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Com parison of survival estimates obtained
from three different m ethods of recapture in
the same population of the great tit

V. BA UCH AU & A. J. VA N NO ORDW IJK, N etherlands Institute of E cology,
The Netherlands

Recaptures of marked birds can be used to estimate their survival. W e suspect
that the various methods of capture might not be equally suited for this purpose. In the
long-te rm study of the great tit at our institute, recaptures were routinely made in three
different ways: capture of parents feeding their young at the nest; capture of birds roosting
in nest-boxes; mist-netting. W e analyzed 20 years of captures from the study site at the
Hoge Veluwe to obtain estimates of adult survival and capture rates from captures
obtained by each method. The three sets of estimates differ and our analyses suggest that
the best method was the capture of breeding birds, while mist-netting was the least
suitable.
SU MMA RY

1 Introduction
T o estim ate their survival, birds are usually captured by one of m any possible
m ethods of capture. O ur aim is to investigate the possibility that m ethods of
capture m ay produce survival estim ates that differ in m ean and/or precision. In the
long-term study of the great tit (Parus major ) at our institute, three different
m ethods of capture have been used sim ultaneously for m any years in the sam e
population: capture of parents feeding their young at the nest; capture of birds
roosting in nest-boxes; and m ist-netting. W e suspect that each of these m ethods
m ay produce non-random sam ples, and that the sam ples are selective in different
ways. In the breeding bird sample, parents of broods that fail to produce ¯ edglings
are underrepresented, and any non-breeder would be absent from the sam ple. In
autum n and especially in cold winters, som e individuals leave the study site to
return next spring. T hese individuals are absent from the roosting and the mist-net
samples (Drent, 1984). Because the m ore dom inant birds roost in nest-boxes, they
are overrepresented in the roosting sam ples (van Balen, 1980). W e also suspect
that the methods of capture differ in the extent to w hich the desired high and
stable capture rate is attained.
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W e estim ated adult survival from three data sets, each created by selecting the
captures made by only one of the three m ethods, as if this m ethod of capture was
the only one in use. W e then com pared the estim ates obtained.
2 Study site, species and m ethods of capture
T he H oge V eluwe is a m ixed forest with 380 nest-boxes on 165 ha. T he great tit
is a comm on, hole-nesting songbird in woodlands. Alm ost all pairs breed in the
nest-boxes. Virtually all birds will attem pt to breed at age 1 (Drent, 1984). T he sex
ratio is balanced. D uring the nestling season (M ay± June/July), parents were caught
when they fed their young. Birds roosting in the nest-boxes were caught by hand,
at night, once every 1 or 2 m onths from October to M arch. Mist-nets were used
from June to M arch or April, at 6± 10 stations (total length of mist-nets: 123 m ).
In principle, each station was used one day every w eek prior to August 1992;
subsequently, each station was used once every m onth. For som e years, mist-net
sites were provided w ith food and/or a decoy bird.
3 Selection of the data
O nly captures of adult birds were considered. In the m ist-nets, 33% of the
captures were of adults; 58% in the roosting inspections. V ery few captures w ere
excluded either because adult status was uncertain (0.07% ) or sex was unknown
(0.03% ). O ur analyses are lim ited to the birds caught between 1974 and 1993.
The duration of sam pling by roosting inspection and m ist-net extend over 6± 10
m onths per year (see previous section). T his long duration is likely to introduce
heterogeneity in the sam ples, which should theoretically be instantaneous. T o
m inim ize this problem, w e have restricted the captures over periods of m axim um
3 m onths (as they are in the breeding data set). For the roosting and m ist-netting
data, periods were chosen in order to m aximize sam ple sizes, proxim ity to the
breeding season and to m ake it possible to separate juveniles from adults. For the
roosting data, the period chosen was O ctober± D ecem ber. For the m ist-net data,
the sam e period was used for the years 1974± 1983 and 1993; for the other years
the period was N ovem ber± January. Captures m ade in January were attributed to
the previous calendar year.
W e created three data sets: breeding, roosting and mist-net. Each data set
contained all captures m ade by the given m ethod in the 3-m onth period chosen
(for analysis with SURG E, each of these data sets was further divided by sex). The
proportion of individuals appearing in the three data sets was 52% , 29% and 19% ,
respectively. The overlap (proportion of individuals in com m on) between pairs of
data sets was: 0.66 (breeding± roosting), 0.65 (m ist-net± roosting), and 0.37 (m istnet± breeding). Sam ple sizes for all data sets can be found in T able 2. The total
num ber of captures was 14 220 for 3407 individuals.
4 Statistical m ethods for survival analyses
All the survival analyses were m ade with the Corm ack± Jolly± Seber (C JS) m odel,
according to the statistical fram ework reviewed in Lebreton et al. (1992). W e used
program SURG E 4.2 (Pradel & Lebreton, 1993). In summ ary, capture histories
are m odelled as outcom es of a probabilistic process involving survival and capture.
Both survival and capture rates can differ betw een years and/or between classes of
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individuals (e.g. sex). T he method of maxim um likelihood provides estim ates of
survival and capture rates and their variances. Starting from a full rank m odel,
reduced m odels can be constructed and tested by likelihood ratio tests (LRT s);
this AN O VA-type approach enables the testing of factors potentially affecting
survival and/or capture rate. To select the m ost parsim onious m odel which
adequately describes the capture histories, w e used the Akaike Inform ation Criteria
(AIC; see Lebreton et al., 1992). Selection betw een m odels having close (difference , 2) AIC values was done on the basis of the LRTs. In none of the selected
m odels w as any signi® cant (LRT, P , 0.05) factor excluded. T he goodness-of-® t
to the CJS m odel w as tested by the m ethod developed by Burnham et al. (1987;
program RELEASE).
W e have ® rst analyzed each data set separately, the factors considered being
tim e (year) and sex. Adult age was not included here because: its effect on adult
survival is sm all; it com plicates the analysis w ith an extra factor; the sample sizes
would be reduced (to birds of known age) and w ould be insuf® cient for the larger
num ber of param eters needed. In a second step, we have com bined all data sets
in a single analysis to test the effect of the recapture m ethod.

5 Model selection
For each data set, w e have ® rst tested the ® t to the CJS m odel (i.e. survival and
capture are both tim e dependent; sexes were pooled here). Because of the high
capture rate and sparsity of the data, only the com ponent 3.SR of the tests
(Burnham et al., 1987) could be used (cf. Lebreton et al., 1992). The ® t to the C JS
m odel was accepted (P . 0.30) for all data sets. Secondly, we obtained the most
parsimonious m odels and tested which factors (year, sex) have an effect on survival
or capture probability (Table 1).
The effect of sex on survival w as never sign® cant (Table 1). On the other hand,
the effect of tim e on survival was sign® cant in all data sets (Table 1). This was a
m ajor a priori exp ectation from our know ledge of the population biology of the
great tit (e.g. van N oordwijk & van Balen, 1988). N ote, however, that the effect
of tim e is stronger in the breeding and roosting data sets; in the m ist-net data set,
the AIC value for the m odel w ithout tim e dependence on survival is the lowest
(although this m odel w as rejected because another m odel had a very close
(difference , 2) AIC value and the LRT was signi® cant).
The capture rate is dependent on sex for the breeding and the roosting data
(Table 1). For both m ethods, the behaviour of the birds readily explains that sexes
have different probability of capture. Breeding birds are caught w hen they feed
their young and sexes have a different pattern of feeding activity. M ale great tits
are notoriously m ore dif® cult to trap than fem ales, and som e of the fem ales w ere
already identi® ed w hen incubating. In the case of roosting birds, m ales roost m ore
than fem ales early in the winter season (non-roosting birds spend the night in
trees), w hile the trend is reversed later in the season (e.g. D rent, 1987).
The effect of tim e on capture rate is highly signi® cant for the m ist-net data; it
is only m arginally signi® cant for the breeding data and the m odel w ithout this
factor has the lowest AIC (Table 1).
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T ABLE 1. M odel selection
Model

Factor tested

Surv.

Capt.

np

DEV

Breeding
1
2± 1
3± 2
4± 2
5± 3
6± 4

t,s
t
t
t
t

t,s
t,s
t
s

74
56
37
20
20
3

6363. 3
6380. 9
6430. 7
6431.9
6474. 6
6629.7

Roosting
1
2± 1
3± 2
4± 2
5± 3
6± 4

t,s
t
t
t
t

74
56
37
21
20
3

3113. 3
3134. 6
3148. 3
3178.2
3185. 4
3316.9

M ist-net
1
2± 1
3± 2
4± 3
5± 3

t,s
t
t
t

t

74
56
37
20
20

(t,s)
(t,s)

80
42

AL L
1
2± 1

s
t,s
t,s
t
s
s

t,m
t

t,s
t,s
t

LRT test
(P )

AIC

,

0.48
0.000 1
0.050
0.000 3
0.000 1

6511.3
6492.9
6504.7
6471. 9
6514.6
6635.7

,

0.26
0.80
0.15
0.003
0.000 1

3261.3
3246.6
3222.3
3220. 2
3225.4
3322.9

1448. 9
1458. 2
1473.8
1516. 6
1506. 2

0.95
0.69
0.000 5
0.013

1596.9
1570.2
1547. 8
1556.6
1546.2

11084
11154

0.001

11244
11238

Surv.

Capt.

sex
sex
time
sex
time

sex
sex
time
sex
time

sex
sex
time
time

m ethod
of capture

In the ® rst colum n, the ® rst digit gives the num ber of the model, the second digit indicates against
which other m odel the test w as m ade. In the second and third columns, the model structure is given:
® rst, the factor(s) included to m odel survival, then the factor(s) for capture rate. The factors are
abbreviated as follows: s for sex, t for tim e (years), m for m ethod of capture. The selected m odels are
in bold. For the last two models, probability of capture is m odelled for each m ethod as in the selected
m odels described above. Surv. 5 survival rate; Capt. 5 recapture rate; np 5 num ber of param eters;
DEV 5 deviance; LRT 5 likelihood ratio test; AIC 5 Alcaike Inform ation Criterion.

6 Com parisons of the estim ates
Survival estim ates for each m ethod of capture are com pared in T able 2 and Fig.
1. These estim ates differ signi® cantly, as shown by an analysis where method of
capture is introduced as a group in SURGE (Table 1; sim ilar tests of m ethods of
capture in 2 3 2 com parisons were also signi® cant).
The variances of the survival estimates were com pared am ong m ethods of
capture in two ways. F irst, we sim ply com puted the average STD of the point
estim ates. Second, the variance of the m ean survival estimate w as obtained from
a m odel w here survival is constant. It w as not possible to obtain the variances of
the m ean survival estim ate from the variance± covariance m atrices because, in the
m ist-net data, this m atrix was incom plete. In both com parisons, the ST D is lowest
for the breeding data, slightly higher for the roosting data, w hile the ST D of the
m ist-net data is tw ice that from the breeding data.
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F IG . 1. Survival estimates of adult great tits with 95% con® dence interval obtained from the (a) breeding,
(b) roosting and (c) m ist-net data sets, plotted against the years.
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T ABLE 2. Description of sam ples and estim ates of survival and capture rate

M ethod
of capture

No. captures
(N o. ind.)

Average point
estimates of
survival and ST D

STD of average
survival rate

Capture rate (STD)

Breeding
(M ay± July)

6312
(2877)

0.43 0.035

0.008

fem ales: 0.94 (0.01 )
m ales: 0.80 (0.02 )

Roosting
(O ct± Dec)

4265
(1525)

0.39 0.049

0.011

fem ales: 0.82 (0.04 )
m ales: 0.90 (0.02 )

M ist-net
(O ct± Dec or
Nov± Jan)

3643
(1279)

0.26 0.068

0.018

m ean: 0.45 (0.12 )

For the m ist-net data set, point estimates could only be obtained for 13 of the 19 periods; the sam e
13 periods were selected to com pute the statistics for the breeding and roosting data sets.

7 Conclusions
Survival estim ates obtained from each m ethod of capture differ in m agnitude and
variance. T he difference in m agnitude between the breeding and the other tw o
data sets can be attributed to the difference in sam pling tim e. This timing effect
could be the only source of the differences between the breeding and roosting data.
O n the other hand, there is a large difference betw een the roosting and the
m ist-net sam ples, which have been taken in the sam e period of the year. At least
for this pair of data sets, other sources of variation m ust exist, probably the fact
that each method sam ples different groups of birds (see introduction). T ransients
are likely to be overrepresented in m ist-net data but rem oving their potential effect
by deleting ® rst captures had little effect on the results (not shown).
The breeding data provide survival estim ates w ith the lowest variance, probably
because capture rate is high, relatively constant, and therefore sam ple sizes are the
largest. T he roosting data set produces a slightly higher variance and this increase
could be explained by the low er sample size. In the m ist-net data the variance is
the largest (and for some periods, no estim ates could be obtained), although the
size of the m ist-net sam ple is com parable to the roosting sam ple. This large
variance could be attributed to the low and variable capture rate. H ow ever, the
effort of capture w as relatively large (average effort per annual sam pling period:
104 days * station). This effort was variable but we could not ® nd any correlation
between the probability of capture and effort of capture (nor with winter severity,
winter food or decoy use). M ist-netting is a dom inant m ethod in bird studies,
particularly of passerines, and is often used to draw conclusions pertaining to the
breeding population. In our study, how ever, the breeding population clearly
behaves differently from the population sam pled by m ist-netting. The m ajor factor
of interest in population studies is the ¯ uctuation in adult survival through tim e.
W hile the breeding and roosting data give clear indication of these ¯ uctuations, the
m ist-net data do not; for the latter, one m ight even be led to the conclusion that
survival is tim e independent (see AIC values, T able 1). Peach and Baillie (in press)
have compared estim ates of abundance obtained by standardized m ist-netting
(constant effort sites) and by territory counts. For the 21 species exam ined, only
the great and blue tits showed signi® cant differences betw een the two sets of
estim ates. T his con® rm s that m ist-netting m ay produce results diverging from
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those obtained by another proven m ethod but suggests that this problem m ight be
lim ited to tit species.
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