
98
28
4 l
75

82
30t)

0.4'7 233
0.54 23E
0.91 330
0.90 29
0.93 30
0.96 l  l
0.78 36
0.90 39
0 .93  16
0 .95  i u
0 .98  6
1.0.1 8
L00 1
(t.tv) 3
0.92 3rJ
0.99 

',7

0 .98  8

K e ) : M :  the est imaled numbcr ofmarked bi rds at

^ r isk on day i .
N = thc cst imated populnt ion using thc

modi f ied Petersen formula:

lir Nlf,(ni+ 1),., _ nn+ tT
Qi = thc cst imated stochast ic  surv ival  r  ie.
B,  :  the est in1ated addi t ions between iand i+ L

SE N, :  the standard error  of  thc csl imatc,  for  mcthod
ofest imat ion see Begon (1979).

APPENDIX 4
Computat ion for  est iDrates of  Populal ion in Walcr fa l l  Cavc -  Scbnabcl 's  Melhod

Numbcr
Trapped

Nun1ber Newly
Markcd and

Released

B
Nun1ber Aiready

Markcd in
Populat ion

C

NuDbel
(AxB) Recaptures

Estimate of
Populat ion

( A x B )
Date A ' B

7 Apr. 71
8 Aug. 7,1

l l t  AuB. 74
2.1 Aug. 7.1
27 Oct. 7.1
26 Dec. 7-l
29 Dec. 7l

22 Junc 75
l6  Ju l !  75
23 Nov. 75
-l  Dec. 75

l 0  J u n e
l l  JLrnc
23 Scpr

7  O c t .

46 88,1
1311 600
235  9 l  I

24 442
23 436
30 243
26 040!2t21
2,1 89,1
28 766
30 933
38 120
30 75312844
35  t , 1 l
3l 7.15
30 llug
33 735
32 8901 965

21
8l

165
129
l 2 l
26,1
299

l6 l
135
75

202

231
108
182
12',7

27
83

165
129
1 2 1
261
299

161
135
75

201

231
208
I IJ2
t26

U
21

1 1 0
2',75
404
525'789

16
76

16

796
i031
I 106
1307

1270
147u
166{J
1786

48 u84 2 2
1U7,{u,{ 6 l l
123 395 6 t4

148 090 7 t8
690 375 6 21'7',73 

325 1 25
1 037 339 ) 7',7

I 089 3613 ll 3l
| 396 792 t3 11
I  698  912  l l  55
I 925 ?3,1 2 57

130 544
212 285
82 950

264 011

300 990
3t7 121
302 120
226 422

N.,r€r  This commonly used nethod est imates the s ize of  a populat ion by taking the sun of  a l l  b i rds captured (A),  mulr ip l icd by
the numbcr of  b i rds r l read) '  markcd (B),  and div id ing that  by the sutn of  the number of  marked bi rds caplured.  L ike many methods
Schnabels:ssumcs that  the DoDulat ion is  stable.


