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PREFACE 

Mist net'> were introduced to North merica 
about mid-way through the 20th centur). In the de­
cade-. since then, the) lul\e become a 'Aidel) adopted 
an<l 1ndispensable bird-capturing tool for the scientif­
ic -.tudy of birds. At fiN. mist net'> \\ere an in enCOr) 
tool. allowing in-hand comparison of pecies previ­
ously '>Crutinized only over the barrel of a .-hotgun. 
but in the early L 970s. netting began to be used for 
monitoring population trend-. and demographic com­
position. Early u ers had to develop protocol'> for 
mist netting ba'>ed on their O\.\n e perience. Some 30 
year-. later, there has -.till been relati\el) little evalu­
ation to determine the effcct of different mi . t netting 
methods (or of extrinsic factors) on the number-; and 
kinds of birds that arc captured, and the degree to 
which demography of captured bird · represent true 
population characteristic'>. 

Recognizing the need for greater e\aluation of 
mist-netting and the need for standard.., on the U'>e nf 
this technique. a workshop\\ a held in October 1993 
entitled .. The u-.e of mi-.t nc.:t-. to monitor bird popu 
lations." The \.\Ork-.l10p took place at the Marconi 
'onfercnce Center on the '>hores of' Tomales Bay. 

California. and was '>ponsorcd by the Point Re)es 
Bird Obscnatory, U .. forc-.t Ser ice. . . Fish and 
Wildl1f'e en ice. Canadian Wildlife Sen ice. and the 
Institute for Bird Populations. 

The objectives of the workshop \\'ere to examinc 
thc -.trcngth'> and \.\Caknc-.,-.,e-, of mist-netting for a 
Val iel Of population IllOllltOring purposes. With a 
pnmary lncu-. on pa. scnncs, aml to develop recom­
mendauon-. on the be-.t method-. for using mist net-. 
as a population monitoring tool. The conference 
attracted 40 participant'> from Canada, Costa Rica, 
Genrn.111). real Bntain. and rrance as \\ell a-. from 
all acro'>s the nited tatcs. The majority of paper 
presented at the \\Ork hop Mc included in this vol 
ume. as \.\Cll as se\eral prep.1rcd a. follow-up. During 
intemive breakout sessions, all participants rea hcd 

consensus on recommended standard , reflected in 
the final chapter of this volume, "Recommendation'> 
for the use of mist nets for imentory and monitoring 
of bird populations." All manuscript'> undern ent 
ext nsive peer revie\\ as well as review by editors. 
During this process, delays made it possible for a 
reevaluation of all the rnanu-.cripts. All the authors 
enthusiasticall) participated in thi · proces-., and as 
a re'>ult man) ne\i,. <lata \\ere brought for\i ard. and 
updated analyses \\ere incorporated into manuscript'> 
during 200 l-_003. -. well, '>everal new manuscripts 
w re submilted that \\ere not presented at the work­
shop. The co-editor'> completed the final editing in 
late 2003. 

Both the manuscripts and the recommended 
-.tandards for mi'>t netting were greatly improved 
by comments from author'> of all the papers in this 
\ olume. as \\ell as from Boh ltman. Doug Barnum. 
Jeffrey Bra\\ n. Deanna Da\\ -.on. Sam Droege. Joseph 
Engler. D nise Hardesty. Daniel Hernande!, Jane 
Hick.. tephanic Jones, Joe Kaplan. Jame-. Karr, 
Martin McN1choll. Bill Mc hea, Rhonda Millikin, 
Nicolle Mode. Bert Murray. Glenn Olsen. Peter Pyle, 
John Rappol . Dan Reinking, W. John Richardson, 
Chri . tian an. tecnwegen. Dennis Vroman George 
Wallace. ant.I Richard Weisbrod. The editors arc also 
indebted to i nJa Long tor her dedicated and e ten-

I \ c \\Ork as t'ditmial assi tant. to John Roknberry 
for his help 111 final11ing tlm \Olume, and to Keith 
I Janson for the very topical artwork that appear.., on 
Its cover (redrawn by Gary Bloomheld). hnally, we 
thank the Canadian Wildlife ervice, Institute for 
Bird Population..,, Point Reye-. Bird hscr ator , 
L .. Fish and Wildlife er ice, and Forest 
en ice for their contributions to the co-.t.., of the 

\\ ork. ..,hop and pub I ication. 

C. Joh11 Rolph 
Erica ff. Du11n 
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USE OF MIST NETS AS A TOOL FOR BIRD 
POPULATION MONITORING 

ERICA H. Du 'l \ n . JoH R \I P11 

Ahsrracr. Mist neh arc an important tool for population monitoring. here defined as asse..,sment of specie-. 
composition. relati\'e ahundance. population ..,i1e. and demography. We re\ it:\\ the strengths and limitation.., of 
mist netting fm monitoring purpose..,. ba..,cd on papers in this volume and other literature. Ad\antages of using 
mt. t nets over aural or\ i-.ual count method include ease of -.1andardi1ed -.ampling, Im" ob\crver bias. abil1t) 
to detect specie'> that arc often mi-.sed u<,1ng other count methods. and opportunity to examine birds in th hand 
(prO\ iding 1nlormat1on on condition. age. <,l'\, and capture hi-.tor) ). The primar) ltmnation of mist netting. in 
common with most other \Uncy method\. i., from potential bia., in ..,ampling. However. there are many ap­
proache to reducing or adju..,ting for bias. including <,tandardi1ation of netting method .. comhining mist-net 
sampling\\ ith other sunc) t)pes. and U\1ng mark-recapture technique..,. Miq netting is an e..,-.ential tool for 
..,pccies 1mcntory. prmide1., useful indicc., of relati\c abundance. and can be u..,ed to track temporal trends in 
abundance h i.., al o one of the mo'>t efficient methods of capture for mark recapture \tudics. 

Key Word1. mark-recaptun.:. mist net, population monitoring. sampling bius. 

Mist netting is an important technique for popu­
lation moniLOring. helping to a..,.,css species com­
pm.ition. relati\e abundance. population -.11c. an<l 
demography (producti\it) and survival). Whereas 
mist netting is Lime intensive and requires special­
ized Lraining. it ha., ccrlain ad anta1!es o er '1..,ual 
and aural population monitonng 1cchn1quc .... M1...i 
nets can .,ample specie-. that arc poorl) detected b) 
other means. counts arc not subject to obsen·er bias. 
netting effort ts e:rnl) ..,tandard11cd. and each bird 
counted can also be c. amined in the hand apture 
al lows birds to be agc<l. exc<l. and mark.cd lo allow 
indl\ \dual i I mill ·a\il)n in futur' 1.:n ·uuntcr ..... In aJ 
dttion. extra data can be collected that al..,o 1.:ontrih­
ute lo population studtc , <.,uch a., breeding . tatu.., or 
ub-.,pecies identification. Data c.111 be collected f'or 

other re..,carch purposes at the ..,ame time (e.g, ph <.,i­
ological .,late. molt, para..,ite loads. D A ... ampling). 
Bccau..,c 1111 t netting is one of the most cf111:iu1l 
mean., of captunng m•rny bird ..,pcc1e , c. peciall) 
those that are in\ecti\orous. the technique is of! n 
U!-.ed in mark-recapture studies. 

In thi. paper, we disn1ss the strengths and limita­
tions of mist netting for population monitoring ap­
plication .. and ... ummari?e the literature in v.hich 
population parameter., ba..,ed on mist-net captures 
\\ere evaluated by comparing them with data from 
independent data sources. ln addition. v. e re\ iev,, the 
main '>Ources of potential bias in population indice-, 
based on numbers of birds capture<l, and <liscus.., some 
ways to address such bias. Ralph et al. (this volume a) 
..,hould be regarded a" a companion paper to th1.., one. 

becau ... e it recommend.., be..,l practice.., in mi..,t nellmg. 
accompanied by the rea on.., \\ h) recommended pro­
cedure ... v. ill improve moniloring capabtlit_. 

SP ClE COMPO ITION 

Mi-.t netting is often used as a tool to determine 
\\hat sp c1cs an.: pre ent in a slll<ly area. The ted1-
niquc i" a 'aluable component or ..,pecie-. ill\ entl>r) 
becau<,e it detect-. more cryptic, ground-foragrng, 
and non-singing bir<l than aural or 'isual un cy., 
(Blake and Loiselle 200 L Rappolc et al. l 993, 
1998, WallaCL' ct ,i\ \l)96. Whitman el al. \l)97). 
Further, result.., are rclali\ely unaflccted by the 
bird i<lentifJcalion skill., of ohserver-. (Karr 1981 a; 
although m1s1dentification may '-Lill occur. Dale !hi\ 
rn/11me). Howe er. netting is often a le"" efficient 
means of ..,pecies inventory than cen.,use.., such as 
point count'>, 111 terms of ..,pec1 s detected per unll 
effort (Ralph et al. 1995. Gram ,md Faaborg 1997. 
Whitman el al. l lJ97). Moreover, netting i.., known to 
under-sampl or completely miss some species ( -,uch 
a., aerial foraging wallows, or raptors). regardle. s 
of eason (Wang anJ Finch 2002). a re:-.ult, most 
author ha' t: recommended that mist netting be used 
a., a supplement ll) "i:-.ual or aural surve) s when a 
species im en tor) is being prepared. rather than as 
a ..,olc source of data (Faaborg et al. !his \'0/11me. 

Whttman !his rnlume). Kendall et al. (this \'Olume) 
provide information on using mark-recapture tech­
niques to estimate the total species present. even 
though only a proportion has been <letected . 



2 STUDfE IN vr 

RELATI E ABUNDANCE AND TREND 

Mi. t-netting studi s are commonly used 
docum nt differences in abundance indices among 
specie . . locations, year . . or age classes (see nex 
section). and to detect trends in population indice~ 
over the long term. No matter what count meth d~ 
are used to obtain abundance indices. the proportion 
of the true populati n that is count d will likely var. ' 
over time and pace. introducing bia ·. which w 
di cu. s b low. Nonetheless, evaluation , tudies have 
shown that abundance indices deri ed from mi . t-net 
ampling often compare v ell to independent data on 

the parameter. of intere t. 
For example. spe ies ranking. based on relative 

abundan e in breeding eason mi t-net . ample 
were usually correlated with abundance ranking , 
ba ed on point counts at the same locati ns (Table 
I). although individual species' rankings sometime · 
differ d markedly between count types (DeSante et 
al. this \'O/ume. Kaiser and Berthold thi. · l'O!ume ) . 

Similar studie · in wintering areas gave mixed re­
sults. in that agreement of . pecies' rankings between 
methods was quite good for some data sets (e.g., 
Wallace et al. 1996 thi'I volume). but very poor in 
other (Blake and Loiselle 200 I). Faaborg t al. (!hi,· 

1•0/wne) found good correspondence for year-round 
re. idemc., but \ery little for \\:intering specie.· , and 
Lynch ( J 989) found that level of correspondence dif­
fered among habitats. In the migration c.,eason, birds 
are perhaps less selective or specific habitat typec.; 
(Moore et al. 1995). or example, Wang and inch 
(2002) found good correspondence between mi<.,t-n t 
and point-count ahundance rankin!!s of species dur­
ing migration in all habitats studi cJ. 

Within <.;pecies, annual abundance indices have 
been shown to fluctuate in parallel \.\. ith indice.., 
based on other data sources (Table 1 ). Repeated mio..,t 
netting throughout the breeding sea. on gave indic s 
that paralleled abundance data derived from . pot 
mapping. in 3 of 4 species studied by ilkey et al. 
( 1999, from a single netting station) and in 9 of 21 
species studied by Peach et al. (!hi\· 1•0/wne, pooling 
data from many location ). No comparable studies 
have been conducted during the wintering s ason. 
For th migration sea:on. Dunn et al. (this 1·0/ume 

a) . hawed that annual abundance indices based n 
daily mi<,t-net . ample. were trongly coJTelated with 
indices based on a standardized daily census in 73% 
of 64 species. 

e eral comparison. have been made between 
long-term trends in abundance indices ba. ed on net­
ting data and trends from independent sources (Table 
l ). Po led data from constant-effort mist netting 
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at man locations during the breeding season cor­
r sponded " ith regional population trends based on 
spot mapping in 15 of 21 . pecies (Peach et al. 1998. 
thi. l'O!ume) . Trends in numbers of migrants captured 
were often correlated with Breeding Bird Survey 
trends from regions to the north where the migrant<., 
were assumed to have originated (Hagan et al. 1992. 
Dunn and Hus. ell 1995, Dunn et al. 1997, Franci and 
Hu.·, ell 1998. B rthold this l'Ol11111e, Rimmer et al. thi.\ 
1•0/ume). Con-elation. were strongest when statistical 
techniques were used that compensated for variation 
in daily bird number. cau ed by weather and date in 
the ea. on, and preci:ion of long-term trends has been 
shown to improve when netting at a , ingle station is 
more frequent (Thomas et al. this l'O!ume). However. 
as noted by Rimmer et al. (!hi'! 1•0/ume). birds from 
diverse portions of the breeding range are typically 
ampled at a single location. making direct compari­

sons b tween mist-net capture rates and Breeding 
Bird Survey trend.., difficult. 

DEMOGRAPHIC MONITORING 

Monitoring of productivity is a special case or 
abundance monitoring. in which abundance of adult 
and young birds is assessed c.,eparately. Because cap­
ture probabilities differ between age classes (Ballard 
ct al. thi.s l'Ulume, Burton and DeSante this 1·0!11111e. 

ur et al. this 1·0/ume). the relati\e proportions r 
young t adults cannot be regarded as absolute mea­
sur s or the number of young produced per adult, but 
rath rare indice ... of productivity (Bart t al. 1999). 
Producti ity indices from constant- ffort mist net­
ting in the breeding season have been compared to 
the numbers of nestlings found during intensive nest 
monitoring (Table I) . ln <.,omc. but not all ... pecie..,, 
these e. timates fluctuated in parallel betv.een years 
( ur and Geupel I 99.3b. du Feu and McMe 1'ing this 
1•0/ume). Dis r pan ·ies may have resulted from post­
fledging dispersal of young (e.g .. Anders et al. 1998, 

ega Rivera et al. 1998). so that mist-net samples 
represented local producti\ ity in some species and 
regional productivity in others. Differences in mist­
net ba. d produ ti ity indices among station. within 
a region (as found by Ralph et al. thi ro/ume b) 
could therefore result from true differences in local 
productivity. or from po t-fledging redistribution of 
bird<.; . Therefore, unle. s pilot work has demon trated 
that productivity indices from mist netting accurately 
reflect local productivity in the target species, c:;ite­
specific indice of producti ity based on mist netting 
should at least be augmented by intensi e nest moni­
toring (e.g .. Gates and Gysel 1978, Roth and John on 
1993). 
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In contract, it has been demonstrated that col­
lect111g data from multiple netting stations is a good 
means of cracking regional productivity (Barl et al. 
1999; Table l ). ooperative programs that pool 

data from constant-effort sampling at many mist­
net stations in a region include MAPS (Monitoring 

vian Productivity and urvivor. hip; De ante et 
al. thi\' volume), th Briti h Trust for Ornithology's 

T.\Bll I . Cm.tP\RISm. or POP L,\110 r>ArA COLI 1-:Cll-D 13) Ml'>l HTISG \\ITH DATA l ·RO\l l1'Dl·Pl·.· n1-.:-.11 SOURCES 

Para·nctcr 

Rela ive abundance 
uf '>pccie 

Sca..,nn 

Breeding 

Winter 

Migration 

Annual abundance Breeding 
indices for indi 1dual 
specie-. 

Dail~ abundance 
indices 

Population trend!> 

L lea prnducti\ity 

Migration 

Migration 

Migration 

Breeding 

Migration 

Migration 

Breeding 

Brecuing 

R 'gional productivity Breeding 

ource or Jata 
tor compari..,on 

Point counts 

Point count 

Point counh 

pol mapping 

Trnnst'Ct 

Point count-. 

Radar 

pot mapptng 

pot mapping 

Breeding Bird 
urvcy 

est monitoring 

est monitoring 

c-,t monitoring 

~orre-,ponJcncc of 

para 1ctcr hctwcen Jaw 'et ource 

Correlated al 34 DcSanle el al. this 1•ol11me, Kaio.;er and 
'lf 37 location . Berthold thi\ volume 

R rnghly correlated 
ir ..,ome data sets; 

not in others 

L) nch 19 9. Wallace el al 1996. 

Blai..e and Loiselle 200 I, 
Faaborg et al. !his rnlume 

Comlated in all habitat'> Wang and F111ch 2002 

ften correlated. 
bu not in all '>pec1c-. 

>rrclated in 73<7< 
ot 64 -.pcc1cs 

Corre..,pondcd 
only roughly 

Corresponded 
only rough!) 

orn.:sponJcd in 
t-') of 21 -.pec1e 

Of •n rnncsponJcd 

Of en corrcspondcu 

orre..,pondcd in 
.i of 4 '>pccics 

01rc..,pondcd in 
t of 2 species 

Corresponded in 
I of 2 species 

ili..ey et al. 1999. Peach ct al. 
!his volume 

Dunn ct al. this rnlume a 

S11nons et al. this l'Olume 

Simon.., ct al. rhi\· l'Ol11111e 

Peach el al. 1998. this l'()l11111e 

Berthold 1hi1 rn/111111! 

Ilagan cl al. 1992. Dunn ant! I lus-.cll 
1995, Dunn et al I 997. hanc1-. and 
!Ju.., ... cll 199 . Rimmer ct al thi1 
1·0/11111e 

uu Feu and McMecking this l'Ol11111e 

ur and Gcupct I 99~h 

ur and Gcupel I 993b 

B1ecding Population moue! Corre ponued 
(I pccic-. '>lUU1eJ) 

Bart cl al 1999 

Survivorship Breeding 

Breeding 

Breeding 

LX ratio 

Cupturc rate Breeding 

Res1gh1ing Corrcspondcd , ur ct al. 1/m l'Ol11111e 
( t ·pccic.., studied) 

Banu reco\cnc.., Corr•-,pondcd roughly Peach and Baillie this 1·ol11111e 

( 5 -.;pcc1c11 tudied l 

Correlation 1i,.ith ncral examples Peach ct al. 1991. 1999 
causal factor 

hootJng 

Other trap l) pe-. 

t corre pondcncc 
(2 -.pecies) 

Doe<., nor 
ah,ays correspond 

Ma\\ '>Oil 2000 

Bauchau and Van oord\1 iji.. 1995. 
Colli..,ter and Fisher 1995 

m(lJel nHllJming n: uli- 110111 annual range "1de count\ .ind .1nnual \Uf\ 11 ti rates "'" u,eJ to e,111natc rangt: -l'lde pnlduct11 It) 1n ~inl .tml'' \\' arhler 
f /) •11dri>ica A1r1/,111dii). 
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CES Scheme (Constant Effort Site ·; Peach et al. this 
volume), the German MRI Program (Mettnau-Reit­
Illmitz-Program; Kai . er and Berthold this 1·olwne), 
and th TOC program in France (Suivi Temporel 
du nivcau d'abundance de · populations d'Oiseaux 
terre tres Communs; Van teenwegen et al. 1990). 
An evaluation of CE productivity indices (Peach et 
al. 1996) showed that although there was variation in 
capture rate and age proportion among locations, 
annual change in age proportions at individual ·ta­
tion wer imilar in direction and magnitude acros 
habitat: and region: (Peach et al. 1996 ). Productivity 
indices ba ed on pooled data al. o were similar 
among a cluster of stations in California (Ralph et 
al. this volume b), and pooled data from CES station. 
had acceptably low standard errors (Peach et al. thi. 
volume). 

Migration data also may be useful for tracking re­
gional productivity, as repre ented by the proportion 
of young bird. in fall mi t-n t sample . . However, 
thi hypothe. is has been little t sted (Russell this 
volume). It will be difficult to validate productivity 
indices that are based on capture of fall migrants, 
because independent productivity data from the 
breeding grounds \.\ill rarely be available (because 
breeding locations are unknown or unstudied). 
Nonetheless, some approaches to evaluation have 
been uggested for future re'>earch (Dunn ct al. this 
volume h). 

MAP , E , and the other cooperative demo­
graphic monitoring programs mentioned above ar 
de. igned to collect informati n not only on produc­
tivity, but at.o on apparent '>Ur ival rate'>. Whereas 
"llrviv<d mt " could he e<.rimatcd for any season in 
which birds are site faithful and relatively sedentary, 
the<,e cooperati c studies estimate annual sur ival 
betw en bre ding <;eason. . erage ur i al can also 
bee timated for indi iduat netting •;tations, although 
sample size · are usually too low to document annual 
differences (Faaborg and Arendt 1995, Hilton and 
Miller 2003). 

Thcr are fewer validation studies of survivor-
hip estimate. than of producti ity indices, because 

independent e timate of survivorship are harder to 
obtain. ur et al. (this 1•olume) showed that survivor­
. hip of one pecies e timated from mi t-net recap­
tures wa similar t estimates ba ed on re. ighting of 
marked individuals. Peach and Baillie (this volume) 
found that acros. five species, there wa an overall 
(but non-. ignificant) relation ·hip between survivor-
hip estimate. based on CES and those based on band 

recoveries. urvival rates from CES were tower, 
probably becau e bird that emigrat from a tation 
cannot be di tinguished from birds that die. but the 

author. presented cogent arguments upporting th 
u. efulness of CE e. ti mates as indices of survival. 
There have al o been se era! studies showing that 
change in annual survival rate. was correlated with 
event. likely to have had a strong effect on mortality 
(Peach et al. 1991, 1999). 

POTENT! L BIAS IN MI T-NET SAMPLES 

A with bird count. obtained through visual 
and aural sur eys, the numb rs of bird. captured in 
mist nets are indices of abundance, rather than total 
count . U. e of standardized. constant effort protocol. 
will reduce variation in capture rates caus d by un­
even effort or net avoidance (Ralph et al. this volume 
a). However, e en completely standardiLed opera­
tion capture only a propo1tion of alt birds present. 
and that proportion will vary with species, habitat. 
weather, and other factors unrelated to true popula­
tion size. Sauer and Link (lhi.s 1•olume) showed that 
capturing different proportions of the true popula­
tion could lead to fat e conclusions in comparison or 
. ampl s, so it is important to investigate the potential 
for bias and to stimate it magnitude. 

Capture rates at all seasons are affected by a mul­
titude of factors, including distribution of nets with 
respect to territory size (Remsen and Good 1996. 
Ballard et al. this 1•ol11111e, Nur et al. this 1•olume). 

mesh si?e of nets (Heimerdinger and Leb rman 
1966, Pardied and Waide 1992, Jenni et at. 1996), 
season (Pagcn ct al. 2002), species (Jenni et al. 1996. 
Wang and Finch 2002). age class (Ballard et al. this 
l'olume, Burton and De ante thi\' wJlume. ur et al. 
this volume). factors a1f'cctinu movement rates (e.g .. 
wh ther birds are incubating or molting). activity 
height (Remsen and Good 1996). and veg ·tation and 
habitat tructure (Pagen ct al. 2002. Ballard et al. this 
l'Olume, Kai<;er and Berthold thi\· l'Olume, Mallory et 
al. this 1•olu111e, Whitman this 1•olume). 

apture rate<; or migrants are also affected by most 
of these factors. W ath r ha:-. a particular! strong ef­
fect on migrant numbers, becau. e it influence rat 
of daily influx and d parture from a lo ation, and 
v. eather effect may b e pecially marked at stations 
near the edge. of migration routes ( im ns et al. this 
volume). Jn addition, during migration th re will be 
daily variation in the proportion of bird. migrating 
past the study site that actually stop ther (Dunn and 
Hussell 1995). Migrating birds may b Jc. ·. electi e 
of habitat during migration than are breeding birds, 
howe er, so habitat biase may be lower during mi­
gration than in other easons. 

After a re iew of source. of bias in mist-net 
captures, Remsen and Good ( l 996) concluded that 
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unadjusted capture rates should not be used in quan­
titative comparisons of relative abundance, either 
among species. or within specie<.; among habitat'>. On 
the other hand. there i'> much e\ idence that a strong 
'>ignal can be obtained from tandardi?ed index 
count'> (Table I). Whereas descriptive, non-qualita­
tive re.,ults alone can be U'>eful for land managers 
(e .g .. riumple and Gcupcl 2002), mformation on 
relallve abundance can add a great deal of value , par­
ticularly when conclusions are tempered by explicit 
discu.,-.ion of the potential for bias and its po. sible 
magnitude. Moreover, long-term trend monitoring 
will not be compromised by the fact that numbers 
captured are only a proportion of true population 
size. a'i long as there are no temporal trend. in the 
capture proportions themsel\es . In mo t -.tudies such 
stability is assumed rather than directly tested, but 
Dugger et al. (2000) found that capture proportions 
in a neotropical <.,tu<ly area remained relatively stable 
O\er time within '>pecie and locations. J-fo\.\ c\l:r, 
relat1\cly mall changes in a '>pecies' mean peak 
of actt \ i l) can h<n e a large effect on capture rates 
(Remsen and Goo<l 1996). Long-term habitat change 
is the mosr lik.ely <.,ource oJ systematic b1a'i in long­
term trend., based on mi.,t netting (Ralph et al. this 
m/11me a). and uch change may be difficult to pre­
vent even'" ith regular management of tht.: \egetation 
(Kai ... e1 and Berthold thi.\ mlume) . 

1arl.. - recapture method., can help to re<lucc the 
potential for bia" caused b) 'ariation in capture 
propo1 tions among mist -net ... ample ( auer and 
Lin!.. this l'Vlume) . Marl.. recapture modeltn!! c'>­
timates the proportion of all hird'> that t'- actually 
captured. '" hich can then he u-;ed to c'itimatc total 
population si1.e (cg., Kai.,cr and Bauer 1994, Kai<>er 
and Berthold thi'i l'Ol11me). Peach an<l Baillie (this 
1·a/11111 C' ) and Kendall et al. (l/w l'Olume) pnl\ 1ded 
back.ground on the use<.; of mark. -recapture for thi 
purpose, as well as for estimating adult survival, re ­
cruitment, and prop< rtion of transient., 111 a sample . 
The technique ma) havt.: more limite<l \ ,llue for mi­
gration '>tudies, hecause the high rate of turno er in 
the bird., present at a study location precludes using 
recapture rates to c:-.tirnate population iLe. It should 
be noted that capture recapture estimates of popula­
tion -;i1e and capture probability are model-based, 
and the assumption., associated~ ith any model must 
be considered when interpreting results. 

nother meam of addres.,ing biase. that may 
exi.,t in mist-net samples is to adju t numbers of 
birds captured according to independent data on 
abundance . Although no count methods are com­
plete! problem-free, a fe~ technique. have been 
developed that produce relatively unbia ed estimate'i 
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ol density (Buckland et al. 2001, Bart and Earnst 
2002, Thompson 2002). These methods can be used 
in combination with mist-netting studies to e\aluate 
th~ presence and potential magnitude or bia in the 
111 st-net amples. Once capture proportions have 
been quantified, the density e. timation data can be 
u ed to adjust the mi . t-net '>amples during analysis. 

FUTURE R S ARCH 

The strength" and limitations of mi.,t netting for 
pcpulation monitoring ha\e received considerable 
au ntion in recent decades, but much remains to be 
learned. We suggest the following topics as priorities 
fo r research : 

• The factor'> affecting the proportion of the true 
pcpulation captured need to be better quantified in 
a tder variety of specie'>. In particular, more work 
is needed on effect'> of vegetation structure, habitat, 
an<l net avoidance. 

• For programs that pool data from many stations. 
more\\ ork. 1., need d on the mo..,t appropriate number 
anJ di'itribution of station'> to ensure representative 
..,ampling at cho ... en geographic scale'i. the ertect., on 
re ult'> of frequency ol operation, and on eff ech of 
-;talion turnover. 

• Additional validation studies are needed on 
abundance an<l dl.:mographic indices based on mist 
ne·tmg (including fall age ratios in migratmg bird'>), 
and on population trend ... or temperate migranh 
:-.ampled in their wintering area . 

•There i-. littk informat10n on age- or ex-specif'­
ic dtfkrence., 111 di per-.al and h<tbitat preference, or 
on degree of annual variation in the"e factor uch 
l..nowle<lge is important for interpreting spati,11 and 
temporal differences in productivity indices. 

•Mark-recapture method., are impro ing rapidly, 
but better model'> are needed to address di. per-;al or 
ju,eniles or prevrou., breeder'>. and for pooling of 
data from multiple <.;tations (e'>pecially when there ts 
turnover in the <.,ample of ... talion ). u ... e of mark- re­
capture for migration .,tudte'> al'>o need., further 
im cstigation. 

CO CLU IO 

Mi'>t netting as an extremely valuable tool for 
many kinds of population monitoring, not only for 
detecting the presence or specie and counting indi ­
vidual .... but as an efficient means of capture to ag 
indi iduab and mark them for future identification. 
It is almost unique among method'> in providing de­
mographic e.,timates in all sca..,on , for many specie., 
of birds. Although mi t netting i e, peciall} effective 
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as a monitoring techniqut: when used in mark­
rc aplllre studies, it can also provide valuable in­
dice f relative abundance. In addition, mi t-net 
sampl s can be u ·ed to traci.. long-term trends in 
abundance and producti ity. 
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Thi.., paper benefited from discussion among all au­
thors and work1.,hop participant (see list in preface.) We 
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C. C. Rimmer. L. Thomas. an tee1rn.egcn, and A. A. 
Whitman. and a re\ icw by M. Franci..,. 
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EFFECTS OF MIST-NETTING FREQUENCY ON CAPTURE 
RATES AT MONITORING AVIAN PRODUCTIVITY AND SURVIVORSHIP 
(MAPS) STATIONS 

K1-. l:Tll M. BLRlO.'.': ,\ 'DD \ID F. Di .. \ Tr 

rlh.\lract. D<1ta from Lhc MoniLoring Avian Productt\ it) and Sun.i\ or<,hip (M P ) Program \\ere anal)/ed to 
e\aluate the cffcd of frcquenc) of operation (number of da)s per 10-da) period) of n11';t net<. at MAP sta­
tions on capture rates ol adult and young bird\. ncgati\e relation<.hip exi..,ted hctween netting frequenc) and 
the number ol capture\ of adult bird-. per unit effort. This -,uggests lhal net a\01dam:e b) adult bird can be an 
important consideration at higher frequcnc1c . There al o \\a.., a negall\e relation-.h1p between netting frcquenC) 
and Lhe rate of capture or indi\ idual adulh: thl'> dcmon-.1rates -,murat1on of effort. WiLh regard to 1oung bird'>. 
hov.evcr. netting frequency had no effect on e11her type of capture rate. Thc-.e rt.:..,ults indicate that data from 
-.talion" run al high frequencie \\ill produce 111flaLed producLi\ity 111d1ce.., b) krnering capture rates of adult\ 
hut not of )Oung. Thu-,.\\ hen pool111g data from -.tat ion'> operated al d11lcnng frcqucncie. for largc-..,L'alc demo­
graphic monitoring. the data musL be adju-,ted to control for netting frequency. We interpret thc'>c hnd1ng" and 
suggest more rigorou ... approaches lo the stud) or these phenomena. 

Key IJ(ml\'.· capture rate. 1APS. mi-.t nd. net <l\oidanec. netting frcqucnc). prnduell\it). 

Constant-effort mist netting ha-. been ..,hO\\ n 
recently to he a \ iahle method or monitoring de­
mographic paramct r.., of landlmd populations 
(Baillie 1990: Baillie ct al. 1986: Butcher et al. 
1993: De ante 1992: DeSante ct al. 1993a.b: ur 
and Gcupcl I 993a.b: Peach et al. J 9l) I, Ralph ct al. 
1993). HO\\C\er. many que<>tions remain regarding 
the optimal design of monitrn ing progra1m u mg 
1111..,t netting. not lea-.t or which concern-. the fre­
quency at whi ·h mi-.t ncr... '>hould he operated (Nur 
and Geupcl I 993h. Ballard et al. !hi rn/11111e). fhe 
quc-.t1on or how often to operate mist nch i" not 
merl'ly academic. M1 .... t nett111g. although provid­
ing information nnl readily obtainable hy other 
111etlH ch. -.uch a-. point rounting. i-. relatiH'ly labor 
inten ... ivc. Manager.., and researcher'> need to know 
what sampling effort is required lo produce accu­
rate and precise cs1irnat .., of the target paramete1.., 
( .g .. population ..,11e. producti\ ity. sun ivorship, 
recruitment) in the most dlicit.:111 manner po-.s1ble. 
Furthermore. to a\01d undue d1'>!urbance to the bird'> 
themselves. netting should not he conuucted at a 
frequency higher than that nece-.sary to obtain the 
de">in:d 111formation. 

rom a bird's point or vie\\. there is no rcwaru a"­
sociated with being captured in a mist net. Common 
sense and anecdotal e\ idence ... uggc t that after ..,uch 
an e pcrience (particularly if repeated), bird..., are 
lik.ely to stay awa; from the net for !->Ome time . This 
phenomenon is kno\\-n a<., "net moidance" or "net 
...,hyne.,..,," although it i.., debatable \\hether birds are 
avoiding the net'> the1melves. the net site-.. both. 

7 

or neith r. The cxi .... tence, magnitude and duration 
of net avoidance undouhtedly vary among '>pec1e'> 
and prohably among inu1\ idual . and are lik.ely to 
increase \\1th repeated capture. t the population 
le\ el, different age classes are likely to 'ihow differ­
ent degrees of net avoidance due to beha\ ioral differ­
ences and degree or nai\t:tc. The degree of net ..,itc 
a\ 01dance undoubtedly depend..., to ..,ome extent on 
the ..,ite's pro:ximity to a hinf s nest in the breeding 
season. and on ih proximity to food. shelter. or other 
resource .... and thu-. net-site a\ OJ dance may \ ary 
-.eaqmal I y. 

Net avoidance is generally assumed to c:xist in 
mi..,t netting Ludie ..... but few studies haw bt.:en con­
ducted to examine It.., magnitude and effcch on indi­
ce!-1 and e<.,timatcs of populatwn parameters , tamm ct 
al. ( 1960) documented steady decline .... \\hich they 
attributed to net ..,h nes..,. in capture rate'> of all species 
comhined immediately heforc and after 'Pring migra­
tion in Maryland. s furthe1 evidence. they found a 
mark.ed inc1 ea ... e i11 capture rate. folio\\ Cd b another 
decline, after relocating their nets (an indication that 
birds learned to m oid the ..,ite of capture. rather than 
rec gnizing the n t', per \L'). Swinebroad (I 96-t ). 
however. \\a'> unable to uemonstrate net a\'oidance 
in a New Jersey Wood Thrush (Hylocichla mu\·teli11a) 
population and in fact had a higher-than-expected pro­
portion of recapture!-> (based on population estimate-. 
from spot mapp111g): he concluded that placement or 
nets in areas or high activity within actively defended 
thru...h territories rc'>ulted in a di . proportionately high 
rate of repeat captures. 
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The variation in the results of these . tudi i fur­
ther evidence that the intensity of net avoidance var­
ies according to . pccies, season, and perhaps event 
population. However, Stamm et al. and Swinebroad 
banded at highly irregular interval. ranging from l 
to 21 days, making meaningful interpretation and 
compari on of th ir result difficult. 

Because of territoriality, there i. a limited poo 
of adult bird , available at a given ite. After thes 
birds have been captured in a given year, an increas 
in effort will not increa e the number of resident 
indi iduaL captured, although non-breeding bird. 
will continue to be captured. Thu , in a closed popu­
lation, the capture rate of new individuals (i.e., fir 
captures) is likely to decline as effort i increased, a 
phenomenon known as "saturation of effort." The 
length of time taken to reach . aturation i. dependent 
on population ize, capture probability, and net den­
sity, in addition to sampling frequency. 

Ballard et al. (this volume) found that nets op-
rated five day a week (about 7 day out of I 0) 

captured SOOK more locally produced hatch-year 
Wrentits ( lwmaeafasciata) than did nets run in the 
same . tudy plot either once every ten days or twic 
a week (about three days out of ten). However, the 
number of locally breeding adult Wrentits captur d 
did not differ significantly among the vari us re­
gime . These re. ulh :uggest that saturation is a more 
significant issu with aJult birds than with young; 
this i. what one woulJ expect, since adults tend to be 
more sed ntar) than young birds during the breeding 
season. 

Monitoring Avian Productivity and urvivorship 
(M P, ) Program pr0t0col (D • ante 1992: De ant~ 

et al. I 993b. 2002) is for nets t be operated on on 3 

clay per I 0-day p ri d. This recommendation was 
made to increase the number of stations by making 
them easi r to operate, de rcase the variability among 
station . and minimize di turbanc to the birds. Nur 
and Geupel (l 993a,b), however, recommend that 
nets be operated as frequently as possible to increase 
annual capture pr babilities, and t distingui h be­
tween resident and transients, based on multiple 
captures of the former, ·o as to be able to exclude 
the latter from . ur ivor. hip estimations . ur et al. 
(!hi. l'Ol11111e) found that locally breeding Wrentits 
were captured repeatedly at their study site, while 
non-breeder. were not. Furthermore, Sauer and Link 
(this volume) ugge t that estimation of the degree 
of bia. in population-parameter indice. is possible 
by e, timating capture probability, the reliability of 
which will be improved by increa ing the number of 
amples. On the other hand, Pradel et al. ( l 997) ug­

ge. t that sufficiently spaced capture sessions nearly 

al"' ays will preclude multiple captures of transi nt , 
making them easier to identify and exclude from 
urvivor hip analyses. 

Obviou. ly, no single netting regime is optimal 
for al I purpo. , . Our contention has been that. for 
demographic-monitoring purposes, operation of nets 
once per 10-day period over at least six periods will 
provide . ufficient within- and bet-ween-year recap­
ture. to di criminate effectively between residents 
and tran ients, and that if additional effort is pos-
ibl , more information would be pro ided by thee -

tablishment of additional tation.' than by increased 
effort at existing stations. 

ome MAP stations (mo. tly station oper-
ated by bird observatorie. and other avian research 
centers and e. tabli hed prior to the inception of the 
MAP Program) operate their net more frequently 
than once per I 0-day period. Thus, uata from MAPS 
talion. provide an excellent opportunity to exam­

ine the effects of netting frequency on capture rates 
across a wide spectrum of sites. 

METHODS 

M P mi<.,t-nctting protocol is described in De ante 
( 1992) and DeSante et al ( l 993b, 2001) . At the end of 
each breeding '>Ca'.'>on, banding data (including specie::-.. 
age, sex, and band number) arc submitted to the Tn'.'>t1tute 
for Bird Population., (IBP) for analy-.is, along with detailed 
information on mist-netting effort (date , numbc1 of neh. 
opening and clo..,ing time.,, total net hour<.,) . Baseline de­
scription-, of each station , including primary habitat l)pe. 
arc 1'.ept on file at IBP. 

We used 1992 M PS handing data to as ... es.., the re­
lationship between netting frequency (number or days of 
operation of mist neh per I 0-day pL:nod J and total caplllre 
rate'> (numbers of all capture-. , including repeat<, , per unit 
effort) as a measure of net a•oidancc . WL: al-,o examined 
the rdation. hip between netting frequency and rate or first 
capture (number.., of newly captured indi\ iduab. c c.:luc1ing 
repeat'>. per unit effort) as a measure of ..,aturation. We used 
600 nd-h as the unit of effort; this reprc-,cnls one '>Cason·s 
effort at a tation con..,isting or ten 12-111 nets operated for 6 
h/da) at a frequency of 1 day/period for LO period<,. 

Lation \\Crc grouped into four primary habitat type.: 
"forest," "woodland,'' .. scrub," and "meadow ." We first 
conducted A OYA. using netting frequcnc and habitat 
and their interaction as main effects. Ilabitat had highly 
significant effect:-. on both total and fir\l captur rates (all 
age cla-.ses pooled: F

3 
IN> = 18 .61, P < 0.00 I). Forest and 

meadow habitats were underrepresented at netting fre ­
quencies higher than 1 day/period, so we excluded from 
further analysb -.tation.., in the'>e two habitats . Capture-rate 
data fr m woodland and scrub habitat.., were log trans­
formed prior to further analysis in order to meet the 
a. sumptions of the models used : frequency data did not 
require transformation . 
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Mean \aluc<, ±I sr arc reported . Gallinaceou-. birds and 
hummingbirds were exc:luded from analysis because most 
M PS operators do not ha' c permit<, Lo band them. 

RE ULT 

ata from 76 MAP stations in woodland and 
'>Crub habitat<; \\ere a\ailable for analysis. Netting 
frequency at these '>tations ranged from 0.8 to 5.2 
day/period (day/p) with a mean of J.4 ± 0.10 day/p 
over an average of 9 ± 0.26 periods. Total capture 
rate of adults ranged from 23.2 to 357.6/600 net-h 
(mean = 139.6 ± 9 21 ): total capture rate of )Oung 
ranged from 7..+ to 818 .9/600 net-h (mean= 9 .8 
± J 3.46). Rate of fir...t capture ranged from J 6.6 to 
343.5/600 net -h for adults (mean= 113.9 ± 7.62) and 
from 7..+ to 786.7/600 net-h for young (mean= 92.0 
± 12.83). 

The effect of netting frequency on capture rate'> 
did not differ bet\\een the two habitats anal11ed 
(\\OOdland and scrub) for either adult or 1m111g (fre­
quency x habitat effect,£\,, = 0.7, P = 0..+2) . 

Combining habitats, increasing nett111g fre­
quenc) significantly reduced total capture rate of 
adults (F

1
, = 6.9, P = 0.01 ): however, it did not 

affect total capture rate of young (F, 
7

, = 0.4, P = 
0.5 I). Netting frequency also affected first capture 
rate of adults (F

1 
, = 9.3, P < 0.0 I) but not nf young 

(F
1
., = 1.3. P = 0.26). Figure ... I 4 illustrate, using 

non-tran..,formed data, the trend'> for each of the 
two habitats. The slopes \\ere negative in all e<t"ie..,, 
r gardlcs"i of stati'itical s1gnificanLe. Hov.ievcr, the r 
values \\ere all lc..,s than CU. indicating that netting 
frcqucnc; did not explain much of the variance in 
capture rates, even tor adult .... 

OJSCL SION 

We found that net (or net-<.,1te) avoi<lance (a'> 
measured by d cline in total u1pture rate) and ef­
fort saturation (a-, mca~ured b) <lcclinc i11 rate of 
llrst capture<.,) can be significant in con'>tant-effort 
mi'>l-netting operations. et <I\ niclance and effort 
saturation during the breeding sea on appear to 
operate primarily on adults (pre-.,umably territorial. 
breeding indi idual'>) . The difference between adults 
an<l )Oung is likely due to the higher degree of mo­
bility among young during the breeding ~eason. 

Net avoidance and '>aturation. although di. tinct 
phenomena. have a "iimilar effect on bird population 
studie-.,: the} result in inflated inc.lice'> of productivity 
by lowering the capture rates of adults, but not of 
young. Statistic~ developed by Baillie el al. ( 1986) 
for the on-.tant Effort Sites Scheme, and adopted in 
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FIG RL I. TcHal capture ratl'" of(A) adult" and (8) young 
\ s. netting frcquenc; at 54 M PS "ta1ions in \\ oodlantl 
habitahin 1992. (A) r=0.25 , ..,lopc = - IX.7:(B) r = (J.(J7. 
slope = -J .6. 

the 1APS Pr )gram. us, \ht: numhet nf inJi iduab 
captured, rather than capture rates, in population ... i1c 
and productivity anal; cs . tation'> arc almost ccrta111 
to capture more inul\ iduals b) increasing their net­
t111g frequency and thus \\.ould contribute more data 
to these analy'>e'>, but, at least 111 r gard to adults. 
thi.., increase is not proportional lo the 111crease 111 ef­
fort. Due to saturation, one cannot simpl) di\ 1de the 
number of individuab by the frequency of dfort. a"i 
this \A.OUld underc<.,timate adult-population si1e and 
overestimate productivity. This is documented by 
De ante et al. (lhi' vv/11111e) in the case of a ..,inglc 
"itation operated nearly daily . One olution might be 
to select data from a single da) of operation from 
each period, either random!} or b) some other cri­
terion. for use in the'>e analy..,e'>. DeSante et al. (this 
1·0/11111e) demonstrate that this technique produces 
valid results. Another approach might be to calculate 
the total number of individuals captured using only 
the first day in each period. then only the second. and 
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HG RE 2. Total capture rates of ( ) atlult'> anti (B) younf, 
\<,.netting lrcquency at 22 MAP station-, in '>Cruh hahilat 

111 1992. ( ) r = 0.25. '>lope= -+6 . 1: (8) r = 0.14. '>lope= 
59.32. 

'>O on. and u..,e the average. The flr'>t approach \\. ould 
b' the '>1mpler. '" ht.!rc<.h the '>CLonJ l'.l)ll\d i11u1.:<l'>c 
the accuracy and preci.,ion or the indices. 

The problem of net avoidance become" "ig­
nificant in breeding-bird monitoring program'> in 
two ca.,'"· ne is when net'> are operated prior to 
the period under in estigation. becau.,e resident or 
early-arri ing breeder" could be ·apture<l durinJ 
this time and might not be captured again that year 
due to net a oidance. Thi'> i'> especially true if the 
nets are operated prematurely and frequently. a., 
for a spring-migration monitoring program. This 
could act to decrea'>e adult population . ize indice . . 
increa"ie pr ductivit indice"i. and reduce survivor­
ship estimates. 

The second ca'>e in which net avoidance may 
affect population stu<lie. is \\.h n a station i-, oper­
ated at a ery high frequency. un i\orship models 
using within-year recaptures to identify residents 
require a certain period or time between captures. 
t)pically 10 day. (Buckland and Bailli 1987. Peach 
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FIG RE i. Rate.., of f'ir-,t cupture of ( ) atlulh anti {B) 

young \s netting frequency at 54 MAPS '>tations 111 \\.Ootl­
land habitah 111 1992. ( ) r = 0.27 . ... lope= 17.1. (8) r = 
0.13 .... lope= 5.9. 

1993. Peach et al. 1990). tation'> operated at very 
high rr 'LJllcn ·i1.: L\ '\U,\ll; m,\) low r th ir abilit) \( 
identify resident'>, since the<;e birds may be captured 
'>evcral time'> in iapid '>uccc..,-.,ion and ;1\oid the net'> 
thereafter. thu'> not reapp anng in the data set after 
the necessar) time intenal ha" elap., d. 

n additional i..,'>ue j..., the relation.,hip bet\ een 
annual recapture probabilit) and netting frequenc . 
f ncrea. ing recapture probability increa.,es the preci­
sion of survival estimates. as does increasing the 
number of sample-. (Pollod. ct al. 1990). For the pur­
poo.;e of estimating interannual survivorship. however. 
an entire season r present'> a single sample. regardless 
of netting frequenc). Iner asing n lling frequency 
und ubtedly does increase recapture probability, but 
thee act relationship between these two variables ha., 
not been e amined aero s a broad , pectrum of sites. 
Increasing netting frequency c rtainly does not pro­
portionately add adult birds to the catch. 

A more formal approach to the study of net avoid­
ance. but beyond the s ope of this paper. would be to 
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FIG Rf 4. Rates of first captun: of (a) adults and (b) 
young ' . netting frequem') at 22 1 '\PS station-.. in scrub 
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.,lope = 58.2. 

e<.,timatc within- · ar recapture probabili ties .. uch an 
approach has been used in clo..,cd popu lation estima­
tion modcb that allo\\ for capture probability to vary 
by resp< n ... c to capture (Oti.., ct al. J 978), but to our 

knowledge has not been used to assess the effects or 
sampling frequency. Such a study could be done on 
a station-by-<.,tation ba. i'>. using only a single species 
or gr up of re lated species and a set of stations in 
imilar habitat operated at various frequencies. and it 

would need to be limited to resident indi\ idual'>. 
Ultimately, the ptimum frequency at which to 

operate a constant-effort mist-netting station will be 
dete rmi ned by the specific objectives of the project 
and the resources avai lab le. Data from stations op­
erated at varying freq uencies can be combined for 
large-scale analyses, provided tho. e from stations 
operated on multiple days per period are adjusted 
appropriately. f n general. however, additional ef­
fort, when possible, lik.ely will be more aluable 
to large- cale monitoring programs if used for es­
tablishment of additional stations nearby in simi lar 
habitat, rather than repeti tion. Increasing the number 
of station. pro\ iding data and standardizing the ef­
fort expended at these stations will increase the pre­
cision and reliabtl1ty or regional monitoring indices 
and estimates. Furthermore, cluster of <.,imilar sta­
tions may provide valuable c.li . per -al and philopatry 
information, as well as giving more accurate pictures 
of local condttions and trends. 
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MONITORING PRODUCTIVITY WITH MULTIPLE MIST-NET STATIONS 

C. JoH RALPH, KIMBERLY HOLLI GER, o SHERRIL. Mu LER 

Abstract. We evaluated data from 22 mi-.t-net capture . tatiorl', operated over 5 to 13 years in northern California 
and southern Oregon, to help de elop sampling de!'>igns for monitoring using mist net'> . Jn summer. 2.6% of 
individual. were recaptured at other stations within I km of the original banding station. and in fall. 1.4% were 
recaptured nearby. We recommend that stations be establi-.hed 1-5 km apart to promote independent sampling. 
Percent of young birds in the total captured was '>imilar among ·mtions. both in ummer and fall, indicating that 
large numbers of station. might not be neces ary to sample age structure for an entire region. at least for common 
·pecies. We examined the p rccnt of young captured in fall and summer to determine whether some stations con­
si tently captured lower proportions of young across all species. and found no consistent pattern . Power analy is 
indicated that about 10 stations were required to detect a :0% change in percent young betv.e1.:n years f r the 

ong Sparrow (Melo!>pi:::.a melodia), a common species. To detect a 25% change, 10 stations still suffi ed in fall. 
but about 3x more were required in summer. Summer results were similar f r the Yellow-breasted Chat (lcteria 
viren. ). More stations would be needed to reach similar precision targets for uncommon species, and probably 
also in regions of more heterogeneous habitat. Although the capture rates at stations in our rcgi n increa'>ed dur­
ing the study, the capture rates at individual .· tatiorn. declined significantly after the first year of operation. 

Key 11ords: bird, migration, mi'>t net , monitoring, productivity. 

Constant-effort mist netting can be used to es­
timate population composition, species abundance, 
and demographic parameters such as survivor hip 
and producti\ ity. oupled with habitat surveys and 
trend analy es, demographic monitoring has been 
suggested as a n cessary minimum for me ting the 
moniloring obligations of various r :ource-manage­
m nl aecncics, and for inlerpreting differences in 
bird abundance among habitats and over tirn (e.g., 
Butcher L 992, Manley 1993). cntral to planning 
and ex cution of moniLoring \\ ith mist netting is 
knowledge of th numb~t of slalilms lk1,;1.:s'->,U) \) 

characteri/.e population parameters for a region or 
a habitat. 

Determining the number of netting stations need­
ed t mo. t efficiently monitor bird in a target region 
requires a balance between effort and the po\ er of 
the result.. lf . tations produce relatively uniform re­
sults, few stations will be needed, as long as sample 
size requirement can be met. For example, Bart et 
al. ( 1999) found that 7 stations could monitor pro­
ductivity in Kirtland's Warbler (Dendroica kirtlan­
dii), using the proportion of young in the total catch 
as the index of productivity, but che study took plac 
in uniform habitat, for a s111gle pecie , and in a mall 
area. By contrast, Peach et al. (this volume) found 
that for 17 of 23 specie. captured, 40-70 netting ta­
tions were required to detect annual change: across 
England with preci . ion of 5% mean tandard error. 
Number of station required for monitoring produc­
tivity at a target le el of preci ion may al. o differ 

L 

between th summer season and fall, wh n more 
migrants than summer re ·idents are captured. 

In this paper. we examine the number of stations 
needed to ample productivity in summer and fall, in 
an area appro imately 25-50 k.m in radius and sam­
pled in reasonably homogenous habilat. We abo an­
alyzed data from a dense configuration of stati ns in 
a larger region of northwe tern alifornia and south­
ern Oregon, most established since 1992 to monitor 
the birds of the region. ur stations w r established 
in riparian habitat'-. along river and stream corrid rs. 
and n arm untain m at.lows. We ' 'CIT intere tee! in 
monitoring permanenl and summer residents, as well 
a migrants, and in m nitoring the er important 
post-bre ding period of late -.ummer and fall. 

Specifically, thi . paper addrcs cs the following 
questions: 

( L) To what degree do nearby station share the 
same individuals? If movem nt rate among station. 
are relatively high, such that nearby station. capture 
a high number of the same individuals, then stations 
must be Jo ated farther apart to achie e stali. tical 
and biological independenc of . ampl s. 

(2) How much variation i ther in percent of 
young within and among , tations? If . talion are ·imi­
lar to each other in their p rcent young, then fewer 
tation. may be needed to provide a good estimate of 

annual change in productivity for the region. 
(3) How many stations are needed in a region to 

detect a specific change in our demographic measure 
of pr ductivity, percent of y ung? 
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( 4) Is there a consistent effect of year-of-op ra­
tion on capture rate, which could affect interpreta­
tion of trend re. ult~? 

METHODS 

With several cooperators. wc established 34 con~tanl­
effort stations in northwestern California and <,Outhern 
Oregon. in what i<; referred to a'> the Klamath- i-,k.iyou 
bioregion . A sub-set or 22 station'> with the most '>imilar 
operating years. sche<lule~. and effort was selecte<l for the 
analy e pre~ente<l here (Table I, Fig. 1 ). Station'> \\ere 
locate<l along the Klamath River an<l its tributarie .... the 
major riparian corridors or northwestern California. a'> well 
as some nearby rivers . All stations were locate<l in riparian 
areas hor<lered by coniferous forests: on the main '>tem or a 
ri er, on a tributary. or 1n upper elevation meadow- riparian 
areas . Two coastal stations were in riparian area. within 
the coast re<lwoo<l (Sequoia ~e111pen •11 ·e11.\) zone, an<l two 
were along the riparian margin nr a coastal pine (Pinu' 
contorfa) forest. 

t each station, 10- 12 mist nets were operated during 
the hreeding -.ea-.on , and u ... ually during fall migration as 
well. Nets \\Cre placed in the '>ame locations each year. 
Except for two tation-. OIOME and P RK). each "talion 
was con"istently operated one day <luring eai..:h 10-day p~riod 
beginning in early May an<l continu111g to the en<l of ugu ... t 
(<lefined here as the breeding season). During S<.'ptembcr and 
October (our definition of the fall migration season), nets 
wen.! operated once per v. eek. Since 1992, the I JOME station 
ha'> been opcrall:d during the breeding sea-.on l\>.1cc every IO 
days and 111 the rail for 3 days a wee"- (u<,ually with at lea ... t 
I Jay between ..,essiom.). PARK station wa ... op~ratcd during 
the breeding. ;.ca ... on once c\'cry 10 days. and in the fall for 2 
days a wed. Regardlcs" of sca ... on. nch were opened at all 
station" from \\ ith111 15 111111 of J;m n and operated for In e 
hl)llf'>, \\e..lth 'I pe1 milling. Othet net Ojktation ... anu proce ... s­
ing of bmb followed the guidelines in Ralph cl al. ( 1993) and 
Hus t'll and Ralph ( 1998) 

Mo'>l analyse;. in this paper included data for the mo..,l 
frequently -captured species; 14 in '>Ummcr, and I 2 in fall 
(Table 2) . The dates defined above for these -;casons cover 
lhl'. ma.1ority of the breeding and migration -.casons or the 
species involved . Hm'vCH'r. in many specie, , .il lea"l a 
proportion ol the population doe" migrate earlier than 
September. tations useu for caL11 analysis varied (Table 
I) Because the effort \\as simila1 at all stations, except 
where otherwise indicated. we did not weight -;tation-. in 
the analyse'> according to effort. 

To determine whether <;tations close together were 
'>ampling the -.ame local population (and therefore not col­
lecting indepL:ndenl samples), we determined the percent 
of 1ndi\iduals captured bet 'v'een -;tations a-. a function of 
distance. We confined thi-. analy-.i" to eight of the clo-.c-.t 
stations (analysis A in Table 1 ). 

We used the percent of young of the total of birds 
captured as an index to productivity. Stations used tor 
this analy-.i (anal) i<., B in Table I) repr sent an area of 

ab0ut 120,000 ha, near the average si1e of a Forest Service 
Di trict in the national forests of the Klamath River region. 
F r <,ome of the '>tations operated for five or more years 
during the period of 1992- 200 I, we computed the average 
annual percent young for each species in "ummer and fall. 
Tt test for differences of the average percent young among 
st· lions. we used A OVA and Duncan's multiple rang 
teq (Zar 1984 ). 

To test whether annual percent young v. as consistently 
low or high al a given station acros-. ..,pecies, we cakulated 
an index of productivity for each station. We first calcu­
lal.!d the range of percent young for each specie1., over the 
yc.trs of the study period at that -.tation, then calculated an 
inue representing the annual percent young relati\e to the 
range of percentages of young of that species captured at 
that station For example. if the range for Black-headed 
G1 sbcak.s (scientific names of all specie are in Table 
2) \ a-, 25-75% over 10 year'> al a -.talion. and the percent 
young in a given year wa. 65 %. 10% lower than maximum 
va ue, the relati\e \ alue for that -.pcc1es al that station was 
0. 0 ( = l - (0. 10 I (0.75-0.25))). We U'>ed a General Linear 
M11d I ( A Jn-,titute 1996) to compare the means of these 
n:l.ili vc percent young by specie., over all the year'> v. hen 
the -.pecies was captureu (1n some years at some stallons a 
. pu:ics may not IHl\C been capture<l). 

V\e estimate<l the power of detecting a change in the 
pr( portion or) oung in the total number or b1r<l'> captured 

( ci). by species and season (analy "is C in Table I). for 
t\\n common riparian specie-.;, • ong Sparrow and Yellow­
brL 1sted Chat. We tested for differences in percent young 
f-/r :cl - 1 \'> . 111 : cl~ I ( ochran JQ77). for all pair-, of 

ye· rs from 1992 lo 1995. We C'>limated th' pO\i.er of de­
tecting a O<Jf (cl= 0.5 or 1.5) or 25% (c/= 0::!5 or 1.25) 
decn.:a'e or increase. O\er a range of sample '>i1es (numher 
of tal10ns) from one lO 50. 

To detern1inc if capture rate at a -.tat ion changed accord 
ing to year of operation. we compared annual c,1pture rate-. 
f 01 the f]rq year nf' operation (1991. 1992, J 99 ~ or 1994) lo 
the three subsc4uent years for 17 of the station-, (analysi' 
D i'l Table I) . We u-,cJ a mixed-elfel.ls modd (L 1llell et al. 
1996) to e\ttmate the \tfllClllrC of capture ratC\ W ilh year or 
opernt1on (Year I. Year 2, Year 3 or Year -l) and capture 
year ( 1991-1997). re-.ting capture year both as a categorical 
and th a continul)U \ariabh: . We lt'-ed Tuh')-Kramer lest 
for multiple pairn 1-.e comparison-. of capture rate. by years 
and by year of operation. talion was the random effect in 
the model, anJ we accounteJ for potential serial correlation 
amnng years a'>sun11ng an autoregre-.sive correlation -.truc­
tutT ( A fn.,titulc 1996). 

RE LTS 

lND!·PE"\/DE Cl ~ OI STATIONS 

For the station.- less than l km apart. 2.6% of indi­
vidual birds were recaptured at another station in the 
summer. and 1.4% in fall (Table 3). At 'itations more 
than I km from the original capture station , in both 



T '\Bl L I. Ml T-Nl:T (. \l'Tl RI STl\TIO s. TllE AN.\LYSI <; I WlllCH TllE ST 110>..;'s D'\TA WI RE GSI D. UMBER or "11:- rs. Tiii: 'EARS OPERATED, AND SRASO : Or OPERATIOI\ (S = SLIMMI R, F = f· LL). 

l.ll!OO Operator nal) ,e.,• I net'> 1992 1993 1994 1995 1996 1997 199 1999 2000 2001 

i I-en·'> Creek ( K ) Redv.ood cience<, Laborator) A 10 
ntelope Creek ( Tl) Klamath ational ore t D JO _.F .F .F .F 

Big Bar (BBAR) Tri nit) ational Forest 8 12 

Bondo Mine (BO 0) Red\1.ood ciences Laboratory f. B, C. D 10 
amp Creek ( MP) Red'i ood Science'> Laboratory . B. C. D LO S,F S.F S.F .F 

Red ap Creek D ( PD) Redwood cience'> Laboratory . B. C. D 13 .$_.F .F S.F .F S.F 
C/) 

-3 
Carberry Creek ( ARB) Rogue River ational Fore'>l [) 10 c::: 
Emmy's Place (EMMY) Redwo d ciences Laboratory [) 10 S.F 

ti 
m 

Gra) back Creek (GB RJ~ isl-.iyou ational Forest D .s_ C/) 

Grove' . Prairie (GRO ) Redwood cience:-, Laborator) D 10 .F .F z 
HBBO HQ (llOM ) Humboldt Bay Bird Ob-.enatory ) 17.5 .F .F S.F )> 

Indian Valle) (1 v ) Redwood ciences Laborator) D 10 .F .F ::; 
Delaney Farm (L DYJ ciences Laboratory . 8. C. D 10 _,F .F .F .F 

)> 
z 

Long Ridge (LORI) ational Forest J) 10 .s_ .s_ °' Molicr (MOL!) cience Laboratory A. B . . D 12 .s_ 0 
DeMello pasture (PARK) llumboldt Bay Bird Obscnatory \ 14 _.F .F .F S,F .F S,F r 

0 
Pacific Coast Trail I (P Tl) Klamath ational Forest 13.D 13 .$_.F .$_,F S.F .F 0 

Redwood Creek (RECR) Red\\OOd ciences Laboratory 0 11 .$_.F ,F .F .F S.F -< 
Red Cap Creek 2 (RED-l Redw od Sciences LaboratOf) .\. B. C. D 13 _.F - .F .F 

hitmore Creek (WI IITl Redv.ood cience Laboratof) .\ IO 

Wright Refuge (WR FJ Humboldt tate nnerslly 10 _.F _.F .$_.F 

Yager Creek (Y Rl Pacific Lumber ompany D 12 _ .F .$_.F _.F .s_ 
-

\o/t! 1 .. _ .. denote no dat.i "ere t.1~en . 

S!ation' u'ed 111 each anal)"'· '\ - lndependem:e between tat inn' Imm mmemt:nt amPng 'tlllll>ll' t1ndude' all year')" B = \anallun 111 percent )nung .unong ,t,111on' and )Car<, ( 1992 J995J. C= umber ol 'talion' needed Ill dctcLt dccl111e' 

111 productivity (1m: ludc' year'> 199'.! 1995): D = E:.ffect ul running neh on .:upturc rn1e trnt:ludc' 'ummcr data from hr't four yi:ar' of operation year'> u'ed indicated with underline) . 

" I h" "allon wu' al'o operated 111 the 'ummcr of 1991 

z 
0 
l.J 

'° 
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15 

FIG RF" I Loca11on" and four-lcltcr code names of each of tht: 22 stations uscc.1 in th1-. study, v.ith count) and -.talc borders 
(blad, lines) and river") ste1m (gray lint:'>). lmeh shm\ detail'> of the Klam<llh Rner and Humboldt Bay intcn ivc '>ludy 
area-. . 
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T.\llU 3. PFRC F ·1 OI I DI\ IDL \IS C PTL RH> AT A SlAl ION 

IOC.\ I ION OTlll:'R Ill ·\ \\ llFRI· PR!· \ IOUSL) C PTURl :ll. 1992-
Code , ummer Fall 2001 

WIFL 

P FL 

Willo\.\ Flycatcher 
(Empidonax trai/11) 

Pacific-. lope Flycatcher 
(£ d[/fici/Js) 

BUSH Common Bushtit 
(Psaltriparus m111im11.1) 

RCKI Ruby-cro\\ ned Kinglet 
(Regulus ca/e11d11/a) 

SWTll \~ain on's Thru-.h 

HETll 
AMRO 

II 
WRE 
ocw 

(Cat harm 11st11/at111) 

Hermit Thru h (C guflafu\) 

merican Robin (Turdus 111igratori11s) 

aried Thru. h (lxoreus 11ae1 iu~) 

Wrentit (Chamaeafasciafa) 

Orange- rowncc.I Warbler 
( Vermil·ora celata) 

YW R YellO\\ Warbler (Dendro1Ca JJetechia) 

MYWA M}rtlc Warbler (D. coronata) 

MGWA MacGilli\ ray's Warbler 

WJW 
YB II 
WET 

SPTO 

BllGR 

( Oporomn tolmiei) 

Wilson's Warbler ( IJ'ilsonia p11sil/a) 

Yello\.\-brea-.tcd hat (/c terw 1·1rens) 

Western Tanager 
(Piranga /11do1•1cia11a) 
, potted To\.\ hec (Pipilo marnlat11s) 

Fox parrow (Pm1erel/a 1/iaca) 

ong parrov,; ( \fe/IJ\pi::c1111elodia) 

olden-cm\.\ ned Sparro\1 
(Zo11otric/11a afncapi/la) 

Black.-heatletl Grosbeak. 
( Phe11l t nm 111ela11oceplwh11) 

x 

x 

x 

x 

x 

x 

x 

x 
x 

x 

seasons. the number of birds recaptured was ~ 0.5~, 
indicating that stations more than I km apart \\ere 
coll cting largely independ nt ..,ample . . 

Cos1sn 'It P1Rc11'l1orYouc;A\10, r\110<; 

Percent of young differed littl among tations 
for most sp cies in summer (Table 4). Six of the sta­
tions were quite clo<.,e together. in imilar ri erine­
riparian habitat. and had statistically indistinguish­
able p rcents of young. Tv.o more di tant stations 
(BB Rand PCTl) appeared to ha\e lo\.\er percent!, 
of young for some species (Table 4). However, 
each of these stationc;; al o had the highest percent 
young for at lea.tone pecie .. Tv .. o re. ident . p cies, 
Wrentit and Song Sparrow, tended to have more 
variable percents of young among stations than did 
the other specie , mo, t of which arc migratory. 

Jn the fall percent young was more con. istent 

Summer Fall 
D1\tance between 

capture anti Total Percent Total Percent 

re ap1ure location\ capture\ recaptured capture\ recaptured 

< 1.0 km 5646 2.65 5-43 l.39 
;:::: l.O $ 5.0 km 4326 0.46 1924 0.10 
;:::: 5.l $ 10.0 km 3719 0.22 1142 0.09 
;:::: 10.l $ 17.5 k.m 1483 0.20 0 

among stations than during the umrn r (Tabl 5). 
How ver, for five species, the BBAR . tation had 
significantly different percent 1oung than the other 
station . 

We did not find a pattern in standardized percent 
young that would indicate con. istently lov. or high 
productivity aero .... year-; at some station.., (all target 
species combined: Table 6). BBAR was consistently 
lo\\e. tin percent 1oung in summer across all years. 
although the differcn e ''a" significant in only one 
year. In the fall. CAPO usually had the highest per­
cent young, but this was significantly higher in onl) 
one or the years. 

A station with the highest percent young in one 
year did not necessaril) ha c the highe'it in other 
years. The percent young \\as indi..,tingu1shable 
across all stations in the summers or 1992 and 1995. 
and in the falls of 1993 and 1995. Howe er. in the 
summer of 1993. three <.,tat ion.., had re\\ er young than 
the other ..,tatic n .... In ... ummcr 199-J., <.,lations were 
evenly divided. with some stations having higher 
perc nts of young and others h:n ing lov..er percent.. 

l l\.1HI R f' T ·\ 110\JS Fl DI[) TO DFTll I A l Al. 

II·\ GI ' I PROl>l( 11\lf'I 

Power anal1..,is hov .. ed that for the ong parrov.. 
10 station were required in summer to detect a 50% 
change in percent ) oung between years with a 0.95 
probability and a significance level of 0.05 (Table 
7). The numb r of stations required to det ct a 25% 
change at the sam level of probabilit is three times 
as large. at 32 stations. In the fall. \\ h n p rcent 
young was more consistent among stations. only 
four stations were needed to detect a 50~ change. 
and I 0 to detect a 25% change. Summer data for 
the much-less common Yellow-breasted hat ga e 
similar result (Table 7: this species is not captured 
in fall). With 10 stations. the probability of detecting 
a 50~ change in perc nt young between year. v.-as 
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TAHU 4. PER( I. T 01· YOt' (, (SliMMfR) \ ERACil [) ()\'! R I() ) I \RS ( 1992-200 I) 

Station 

Sp.:cu:' cmk BB \R BO D CA 1P c PD LADY \10LI Rl::.02 PCll 

P FL 88.8 76.4 49.6 73.0 70.2 66.3 72. 47.6 
A'' AB B AB AB B AB AB 

WIFL 93.3 85.3 84.0 80.7 77.6 94.7 7 .7 46. 1 
A A A A A B 

BUSH 50.9 79.2 0 94.5 100 60.0 65.8 
AB AB B A AB AB 

WRE 100.0 71.8 58.9 76.1 65.2 64.6 73.J 79 2 
A BC c BC c BC AB 

WTH 5 .3 44.5 37.3 31.2 I .2 21.8 32.8 23.8 
B B B B B B B 

OCWA 21.3 30.6 33.2 48 5 51.0 74.0 59.7 19.5 
B B B B AB A AB B 

MGWA 3.9 39.7 31.0 42.9 40.2 39.5 35 .9 35.6 
B A AB A A A AB AB 

WIWA 1.8 53.6 32.1 61.4 59.3 67.5 60 9 2.9 
B AB A A A B 

YWAR 16.6 55.0 17.6 56.'i 36.2 3 .J 33.3 32.6 
.\ A A A A A A 

YBCH 25 8 39.4 49 2 44.1 30.4 .14.2 28.2 44.5 
\ A A 

WET 52.6 63.7 54.9 75 5 61.8 54.2 68.3 77.8 
A A A A A A 

BHGR 13 J 75.2 58.8 69.6 62.2 69.8 68 4 60.3 
13 I\ A A A A A 

SPTO 67.6 70.1 6 l.8 74 2 66.9 70.1 81.0 7-.6 
A A A A \ .\ 

OSP 61 'i n8.9 54.0 70.7 35.9 50 2 56.9 68.0 
BC BC B BC AB B 

\oft Speni: coJc re L' pl.1111L•tl 111 I Jble 2 

S1.111nn, \\llh the 'amc kller .in: nol 1gnih.: 1111) ddlerenl 111.l\ei,1ge percc111)<>Ung1 Cl\,\ , Dun,.111', 111ull1ple r.inge let. I'> 0.0-) 

0.97 , ant.I 29 stations were needed to detect a 25c~ 
change v. ith 0.95 probability . 

11 \ 'Gl~ 1 • APruRf' R ,\1 F n ORDI ·c; 10 Yr AR 01 

OPI .RA TIO .. 

We compared capture rates in the fir . t and -.ub­
'equcnt three year'> of <.,tation operation to test the 
assumption that there is no effect of year of opera­
tion on capture rate<.;. When capture rate was calcu­
lated by the year of operation (i.e., Year l, Year 2, 

Year and Year 4) f r all 17 station combined, 
there v. as a noticeable (>20<f) decline after Year 1 
(Table ). However, many station were e ' tabli'>hed 
in the . arne year.. so the decline could have been 
related to differences in bird abundance among 
years. To determine if the decline was ignificant, 
and related to initiation of the mi . t-net static n or 
simply a difference in bird abundance, wee amined 

two model<.,: year or operation and capture year as 
categorical variables and then a'> continuou'> vari­
able . Both year of operation and capture year had 
significant effects on capLUre rate<.,, in b th models 
(year of operation: categoncaL F = 6.81. P = 0.002. 
continuous. F = 11.65, P = 0.003. capture year: 
categorical, F = 2.52, P = 0.043, ontinuou!->, F = 
6.63. P = 0.021). The predictability of the alternate 
models, as measured by the e:timat d variance of a 
single pr diction, wa<.; similar. The IC, value wa<, 
con-;iderably lower for the categorical model, 760.4 
vs. 845.3. indicating the categorical model \\as a 
better fit to the data. 

Capture rate at the 17 stations generally in­
crea ed trom 1991 to 1997, v. ith station· that began 
operation later in the period tending to have higher 
captures rates. At each individual station, howev r, 
capture rate. declined after the first year. The mean 
capture rate averaged over all l 7 talion · for the first 
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TABll 5. P1 RCI Vl )OU (,(I \II) 01 rm MOSl COMl\IC)\ SPIC- II s (\I'll Rill mm 10" \RS (1992 
2001) 

WIFL 

RCKI 

. WTH 

HETH 

MRO 

V Tll 

WREN 

MYWA 

PTO 

FO P 

0 p 

GCSP 

BBAR 

100.0 
A" 
0.0 

100.0 

22.9 

B 
50.0 

0.0 

13 .9 
B 

22.9 
B 

57.8 

21.4 
B 

CA 1P 

97. I 
A 

35 .8 

67 .9 
B 

71.4 
A 

50.0 
A 

60.6 

97.5 

2.3 
A 

87.6 
A 

53.2 
A 

79.6 

59.0 
A 

' " ' " S~cie' nxlc' arc cxpla111t:<l in I ,1hlc 2. 

APD 

96.7 

60.7 
A 

76.5 
B 

78.2 
A 

75.9 

45.8 
A 

96.0 
AB 

94 I 
A 

86.8 

69.2 
A 

71.4 

57.6 
A 

Stauon 

LADY Rl- D2 PCTI 

89.1 96.0 100.0 
A 

54.2 20.0 5.+.8 
A 

69.4 7.+.9 79.9 
B B B 

70.8 78 .2 78.6 
A A 

44.1 44.4 49.0 
A A A 

66.8 40.0 60.0 
A 

94.9 80.6 96.0 
B B AB 

94.0 85 .2 86.2 
A A A 

81.4 92.7 85.4 
A 

60.8 60.2 7'2 .6 
A A A 

76.6 72.8 82.0 

45 .6 62 .0 62.1 
A A 

•S1a111rn ' \\llh ihe ' amc kiter arc nnt '1gnlfica111l y d1llercnt in ,1vc1agc percent young IA OVA , Durn.:.m', mull1pk r.111 gc lC\l. 

p > 0 .0.'i) 

;car of operation wa.., significantly high r than the 
capture rate in years 2, 3, and 4. 

DI 

DI PL DI · Tl OF T \ 110\/S 

Recapture rate between stations >I km apart 
was ery 1 \\. We make the conservati\ rccom­
m ndation that stations be established a minimum of 
1- 5 km apart to approach independ nee of sampling, 
while still allowing multiple samples to be co llected 
within an ar a of relatively homogen ou · habitat. 

0\ I Tl C'1 I PLRCTt\T Ol· Y Ol NG MO G T •\TIO S 

If stations in an area are similar in percent of 
young, then relatively few stations should be needed 
to ampl regional productivity at target lev Is of 
precision. The few differences we found between 
stations in percent young captured in summer seemed 
to reAect distance from other stations. rather than dif­
ferences in habitat. ix of the stations used in this 

analysis (Table 4) w re in similar, riverine- riparian 
habitat. in close pro imity on a 12-km section or the 
main "tem Klamath River near Ori ans (Fig. 1). The 
two more distant stations appeared to have, in gen­
eral, low r productivity. The BB R station on the 
Trinity Ri\cr. a tributary of the Klamath, ancl P Tl 
( 109 km upstream along the Klamath Ri er) hacl 
the lowest percent young for five of the l-l spcci s 
analy1ed. Together. these l\.\O stations accounted for 
most of the signifi ant differences in percent young 
am ng stations. Pere nls were not consi tently lo\\. 
however, a. each or these stations al 0 had the high­
est percent young for at least one ·pecies. 

Some resid nt species hacl more ariable an­
nual percent young than migratory species (Table 
-+: Wrentit and Song parrow). suggesting that there 
might be real spatial differences in local productiv­
ity. It is possible that re. idents are better able Lo fine 
tune their produ tivity lo local conditions, whereas 
producti\ ity of migrant species might be more af­
fected by wintering ground conditions and factors 

perating on a broader scale. ariability among 
stations in percent young for resident species may 
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T\BLE 6. T \r-Di\RDl/l· Jl Pf, R( FNT YOL NCI FOR •\I I r \RGr1 SPF:CIFS COMBINl·D. 13) '> JAi IO N ANO '>EA'>ON, 

f-OR 1992- 1995 

Summer f-all 

1ation 199:! 1993 1994 199'i 199:! 1943 1994 1995 

BBAR 38.3 17.6 33.2 29 6 63.9 20 0 
A" 0 B AB 

BO 0 50. I 78.2 47..+ 57.7 
A A B A 

AMP 59..+ .f 1.5 38.2 52.8 61.l 37.4 70.0 39.4 
A 0 B A AB A B 

APO 61.2 60.5 6.6 .+8.6 2.9 61.2 81 2 71.2 
A AB A A 

LADY 61.) 28.0 50.0 5 .4 58.7 58.0 69.4 37.8 
A DC B A AB A B 

MOU 45.7 66.9 6.f.2 56.2 
A B AB A 

RED2 .+3.6 68.7 60. I 54.6 32.I 49.4 49.9 43.7 
A A AB A B A B A 

PCT1 52.8 39.0 56.7 40.0 85 8 70.7 
BC B A A A 

\ores St-c 'l.kthods tor mc<1n nl 'tandardazauon. Spt'<:lc code Jrc c pl.11ncd in Tablc 2. 
·wuon' ' uh lhe amc kuer .arc not 'ignihcantl} datkrent in a\Cr.1ge pcrcent young (t\. 0\'A Dunt:an ', rnultipk range te.,t, 

p > 0.05). 

TABL f· 7. PROBABll IT\ OF Dl 11:l'fl G i\~l\;l Al (IJ,\NGF (Dl·CI I l OR J'<;CRI \S~) IN 

Till l'I RCEN'I ()! YOL NC.. C·\l'TURl I>. \\ 1111 A SICiNlrtCANCI: I E\'11 or 0.05. MO G 

K1AM rnRt\lRSI·\TJo s 

, umbt.'r ol 
Probabilit) of dt.'lc:cling 

~pCCil'' • t!<t\l111 '>l<ll1011S 50% change 25<'f change 

ong Srarrow um mer 4 0.78 0.37 
6 0.86 () 49 

8 0.91 0.58 
10 0.95 0.65 
32 >0 99 () 95 

Fall 2 0.92 0.58 
4 0.98 0.75 
6 >0.99 0.86 

>0.99 0.92 
10 >0.99 0.95 

Ycllow-brea~tcd Chat Summer 6 0.72 0.26 
8 0.79 0.33 
10 0.97 0.60 
29 >0.99 0.95 
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refte t differences in the quality of the immediate 
and nearby habitats, allowing u<, to identify source 
and ~ink areas. However. Nur and Geupel ( l 993b) 
howed that ummer mist-net capture. reflected lo­

cal productivity in Song Sparrows. but not Wrentit . 
[n many . pecies. percent young in summer and fall, 
when di per. er and migrants are being captured. 
may represent average productivity across the 

region rather than local productivity at each netting 
. tation. In the Klamath network. man) pecies u e 
the riparian habitats during migration. and variability 
in per ent young is lo~ among tations. That fewer 
station are needeJ in fall than in ummer to detect 
annual change in percent young is an indication that 
young and adults are di, tributed among tations in 
more even proportions during the fall. 
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TAB! r 8. LMMER C.\PTLRF RATFS OVl R Tfl[ 1 IRST ro R) EARS 

OF MIST- H OPERATIONS ( 17 STA TIO. s). YEAR l RA (.I[) mo 1 

1991TO1994 

Year Mean annual cap!Ure rate E 

567.77 29.40 
2 440.07 20.7'2 
3 44 .99 25 .27 
4 412.97 23.06 

NuMBF--R OF STA TIO NLLDED TO Dl·TECT A LAL 

CllA GES I PRODUCTl\llT) 

or two pecies in our region. l 0 ta ti on, w r 
needed to detect a 50~ annual change in regional 
productivity at target preci ion level . and about 
30 to detect a 25% change (at least in ummer). If 
dete ting changes smaller than 25'* is of interest, or 
for detecting ·imilar change in le common spe­
cie . a larger number f sample · may be required. 
More station may al be needed if habitat is more 
heterogeneou than in our study area. 

Here we examined chang s in producti ity be­
tween adjacent years of sampling, both consecutive 
and non-consecuti e years. When additional years of 
sampling are available, we will xamine ur power 
ford tccting multi-year trends in producti ity. 

llA 11 I PTL'R[ R 1 I: I, IRS 1 \ D SLBSI Qllh T 

Yr .\RS 

The decline in capture rates following the first 
year of operation is pcrple ing. The drop c uld be 
due l< evernl caus s. including net shyness. Th 

BIOLOGY 0. 29 

presence of in estigators cv n for a. little as one 
morning in 10 could result in birds avoiding the 
study area, or, alternatively, learning the I cation 
of nets and a aiding them in ub equ nt years . et 
avoidance re ulting from long-term memory would 
re ' ult in capture rates uggesting a d cline in abun­
dance " hen none actual I occurred. If net shyne. s 
was the cau e, then decline of captures should be 
greater in adults than young of the year, o percent 
young hould increa, e after the fir t year of opera­
tion. Thi will be te ted in future work. It is rucial 
to that we continue to investigate patterns in capture 
rate at mist-netting tations that may affect interpre­
tation of monitoring effort. u, ing thi technique. 
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IN LUENCE OF MIST-NETTING INTENSITY ON DEMOGRAPHIC 
INVESTIGATIONS OF A VIAN POPULATIONS 

GR\, · 1 BAI LARD. Gwr rRE\ R. GE PEL, .\ D Al),\\ NLR 

, thstract. We evaluated capture races of juvenile and adult passerines. comparing two different netting regimes 
on the '>ame study plot at the Palomarin Field Station, Point Re) es ational ea shore. California. One set of nets 
was run approximately 5x a., often a'> the other during the breeding season. For four resident species breeding in 
the immediate vicinity of the nets, results were compared to direct measures of productivity and breeding den­
sity as determined from nest monitoring. color banding of nestlings. and known dens11ie. of adult-. from ..,pot­
mapping censusc" of color-banded individuals . ets run 6 day /week captured an average of 42<'.t of the ong 

paiTO\.VS (Me/ospr::a me/oclia) breeding\.\. lth1n I 00 m of the net., wherea<; nci... run 1 day/week averaged I O<:f . 
Capture rates of adult Wren lit (Chamaea jmcwta) did not differ "ignificantly bet\ een netting regimes . els 
run with higher frequency detected direction of change 1n productivity in ong parrO\\S accurately, \.\.hcrea · 
nch run \\ ith lower frequen y did not. The rn er"c was true for Wrentits. though Wrent1t fledglings were twice 
as likely to be caught in the higher frequency nets. Distance from ne:t to net also influenced juvenile capture 
probabilit) . Results indicate the importance of using standardized nclling protocol, and show that demographic 
indices based on mist netting should not be directly compared among specie'>. Optimal netting frequency to at­
ta111 <.,tudy goal" ..,hould he evaluated <;eparatel} for each -.pecie,. We caution 111vest1gators from drawing conclu­
"ion-. regarding songbird population -.ize and dcmograph) ba::.ed on rn1st-nelling data alone. 

Key 1fords: capture probability. Cha11wea /asciata. demographic monitoring. Ml'lospi=a melodia. mi t netting, 
pas-.crini.::. population size. sampling ffort. spol mapping. Song parrow. Wrentil. 

Com.rant effort mist-netting has been widely used 
a<., a method for monitoring hn.:eding populations of 
p.1.,., rine.., (OeSante 1991 b. Ralph et al. I 993 ). al ­
rhough fe\\ "tudies ha attempteJ to validate the h~ch ­

nique (but <,Cc du Feu and McMecking I 991, ur et al. 
2000, th1' rn/11me; Baillie ct al. unpubl. rep rt). 

Jn thi paper we cl>mpare capture rates in two ar­
rays of m1-.1 nets operated \ ith different protocob. 
e-;tahli..,he<l on a plot whcr -.pot-mappini! and ne..,t 
monitoring of color-banded individuals of lour spe­
cie.., provided an independent measure of population 
parameter!-. (Lebreton ct .II. 19<.)2). The t\\.O netting 
regimes dif~'red in both the frequency of netting and 
the number of nets employed We e amrnc ~ hethcr 
more intcn'>i e mist-netting dlort leads to mon" ac­
curate estimate of population ..,ize. productivity, and 
sur ivorship. 

fhe use of mist nets to estimate the ... i1e of a 
hrecding population requires knowledge of the likc­
lthooc.l of capture of adults (Jenni t al. 1996, Sauer 
and Link. thi\· mlume). apture li"-elihood could ar 
" ith many factor . 111cluding bird specie ·. di . lance 
of territory to nets. number of inter ening terntones. 
year, and netting intensity ( ur et al. thi.\ 'olume). 
Her we compare capture rate or adult of four '>pe­
cies tor individuals known to be breeding within JOO 
and 200 m of each set of ne ts in each year. 

Another important \anable fore. timating popu­
lation SiLe i<., the breeding SlatU'> of indi iduaJs that 
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arc caught. Nur and 1cupel ( 1993b) found that ary­
ing percent of breeding season capture-. consi<,Led of 
tran ient individual-. lhal did not breed on the '>tu<ly 
area. and Nur et al. (l/m ''olume) found that mo-;t 
Wrcntits (C/wmaeo lmuata) L·aptured during the 
breeding sea ... on w re not territory holders. Whether 

r not an individual is recaptured at lea'>t once within 
a s ason has been used a ... a means of <.,epaniting 
tran. it:ntc.; from local hreedl.'r<., (Peach 19tJ3 Chase 
ct al 1997, Gardali ct al. 2000). We compare within 
season recapture rates of known breeder-. between 
the two netting regimes. 

If mist nets recapture sufficient numbc1s of indi­
vidual.., from one year to the next. the data may be 
U'>ed in adult . urvivorship calculation (Clobert et 
al. I 87, ur et al. 1999). Knowledge of adult sur­
vivorship is important to understanding population 
dynamics. We e amine recapture rate'> or breeder-. 
known to have bred in 1992 that returned lo hreed on 
the <.,tudy plot in 1993, hr each netting regime and 
study .-pecies. 

Finally. mi...t netting can be used to estimate 
produ ti it) of breedmg populations (De ante and 
Geupel 1987. De ante et al. J 993, ur et al. 2000) 
Capture rat s of hatch year (HY) indi 1duab me of­
ten assumed to be an index of annua l productivity. 
However, Jue to variation in natal dispersal strat -
gies and catchability of juveniles produced from 
nests clo e to nets, the area being sampled is difficult 
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or impossible to <let rmine (Bak.er el al. 1995). We 
compare numb rs or HY individuals caught wit 
each netting regime to numb rs k.11()\\ n to have beer 
produced on the sllld) plot, and \\e determine the 
proportion of indi\idua1'. pr duccd locall and sub­
sequent!) caught in each netting regime. 

M H OS 

Field work was conducted on a 36-ha plot at the 
Pal marin Field talion in the Poi111 Reyes ational 

ea-.horc in central coa .. tal alifornia. Den itie-. of ong 
parrow" ( fe/ospi::a mdodio). Wrentits, p tted Tm\ hee 

(P1pilo muculatus). and ullall' White-crowned parrO\\ 
(Zo1101richiu /eucopl11 :n 11111101/i) were determined by almo t 
daily spot-map censusing throughout the breeding ea on 
(mid March to Jul) 31 ). The-.c four '-P cies are ohligatc.: 
coastal scrub breeder at Palomarin; that is. 90% of their ter­
ritories are located ins rub habitat as opposed to in adja e1 t 
fore!-.ted habitats (Geupel and Ballard 2002; P int Reye 
Bird Obsen ator) [PRBOJ. unpubl. data). We lo ·ated anJ 
monnore<l most ne-.ts of the ..,tudy species, as de-;cnbed b 

eupel and De ante ( 1990) and Martin and Geupcl ( 199 ~ . 
In -.ummar . 'WC 111div1duall) color-banded all ne-.tling 
un i\ing until Lheir primarie. hro!-.;e sheath (u . ually a fe 

day'> before nedg111g). estl111gs mis..,ing from the nc'>t after 
banding were presumed fledged unle..,., there was evidence c t 
dcprcdau n. We recorded each nc!-.r' s location, and its di -
tancc from th neare ·t mic;,t net in each of the two net aITay . 
hnher de..,cription of the 'itudy '>ite and methods have been 
prm 1ded el-.ewhcre (De ante 1981. eupel and De am 
1990, John'>on and Geupel 1996, ur t al. thi. l'O!ume) . 

T\Hl array.., of 12-m m1"t nets were run \\,llh different 
I requcnc) during Lhe summers (May I to Augu'>t 18) nf 
1992 and 1993 ( ig. I) . ne arra) (the .. daily net'>") con­
\tsLed of 20 net'> placed relauvely clo-.e together al 14 '-Ile 

lb were stad.eJ _high), '>llllJll:J ne.u th uuthc.l. h:\11 c lh, 
ol the stud area cl se t the border of coaswl scrub a1 d 
mixed evergreen forest (De an Le and 1eupel l 9 7, John-.c n 
and Geupel 1996). The'>e net... were run at least 6 day heck 
dunng b th breeding" ·asons. The other array (the "'wed ly 
net..,") con..,1..,Lcd of JO n hat Len ite spaced at maximu n 
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di..,tanccs for safe operation (u-..ually 5- 20 111) • ..,ituated in 
the center of the c.,tudy area in continuous coastal \crub 
habitat. The<.e nets were opcraLed once and oc ·a..,ionally 
iv, ice 111 I 0 dar. through b th breeding ' a-.on.... aptured 
birds \\ere aged by combination of sl-;ull pneuma111ation 
and plumage charactcrntic (P)le et al. 19 7). nhanded 
bird'> were giYen ne\\ band... . ett111g ffort \\a.., con i\tent 
for the two year of the '>Ludy. et. 'Were made by \ inet 
(Dryden. ev. York), and \\ere 36- and 30-mm me,h. 

We evaluated the differences hetween netting regimes 
using log-likelihood te'>ts (G-test) or Fi'>her's exact tests, 
depending on ample '>17C (we used the latter where sample 
'>i7e wa!> small). Re ... ult.., \\ere considered signifi ant 1f P < 
0.05. We u. ed logistic regression to model the effect of dis­
tance from ne t to neare..,t net on capture probabtltt). 

RE LTS 

CAPTL RE'. RATES rn- nu.rs 

The weekly nets captured LO% or adult ong 
parrO\. s breeding 'Within 100 m or nets, .... ignifi­

cantly f wer than the daily nets. whi h captured 42% 
(G-t st, concr !ling for ear, G = 7.22, df = I. P = 
0.007) (Table l. Fig. 2). or Wrentics. th n tting re­
gime. did not differ significantly. 'With 42% r tho. e 
breeding within l 00 m captured in th daily nets and 
36% in the weekly nets (G = 0.15, ctr= 1, P = 0.69). 
There wa no significant change in the proporti nor 
br ders captur d 'When w e tend d the distance to 
in lud all breeders 'Within 200 m. o Wren tit breed­
ing m re than 150 m rrom either set of nets was 
captured (Fig. 2). 

Wrn1t- ' El\. O Rt \PllRIR -\TISOF DLTS 

ng parrows were more likely to b caught 
twic or m re v ithin a sea ·on in the daily nets 
than in the we k.l) nets ( able -). In fa t, no ng 

parrows , t all w r r captured in the we kl n ts 
(Fi her' . e a t test. p oling year.. P = 0.025). The 

T .\Ill I· I. \PTL RE RATLS FOR BR[ [ l>FRS NI STING 1\T l>IFT'l :RF r DIST!\ crs FROM rTS. ·o 1r Rl:'\G f) \II . ) TO wu:KL) [TS 

Brl:cdcr' wilhin I 00 m Breeder~ w11hin 200 m 

aptured 
umber 

aptured 
euing umber 

inten'll) Year present umber Percent pre,cnt umber Percent 

ng parrov.. Dail) 1992 13 5 9 2_ 6 27 
1993 9 4 44 23 4 17 

W ekly 1992 I 2 LL 49 3 6 
1993 13 I 8 37 I 3 

Wr ntit Daily 1992 18 6 33 32 6 19 
1993 12 6 50 30 7 23 

Weekly 199_ 50 20 40 66 20 30 
1993 4 14 31 6 17 26 
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Field Station( Bay 

Poe \ f ie Ocean 

l · ICIURI~ I. The .,tucJy riot at thl' Palornarin field station of th, Po111t Reyes Bird Ohsl'I\ at my (boundary :.ho~ 11 "ith -,olid 
Ii Ill' s) . I ~ ·arnpks of Lyp1L"al Wrc11t1l terntoric" (a:. dl'lcrm111cd fr 1111 "POI mapping 111 I 9X'i) arc marked by daslwJ linl's. 

uiffercnce bet\l.een capture n.1ll:s for Wrentih breeu­
ing \\ ithin I 00 m or cith1.:r set of nets \\U not sig­
nificant (G = 2.14, df = I, P = 0.1-l: Fi-.ht:r's cxac1 
te-.t, pooling year-.. P = 0.137) . Within a ea-.on, hoth 
regimes were more ertcctive at recapturing Wrentit.., 
than ong parrow .... 

1311\\llN-'\li RR1cwn1<1 R\HSm nu.rs 

The uaily neh caught mon.~ returning ong 
parrm\-. than did the weel-..1 nets. v. hich recaug.ht 

none (P = 0.0-l-l: Table 3) The Jail) nets caught fr\\ ­

er returning Wrentits than the \vedl} nets. but this 
u1f!ercnce wa. not signili ant (P = 0.668). Thus. for 
. ong parrows, but not for Wrentits, between-year 
capture rates declined a.., netting frequency declined . 

onethele.,s, capture recapture rates rm \ n.:ntits. 
hut not for ong parrows. were high enough from 
ho1h the \eel-..1. and daily neL for us to cakulatc 
"dult urvivor-.hip alter an auditinnal year nr netting 
( ur ct al. 1999). 

,\Pl LRL RA1r:.s or I Ir l311<D'> ol\1PARED m Nt \1Bl·R 

f'I l·DGl·D 

For ong parrcm . the capture rates of hatch­
ing year bird-. in the dad} nets rdlected a decrease 
in productivit} bet\\Ccn 1992 and 1993, -.hm,1ng 
an 11 "4 uecrea-.e in H'l birds/100 net-h. and thu-. 
matched the change in productivity known to hmc 
t.tken place over the entire study plot (-13% ). but 
underestimated the change for bird ne ting \vithin 
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FI I R 2. Recapture rates of adult breeding ong 
. parro\.\s and Wr ntil'> related to distance from nest or tcr­
mory center to neare t mist n 'l. 

200 m of net (-_8%; Tabl • 4). aplure rat s in the 
we ·ldy n tc., failed t track th number f n stlings 
k.nu\\n t ha\ ft dg d at ithcr di. tance fr m net'i 
In fact, aptur rat s w nt up wher a th number 
ncdged went d wn. 

or Wr ntits. capture r tes in the dail nets did 
not reft ct pr du tivity changes al any distance, 
·hov.ing a 32% de rea in HY bird. caughUlO n 'l­
h between 1992 and 19 3 whereas kn \A.on producti -
ity nt up 39% overall, and up 20~ within 200 m 
of n t . Th \ ekJy net perform d belt r; capture 
ralcs went up 21 ~ "h reas total number fledged on 
the study plot went up 39%, though irhin 200 m 
lhe went up by 9 %. Thu . wh r as capture rates 

T\BI [' 3 RrnR R TES OF BA J)[·D BRHDERS !:' 11 G \\'ITlll 

Dally net;, 

umber umber 

pe1:1c;. returning captured 

ong parrow 6 3 

Wrcntit 7 2 
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T Bl I 2. PROPORTION 01 llRI I DI RS\\ 11 lllN I 00 M 01 I Ill Nl·TS 

J'IJ\I Wl·Rr C. \LIC1ll1 MORI rll 1\'l ONCL Pf R ) I J\R, 199_ \ND 

1993, cm.JP Rl~Cf DAii) 10 \\H Kl) !\FT. 

cuing Captured 
pcue tntC0\11) Year Breeder\ >once Percent 

ong parro\.\ Daily 1992 13 2 15 
1993 9 2 22 

Weekly 1992 18 0 0 
1993 13 0 0 

Wrcniit Daily 1992 18 3 17 
1993 I_ 4 33 

Weekly 1992 50 9 18 
1991 45 2 4 

in the weekl nets r fle t d the general dir ction of 
productivity hange on the tudy plot, they did not 
refle t the magnitude or this change, particularly for 
Wrentits breeding clos r to the nets. 

\PTl RF R Tl S 01 11 nc,1 I GS PRODL CED Of'! 1111 : 

TLDY PLOT 

ompared to we kl nets. the daily nets caught 
significantly more locally produced White-crowned 

parrow (G = .65, P = 0.003) and ong parrows 
(G = 20.J _, P < 0.00 I), and more (but n l :ignificantly 
more) ported T whc s and Wrentits (Tab! 5). For 
White-crowned parrow-, and ong parrow'>, the 
ratio of aptures wa1., about 5 t I (dail} \\. v eek.I ). 
similar t the ratio in n tting frequ nc . For poll d 
Towhe , the ratio was 2.5 to I. and for Wrentih, 
only 1.17 to I (i.e .. l 7CX more HY hire.ls were caught 
in th dnil. n t<., compared lo the week.I nets) . 

The numb r of 11 dglings captur d was biased 
. om \: hal b differing di . tributions f breeding 
birds in relation to the different netting rcgim '>. 
That is, the wecJ...ly n ts wcr • I cated closer to higher 
bird densiti s, espe ially for Wrentits . sing logi ·tic 
regres. ion to ontrol r r the effect f pro imit ' th 
pr di ted captur probability of a Wrentit fledged 
l 00 111 from the daily n ts (combining b Hh years) 
was 0.35. For the eekly nets it wa, 0.17 (Table 6). 
Thi differ nee was signili ant (P < 0.01) . Thus, th 
daily net were approximat ly twic as lik I as the 

100 Mor HIE ~E RI I I 1, COMPARI. G D.\ll Y HJ WFf:KI) !TS 

Weeki) net\ 

Percent umber umber Per cnt 

captured returning captured Lap1t1rc<l 

50 9 0 0 
29 19 42 



EFFECT OF ETTI G JNTE SITY 0 DEMOGRAPHI ST DIE -Ballard et al. 25 

T ,\B I I ..J.. D1TU1 INC I PROD! { I I\ II' \\ ITI I !),\fl ' \ND Wf·I "' ' ;\l·Tll (I 

"-cll111g 

Srcric' llllCn'>lt} ~ear 

Song Sparro\\ Dail) 1992 
1993 

Percent change 
Weekly 1992 

1993 
PL'rccnt change 

Wrcntit Daily 1992 
1993 

Percent change 
v cch.l) 1992 

1993 
Percent change 

weekly net. to catch Wren tits fledged 100 m from 
the clo. e-.t net. There were too few captures to carry 
out similar anal;ses for other -.pecies. 

DISC ·sION 

We demon crated important differences in cap­
tur rates among species and netllng strategie-.. 
\\hich argue against drawing conclusions regard­
ing adult ..,urvl\ orship, breeding population si;c, or 
protlucti\ it) from mist-netting data alone. For ne 
species, increased effort increased the proportion of 
the actual brecJing population ... amplcd, \\ hcrea-; for 
another this wa. not true. Increased effort incrcaseJ 
proportion or the local! produced young captured 
in all fom ..,pceies evaluated, but not to the same 

ten\. Then: VI a-. al l) ubstantial annual ana­
tion in th 'se parameLers, a'> ur and G. Gcupel 
(unpuhl. report). U'>ing the same daily n ts in the 
perioJ 1980-1991, found that 71% (\eLus our 17 
to 3Y'f) of Wren lit breeders "'ere caught more than 
once ithin a g1\en )ear Given this level of annual 
variation in capture prohah1lity, the importance or 
tandardization or technique. among year. ant.I tudy 

..,itc.., cannot he O\Crstated. 

II) hin.l' um her/ 
umber lk<lgcd 

capture<l 100 nct-h In '>lll<l) plot <200m 

77 0.75 76 21 

66 0.67 66 13 
-11% -13\t -28<;f 

16 J...+O 76 • .J.7 

13 J.67 66 43 
+19<;f -131h- -9% 

77 0.7-'i 86 24 
51 0.52 120 29 

-32"1 +39'1- 20<'f 
41 3.60 6 45 
34 4.35 120 89 

+21 1~ +39'k +98<:f 

Numerou'i factor" have been shown to affect 
capture rates. and the<;e should be expected to vary 
among species. For example, differences in po. t­
nedging mmement may ha\ e been responl\ible for 
our lo'°" capture rat . in wed..ly net for locally 
fleJged spamrn-s, but not Wrentit. Song , parrows 
hav higher dispersal tlistances and tend to he !es 
sedentary than Wrent1ts (Nur and Geupel l 993h; 
PRBO, unpuhl. data). It i'I lik.ely that young Song 
, parrov.s range farther from their natal tcrriLOric 
and do this relati-.,ely abruptly, therefore spending 
ks time in the \, ictnit) or mist n ts that int r. ect 
their territoric.., ( ice It. 7). Wrentit _1u,·cnilc ... have 
been obscr cd to ... tay "' ith family groups neat their 
natal te1ritory an 1ncragc or thirt) da . aft r fledg­
ing, and thus have a gr atcr likelihood or being 
captureJ in 1111 ... t nets, c en if the-;e net'> are run only 
on c or twice per wed. (Geupcl and De ante 1990). 
How ver, Song Sparrows are probably more simi­
lar to mo .... t mth merican pa-.serines in di..,persal 
<;lrategy. fl) ing ability. and escape frequency than 
Wrentits. "Which arc known for their uni4uene-;s in 
thc-;e areas (Geupel and Ballard 2002). 

Other tuui s have al o found different capture 
rat s for different species. Du Feu and McMeeking 

T\131 l 5 PROPOR I ION OF IO( \I I) PROJ>tlC'l ·f) fl HlCil INCiS C',\l c;111 Dl RI G 1992 .\ND 1993 < 0 IBI ED, COMP \RIM• LMll ' \\'Ill~ 

\\ Lf 1\.1 ) ·r I 'i 

Dail) nets Weekly nets 

um her um her Pen.:<.' Ill um her Percent Ra:io 

Specie~ nc<lged caplurc<l raptured capLur~<l rapturc<l p <daih.wedly) 

Wh i tc-crowne<l parrow 76 12 15.8 2 3.9 o.ocn 6 ll 

Song pan-o'>' 142 34 23.9 5.6 <0.001 4.3 
potted Towhee 39 5 12.8 2 5.l ns _5 

Wrenut 206 41 19.9 35 16.9 m. l 2 
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'' 1 r 1-:i ' "'1 rs 

Di,tan<.:l" fro m ne,1 111 

neart: \t net (ml 

() 

JOO 

,1p1ure probabilil) 

e'timale 

0.488 
!USO 

Dail~ neh 

(1991) found that a netting regime's captures of 
urasian Blackbirds (Turd/I\ mem/o) ""a" corTelated 

'' ith local producti\ ity. but that with ong Thru.,he'> 
( Turdu.\· phi/ome/os) thi correlation did not exi . l. 

J.,o, ur and Geupcl (I 99~b). using 12 year of data 
frorn the same daily n ts' e us d, found that HY ong 

parrow capture rates mirrored true local production 
""herea., capture rate:-. of HY Wrcntit did not. 

Net shyness is another factor that probably differs 
among specie . . The fact that breeding Wrentit \vcre 
aught lcs., frequently in the daily net. than in the 

\\eekly net.., may indicate learned net moidancc. If 
net., are run infrequently. it may be harder for bird'> 
( Wrentit'>. at lea. t) to rerncmher net locations (see 
also aaborg et al. this 1'0l11111e). However, analyses 
conducted by Nur ct al. (this \'Olume) using cap­
tun::-recapture technique indicated no evidence of 
learned net a\oidanct: in Wrcntit..,, a ... recapture pmb­
ahility in the dail) nl.'.ls ''a" high (7J'l) 1981 - 1991. 
and all breeders with territories within 50 m of nets 
\\en.:: recaptured each ) car. Al o (in our ... tud:y ). ong 

parrov. s were not captured unle'>s nets \.\en.: run 
fairly t rtcn. and then.:f( n: net aq idance did not ap­
pear lo he a factor. 

llabitat may also affect capture rates differently 
hct\1.een -.pecies (Ballan.I et al. 2003) In our '>tUd). 
the daily net-. were 'illuated clo..,er to and in the for­
est adjacent to the coa'ital ..,cruh '>llld) plot. All ..,tud) 
..,pecie.., ne..,ted in mu 'h higher den'>itie in coa'i!al 
... cruh habitat at Palomarin than 111 the forested habi­
tat. ither Wrentil'> nor Song Sparrows regularly 
held territorie::- in the for '>led habitat. so forest neh 
\\ere not c peeled to capture as many or either '>pc­
cics. Still, it is possible that , ong parrow'> \ re 
more likel) than Wrentit-. to vemure into the forc'>l 
habit.ti. \\ hich could al. o be an e planarion tor" h) 
the Jail net'> captured mort: t f thi pecies. It v. ould 
he 1nc.,tructi\e to evaluate the eflect of habitat b re­
l e~1ti1\; our ..,tud) u-.111g a ck!-.ign that \'aric.., ncuing 
frequ ncy withi .1 ea h habitat typ . 

We did not test for effect!'. of net densit) on cap­
ture rate..,. but this factor '>hould a!...o be expected l l 

ll)' , ronhden..:e 

imen JI 

O.JJ- 0.65 
0.12- 0.-+7 

\\ed.!) net 

Caplun: prohahtlll) 

0 .221 

0. 169 

95 ': conhden..:e 

llllel"\ al 

O. J-i. CUJ 
0.12 0.23 

affect species di ffercntl). depending on territor -,i1e 
and 1110\ement pallcrn'>. 

ther authors ha\e related differences in capture 
rate-. between pecie" Lo the bird. · differ nt mor­
phologie . Jenni ct al. ( 1996) found that all ::-tud) 
..,pccies showed similar ability to tl\Oid nets, but 
that certain species were :-.ignificantly lc:-.s likely to 
e'>cape from the n I aftt:r being caught. They related 
this rinding to skull v..idth and overall ..,i7c and mas1, 
or the bird. Wrentit.., and )Ilg SparrO\\.., arc rel a 
tnel) . imilar in '>ill~ and \\eight, but Wrentih ha\L' 
longer tar1.,i, \.\hi h may be more ea..,ily tangled in 
nch ( Wrentit: mean = :25.07 mm. = 238. 
0.2.+: Song Sparrm'v: mean= 21.07 mm. N = 216. 

E = 0.32). 
apture rate:-. are probably inAuenced also by thl' 

placement or indi\ idual 11 ls. but thi'> i ... difficult lo 
asses'> (Ballard ct al. 2003. Berthold //,;,· l'O/ume). 

Micro-habitat diffcrenceo.,, exposure to '>Lill or \.\ind. 
and densit) of net placements rclati\ c to number or 
bird territories are 'iome of the vanablcs that could 
hme 1.,ignificant cffccll\ on the effe tivenc ... s or dif­
r1..r nt neh for dill'rl'nt ..,pecies. We found that 
imlividual net:-. caught a high percentage or . ong 

parrowl\. and other ncl.., caught a high percentage 
ol the Wrentit..,. In fact. nets .,ide by ..,ide often had 
cornpletel 1 different ·apture rat . (PRB . unpubl. 
Jata). Jenni et al. ( 1996) found that exp )sure to wind 
and '>Unlight both affected capture rate .... val) ing b) 
habitat and bird-species compo-,ition. The c con:-.id­
crations v..mrant further in\C'itigationo., of sarnpling 
effecti\ene:-.s of' arinus n t location:-.. 

or mmt pecie., at our site. capture rates were 
not high enough for c1.,timating relative abundance. 
adult sun ivor-.hip. or relati\ e producti\ it of our 
locall) breed111g bird . lncrea:ed effort gencrall) 
impro\ed our ability to determine these population 
parameter-;, e\ en for '>pecie'> in \\lhich net -.h) ne .., 
may ha\e been an i ..,ue ('>ee abme). hut never 
reached an adequate sample :-.i1e for most other spe­
cies breeding nearhy. Po:-. ihly \ e could increase net­
ting intensity \l.ithout increa..,ing frequency (e.g., u..,e 
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100 net-.. each run 1 da) in 10. rather than running 
the '>arm 10 nets daily}. 1 lowevcr, as the coverage 
area is increased. details of local population.., might 
he lo'>l. Our net'> capturcc..l a '>Urpn..,ingl} '>mall . cg­
mcnl or the local population (h1rds breeding within 
200 m. at be..,t). and ..,omctimcs onl) if net... were run 
with high tr quenc). 

ON LUSlO S 

Our results and other'> di:-.cll'>'>ed here indicate the 
importance of tanc..lardi11ng all aspect'> of mi..,t net­
ting. from U'>ing the amc net location.., to maintain­
ing the same netting frequenl'} throughout a tud) 
Hm' ever. regard le s of netting frequen } , differ nt 
specie" \\Cre nor equal! represent d in mi..,t nets. 
To obtain sufficient .... ample si1e to attain ..,tud 
ohjcctives, it ma} not be pcw ... rble to U'>e the optimal 
netting. frequency for each '>pecies individual!}. 

alidation or result-. provided by mist net-. requires 
"-nowledge or true population '>i.l'.e and productivity 
data. which arc he t pnn idcd b} dail} nc..,t-..,carch­
ing and territor} mappmg of color-handed md1\ ic..lu­
al. We recommend continued ill\estigation'> or true 
breeding population '>ite.., for disparate specie .ind 
locales. \\hich \\ill great!} enhance the interprctahility 
of data gathered h} mi'.'it-nctting alone. 
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METHODOLOGICAL CON SID ERA TIO NS OF THE MONITORING A VIAN 
PRODUCTIVITY AND SURVIVORSHIP (MAPS) PROGRAM 

DA \'ID F. DESA TE, J MES F. SARACCO, DA JELLE R. O'GRADY, KE ETll M. BURTON, 

A D BRETT L. WALKER 

Abstract. The Monitoring vian Productivity and urvivorship (MAP ) Program is a cooperative program to 
generate annual indices of adult population ize, post-fledging productivity, and estimates of adult survi or. hip 
for landbirds at multiple spatial scales. The program consists of a network of constant effort mist-netting and 
banding stations pread aero. s orth America . We use MAPS data collected from 1989 through 1993 ( 1995 for 
one analy is) to inve'>tigate methods of data collection and analysi . . focusing on the follo~ing critical area : 
density of net. starting and ending date<, each year. number of da) s of operation per l 0-da) period, \erification 
of data, pooling of data for between-year comparison<;. comparison of indices of adult population ize from mist 
netting and point counts. and the u. e and interpretation of mark- recapture analy-.e'>. Re. ults provide justification 
for current recommended MAPS methodology: operation of about ten 12-m, 30-mm-mesh mist nets over an 
area of about 8 ha, for si morning hours per day. for one day per I 0-da period. and for six to ten I 0-day peri­
ods (depending on latitude), with operation. beginning after and ending before most of the migrant individuals 
have passed through the local area. 

Key Words: con Lant-effort mist netting, MAP . method., population size. productivity. survivorship. 

The Monitoring Avian Productivity and 
ur ivor hip (MAP ) Program i: a North Ameri a­

wide constant effort mist-netting program that was 
established t collect large-scale, long-term demo­
graphic data on landbirds. fts primary purposes are 
to (I) help identify causal factors driving popula­
tion trends documented by other North American 
a ian monitoring programs, such as the Breeding 
Bird urvcy (BB ), Breeding Bird ensus. Winter 
Bird Population tudy, and hriqmas Bird ount: 
(2) help formulate management actions lo re ersc 
p0pulati0n Jedincs ,mJ mJint,\in st.ibk Hin n:a-,ing 
populations: and (3) help e aluatc and enhance the 
effectiveness of implemented management action-. 
(De ante 1991 a, 1992: De ante ct al. l 993a,b. 1995. 
200 I). BBS and other monitoring pr grams have 
supplied convincing evidence for recent decline in 
many landbird species. including many that winter in 
th Neotropic. (Robbins et al. 1989. Terborgh 1989), 
and those findings were th major imp tus leading 
to the establi . hment of the N otropical Migratory 
Bird C nservation Program, ··Partners in Flight." 
By themsel es, howe er, the monitoring programs 
listed above provide little direction on management 
n eded to reverse p pulation decline . They provide 
no information on primary d rnographic parameters 
(pr ductivity and survivor hip), and thus fail to 
distinguish problems caused by birth-rate effects 
on the breeding ground from problems caused by 
death-rate eff cts that may operate primarily on the 
wintering ground · or migration routes (T mple and 

28 

Wiens J 989, De ante 1992). MAP is designed to 
fill this information gap. 

MAPS i.;; a cooperative effort among public 
agencies. pri ate organinHions, and individual bird 
banders. It was established in 1989 by The institute 
for Bird Populations and was patterned to a large 
extent after the onstant ffort ite'> ( E ) cheme. 
operated by the British Trust for Ornithology (BTO) 
since 1981 (Bai II ie et al. 1986. Peach et al. this 1'0!-
1mu!). MAPS has grO\ n c ntinuously '>ince 1989 to 
o er 500 station operated continent-w idc during 
2002. 

In this paper we di'>cus'I some of the r a'>on­
ing and testing behind the method-. cl10..,en for the 
M P protocol, and the ramifications of both fi >Id 
and analytical methods on the accuracy and preci­
sion of re. ults. We also identify some unresolved 
methodological and analytical difficulties regarding 
the interpretation of MAP data, and indicate where 
additi nal work is needed to resolve the-.e issues. 

METHODS 

The following terminology i-. used 1n thi<., paper. Post­
flcdging ··product1v1ty" 1s an index of the relati'e number 
of hatch-year birds that auain independence from their par­
ents and begin post-j uvcn1lc di<>persal. and i..., rcpre'>entcd 
b) proportion of young in the catch. Adult ·· un ivor1,hip" 
is a measure of death rate and i. estimated by mark recap­
ture analyses as the apparent annual survival probability of 
adults: that is. the probability of an adult bird urviving and 
returning in year i+l to the location \\.here it was marked 



in year i. urviHm.hip thus includes components of actual 
survival and site fidelity. "Recapture probability" is the 
conditional probability of recapturing a marJ....ed bird in year 
i+ I. given that it '-Uf\ i\ed from ye<tr i to / +I and returned 
in )Car 1+1 to the location \\here 1t \Ht<., marked in year i. 
"Fir-.t capture .. refer-. to the first capture of a bird in year 
i. regardless of \\hether or not 1l had been captured in a 
pr \ious )Car ffort ''<,aturation .. 1s aid to ha\e occurred 
in a closed population \\hen rate ol fir\t captures declines 
due to most bird<i already ha\ ing been captured once. "Net 
avoidance" refer-. to lowered recapture probability of indi­
vidual birds that ha\e been captured (or. perhaps, hit a net 
and bounced out). as a result of learning to a\ oid net-. or 
<>pecific net tics. 

Thc O\Crall de. ign of the MAP Program and methods 
U!'leu to establi-.h and operate MAP station-. have been 
de-.cribed in detail in DeSante et al. (I 993a.b. 2002). 
Anal) -.i-. method-, are detailed in De. ante cl al (I 993b. 
1995. 1996). DcSante and Burton (199.+). and ott and 
DeSantc (2002). and arc only briefly outlined here . Indices 
of annual population <,itc arc cakulatc<l as the numbers of 
fir-.,t capture-., of adult bird-., of tach -.pcc1cs (and of all '>pc 
c1c' poolcd l in each year. pooled mer aJl .,tations of intcrc\t 
(c .g. grouped by gcographit region. habitat charactcri,t1c-.. 
01 population trend of a target ... pccie ... ) that lie '' ith1n the 
breeding range of each 'pccics. imilar calculations are 
completed for lir-.t captures of young binl.. and indicc-. 
or pro<lucti\ ity an; then calculated for each ..,pecks (an<l 
for all 'pccic.., pooled) ,1.., thc proportion of )OL111g 111 the 
total catch. Folio> ing Baillie et al. ( 1986). the -.1gnificance 
of annual changes i-., inferrL·d '>latistically from conltdclll:c 
inter\"al calculated from the standard errors of the mean 
percent change-. (Baillie ct al. 19, 6. De ante ct al. 199 a, 
De. ante and Burton 1994). Peach et al. ( 1996) g1\C rcvi..,ed 
formulae that take into account bet\\ een- ... 1at1on hciernge ­
ncit) 111 capture trends . We infct the ..,tati..,tical ..,ign1htance 
or regional hctween year changes in adult populauon '>Ill' 

and producti\ 1ty hy mean" ot h1110111ial te..,ts on till propo1 
t1on of target specie-. that inL·reased in each reg.ion \nnual 
adult ... uni\ al rates and adult rceapturc proh<tbilitic.., are 
c ... llmatcd from 111odil1ed Cormack-Jolly- chcr ( 'L ) 
mark recapture model-. (Clol1L'rt ct al. 1987. Pollock et al. 
1990 Lcbrcton ct al. 1992) 

11-.cellancous anal) e were con<luctcd in ..,upport ol 
the fC\UJl\ and disCU<.,\illll to follow . POf purpo;,es of eiar-
1ty. \\C 111c.:lude detail'> related to each anal)"i along with 
the relevant rcsulh. Re..,ulh are gi\'cn a-. mean-. ±SL unless 
1.,tmcd otherwi-.;c . 

RE LTS A D DISC S<)l N 

Fit 1 D M1·1110Ds 

, I!/ charucteristiu 
Number and density of nets can have important 

effects on the precision of mark-recapture estimates 
of adult population si1:c and adult survivorship. 

prcading nel. a~ widely as possible v. ill tend to 
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increase the number of territories intersected, and 
thus the population siLe sampled. but will tend to de­
crease recapture probabilit) for the birds on an sin­
gle territory. and ice versa. There hould e isl some 
intermediate n t density that will simultan ou ly 
optimiLe both the number of different indi\ idual 
adults captured and the recapture probability of these 
adults. although this optimal net density is likely to 
differ among species and among habitat types. 

Figure l presents a plot of total capture rate 
(including recaptures) of adult birds (all sp cies 
pooled). as a function of net density. Data were col­
lected in 1990 from 25 M PS stations located in 
forest or fore ·t-edge habitat . all u. ing 12-m nets, 
and all operated for one or tv. o days per I 0-day 
period. ( tations that \\ere operated for more than 
two da)S per 10-da) period \\ere excluded from this 
analysis be ause of potential salllration and net­
avoidance problemc.,: see Burton and De ante this 
l'O!ume and belcm). Highest capture rates appeared 
to occur at net densities hctwcen about 0.6 and 1.7 
net per ha. although varianc \\as high . s a rule 
of thumh. therefore. \\e suggest that MAP 1.,tation.., 
operate 12-m nets at net dcnsitie. bet\\ecn about I .0 
and I .5 nets p r ha. and recommend that I 0 nets be 
operated in an 8-ha netting area ( l.25 nets per ha). 
The upper limit on the number of nets that can be 
used at any station. and the lov..er limit on net den­
sity. should be .set hy the number of people a\c.11lahle 
to operate a station. Operator must he able to visit 
all net locations v,:ithin JO 15 min 1r no birds are 
caught (Ralph ct al. I 993 ). We sugge t that the 8-
ha ncning area he central!) located in a 20-ha study 
area of ..,imilar hahttat that define" th 1 P ..,talion 
and ih boun<lanc.., 
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rl URE I. Capture rate of adult birds (all species pooled) 
at \ar) ing net c.lem.1tie'>. Data arc from 25 MAPS stations 
operated in forc\t 01 forc1.,t-edgc habitat<., for one or two 
da:s per 10-day period in 1990. 
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To pro ide optimal coverage. nets should he 
placed relatively uniformly throughout the net­
ting area. Within this general con<;traint. hO\\ ever. 
nctc.; c.;hould be placed opportunic.;tically at location., 
where birds can be caplllred moc.;t efficiently. such as 
bru hy portions of wooded area'>. forest breal.. c.;. and 
n ar \vat r. Thi . i'> bccauc.;e larger sample size., and 
higher recapture probabilities contribute to '>lronger 
inference in analyses (as well as being more interec.;t­
ing for station operator:). 

To promote similarity of sp cie. · catchability 
among c.;cations. we recommend that all . tationc.; use 
the '>ame type of net. For maximum captures of small 
birds (most target species weigh le . than about 
30-35 g), and for ease of extraction of birds of all 
iLes, we c.;uggest the use of 30-mm me.,h. four-ti r, 

tethered. black nylon mist nets (Heimerdinger and 
Leberman 1966. Pardieck and Waide 1992). All nets 
should be 12 m in length, for uniformity and ease 
of handling. If nets f other lengths must be uc.;ed. 
netting ffort should be calculated accordingly (e.g .. 
th use of a 6-m net for one hour should be counted 
as 1/2 net-h). 

chedule of operation 

tart and end times. The breeding season is 
divided into 12 equal 10-da period. between May 
I and ugust 2 (although c.;ome stations in extr me 
southern nited tates may start earlier). lt i'> impor­
tant that the fir t netting c.; c.;c.;1on take place after the 
\ a.,t majority of spring migrant individual. of th tar­
g t c.;pecies ha e moved through th study area. This 
1c.; h cau'> inclu<;ion of migrating adult individuals in 
the data will negatively bias both productivity indi­
cec.; and survivorship estimates. since low (or zero) 
recapture rate · of migrants can be mistaken as high 
mortality in adults. 

or e amp! , w ec.;timated adult . urvi al prob­
abilities (all . pecie!-1 p led) from three year of 
mark-re apture data for each of eight tation!-1 oper­
ated in l 989-1991. Four of the!-le eight station!-> w re 
als migration-banding stati n. , and submitted data 
to the MAPS Program that w re collected during the 
latter part of the migration sea. on. Annual urvival 
estimates for various . peci s from the e eight sta­
tion ranged from 0.05 to 0. ( m an = 0.27 ± 0.0.+ ). 
and were only 50-60% f th generally expected al­
ue. for temperate-wne pas.,erines (Loery et al. 19 7. 
Karr t al. l 990a Pollock et al. l 990. Peach 1993). 
Moreover. data from thes early netting . ssi ns 
cannot simply be dropp d from analysi . because 
thi could introduce another negative bia. in . ur i al 
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estimate!-> if locally-re1,ident birds that are captured 
during these early netting 1,ec.;-.ions display net avoid­
ance and are not captured during . ub1,equent net Ling 
1,ec.;.,ion-. (Burton and De anle this 1·0/11111<' . 

E\en though mark-recapture anal -,i" models 
ha\e recent!) been developed to account for the 
prec.;ence of tran!->ient individuals (Peach et al. 1990. 
Peach l 993. Pradel t al. 1997. ott and De ante 
2002; also see De ante et al. 1995 and below). it i-. 
likely that these models will p rform better with data 
free from large numbers of migrant individuals. To 
a\oid operating M P <;Lations while large number., 
of spring migrants are 1,till passing through, we have 
establi. hed a tiered schedule for beginning the op­
eration of M P c.;tations (Fig. 2) that ranges from 
Period l (Ma 1- 10) in the extreme c.;outhern part of 
the United States through Period 5 (June 10-19) over 
mo. t of Canada and Alaska. We strongly discourage 
netting at MAP stati n!-1 prior to th appropriate 
time for beginning operation of the station. 

t the other end of th season, " e originally 
recommended that all M P talion-, be operated 
through Period 12 (Augu. t 19-28). even though fall 
migration of target species may already he un­
derway. We rea!-loned that data from later periods 
(e.g., Periods 11 and 12) could be eliminaLecl prior 
to analysis if desired, esp cially as very few adults 
breeding at M P stations are captured for the fir">l 
Lime !ale in the season. Moreo er. e eluding late net­
ting sessions from British analy i. did not sig­
nificantly change regional producti\ ity indice1,, but 
tended to increase precision of the stimat s (Baillie 
ct al. 1986, Peach ct al. this 1·0/ume). This I d to rec­
omm ndations in th E cheme to op rate each 
!->tali n. if possible. for all tw I e J 0-c.lay periods. 

imilar analyses of MAP precision have not 
yet been conduct d. However. using data from .,j 

c.;tation in each r three regions, we c mparrd pro­
du tivity indices based n data collected over all or 
onl part of the 1992 -,ea. n. In all three cases. we 
found highly . ignificant correlation betwe n the pro­
ductivity indices from the two time periods (Fig. 3), 
although this might have been expe ted because data 
from the truncated period \.\ere included in the data 
from the entire time period. At Shenandoah ( ig. 
3 ). where on! on netting se ion wa run after 

ugu . t 8. th lope f the regre .. ion was n t -.ignifi-
cantly different from 1.0 (P = 0.30). At W natchee 
(Fig. 3B) and Flathead (Fig. 3C), which a h had two 
netting ses. ions aft r ugust . the :lopes were . ig­
nificantly or near significantly different from 1.0 (P 

= 0.03 for Wenatch e and P = 0.07 for Flathead). In 
all three locations. data from the long r time period 
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FIGCRE 2. Recommended starting period-. for MAPS ..,tauon.., in ri\e geographic region..,. Period I= Ma~ I- JO: Period 2 
= Ma) 11 20. Pcnod 3 = Ma) 21 - 30: Period.+ - f\ht; JI June lJ : Period 5 = June 10 19. 

gave hig1er productivity inc.lie s. Differences, how­
e\er. we ·e small between producli\ity indices calcu­
latetl fron the truncated period and those calculated 
from Lht entire periotl (a eraged O\Cr sp cics for 
\\hi ch al leai.,t J 0 aged indiv1dual-. \\ere captured d11r­
ing the t'1Lire period): 0.01 ± 0.01 ( = 11 -.pcc1ci.,) 
at Shcna1Joah. 0.09 ± 0.02 ( = 2.-J.) at Wenatchee , 
and 0 .0 ± 0.02 (N = 20) at Flathead . Results f'or 
ind1\ 1du; I -.pcc1es \vere similar: 111<>'>1 -.hc.nvcd higher 
producti it} inc.lice.., when thc-.e were calculated over 
the longtr period, and in most of the relatively com­
mon spe.:iei., these increase-. were small ( <0. 10, in­
cluding to!n of the 11 '>pec1es studied al henandoah. 
J 5 of 2-l al Wenatchee. and J .+ of '.:W at Flathead). 
De pitc t c ... mall magnitude of difference. the lo~er 
product1' ily indices calculated'' ithout data from the 
la. l two 'letting periods ma) pro\ ide a more repre­
sentative index. of local productivity. rather than hc­
ing con ft uncled by an intlu of migrating individual'> 
from furt 1er north. 

To guuge the e ·tent Lo which migrating indi­
viduat... might be occurring at M P stations and to 
as'e's the timing of their occurren c . \Ve anal} 1ed 

le\el.., of subcutaneous tat found on birds captured 
at MAP rations during 1992-1995 as a function 
of geographical region and J 0-day period (Fig . ...J. ). 

Throughout the breeding '>ea ... on (June through early 
August). substantial number.., of hire.I... (I 0- 30o/c de-

pending on region) had very light rat deposits (fat 
cla'>ses I or 2). Fev. hirds (general I} <5l'f) had light­
moderate fat deposits llat cla~.., J) Jnd very fc\ (gen­
eral I y < l <,f) had moderale-hea \) or heavy fat depos­
i rs (fat class ..j. or greater). rn -.harp contn.l\l. dunng 
P1.:riods l- J (Ma} 1- 30. although the total numbers 
or capture .... \\ere ll)\\ during the'>e periods becau ... e 
most station' delayed initiating \talion operation 
m:cordrng to the schedule presented in fig. 2) and 
Period.., 11-12 ( ug.ust 9- 28). '>ubstantial number'> 
of birds (generally >10% ) had moderate lo high tat 
depo,ih (fat classes ~3). 

The .... e data '>Ugge\t that suh\lantial numbers or 
migrating indi\iuual birds are being captured at 
MAPS 'tation.., in all geographic region-. during 
Period: 11 and 12. and that the operation ot M P ' 
.... union'> should b curtailed after Period 10 (July 
30-August 8). Tl11S wi ll likely have a ncgligibl 
effect on recapture probabilities of locally resident 
:.idult.... becau ... e fe~ such bird.., are captur d during 
Period-. 11-12 that \\ere not already captured earlier 
Ill the season. It will, ho\\ever, provide producli\­
il) indice. more repre entati\e of the local area in 
\ hich the tation i'> localed. and will reduce the time 
commitment and expense of operating M PS '>ta­
tions b} l 7o/c-25o/c. depending on the tarting date 
or the station. Thi.., r commendation was included 
in <.;tandardi1ed MAP protocol beginning in 1997. 



32 STUD I IN 

re 09 (A) 
Ol 06 

~ 
:i / ~ 

"' 
0 7 

> 

"' 0.6 
~ 

§ 05 

g_ 04 0. 922 
0 
c 0.3 alO]><' • 0.90 7 
0 
'i:: 

VO • 0 . 0 69 0 02 a. e ... a.. 0.1 ~ 

0 • 
0 01 0.2 0.3 0.4 05 0.6 0.7 0 .8 0.9 

Proportion of young (May 31 -Aug 8) 

er; 0.9 (8) 
C\I 

g> 0.6 
<I: 

;:; 07 
> 

i 0.6 

Ol 0.5 c: 
:i g_ 0.4 ... 
0 0.896 

c: 0.3 . ilope o.a:n 0 

i - 0.143 0.2 vo • 
e 
a.. 01 • 

0 
0 0 1 02 0.3 0 4 0.5 06 07 0.8 0.9 

Proportion of young (May 31 Aug 8) 

er; 09 (C) 
C\I / g> 0.8 
<I: 

~ 07 
c . ........ 
:i 06 ... 

::?.. . 
g> 05 ... 
~ ~ n 28 

04 0 '121 0 
c 0.3 SIOJ" 0.0~1 
0 
t:: ' . 

Yo 0.101 8. 02 . 
e 
a.. 01 

0 
0 0 .1 02 03 04 0.5 06 0.7 08 09 

Proportion of young (Jun 1 O Aug 8) 

FIG RE 3. Regre-, ion of the proportion of young. caught 

during all I Cl -day period-, ""· the proportion of 1oung 
caught in all but the la<,t two 10-day period.., during 1992 
for all lallons ( ) at three ... tat1on-. . 

The difference between North America and Britain 
is apparently that huge numbers of long-distance 
migrant landbird. from farther north pass through 

orth merican M P stati ons during mid-late 
ugust, wh rea. relatively few such migrant. from 

north of Britain pass through Briti. h CE station-; 
during that time. 

V<!tti11g frequency. Increasing the number of 
days of operation p r 10-day period will, of course, 
increase th number of birds captu red. However, 
there is al o likely to be a rapid rail-off in captures 
after two or three day-, of operation becau e or 
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saturation and net-a\oidance effects (Burton and 
De ante this 110/111/le). nother potential problem or 
netting too often is that di-,turbance to captured birds 
might contribute to nest failures or to birds mm ing 
out of the netting area. 

Surprising]; liltlc is 1-.nown about the extent and 
role of . aturation and net avoidance in affecting 
the results of mist-n tting studi s. Kaiser ( 1993b) 
showed that migrating birds may sometimes avoid 
. pecific capture locations after fir. t capture. but do 
not recognize nets in other locations as . omething to 
be avoided . How long avoidance of capture location 
may la ti poorly known. M PS data collected dur­
ing the breeding season -,ho\.'ved that some adult in­
di iduals of certain . pccies (e.g .. Swains n ·., Thru'>h 
[scientific names in tables], MacGillivray·.., Warbler, 
Lincoln' · Sparrow) are often recaptured later in the 
season in the same net in which they were first cap­
tured (Institute for Bird Populations. unpubl. data). 
The a tual extent of net avoidance probably aries 
among -;pecies, po-,-,ibly differ'> between the breed­
ing -,eason (when bird-, are raithful to a nest -,ite) and 
non-bre ding asnn'>. and ma) even differ among 
indi\ idual'> \.'v ithin a specie . Recent advance-, in 
mark r capture software (RELEA ) provide good­
ness-of-lit tests that can detect net-avoidance effects 
(Pradel 1993 ). How ver. such tests have not yet been 
applied to MAP' data. 

Burton and De ante (!hi\ l'O!ume) -,uggc'>lcd that 
hnth -,aturati rn and net-a\oidanc ffccts secmed to 
occur in adults but not in young birds, and appeared 
to incrcase with increa-,ing frequency of operation . 
We te-;ted this hy e<,tablishing two adjacent M P 
stations in a single hahitat t peat the Patu cnt Ri er 

aval Air tal ion and operating one for on' day 
pcr I 0-day period and the other for two days per 
I 0-day period (usually consecuti e days). m cr l\.\-0 

years ( 1992 and 1993). In both years. the rate of fir'>t 
capture. for young birds (all specie. pooled) wa-, 
rough!; th !->ame between tation ; i.e .. about !\>vice 
a-, many inc.Ii\ idual young bird'> were captured at the 
tv. o-day station as at the one-cla station (Tab le I). 
Thi . was expected, becau-;e there was con-;tant turn­
o er of young birds through di . persal. such that net 
a oidance shou ld not have been a serious problem. 
By contra t. the rate of f1rq captures for adult birds 
(all specie: pooled) \\-a. lower at the two-da station 
than at the one-day station by 22.2% in 1992 and by 
35.7% in 1993. s a result, the producti it index 
wa 9% higher at the l\.'vo-day station in 1992 and 
42% higher in 1993. Clearly, increasing the frequen­
cy of operation at a station tend. to bia. productivity 
indices positive! . 
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One-da~ \li.lll(ln 

Proportion 

pccics Adult Young young 

Yellow-billed Cudoo (Coccy:::u~ america1111s) 
Red-bellied Woodpecker ( \1e/a11erpe1 caro/111111·) 

D wn) Woodpecker (P1coickc; puhescen.n 1.2 
orthern Flid,cr (Colaples auratuc;) l .2 

Ea•.tern Wood-PC\\ ec (Cont opus 1 irem J 

Acadian Flycatcher (£11111ido11ox 1·1re1ce111 J 2 'i 
Great Cre tcd Flycatcher ( fo,,~riarchus cri11it11s) I 2 
White-eyed Vireo (Vireo griseus) 3.1 
YellO\v-throated ireo ( 1:pu1·i(ro11s) 
Red-eyed Vireo (I: o/imceu\) 13.8 
Blu Jay (Crnnocittu ni1tatu) 
Carolina Chickadee (I'oecile carolinensis) l .2 
Tufted Titmouse (Baeoloplms hic;o/or) 3.' 

arolina Wren ( Thryothorus /11Jol'icia1111~) 5.0 
eer) (Cathan1s ft11·ce1·ce111) I.-

Wood Thrush (1-fy/ocilhla 11111steli11e1) 2.5 
American Robin (Twdus migratorius) 
Gray Catbird (D11111etello caroline11.1i1·) l .2 
Brown Thrasher (Toxostoma rnji1111) 
Pine Warbler (Dendroica pi1111s) 
Black-and-white Warblc1 (Mniotilta 1·aria) 
American Red<.,tart (Setopha~a rnticil/a) 
Prothonotar) Warbler ( Protonotww c itrea) 
Worm-eating Warbler (He/111itheros 1·ermirnm ·) 2.5 
0\'cnbird (. eiurus aurocapil/m) 5.0 
Louisiana Waterrhrush ( . 1110/acil/a) 
Kentucky Warhler (017ororni,· formosus) 
Common YellO\\throat (Geothlypis trichml 
Hooded Warbler ( Wil 011ia citrina) 
Yellow-breasted Chat (/ctena l'ire11s) 
Summer Tanager (Piranga rubra) 

carlet Tanager (P olm.Jccc:.___ 

R. 

3.8 

0.0 
0.0 
0.0 

0.0 
-.o 
3. 
0.0 
2 5 

0.0 

0.0 

l.J 

'i.O 

(l.0 

0.00 
0.00 

0.00 
0.00 
0.00 

0.0 

0.00 
0.57 
0.43 
0.00 
0.50 

0.00 

0.00 

0.20 

0.36 

0.00 

199_ 

Proponllln 

dult Ynung :nung D11Tercnt:e 

0.0 
1.2 

0.6 

0.6 
2.3 

2.9 
0.6 
8.8 

l.8 
2.9 
3.5 

3.5 

0.6 
0.6 
0.6 
0.0 
l.2 

1.8 

2.9 

5.3 

1.2 

0.6 
0.0 
0.0 

0.0 

1.2 

0.0 
0.0 
1.8 

0.6 
2.9 
5.3 

1.8 

0.0 
0.6 
0.0 
0.6 
r)_() 

I. 

0.0 

0.0 

0.0 

1.00 
().()() 

0.00 

0.00 
0.33 

0.00 
0.00 

0.17 

0.25 
0.50 
O.nO 

0.33 

0.00 
0.50 
0.00 
1.00 
0.00 

0.50 

0.00 

0.00 

0.00 

+0.33 

+0.09 

+0.25 
-0.07 
+0.17 

-0. 17 

+0.30 

-0.36 

Adult 

0.9 
1.8 

1.0 
7.0 
0.9 
2.8 

11.0 

2.0 
1.8 
1.8 

5.5 
0.9 

0.0 

0.9 
0.9 
5.5 
1.8 
5.5 
0.9 
12.0 

0.9 

1993 

One-da) \lation 

Proportmn Prnporuon 

't oung young dull ) oung )OL111g Difference 

0.0 
0.0 

0.0 
1.0 
0.0 

I. 

0.0 

0.0 

3.7 
3.7 

0.9 
0.0 

2.8 

OJ) 

0.9 
2.8 

0.9 

2.8 
0.0 
l.c 

0.0 

0.00 
0.00 

0.00 
0.12 
0.00 
0.40 

0.00 

0.00 
0.67 
0.67 

0.14 

0.00 

1.00 

0.00 
0.50 
0.33 
0.33 
0.33 
0.00 
0.13 

0.00 

0.5 

0.0 

4.6 

1.0 

5.1 

1.5 
3.7 
3.1 
3.1 

0.5 
5.6 

1.0 
0.5 
0.5 
0.5 

0.5 
3.1 

0.0 
5. l 
l.O 
3.6 
0.5 
1.5 
0.5 

0.0 

0.5 

1.8 

1.0 

1.0 
0.5 
0.9 
4.1 

6.1 
0.0 

1.5 

0.0 
0.0 
0.5 
2.5 

l.O 
2.5 
1.0 

3.1 

0.0 
1.0 
0.0 

0.0 
0.0 

0.00 

1.00 

0.29 

0.50 

0.17 
0.25 
0.20 
0.57 
0.67 
(J.00 

0.21 

0.00 
0.00 
0.50 
0.83 

0.67 
0.46 
1.00 
0.38 
0.00 

0.22 

0.00 
0.00 
0.00 

+0.17 

+0.10 

+0.17 

+0.20 
-0. 10 
0.00 

+(l.07 

-0. 17 

+0.17 

+0.13 

+0.77 
+0.05 

+0.09 
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We found ... imilar resulLs in 1990 and 1991 data 
obtained from the Palomarin MAPS station operated 
b) the Point Reye'> Bird Ob1.,ervatory (Table 2). This 
staLion i1., L)picall) operated e\er) da) from Ma; l 
through ugu1.,t 28. We compared producti\ it; indi­
ce'> obtained from all 10 da;s of operation per 1 O­
da; period (the all-da;s method} \\ith those obtained 
from only the firsl complete da) of open.Hion in each 
10-day period (Lhe flN-day method). Analyses were 
conducted for all '>pecies pooled. and for l 6 target 
species in which at leasL l 0 first capture. of adult 
birds were recorded during all days of operaLion in 
either ;ear. Jn 1990. the all-days method '>hlmcd 
9.8c,f higher producti\ iL} lor all . pecies pooled. and 
l3.81k higher for the 16 target specie'>. In 199 l. the 
all-da;s method increased productivity for all '>pe-

ie. pooled b} 7.2%. and for Lhe target '>pccic1., by 
15.17<-. However, the two methods detected similar 
difference · in productivity between J 990 and 1991. 
For all 1.,pecies pooled. producti\ it} decrea1.,ed 9.8q. 
according to the all-da;.., meLhod and 7.6'1c according 
lo the fir'>t-day method. For Lhe 16 targeL '>pecies. the 
decrea ... e \\ere 9'f and lO't. re pecti\ely. for the 
all-day and fir'il-da; meLhod-.. The1.,e re . ulr... uggesL 
that net avoidance may not affect the e'>timation of 
annual changes in producLivity. Hm\ever. this will 
only be true ir the number of netting days in each 
netting -;ession remains constant aero..,.., all netting 
1.,e siom al the 1.,talion. hoth \\ ith111 and between 
seasons. 

noLher imponanL conclusion i that a ... mg.le da; 
of operation per 10-da; period is ufhcicnt to pro­
\ idc accurate i nl ormatinn on bet\\ een-1ear change-. 
in productivitv ind1ce'>. al lca1.,l ror the more common 
'>pccie'>. Because adding more station'> will improve 
precision of regional producti\ it; e-.tima!L:'> more 
Lhan \\ill adding da of effort at a '>ingle '>talion 
(Burton and De. ante thi,· l'<J!ume). we recommend 
that the best u-.e of exce-;1., manpower\\ ould he toe'>­
lahli-.h se\eral (or larger} M P '>tation1., that operate 
for one da; per 10-day period. rather than operate for 
additional clays al a single station. 

[n accordance \\ilh the S protocol (Baillie ct 
al. 1986) and the data pre..,ented abO\e, we strongly 
recommend that MAPS '>lation · be operal d for only 
one <la> in each 10-day period. with\ i'>ils in adjacent 
period1., being al lea'>l '>ix days apart. Beginning in 
1992. \ irtually all M P stations have u1.,ed thi1., rec­
ommendation for implementing the M PS protocol. 

Daily timing M P. protocol recommend'> op­
erating the entire array of nets for at least 4 h and. 
preferably, for 6 h per day beginning at local sunrise. 
This covers the period of the day when birds are 
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Period 

HGl R£~ -L FrcquenL') di,tnhutiun' of <.:la-..,e-. lll -..uheut,meou-.. fa1 carried b) hird-, captured in the M P Program a-.. a 
lum;tion of 10-da) period fo1 three -.outhern regions. Periml: I= May I-Ill: 2 = M,1) 11 20: 3 = Ma) 21-30: 4 =Ma) 
31 Jun ll: 5 =Jun 10-19: 6 =Jun 20 29: 7 =Jun () Jul 9: H =Jul 10-19: 9 =Jul 20 29: 10 =Jul 30- ug ~: 11 =Aug 
lJ 18: 12 =Aug 19 28. (Continued on next page.) 

1110..,t active. We recommend that nch not he oper­
ated ir the average wind ..,peed exceeds IO knots (or 

gusts c ·ceed 20 knots) or if other \\Cather \ariablcs 
(i.e .. precipitation or extreme heat or cold) arc like!~ 
to endanger captured bird-;. Ir neh arc closed early 
or opened late due to inclement we<llher or other 
unfon::..,ecn c1n.:um tancc . \\e recommend that the 
tnt..,sing hours be made up \\tth nettrng in the equi\a 
lent time period on another day within the same I() ... 
da period (or early in the next period). Howe\er, 
\\ e only recommend making up lost effort if hair or 
more or a normal da; ·s operation i.., missed. 

Stamlardi:::ut i< m 

II aspect"> or station operation must be kept 
con. tant through all year.., or operation. Othcr\i ise, 
changes in numbers nf bird. captured could reflect 
change.., in netting protocol. rather than change in 
population characteristics. Thi.., is the rca ... on for 
">pt:cif; ing the MAPS protocol in such detail. There 
may be large differences between stations in the 
numbers and ages of birds captured, but this ">hould 
not affect regional estimate"> of annual change in 
productivity a" long as the protocol at each ..,tation 
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FIGUR 4. Continued. Four northern regions. 
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TABLE 2. PRODl "C'Tl\"JT\ INDl(f (PROPORTIO (.)! 'Ol G I 1 lff CAT( fl) c I.Cl I \fl I) Jn rwo 'I.IE THOD. r:ROM [),\ T \ ( Ul I.I CTFD ·\T \ MAP s I \no:-. OP! RA Tr[) DAIL' 

Specie., 

Pac1tic-slope Flycatcher (Empidonox diffici/is) 
Warbling\ irco (Vireo ~ih-111·) 
Tree waJIO\\ ( Tach\'c111e1u bicolur) 
Barn \\.allov .. (Hmmdu n/\lica) 

Chestnut-backed Chickadee (Poecile rl!f'em!11.1) 
Bushtit (P ·a/triparus minimus) 
Bev.ick's Wren (Th1To111a11e· bewickii) 

wainson·~ Thru h (Cotharus 111111/a/11.1) 

Wrentit (C/wmaeafa ·ciala) 

Orange-cro\\. ned \\i arbler (I ermii·ura celota) 
Wilson· \ arbkr ( Wilwmia pusillol 

ong paJTO\\. ( l\,felospi=a melodio) 
Whi te-cro\\. ncd parrow (Zonotrichia /e11coph1)'-') 
Purple Finch (Corpodarn.1 purpureus) 
Pine Siskin (Cmluelis pinus) 

American Goldfinch ({' lri11is) 

All specie pooled 
Mean of 16 specie 

E of the mean 
Prop. !>pecie'> 111crea'>c' 

16 
23 
12 
14 
12 
7 

12 
45 
12 
51 
-+O 
25 
7 

4 
14 
9 

415 

1990 

II du) b hr L do.i) Differenced 

0.91 
0.23 
0.00 
0.65 
0.80 
U.67 
0.73 
0.39 
(J.7 

0.45 
0.75 
0.67 
0.76 
0..+4 
0.39 
0.10 
0 66 
0 55 

±().()7 

0. 5 
0.33 
0.00 
0. -7 

0.75 
0.00 
0.67 
0.25 
0.56 
() 50 
0.65 
0. 3 
1.00 
0.45 
0.25 
0.00 
0.60 
0.4 

±0.08 

+0.06 
-0.10 
0.00 

+0.08 
+0.05 
+0.67 
+0.07 
+0.14 
+0.23 
-0 05 
+0.11 
-0.17 
-0.24 
-0.02 

+0.14 
+0.10 
+0.06 
+0.07 
±0.05 

0.63 

35 
9 

12 
9 

12 
IO 
13 
54 
19 
40 

-+5 
15 
13 
54 
29 
20 

472 

II da) 

0.73 
0.18 
0.00 
0.44 
0.79 
0.66 
0.63 
0.34 
0.80 
0.4 
0.63 
0.78 
0.80 
0 . .29 
0.15 
0.23 
0.60 
0.50 

±0.07 

1991 

0. -3 

0.00 
0.00 
0.00 
0.81 
0.83 
0.56 
0.31 
0.83 
0.20 
0.47 
0.88 
1.00 
0.21 
0.00 
0.25 
0.56 
0.43 

±0.09 

+0.20 
+0.18 

0.00 
+0.44 
-0.02 
-0.18 
+0.07 
+0.03 
-0.04 

+0.28 
+0.17 
-0.10 
-0.20 

+0.08 
+0.15 
-0.02 

+0.04 
+O 07 
±0 04 
0.56 

Difference. 1991 1990 

.\II da)s riN da) Difference 

-0.18 
-0.05 
0.00 

-CL?.! 
-0.01 
-0.01 
-0.1 l 
-0.05 
+0.01 
+0.04 
-0.12 

+O.l l 
+0.04 
-0.14 
-0.24 

+0.13 
-0.06 
-0.05 

±0.03 
0.31 

-0.31 
-0.33 
0.00 

-0.57 
+0.06 
+0.83 
-0.11 

+0.06 
+0.28 
-0.30 
-0.18 

+0.04 
0.00 

-0.24 
-0.25 

+0.25 
-0.05 
-0.05 

±0.08 
0.38 

+0.14 
+0.2 

0.00 
+0.36 
-0.07 

-0.85 
+O.Ol 
-0.11 
-0.26 
+0.34 
+0.06 
+O.Cl7 
+0.04 
+0.10 
+O.Ol 
-0.12 
-0.02 
-0.00 

±0.07 
0.63 

\oft• Data \\ere lrnm the Pal,1111.mn Field. t.uwn. opcr.1tnl h) the Point R •• e Bml Oti Cf\ill<>r . Re ults m: h1mn l<1r 'P<~•c \llh ac IC.l'l lcn hr'c capture nl adulc hird, 111 e11her yeJr .• ind for all 'pcc1c' pooled 
'<umber of lir'>I captun.•, of adulc h1rd' durin)! all <la} ol opera111,n. 
C akulated us111g datJ I rum ,Ill da)' ol operation each 10-da) pcnoJ 

akulated using data from uni) Che firsc complete day ul opcral11lll l'ilLh IO·dJ) peruJd. 

Difference in proportion of ;.uung (or d1ffcrcnce hcl\~Cen 1hc 1990- l '19 I d1llcrcnce 1n prnpnrt1nn ol nung) calculated h) the t"- o mccho<b (prc,cntcd a' all-day methml mi nu' 111,t-day mclhud) 
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remains constant from year to year. ConsistcnC) 
is needed in the numbers anc.I design of nets use<l. 
their placement, an<l sche<lule of operation (time o · 
starting and ending each Jay. numher of days/ I 0-<la_ ' 
perio<l. start and end date in the season). Final! . net 
should be opened, ched.e<l, an<l closed in the same 
order. and that seqUl:nce should remain constant for 
all day and years or operation. 

Cou .r-c110 OF DAI A \TA MAPS ST1\r10 

The follo\\ing data are require<l for all bird 
captured in the M PS Program. including recap­
tures. because they are required by the ban<ling of­
fice. or are needed for calculation of producti\ it) 
indices and survivorship estimates: station co<le, net 
number. date. time of capture (net-run time), band 
number. capture code (newly banded. recaptured, 
hand changed, unbanded), status code (whether or 
not r lea.,ed back into the population). specie.,, age. 
how aged. sex. and ho" ..,e ed. In contrast, the fol­
lowing data are considered supplemental and are 
U'ied in \erification progra1m designed to identify 
questionable or contradictor specie .... age. and se 
determinations: degr e or <.,kull pneumati1ation, 
extent of cloaca) protuberance or brood patch, extent 
of bo<l) molt. type of !light-feather molt. e tent ofju­
\enal plumage. extent of primary-ft:ather \\ear. v. ing 
chord, bod) mas-.. fat clas<.,, and hander'-, name. We 
-.trongly encourage all M P cooperator-. to collect 
thc..,e supplemenral data. for without them there i.., 
no \\ay of verifying the accuracy or the specie..,, age. 
an<l -.ex determination-. (sec al'io Ralph et al. 199..1 ). 
All other data that might be collected on mist-netted 
bird-. (e.g., tier of the net in which it was captured. 
direction bir<l entered the nel. etc.) are not needed 
for the M P Program. although \\ e accept an) 
notes cooperators \\ ish to ad<l regarding any capture 
record. We require that all M P data be suhmitted 
u.,i ng standardi1ed metric-. and codes pro\ ided by 
the M P Program. 

We abo require M P cooperators to provide 
detailed data on mist-netting effort, including <.,la­
tion code. date, time-. of opening and closing each 
net arra) (or indi\ idual nets. if some are opened or 
clo ecJ earlier or later). and. if pos-.ihle. starting time-, 
for all net run<;. II times are rounded to the nearest 
I 0-min (0700. 0710. 0720. etc.). These effort data 
are ne ·e-.-.ary for 'itandardizing the effort at each ta­

lion from year-to-year. (or selecting data to be used 
in each year-to-year comparison (see below), and for 
e-.timallng the effects of mi.,secJ effort. 

0. 29 

A Al) flC \I Ml"l llODS 

Dow i·erificotion 

Each )Car. about 1/3 of all MAP suuion'i \\ere 
operated by field biologi-.t interns trained and su­
pcn ised by biologi'its from The Institute for Bird 
Population . Becau e these intern ... frequently had 
relatively little prior experience \\ ith mi. t netting 
and banding, we began their work periods with an 
int nsive three-week training program. Jn addition. 
\\e developed data checks designed to catch error<.. 
during data entry and to provide a pr -analy. is \eri­
tication of the data. Verification procedures included 
four type : (I) checks that assured that entered codes 
\er \alid and that data tell within accepted ranges: 
(2) comparisons of species, age, and sex determina­
tions against the supplemental data used to make 
those <let rminations (i.e., degree of . kull pneuma­
ti1ation: pre. ence of cloaca! protuberances. broo<l 
patche-.. or jmenal plumage: and e tent of bod) 
and flight-feather molt and pri mar)-fcather \\ear) 
that flagged di.,crcpancies or su. picious data: (3) 
checks that identified unusual band numbers or band 
sites for each species: and (.+)check-, that 'iCrecned 
original banding and recapture data from all 1cars of 
station operation for inconsistencies in species. age. 
and sex determination., for each band number. 

An analysis of intern-collected data for 1993 
shO\\Cd that the'ie four \crification procedure-. 
flagged .+.7~ of 16.790 capture record., (Table J). 

!though the majority of flagged records 1molvcd 
contradictions \ ithin a given capture record. a sub­
-.tantial proportion i1nol\l!d incon-.i'itcncics among 
di ffercnt capture records. f these. many \\ere not 
errors at all. but cases in \\ hich recaptures prm i<led 
additional information that allo\\ed rc-.olution of 
"unkno\\ n .. codes 111 the earlier record-.. 

The m <.,l frequent correction to the data ;,et were 
for <..ex determination (3.2rf of total records). Most 
of these imohccJ changing an unknov.n to a known 
'iCX upon recapture or, to a lc-.ser extent. ice versa. 
The latter cases often il1\olvccJ birds questionably or 
erroneously se ecJ by 'illl<tll cloaca! protuherance-. 
or light brood patches early in the sca ... on. hanges 
in age determination were le-.s frequent (I .7C'/c of 
total records) and usually invol\ecJ questionable 
or erroneous ..,kull determinations. often caused 
h] confusion between a full) pneumati1ecJ (adult) 
and a nearl) complete!) non-pneumati1ed ( oung) 
skull. with error;, being detected upon recapture. 
Questionable sex determinations often le<l to ques­
tionable age determinations and\ ice-\Cl"'·,a: both age 
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Datum nccdin)f alteration 

Sc\ 
Age 
Specie-., or band number 
All change.., combined 
Total record.., 

IJhtltUte intCrl1' 

N Peru:nt 

53J 3.2 
28-l 1.7 

78 0.5 

781 4.7 

16.790 

and sex were changed in 0.6% or records. Specie.., 
(or band number) wa b) far the least often changed 
determination (0.5 % of total records). Most changes 
in <;pecie. determinations \\ere caused b) misread 
bands on recaptured bird.., (\\hi ch sometime'> re­
sulted in age or ..,ex change'> as \\:ell). These finding . 
sugge..,t that. after verification and correction. error'> 
rema111ing in intern-collected data were es..,enti<.llly 
negligible for species dctt.:rminations, well belO\\ 
I% tor age determination ..... and less than about I I/( 
for se determination-.. 

After data \erification, only 21 (0.l<'i) of the 
29.299 intern-collected capture records during both 
1992 and 1993 \\ere given unknown -.pecie'> determi­
nation-.. -t.07 ( 1.4<1,) were given unknm\ n age deter­
mination'> and I 4.152 (-+8.3<',f ) \\ere given unknown 
sex determination-.. Of the 16.-+86 intern-collected 
capture record.., or adult birds during both 1992 and 
1993. onl) I 7.9cr (mostly or sexually monomorphic 
species) were given unkno\\ n se after data \erifi­
cation. thereb) indicating that fl10'>l or the un-.exed 
birds in the total -.ample \\en: young h1ru-.. 

Verification procedures were also applied lo the 
appro imately 2/3 or the total data that \\ere sub­
mitted from 111dependent stations (i.e .. '>latiom. nol 
operated hy IBP trained and supervi..,ed intern<.,). We 
detected a <.;lightly higher proportion of .. error<' in 
specie'>. age. or '-iCX detcrminatiom (5.4'* or 30.696 
records) than in int rn-collected data, although the 
relative fn.::quency among the error types wa'> simi­
lar (Table 3). We were surpri ... ed by thi'> error rate. 
bee au e mmt independent station.., \\ere operated 
by experienced bander'> with Ma-.ter banding per­
mits (although some data may have been collected 
by '>Ub-pcrmittees) . Our re'>ulh '>ugge'>t either that 
the quality of our intern training \\a<., exLeption­
ally good. or that the training of licen-.ed bander.., 111 
North America could "itand impro\e1nent. Data col­
lected by Dale (this 1·0/ume) '>Upport the second con­
clusion. A.., a result of the-.e studies. the Institute for 
Bird Populations in 1995 spearheaded the creation or 

Data collccteLI b) 

lnLli:pcnLlcnt '>talion operator-.. Both group' comb111cd 

Percent Percent 

I. I 0-l 3.6 l.6J7 J.5 
6.+J 2.1 927 2.0 

22 0.1 100 0.2 

1.658 5.-1 2.4J9 51 
30.6% -l?.486 

the orth American Banding Council that. by 2002. 
had de\eloped '>tandardized training material<; and 
certification programs for banders. uch programs 
prev iOLt'-il) existed in a number of uropean coun­
trie ..... including Finland and the nited Kingdom. 
and mo. t CES cheme ringers (handers) \\ere 
kno~ n to be highly experienced or ~ere obsen ed 
in action by BTO staff on ringing course<;. Thus. the 
qualit of ringing data collected there is as-.umed to 
be higher than in orth America. and ringing data 
submitted to the CES Scheme are anal) 1ed without 
any veri f!cation. 

Pooling duto.fim11 d[//ere11t 'tat ion.,· 

Analy'>i . methods require Pl'Oling or data from 
multiple station..,. Although MAP protocol recom­
mend-. one day of netting per I 0-da! <.,ample period. 
a fc\\ ..,t,ttion-. net more frequently; thi., \\as e'>pccwlly 
true in the earl) years of M PS. sing data from one 

1APS region. v\c anal)ted the effect or pooling data 
from -.tatinns u-.1ng different netting ..,chedules on be­
t ween year change'> for I 990 1991 and for 1991 1992 
(Table 4). Data 'A ere pooled 111 lour way'> for analy'>is . 
Using data from all days or operation 111 each 10-day 
period. \VC calculated one index uncorrected for ef­
fort, and another corrected to birds/600 net-h . We also 
calculated unadjusted and effort-adjusted total-. U'>ing 
data only from the first complete day ol operation in 
each netting period . The all-days. unadjusted index 
method tend.., to weight the data from each '>tation 
roughly according to effort e pended at the . tation. 
(Because of saturation and net-avoidance effects. 
however. a 'itation operated 011 a dail) basis will gen­
erall) not capture IOx asmanybird'i,e.,peciall) adult.. 
as a . tation operated only one day per 10-day period.) 
ln contrast. the all-day-.. effort-adjusted index method 
tends to weight each <>t<Hion equally. ( gain. hov~ever. 
becau-.e of saturation and net-avoidance effects. sta­
tions operated on multiple days in each I 0-day period 
""ill generally be relatively under-weighted relative 
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Percent change m number of adult Percent change tn numbers or young Change in proportion nf }OLing 

Changes ber11·ee11 1990 and 1991 
Dusky Flycatcher (£111pulmwx oherholseri) 
··we tern·· Fl catcher ( E difficilis or occidema/11) 

v.a1nson·s Thru-;h 
merican Rohin 

Warbling ireo 
Orange-cro\\ ned Warhler 
YellO\\ Warbler (De11dm1ca petechia) 
MacGillivray's Warbler (Oporomis rolmiei) 
Wilson·s Warbler 

ong Sparrov. 
Lincoln's parTO\\ (Melmp1::a lincolnii) 
Dark-eyed Junco (Junco h1·e11wlis) 

II species pooled 
Proportion increasing 

( hangt s hetll'een 1991 and 199:: 
Dusk) Flycatcher 
··western" I catcher 

wain on·s Thru\h 
American Rohin 
Warbling Vireo 
Orange-cro\\ ned Warbler 
'r ellov. Warbler 
MacGilliHa} ·s \J arbler 
Wibon·s Warbler 

ong parrow 
Lincoln·., parnn\ 
Dark-eyed Junco 
All species pooled 
Proportion increasing' 

II da) s• 

Birds/ 
Birds 600 nh 

2 +19 
4 +5 + 

6 +7 
6 +31 
5 
5 +3 
5 -23 
4 +20 
4 +40 
5 -15 
2 +14 
5 +70* 
6 +23* 

0 75 

6 -10 
IO -13 
9 -5 
IO -23 
IO -2 * 
9 +105 
7 -17 
IO -3 
11 -I 
l) -14 
4 -20 
IO -3 
I I - I I· 

0.0 * 

+144 
+33** 

+49 
+19 
-10 
+30 
+: 
- I 
+43 
-20 
+54 
+45 
+22 
0.75 

-12 
+l 
2 

-19 
-1 

+161 
- I 7• 

+46 
-22 
-22* 
+I 
- I 

0.33 

Vr1/(',\ Data from the "lorlh\\c'l 1APS region. pooled In fnur ddferclll \\a)' ,,ee 1cxtl 

Calculatctl U\1ng tla1;i Imm all d.1y' of oper,tuon tluring each 10-tlay period 

One da) 

Birds/ 
Birds 600 nh 

+33 
+3 
- JO 
+36 
+4 
+' 
+ 

+22 
+59 
-7 

+56 
+ 2 
+29• 
0. 3* 

-31+ 
+13 
-3 

-34 
-I I 
+ 6 
2: 
-13 
-I 

-17 
-42** 

+' 
-7 

0.25 

+15 
+26 
+22 
+37 
-6 

+37 
+I 
-l 

+55 
-IO 
+53 
+6: 
+24 
0.7. 

-32* 
+ 
-6 
-33 
-13 

+155 
-26 
-14 
+27 
-20 

-42 
+7 
-2 

0.33 

II d.l)S One day 

Birds/ 
Birds 600 nh Birds 

Birds/ 
600 nh 

I -76 -78 
4 -37** -3 * 
6 +17 +16 
2 +JOO -95 
4 -33* -13 
4 -16* -I 
5 +8 +53 
4 -12 -I 
4 -23 +55 
5 +53 +30 
2 () +50 
4 +5 -44 
6 +4 +I 

0.42 0.42 

6 + 5 +2 
9 +86 +105 
4 +141** +180' 
7 +20 +15 
8 +133 +46 
10 +204 .. +237 
7 +48 +3 
11 +71 ** +62 
II +167** +!JS* 
JO +14 +14 

9 
11 

+41 
+120 
+93 
1.00 • 

+1 
+229 

+136 
1.00"' 

-91 
-6 

+26* 
-100 
-35 

+21* 
0 
22 

+25 
+91 
+·oo 
-16 
+32 
0..+2 

+550 * 
+125* 

+191"'•'• 
+67 
+86 

+261 ** 
+ O* 
+ 2 

+17 
+6 

+39 
+215* 

+113" 
1.00** 

-92 
-26 
+12 
-100 
-29 
+9 
+3 
-21 
+74 
+47 

+525 
-36• 

+3 
0.50 

+ 75()+ 
147* 

+206 
+63 
+55 

+23 * 
+68"' 
+70 

+152 
+12 
+33 

+214• 
+137 "' 
1.00 * 

I 
4 
6 
5 
4 
4 
5 
4 
4 
5 
2 
4 
6 

2 
8 
6 
8 
8 
9 
7 
l) 

11 
8 
4 
C) 

11 

All dar 

Birds/ 
600 nh Birds 

-0.26 
-0.1 
+0.02 
+0.0'.2 
-0.06 
-0.04 
+0.08 
-0.08 
-0.14 
+0.12 
-0.03 
-0.10 
-0.04 
0.33 

+0.09 
+0.16 

+0.23"' 
+0.07 

+0.25** 
+0.06 
+0.12 
+0.14 
+0.26 
+0.05 
+0.13 

-0.26 
-0.19 
-0.06 
-0.l.+ 
-0.02 
-0.07 
+0.0 
+0.02 
+0.0'.2 
+0.10 
-0.01 

-0.22* 
-0.05 
0.33 

+(l.08 
+0.10 
+0.26 
+0.06 
+0.13 
+0.02 
+0.0, 
+0.14 
+O.l'.2 
+0.09 
+0.08 

+0.20* +0.29 
+0.19 "' +0.21 
1.00** 1.00"'* 

One day 

Bmb/ 

600 nh Bird' 

-0.34 
-0.09 
+0.07 
-0.07 
-0.09 
-0.08 
+0.02 
-0.12 
-0.02 
+O 15 
+0.20 

-0.'.22 
+!l.00 
0.33 

+0.22 
+O 15 

+0.28 
+0.09 
+0.16 
+0.03 
+0.12 
+0.1' 

-0.34 
-0.13 
-0.03 
-0.13 
-0.06 
-fl.03 
-0.02 
-0.08 
+0.06 
+0.11 
+0.20 

-0.22 
-0.0 .. 
0.25 

+0.22 
+0.09 
+0.29 
+0.08 
+0.12 
-0.01 
+0.11 
+0.17 

+0.25 +0.17 
+<l.05 +o.o, 

+0.18•* +0.16 
+0.27* +0.27* 

+0.20** +0.22 * 
1.00** 0.92' * 

Calculated u-.mg da1a from onl} the liN complete <la) of opcra11on during each I Cl- la) penod 
The numher of '1a1mn' from \\ lm:h data "ere pooled. Al lca'l one hird ul the re le' nl age had 10 h,1\ e heen c.tptured 111 one or lhe u1her ol the l\\O) car' hcing compared I·nr calcula11ng ..:hange 111 propnrt1nn of> <Htng. al lca'I nnc ht rd 

(an) agel had In ha\C heen cap1ured 1n each ol the )Car' hc1ng compan:d 
Toial number nl hr I caplllres. 

'Total number of ltN capturc,/C>OO net·h 
'Prnponion of the I'.! targc1 ,pcctc' tor" hi<.:h im:rea e' "ere recorded Su .. n1ltcance 1' Imm a one· tdcd h1nc1m1al te'l 'ho\\ mg ''he I her the pn1pnrunn of 1m:rea 111g 'pec1e' d1flcr' Irom 0.50. 

• tlenote' 0.05 !'> P < 0.10. • dcnn1es 0.01 !'> P < 0.05. 0 denotes P < !I.01 •••denote 0.0001 !'> I'< 0.(101 

(,/) ,..., 
c 
0 
(T] 
(,/) 

z 
>­
< 
;; 
z 
o:J 

6 
r 
0 
0 
-< 

z 
0 
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to stations operated only one day per 10-day period.) 
Th one-day, unadjusted index method weights each 
station according to th number of nets used and the 
length of time the are operated each day. whereas the 
one-day effort-adjusted index method weight: each 
station equally. 

The four method. often produced <>ub tantially 
di ffcrent regional between-year changes in the 
numbers of first captures of adults and young. and 
substantial, but perhaps smaller, differences in re­
gional change in proportion of young (Table .+). 

Diff rence. among the four methods were generally 
less for all species pooled than for individual species. 
Note particularly the differences among the four 
methods in the l 990-1991 bet\\ een-year change'> in 
numbers of adult \\aimon''> Thru hes. numbers of 
young Orange-crowned and Wilson's warbler., and 
proportion of young Wilson's Warblers. 

Data for Swain'ion's Thru'>h how the effect that 
particular stations can have on these results, depend­
ing on which pooling method is used (Table 5). 

Station I 03 { v. hi ch compri cd O\ er 50o/c: of first cap­
turcc;,) drove the l 990-1991 comparison in the all­
days unadju:ted index method, becau-,e this station 
was weighted as if it \\ere I 0 tat ion;,. If between­
year change. in adult numbers ar not homogeneou.., 
across an entire region, then regional changes 
produced by his method will be c;,everely biased 
tow ar<l the station-. that are operated most often. Tht: 
oppo..,itc bia. occurr d \\hen data \\ere stan<lar<l11ecl 
to fir..,t capture;,/600 net-h. This was true \Vhether all 
day:- per I 0-day period \\ere used or only the first 
day per 10-day period. In both of the'ic cases. Station 

I 05, which had the smallest total effort, drove the 
regional increases in adult capture rates. 

Finally, it should be noted that differences in re­
'>Ults from the four method-; were more pronounced 
f r 1990-1991 than for l 991-1992. This was not 
only a re. ult of differing effort among stations in­
cluded in each comparison, but also becau e the un­
d rlying changes between 1990 and 1991 may in fact 
h· ve differed between coastal lowland and interior 
m ntane tations (DeSante et al. l 993a). Pooling data 
0\ er stations where bird populations may be '>Ubject 
to different demographic st res ·or·, such a. critical 
\\eather factors, can mask important differences in 
p pulation and demographic changes and, thus. may 
b inappropriate. Thi'i caution, of course, applies to 
all large-scale monitoring programs, including the 
Breeding Bird urvey, that pool data from multiple 
stations or routes to provide regional indices. 

The pooling method we have adopted is to use 
only one clay of data from each 10-day period for 
all stations (thus converting all stations to one-day 
stations). Next. w.e adju'it each .... tation·s number<., to 
en'>ure equal effort (at each station but not among 
stations) in the two years being compared. For each 
netting period, the time during \\hich each individual 
net was open 1s compared between years. ny bird 
captured at a time when that net was not open during 
the comparison year 1s e eluded from the compari­
son. We then use the total 11umbe1 of first captures 
(rather than fir'it capture'i/600 net-h) from tho..,e 
single days in each period. such that station are 
\\eighted according to the number of bird;, that they 
contribute to th r gional total 

T\UI I 5. 51 \ll ), -sPl Ill l DI l·s A P lll l1\S lfrl\\l 11' l99l \ D \l)l)} l RlldU \l I Dills 01 \Dl LI POl't lAllO.' SJ/I IOR 

S\\AI so 's T11Rus11 

1990 1991 

11 days per period One day pn period All <.la) s per reriod One duy per period 

Station Total Birds/ Tutal Birdsi Total Bird I Total Birds/ 
number net-h Birds 100 nhJ ncl· h Birds 600 nh net-h Bird 600 nh nct-h Bird' 600 nh 

IOI 360.00 3 5.0 360.00 3 5.0 360.00 2 3.3 360.00 2 3.3 
102 324.00 I 1.9 324.00 I 1.9 324.00 2 3.7 324.00 2 3.7 
103 13518.50 .+5 2.0 1440.00 9 3. 12399.00 5.+ 2.6 1440.00 9 3.8 
105 216.00 0 0.0 216.00 0 0.0 216.00 4 11.1 216.00 4 II.I 
106 2007.70 36 10.8 1039.60 25 14.4 1987.60 29 8.8 I 041.60 18 10.4 
107 1222.75 I 0.5 .+37.83 I 1.4 1345.67 l O..+ 518.92 0 0.0 

Total 86 20.1 39 26..+ 92 30.0 31 32.3 
Percent changes between 1990 and 1991 in number of adults captured +7~ +49q -!Olk +22~ 

\01e1 Data from the Northwe~t MAPS region . analped "1th tour d1ffercn1 method~ hee text). 
L sing data from all days each period that the ,1;111on wa' run 
LJ,1ng data from only the fiN compkte day each period that the swtion \~a' run 

' lJo,ing the total number of fiN taptures nf adults 
" U\ing the number of liN captures of adults/600 net-h 
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J'o/ida1io11 '?/MAPS pop11/a1io11 si:::e indices 

MAPS indice of adult population size were com­
pared to independentl) deri\ed indice1., of abundance. 
to determine whether different sources of data would 
gi\e similar re ·ult'>. For each of 36 Washington and 
Oregon MAPS . tation-. operated in 1992. \\e e-.tab­
lished nine point-count locations. 150 m apart. gener­
ally in a 3 x 3 array. We replicated I 0-min count... at 
these nine points three times. once in each of th first 
three I 0-day periods that each station was operated. 
Most of these 36 1.,tations were located at the edge 
bet\\Cen a mixed coniferou-. forest and a montane 
meadow or riparian corridor. II point counts at a giv­
en '>tat ion were conducted b) the same ob. en er. but 
different ob. en er conducted point counts at different 
stations. or each station. we ran correlation analyse.­
between '>pecies-spL:cific indices of relative abundance 
deri ed from mi t nets (total number of first captures 
of adult birds during the entire season) and analogou., 
indice'> derived from point count'> (total number of in­
c.Ii\ idual adult bird'> detected at all di1.,tance. from the 
prnnts. excluding flyover'>. from all three replicate" 
combined). Data \\ere included from each 1.,pecie1., 
detected b) at least one of the count methods. 

BIOL GY N . 29 

Indices of adult population size from the two 
methods for the various species were significantly 
(P < 0.05) correlated at 33 of the 36 station. : highly 
-.igni ficant (P < 0.00 l) correlations\\ ere obtained for 
25 1.,tation1., (Table 6; mean O\ er 36 <.,talion'>: r = 0.6 l 
± (l.06. range= 0.09-0.94). Laci-. of correlation at the 
other thr e '>tations resulted from capture or count­
ing of large llocb or apparently non-breeding adult 
bird'> (usuall) Pinc Si ... t..ins or Evening Grosbeaks 
[ Cocothrausles 1·esperti1111s] ). These results suggest 
that constant effort mist netting according to M PS 
protocol effecti,el) "iampled adult bird'> in propor­
tion to their r lati\C abundance a<.; determined by 
point counts. Kaiser and Bauer ( 199.+) also found 
'>ignificant correlation between fir.;;t capture'> of adult 
bird., and number'> or adult bird detected on point 
counts (r = 0.83. = 29. P < 0.00 l ). 

Cormack-Jolly- eher unufrses of'mark recapture 
data 

ne of the important goals of M P 1s to detect 
differences and changes in annual adult 1.,un i al. 
using CJS rnart..-recapturc analyses. Thc1.,e analy'>es 
do not require con.,tant effort data. a'> the e'>timation 

T \Bl.I 6. ORRI I ATIO'\ Ill ·rn I I '.: lr\lll( I<; 01 '\Dl I I POl'l I \ 1 IOr\ Sl/f Ill RI\ f D f·ROM MIS 1-'IJ I I i'<I [) ,\f ,\ \".;!} \N \JO(rOVS l"llll< IS 

Ill RJ\I [)I ROM POl"ff-< Ol NJ ll\I \ 

')1,111011 

\1011111 Baker \'F S111sla11 · .VF 
Frog l.ake 25 0.7-l *** 1.ir) ·" Peak 26 0 .89 *** 
Murph} n:ek llJ 0.80 * ettle Cn:ek 28 0.6 *** 
Beaver Lake 27 0.80 * Beaver Ridge 26 0.88 H* 
C<'PPl'I C'rl'l'k 15 0.52 I lomc1.,tcad 26 0.9-l *** 
Perr} reek 2J 0.52 Cougar reek JO 0.69 *** 
Monte Cristo Lake JJ 0.59 ·:* Crah Creek 26 0.76 *** 

ll 'e11atcln t \F Willa111efle \ F 
f1moth) Meadov. -1-l 0.-18 *** lkcnik 46 0.69 ** 
Quart; Creek JO 0.39 * hngerhoard Prairie -l() O.W 
T\\o Point 45 CU2 Strube fl,n 2 O.J-l • 
Pka1.,ant \ allc} 37 0.6} Clear Cut }( (J.71 * 
Rattlesnake pring -12 0.16 Major Prairie JI 0.-15 
Deep Creek JO 0.09 Brock Creek -10 0.59 *~* 

L'111atilla VF Fremont \F 
Bu11ard Creek 36 0.82 ~. * Sycan River -16 0.57 ; ** 
Brod, McudO\\ 37 0.42 eadhor-..c -19 0.-18 ""** 
f r} Meadm\ 38 0.61 *** Cold Creek J. 0.8_ ** 

oyote Ridge -14 CU7 * ugur Creek 46 0.50 ** 
Bud Mt. McadO\\ J8 0.8-l * bland 45 0.68 ,.** 
Phillip.., reek 45 0.62 * S\\amp Creek 29 0.86 *** 
\111<' Dala c.:olkclc<.l in I lJ<l2. lrom ~6 M \I'S 'lalHHl' 1n ,j, l\a11u1wl hue'" in Ore •on an<.!\\ "'hington "-11,1 nclllng data \\ere the IOI.ti numher <•I flr,1 c,1p1urc nl 

adull h1r<.J, during lhc entire 'ca"rn Po1111 u1unt data \\ere: 1he Hltal nu111hc1 nl delCL"Jinn' tt•xc.:luding ll;yo\cr') during nine unl1n111ed d1qanc.:c po1n1niun1'1cplit·a1cd 

umhcr ol 'PCLIC' fnr \\ htch .1dulh \\ere dc1c.:1c<.1 h\ c11hcr 1111,t ne111ng or point t"<llllll'. 

' denote' 0.0'i ~ P < 0 I 0. • <.le11<lle' (J.0 I :5 J> < O.O'i. ** denote' !l.00 I :5 I' < 11.0 I. ** d.::note' O.OUO I ~ I' 0 Oll I 



MAPS METHODOLOGY-DeSonte et ol. 43 

of recapture probability take., into account differ­
ences in effort between years. However. estimating 
regional survivor'>hip precisely requires pooling of 
data among stations, and recapture probabilitie'> are 
likely to differ among stations because of aria­
tion in habitat and operation (number, density, and 
location of nets). Although Carothers ( 1973, 1979) 
showed that bias in survival estimate'> produced by 
heterogeneous recapture probabilities was frequently 
small, Peach ( J 993) suggested that effects of among­
station heterogeneity in recapture probability should 
be checked before pooling data among '>lation . . 
Current analyses of MAP data from Alaska and 
western boreal Canada indicate that MAP recap­
ture probabilities are generally best modeled as a 
function of sex but not as a function of geographic 
area or habitat type (Institute for Bird Populations. 
unpubl. data). 

Using the computer program SURGE..+. and pool­
ing three years ( 1990-1992) of mark-recapture data 
from each of 27 ..,talion. east of the Rocky Mountain . 
we calculated maximum-likelihood estimate'> f ran­
nual adult survival and recapture probabilities for 13 
individual target species: for all permanent resident. 

short-distance migrant, and long-distance migrant 
'>pecies pooled; and for all species pooled (Table 7). 
In the following discussion. \ve as ume that hetero­
geneity in recapture probability \\as small or. if not 
, mall, did not seriously bias estimates of survival 
and recapture probability. 

E. timates of survival and recapture probability 
for the 13 target species (Table 7) generally com­
pared favorably to thme from the longer-term British 
CE Scheme. For example. Peach (1993) found that 
th estimated average annual adult <.,urvival rate 
( 1983-1991 ), based on pooled mark-recapture data 
from multiple CE ringing stations for six targt:t 
specie!-. in Britain. \\a'> 0.-+-+ (range 0.32-0.57). Our 
mean e timated adult survival rate \Va 0.42 (range 
0.19-0.85) . The precision of survival estimates from 
MAPS, however. wa.., lower than those from the 

, probably because of the lower sample ... izes re­
sulting from just three years of MAPS data compared 
to eight year'> of CES data. Recapture probabilities 
from MAPS for the 13 target species ranged from 
0.03-0.66, averaged to 0.35. and \\ere again roughly 
similar to estimates from the ES Program. 

In contrast. estimatec., of annual adult -.,uni\al 

T.\BI I 7. Mollll l!·ll CoRl\I \C "-Jo11 '-St t11 R C\Pt 11Rr RlC.\l'll'RI \ \I )SJ S HlR SI I It llll r \R(il I Sl'ICllS lJl·Rl\IJ) IRO\I 1111 
(\Pl l RI lllSIOIW S OJ \l>ll I BllWS 

'umhl'r ol Sun I\ .ti prohahilit) • R.:.:apturt: prohahllit)" 

Sp.:c1e' Stauon ln<ll\1du.1k1 aplLtr~·~ btim.nt:±SE C\' [-.sumatt: ± "iL C\ 

Blad:-capp1.:d 'h1ckadcc 21 251 J..J.6 () )5 ± 0.29 51.8 0.16 ± 0.10 58.0 
Vect) 12 2..J.5 ..J.49 U.39 :!: 0.08 20.4 0.6J ± 0.13 20.4 
Wood Thrush 17 302 ..J.27 0.19 ± 0.07 38.4 0.65 ± 0.24 36.7 
Gra) Cathin.l 21 1.260 1.951 0.29 ± 0.0..J. l..J..l 0.66 ± 0.09 LU 
Red C)Cd in.:o 21 3 l I J97 0.2..J. ± 0 10 4 l.4 0.61 ± u 25 ..J.0.8 
Yellm\ Warhler 16 450 608 0.46 ± 0.20 43.2 0.22 ± 0.11 ..J.9.7 
Amcnc111 Rc<lslart 15 20..J. 249 0.4..J. ± 0. '() (18.3 0.17 ±ll.13 76.6 
Oven hi rd 20 32LJ ..J.21 0.24 ± 0. IJ 56.4 0.47 ± 0.27 57.9 
Common Ycllowthroat 25 641 878 rus ± 0.11 J5.6 0.23 ± 0.09 J9 2 

onhcrn a1di11<1I 21 359 459 0.55 ± 0.20 36.3 0.2..J. ± 0.10 ..J.1.2 
Indigo Bunting (Pm.\(!ri11a cyc1111!cl) 1-i 202 269 0.85 ± 0.73 85.6 () 12 :!: 0.11 90.4 
Song Sp.ttTO\\ 22 653 l.IJJ 0.47 ± 0.18 38 2 033±014 41.2 

mcncan Goldfinch 21 686 784 0.48 ± 0.30 62.5 O.OJ ± 0.02 78.9 
Group 111ea11s /or 

Target . pccies 19 454 6..J..+ 0.42 ± 0.2 l ..J.5.6 0.35 ± 0.14 49.5 
All Rc..,idcnt . pcc1es 27 1.490 1.858 0.45 ± 0.09 21.0 0.21 ± 0.05 23.4 

II shnrt-distant migrant ..,pccic 25 3,317 ..J..252 ().31±0.06 19 6 0.21±0.0.+ 21.2 
All long-di t.mt mig1 ant spcc1co., 27 ..J..918 6.865 0.31±0.03 10.6 O...J.2 ± 0.05 l l. I 

II -.pecics 79 9.725 12,975 0.33 ± 0.03 8.7 0.31 ± 0.03 9.3 

\111<' ( .1kula1eJ u,111g thl' cnmputl'r prngr.1111 Sl RCil 4, for 'pec1c' lor \\h1ch more th.111 2(Kl cap1url' h1,1nnc:' \1l'rc· .11,u!.it>lc from J 101.!1 or mnrc· 1h.111 1en ''"111111' 
\\ hL.•rt~ 1he 'JX"LJC' \\a' knn\\ n to h~ hrt..·t:dmg 

lkhncd "' thl' pn1hahilll) nl an ,uJuh hi1J '11r1111n~ .111J re1urn1ng 111 llJlJl 1n 1hl' .tll'>I \\hc·rc 11 \\,I c·ap1url'J 1n llJlJO 

" lkf!nc·J "' 1hc cnnd111nnal prohahlill) nl rc·cap1unng an .iduil hmJ 1n 191)1 g11en Iha! 11 thd 'ur111e and re1urn 111 1991 10 the ,aml' area \\here 11 "·" taptur.:J in 
llJlJ(l 

umhl'r of 'lalum' npcrall'U fnr three l"Ull,c'Llll!IC )Cal' (I <)l)O 1992 l \\ hi:rc the 'fll'lll'' \\ "' l..1101111 Ill be tm:eJ111g. 

'\iumhcr or 1ndi1·1Jual adult hirJ, c.1pturcd du1111g lhl' three )'Car' I J lJ<JI) I <J92J .n 'ta111111' 11 here the pc·c1c' 11 a' hrccthng 1hu,, 1hc numhcr nl c·apttm.• hl'tnrie,. 

Total number ol captu1c: 1m:luJ1ng rcc·<iplure') J11nng the three ~c;ir, 1 llJlJIJ 19921 at 'ta11on' \>ohCrl' the 'JlC<:1e' "·" hrcctl1ng 
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rate of temperate-zone pas, erine. from other stud­
ie. , which used traps at ne t. ites or food-baited traps 
during the winter, were often somewhat higher than 
estimates from M P or CES. For example. the 
average annual urvi al rate of ten Maryland-win­
tering specie was 0.54 ± 0.03 (Karr et al. I 990a), 
that for Black-capped Chickadee (Poecile atrica­

pilla) in Connecticut wa 0.59 ± 0.02 (Loery t al. 
1987, Pollock et al. 1990), and that for European 
Dipper (Cinclu cinclus) in France was 0.57 ± 0.08 
(Lebreton et al. 1992). A I ikely reason for lower 
. urvi al estimates from M P (and CE ) is the 
inclusion in the ample of captured birds of tran­
sient individual that are unlikely to be recaptured 
in ub equent year . Such tran:ient. can include 
late spring migrants, floater , individual. breeding 
just outside the tudy area, po. t-breeding dispersing 
adults, and early fall migrants. De ·pite protocols that 
generally exclude late pring and early fall migrants 
from MAPS data (see . ection on netting schedules). 
:ub tantial numbers of transient indi iduaL are still 
likely to be included in the data. 

Results of pooling species having various migra­
tion . trategies illustrate a po . ible effect of including 
tran ient-. in mark-recapture analy. es (Table 7). The 
survival probability of all permanent resident spe­
cies pooled wa higher than that for both short- and 
long-distance migrant spe ies pooled, each of which 
might be expected to have more transient. in the 
captured sample than would permanent resident spe­
cies. On the other hand, the differences in survival 
between r · !->ident and migrant !->pecies might be real 
if migration cause!-. enhanced mortality. ntil the ef­
f c-ts of trnn<;ient birds can reliably be excluded from 

analy. es. it will be diflicult to interpret the biological 
significanc of ·un ival estimates. 

Major advances in reducing the effects of tran­
sient indi iduab on urvival estimates have heen 
obtained in re ent years (Peach et al. 1990, Peach 
J 993, Pradel et al. 1997, Nott and DeSante 2002, 
Kendall et al. this 1•0/ume). Pradel et al. ( J 997) es­
sentially u. es an ad hoc approach that consi ts of 
ignoring the first observation of each individual bird 
and then proceeding as u ual with the left-truncated 
capture hi ·tories. Thi . method effectively permit 
e. timation of an unbiased urvi al rat for resident 
birds and estimation of the proportion ot transients 
among newly marked birds. DeSante et al. (J 995) 
te ted this model on four year of mark- recapture 
dara from MAPS ( 1990-1993). U ing thi · model. 
estimates of urvival probability increased for eight 
specie. by 51 %, from an average of 0.40 to 0.61, 
and estimate. of recapture probabilil) likewise in-

creased by 60%. from an average of 0.32 to 0.51. 
The precision of the e. timates was also increased 
for both survival (by 11 %) and recapture probability 
(by 24% ). In audition, the estimated proportion of 
transient. was high. about 65 %. More recently, Nott 
and DeSante (2002) included Pradel et al.' (1997) 
. uggestion for a within-year length-of-stay addition 
to the tran ient model. Th inclu, ion of the length­
of-stay model further increased the precision of the 
urvival estimates for resident individuals by an 

average of 16% for 10 specie without ub. tantially 
affecting the ur i val e timate them elve. ( urvi al 
estimates increased for 5 specie. and decreased for 5 
species; Nott and DeSante 2002). 

It must be empha ized, h wever, that regardle . 
of whether or not a transient model i employed, 
survival rate e timate derived from CJS mark-re­
capture analy!-.e!-. are apparent survival rate estimate 
in which mortality and permanent emigration are 
confounded; low apparent . urvival could be caused 
either by high mortality or by high permanent 
emigration rate . . The low survi al for Wood Thrush 
(Table 7). for example, could result either from high 
mortality, presumably during the non-breeding sea­
son. or from a high emigration rate (cau ed perhap 
by high rate of nest predation, or by breeding habitat 
alteration). In the latter case, management for Wood 
Thrush should be focu . ed on the temperate breeding 
grounds. whereas low sur ival during the non-breed­
ing season would call for management directed at the 
migration routes or tropical wintering grounds. 

Thus. there e ists a prc<>sing need to design stud­
ies to distingui!-.h the effects of permanent emigra­
tion from mortality. This will be difficult, because 
rigorous separation of their effects requires e tensive 
net 1,: orks of nearby stati ns to identify mo ements 
of birds between them. ffects of movements could 
th n he separated from mortality using multi-state 
models, such as those described b Hestbeck et al. 
( 1991 ). Nichols (in De ant 1995) sugg sted another 
technique that calls for the establi . hment of nested 
')tudy areas of increa. ing size and the e. timation of 
urvi al rates over each ar a. Peach ( 1993) and, more 

recently, Cilimburg et al. (2002) investigated the ef­
fects of -.ampling area on survival rate. and found 
that, in . ome ca. es. urvival rates ould be in rea ed 
by as much a. 23~ by increasing the sampling area 
o as to include individuals that emigrated from the 

. mailer- ized tudy area. De pite the fact that CJS 
mark- recapture model appli d to data from mall 
study area , . uch as the 20-ha area (with net placed 
within the central 8 ha) u ed by MAPS, provide only 
e timate of apparent , urvival, it . eems likely that 
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geographic or habitat variation in apparent survival 
within a given species could provide important man­
agement information, regardless or whether the low 
apparent survival rates are caused by high mortality 
or high emigration rate!-.. 

Finally, CJ mark- recapture methods can also be 
used to provide estimates of actual adult population 
size. complete with standard errors: that i • they can 
provide es entially unbiased abundance estimators. 
Such estimates can b compared with indices of 
abundance derived from constant effort mi . t netting 
(or from point counts or other methods of indexing 
relative abundance), to identify and estimate the 
magnitude or biases in tho:e indice:. The e data can 
then be used to determine whether bias in the various 
indices remains constant among species, locations. 
or year_·, a constancy that is often as:umed in analy­
ses but "hi ch may not hold true ( auer and Link this 
volume ). Such analy. es have not yet been conducted 
using M P data. 

PEER REVlcW 

detailed evaluation of the statistical proper­
ties of M PS data collected during the 199.2 1995 
MAPS pilot study (Rosenberg J 997), and an evalu­
ation of the appropriateness and efficacy of the field 
and analytical methods being u"ed hy the M PS 
Program (D Sante 1997 ). was completed in 1996. 
The c evaluations were subjected to peer review 
by a panel of experts m mark- recapture modeling 
and population d) nan111.:s analyse. at U G /BRD 
Patuxcnt Wildlife Re. earch enter ( cis ler 1997), 
which concluded that "M PS is te ·hnicall sound 
and i'> based on the best available biological and 
statistical method1.,. The pilot r.,ubstantially exceeded 
expectations in rapidly expanding the number of 
sites supported by independent agcncie. and or­
gani1.at1ons. MAPS complements other land bird 
monitoring programs such as the BB by providing 
useful information on land bird demographics that is 
not available ebewhere. MAPS is the mo t important 
project in the nongame bird monitoring arena since 
the creation of the BBS." Results of this review and 
evaluation have been publi hed in several papers 
(De ante ct al. 1999; DeSante 2000; Rosenbt:rg et 
al. 1999, 2000). 

CO CLUSIO 

lnitial analy!-.es of th first five years of MAPS 
data ( 1989-1993) suggest that the field and analyti­
cal techniques currently in u. e can provide important 

information regarding between-year change , as 
wel I as longer-term trend. and spatial difference!-., 
in annual indices of productivity and e ·timates or 
ur ivor. hip. The accuracy and precision of the e in­

dices and estimates. however, and thus their ultimate 
U!-.efulnes , depend on as umptions regarding age-, 
sp cie. -, and station- pecific differences in di . per al 
characteristics, number. of transients in the popula­
tions being sampled, and heterogeneity or recapture 
probabilities, as well as upon the basic statistical 
properties of the data. including the numbers and di . -
tributions of individuals that can be ampled at the 

arious stations. The validity of several , but not all, 
of the a. sumptions underlying the field and analyti­
cal techniques has recently been verified and these 
r ·ults (e.g., DeSante 2000; DeSante et al. 1999, 
2001: Nott and DeSante 2002: Nott et al. 2002) have 
further supported the usefulness or MAP data. Tv. o 
important quc. lions that still need further investiga­
tion are (I) the degree that young concentrate in vari­
ou habitat., and the effect of that on productivity 
indices; and (2) an assessm nt of the actual effect 
of permanent emigration on adult survival estimates. 

!so currently lacking is information on the . en. iti\­
it) of results co violations or the a<.,sumptions. and on 
the sampling effort necessary to attain targeted levels 
of precision, although studies on the latter question 
arc curr ntly underway . 
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CURRENT PRACTICES IN THE BRITISH TRUST FOR ORNITHOLOGY 
CONSTANT EFFORT SITES SCHEME AND COMPARISONS OF 
TEMPORAL CHANGES IN MIST-NET CAPTURES WITH CHANGES IN 
SPOT-MAPPING COUNTS AT THE EXTENSIVE SCALE 

W1u J. PE c11, Sn:.PHLN R. BAILLIE:, A D STEPHE T. BucKLA o 

Ahstracl. The Con..,tant Effort Sites (C ) scheme of the British Tru"t for Ornithology (BTO) aim-. to monitor 
changes in abundance. breeding productivity. and "uni al rates for a range of common pas ... erine" breeding in 
·crub and wetland habitats in Britain and Ireland. Change., in the siLe of the annual catch from a set of standard 
mi\t nets operated during 12 summer (May- Augu.,t) "i..,it .... arc combined across -.rations to produce C'itimate 
of the percent change in adult and juvenile number-.. We ti-,e the proportion of juveniles in the catch as a rela­
tive measure of breeding productivity. Method'> arc presented for calculating standard errors of between-year 
changes in both adult and juvenile catches. and change.., in the proportion of ju\ enile . . We compared the chang­
es in the numbers of adult., caught bel\\een 1982 and 1992 \\ ith changes in the numbers of territories counted 
on farmland and woodland ommon Bird.., Ccn'>U'> (CBCJ plot'> . For 9 or 21 '>pccies considered. between-year 
changes in catches and counh were signilicantly and positively correlated. and long-term trends in abundance 
were consistent acro'>s the two monitoring -,chemcs. For six '>pccics. long-term trends. but not bet\\ecn-year 
change'>. were con'>istent acro"s the tv.o moniLOring scheme'>. For a further six spcc1e'>. between-year changes 
and long-term trends were inconsi tent bet\\ecn monitoring scheme-,, although for several of these species 
the disparity may be due to heterogeneous population trends across habitats. We discuss priorities for further 
validation ;,tudic'> of CE . including pm.sible effect'> of habitat succcs:-.ion and '>lation turno er on long-term 
trend-. in catch -.iLc . 

Key ll'ord1 : abundance monitoring, ommon Birds cnsu,,, onstant l::.f'fort itc..,, protlucti \ ity. validation. 

The Constant Effort ites (CE ) scheme is orga­
nized hy the British Tru-.t for rnithology (BTO), 
and aims to monitor changes tn the abundance, 
breeding success, and c.,urvival rates of a range of 
common pas..,erine '>pecies breeding in w tland and 
scrub habitat'> in Britain and freland. tandardiL'cd 
mist netting and ban<l1ng are usc<l to asse ... :-. ·hanges 
in the abundance of adult and juvenile birdc., . The 
percent of young bird., in the o erall catch i'> taken a., 
an ind x of annual producti\.ity, \\hile betv .. een-year 
recaptures are used to estimate apparent survival 
(i.e., return rates) of adults. Changes in the catches of 
adults and young of 23 spe ies (including eight \\lar­
blers and fi\.e finches), and updated trends in abun­
dan e and producti\. ity, are published annually (e.g., 
Balmer and Milne 2002. Baillie et al. 2002). The 
CES '>Cherne complements other BTO monitoring 
. cheme.., that provide information on changes in pop­
ulation In els (Common Birds Census: Waten., ays 
Bird Survey: and. since 1994, the Breeding Bird 
Survey), nesting success (N '>t Records Scheme). 
and c.,urvival ratec., (Ringing Scheme) . The BTO 
has de\.el ped an Integrated Population Monitoring 
(IPM) programme, which aims to monitor changes in 
bird population: and to identify the mechanisms and 
causes of these changes (Baillie 1990. Green'Aood et 
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al. 1993, Thomson et al. 1997). The most important 
contribution of the CE scheme to the IPM pro· 
gramme is the pro ision or demographic information 
(productivity and survival), although for <.,pccies that 
are difficult to census by traditional counting meth­
od'> (e.g., Reed Warbler) the information on change" 
in the ,1bunJt1nLt: )f brt:t:Jing adult-. \\ill ,\\. ) b 
important. 

The CE scheme wa., initiated in 19 1 a., a pilot 
project with a olunteer organi1er. From an i!1itial 
set or 17 participating study locations in 1981, the 
'>Cherne e panded to 47 station'> by 1984. Following 
an evaluation of the scientific potential of the CE 
scheme (Baillie et al. 1986). the BT tool.. over full 
responsibility for the project and devoted approxi ­
mately half of one full-time staff member to its orga­
nintion and promotion. The popularity of the CE 
scheme ha<; continued to grow. and in 2000 data were 
received from 144 :-itations. 

In this paper we describe the methodology of the 
CES . cheme <1nd the data curr ntly being collected. 
Methods are presented for estimating bet'Aeen- ear 
changes and a. sociated standard error of adult and 
juvenile catches. and changes in the proportion of 
young birds (Peach et al. 1996). Finally. we compare 
between-year changes and trends in the number<., 
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or adult hirds caught on C - station;,, betv. ecn 1982 
and 1992 v .. ith changes in the numbers of territories 
counted on CBC plots during the same period. incc 
undertaking the \\Ort.. reported here. we ha\'e dc\el­
oped method;,, for modelling long-term changes in 
numbers and producti \it) from CE. data (Peach et 
al. 1998). Result of these anal)ses are 110\\ reported 
annual I} along \\ ith those from other BTO montlor­
ing schemes (Baillie el al. 2002). 

STUDY ITE A D METHODS 

f\110 CO\lPOSITIO \'\[) N1 HI (, R1 (,J\1ES 

All CE ... tation are opc:ratul h) one or more rull) 
trained \nlunteer hander' \\ho h<l\l' prnrn ... ed thl'ir ..,!Udy 
sites ror 1q,!1..,1ration in the national rrojc:ct British and lri..,h 
bander.., are encouraged to rrnpo"e location at \\ hich e\­
pcriern.:e ha shO\\ n that rea\onahle nu mher'> of ra.,..,en nc.., 
are nettc:d during "Pring and summer. Under-represented 
1egtlll1\ (such ... .., cotland and Ireland) and specie., i...uch 
.1s Rcdpoll and Linnet: ..,c1cnt1tic name.., 111 Table I) arc 
highlighted in article ... and rubliciL) sc:nt Lo handc:r.., and in 
rresc11tali1rn.., gi\'cn al confen.:nces and meellng .... Propu...ed 
location\ ha\ e gene: rail) bCl.'11 accerlL'd into lhL \Che me 

prm 1ded thC) do not con1ain a ... ignificanl grcm,Lh of co­
nikrou<., tree' (which \.\ill increa-.e in height al a relative!; 
rarid rate) and prO\ ided hander.., undertake 10 orcrale the: 
stalion 111 a ..,tandardi1c:d manner lor at lea..,l lour yc:ar .... 
Although handers are c:ncouraged to control .,cruh gro\\ Lh. 
pallicularly around net po..,ition..,. 111 most ca-.e.., \\here this 
i.., allc:mpted. it probabl; onl) rntaJI.., the cuthacl-. ul gnrn th 
on the Lop and ..,11.k.., of hu..,he .... 

AL the time of prorosing a Ill'\.\ station. the handc:r mu..,t 
also ..,pecify the number and po..,i11on.., of a \l'l ol standard 
mi">l net1.,. Thcsl' arc LMtall) determined by the bander 
ha-.ed on pre\ iou"' l' pencncc of netting at Lhl' station. 
Once agreed. Lhe ... c net po.,ition.., are not normal!) changed. 
Bander-. prop1hing locat1ons al \\ hich the; IHI\ c: not pre:\ i­
ou"I) netted arc u-.uall; a ... ked to e\reriment \\uh net rosi­
tions dunng an initial trial ) ear. after\\ hi ch the: fi ed sc:t of 
standard CE nl'h is determined. In 1992 the mean stan­
dard net length on the I I I ..,lat ion.., at \\ hich at least eight 
ma111 \is it..,\\ c:re comrleted was I I 0.2 m (range 46 274 m ). 
Tl1lrl' arc currenll) no guideline ... cnncerning Lhl' dcn'>il) or 
numhc:r of neh to be: u..,ed. hecause \\hen the schc:me \.\LI'> 

initiated 1l \\a.., kit that indi\ 1dual ... wt ion ch.1raLlcri..,tic ... 
,1nd the numhcr of bandc:r.., <I\ ail ah le \\ ould ha\ e a large 
inlluence on the numbc:r and . pacing of nets. \ l' arc mm 
enrnuraging groups of hander, LO orcrate relali\cly large 
... 1at1on.., and Lo nect as man) ..,tandard neh a pm.sible. In 

T\BI I I i\11 \ SI \\l>\IW I KKORS (1'1 Rl I I) OI Hr 1\\11 -)I \Rlll\ (tis I.. (',\fCI II Ii, \Nil \II ,\ !\l \lBI RS (I . l'\RI 1111 SIS)()[ (I 

SI II.\ ( o'\J I R!Hl "1 INli J) \I \. IJURl"-C; fill l'I RIOD 1987-1988 10 1991 1992 

,\Jult \dult )U\l'lllk' Pl'rcent JU\ enilt·, 
Spl'l'1l'' (' 1,11, I (1) (\i,ih I 12) (\i\I(\ I 12) ! 'hil' I 12) 

Wren ( !mglod1 le\ trug/11dl'lc'\) 7.7 (79.0) 7.0 (()7._) 7.7 (6, .2) 2.5 (66.8) 

Dunnrn:l-. ! Prune/la 111od11/ari' l 6.6 (7,'AI 6.7 (67.0J lJ.<' (67.2) 3A (66.6) 

Robin 1Erit'1uc11s rnhecu/a) 9.1 (75.2) 9.0 (64.6) 7.1 (67.8) 2.J (65.()) 

Black:hird ( Tttrdu' 111crn/a) (J 5 (80 6) 6.5 (68.2) 10.J (65.4) J.9 (66.2) 
mg Thru h T phi/1m1L•/11 ) Ill. l t I._) Ill. lh2.XJ lh.2 (:9.ll) - . l t54Al 

Sl'dgc \\' ,11 hkr ( I c roe e11lw/11., '' lwe1111he1c•1111s J X.2 (51.-l) 8.0 (47.0) 12 6 (46.0) 4.8 (43 ()) 
Rl'l'd \ arblcr (.I. \CllJIOCC'I/\ l 7.2 (4 Ui) 5.8 (41.()) l().J (·t2.Xl - ,l) '3l'Ull 
ll'sscr Whitethroat (.\1·/\'/u c 11n11cu) I I.') (46.0) 10.8 (42. ') 16.4 (49.0) 5.9 (36.2) 
Whitethroat <S. c 01111111111i') 10.7 !53.2) 11.4 (48.0) IJ.6 (52.4J 4.6 !45.4) 
Gardc:n WJrbkr !S. h111·111) 9.7 (62.2) 9.') ("i6 0) 17.0 (56.8) 5.2 (51.6) 
Bladcar ( \. atricapil/u) 8.6 (69.4) 7.5 (61 8) 11.2 (6~.2) J 8 (60 4) 
ChiffchalT (Phl'llo.\c op11' rn/(1 hi to\ 14.2 (47.2) 14.8 (50.c') 12.1 (57.6) 3.7 (50 ()) 
Wilh1\\ Warbler (P. tmchi/11,) 4.9 (7,',4) 5.1 (66.6) 7.0 (68.2) J. l (67.0) 
I ong I.tiled Tit ( legitlwlos ca11clat1/\) 14.J (64.0) 14.2 (56.0) 22.6 (52.4) 4.4 (49.2, 
Blue Tit (Pams caernlc11s) 9.1 (79.0) 8.3 (67.6) 9.3 (68.4) 2.7 (68.2) 
Great Ti I ( P. maior) 9.6 (74.6) 8.9 (64._) 11.3 (67 2) 3.2 (64.6) 
Trc:c:crcepcr ( Certhia /(1111iliori1 J 35.6 06.6) 2-L2 <32.8) 16.X (49.4) 6.9 (36.0) 
Ch,1flineh Wringil/a coeleh') 9.2 (66.6) 9.9 (58.0) 23.4 (·Ui.4l (d (50.2) 
Grel'nlinch (Carcluclis c hlori\) 2'U 04.8) 23.0 (J5.2) 27.3 (23.4) I 1.2 (23.8) 
Linnet ( C. u1111whi110) 21.6 (20.6) 20.5 (20.0) 34.4 ( 15.8) 8.3 ( IJ.8) 
Redpnll (C. /lammea) 29.4 (26.2) 27.3 (24.0) H6 ( 13.2\ 11.6 ( 13.6) 
Bullfinch (!~rrrh11/a pl'rrhu/a) 9.1 (70.21 7.5 (6~.4) l.f.9 (55 . .f) 4..+ (59.0) 
Rec:d Bunting (£111hl'J'i::a .\choenh /11.\) 9.9 (50 0) 9.J (.f5.0) 20.5 (36.4) 6.5 07.4) 

\of<'' Sp<:Ul' .trl' 'L'parat<:<l 11110 t.1 nnonm gmup' hir a ,1,11mn lo lw tncluded 111 lht• .111.11\ "'· .11 lca,1 c1ghl out of I 2 patrt:d '""' tllll\l ha1<: ht:L'll L'nmplctcd 101 

four nul 1>1 1 pJtrcd \ '''" lor .1dulh t.tughl du1ing \I 11 1-6). Tht• prt:cl\ion ol ch.111gl'' 111 adul1 .:.1plllrl°' t' pn.~'t:nll'd lor all J ~ Ct-S 'l'il (I 121 ,md lor 1hc hr I 

''~ '1 "' olll) t'~e 1cx1 tor ral11>nalt•1. 
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1992 the median number or indi\ idual birds of all species 
trapped in standard nets al -.talions al \\ hich at least eight 
visits \\ere completed wa.., 112 adults (range 28 262) and 
174 juveniles (range 43-425). 

All E bander.., arc a..,ked to make l 2 \ 1 11\ to their 
station.., bct\\een earl) May and late Augu l. one in each 
of 12 I 0-day or 11-da) periods. The dates of these pc n­
od \ ary slightly from ) ear to )Car Lo ensure that at lea\! 
three non-\\orking day<., (\\eckend.., or public holidays) an:: 
included in each visit period. The interval between main 
\i-.its .,hould normally not he le\s than 6 days and mu\t bc 
at least 3 days. At least 10 of the 12 main vi ih were com­
pleted at 87CK of all CE station\ in 1991 (N = 108) and at 
34q of all station. in 1992 ( = 122). Sanders are a-,ked 
Lo operate their set of standard neh for a set duration of al 
least 6 h on each visit. and to standard1Le their chosen net­
ting duration aero s year\. but not necc..,-.aril) across \isih 
\\ithin a year. typical regime \\Ould be to begin netling 
at da\\ n and continue until 1111dda) on each of th L \isits. 
Different nelling durations between visits is allowed for in 
the analy-,i. by only comparing between-year changes in 
catche\ r r paired\ i ii'. (i.e.,\ 1sil\ completed in both year\ 
under con'iideration; <,Cc bckm ). 

To increa-.c \ oluntecr participation in che E '>Cherne. 
bandcrs have che option of carrying out extra \ i ... 11., to their 

station'> between May and ugu-,1. and of erecting ad­
ditional nets during main £:. \isits. 110\\ever. extra vi<,11'> 
arc not permitted during the three day'> preceding a main 
visit and the length of add1t1onal netting should not exceed 
the combined length of all the standard nets. During 1989 a 
mean of 3.0 extra visits were made per station with no 
extra visit.., being made at 5J<"1r of 't.ition1.,. The mean length 
of additional netting per\ 1s1t 111 1989 \\as, .6°< ol the '>lan­
dard net length. aptures made during extra isits or from 
additional net'> are collected and computerized hut are not 
used in c.ilculations of bet\\ ccn-year changes in catch s11c'>. 
These captures are u-,ed in ,111alyse'> of mark-recapture data 
and might al<.o contnbute to analyses of adult:juvenile 
ratios. 

DA1 \ 01 u i 10 A n Rot r1. 1: A:-.;,\1 "sis or­
Bt n\ 11 -)L\R CltA (,(S 

hn each bird trapped on a \talion bet\\ een May and 
ugu-,t the following information i1., recorded in a station­

and year-specific file on the BTO computer: band number. 
-.pecie\, age ("adult" = after hatching year or "juvenile" 
= hatching year). sex (in the ca ... e of adults). date(s) of 
captur . and an additional net code to indicace whether the 
bird \\as trapped in a standard E net r in an additional 

net. To minimize the costs of collecting and computeri1ing 
the daca. information on biometrics. molt. and brood 
patche.., ha,·e not been collected routinely a part of the 
C o.;cheme. Ho\\ever. most bander. nov. '>ubmit the'>e 
data electronically a~ part of their main banding return. and 
they can be linked to the S files as required. In particular. 

banders have been encouraged since 200 I t record 
brood patche. to pro\ ide information on the length of the 
breeding <.,ea on. ntil 1993. <,imple. descripcive habitat 
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1nfonnation was collected. accompani cl by detailed station 
sketch maps. tarting in 1994. habitat code , vegetation 
height. and scrub densit) were recorded on each side of 
each standard mist net. 

CE capture data arc <,ubmitted either on paper fonm. 
or on computer d1\c. Paper suhmis ions arc computcri1cd 
and checked b) BTO -,taff. after \\hich printouts of the data 
are returned to the hander for final checking. The BTO has 
developed variou'> computer sortv.are packages for bander<, 
that enable the u:-.er to computcri1e their banding and recap­
ture data and to can) out most of the paperwork required 
for administrati\e purpose.., ( oi.-er 1993. Cubitt 2002). The 
latest soft\\are is freely aH1ilable and includes a program 
to e tract CE capture data from larger data <,ct<,. In 1992. 
data from 35 out of 122 'tations were uhmittcd on disc and 
this figure rose to 130 out of 144 '>tation<., operated 111 :woo. 

ALCl LATIO (Jf Tiil-, MAG ITl DF A ' D PRLCISIO OI· 

BETWI E -YEAR llA C.I S 11\i DLLT A D JL\ f.NIU-

ABUNDA Cl:. 

Bet\\een-yea1 changes in the catche of adults and 
young bird'> (r) arc computed b) aggregating the numbers 
of bird. caught acro1.,s those ...iation. at \\ hich ac least eight 
paired i<,its (ac least four out of the fir. t ... ix \ i..,ils. and four 
of the 'ccond -.ix \ is1ts) \\ere completed in each of the two 
years under con.,1deration. Only capture<, from pain:d vi-,1h 
contribute co the annual total. ror example. if all 12 \i-.it.., 
arc completed in year one but onl) visit'> I to 10 in year 
two. then the comparison of bctween-)car change i-. based 
upon catches from the I 0 paired vi~it., only. tat1on., arc 
excluded from the anal) scs of between-year change 1f net­
ting effort was not standardi1ed or it major habitat change' 
occurred. 

n index of hetwcen-ycar changes in the adult or juve­
nile catch al C station'> 11., calculated a<; 

/' 

\' 
I _,_,_ 

\\here r = la<,l year·., catch at stationj,yi = lhi-. year'-, catch 
- la~l year·., catch at station i. n = the number of -,talion-, 
\\Orked in the <,ame \\U)' during both year\.\ e define q = 
I OO(r) = percent change bet\\ ecn ear<,. 

The mea. ure of change r i-. a ratio estimator \\ith ap­
proximate standard error (Cochran 1963) 

" { }' n_L1,..1·
1
-r.x1 

E(r)- I 

and the -.tandard error of(/ is found a 

E(q) = 100 SE(r) 

An approximate 9511 confidence interval for the true ratio 
R (after Cochran 1963) i" 
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r 

{'~~ - { ·. 1· . (~) y 
n(n-1)(~)-' ' 

c,, ~ . \ •.(y)y 

Thc-,c 111nit-, -.houlJ he multiplied hy 100 10 gi\'C lln111s 101 

Q. the true pen:cniagc ch•mgc bct\1.ecn years. 
The ror111ulac presented here Jo not requ1rL' that be 

t\\ecn-ycar changes Ill captures he homngcneou-. aero s CI 
s1a11ons. The cakulation ol a binomial standard error for 

a hel\\ cell-) car.., change would not he \<did b •cause Oll1L' 

indi" iuuah arc caught in hoth years under con-.idcration 
and because of the ohscncd hcterogem.:1ty 111 capture trends 
across station-. hec hclO\\ ). 'l he methods pn.:..,entcd here arc 
appropriate for an) mon1ton11g programs that aim lo dra\\ 
111lcrence'> lrorn bct\l .. een-ycar changes in abunda11L'c at .i 

'>tllllple of '>talions or plols . 
Standard errors ofhct\\ccn-)Car chang~·., in the number.., 

of lerritorie.., on ommnn Bird. Cen ... m. or Waterway ... Bird 
urve) plot-. have until recently been Lalculated ll';ing a 

modification of Cochran·.., ( 1963) clu-.rer ... ample method. 
luster sampling \\OU Id he appropriate if a ranJom sampk 

of '>!alions (clusters) Wa'> drawn. and the fate of' all bird-. 
in sampled station.., \\a recorded. That 1s clearly nol the 
case 111 moniwnng program ... . The ratio -;ampling method 
require-. only the first of these two assumptions. 

C \I< t 1 A 110. · or n 11 M \Ci 1 n ·nr. \ -..o PR Fcrs10N 

rn 1111 Br 1 w1.1 -'l L\R C11 Mir. I!\ Tl 11 PERCl r OF 

JI \ l::'.11 r.:-, 

~implc c-;t1mate of change in productivity hetwecn 
year ... 1- I and i is 

I ' - \' 
' 11 

where 1· and 1· 1 arc the proportion.., of young bird.., in the 
entire catches, summed ov<.:r all stations operated in the 

-.ame manner in year i and year i- 1. 
In any year. 

Lh 
I 

where h 1s the number ofju\enilc., caught at thejth station 
in an) year i. and a is the nu111her of adults caught at tht> 
1th '>l<llion . The standard error of the mendl proportion 1· is 
then calculated a-. 

nI(h -1•(a 1 h}f 

(11-1) [ ~(a, h,) J 
The standard error of the difference 1· - 1· 1 

I i.j 

Aot t T \PlLRI s Co\tP\Rt n 10 Tt·RRtrnR'l Cot rs 

Th£' C 0111 mon Bi rcls Cem 11.\ 

lkt\\Ccn 1962 anJ 199-L the Common Birds Ccn-..us 
(C'BC) was the main monitoring scheme for common 
breeding birds in tht, Un1tcJ KingJ0111. The scheme in­
' oh c the count mg llf hreedin~ tcrntorie ... on t) p1cally 
200 300 plot in farmland .md \\ ooJland c.1ch year u ... ing 
the pot-mapping method . rarml.md ploi... c.111 be an ty pc 
or arahk. horticultural, or grating land (except uncncl<hed 
shcc11\\ al k ). and must he at lca ... t .+O ha. and pn: ferahly 
60 ha in ·irca. \\ h1ch can incluJc up to I 0''1 of '>mall \\ ooJs 
and co1l'-c.., . Woodland ploh int ludc all i-.md.., of '>t'llli -natu­
ral and broadleaved woodland .... hut not pari-.land, '>cruhby 
hcathlands. or conil'crou.., plantation-... anJ lllll'>t he at lca..,t 
10 ha in area. For a full accoun1 of the mcthmt.... hi..,to1y. and 
long-term trends of bird spcL.ie-. monitored by the CBC, sec 
Marchant ct al. ( 1990). 

The CBC provide.., an independent ourcc of informa­
t1c111 011 between-year and long-tc1111 change in abundance 
fo1 21 of the 23 "pecies currcn1ly monitored by the Cr 
-.chemc. The B ha.., been the -.ubject of a large num­
hcr and w idc range ol validation studic-. (O'Connrn and 
Marchant 1981, O'Connor and ruller 198..+, Baillie and 
Marchant 1992) and 1s generally accepted to provide reli­
able C\tCn~i\ C infmmatlOll Oil population cl1anges of <I\\ iJe 
range of common birJ -.pccie-. 1n ltw.land Britain. lf strong 
po-;1ti\e corrclat1on.., cxi-..t bct\\Cen population changes as 
mca-.urcJ h} C'BC anJ cS data. then Lhis would consti­
Lute good eviJence that the latlcr i" pro\ iding meaningful 
measures of changes in the site of the breeding population . 
However. a lack or correlation between measure.., of popu­
lation change \i ould be more difficult to interpret. becau ... e 
the two -;cheme-. arc u-.ing J1fferent method-; to asse~s 

change. in population site in different habilals. The BC 
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measures changes in the number'> of tcrritom!'>. \\hcrca' 
the E scheme measure., changes 111 the number' of adult 
h1rd.., caught. \\hich might include tran ient or non-breed 
ing indi\1dua1 ... . The CB cover' v.oodland and f'armland 
\\herea 1110-,1 CE ploh are located in ..,crub and reedbcd 
habitat'> . !though 1he B methodology i.., generall) con­
-.idercd to b1: reliable for mo-..t territorial pa-.. erillt.:'>. it ma 
not perform well for -.ome '>pecie-.. '>Uch as thme having 
-,hon ..,ong period-. or \Cl) large or high!) aggregated ter­
ritories (Bell ct al. 1968. Fuller and Marchant 1985). lack 
of correlation between the CB and E might al"o occur 
if the p )pulat1011 level or a species had remained unchanged 
during the period of \tUd). Bctv.cen-ycar change.., \\Ou Id 
then largely reflect sampling error. rath1.:r than real changes 
in the bird population. 

further que'ition con ... idcred here i'> \\he1her between­
year change-. in aduh captures made during the fir...t ..,i, CE 
\ 1s1h correlate more -.trongly \\ ith those mea'>ured from 1hc.: 
CB , or are more prcci..,e than those derived from capture 
made during all 12 visih. BC census worf...ers carry out 
their held \\Orf... bet\\cen late March anti earl) Jul , \\h1ch 
corre'>pond-. more clmel) \\1th the flr..,t '>ix CE \ 1-.11 ... 
(May June) than the full 12 vi-.its (May- August) . For mo'>t 
'pec1cs a high proportion or adult-. arc caught during the 
hr't '>IX \l'>th (Ba11l1e ct al. 1986) and late -,eason capture-, 
might include a relatively high proportion of tran..,1en1-.. as 
\\ell as indi\idual.., emharl\ing on -.econd or late breeding 
attempt ... . n change ... in adult capture-.. from the fir'>! ... i, er. 
\ i'>th were more clo:-.el) correlated v. 1th change'> from the 
CBC (or were much more preci ... e) than change.., ba<.,cd on 
captures from all 12 \ ,..,,!.,, then it might be concluded that 
adult abundance on L station-, ''mild he heller mnniton:d 
U'>tng capture-. from the fir'>! ..,ix \i'>its only . 

, 1110/rsi\ 

\ eighted correlation \\ "" U'>ed to compare between­
year changes in the number or tern torte'> recorded on farm­
land and \\0\1dland CBC plot'> dunng the period 1983 1984 
to 1991 1992 \\1th ch<rnge-, in the capture ol adult on 

I. \ta11om during \i-,1h I 6 and during\ 1sih 1 12. Each 
pair of bcl\\ecn-year change..,\ a" \\Cighted b) the rce1pro­
cal of the mean of the -.tandard error of the bet\\ een-_)-c.1r 
changes from the BC and CES 1.,cheme..,. This wcigh1111g 
procedure ha'> the effect of dov. 11-weighting ch;1nge:-. Imm 
th· earl) year.., of the E ..,cheme \\hen fewer -.tat ion.., 
\\ere operated and preci\lon wa.., relati•el) poor. 

At the t1111c of conducting thc..,e analyses. method'> for 
the indexing of long-term monitoring data \\ere under 
de\clopment (Peach and Baillie 1994. Peach et al. 1998, 
S1rl\\ardcna cl al. 1998) and 111 th11, paper \\Cuc the 'limplc 
cha111 index 111 \\hich succe..,..,ive bel\\Cen-year changes in 
ahundance are linf...ed together around an ,1rbitrar) ba'>c year 
(M,irchant ct al. 1990). '\!though the chain indexing meth­
od ha.., \anou-. '>hortcomings (Peach and Baillie 199-1-). \\C 

u..,e it here to compare long-term trends in abundance aero"" 
monitoring -.chemes and not to dnt\\ b1ological cnnclu'>ion'> 
concerning change.., in abundance . Our approach therefore 
a ... ..,ume'> there is no differential \Cnsiti\it) of the l\\O 

monitoring schemes to the u..,c or the chain index. We rec­
ommend that the chain index -,hould not he U'>Cd for luwre 
anal) ses of Cl:.S trend..,, a-. more robust method.., are llll\\ 

rcadil) tl\ailahlc (Peach c.:t al 1998. Baillie et al. 2002). 
Long-term trend-.. in chain indicc.., deri\cd from the 

CBC <Ind CE · data Im the period 19 ' 2 to 1992 \\ere LOll1-
pared using a te..,t for homogcncit) of linear ... lope-, . Thi 
imol\ed fitting an analysi'> or Ct)\ariance model u ... ing the 
GLM procedure of (S Jn..,titute 1988) in\\ hich year 
\\a., the co\at"iate and monitoring -.cheme the main factor. 
with an interaction term between year and .,chcme. '>ig­
niticant interaction term \\as taf...en a.., e\ idcnce of different 
a\erage rate.., of change in the abundance of adult hird., a-. 
mea..,ured b) the two monitoring chemcs. Compari">Oll\ or 
lope.., from the.: CBC and E chcme-. \\ere earned out 

for hoth farmland and \\OOdland CBC indice'> and for CE 
indice.., deri\ed lrom \i'>it.., 1- 6 and \isii... 1- 12. In all ... uch 
anal) se'>. inJice-.. \\ere \\eighted b) the square.: root of the 
sum of the number or birds caught. or thi:: number of tern to­
ri es counted. during the) ear of the index and thi:: preceding 
year. We note that the use or linear rcgres..,ion to a'>'>CS'i the 
-.ignillcance of trend.., 111 chain indices ma) be <.,tati...ticall) 
unreliable (because the oh ... er\ations arc not independent). 
and more robu..,l technique-, ha\e been de\eloped ... incc 
thc..,e anal) es were conducted . 

f· inaJI], we compare the preci..,ion or hd\\eCll-)ear 
change-. in captures of adult-. on E ..,tatiorh ba'>ed on cap­
tun!.., dunng the first "' x 'i'>ih and all l '.2 \ isit-.. 

RE LTS 

PRH ISIO" OI Bt J\\ l· l . -) t \f{ II \'\i(,fS t c .\TC Ills 

The prcci!-.ion with \\hich bet\\een-1ear change'> 
in abundance arc mca!-.ured hy the E. !-.Cherne ha.., 
increa'>ed a" the number of contributing '>talion., ha<; 
ri-,en The a\eragc preci!-.ion allaincd for hctween­
ycar chang s in the catches of adul1 .... young and the 
percent of young during the period 1988-1989 to 

1991 1992 for 23 '>pecie.., i.., ummari1etl in Table I. 
For 16 of the 23 '>pccie'>, bet\\ cen-year change'> in the 
catche'> of adult.., (bet\\een Ma) and ugu t) are cur­
rent( C'>timated \\ ith ..,tandard error!-. or I ()<'f or le!-...,. 
Bet\\Cen-year change'> in tlte catches of ju enilcs are 
more 'ariable acro!-.s . tat ion .... \\ ith mean . tandard er­
rors or J O<K or less b ing attained for onl) sc en sp -
cies. Between-year change'> in the percent of young 
bird.., caught are meaqired '' ith mean ... tandard error!-. 
of 5% or le-.s for 17 of the 2.~ ..,pecies (Table I). 

ADLI T C.\PTL RI s Co\11'\Rl-l) ro T1 ·RRITOR'I ot '\ls 

\erage -.tandard error., of bet\\CCn-1ear change'> 
in S adult captures are presented in Table l. 
Weighted correlation coefficient. comparing be­
t\\ ecn-year change'> in abundance of common pas­
erine'> on BC plots and CE station., are presented 
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in Table 2, v.hereas te\l:-. for differing O\erall trends 
in abundance between the two monitoring scheme:-. 
are summarized in Table 3. The information summa­
ri1ed 111 Table" 1-3 is con ... idered belO\\ according to 
the taxonomic groupings used in the tables . 

Rernlent imecfi\'(J/'l'.\ a11d thm\IU!\' 

For thi" group of five common species. betv. een­
year changes in adult C catches were highl) cor­
related v,, ith changes in counts in both woodland and 
farmland CBC plots (Table 2), sugge'>ting that the 
C is prO\ iding reliable measures of changes in 
adult abundance for all fi\e species. Temporal tr nd 
in abundance were general!) consi'itent across the 
t\\ o monitoring scheme'> (Table 3 ). although catche.., 
of Blackbirds ha\e declined at a greater rate on C 
stations than have territory counts on CBC plots. 
Exclusion of late season adult captures did not im­
prO\ e precision of between-) ear changes. and. 1 n the 
case of Wren. re , ultec.I in lower precision (Table I). 

For this group of eight specie'>. comparative 
CB data were :.l\ailable for all species xccpt 
Reed Warbler. For edge Warbler. Whit throat. and 
Chiffchaff. bet\\ecn-)ear changes in CE catches 
\\ere general!) con'>istent '" ith changes in count:-. 
on CB plots (Table 2). In the case of Whitethroat. 
trends in CE catches v. ere more consistent v,, ith 
trends in CBC counts on farmland when captures 
mac.le during July and August were excluded (Table 
3). The precision of b tween-1ear changes in the 
capture<., of adult Wh1tethroats (and Chiffchaffs) \\as 
also higher v,,,hen data from Jul) and ugu..,t were 
excluded (Table 1 ). For Blackcap, WillO\\ Warbler, 
and Les, er Whitethroat, long-term trends were rea­
'>Onably consistent across the two . cheme!-. (Table 
3). In the case of Willow Warbler. there v.as some 
e\ idence of a greater rate of decline in CE catches 
compared to ten-itory counts on farmland CB plots 
(Table 3). 

T\HI E 2. \\u1 ,HJIDPl\RSo. 'scoRRl-l\TIO. c1>1111c11 r-;co\1P \ RI GBff\\lf -)f\RCll\,C,F<.(19 3/ 

1984 10 1991/1992)" Jiii·. l \IBFR 01· \Dl l rs c \l c.111 o CE sms \!\D 1111 l Mill RS or rrnRIH>Rll ·S 
RflORDEDU' B l'LUISI HRfLA'iD 1\"1))\\()()[)I\)) 

I ,11 mland CBC \i oodland CBC 

~pee1e' (LI) I (1 Cl· I 12 Cl·.S I 6 CE: l 12 

Wren 0.97 *** 0.92 *** () 93 *** 0.87 *** 
Dunnock 0.95 *** 0.90 *** 0.79 * 0. ., ** 
Roh in 0.97 *** 0.96 " * 0.84 ** 0.79 * 
Blackbird 0.83 ** 0.7 0.65 (* J 0.63 ( * ) 
ong Thru-.h 0.89 ** 0.84 0.6 * () 6, 
cJge Warbler 0.78 * 0.76 * 

Recd Warblc1 
Lesser Whitethroat -0.29 -0 22 
Whitcthroat U.86 0.86 ** () 91 * 0.96 * 
Garden Warbler -0.47 -0.51 () 1') 0.13 
Bladcap 0.57 0.47 0.59 0.64 (* ) 
Chi ff chaff 0.72 * 0.80 * 0.65 ( * ) 0.74 * 
Wi I IO\\ \\ arhlcr 0.38 ll.50 CU-I 0.-L 
Long-tailed Tit 0.71 * 0.75 ~ 0.58 0.62 
Blue Tit () 24 0.15 -(l.07 -0.07 
Great Tit -0.24 -0.7 J "' -0. I I -0.41 
Treccrcepcr -0.29 0.09 0.01 0.14 
Chaffinch -0.1 I 0.03 -0.67 * -0.31 
Greenfinch 0.27 0.33 -0.06 -0.14 
Linnet 0.13 0.17 -0.09 -0.0l 
Red poll 

Bullfinch 0.46 0.18 - 0 15 - 0.30 
Reed Bunting -0.10 -0.10 

umber significant 9+ 9+, I- 5+, I- 6+ 
Note.1 Change' 1n lhc numher, ol adull' caugh1 on Cb '1a11on' were rnn\ldercd using data lrom all 12 \i'll' (May AugU\I) and from 

lhc hr,1 "' vi'11' only (Ma) - June) . Specu: are 'epara1ed 11110 group'"' 1n J'ablc I . 

*** denole' P < 0.001. * dcnule' P < 0.01; • denotes P < O.O:'i . l* > dcnole' P < 0. 10: denole\ no comparative CBC data 
available 
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Trend. in the catches of adult Garden Warblers 
on CE stations differed significantly from trends in 
abundance on both woodland and farmland CB 
plots (Table 3). although the difference was only 
marginally ignificant on woodland (0.05 < P < 
0.06). Trend in the abundance of Garden Warblers 
al. o differed between woodland and farmland CB 
habitats (P < 0.02). Catches of Garden Warbler on 
CE station have declined since 19 2, whereas num­
bers on CBC plots have increa. ed on farmland and 
shown no trend in woodland. 

Tits and Treecreeper 

For Long-tailed Tit, both between-year changes 
and long-term trend · in abundan e were c n. istent 
between the CB and CE ch mes (Tables 2 and 
3), particularly for annual indices derived from 
C S vi it. 1-6 (Table 3). Between-year changes 

in the catche. of adult Treecreepers were gener­
ally not consistent between the two monitoring 
.·chemes (Table 2). However. long-term trends in 
the catche. of Treecreepers made during all 12 CES 
visits did not differ significantly from those d rived 
from CBC counts in both woodland and farmland 
habitats (Table 3). Relatively mall numbers of adult 
Treecreepers are caught on E talion. (for example 
the 1991-1992 change was baed upon 59 adults 
trapped in 1991 and 41 in 1992) and hence between­
year change are measured imprecis ly (Table l ). 

The most pronounced incon istencie between 
long-term trends in CES catche and CB counts 
were for Blue Tit and Grear Tit (Table 3). In the case 
of Great Tit, between-year changes in abundance were 
negatively correlated (Table 2). For both . pecies, CES 
captures have declined trongly incc 1982, whereas 
there have been no significant trends in counts of tits 
on either farmland or woodland CBC habitat.. 

TAHU: 3. CoMPARISO"I or LONG-TERM 11 MPOR \I TRfNDS IN CHAIN 1 DI 1 s DE-RI\ ED FROM CBC .\ND CES 

D\fA ( 1982- 1992) 

Farmlanu CBC 

pCLIC\ CE"i I 6 Cl:.S 1- 12 

Wren 0.00 0.72 
Dunnock 2.90 1.6.+ 
Robin O..+I 0.06 
Blackbird 3.62 5.98 . 

Song Thru~h ().()3 0.11 
edge Warbler 2.12 0.23 

Recd Warbler 
LC!>'>Cr Whitcthroat I 32 1.19 

httcthroat \JG s .. n ** 
Garden Warbler 17.26 *** 12..+9 . * 

Black cap 2.59 3..+2 
hiffchaff I 99 2.90 

Willo"' Warbler 5..+6 * 4.04 (*) 
Long-tailed Tit 1.62 5.90 * 
Blue Tit 19. 13 *** 39.13 ** 

Great Tit 9.87 ** 13.42 '''* 
Trcccrccper 7.36 * 0.27 

hartinch 21.02 *** 8.98-!<* 

reenfinch 7.5.+ * 6.12 * 
Linnet 3.42 16.96 *** 

Red poll 

Bullfinch 2. 6 0.89 

Rect.I Bunting 41 .72 *** 10.12 ** 
umber of srcci !> \.\ith 8/21 11/21 
di ffcrcnt trend~ 

Woodlanu CBC 

l::S I 6 

0.32 
(J.00 

3.90 
4.55 * 
5..+3 -!< 

0.01 

11.73 ** 
0..+7 
0.00 
0.04 
0.21 

20.91 * ** 
21.10 *** 
12.21 ** 
7.73 * 

l..+86 * 
0.49 

?..77 

8/18 

CES I 12 

0.08 
0.28 
I. I.+ 
7 . 17 * 
3.08 

2.ll4 
·-US ('"l 
0.78 
0.17 
0 74 
2.56 

.+5.58 "* 
26.06 *** 

0.05 
0.90 

17.65 *'* 

5.31 * 

0.63 

6/18 

\ ore., I .,LJll,ttc' :111J '"'o.:iatcJ "g1111icancc k'd' are prc,e111e<l tor the 1n1ernc1ton hel\H'en 111nn11onng '<·heme t lactul'l an<l )ear 

tcon1111uou' CO\ariatc) ' 1gni l1can1 intern tion' mJicaLe Jitt.:rcnt a'er,1gc annual rale' nf ch;ingc 111 abundance Change' 111 the 

numher' of adult\ caugh1 on Cl-5 '1a11011' \\ere eon"<lereJ u"ng data from all 12 annual 'l\ll\ tMay Augu,11 and from lhc hr\l "x 

'l"l\ only 1r-.tay June ). 

***Jennie' P < O.llOI: •• Jen<llC\ P < 0.01; Jcnme' P < 0.05; (*) dcnmc' P <(LIO: denote' no wmparati\C CBC data 

ii\ ;11l.1ble 
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Finches and Reed Bunting 

For one of the six specie. in this group (Redpoll) 
there are no comparable CBC data . For Chaffin h, 
between-year changes in ES capture. were not po. -
itively correlated with those derived from CB data 
(Table 2), and long-term trends in C S catch s \\ere 
inconsistent \.\ ith trends in counts on farmland, but 
not v.oodland (Table 3). Woodland is probably the 
preferred breeding habitat of Chaffinches in Britain 
(Gibbonsetal.1993) . 

For Greenfinch and Linnet, trends in abundance 
were generally inconsistent between the two moni­
toring schemes, although not when CES catches of 
Linnet., were limited to the first six visits (Table 3). 

For both of these species, changes in adult abun­
dance are mea ured with relatively low precision 
b) the CES cheme (Table I). Jue to small '>ample 
Sl7eS. 

Bullfinch is a relatively late-breeding . peci sand 
a relati\ely high proportion of adults are caught for 
the hr'>t tune in an) )Car during \isits 7-12 (Baillie 
et al. 1986). Between-year changes are th retore 
measured with greater prcci . ion\.\ hen they arc based 
upon captures trom all 12 \is1ts, rather than only 
from th first six isits (Table t ). Although between­
year changes were not consistent \vith those derived 
from B data l Table 2 ), longer-term trenus in 
abunuance were con-.i-.tcnt ~1cn1s . the t\\ u monitor­
ing schemes (Table 3). 

In the case of Reed Bunting. hctwccn-yea1 chang-
e. 111 CFS catches and counts on BC farmland 
plots \\Crc not correlated (Table 2). and long-term 
trends 111 abundance differed -.ignificantlv (Table 
3). I lowcver, change-. in number-. on farmland may 
not he representative of wider population change. 
becau'>e \\etland habitats are the main and probahl) 
preferred breeding habitat for Lhi specie'> (Gordon 
1972. Gibbons cal 1993). Drier farmland probably 
serves as a suboptimal. overspill hahitat for Recd 
Bunting. when population IC\els in wetland habitat. 
are high (Bell 1969. Marchant er al. 1990). 

DISCU SfON 

CU\ll'ARISO OI E ·\ () B 

Despite the problems of interpretation outlined 
abo\e. se\ era! general conclu-.ions emerge fr 1111 this 
anal}si!'. . 

( l) For al least nine species, bet\\.een-year 
changes in adult capture. combined across CE 
stations \\ere com.istenl with extensive changes 
in abundance as measured by spot-mapping of 

breeding bird populations. These . pecies are Wren, 
Dunnock, Robin, Blackbird, Song Thrush, Sedge 
Warbler, Whitethroat, hiffchaff. and Long-tailed 
Tit (Table 2). 

(2) For a furth r six species. long-term trends 
in CE captures (but not between-year changes) 
were generally con~istent with trends in abundance 
derived from extensi e B count (Table 3 ). The.,e 
species are Blackcap, Willow Warbler, Treecreeper, 
Linnet, Bullfinch. and Lesser Whitethroat. 

(3) For the remaining six species. between-year 
and long-term changes in CES adult catches were 
inconsi. tent with concurrent changes in territory 
counts on CBC plot., for at least one of the two CB 
habitats . In the case of Reed Bunting. thi-. ma; re­
flect the unrepresentative habitats covered by the 

B . In the cases of Garden Warbler. haffinch, 
and Greenfinch, trends in abundance differ signifi ­
cantly between woodland and farmland CBC plots 
'>uggesting that population processe may diner 
bct\\een habitats. The preferred habitat-. of Garden 
Warbler'> arc probably woodland and scrub clo. e to 
canopy clo ure (Gibbon. et al. 1993). Becau'>e the 

f S monitors Garden Warblers main!) in scrub ,rnd 
\.\oodland habit.its it I'> perhaps nor surprising that 
the trend in abundance on E stations i'> more simi­
lar to the CB trend for woodland than for farmland 
(Table 3). 

In the case of the t o titmouse '>pecics (Blue Tit 
and reat Tit), trends in abundance \.\ere con-.i-.tent 
across B woodland and farmland habitats. but in­
consistent between the CBC' and E data. Becau!'.c 
bet\\ een-year changes 1n the numbers or adult 
titn1i ·c caught at CE . t.lti )lb \\1.:rc mc.1-.u11.:J with 
rcao.;onable precision (Table I), the observed di spar 
ity between the ES and the B data 1s difficult to 
explain. and casl'> some doubt over the reliability of 
the l:.S data for these sp cies. One possible c:rnsc 
of declining catches of adult tits on l:. '>Cations 
could be neHn oidancc. which might be promoted 
b) \\inter and spring mist-netting acti\. ittc-. on or ad­
j a ·ent to constant effort stations, often in a<,sociation 
with artificial recders. Such nelling activities would 
he unlikely lo in olvc other <,pccies caught on E 
stations. Thi po. '>ibility could be inve tigaled by 
comparing trend-. 111 captures on stations with and 
without winter and spring mist-nett111g acti\.ities. 
Habitat '>Ucccssion on C stations might <1l<,o serve 
to reduce catchtng effic1enC) a., tits in mi ed-agcd 
flocks tend to fly along the tops of bushes and tree-.. 
As the vegetation grows higher, fewer of these tlod.., 
might be caught in mist net-.. 

(4) For mo. t species monitored b the C JS 
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<.,chcmc. there wa<., little di fferencc in becw en-year 
changes. long-term trends. and prcci:ion based on 
captures made during all 12 vi..,its and captur .., 
made during visit.. 1- 6 only . HO\\C er. in the ca"e of 
Whitethroat. long-term trends in catche. were more 
<.,trongly correlated 'With trend.., in counts on CB 
plots. and the preci..,ion of between-year change.., 
was higher. 'When CE changes were ba<.,ed upon 
captures during visit. l-6 only. imilarly. long-term 
trcndo.; in the captures of Linnets and Long-tailed 
Tits were more closely correlated with those derived 
from CBC data when the ES change. were bas d 
on capture: made during visits 1- 6 only. For these 
three specie . . changes in adult abundance might be 
better measured by using captures from the first six 

E visits only. 
or Treecreeper and Bullfinch. long-term trends 

in ES aptures were more closely correlated with 
those from the CBC. and precision of between-year 
changes impro ed. when apture.., from all 12 \ i<.,its 
'Were u ed . 

To summari7e. for 15 of the 21 speci s consid­
ered, long-term trends in the abundance of adult 
songbird. as recorded by -;pot-mapping ( B ) and 
standardized mist netting ( S) were similar (sec 
also Peach et al. 1998). This suggests that, for most 
common songbirds, the J methodology is provid­
ing reliable information on e tensi e changes in the 
<.,i7e of breeding p pulations. ur con lusions arc 
broad I similar to those of ilke) et al. ( 1999) who 
found that capture rates from standardi1ed mist net­
ting in coastal scrub did r nect changes in breeding 
dcnsitie'> for thre ut or four <.,pecies considered. 
The e ·1uthor n ted that thr form of the r lationship 
between capture rat sand breeding densities differed 
b tween sp ies. thus highlighting the need for cau­
tion when relating change.., in catch rate. t breeding 

densiti "· 

PRtORtTtLS r:oR FL RTHLR \UDATtO"I or· CE 

Ejfects of /whitut . uccession 

uccessional changes at C station could caus 
two potentially erious problem. for long-term 
monitoring. First, the catching efficiency of particu­
lar net lo ations may decline as the vegetati n height 
increase. and birds incr asingl)' fly over the top. 
or nets. cond. the composition of breeding pas­
., rine communitie can be sensitive to succe . ional 
change. to the vegetation (Fuller 1987. L 995). and 
th refore long-term population trend derived from 
CE data may be negatively bia:ed for spe ies which 
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prefer early <.,ucces..,ional habitats. and positi\Cl) bi­
ased for specie" which prefer later successional habi­
tats. Little is knO\ n about the habit.It preferences of 
ju\ enile pa.,serine-. during the post-fledging period. 
though successional change-. on CE ... tations ha\e the 
potential to bias results for both adult bird.., and 
young birds. 

A ne\\ system of habitat recording was intro­
duced in 1995 to collect quantitative information on 
the extent and rate of habitat change on CE stations. 
This sy. tem imol\es the collection of three types of 
information describing an area extending 10 m from 
both side. of each standard mi t net: (I) five habitat 
code. giving details of the major habitat typ (fol­
lowing Crick 1992) and the presence of water; (2) 

the average maximum height of the c;;crub vegetation 
within 5 m of the net: and (3) the percent scrub co er 
within 10 m of the net. Fuller (1987) ha. hown that 
percent scrub cover is a useful predictor of the over­
all density of pa i\erin birds and the total numb r 
of species br eding in . crub in southern England . 
Habitat code are also requested for land surround­
ing the C station. 

t a smaller sample of station. we plan to 

collect net-specific capture and habitat data, which 
should allow us to consider relationships b tween 
habitat changes and capture rates at a fin r scale. It 
might also b useful to have E banders manage and 
maintain egetation at ti ed heights at som or their 
standard net lo ·ations (i.e .. through regular cut back) 
'While allowing the vegetation to gro\\ up at others. 
and comparing changes in catch rate" in managed 
and unmanaged net location-; on the same tations. 

ome insight int the likely importance or habitat 
sue ·ession as a factor affecting capture rates might 
be gained through anal <.,es of thee isling · data. 
Trends in catch rates or specie. thought to be sensi­
tive to . ucce ·sional chang or change. in sp cies 
composition ould be compared in habitats c nsid­
ered to be sensitiv and insen itive to su cessional 
change (e.g .• scrub and wo dland resp tiv ly). 
Analyses might allow for wide. cale population 
change. through the calculation of . tation-specific 
deviations in catches from tho. e expected ace rding 
to known regi nal population change. (derived, for 
example, from the Briti . h Breeding Bird urvcy). 

Effects of. talion turnover 

ach year a number of cations drop out f the 
. cheme and a number of new . rations are enrolled. 
During the period L 987-1993. the average los. rate 
of tation. was ~ per annum. If between-year 
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change" in catche..., differ between •;tations which hme 
ju•;t entered the ...,cheme and stations just about to leave 
the scheme. then bias could be introduced into long­
term indices of abundance or productivity. This might 
be the case if' stations tended to be regi:-.tercd when 
the) were catching relatively large number" of birds 
and tended to be discontinued ''hen they vvere catch­
ing relatively small numbers of birds. 

naly . e..., or exi...,ting data could compare het\veen­
year changes in captures for stations at the beginning 
of their (CES) lives with tho-.e at .... talion..., that ha e 
been operated for some minimum number of year:-.. 
or v. hich are in their last fev.- years as CE stations. 
Thi" sort or analysis has been applied to CBC ter­
ritory count data (S. Baillie and S. Gates. unpubl. 
data) and for most species considered. between- ear 
changes in tcrTitory counts did not differ between 
plots at the beginning and end of their li\ es. 

Representatii·ene\s o/ CE statio11,-

For practical reason .... relating to the efficiency of 
mist netting in different habitats. most C stations 
arc operated rn either <..,crub or \vetland habitats. and 
rev.er than I 0% of ...,tationc., arc operated in deci<luouc., 
\\Oodlan<l. The CES scheme therefore monitor..., bird 
populations only in these habitats. Becau...,e handers 
choose the locations of their E station. the national 
sample of C statrons may not be re pres ntuti' e or 
scrub. wetland. and woo<lland habitat...,\\ ithin Britain 
and Ireland. 

\ arrous lan<l-use database.., are 110\\ a\ ailablc 
for the U.K. region that could be u .... cd to examine 
the degree to \\hi h CC <..,lations arc repre .... cntatiYe 
of the \\ idcr landscape. The entre for colngy and 
Hydrology ( H [) has pro\ ided the BTO \dth n:­
motely sensed land cm er data for each 1-k.m <..,quarc 
of Great Britain (Fuller et al. 1993). In 1990. the 
percent of each of 25 land cover l) pes was measured 
in each I-km square. The 2.') land co,·er type..., are 
general categone..., such as "lcrn land hog." ··..,crub/ 
orchard," ant.I "deciduou'> wood.'' Recent! a further 
land-cover <.,urvey has been completed and more up­
to-datc data are now available (Fuller et al. 2002). 

uch information will be used to assess whether the 
habitat within l-km 'lquarc'l containing CE 'ltillions 
is broadly representati\ e ot the c.,quares contain­
ing predominantly scrub and wetland (and perhap.., 
woodland) habitat. This ould be done both for the 
entire United Kingdom and within broad regions. 

n ohviouc., problem here will be the definition of 
,1 subset of squares which represent.... the "scrub and 
\ etlanu" component or Great Britain. 

1 (tf idation of a111111al CES produc ti1·ity indices 

The proportion of young birds in catches made 
on CE station..., represent an integrated measure of 
annual productivity. which incorporates the number 
of nesting attemptc., per pair. nesting ...,ucces ..... and im­
mediate post-fledging mortality. Any comparative 
asse<.,sment of annual productivity should ideally 
incorporate all these factors. 

Each year the BTO e<..,t Records Scheme collects 
information on approximately 30.000 nest histories 
(Greenwood et al. 1993). This information can be 
used to estimate tl\erage la;ing dates. clutch sizes. 
egg survival rate ..... and chick. survival rates for a wide 
range of species. including 1110<..,t of thoc.,e currently 
being monitored by the CES '>Cherne. For some CES 
specie ..... annual estimate'> of po t-fledging mortal­
ity could be attained from the .K. national band­
ing recovery data u ing the metholb developed by 
Thomson et al. ( 1999). 

For species that are essentiall single-brooded 
(like Wrllcm Warbler and the Paru · trts). rt should 
be po <..,iblc to combine estimates of ne-.ting .... uccess 
with those for po<..,t-flcdging mortality. producing 
independent annual estimates of producti ity that 
could be compared \\ ith the percent or young birds 
caught at CE stations. For multi-brooded species. it 
may be Jifllcull to obtain any extensive measure of 
the number of breeding attcmph. The di..,trihution or 
la rng dates from nest record canh, or the temporal 
di .... tribution or hca y (gravid) females ( aylor and 

recn 1976) or brood patches at differing stages ot 
development (Boddy 1992) a:-. rccordL:d b bander ..... 
may pn1\'idc some infornntinn on annual 'ariation 
in the number of breeding attemph. although all 
'iuch approachc.., \\.ould require critical evaluation. 
Intensi e c.,tuures may be required to mcasun.: annual 
variation in the number of breeding attempts. 

C(J/Jl/htri,011 <4 rern/t, from CLS and intem·h·c 
studie. · 

Intensive local studies have an important role 
to play with respect to both the validation and the 
interpretation of data generated through extensive 
monitoring program' li!...e the CES \Cherne. Where 
po. sible, intensive c.,tudics should b replicated 
across many locations in order to allow general con­
clu. ion.., to be dnrn n. 

For example. independent assessments of the 
abundance of adults birds on E stations v.ould be 
useful to compar against catches. Between 1985 
and the early 1990s. timt:d point count<.., \\ere carried 
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oul during May and June al a sample of E stations 
(34 stations in 1985 and JO '>l<llions in 1993 ). These 
count data will pro ide us ful independent estimates 
of local breeding population si1es and bet\.\ecn­
year change. in those population'>. ome additional 
comparative count data are available from a small 
number or station'> in the form of inten, ive territory 
mapping count (e.g., Peach et al. 1995). 

Another source of high quality count data is ob­
servation of individually marked adult birds, which 
can al o provide a range of information concerning 
territorial and breeding behavior and ite fid lity. 
Color-banding of chicks or of juvenile could pro­
vide u eful information on site fidelity and di persal, 
and could be a useful tool for the , tudy of net avoid­
ance. 

Intensi e banding programs for ncstlings can 
provid useful information on local ne ·ting success, 
for comparison with productivity indices from mist 
netting (as hown by Nur and Geupel I 993b, du Feu 
and McMeeking thi · volume). pecies using ne'>t 
boxes are ob iously convenient for uch '>Ludie , 
" hereas finding n1,;'>ls of open-ne ting passerines can 
be time consuming. If a high proportion of locally 
fledged yottng are banded as chick , then 1t is also 
possible to apportion lhe total juvenile catch into lo­
cal and non-local components. For some species, a 
high proportion of the total ju enile catch may be of 
non-local origins ( aylor and reen 1976, Nur and 
Geup 1 l 993b). 
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Finally, the BT is seeking to develop a small 
network of Integrated Population Monitoring (IPM) 
Stations at which intensi e standardi1cd mist netting 
i combined " ith intensi\c territory mapping, nest­
finding, and color-banding of ne. tlings and adulL. 
The main aim of thcs IPM station'> is lo generate 
high quality demographic data over long runs of 
) ars, but a econdary aim is to provid locations for 
replicated validation studies. 
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RELATIONS HIP OF JUVENILES CAPTURED IN 
CONSTANT-EFFORT NETTING AND LOCAL ABUNDANCE 

CHRI~ R. Dt.: F1-: Ai D 1011 M. McMEEKJ\iU 

·lhs1rac1. Number-. of ju'vcnilc Bladbinh (Tttrd111 111eru/v). Song Thrushes ( r p/11/0111e/os), Blue Tit-. (Parm 

caerulem). and Great Tits (P major) caught during constant effort mi'>t -nctting \\ere compared v. ith numbers 
of nestlings of these specie-, banded during the year-. 1979-2002 in Tre..,well Wootl, ottinghamshire, England. 
There was a '>ignif1cant relation-,hip between the annual numbers of juveniles captured and the annual numbers 
of nestlings banded in all four 1.,pecies. Ml)rtality and immigration between fledging and mist-netting periods 
probably vary among years, reducing the strength of correlation. Re-,ults suggc-.t that number ol young bird 
captured in the Bnt1 h Tru-,t for Ornnholog) Con'>tant Effort ite scheme acros.., man) '>ile. i-, a good inde of 
the number of young in the population folio\\ 1ng JUVcnile dispersal. 

Ke_i Words. constant-effort mist netting, Constant Effort 1tcs, product1\ it). banding. 

The index of productivity U'>ed by the Constant 
Effort , i tes (CES) scheme of the British Tru'>l for 
Ornithology is the ratio of JU\eniles to adult'> totalled 
over a large number of :-.tucJ1 site. (Peach and Baillie 
1990). The assumption under!) ing th1-. index i that 
th numbers of adults and ) oung hirds captured are 
proportional to the true numhers of each age group 
in tht.: population. This has been teo.;ted for adults hy 
comparing CE. data frnm many sites ith rc1,ults 
from the Common Bird Census (Peach ct al. thi\· 

\'0/111111.!}, with positive re-.ulh. Herc we pn.:-.ent evi­
dence to support the a-. ... umption that young birds arc 
aJ...o captured 111 proportion to their abundance. u-.ing 
data rrnm a single site. ome or the data were pre\ i­
ousl) puhli-.hed (du Fcu an<l McMceking 1991 ). hut 
this paper include .... a<lditional data an<l discu-.sion. 

We compared numbers ol nestl1ngs handed that 
were deemed to hmc tledged v.ith number-. of young 
hirds captured in mist net'> during the summer. Then: 
are many reasons to e peel that these numbers might 
not he correlated. ot all bin.ls produced at the study 
o.;ite will he handed a nestlings . JI nestlings do not 
fledge at the same time a. each other. or at the -.ame 
time each year. which affects numbers captured in 
mist nds. Dispersal and mortality of young occurs 
throughout the netting period, an<l aptures arc af­
fected by weather. Capture'> of juveni le. of flocking 
species in mi'>t nets may not he independent of each 
other. Such factors could potenttall) invalidate the 
use of jm,enile captures in mi . t netting as an index of 
local fledging ucces'> 

M THODS 

Trc..,wel l Wood i.., compo-,cd of 47 ha of mature broad­
leaved tree . . mainl) ash (Fnni1111.1 eYCe!.~ior) with '>OlllC 
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oak (Quercus rolmr), with an understory predominantly 
of ha1el ( Cvn·/111 a1·el/a11a) . It j., an ancient woodland 
designated as a Site ol pec1al Scientific Interest, O\\ ned 
and managed by the ot11nghamshire Wildlife Trust Since 
1972 the Trll'.t has restored the traditional S) stem ol ··Lop­
picc \\ ith -.tandurd..,·· ( ramp and 11111nons 1977) to pans 
of the \\OOd 

WL h<l\ e carried out ye.tr-round constant-effort rni ... 1 

nct1111g at ... even '>Uh- 111.: ... in l 1-c1.,\\ ell Wood since 1978 Our 
netting regime differs from that of the Cl:.S regime.'' hich 
:-.pccihc1., 12 C\enl) 1.,p<1ccd \ isits to each site throughout the 
rnunllb May to \ugust inclu1.,i\'e. In-.tead. we v1s1l c 1ch 
of our sc\en s1te1., 1n the \ 01)d five timc'> a year. appro 1-
matel) once C\ er) I 0 \\Cd . 1 he e act order ol \ i iting the 
site., \aric according to \\Cather. for ome '>ite-. are more 
affected by \\ind than other .... hut it is kept a.., con-,tant as 
po..,sihk from year to )Car. On each vi ... it \\e u-..c ten I c'- rn 
nl't . in Ii ed pn-..1til1n , et for l1 c ht)llf\ fn1m h<1t1I) aft r 
d.iwn . If condition-. allow. extr<1 neh arc erected. Such extra 
neh are not sited immediately adjacent to thc standard net..,, 
10 pre\ cnl interfercncc \\ith the ..,tandard nch . Bird1., caught 
in additional ncttmg arc not included in our constant effort 
anal) es . 

About 100 ne1.,t hoxe .... primarily for tit (Pam' spp ), 
have becn placed in the northern two-thirds or the wood. 
The number and distribution or boxes have remain ·d rela­
ti\cl) constant '>incc 1979. We record all ne ... ts 111 hoxc-., 
and band al l ch1ch. Although \'vC make no attempt to find 
non-box ne ... ts, we record all natural nes ts of any -.pccie-. 
we tlett.:ct \\.hile on the ne-.t box rounds (e.g .. when an adult 
I'- ftu..,hed from the ne l), and 1..hick"> m tho-,e nc\h arc al<.o 
bandctl. C'>t check'> have been done b) the same pcr..,on 
(CdF) each year. Because the di tribution or boxes i-, mud1 
the same from year to )Car. the opportunity for finding other 
nests 1 .i.1-;o approx1matcl the '>ame. o nestling tits have 
been banded other than those 111 boxes. but we have handed 
enough Blackbi rd-.. (Turd111111erula) and Song Thrushes (T 

philome/0.1) to analy1e them here. 
We assume that any bird banded has abo fledged. uni ss 
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there 1.., C\ idcncc to the cont rat"). uch evidence include.., 
finding carca ... se'> or young in the 11c..,t \\hen the ho\1.:s arc 
emptied at the end of the ... ea ... on. Sometimes predators at 
tac!- ne-.t'> and leave a fev. partially dl'>membered bodie-.. . 
in \\ hich case \\e a umc that <ill chic!-.., failed to lkdgc. 
E\ 1dcnce for succe..,.., include.., finding undamaged hut 
llattened empt) ne ... ts \\ llh man) lla!-c-. of feather ..,heath. 
ne..,tl1ngs capable of fledging \\hen 1<1..,l '>een in the 111.: t. and 
llC\\ I) fledged ju\eniles in the\ 1cinil) or nest boxc ... . There 
ha\c heen almost no direct ohscnation.., of birds fledging 
from nest\. 

ommon Bird Ccn\U'> (CBC) i ... carried out in the 
wood h) other worl-crs . For all )Car .... we ha\e a record of 
the total numhcrs of territories recorded. but a breakdm\ n 
of" here the e tcrritoric., la) \\ ithin the \I ood i. a\ ai I able 
onl) for ome )Cars (19 I 1994 and 1997- 199 ). 

In thi-, paper. \\ e compared the number' of banded 
Bladhird., and ong Thru-.hes deemed to ha\C fledged 
each year with the numbers of free-fl) ing juveniles caught 
in mi'>t nets between 28 May and 15 August ( 1979-2002). 
These dates correspond apprm:imately to the CES breeding 
season sampling period. We also compared the numbt.:r.., 
of ne..,tling Blue Tits (Pam\ u1emlew) and Great Tit... (P. 

lllC!JOI") fledging from bo\e\ With the number<, Of jll\enile-.. 
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mi.,t netted in the ..,amc pcnod. We U'>C the term.., ··sampling 
period" for the late May through August netting period and 
··.,tudy period" for the year-.. 1979 2002. 

Because data for both numhcr.., of ne..,tl1ngs banded and 
jll\cnilc-.. caught arc count dat<I. \\e uscu log( +I) trans­
formation.., in correlation anal) e .... as dc'>crtbed 1n Fm\ ler 
and Cohen ( 1986). Scatter uiagra1m \\Cl'C plotted on loga­
rithmic a\C'> and all n:grc..,...ion line \\ere httcd u-.111g the 
model 2 reduced ma.1or a is rcgre-...,ion de..,cribeu b) Fm\ lcr 
and Cohen ( 1986 ). 

RESULTS 

Annual numbers of each species banded a' nc t­
lings within the \\Ood. and the number-, of jll\enile 
captured in constant effort net in the sampling pe­
riod are gi\en in Table I. We found a significant, 
positi\e correlation bet\\een the'> annual number.., 
for all four specie<;: Blac"bird (r = 0..+9. N = 2-+, P = 
0.02), Song Thrush (r = 0.40. N = 24, P = 0.05), Blue 
Tit (r = 0.64, N = _4, P = 0.00 L), Great Tit (r = 0.46. 

= 24, P = 0.03 ). nly four point'. lay more than two 
-,tandardized re..,iuuals a~ay from any regrc'-.:-.ion lint.: 

T\BI I. I. NL !Bl RS()( 'ISll l'\GS B\,DI I> \'ll I I I IJC1t IJ 1\ ()Of J \I 111 "i C\l'Jl RID I CO'iS I \:-;I-

LHORf !\1JSI I I Jl\,(j Ill I\\ I I:'> 28 M \ \ \ ll 15 Al Col SI J \(JI ) h\R 

Blad.h1n.J '\ong lhni'h Blue I it Great Ti1 

e\lltllg\ Ju\enik' e\JJing\ Ju\entle' e\Jl111g Ju\entJe, • e,tJing' Ju\entJe, 
Year handed c,1ptured handed captured hamkd captured handed cap1ured 

1979 14 16 .:n 2 91 () 65 4 
1980 9 8 10 4 _22 7 51 
19 I () 5 6 4 215 4.'i 5'i 9 
1982 0 J 4 2 171 10 49 () 

1983 7 4 14 4 117 5 48 5 
1984 12 5 ?.7 2 147 8 60 5 
19 5 9 10 14 0 175 II 104 3 
1986 13 9 26 2 :?.26 0 125 () 

19 7 3 15 261 1() 133 30 
19 ( 5 2 6 () 104 74 5 
1989 () 5 J 2 242 46 112 14 
1990 () () () 173 17 38 2 
1991 3 () () 0 120 44 4 
1992 0 0 4 4 130 () 66 9 
1993 () I 0 () 85 I 22 () 

1994 () 6 6 6 120 4 21 
1995 5 6 8 () 171 IX 66 2 
1996 -+ 6 2 I IJ J I J 
1997 3 6 () () 93 2 6: 2 
199 () I () 41 20 2 
1999 () 4 0 2 108 2 90 6 
2000 3 5 2 88 () 43 
2001 4 () () 87 () 46 
2002 4 2 8 2 63 2 70 3 
Tot ab 96 104 191 43 3363 221 1505 116 
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(Fig. l ). These v.ere the points for Blue Tit in 1986 
and 1998 and for Great Tit in 1986 and 1996. 

There was ">ignificant correlation between 
numher"> of ong Thru'>h nests (1981-199-l and 
1997- 1998) and the numbers or ong Thrush territo­
rie'> recorded by CBC in the '>cction of the \ ood tn 

\\ hich boxes v.ere present (r = 0.77 for transformed 
annual indices, N = 16, P < 0.00 I: Fig. 2). The cor­
relation for Blackbirds was not significant ( r = 0 . .39, 
N = 16. P=0.1-l). 

DIS SSION 

Herc we examine some of the probable causes 
of variance in the correlation-. bet\\ een number of 
nestling-banded birds de med to ha, ·e fledged and 
number or juveniles captured during summer mist 
n tting. 

PROl'ORTIO s Bl\ Ofl) 

'I he relation ·hip het\\ccn ne-.tlmg banded and 
juvcni les captured wa.;, \\ eaker fo1 ong Thru<ih and 
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Blackbird than for the tit species. A contributing fac­
tor was the re latively low proportions of the nestling 
population-; of ong Thru-.h and Blackbird that were 
handed. The correlation betv .. een Song Thru h ne'>l'i 
found and CBC territones (Fig. 2 l ugge<it there\\ a-.. 
fairly constant nest finding effort. although data for 
Blackbird., do not support thi-; as strongl). e<.,t-find­
ing effort was not exhaustive, however. and although 
605 Blackbird and .327 Song Thrush CBC territories 
were recorded in the ...rudy period, only 55 and 104 

nc<.,t<; were found, respectively. Because both species 
are multiple brooded. the overall percentage of nests 
found i. unlikcl) to be higher than 10%. The percent­
ages of jmenile-. handed at nest and later caught in 
con<itant effort net., 0'4 for Blackbirds and 9.77c for 

ong Thrushes. are compatible \.\ ith thi<i low figure. 
The number of juvenile ong Thru»hes netted has 
always been so low that chance factors <1re relatively 
important in determining variat ion in number-... Thus. 
it i-; not urprising that the correlation bet\.\ ecn the 
number. of n . tling-.. handed and the number of 
jll\cndes netted \\a-.. \\eakcst 111 this ~pecie<.,. 

For tits. the number of nests in natural sites is 
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FIG RE I. Nestlings banded and juveniles captured in constant-effort mist nets in Treswell Wood. 1979-2002 (model 2 
reduced major axi-. regression method). 
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l· IGL RL 2. Blackbird and Song Thru h Common Bird 
en lh <CB ) lerritoric" recorded\\ . nc<,h found , 1981-

199.+ and 1997 1998. 

unk.no~ n. as is the number of 1oung fledged from 
'>Uch sites . Vve have nc e1 banJcJ nestling tit:-. 111 

natural sites. During the '>ludy period. 41 % and 
J7~ rc..,pectivcl} or the juvenile reat Tit'> and Blue 
T11-. captured in constant eflort nets in the '>ampling 
period had been banded a\ ne tlings . Thi.., ..,ug.ge-.ts 
either that there arc man} natural nests (producing 
up to 60<-f of all ne-.tling..,). or that many ju\cnilc.., 
captured in mist nets had mo'ved in from elsewhere 
('>cc bclm'v ). everal lines of C\ 1dence indicate that 
the first explanation is correct and the second ha-. 
little influenc . 

\er 24 year\. the percent of adult female tit... 
captured in the '>pring in con-.tant-effort mi t nch that 
~ere later found nesting in boxe-. \\as 27 % for Great 
Tit" and 17% for Blue Tit.... The'>e percentages arc 
le)\\ er than tho\e gi\cn b] Perrin'> ( J 979) for the per­
centage of these tits using bo cs in Wytham Wood. 
However. in Treswell Wood we did not capture all 
female ne"iting in boxes C\el) year. (For Blue Tits. 
86<1c of females ne'>ting in boxes were captured. but 
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the figure for real Ti ts was only 56%- .) Mo reover. 
one-th ird of the Wood contained no nest boxes. 

nother estimate of the proportion of tits nesting 
in bo e. is the ratio of occupied nest bo es to the 
number of CB tcrricories found in the same part of 
the Wood. This ratio was 0.29 for reat Tit n sts and 
0.31 for Blu Tits. although the ratio may be bia. ed 
by miscounL due to un ucces, ful and replacement 
clutches, and by the use of nest bo data in B . 

Whereas all li nes of evidence indicate that less 
than half of nestling tits were banded each year, the 
proportion i much higher than for ong Thrus h and 
Black.bird. and is less likely to have varied among 
year simply a., a r 1.,ult of chance. 

Fu: DGI G PERIOD 

Song Thrush and Blackbird are multi-hr oded, 
and it is probab le that many of the year's juveniles 
were al read) dead b the time the sampling p riod 
began. v hereas others had not yet Aedged. Because 
mi . t-net data were col lected over se eral 11.,1t1.,. 
ho\ e\er, th total '>ample of jll\enile. <,hould be 
relati\ely unaffected by variation in timing of the 
breeding season. Tit'>, on the other hand. arc al­
most exclusively 1.,ingle brooded, all fledge within 
a relatively short period, and fledging dates vary 
from year to year. This means that in late year., there 
were fewer mist-netting session. after ne1.,tlings had 
fledged and become a\ ailable for capture. 

To gain insight on the effect of fledging date Hiri ­

ation on the correlation between ne..,tlings handed 
and juvenile-. captured , we reanaly..,cd data omitting 
the last two nett in!! v l'>its in each year. It hough 
·orrclation~ rcrnaincd m< re c r le.., the '-atnc f< r 
the two thrushc1., and Blue Ti ts. the corre lation was 
con,iderabl) wcak.ened for Great Tih. In Trcswell 
Wood. Great Tit\ n . t nearly a ~e k later than do 
Blue Tits. Thi-. re..,ult demonstrates the importance 
of en.,uring that '>ampl1ng periods extend far enough 
into the um mer to ensure a repre ... entati\ e number or 
indi\ iduals will be trapped . 

Jt is likely that the complete absence of jU'.-Cni(c 
tit'> captured in 1986 (Table I) was primarily a con ­
sequence of the ery late <.,eason (which wa-. abo 
followed by high post-fledging mortality cau-.ed by 
lack of food late in the 'lea on) . The percentage or 
ne .... t bo -banded bird.., recaptured by the end of the 
'>tudy period \'va. also lo~er for the 19 6 cohort than 
for any other year. 

MO\ LMl-NT \ I) OISPf RS,\I 

Lack or correspondence between mist-net 
..,amples of juvenile-. and number of local I) banded 
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nestlings could reflect changes in the local popula­
tion of young bird. between the two amples. uch 
changes could reflect di'>persal and immigration. or 
mortality. 

Perrins ( 1979). tates that after the first month af­
ter fledging. there is local redi'>trtbution of tit popula­
tions. with '>Orne new bird'> moving into the area and 
some natives moving out. Our sampling period ends 
during this redistribution period. and we have only a 
little evidence for it. Two young Blue Tits and one 
Great Tit were captured between 4 and 8 km av\ a) 

from the Wood within the sampling period. and sev­
eral more were captured else\\ her <.,hortl) after the 
end of the sampling period . Evidence of movement 
into the Wood came from on Blue Tit that fledged 
from a nest box on a farm to the south of the Wood 
and \\as captured 1.5 km av\ay \\ithin 10 days. in 
the northern part of the Wood. I lowever, because the 
proportions of nest box-banded tit" captured later in 
constant effort netting were . o clo'>c to the estimate-. 
of percentages of all ne ts that \\ 1.:rc in boxes. 1t ap­
pear" that jll\ enile d1spcr al did not have a great ef­
fe ·t by the time our '><llnpling period ended. 

Rcanal) sis of the data \\1th the la'>t tv\ o sc'.-.sions 
removed made little O\erall difference to the strength 
of the relation-.hips for the three earliest fledging 
species. This provide-. further c\ idence that any lo­
cal dispersal has not had a major impact by the time 
the . ampling period cm.b . 

MoR1 \I In 

1 \\ o of the four points in Fi gun: I vi th standard -
11ed n.~-.1duals >2 \\ere 1996 tor Great Tits and 1998 

for Blu' Tits (the left-1110-.1 points on tile graphs in 
Pig. I) . In both of these year-. there \\as massive 
mortalit) ol nestlings in nest bo cs. large!) through 
predation. Both species suffered in each or these 
year . although Great Tit... rather more in 1996 and 
Blue Tits more in 1998. It is not kmmn v\hether tht' 
predation wa:-. equal!) great amongst tits that nested 
in natural sites. Neither is it krnm n wh ther preda­
tion of nests was equally great in the area surround­
ing the Wood. Although very few juvenile'> were 
mist netted in the standard nets in these years (three 
Great Tits 1996. one Blue Tit in 1998). these num­
bers vi, ere higher thane peeled (Fig. I). Possibly this 
wa-. a chance re-.ult. but may also ha\ e repre-.cnted 
immigration from areas with Im\ er predation . 

Lack ( 1966) di-.cusscd the cause-.. timing. extent. 
and variation of post fledging mortality for Great Tit-. 
and Blue Tits. He found that there is heavy mortality 
before the beginning of ovemher, most of it in the 
first month after fledging . W. Peach (pers. comm.) 
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suggests that thi-. mortality is greatest in the f1rst 
few days after fledging. In these few days juveniles 
will be relatively immobile. waiting high in the tree 
canopy for parents to bring food. and o are particu­
larly vulnerable to predators. In . ranees of early death 
caused b) predators have been provided b) hand . 
from one Blue Tit and tv\O Great Tits. reco\ ered 
from owl pellets within our sampling period. In some 
year<;. we also noted ver1 heavy predation on Song 
Thrush nests, often at a late stage. In some case a 
Tawny Ov. I (Strix a/uco) sy tematicall) raided ong 
Thrush nests. as '>hown by bands of nestlings being 
found in the O\vl"s nest. Blackbirds seem not to have 
-.uffered '>)Stematic nest predation by the owl'>. a-. we 
have only ever recovered one , ingle Blackbird n st­
ling band from an) ov\I ne'>t. 

The level of immediate post-fledging mortality 
depends. among other things, on population siLe, 
weather, food availability. predator activity. and 
brood '>i?es . It varie'> greatly from year to 1car. and 
therefore \\eaken the relationship between number 
of ju enile-. mist netted and number of ne-.tlings 
bane.led. Ho\\ever. the fact that there 1s corr · lat1on 
bet\\ en number of ju\eniles captured and number-. 
handed in the nest suggests the immediate post ­
fledging mortalit) i generally similar from year to 
year (with the pos'>1ble exception of 1986). 

C \I' I l RI p \ TII R S 

A major problem in any t:stimate of productivity 
hased on captures of tits in mist nets lie" 111 the er­
ratic nature and non- inc.lcp ·ndence of caplllrcs. In th 
early post-fledging period. tits may remain in family 
P<ll I it.:s . Thus whole fa mi lies arc l)ften L.c.tplureu to­
gether rather than as indi\ iduab. Later young tits join 
mixed species flocks and . again. captures tend to he 
or groups rather than of individuals. The flocks of ten 
spend much of thei1 time high in the tree canop . nut 
or range of mist nets . Therefore tits can be abundant. 
hut not he captured . Nonetheless. there are ve1) fe\ 
years in which \\ c missed capturing at least some of 
the flocking birds. The distorting effect of flocking 
on mist-net captures 1s well illustrated by the 1980 
data. Tit... were abundant in I 980 (Table I) and there 
was high survival. but the constant effort captures 
\\ere relati\ely low. In ract many juvenile tits \\Cre 

caught but. by chance. the e captures \\ere in netting 
that \\a" not part or the constant effort program. and 
o did not contribute dJ.ta to this anal;sis. 

CONCLUSION 

For all r ur pec1e-. considered, there ,., a-. sig­
nificant correlation between the numbers of )' ung 
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hirds caught in mist nets and the numbers of band d 
n stlings deemed to have nedged. Despite variance 
introduced b the factors discussed above. number of 
jll\enile. captured in -,ummer appeared to pnnide a 
good index of local producti ity in mo. t years. 

The CES producti'vity index is compiled u<.,ing 
data from many site-, (t) pically -v ell o er 100), <.,uch 
that atypical captures at one ..,ite are unlikely to bias 
the national index. Moreover, the CES productivity 
inde i. meant to reflect numbers of juveniles sur i -
ing the immediate post nedging period, and the index 
was neither intended nor expected to repres nt site­
spe inc productivity. arly po. t-ftedging mortality 
and dispersal therefor pose little problem for the 
C scheme. Nonetheless, the fact that relation­
:hip · can be d monstrated between con<>tant effort 
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captures and known numbers of nest lings on a ... ingle 
site encourages confidence that constant effort data 
from many <,ilc<, combined will pro ide a measure 
of juvenile abundance that can reliably be U'iCd in 
calculating indices or adult producti it). 
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ESTIMATES OF ADULT SURVIVAL, CAPTURE PROBABILITY, AND 
RECAPTURE PROBABILITY: EVALUATING AND VALIDA TING 
CONSTANT-EFFORT MIST NETTING 

N \DA\ l R, Gr OF+RE'l R. G1 1 PH .• AND GR\ 1 8 ,\LLARD 

, llwracl We evaluate the u1.,c of capture-recapture data gathered\\ ith constant-effort mist-netting to infer adult 
... un ival. comparing estimate'> obtained using the program S RGE \\ ith direct olhenation" on color-handed 
1ndi\ idual-.. In addition. \\e determined capture prohabilily of hrceding adulh 111 relation to -.e\ era! factor'>, 
'>Uch a ... distance from nest lo nearcc.,t net. Data were collected a-. part of a long-term. on-going -.Ludy or ... pecies 
breeding at the Palomarin Field Station. Po111t Re)e" ational Sea-.hore. concentrating on Wrent1t ( Clwmaea 
/mciato). Capture probahilit) of breeding Wrentll adult "a"> '>lrongl) related to distance from nest to nearest 
net and. 111dcpendently. to the number of 1nterwning territorie bel\\een ne t and net. In addition. femaleo..; (and 
their mate'>) la)ing early 1n the -.ea1.,on \\ere le.,, lil-el) lo he caught than those laying later. Breeding adults 
who.,e ne ts \\ere more than 200 m from the clo-.e1.,t mist net \\ere rare!) caught. Most adults caught were tran­
.,1ent 1ndl\ iduab, not holding local breeding territone-,. Territor)-holder., "ere caught repeated I). non-territor) 
holders ''ere not. Recapture probability or tc111tmy-holdcr., in the following year (ii alive) 'Was estimated at 
71 r.,. but Olli) at s<'c fur thmc not holding local territorie'>. un ival or Wrenlit breeding adults \\<l'> C'ilimatcd lo 
be 57''c. which'""' -,light!) hclO\\ c llmates based nn re-..,igh1111g-. (:'i91'c to 6-1.<'T ). However, '>Un J\ al e"timatcd 
on the hasi-, ol Lapture-recapture of all adult-, (ignoring 1erritori,1l ...iatusl \\as onl) .38''f. We uggc ... t that. in the 
ah~ence of 111fmmat1un regarding tern tonal '>tatu .... -,uni\ al analyse-. be rL•.,tril:ted to indi\ iduals eaughl at least 
mice in a ea ... nn. Thi' is an effecti\e method for screening out trans1t'lll indi\iduals. 

/\.e1• lliml\: capture recapture. con ... tant t:fforl ncttlllg. producti\it) .... ur i\al. t1«111sienr..., \alidat1011, Wrentit. 

Population or certain orth mcrican landbird 
1.,pecies appear to be declining strongly (reviewed in 
Hagan and John ton 1992. Finch and Stangel 1993 l. 
For cffccti\e management response..., co be formu­
lated. underl) ing cauo..;;_ll factors rcc.,ponsiblc for the 
declines must be identifil:d. To under.,tand the cau1.,es 
or population decl111c requires detatled demographic 
information H<me\cr. the primary. long-e-;tahli...,hcd 
North American monitoring progra1m, !-.pecif1call) 
the l3recd111g Bird uney. do not pro' 1dc thi..., in ­
formation. 

The three mo-.1 critical demographic proce!-.sC<.; 
underlying population growth and decline arc (I) 
adult survivor...,hip. ( 2) reproducti\ c uccc..,s 1 i.e., 
prnduction or young. or "producti\it)"). and (3) 
rccrnltmcnt or young into the breeding population. 
These three demographic components are the most 
critical hecau .... c the change in breeding population 
c.,i1e from one year to the next. rcpre..,enting decline 
or recover) of a "pecie ..... can be directly attributed to 
a combination or the .... c three cumponenh {pnn iJeJ 
that immigration balances emigration). The need 
r ir researchers. manager..,, anJ agencie .... to a1.,se " 
'>Lich primar) demographic parameters ha-. been 
rcpcatLdly stressed b) many authors (Temple and 
Wien:-. 1989. DeSante ct al. l 993b. Nur and Gcupel 
l993h). 
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Mist-netting appears to he a potential!) power­
ful and efficient means or collecting critical data on 
Jemographic parameters ... uch as annual sun i\al 
and reproductl\ e ...,uccc "· and ,..., the corner...,tonc ol 
.... c\eral monitoring progra1m. mcluding the C'on...,tant 
Effon • ites ( 1- ) chcme of the British Tru .... 1 for 
Ornitholog) (Baillie t:t al. 1986. Bibh~ et al. J 992. 
Peach l 993. Peach et al. thi., rolume). and. more 
recently, the Monitoring vian Product1 vii) and 
' urv1vor..,hip (M PS) program of the Institute of 
Bird Populations (De ante et al. l 993h. thi' 1·0!1111u:). 

HO\\C\er. the accuracy and validity nr inferences 
based on mist-ncttrng data have on!) recent!_ been 
.... tud1cd (though .... ce du Fcu and Mc\.1ceking 1991 ), 
and we know ltlllc about the ltmtlat1ons or data 
derived from constant cffon mist-netting (C~ M). 
Finally in the ab .... cnce or information on the speclfiL 
portion of the sampled population to "hi ch mi'it-net­
ted binh belong. it is impo..,sihle to develop method.., 
ot data collection and data analy.,is that be<.,l mea ... ure 
demographic parameter .... or the target portions of the 
population (c.,uch as local breeders). 

Both CEM and 111ten .... i\e ob en at ions of color­
banded indi\iuuat ... ha\e been undernay at the 
Point Reyes Bird Observator) (PRBO) since 1980. 
Because the same population has been ,'tudied with 
different methodologic . we are able to e\aluate 
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demographic inferences made using lhe C M meth ­
odology, by comparing results with inferences made 
using a "econd meth dology. In addition, we are 
able to e"timate capture probability, which is rarely 
knO\\n for natural population'>, and e\aluate \\hethcr 
captured indi iduals are a random sample of tho'>c 
present at the bre ding site . 

Here we report elected results of a project that 
we refer to as "The Mist-Nel Validation Ludy," wilh 
regard lo adult survival, caplure probability, and 
recapture probability. We c n<,ider factors influenc­
ing caplure and recapture probability, which could 
therefore bias demographic eslimates. In this paper, 
\Ve reporl re ults from a ingle site over the period 
1981-1991. dditional a<.,pech of the project have 
been reported in ii key et al. ( 1999) and Nur et al. 
(2000). 

M THOD 

The stud} . pecies i., the Wrcntll (Chamaea (asc iata) . 

\\lm:h ha-. been the '>UbJect of relatively little prior tuc..I) 
(Erick-.on 1938, Geupcl and De anLe 1990. Geupcl and 
Ballard 2002). Wrentih arc monogamous, year-round. 
territorial resident--, and both parent-. share in pan:ntal 
care -.uch as ne::.t-builcJ1ng anc..1 incubation . The Wrcnllt 1s 
con:-,idercd to be quite -.cdentary (Erick-ion 19~8. John-.on 
1972), and "'e found that <I If or brccucr-. mm e thei1 tcrri ­
toric bct\\ecn years on our stuuy ... ite (Geupel and De ante 
1990. Geupel and Ballard 2002) Thi" make the specie., 
\.\Cll \UitccJ for est1mat111g sun1\or.,hip on the has1" of 
capture recapture cJ.na . Wn.:ntits maintain year-round te1 -
ntoncs anu that. together \\ith the ..,ecJentary nature or thi ... 
<.,pccic .... make-. them good candidate<., for a validation sllld) , 
bccau-.c bird-. observed on the -,1uuy grid arc likely to hi.: the 
),amc ones caught 1n the nets . 

The field work wa-. conducted at PRBO\ Palomarin 
Field • talion, located JU'>l \\1th1n the \OUthern boundary 
of the Point Reyes at1onal ca-.horc and adjacent to the 
Pac1fl · Ocean. On the ma111 J6 ha -.tuc..ly site. \\e ..,imultane­
ou ... l) earned out constant effort 1111 ... 1-nctting, nest -.carl'lll~.,, 
intensive -.pot-mapping, and heh:l'.ioral ohsen at ion.., of 
color-handed individuals. 

onstam effort mi..,t-netting was concJuctccJ using 
20, 12-m mist nets comprising 14 netting <;itcs (Fig. I). 
. ight sites ( 14 nets) were locatccJ on the edge or mixed, 

evergreen forest habitat comprised primarily of coast live 
oak ( Querl'l/\' agrifola), ali rornia ba ( umhe/111/aria 

cali/bmirn), Dougla~- fir (P <'lldot<'rnga me11;;:iesii), and 
alifornia buckeye (Aesculus calif(;mic11.1). The other '>ix 

single nel'i were I catcc..I in disturbed coastal scrub, which 
i ... the preferred habitat of Wrent1ts (Erickson 193 , 0 

heck-list 1983). This was compm.ecJ primarily or coy ­
ote bush (BaccharL pilularis), alifornia sage (Art£'1J1i.1a 

culi/omica), bush monkey flower (Mimulus m11·l111tioc11.1), 

poi-.on oak (Rhus diw>niloha), alifornia blackberry 
(Ruhus 1•itif(;/ius), and aliforn1a coffeeberry (Rha11111111 
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rnltfim1ica) intcr..,per-.ccJ "'ith introduced grassc-.. !·or fur­
ther description of the ..,tuuy area '>CC De ante and Geupcl 
( 1987) and Si Ikey ct al. ( 1999). 

ct location.., \\ere adjacent to , and extended acros., , 
approximate!) 25 cf of the 36 ha stud) plot (Fi g. I) . ct 
location.., were selected .,o a., to maximize the number of 
birds caught (L. R. 1c\\alc..lt. pcrs. comm .). The standard­
i1cc..I mi.,t-netting proceuure \\.a. c..le'>cribcc..I by De ante 
and Gcupel ( 1987) and conunuecJ "'ith only minor change 
during the study period, 1981 1991. Brie fl). nets were run 
7 days/week for 6 h, beginning 15 min after local sunrise 
(weather permitting) from I May (from l April prior to 
19 9) to approximate!) 25 ovember, and 3 c..la).,/\.\eek 
(Wednesday. aturc..lay. and unday) from Dccembi.:1 
through end of March (through end of April. since 1989). 

Detailed monitoring of indi\ iduah ~a-. conducted on 
the 36-ha . tuc..ly plot anu ha ... been d scnbcc..I ehcwhcrc 
(Gcupel and DcSante 1990). In brief. identities and terri­
tory boundaries of color-marked individuals were cJcter­
minecJ from detailed '>pot-mapping censuses conducted a 
minimum of 3 days/week during the breeding season ( 15 
March- 31 July) throughout the 11 year-. of the '>tuc..ly . Each 
territorial incJi\.icJual \\as oh.,ened a minimum of once C\ ­

cry two \\eek'>, and normal!) at least once per \\CCI.. 
oncentrated effort-, were made to locate and monitor 

all nest attempt'> of all territorial pair'> on the -.tuc..I) area 
from J 981 through 19 5. anu from 1987 through I 991 . o 
attempt was made to locate nests in 1986 and ellon ~a-. 
reduced in J 980, hence we cxcludccJ those years from anal ­
yse-. of fledged young. The rni.:thou of locating anti moni 
tnring Wrenlit nests \\a'> tle-.cnbccJ 1n Geupel anti De~ante 
(1990) . early all -.ucces..,ful ne-;t (tho..,c flcc..lg1ng one or 
more young) \\Crc found before fledging, and nc ... tlings 
\\l!rc inc..11\.idually colo1 -hanc..lcd . duitional intl1v1duals 
\\Crc color-banded \\hen fir ... t caught 111 mist-net.., a.., hatch 
ing year (HY) or a-. after-hatching )ear ( 1 IY) bird'>. 

llcre 'e analy1c -.u1"vival and capture probability ~ ith 
rcspi.:ct to terr1tonal ... 1a1u .... al\ 111J1\.1duab. \\.ere das ... ilieJ a-. 
"territory holder-." or "non territory holder-." according to 
\VhLlhcr or not they were knmvn to nuintain breeding terri­
tories on or adjacent to the '>lUc..I) grid . Wherca.., all territory 
holder ... were pre-.umccJ h1ci.:c..lcr-. \ \\hich could he conltrmecJ 
through ne'>t-linc..ling and monitoring), non-territnr) holder-. 
were mostly tran ... 1ent 111tl1\.1dua1.... on-territory holder" 
ma ha\·e been "lloatcr..," ('<'IHI/ tutchbury and 7ad 
1992). hut it is also pos ... iblc that some inc..li\.idual-. bred 
outside the -.1udy area. otc that some non-territory hold­
ers were floater-. di..,playing local site llc..lclity (Nur ct al. 
2000). 

We examined differences in capture rate<, (per '>Ca.,on 

and over the obs 'n-ed lifetime of indi' iduah) for adult~. 
comparing territory holders and non-territory holder'>, us­
ing Poi on regrcs. ion ( tataCorp 1997). We U\ed linear 
models to test for difference.., in capture date-. between 
kntn\ n territory holders and non-territory holder-. ( eter ct 
al. 1990), after determining that assumptions of thi'> method 
were met (Nur ct al. 1999). We e aluatecJ differences in 
capture probability of territorial (breeding) adults with 
respect to di),tance of the nest from nearest net. number of 


