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TABJr· I. Co"lJl~l Jll 

I looded Warhlcr ( IJ'i/rnnia citrina) 

\\.il..,on· Warhler (II'. pmilla) 

Yello\.\-brcastcd hat (fuuia 11re11.\) 

Chescnut--.idcd Warbler (D pe11.n-/rn111rn) 
Summer Tanager (Piran~a ruhra) 

Scarlet Tanager (I> oli1'l1cea) 

Dark-eyed Junco (J1111co h\'e111ali.1) 

Ro..,e-brea-.tcd Groshcak (Phe11c ficus /11do1·icia1111\) 

Blue Groo.,heak (6111raca caau/ea) 

Indigo Bunting (Passerina C\'anea) 

Painted Bunting (P. ciri\l 

Dickc1-.sel ( pi:a a111erh ww) 

Bobolink (!Jo/ichon\'.\ 01:1·::.irnr11\) 

Orchard Oriole (htl!rll\ spurius) 

Baltimore Oriole U. ~a/hula) 

were netted at each of our o.,tations each year. Daily 
pattern-. of arrival at 'itOpO\cr site.., rnried consider
ably from year to) ear. a. illustrated b) tl\'e )ears of 
capture data from East Ship lslilnd (Fig. 2). Numbers 
of individual bird.., captun:d/recaptured on a..,t hip 
Island each year were: 87 J/70 ( 1987). 2,327/385 
(1988), 3,080/306 ( 1989), 2,S85/437 ( 1990), and 
2.~51/240 (1991); and on !lorn Is land 2.022/419 
( 1992). The annual percent or birds recaptured one 
or more times ranged from 8.0-20.7% (mean = 
1.3.05 ± 4.36% ). Annual pring capture rate-.. first 
captures. and recapture..., combined for all specie . 
ranged from 0.35 to 0. 70 bird-. per nd hour. 

The mean numht.:r of htrd ... n tted annual( /1,000 

Caplllrc,11.000 11c1-h 

27 97 
0.05 
JA5 
2.41 

20.20 
13.16 
0.05 

18.47 

-US 
.+3.85 

7.JJ 
O.J 
0.13 

26.92 
.f.49 

CV 

0.65 
2.24 
0.72 
0.67 
0.20 
0.60 
2.24 
0.68 
OA2 
0.54 
0.83 
1.56 
2.24 
OAI 
0..+9 

net-h varied con. iderably within ..,pecie..., (Table l ). 
Coefficient of \ ariation (C : Zar l 984) fo1 an nu.ti 
mean rates from 1987 to 1991 on Ea"lt Ship Island 
provide an index or annual within-station capture 
rate variability. Fore ample. over all years. approxi
mately 63 White-eyed Vireos were captured/ 1.000 
net-h, but annua l capture ra tes were high ly ariable 
(CV = 74% ). In contrast. Black and-white Warblers 
were caught les-. often ( 16/ 1.000 net-h ). hut <lllnual 
capture rates were much less variable (CV = 27 J( ). 

Most of the birds captured at our -.tuc.J1 sites had 
IO\\. fat resen cs. Overall. slightly over 50 ~ \.\ere 
scored"() fat." although there \\as some variation in the 
average rnndition of birds from year to year (Fig. J ). 

'""'~~! ( MS AL \ 

TX ) LAL~ 
r1~M 
~ 1 

Gulf of Mexico 

FIGURE I. Study si tes on the north shore of the Gulf of Mexico. Site I =Peveto Beach. Loui.,iana. ite 2 = hip and I lorn 
bland-.. Missi-.-.1ppi. 
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FIG R 2. apture rates of tran'.-1 -Gulf migrant!'.. on Ea'>L . hip bland. 1987 1991. 
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FIG RE 3. Distribution of arrival fat 'iC:ores of trans-Gulf migrant-. netted al East 'hip bland ( 1987-1991) and I lorn Island 
( 1992). M1s-.issipp1. 

Birds with no fat resene-. \\ere more likely lo remain 
at "topover site'i and be recaptured than were birds 
with higher le\'eb of bod} fat (Fig. 4). Examination 
of arri\al \\eight and ..,topO\er length for ..,i common 
specie" illustrates the pattern. In general, bird" arrived 
at Peveto Beach in better condition (Table 2) and 
tcndl:d to depart sooner (Table 3) than birds al East 
Ship island. We pre\ iousl} t'ounc.J cvic.Jence of difkr
encc in habitat qualit related to prey availabllit} at 
the l\\O stations (Moore and Simons 1992. imons 
ct al. 2000). v,hich ma explain \\h) bird. at Pe\' ·to 
Bl:ach tcndec.J to gain \\etght more quickly than bird. 
storp1ng mn on a"t lup Island (Table 4). Thus. the 

capture probabilities for 1ndi\'ic.Jual bird" at thc..,e two 
stopo er -;ites appeared to he a function both of the 
bird·..., arri\al conc.Jit1on and the a\ailability of food at 
the ... topo\ er ..,ite'>. 

We compared mi ... t netting data from Horn Island 
in M1<>!:-.i..,sippi Sound with data collected imultane
ou...,ly from a coastal weather radar <>ite, and from 
field censuse.., on mainl<11H.I habitat... (Fig. 5 ). to 
evaluate the stopmer habitat requ11"ment of tran-.
Gulf migrants at broade1 geographic calc-.. Rc-.ult" 
prm ide some indication of the extent to\\ hich 1111st
net data from a -.ingle ... talion renect conc.Jitions at a 
hrnadcr scale (Fig. 6). 01vcr the cours~ of the entire 

O Not Recaptured •Recaptured 

* • 

2 >2 2 >2 2 >2 

1990 1991 1992 
Fat score (by year) 

FIGURE.+. Fut \Core vs. recapture ..,tatu of trun-,-Gulf migrants netted on East Ship L land ( 1987- 1991) and I lorn lslJnd 
( 1992). Mi ... s1-...,ippi. * indicate.., difference betv.een pi:rCl:llh (t-te..,t. P < 0.05) 



T \fll F 2. \ER \GE .\RRI\ \I \\ IGHT ( CiR \\1S) OF fR \ . -GLI I \1IGRA T .\ T CO \Sl I STOPO\ I R SITE. 

• pec1cs ite 19 '7 19' 1990 1991 

Hooded Warbler PEV 9.67±0. 6 (273) * 9.57 ± 0.90 (2 9.84 ± 0.85 ( 134) ** 9.62 ± 0.88 (58) 

ESI 9.40 ± 0.90 (31) 9.80 ± 0.90 (32) 9.30 ± 1.10 ( 152) 9.70 ± 1.00 (94) 

Red-eyed Vireo PEV 15.65 ± 0.16 ( J99) * 15.79 ± 1.59 (574) .. 15 .82 ± 1.53 (80) 16.26 ± 2.10 (25) 

E I 1:.00 ± 1.70 ( 170) 15.5 ± 1.60 (8 3) 15.70± 1.70 (2 0) 16.40 ± 1.90 (370) 

Indigo Bunting PEV 12.25 (I) 12.80 ± 1.3 (372) ** 12.8±1.21 (49) 13.0 ± 1.43 (85) 

E I 12.70 ± 1.-0 (. 0) 13.60 ± I. () (360) 12.80 ± 1.70 ( 101) 12.80±1.40 ( 105) 

Blac!..-and-\\hite Warblt.:r PEV 9.53 ± 0. 9 (. 3J 9.56 ± 0.90 (147) I<* 9.62 ± 1.15 (31) ** 9.30 ± 0.75 (27) 

El 9 .. 0 ± 0. 0 (29) l. 0 ± 1.00 (65) 8.60 ± 0.80 (62) 9.20 ± 0.90 (62) 

urn mer Tanager PEV 27.17±238 ('."6) ·~ 27.63 ± 2.47 ( 154) ** 28.60 ± 3.50 (73) * 27.77 ± 2.81 (37) 

E I 26.10 ± 2.30 (-+5) 26.30 ± 2.30 (93) 27.30 ± :uo (73) 28.80 ± 3.10 (43) 

White-eyed Vireo PEV 11.15 ± 0.92 {-ti) ** 11.42 ± I. I_ ( 13 ) -1<* 11.27 ± 1.22 (81) ** 11.27 ± I.OS ( 17) 

ESI 10.60 ± 1.00 (73) 10.60 ± 0.90 (91) I 0.60 ± 1.00 (536) I l.00 ± 1.20 (228) 

\01n PL\ = Pe,cto Beach, l.ou1,iana. E I= J:a,1 htp Island, \11' t' 1pp1 . Da1a are rep netl u mean± one l ( J. T\\o ample l-lc,l lor tl1llcrcnccs hel\\ccn 'lles. unt· -ta1ktl P \alucs reported as • (0 .01 < P < lUl5 ). (!' < 0.011. 

TABI E 3. A\ FRt\GE D.\' S 01 STOPO\ FR BY TRA,S-Gl LF MJGRA T. AT CO TAI STOPU\ l·R SITLS (MOORE A'D KLRL I (,J R J 987) 

pi.!CIC' Site 

I Ioodcd Warbler PE 
E T 

Rcd-e)ed ireo PEV 
ES! 

Indigo Bunting PEV 
E 1 

Black-and-white Warbler PE 
ESI 

umrner Tanager PEV 
E I 

White-eyed ireo PE 
EI 

1987 

I 43±0.74 (41) 
4.50 ± 4.95 (2) 
2.00 ± 1.on (4) 

2.33 ± 1.:' (3) 

2.00 ± 1.0) (3) 

1.33 ± 0.5 (3) 

1.50 ± 0.71 (2) 

1.75 ± 0.9- (4) 

3 00 ± 2. 1 (_) 

l.3±l.17 (6) 

2.67 ± 1.6 (6) 

1988 

3.1 ± 2.67 ( 106) 

1.00 (I) 

2.00 ± l.t 0 (36) 

1.97 ± 1.90 (29) 

3. J 0 ± 4.36 ( 11) 
3.52 ± 3.67 (31) 

2.50 ± 2.00 ( 19) ** 
1.50 ± 0.65 ( 14) 
1.80 ± 0.87 ( 19) 

1.75 ± 1...1-9 (8) 

3.-+0 ± 3.45 (33) 
2.90 ± 2.71 (30) 

1990 

1.85 ± 1.66 (33) * 
2.97 ± 2.37 (30) 

2.92 ± 2.23 ( 12) 

2.57 ± l.90 (7) 

7.18±9.81 ( 17) 

2.50 ± 2.12 (2) 

3.41 ± 2.69 ( 17) 

2.22 ± 1.72 (9) 

3.80 ± 4.09 (5) 
2.1 ± 1.47 (11) * 
5.11 ±5 .71 (75) 

1991 

2.61 ± 1.75 (23) 

2.20 ± l.48 (9) 

2.00 (I) 

l. () ± 1.30 (5) 

2.00 ± 2.00 (2) 
2.20 ± 1.10 (5) 
2.00 ± 1.00 (3) 
2.60 ± 3.72 ( 10) 

13.00 (!) 

3.67 ± 3.06 (3) 

2.00 ± 1.73 (3) ** 
4.84 ± 5.62 (37) 

\<Jil' ' PE\= Pe\clo Beach. Lou1,1ana. 1-51 =Fa,! hip (,Jantl . \11 '1"1pp1 Dara are rcp<Jned a me.in:!: one SI'. I ') T\\o ample He'! for tltllerem:e' hcl\\cen ue,. one-1a1letl P \alue' reporied a ({) .01<P < 0.0:\l . 11' < (l.01 I. 
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FIG RE 5. tudy sites u eel for compari on of data on migratory bird acll>it) collected u<.,ing mist nets (Horn hland. 
Mississippi), field ccnsu"c" (9 paired study ite in pine uplands and riparian habitats, coastal Miss1<;sippi: shown b) pain:d 
squares v,ith circles in them). aml radar imagery (WSR-57 weather radar, lidell. Louisiana) . 

season, mi'>t-net capture rates. m1grator) activity in
di ated hy radar echoe-.., and the number of migrants 
detected on field censuses were correlated within a 
geographic radius of I 00 k.111 . Peak.<. in coa, ta! migra
tory bird activity e ident in mi-.t-net and radar data 
around 30 March, 7 April. 20 Arri), and I May were 
generally followed b) peak-. in number of pas ... agc 
migrants detected by ncl I ccnsusc'> on the mainland 
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(Fig 6: Kendall' , rank correlation analy-;i , W 
0.643. x = 32.793, 0.01<p<0.025). 

DI USSIO 

Data collected by netting bird., at coastal stopc)\er 
sites are u. eful for ansv,ering a 'aricty or questions 
related to the ecology and habitat requirements ot 
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FIG RE 6. Comparison of migratory bird acti\ity ba.,ed on data from mist netting, field censuses. and W R-57 rudar 
imagery. etting data (dark squares) arc reported as number of birds captured/SO net-h. Census data (white triangles) 
arc reported a. total number of migranh counted in morning censuses. Radar data (dark circle-;) arc reported a-. the mean 
number of flock'> per 20" . ector of the W R-57 radar image (Gauthreaux 1994). 
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migratory birds. However, population indices. such 
as mist-net capture'\ from stopover sites along the 

ulf Coast, may not provide data ·uitable for moni
toring population le\el.., if capture probabilities vary 
over time or space (Pollock et al. 2002) . 

Analy i. of the arrival condition of birds at 
stopover sites sugge'lt that birds with sufficient en
ergy reserves continue migration. or move to alt rnate 
habitats more quickly than lean bird . . or that they may 
simply over-fly some coastal stopover sites entirely. 
Confirmation of this phenomena is provided during 
a typical bird "fallout, " which occur- when birds en
counter late cold front or local thunder torms. nder 
these conditions. it is common to capture birds v. ith 
large fat re enes that. under fa orabl weather con
dition ·. would have "imply over-ftov\ n these coastal 
sites (Moore et al. 1990). In 1990, when fallout condi
tions occurred on East Ship Island in early and mid-

pril (Fig. 2), bird'i were fatter on a erage than in 
years when fallout events were le : common (Fig. 3). 

Weather is clear! a dominant factor influenc
ing the total number or birds captured per net-hour 
at an indiviJual 'ltation (Bu-;kirk 1980. Moore and 
Kerlinger 1987 ). Weather conditions fa orable for 
migration will reduce the proportion or a popula
tion stopping at a migratory stopover site. avorable 
weather also increases the likelihood that birds visit
ing <.,topo,er sites will be in better condition. We have 
sho\.\ n that recapture rates are 10\~er for migrant... in 
helter energetic condition. The a erage energetic 
condition of bird-. (determined by their com.lition 
on Jeparture from the wintering ground . distance'> 
flown. or wind condition'\ encountered enroute) will 
L\\\ inllu n' capture pn hahllitie · at '>h \1( ver '>ilc . lt 
is u<.,ually not pos..,ibl' to distingui . h whether differ
ences in capture rate-. at topover ites reflect differ
ences in the a' eragc energetic condition or migrants 
or dCtual differences 111 population le eb. For long
term trend" to he unh1a'led it has to be assumed that 
\ariation in mean annual energetic condition occur" 
randomly among) ear-.. 

Finally. variability of habitat quality at stopover 
sites will also intlu1.:nce the likelihood and duration 
of stopover. and therefore capture probabilities. Both 
the yearly succ ...... ion or vegetation and the t mpo
nlr) abundnncc )f pre) " ithin year influence cap
ture probabilitie.., at sll)pover ite . \.\hich j.., why re -
ommendations for migration monitoring emphasize 
the need for maintaining uniform habitat (Hu..,sell 
and Ralph 1998). Thus. differences in seasonal and 
annual weather patterns, the arrival condition or mi
grants. and habitat quality at stopover sites all influ
ence the probability or capturing bird'i with mist -nets 
at stopo\er 'lite'> along the northern Gulf coast. 
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Abundance estimates ba..,ed on mist-net based 
count indices can be adjusted by modeling date. 
weather. moon phase and year as covariables (Dunn 
and Hussell 1995. Dunn et al. 1997. Hussell ct al. 
1992. P; le et al. 199.3 ). These approaches ma} be 
most suitable for inland -.ites a<ljacent to breeding ar
eas where the energetic condition of migrants, habitat 
con<litions. and migratory pathways are le s variable . 
At '>ites ~ ith high daily turnover rates. modeling 
covariates may provide unbia'>ed indices of popula
tion size if the assumption that only ne\\ I} arri\'ed 
bird'> are included in analyses can be met (Dunn and 
Hussell 1995 ). Wh n recapture rates are low (<I O'K) 

this assumptions ma) be valid. Higher recapture rates 
(up to 20%) at our study 'ii tee.., along the Gulf oac..,t 
may make it difficult Lo meet the as'>umptions of this 
approach. Modeling covariables ma; not be surtlcienl 
to control for the variability in capture probabilities 
inherent Lo populations migrating across large eco
logical barriers c..,uch as the Gulf of Mexico. 

Not surpri'>ingl}. differences in the factors affect
ing mi-.t-net capture probabilitic.., appear to increase 
\\1th the distance het\\ ecn 'ilUU) c..,ites. Differences in 
the arri\al condition of birdc.., at Pc\ eto Beach and 

a ... t Ship bland (400 km apart) suggest that these 
sites are sampling population.., folio\\ ing different 
migrator) routes. In contrast. local WSR 57 radar, 
field census results, and mic..,t -nct data \\ere corn> 
lated on a scale of 50 I 00 km at our c..,tudy ..,itc in 

Mi ..,i .... sippi. Williams d al. (200 I) ohserved a simi 
lar local scale correspondence hd~ecn obsenation.., 
or rrngrant'i in Ne\\ Hampshire u ing portable mannt: 
radar. ceilomcter. an<l ground ccnsu data. 

Presumabl; sampling ·:i.t a fair!) hne gel gra1 hie 

seal across the northern Gulf would be necessary 
to underc..,tand population level patterns of tranc..,-Gulf 
migration. Nevertheles'>. establishing a network of 
sampling sites along the Gulf Coast would probably 
prove to be an inefficient approach to population 
monitoring. because \\-hi le migration can be \ ie\\ec.I 
as a broad-front phenomena on decadal or longer 
time scales. annual patterns of arrival tend to be quite 
localized. In any single year only a small percentage 
of sites would be expected to collect data sufficient 
to assess population trend'>. Thus the sampling frame 
required to adequate!} track population trends \\ould 
be very large an<l expensive. 

Recent advancec.., in the application of W R-88D 
Doppler weather radar to bird migration hold the 
promise that it nm) one da} be feasible to imple
ment a sampling frame sufficient to monitor bird 
population trends through migration monitoring 
(Gauthreaux and Belser 1998. Gauthreaux and 
Rus'>ell 1998). although individual specie.., can not 
he identified . On-going validation '>tudie" employing 
ground truthing of radar imagery ~ ith mi t-net and 
cenc..,us based field data will determine tlP potential 
of thi.., nC\\, technology. 
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BIRD POPULATION STUDIES IN PUERTO RICO USING MIST NETS: 
GENERAL PATTERNS AND COMPARISONS WITH POINT COUNTS 

Jou F -\ABORG,W 'I EJ.ARL DT,A, DK.\TlrM.DLGGER 

Ahstract. Mi..,t nets have been used to monitor -.i1c. composition. and survi\al rate'> of bird populations 1n the 
Guanica Forest of Puerto Rico every winter -.incc 197'2. ach line of nets consi\t'> of 16. 12-m nets erected end
to-cnd in a -,traight line and operated from dawn to dark for three consecutive day-.. I lcre we examine features of 
the netting protocol that could affect quality of rc-;ults for population studies. incluuing species samplcu, length 
anu frequency of netting sessions. and number\ of captures and recapture'>. Point counts and mi-.t-net ... amplcs 
gave ver uifferent n.:..,ult-. for relati\e abundance of specie . umber of bird.., captured for the fir-.t time\\ ithin a 
sample ucdincd rapidly O\Cf three day ... or netting.\\ ith fC\\ birds captured the third OU). regard le ...... of a <,pccie-.· 
abundance. ct avoidance \\as <,trong \\ithin 3-day sample. but not between different netting ..,ession.., (which 
were at lea'>t three momh-. apart) . We .,uggc..,t these -,amples are indicative of U\ ian population re-.idcnt \\ 11hin 
the area of net lines. and that three day-. i-, a -.uf!icient length of time to capture the maJority of bird<, u-,ing that 
area. at least in the lcrn -statured vegetation ofGuanica Forest. However, in more di\ersc or structurally complex 
habitats. mist nets may not sample as large a proportion of the species and individuals present. 

Key Words . mi'it net-., net avoiuance. population monitoring. SLtr\ ival. 

1ist net'> have been used to monitor bircJ popu
lation'> in the Guanica Forest of Puerto Rico -,ince 
1972. first by J. aaborg, and later in cooperation 
with all the authors. Hlriety or papers has resulted 
rrom this work (reviewed by Faaborg and Arendt 
1990, Faaborg et al. _()00). Mist-net captures were 
used initially to compare population le els between 
i.,lands (T rborgh and Faahorg 1973), and to look 
for patterns in the morphology or '>pecies making 
up i-,land bird communitie., (Faahorg 19 5). ftcr a 
sev1.:re drought, monitoring wa., continued to i.l'>'>e'>s 
the effect or drought on hird populations ( aahorg 
l t K2, a·\b0rg t al l (.)~4. aah0r~ and rendt 
l 992a, ugger et al. 2000). aptures or winter 
r :-.ident<; provided observations ab ut site fidelity 
and territorialit) (Faaborg and Winter · 1979) and , 
after 15 years. a :-.evere d cline in capture. of winter 
resid nt warblers \ a ... noted (Faaborg and Arendt 
l 989b, l 992b). With long-term recapture data. we 
wer able to measure demographic trait of both 
resident and winter resident birds. looking first at 
longe ity (Faaborg and Arendt I 989a) then. using 
advan ed statL tieal models, survival rates (Faaborg 
and Arendt 1995 ). Our lat st contribution (Dugger 
ct al. 2000) e amin d relation. hip. between rainfall 
pattern and both population and . urvival rate \aria
tion within the resident bird. of the fore . t. using a 
26-year data . et rrom a netting '>ite operated -,inee 
1973. B au e hurricane Georges caused ex ten. i\ e 
damage to the fore. t in the fall of 1998, future work 
will have to incorporate the effects of this event on 
population and . urvi\al parameters. 

In thi'> paper, v e evaluate our netting protocol. 
!though it is unlikely that \l,e would change these 

after 30 years. it i'> important to understand strengths 
and weaknesse'> of our methods in order to better 
interpret our result..., and to make recommendations 
to others. 

M THOD 

• ll D't ITI 

The Guanica Fore..,! i-. managed by the Department of 
atural Resources ot the Commonwealth of Pu 'rlo Rico. 

It is a .+.000-ha reserve 'iituated along: the soutll\\t:st coa..,t, 
compo..,ed of approximately 50~ natural '>uhtropical de
ciduous fore-,t and 5()<'f regenerating forest. The relatively 
urn.Ji..,turbed parts of the fore'>t arc con.,iuered to be the best 
remain mg C\amplcs of this forc"t t) pc in the C\\ orld. 
anu Guanica Fore-.t I'> Ii ted a a World Bio phen.· Rescn e. 
• ubtropical deciduOLI\ fore\! is short and thorny (sec 
Terborgh and Faaborg 1973 for further dcscnplion.., and pho
tographs). Mean canopy height in one stud \ltC wa-, 5.2 m 
(Terborgh and Faaborg 1973), tcw trees exceeded 8 111, and 
vegeLation height has remained fairly con-.tant over the life 
of the sludy. Differences bct\\.een "pecies in \Crtieal torag
ing behavior do not appear to be a major means of ecological 
separation among West Indian '>pecies (Faaborg 1985 ). espe
cially in uch a short forest. so nearly all birus found 111 the 
tore-.t frequent the zone sampled by mist net (<2.5 m). 

L TTl"IG PROTOCOi 

The . tandard mist-netting protocol invol es setting 16 
nets, each 12 m long. as close to end-to-end as possible and 
in as straight a line as pos..,ible . From 1972 through 1996 

144 
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WC U\Cd 36-rn111 mesh nets (u ... ually the Association or f-icld 
Ornithologist-. type ATX). incc 1996. we have used 10-
111111 mt..:sh net-. (from pidencch) hecau-.c the..,e nets have 
a fuller hag. \\hich we felt \\Ould increa-.e capture ... ol the 
... mal[c..,t 111igranh \\.hile not reducing capture.., of the largc ... t 
rc"1dcnts. o change 111 capture rate \\as apparent with the 
change 111 mc..,h si1es. 

Mo ... 1 or the t11ne \\c have only one netting \Cssion \\ ith 
each line annually. in Januar) or early Fchruar). hut on a 
fc\\ occasions '' e ha' c operated a line again during the 
breeding sea..,on (June or July) or during early or late winter 
(October m March). The original net line. -,iluated \\ithin 
undi..,turbed forc..,t at an intermediate cle\ ation ( 150 mJ. ha-. 
hccn operated annual!) \tncc 1973 (except 1977 and 1979). 
Eight new line.., were aJdcd during 1989-J 991. ..,<.:altered 
throughout the cemral part or the forc-.1 to ... ample a range of 
location ... and vegetation l) pc..,, tncluding lines in portions 
or the forest that were hea\.ily disturbed O\cr 60 years ago. 
All nine lines have been operated annually '>ince 1991. 

Two pair-. of 1111es arc 100 m apart (from the end or 
one line to first net ol the next line). whereas other lines 
arc at lca ... 1 l km from their nearc-.t neighbor. Each line 1 ... 
opc1atcd tor three consccutne da) from Jawn (a-. -.oon as 
hah ..,top tl) ing) ro dusk (Just belore hats tart fly111gJ. In 
Januar). thi' 1.., from appro im.rtcl) 0700 to I 00 hour .... 
Lines ar.: checked con ... 1,rntl) during the first da) \\hen 
capture rates arc high. and then regular!) (at t.:a ... t e\el) 20 
min) after capture rate decline .... 

Prn ·1 m :s 1 11 Ttlot>s 

To determine the rclati' c 'aluc or nclling 'cr ... u.., '1 ... ual 
cL·n-.u-.ing for dcterminin~ pccie compo ... itil)n anJ rclati\c 
drn ... it). J. Faahmg and l\\ o colkaguc-.. (T. Donm an and 
B W11od\\ onh) conJuctcd .1 enc" of point count-- during 
f l)l)J, follO\\ 1ng ll 1lll)Jificatio11 or l!Uide[inL'" for\\ inter Cell
..,ll 111g (liu!lo et al. 1986). 1•1\l' poini... \\ere ..,ct up in aliun
mcnt with c.1ch row or net-... The middle plllnt wa ... at tlw 
mid-point of the net line, one \\a" at each end l)OO m Imm 
thl' center). and the la ... t ones \\ erL' I 00 m beyond the end-.. 
of the net li111... Thc..,c poinh arc clo-. ·r togL'lhcr than i-. u ... u
ally n:commendcd. but \\C fclt thi.., ''a" ncL·e-.1,,arv to cn ... tirc 
till: point amplcd the net line area. We conducted 10 min 
count-.. rceording hird-.. both \\ ithin a 25-rn iadiu ... or the 
p(lint and all bird.., recorded bC)lllllf thi. lixcd raJiu .... :aclt 
point wa.., 'i itctl on three di lkrL'lll morning .... \\hen the net 
\\ere not in operation. Each \isit \\a"> conducteJ by a differ
ent ohsc1vcr, each ol whom wa-.. l"amiltar \\ith the call ... and 
..,ong-. of Puerto Rican hmt.... ounh '-tarted 15 min before 
-.unri ... c. und 11 took about one hour to complete '>ampling at 
each net line. For this paper. we computed average detec
tion ... per point for unlimited di..,1,1ncc for each pcc1e . 

RES LTS 

l'ICll.., C0\1[>()';(T!() 

Guanica Forest supports a typical insular avifau
na ""ith relatively few species hut high abundance-; 
among mm.t of them. O\cr the course of 30 years, \\C 

have captured every bird that we have seen within 
the Guanica Fore-.t (not counting swallows ant.I -.imi
lar specie-. that we only sec flying overhead). Large 
raptor-. and pigeon'> that arc too big for the nets arc 
captured only rarely. a-. arc nocturnal '>pccte'> that 
generally ha\ e stopped mm ing by the time nt.:t-. arc 
opened. 

We compared the relative frequency of bird'> 
detected on all or our point counts with those net
ted on all net lines during 1993 (Table 1 ). Although 
se\en of the 10 most abundant species recorded by 
each technique \"ere the '><11ne. their relative fre
quencie'-> V\ere often \Cry different. For example, 
the Adelaide· Warbler (-.ce Table I for ..,cientiflc 
name-.) \'>a'> by fa1 the mo'>t detected hird on point 
count.... It is widespread throughout the forest. main
talll'> territories and pair bonds, and '>ings frequent() 
in the morning, e\en in Janu.1ry. We feel we caught 
most or tho<;e individuals whose territories occurred 
along the net line'>. hut this wa'> often onl) four to 

fl\ c birds per l1n '. "hi ch 1" a small segment or total 
capture-. (-L8Ck- ). 

The mo'>t frequent!) netted bird. the Banarrn4ui1 
U I q of c<lpture-. in 1993 ). constituted only I 0% of 
pomt count detections. perhap'>. in part. because it 
sing.., infrequently at Guanica in mid-winter. I ligh 
capture rate for this -.pccies probably reflected accu
rately a high densit). rather than con ... tant mmement 
or transients. a. nearly all ca"e" of indi\ 1t.lua1 ... caught 
111 l\\O different 11111: ... in the same year in\'olvct.I this 
species. The Puerto Rican Hycatcher is virtual! · 
. ilcnt in January. -.o it \\a rarely recordt:d on point 
count... ( 1.1 'k of detections) de pile accounti1H! for 
5.6<~ of captures. In contra'\l -.pec1e-. that an.· large 
enough that they olten gel out of the net ... hut that 
have loud calls or songs, -.uch as the Puerto Rican 
Woodpecker. Troupial. and Puerto Rican L11ard
cuckoo. V\Cre recorded on point count'> more fre
quently than they \\ere netted naly11ng hirds 
tktected "olt>I) \\ 1thin 25 m ('f the count po111t \Vould 
ha\ e reduced tht: number of detections for most !-.pc
ctc..,, but would han~ had little effect on the general 
relation..,hip between the two inventory methods. 

Pcrhap'> the most ... triking difference in the n.:suli.. 
of the t\\O techniques was for \ intering warblers, 
which comprised 137( or captures in 1993 but 
\\ h1ch totaled onl) 0.2 < of total detection-. on point 
counts (Table I). Only l\\O '>pecies were detected 
on point count ( merican R d tart and Black
and-\vhitc Warbler). V\herca-.. nine specie were 
netted. Wintering\\ arbler.., are relati\ely quiet in the 
Guanica Fore~t in winter and were easily mi'>'>ed on 
point counts. e~pcciall) if they foraged on the ground 
(such as the O\'enhird). 
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T BLE I. ()f\IP.\RISO'\Of 1111 II'\ IOSl \Bli\ll\:\I Sl'HIISIOI OB) '.I 111'\(i(PIRCT:\l ()f 101\I C\l'ILRLS 

()-..; 11\l '\I I !IMS) \'\l>B\ POlt\l COLNIS(l'!RCl·NI or \II ))11!( 110'\'i()'J \II l'Ol'.\ll'i) 

Pcn:cni captured 

,\'efli11g rnul!s 

Bananaquil (Coerehaf/m·eo/a) 

Puerto Rican Bullfinch (loxigi/la portoricemi1) 

aribbean Elaenia (E/aenia 111arti11ica) 

Puerto Rican Flycatcher (A~r1arch11s lllltillon1111) 

Puerto Rican Tody (Todus 111exica1111s) 

delaidc'~ Warbler (De11droica adeluidae) 

Puerto Rican Vireo (Vireo latimeri) 

Red-legged Thrush ( Turd11s p/11111bel/\) 

Pcarl) -cyed Thrasher (Afwl{m·vpsf11.1H1fm) 

ntillean Mango (A11thrac:othvrax dominicw) 

ALL WI TERRE IDE T PECIES * 

31.2 
18.4 

I 1.2 
5.6 
4 .8 
4.8 
4.8 
4.0 
4 .0 
4.0 

13.3 

Percent dclccted 

Po111t co1111t results 

Adelaide's Warbler 
Caribbean Elacnia 
Bananaqu1t 
Puerto Rican ireo 
Puerto Rican Tody 
Puerto Rican Bullfinch 

34.0 
16.6 
10.2 

Puerto Rican Woodpecker ( ife/a11erpe1· portoricensis) 

Troupial (/cterus icten11) 

8.7 
7.1 
6.5 
4.0 

2.0 

1.9 

1.3 
0.2 

Puerto Rican Li1t1rd-cud..oo ( aurothera 1·iel/oti) 

Pearly-eyed Thrasher 
ALL WI TERRE. IDE T PECIES 

HlaLk .111cJ \\ht1c Warhlcr ( \fn111tiltt1 1w·w). 'i\\,1111'011 · \\ .uhlcr ti 111111ritlthp1' '1111111,111111). \\ llrlll ~.1ting \\ .1rhlcr I th /11111/lenl\ 

1 er11111ww11 ). NmthL'rn 1'.1rulJ 1 l'arn/11 ameri< c111<1 ), M.1gnuliJ Warhkr ( /J.-111/m1n1 11wi:1111/i11). !'mine \\: arhler ( /) r/1" fl/or). t\rnerrc.tn 

Red,1art 1.Se11111hai:a n111< 11/a). 1 loodecJ \.\ arhle1 I IJ ''""'w < 11n11111, .md lhenhrrd I \ 'e11111/\ 11111·111 a1•1//11I 

•• Blac~ .md \\ h11e \\ arhlcr and \rnerrc.m Red,1.1rt 

s\Pll RI RAil s w11111 T11Rr·1-0 .\) N1 HJMi S1 ss10 ·s 

The typical capture pattern through a three-day 
sampling period (all species pooled) ' a'> a steep 
linear dec1ine in daily number of fir..,t captures 
(bir<ls caught for the first time in a netting session). 
Some samples were ery linear (e.g., l 973: Fig. I), 
although a fe\\ were not (e.g .. 1987: Fig. I) . In nearl) 
all samples, however, fewer birds were caught dur
ing each sub. equent da}. an<l in all case .. capture 
rates declined O\er the entire three-day sample. We 
computed linear regressions of capture rate (number 
of daily first captures against day of sam1 le for each 
year), and found similar slop s of capture rates. 
despite great variation in population levels. Capture 
rate b} sample day. a eraged acros. all year'>. also 
showed a strong decline (Fig. 2a). although SE \\a'> 
large due to large annual variation in total captures. 
When data were treated a'> percentages of total cap
tures (to reduce ariation resulting from \arying 

population si1cs), E wa<., smaller. but the overall 
pall 'rn remained the ... ame (Fig. 2b). These results. 
based on 20 year<., or data from the original net line, 
were mirrored closely by data from over 60 other 
net lines during the period 19 9-1993 (J. Faaborg. 
unpubl. data) . 

amples with unusual capture patterns gen rally 
occurred only \\hen population le el.., ~ere lo~. or 
under exceptional weather condition . (esp cially 
high winds). With one exception. unu<.,ual patterns 
imol\.ed <.,ample. in which captures on the thir<l day 
were higher than on the second. because f inclement 
condition on the second day. Jn rar case, \\C added 
a fourth day of netting under these cirlllm<.,tances. 
However, this always resulted in fewer captures than 
on the third day. '>uggesting that mo<.,t of the birds 
using that area had already be n caught in the first 
three days . 

Most species showed daily decline. in capture 
rates similar to the O\crall pattern. illustrated abo e. 
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FIGURF I. Daily capture rate-. ol hirJs O\er three-th!} 
ample-. on the orig111al Guanica net line. 'hO\\ ing a par

ticularly linear . ample ( triangles : 197.3 -.ample. r ~ = 0.99) 
.md a le-.. linear sample (-.quan:-. : 1987 sample. r~ = O..+ I) . 

hut the pattern was most pronounced for abundant 
'>pi.:cic-. (I ig 3a). Less abundant "P cies t ·nded t 1 

-.htrn a similar trend (Fig 3b). hut when only four 
nr five individuals are captured in three days. the 
slope or the capture rate \\ill natural I) be le'>s '>tcep 
than for abundant bird. . apturc rati.:s f r the. e spe
cii.:'> arc less lib..el) to be lin 'ar. probabl) mainly by 
chance. 

The group of species that migrate to Puerto 
Rico for the winter. nearly all or them warblers 
(Parulidae). was captured very rapidly (Fig. 3c) . 

In general, the first two day'> of netting captured 
85 90% of the three-day total of these . pecies. 

For species with large number'> of floater'> in the 
population. we might expect captures to continue at 
a low level for more than three da) s and. depending 
up rn the characteri'>lic1., of the floater . perhaps in
definitely . However. in our knov\ ledge of more than 
200 net linec; operated throughout the West Indie1.,. 
we are aware of only two records of an abundant spe
cies showing little or no decline in capture rate over 
a three-day sampling period. Neither wa. at Guanica 

and both were on very '>mall islands and apparently 
as-.ociated with extreme drought. 

Nf I \'OID . .\:-.1 E 

Only 5-10% of birds were caught more than 
once in a three-day sample. Combined '"' ith a rapid 
decline in first capture<.,. thi-. indicates net a\oiuancc. 
Otherwise. daily capture rates should have remained 
about com.tant, with only the proportion of flrst cap
tures declining. We know that low recapture did not 
reflect mO\ement out of the area. becau<.,c we often 
'>a\\ oanded birds nearb). and recaptured them in 
subsequent year . If net a\oidance was specific to 
the e act location of capture. we might e pect more 
than a lOCk recapture rate. becaus bird . could be 
recaptured further along the net line. but avoidance 
appeared to 1n olve all nets along the nearly 200-m 
transect of a I ine. Due to net-avoidance, third day 
·apturc often im OI\ ed 30 or fewer total indi \ iduals. 
compared to 150 or more hirds on day one . 

We do not know htm long net a\ 01dance contin
ues in an individual bird . We cca ionall) ran net 
1111e-. in June. bet~ccn Januar) sampl s, and . U\\ no 
difference in expected capture rate in either s.tmple 
(June or second January) . Through more 1ntcn-.ive 
'>tudie-. of wintering ecology of migrants we have 
found that neh could be run 1n October. Janua1"). and 
March \\Ith no app.trcnt carr)-0\ er of net avoidance 
(Latta and Faaborg 200 I) . 

R.\Il·S OF- .\PH RI T111HH oil 1111· DA' 

Morning (0700 09 0 h0ur") "a. the best tim 
to capture birds at Guanica. but there was another 
burst of ai.:tivity Ill the evening (Fig. 4). The mid
day period ( 1200 I 530 hours) \vas often '>IO\'v and 
few captures occurrcu aftt:r noon on the third da) . 
Because of the short. du.:idunu . nature of the \ egeta
tion. many neh \\ere expo ed to full sunlight Juring 
mid-day. and net h.1d to be checked frequently at 
this time t protect birds from heat strcs 

AN L 1 CAJ>l L' RE \ D R1 Cl\ Pt L'Rr RA r1:.s 

otal annual captures of resident hird1., on the nine 
net line. varied from 550 to 1.142 individuals. Two 
specie-, \\ere caught at the rate of about 100 birds/ 
)ear. three species at around 50 bird. /year. anJ tv\o 
species at around 30 bird<.,/year. All the other-. gener
ally are caught 20 times a year or le. s. 

Most of the common species showed pattern. of 
variation that suggested that we were tracking lo al 
populations. nnual number:-. of the Bananaquit for 
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FIG R - 2. (A) Pattern of three-day capture rate\ by mean of total dail) captures ( : r' = 0.972), or (Bl by mean of the 
percent of total capture. caught on each day of the sample (r~ = 0.974) for 18 -,amplcs of the original Guanica net line run 
1973- 1993. Error bar. show± E. 
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FIGURE 3. Capture rates of <;pecies and '>pecies group'> during the three days or sampling. sho\.\ 1ng: (A) abundant species 
with <.,tecp declines in capture rate (Puerto Rican Bullfinch Ir'= 0.906) and Bananaquit [r' = 0.9451>: (B) 1,pccics that 
ha\e lower and more gradual capture rates <Caribbean Elaenia [r~ = 0.998] and Pearl)-eyed Thra-.hcr [r~ = 0.590]): and ( ) 
winter resident 1,pecics (primaril) Parulidae Ir~= 0.943]). 

example, ranged from 124 to 485. However, in two 
ground fe ding ~peci s. th Common Ground-dove 
(Columhina pmserina) and Blad.-faced Grassquit 
(Tiaris hicolor), numbers varied so dramatically f'rom 
year to year that dispersal into and out or the forest 
mu-,t have been a factor. For example. ground-dO\ es 
increased from 5 to 59 to I 15 captures in consecuti vc 
. amples, which must have exceeded local reproduc
tive rates, and they declined from 13 7 to I l capture<, 

111 JUst a y ar. Both or these species al'>o shm ed lo\ 
rate~ of recapture or banded individuab. 

Annual recapture rates ~ere high enough to 
allow us to model survi al rates for many pe
cics, using Cormack-Jolly-Seber mark-recapture 
models (Pollock et al. 1990, Lebreton et al. 1992) 
and Program MARK (White and Burnham 1999). 
As a by-product or \Urvival rate stimation . we 
can e. timate capture probability (the proportion of 
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FIGUR 4 Capture rates of bird<; at the original Guanica 
net line through the da}. a\eraged for 1990-1995 ample .. 
Birds/hour v.; computed by counting total captures for the 
60-min period ending on the hour {e.g .. 0800 hourc..). First 
and last houri) periods may include a few birds caught hc
fore 0700 hours and after 1800 hours during the net open
ing and elm.mg process. 

pre iously banded birds present and alive each yeai 
thal are recJptured). Our current anal;se'> sugge'>l 
that although recapture rates vary by species, they 
remain relatively constant from year to year within 
species and even \vithin some guilds (Faaborg and 
Arendt 1995, Dugger et al. 2000). Because of this, 
the raw count of mist-net capture total1., can serve 
as rclatiwl; unbiased indices of population si1e for 
many of the species cauglu in mist neh in Guanica 
Fore-st. r -.ttmates of annual recapture rates \ aried 
from I Oo/r for some residenh lo over 35''« for three of 
the common \>.. arbler -.pecic ome int.Ii\ 1duals were 
extremely site f aithl'ul and long lived, including a 17-
year-old Puerto Rican Flycatcher and an Ovenbird at 
ka1.,t 7 years old 

bout I 2% of indh iduals \\ere recaptured al 
a different net line (e\cn when line'> were >100 m 
apart), suggesting that tht:rc arc some transient inui-

iduals in the Guanica samples. These occurred only 
in some year'> and almost al\\a;s with the two most 
abundant species. Whereas mark recapture model'> 
allow estimation or the proportion of transients 111 

a population. it i-. sul licient for our purpose<., to 
note that population c t1matec;; may be mt leading 
for '>pecie-. that sho\N relatively equal capture rates 
throughout a three-day c;;ample. 

DISCLJSSION 

Re ... ults indicate that the netting protocol we use 
works well in meeting our ·tudy objective<.,. We 
catch a re!!ular et of speci s that constitute ... the \a t 
majont.J ~f the a\ ifauna or Guanica Fore1.,t. fter 

three full days of netting, there are relatively few 
unmarked birds left to catch within a site. Because 
we rarely catch the same bird in the two net lines 
that are only lOO m apart, and becau-.e capture 
probability was relatively constant across years, we 
feel there i no great annual variation in territory or 
home range ize or location. The relative constancy 
of recapture probability among year. indicate. that 
there are not important changes in territory or home 
range size among years. This 1.,tability re<;ults in 
recapture rates that are high enough to give good 
information on ite faithfulness (Woodworth et al. 
1999) and to allow estimation of survival rates for 
many species (Faaborg and Arendt 1995. Dugger et 
al. 2000), which is often not the case for mist-netting 
mark-recapture data ·ch. 

In addition, since annual recapture rates appear 
to remain constant for most specie. and even acros1., 
guilds, capture totals over our three-day sample 
can sen e as an reliable index to population levels. 
Althouuh our methods did not give actual den1.,1ties, 
they a;peared to give relative demities that could 
be compared in a meaningful \>..ay from ;car to year 
\>.. ithin a site or from site to site \.\ ithin the same tor
e1.,t type. For e, ample, we have shown how Guanrca 
bird population variation is highl; correlated '"ith 
certain rainfall characteristics (Faaborg and rendt 
I 992a, Dugger ct al. _000), and we.., e regular' aria-
11011 in relati\ c abundance of bird -.pcc1es in d1 fferent 
net line'> that -.;eem'> to be related to vuriation 111 veg
etation 'itructure \\it hi n the uanica Forest. 

Mist nets operated as in our protocol may be 
suflicient to monitor bird'> in Im>.. 1.,taturcc.J forests 
such a the GuaniL,\ rl)I \.: (, gi\ en tht: n,1turc or 
capture rate. and the species involved. Recognizing 
that densiti s arc relative, and noting that the forl.!'>t 
here is Loo short for any sort of foraging stratifica
tion, remo es the major complaints -;uggested for 
ni.1ny mi-.;t-nct 'itud1es hy Retmen and Good ( 1996). 

uan1ca is perhaps uniquely suited to monitoring 
with mist nets, because it consists of short, scrubby 
forest \\here fe\\ birds forage abm e the area of 
nets. It also supports a typically depauperatc island 
avifauna with high abundance of most species and 
le\\ species too large to be captured by a -.ingle 
size of net. Comparisons with sites where many 
individuals may forage above the nets must be done 
carefully, as the latter situation is undoubted!; one 
,., here only a subset of the overall bird communit; 
i1., being sampled effectively. In fore-.r... of tall stat
ure. for example, one would xpect that net'> run at 
ground level would only capture the sub'>ct of the 
total bird communll) that forages and move-. near 
the ground. 
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Point counts did not add much information on ;,pe
cies composition to that of nelling within this habitat 
during the non-breeding sea;,on. a., no specie<; v. a<., 
detected on point counts that was not netted at least 
once. This i., not surprising. as neither residents nor 
\\inter residents are breeding during this. the peak 
of the dry <.,eason, so vocalizations are uncommon in 
most species. Flocking i · aL o uncommon in this for
est. This is not to say that use of point counts would 
not provide additional valuable information about 
population trends, particularly for large 'ipecies that 
are not easily netted. However, only with detailed, 
long-term comparison of the two techniques can we 
adequately determine the strengths and weaknesses 
of these two monitoring techniques in this forest. 

After three days, capture rates had declined 
enough that continued netting was unproductive. 
The fact that for many resident species, third-day 
captures were very low relative to first day captures 
support. the idea that we captured a large proportion 
of the birds who e home ranges included the net line. 
Adding additional banding day!-. would likely have 
added few new individuals to the totals. Howe er, 
habitats with tall vegetation or with species that 
ha e much larger home ranges might require long r 
nclting periods to catch as many birds as we get at 
Guanica in three days (Rem:en and Good l 986). 

Although it might be tempting to a oid th noon
time lull in capture rates by operating nets only until 
noon or closing them for three lo four hours at mid 
day, this may not be an efficient use of time. Over a 
six-year peri d, an average of 43.9% of all captures 
were made in the second half of the day (after 1200 
hours). This . uggests that more than three mornings 
or netting would b need d to catch as many birds as 
three full day. and, to the extent that some hirds are 
acli e only during the aft moon. the<> individuals 
might b missed with morning-only netting. 

Although caplLire rates are often expressed as 
birds/n t-hour (De ante et al. 1993). our result 
showed clearly that many more birds w re ap
tured on the first day of a . ample than on day three. 
Until we understand more about th characteristics 
of net-a oidance in bird. , we . hould b careful 
about comparing netted samples from . ession. of 
different length. In addition, caution i. need d in 
c mparing data coll cted from frequent netting . es
sion . Running a net line once a year did not eem to 
have any effect on captur rates, and our data suggest 
that holding netting se sions a clo:e as three month. 
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apart also did not affect capture rates in any obvious 
way. Net lines operated again before net-avoidance 
disappeared would produce data that are not ompa
rable to the original sample'>. Further \\Ork is needed 
to determine the time interval required for net 
avoidance to be lost. Frequent operation of nets may 
pro ide b Lt r data on sur i val rates. local move
ments. or the production of offspring than annual or 
infrequent netting does, but it does so at thee pens 
of simple comparisons of hort-term capture rates to 
e. timate population siLe . 

Any netting protocol that is replicated as precise
ly as possible on an annual basis will pro\ ide annual 
comparis ns of capture rate"> and in<.;ights into popu
lation levels. The important rules for the use of mist 
nets to monitor bird populations involve consistency 
of effort from year to year v..ithin a location, care 
when comparing different netting regime. within a 
habitat type. and extreme care when comparing net
ting results from different habitat types. 
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COPING WITH MIST-NET CAPTURE-RATE BIAS: CANOPY HEIGHT 
AND SEVERAL EXTRINSIC FACTORS 

Eu/,\BETH P. MALLORY, N1c110LAS BROK w, D Sn:.vc. C. Hc.ss 

Ahstract. Many factor'> other than a '>pccie-. ' actual ahuntlance can affect mi'>t -net capture rates. We u ... cd 
CO motlels to quantif) some potential bia..,cs anti control their effects. producing adjusted estimates or 

capture rate'> that are more directly comparable among mist -net stations. Data came from ..J.6 two-tlay mist-net 
-;e-.siom from September 1990 to Ma) 1992 at six subtropical forest station-. in the Rio Bravo Consenation 
anti Management rea. northwc t Beli1c. Factors evaluate<l inclu<led canopy height at net sites. long-term net 
sh1ncss (days elapsed between lil"'-.t an<l la-,t netting day of the entire study period). season (wet \.S . dry). total 
rainfall during a netting session, and temperature. umber of individuals and species captured/I 0 n t-h declined 
at each net'' ith increasing canopy height abo"e the net. Capture rates differed significant!) among some of the 
station!>. El<tpsed da) and rainfall caw .. ed significant bias in capture rates.\\ h1ch \\ ere statistically controlled 
\\ ith1n the A COY . '"here a ... -.ea ... on anti temperature did not. apture rate"> 'varied among ses-.ion'>, but th · re 
\\a.., a light and significant decline O\Cr the entire stud) period for all '-lation ... combinc<l . Rainfall "ignificantly 
depre..,se<l capture rate ...... omew hat on a daily ba'.i'.. but capture rate'> did not differ between wet and <lry !>ea~On'.. 
Wh · n we replaced the '-.tation "ariable in the A CO A with mean canopy height. the model was ">Lill highly ..,ig
nilicant. but did not explain a ... much of the "ariation in capture rate . Stati">tical anal) ... i.., pro\ ide an ohjective 
m ans of interpreting data and e-.timating reliahility. but only if statistical as ... umptions or the analyse. are met. 
\\ e Ji1.;cu..,s the need for incluJing randomi zation in the experiment.ii de-,i gn. -..t.mJardinn g netting protocol. <tnd 
quantifying source'> or bias 111 the lieltl , before COVA or other parametric statistical technique.., can be u. ed 
to partition effects or bia-.es. 

Key Word1 Belite . bias. hird">. canopy height. captur ' rates. experimental design. mi t net. multi\'ariate '>tat1<., -

In the tropic., ··a bird in the hand .. may be worth 
more than .. l\\O in the bush" because bird vocali1a
lion1., are relatively unknown. and ohsen,er.., require 
e, ten1.,ive experience with the bird commun1t) before 
becoming prnficient at conducting p01nt count1.,. For 
1.,omc cryptic or secrcti\e and rarely vocal specie"> in 
the unc.lcr">tOr). mist netting ma) be the he">t. or only. 
methoJ ot cktectton ( erborgh 1985, Remsen 1994 ). 
Thus. mist netting has several advantages over other 
kinJs of count'> and ha.., often been w .. cd to c.Je..,cribe 
bird '>pecies compo'>ition and relattve abundances in 
tropical forest'> (Whitman rim mluml'). 

Nonethele'-.s. mist netting i.., critici1ec.l as a tech
nique for ounting bird. because susceptibility to cap
ture Jepcnds on a birc.J·.., spatial and temporal acli\ity. 
v. hi ch \ arie.., accord mg to '-.pccit.:">. age. sex, \\cat her. 
season. lime of day. experience with nets, and forag
ing stratum (Karr 1981 a. Retn...en and Park.er 1983. 

Martin and Karr 1986. Rappole and Ramo'-. 1995. 

Jenni et al. 1996. Remsen and GooJ 1996). Birc.l
communit) compo'-.ition is often relat d to vegetation 
structure (Brokm\ and L ·nt 1999). but differences 
in vegetation structure confound species-to-specie~, 
habitat-lo-habitat '-.lation-to-. tation, and even net-to
nel capture-rate comparisons, b cause th proportion 
of individuals sampled or midstory, subcanopy. and 

canopy specie v ill likely decline a<> canopy height 
increases and the proportion of veget<ttion within 11et 
1 '\'el dccrea. e ... (Whitman et al. 1997). 

Rc!-.carchcrs u ·ing mist neh in the tropics ha e 
dealt \\ ith variabl height-related capture prob
ahi litic'-. , \\here ">Ome ..,pecie. ">Cle.lorn come c.lcmn 
to mi..,t -net level. in one of the folltming \\U~s · (I) 
define the study species as only those !-.pecie.., that 
occur at mist net level (the forest understory or low 
second growth): (2) limit analy">e. to only those ">pe
cies or guile.ls known to be vulnerable to capture: or 
(3) combine point counh and mist net results \e .g ., 
Loiselle and Blake 1991, Petit ct al. l 9C)2 touffer 
and B1crregaarc.l 1995. ram and Faaborg 1997, 

Whitman et al. 1997). In principle. mark- recapture 
technique'-. can be U!-.ed to estimate capture propor
tion and population ~i1e separately for each species 
caught (Kendall et al. this vv/11111e). HO\\e\er. mark
recaplure cannot give good e1.,timates for specie:-. 
rare!} caught. and the method involves as~umptions 
that cannot always be met. The'-.e four approach .
may reduce, but not eliminate. height-related ·-~pe
cies detectability" bias within forests of Jifferent 
height and vegetation . tructure. 
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Bias is ··the difference between the actual popula
tion \alue and the mean or a . ampling distribution" 
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(Dixon 1993:292). If the sample apture rate is 
centered on the true population mean and i.., not con
si .... tently too low or too high, then it is unbiased. lf 
biases are strong and unaccounted for, the results of 
field studies will be effoneous. Ir a method does not 
detect individuals equally under all the conditions 
being compared, estimates of the true population 
differences among habitats and time. will be bi
ased, unless the counts are adjusted for the differ
ing capture probability (Thompson 2002, auer and 
Link this mlume). Part of the solution is to de. ign 
tudies to account for potential biases, quantifying 

them in the field when netting, and adding them as 
variable. during analysi ..... In this \\ay, the effect of 
each factor on capture rates can be determined. If 
bias i. detected, and the data meet the statistical 
requirements, capture rates from netting <>amples can 
be statistically adjusted for the biases within a multi
factor analy. is (e.g., Ramsey et al. 1987, Boulinier 
et al. 1998). We u ... e that approach in thi'> paper, to 
in estigate the effe ts or a selected '>et of potential 
biase. on mi. t-net capture rates u .... ing data from our 
worl-. on bird communities in several subtropical for
est types in Beli1e. 

M THOD 

Tl[)) ARI \ 

Data \>,ere collccled from cptcmhcr 1990 to May 199:! 
in the Rio Bravo onscrvation and Management Arca 
(RB MA). then a 92.000 ha pri.!'.cnc in northwe\l Bcli;e 
( 17 ..is' . 89 OO'W). managed by the Programme for Bcl11e. 
The RBCM is 111 the .. uhtropit:al moi'>t" lil'c ;one, wtlh a 
t1\\.:,ll\ ,mnu,11 1.nnf,11 I )f .ih )l\\ l .500 mm. and a dr) c·1..,l1n 
that generally extend-; from Fchruary-March through hi). 

The ix -.tallons U'>ed 111 out analy..,1-. ''ere C\tablishe<l 1n 
relatively mature natural forest. The -.talion" were named 
aftc1 the locally predominant vcg.ctauon: Mc..,ic Upland 
Forc'>t I an<l 11 (t\\O ..,l.ition'>). Dry pland Forc..,t (I and 11), 
Riparian rorest, and Palm Forest. The nearc11c migrant'> 
capture<l at -;tations in this st11<ly ranged from 16.7% of ..,pe
cic'> and 15.7% of in<ll\ iduals at Mc'>1c pland Forc1.,t I to 
25.6'« of species at Riparian Forest and 1-i.Y!r of indi\ idu
als al Dry plan<l Forest I. 

Each "talion con'>istcd of a I -km transect locatc<l near a 
road. but far enough from the roa<l to avoid edge effects. The 
tart of each transect was a random number between I 00 an<l 

350 m perpendicular into the forest rrom the flr'.l random! 
selccte<l point along the road that fell into the appropriate 
forest type. The direction each transect took from the starting 
point was also <.,elected al ran<lom. from heaiings not heading 
hack tO\\ ar<l the road. Tramects were laid along a compa-.s 
bearing an<l marked every 20 m with PVC pipe. The bearings 
of a rew transect'> were adjuste<l at the l 00-m point, or a gap 
\\ct inscrte<l. where the forest type changc<l appreciably or 
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there "'as ..,ome habitat anomaly. The di..,tanccs '>cparating 
Lran'>ech rangc<l from 1.6 to 28 km. 

MlST-"\FlTI Ci PROO Dl RL:.S 

On each transect \\C put up 13 36-mm me-.h and l\\O 30-
mm mesh m1'>l nch on collaps1hlc tent pole'>. ets \\ere set 
up within a 500-m 1.,cction of each l-km tran<.,ect, "elected 
for case of acce..,-, and to avoid feature-. that \\ould not be 
comparable among tran:-.ects. We '>!ratified the 500-m :-.ec
tion into 100-m segments. within each of which we estab
lishc<l three net sites at random!) <;elected points for a total 
of I 5 nets/transect. Placement of the l\\ o 30-mm mi'>l net:-. 
was <lctermined by chance at each netting se..,sion. 

We nclte<l at lea l '>C\en time at each of the six '>latio1i-,. 
spanning two \\Cl and two d1") -.eason-;. Each . talion was 
netted once during the lir\t wet ... eason. that is, in thc third 
or fourth quarter'> or 1990 when transects were established. 
Arten\ ar<ls. \\ e nette<l each . talion once each quarter of the 
year during the stu<ly. for a 111111i111um ol l\\O netting ses
sion., from each of the wcl and <lry <.,ea-.ons per year. We ran 
a<l<litional e-.-.ion-. at l\>,O uplan<l forest '>tallnm. to i111proYc 
sampling\\ ith respect to 111igration. 

We openc<l net... at fir-.t light each <lay, ran them hourly 
until Ju.,k on the fir'>I d<I). an<l in most ca ... cs en<led on the 
-.ccond <lay once we reached approximate!) 300 nct-h for 
the -.ession. We cont1nually patrolle<l n l'> during light 
rain, brief '>llll\\ers, or <luring "rain drip" from the foliage 
after he<\\) nun, keeping neh open a\ long a'> we felt that 
captured hir<ls were not in <langcr of hcco111111g wet. We 
rcconle<l the opening and clo-.ing of cach net to the ncar
c-.1 'i min. including clo ... ure for hea') rain or \\hen an 
imli\ldual net was cxpmc<l to hot '>Lin. There \\ere sc\eral 
cxccrtion .. to the protocol or 300 nct-h/-.c'>-.ion. '(he fir'il 
... es-.ion at ... tations ranged from 257 to 288 net-h Jue to our 
initial caution \\hcn netting on rainy day'> lso. in January 
an<l f-cbruary 1991. C Robb111'> C(111<luctcd 3-day "ession\ 
,1t the"L ... t.1\llllt ;i p.11t of his 0\\ n '>\.lr\C) \\ c rl-. ( Rnhhin 
et al 1992) Only captures during the ftr..,l 300 nct-h in 
h1-. .,c.,.,1on-. \\Crc u cd in our analy'>c .... The actual mean 
net-hour/se'>s1on was 335.1 ± 67.8 D. hut \\a\ rcduce<l to 
292A ±l8A7 D when only capture'> during net hour'> up to 
an<l including 300 nct-h \\ere usc<l. In total. 3.2..i5 capture.., 
<luring 13A50 net-h were Ll'>CU in this analy...i!>. 

\Ve aged and scx1.:<l \\ intering or tnlll\lcnt nearctic mi
grants folio\\ 1ng P le·" ( 1987) gui<le and our e , pcriencc 
with bird'> in orth America. For year-round residents and 
-;um111er rc-.idcnts we based age and sex designation'> on 
plumage de-.cription.., ( tiles and kutch 1989. Hcmell and 
Webb 1995), presence of broo<l patch or cloaca! protuber
ance. eye or gape color. feather condition . .,ynchrony of 

gro\\ th bar.., on feather-.. and. "'ith caution. degree of skull 
pncumati1ation. 

Di Pl' DE TV \RJABJ r <; 

apturc rate (nu111ber of capture~/10 net-h) \\ere calcu
lated for data poolc<l from the fifteen nets at each '>lation 
for each 300 nct-h '>CS i n. the sample unit in nHl'>t of our 
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FIG RE 1. Layout of canopy height sample points(, '<,)at C<.tch net. 

analyses (in all cases C:\Ccpt the analysis of canopy height). 
eparatc capture rates for each -,ession provide repeated 

measure "snap-shots" of the local a vi fauna. 
We e amincd six variations of capture rates, three 

in vol\. ing total number of captur''> within a session (includ
ing recaptures). calculated separately for all -,pec1e" cnm
hincd. fo1 resident species alone. and for migrant species 
alone. Recapture<, were 1ncludcd in these indices to give 
an index of overall bird activity W al-,o calculated rates 
for number of -,cparalc indi\iduals c,1pturcd (first cupturcs 
within a session. 1ncludinl! birds handed at any pre iou" 
session). individuals recaptured (re caught within a sc.., ion 
and more than 2 h from the prcviou., cuplurc). and the num
ber of "pec1e-. caught within each scs<,ion. For evaluation 
of canopy height. we calculated capture rates as de-,crihcd 
ahovc. but on a net-by-m:t hasis rather than averaged for 
each of the six transects. because vegetation structure can 
vary .,.. iJcly among nets within a transect. 

'Dl Pl: DI : T V ARIABl.LS 

Concurrent with our nclting we recorded additional duta 
to use as independent variable in our analyses of capture 
rates. 

OPY \\as the mean maximum canopy height at 
each net. hascd on 50 sample points regularly di. tnbutcd 
as sho"' n in Figure I. At each point we used a one-inch 
diameter. 2.5 m-long PVC pipe to sight an imaginary verti
cal line to the forest canopy. and then estimated the maxi
mum canopy height along that line. Although the method 
requires estimating heights. we deemed it adequate for 
comparing vegetation height among stations becau ... e we 
regularly checked our estimates with a rangefinder. 

TATION was a class variable for '>tat1on. 
DAY was the number of days from start of the study, 

including days bet we ·n netting sessions (values ranged 
from 0 lo 571 ). 

. E SO \\.as a class ariable describing dry sea. on 
(m1st-netltng sessions trom 9 January to 19 Ma) 1991 

and from 15 February to 21 Apnl 1992! and wet '>Cason 
( sc sions from 5 eptcmher to 25 November 1990 and 23 

ugu-,t Lo 9 0\ ember 1991 ). 
R I 111d1catcd total rainfall during each netting scs

"ICH1 taken from daily records of rainfall at Chan hich 
Lodge. about 30 km from the station<;. Given the local 
n,llurc of tropical rainstorms. nunfall at Chan Ch1ch may 
not have been directly related to rainfall at stations, but we 
fell that similarity was '>Uffi icnl to ju'1ify inclusion of thi-, 
factor. 

T MPfRATURE was the maximum daily temperature 
recorded daily at Chan Chi ·h during a netting 1.,cssion. 
Minimum temperatures were correlated with the maxi
mums. so were not included in the Jnaly,es. 

STATISTICAL A ALYSl.s 

Ail numeric variables were tested for normality and ho
mogeneity of variance1., among class le\"els. and converted 
to ranks 1f nece . ar)- for use in parametnc or non-paramet
ric stati<;tics. We used a log

10 
transformation of the number 

of individual.,/10 net-h and a square root transformation 
of the number of spec1es/IO nct-h to normalize distribu
tions. and a log 111 transformation to equaliLe variance of 
CANOPY. 

We used a One-Way A 0 A to test for differences 
in C NOPY height al nets among ST ATlONs. For other 
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factor<,, \"e used A COY A inqead of a repeated-mca ... un:- ... 
ANOYA. because our experimental design v.as unbalanced 
(three \\cl season ver"u" four dry "ca.,on sessions). and \\ c 
had a combination of numerical and das \ariabJc, \\e 
\\i ·hed to examine sirnultancou-,1) . A COV comb111e-.. 
numerical and class factors to (I) adjust for source., of bia., 
to sec \s,.hether cla. " difference<, remain or becom in-,1g
nificant \\.hen adju'>llng a cO\anate (thu1.,. \\e can adju ... 1 fnr 
the repeated-measure., in a time -.cries by incorporating a 
\ariablc measuring time O\er the cour'>e of the .,amplingl: 
(2) produce adjusted least-square means once '>Ourcc., of 
experimental error ha e been removed: or (3) study regres
siom in multiple group'> to '>Ce if relationship-. between 
dependent and independent \ ariablc., are the amc \\ ithin 
categoric-.. of the groups (Snedecor and Cochran 1967). 

A OV wa<. used to Le\t effects of C OPY and 
ST TIO on capture rates for number of indi\ iduaJ., 
and number of <,pccies. and to evaluate effect... on cap
ture rates of T ATIO . DAYS. ASO . RAJ . and 
TEMP RATUR . The effects of these factors on capture 
rate!-> were first tc ted in a full model COY . on-,ig
nificant factors and non-significant interactionc., among .,ig
nificant factor . were then remo\ed from the model before 
re-running A CO again to produce final rc.,ults. We 
then replaced the variable T TIO with CA OPY 111 the 
final full-model A OYA Lo determine if this '>implc index 
of cgetation ... trncture could explain a greater amount of 
variation. Thi . variable -,ubstitution converted the '>ix '>ta
lion ch\s'>es Lo six ordinal mea ... urc'> . We used type 111 <,ums 
of -.quares Lo evaluate factor significance. type I sums of 
square., to invcqigate importance of interactions among 
independent variable-,. and adjusted lea'>t-squarc mean1., 
(L Ml to produce probabilities for the hypothcs1.., that one 
lea. t .,quarc-escimatcd mean equal\ another. 

We used SA procedures PRO GLM. PRO 
IV RIATE. and PRO ORR for tests or significance 

(S S ln.,titute 1999). We calculated the Bartlett test ..,core-. 
and PRO REGR , 10 to verify homogene1ty of van

ances and .,Jopes among c.:la<,1., vanahlcs bctorc U"lng a 
parametric LM . 

RE LT 

c 01') H!'tGHT ( NOP ) 

ight at nels differed <.,ignificantl 
among station. . r2 = 0.704. F = 40.0.+. P < 
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0.00 I: Table l ). Me..,ic pland Foresl II nels had 
higher CA PY and Riparian Forest n ls had lower 

N PY than net.., al all other stations ( P < 0.001 ). 
The onl) other difference among <.,lalions v. a.., that 

A OPY al Palm Forest nets was higher than at 
Mesic Upland Fore<.,t 1 net.., (P < 0.00 I). 

On a net-b)-net basis. the number of indi idu
als captured/10 net-h declined significantly with 
increase in mean canopy height (r = -0.79, <.,lope = 
-0.327/m. P < 0.001: Fig 2A). Both TATION ( = 
13.36, P < 0.00 I) and C NOPY heighl (F = 5.4, P < 
0.05) had significant independent effects. e plaining 
60.9% of the \ariation in capture rates (A CO . F 
= 2 I. 5 8. p < 0. 00 l ) . 

imilarl). the rate at \.\hich new pecie. er 
caught at th nets declined with increasing canop) 
height (r = -0.78. slope = -0.316 species/m, P < 
0.001: Fig 28). The OVA was significant (r~ 

= 0.623, F = 22.87. P < 0.001 ), and both TATION 
(F = 13.52. P < 0.001) and NOPY (F = 4.1. P < 
0.05) affected .,pecies capture rates. apture rate<., at 
Riparian nets, wher N PY was lowest. were 
higher than capture rates at other stations (Fig. 2), 

but capture rates at other stations O\ rlapped consid
erably despite a\\ ide range of CANOPY heights. 

Mt ll.llr·ACTORIAI Al' SI. 

, Ill specie,· combined The full AN VA 
model wa.., highl) significant, explaining 89.7% of 
the variati n in total capLUre rate. of all speci s com
bined (Table 2). TAT! N and the two covariates 
D Y and R IN were <.,igniflcant factors, whereas 
S A ON and T MP R TURE were not. There 
were no s1gnihcant interacllons among the 111dc
pendent ariable..,, and no autocorrelation bet ecn 
the rcsiduab of the '>ignificant variables, D Y and 
R IN (D = 2.31 . > dt = l.6-2. N = 46. P < 0.05). 

apture rates al Riparian ore, l w re signifi antly 
higher than at other stations (P < 0.0 l ). Palm F rest 
capture rate. wer significantly higher than tho c al 
both Dry pland <.,talion<., (P < 0.05) . 

TABLf l. MEAN 

RFA, B1 Ll/E 

OP' llf l(illl AT MIST NIT ST\TION<; II\, SIX TROPICAi HJRr T 'ff llON'i, Rio BRAVO O!'JSERVATIO MA AGL.ME' T 

anopy height (ml 

, talion Mean SE SD c 

Dry pland Forest I 15.52 0.498 1.92 12.42 15 
Dry pland Fore-.t II 15 .22 0.882 3.416 22.44 15 
Mesi pland Fore. t I 14.95 0.821 3.179 2 l.26 15 
Mesic Upland Forest JI 20.96 0.800 3.099 14.79 15 
Palm Fore. t 14.53 0.741 2.87 19.76 15 
Riparian Forest 7.742 0.46 1.8 I 2 23.-+0 15 
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Capture rates ckarl) \ C.U) from ... e ion to ..,c..,
sion (Fig. 3). Nonethelc..,s. there \\as a slight. yet 
significant. decline over the entire study period for 

all stations combined (..,lope= -0.017110 day. t = 45, 
P ~ (J.00 I). and at Dry pl and Forest I. Palm Forest. 

and Riparian Fure t -.eparately. Riparian also had a 
significant positive mteraction with RAJ F LL. 

Along with examination of the residual plots 
again..,t D Y . \\e found no evidence or autocor
relation in error term-. within stations (D ranging 
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TABLL 2. A AL)SI OF COVARIA E ( COY A) or CAPTLRI RATFs, coFrF1c1E TS or ocnR;.11,_,,,no (R!), AND f)Jl;STrD LEAST 

SQUARE MEANS (LSM) (N = 46) 

Captures/I 0 net-h 
pccics/ 

All species Re. 1dents Migrants lnd1rn.luals Recaptures session 

FULL MODEL p 15.83*** 12.43*** 4.86*** 9.24*** 6.59** 7.38*H 
r! 0.897 0.873 0.728 0. 36 0.784 0. 03 
LSM 2.43 2.07 0.36 J .85 0.579 25.72 

Cla.'>s ffects 
ST TIO F 43.53 *** 32.20*** 11 .91 *** 22.41 *** 15.56*** 19.23*** 

Dry Upland 1 LSM 1.30 1.05 0.255 1.04 0.262 18.94 
Dry Upland II LSM 1.56 l.38 0.176 1.15 0.403 21.-1-5 
Me. ic Upland I LSM 2.10 1.78 0.321 1.56 0.53 23.-1-6 
Mesic Upland II LSM 2.05 1.82 0.231 1.73 0.324 23.73 
Palm LSM 2.70 2.3 0.40 2.05 0.641 28.82 
Riparian LSM 5.17 4.25 0.923 3.90 1.27 38.04 

SEA SO F 0.40 ns 0.12 ns 0.72 ns 0.08 ns 0.63 ns 0.24 ns 
Dry LSM 2.42 2.10 0.324 0.018 0.630 26.16 
Wet LSM 2.54 2.09 0.447 0.020 0.516 25.32 

ovariate. 
DAY F 15 .83*** 16.62*** 0.04 ns 24.44*** 8.45** 0.89 11 . 

RAT F 9.06*"' 7.63** l.19 ns 5.63* 1.51 ns 0.49 ns 
TEMPERATURE F 0.73 ns 2.96 ns 4.43 1.61 ns 1.23 ns I 12 ns 

1 nteraction 
T TIO * SEASO F 1.99 ns L. 79 11'> 0.62 ns 1.38 ns 0.33 ns 1.52 ns 

RAIN * EA ON F 0.08 ns 0.03 ns 1.52 ns 0.02 ns 0.12 ns 0.07 n'> 
T MPERAT RE* E F 0.37 ns 0.12 ns 0.56 ns 0.06 ns 0.70 ns 0.27 ns 

' I \aluc' for T) pc 111 Sum' nl S4uare,, probab1J11y ul '1f!nlhcance · P < 0 05 *. P < 0.01 • p < 0.001 . n' = m11 '1gn1licant 

from J .81 at Me!lic Upland For st II to 3.05 at Dry 
plantl ore t I). e cept that at ry pland Forest 

IL D = 1.26, which is inconclusive. With seven to 
eight sessions at each station. we u..,ed the bounds for 
two intlependent variable.., for the smallest sample 
si1:e a ailab\e fu1 the Du1bin-Wab0n statistic (J1 -

0.95, t1
1 

= 1.54, = 15, P ~ 0.05) . Total capture 
rate for all species combined ditl not differ between 
wet and dry season. , either before (F = 0.29. df = 45, 
ns) or after ontrolling for the effects of other factors 
(Table 2). However. capture rate were depressed 
with increasing rainfall during session (regard! ss 
of season), after adjusting for the oth r factors in 
the NCOV A (.lope = -0.81I/I0 day, P < 0.00 I). 
Riparian Fore t was the only . ingle station at which 
rainfall ignificantly affected o erall capture rate 
(-;lope= -5.3. t = -5.47, P < 0.01; with significant 
interaction of DAYS). 

. imple A CO on overall capture rates 
(total capture . all specie. combined) for the 46 
se .· ions with mean CANOPY a a cla. s variable 
in ·read of STA TIO . and including DAYS, ga e 
identical re. ult a when class TA TION wa. used 
(r2 = 0.796. F = 25.43, P < 0.00 I; either STATION or 
CANOPY F = 29.65, P < 0.001: DAYS F = 8.42, P < 

0.01 ). When N PY was entered as a continuous 
variable, the model was still highly significant, hut 

NOPY did n t explain the variation in capture 
rat s a w II as did T TI N (r' = 0.451, F = 33.56, 
P < 0.001: D Y F = 2.54, ns) . 

Otl1t:r L' 1pt111·t: rut·" 'p:ir:it multi facto 
rial analyses w re conducted for number of birds 
captured/IO net-h of resident species. migrant spe
cies, indi iduals of all species combinctl (e eluding 
with111- ession recapture.), re aptured individuals of 
all . pecies combined (within- e ion recapture ), 
and for th rate at which new speci s were detected 
within each session. !though there were difference 
in . ignificance I vels, patterns were similar to those 
described above for all species ombined (Table 2). 

Migrant specie t od out a having captur rates 
unaffected by DAY , and thi: was the only group 
affected by T MP RATURE, which probably re
flects the . ea. onal difference in pre.-ence of these 
sp cies in the tudy area. Rate at which new spe
cies were captured wa. significantly aff cted only 
by TA TION. Numbers of specie captured at the 
Riparian and Palm Forest stations were significantly 
higher than elsewhere, and were higher at both Mesic 
Upland Fore t tations than at Dry Upland I. 
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HG RE 3. l'vkan capture rates rtntal 1·ap1ure . all -.recics combined) for ~6 scs ... 1on-. among six ,talion ... . in fout f<11cst 
types. nellcd from September 1990 lo May 1992 1n the Rio Bra o 1>11 ervation am.I Management rea. Bcli1e. cs ions 
arc in chronological order by the number of da)s elapsed sin ·e nclting first began at each station, tarting at zero along the 
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There was no autocorrclati n among capture
rate residuab for resident specie (D = 2.072 > dl = 
1.622, N = 46. P < 0.05). migran t '>pecie. (D = 1.879 
> dl = 1.622. = 46. P < 0.05). indi\iduah (D = 
2.461 > dt = 1.622, N = 46, P < 0.05 ). recaptu res ( D 
= 2.226 > dt = 1.622, N = 46, P < 0.05), or pccies (D 

= 2.-l63 > dt = 1.622. N = .f6, P < ().05). 

DIS USS ION 

frE ·r or CA 'OPY HEtGlll (CANOPY) 

We chose canopy height as an index of \ eg
etation tructurc because it is simple to measure 
and interpret. although <; tructura l complexi ty and 
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den. ity below the canopy will also influence the 
height distribution of bird and their probability or 
capture. The net-by-net decline in the number of in
dividuals and number or . pecies captured/I 0 net-h us 
canopy height increased demonstrates how capture 
rates may be biased by canopy height differences 
among habitat (see also Gram and Faaborg 1997, 
Whitman et al. 1997), but not all of the differences 
in capture rates among stations were explained by 
canopy h ight (Fig. 2.). 

There are at lea t two rea ons why relative capture 
rates among location with vegetation of differing 
height would not reflect true relati e abundance of 
some species. First, taller fore . ts usually have more 
di . tinct vegetation layers than do hort r fore ts 
in the tropic. , . upporting mid. tory and subcanopy 
. pecialists, \\hich rarel) venture into the understory 
and get caught in mi t nets. Some of the. e specialist 
species rarely occur in shorter forests, but many of 
them will shift their foraging lower as canopy height 
decreases, th reby increa ing their probability of 
capture (Rappole and Ramos 1995, Remsen and 
Good 1996). econd, canopy and subcanopy pecies 
at times follow the foliage-air interface into shorter 
second-growth ( tiles 1983). In both cases, these 
specialist'> will be caught disproportionately more 
often in nets in shorter vegetation than in net'> in 
taller forest, th ir primary habitat. 

nfortunately, mea'>uring vegetation '>lructure 
around nets cannot be U'>ed to adjust capture rates 
for canopy height bia:-. unless the species-specific 
capture probabiliti s are kn<mn. Timed heha ioral 
observations documenting the height di'itribution 
or man_ individuals or each species, in a variet or 
habitats. arc needed to quantify these probabilitie'>. 

Mu. 111 ·\CTORIAl \I I '>l S 

The AN V statistically isolat d the effect 
of TATJON on capture rate. and determined the 
. ignificance of independent effects or ON, 
TEMPER TURE, RAI FALL and D Y claps d 
since the first netting session at a . talion. Thus, 
potential bia es that could affect comparison... or 
ST TION were either tati:-.tically controlled or 
dismissed, using objective statistical tests, such that 
comparison of results among stations should be le'is 
biased by the factors we measured. 

TAT!O .-ANCOV A results indicated that 
Riparian Forest capture rate.., (all measure..,) were 
signifi antly higher than at all other stations, and that 
there were also other station differences. However. 
it is important to remember that the GLM models 
do not indicate causes. Stations could differ for 
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ecologically meaningful reasons, because or biases 
not tested, or as a result of noise from random errors . 
Further analy:-.es. for instance testing for capture-rate 
differences by taxon, guild, breeding status, flocking 
behavior. or foraging strata, could re\ eal why cap
ture rates are different among stations. 

DAYS.- Declining capture rates over time at a 
study location could be evidence of the d velop
m nt of long-term net shyness, caused by local birds 
learning to avoid net locations. Except for migrant 
captures and the number of pecies caughU I 0 net
h. the ANCOY As detected significant declines in 
capture rates over 500- 600 days sine netting fir. t 
began at stations . However, this represents a mode ·t 
decline of about J fewer capture, /I 00 net-h/60 day. 
elapsed. Although unlikely given the I ngth of our 
study. the decline could be a result of true decline in 
population size. This could be te ted by simultane
ous population monitoring with a method that doe:-. 
not imolve capture. 

We de igned our protocol in part to reduce fac
tors that may contribute to net shyness during set up 
and operation or nets by minimiLing disturbance and 
net visibility. When v.e fir. t established the net sites 
we cleared as little as needed to a oid net tangling 
and remo ed vegetation from sites. We did not cut 
net poles, but used tent poles. Following establish
ment, net 'iitcc;; needed little further maintenance. 
We used 15 nets, relati\ ly few compared to 'iome 
other studies, at randomized locations . !though it 
is currently unknown whether randomness of net 
'iitc affects development of net . hyne'is, it is cer
tainly pos. ible that linear net arrays or placement of 
nets in ·'good" :-.ites for capture (where bird activity 
i.., high) would gi e birds a rclati el; high chance 
or gaining C, perience \\ ith :-.pecific net ... ite:-.. The 
frequency of day:-. bet\\een our netting ses'>ions at 
<,tations wa'i bimodal (modes= 41, 1_2 days ; min= 
38, ma ' = 179). Usually net:-. were open on only t\\ o 
sequential days, an average of less than 3.4% or the 
days betw en fir. t and last netting day at each sta
tion. Thu:-., any indi\idual bird ..,hould have had re" 
encounters with nets, and minimal visual cues for 
learning net sites. 

Nonetheles'i. we ha\ indirect e idcnce that some 
indi\ iduals might learn t avoid net:-. for ·everal 
months after net establishment. A numb r of migrant 
warblers first banded in the fall L 990 and not recap
tured during that o er-wintering season, were recap
tured the next )Car. ho, the prop rtion of migrants 
recaptured from the foll to following :-.pring for each 
or the two over-wintering seasons were much higher 
during the second year than the fir. t ear. long after 
ob\ious \isible cues to net site had disappeared . 
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SEA 0 .-In most tropical areas the distribution 
and behavior of animals changes with distinct wet 
and dry season<; (Karr 1976: Bell l 982a, b: Karr et 
al. l 982: Terborgh 19 3: Leve 1988). In our study. 
capture rates v.ere lower during rainy netting ses
sions. but did not differ between wet and dry seasons. 
This apparent contradiction could be a re. ult or the 
fact that the dr) easons during our study \\ere rela
tively wet (in fact. the two wettest sessions occurred 
in the dry season). and the wet seasons relatively dry. 
It can rain on any given day in either . ea on. so cap
ture rates on occasional netting da}s can, b} chance. 
be unrepresentative of sea onal rainfall. Of note with 
r spect to canopy height biase . . Pearson ( 197 l) sug
gested that foraging height in several species hifted 
sea. onally. 

On the other hand. we did not loo" at the effects 
on capture rates of several other factors that vary 
temporally. such i.l'> the breeding schedule of year
round re. id nts. or timing or residency for nearctic 
migrants. Breeding in year-round re ·idents is tied 
to the seasonality or food resources. and begins in 
February with a small pulse of young and immatur s 
produced in March and a larger cohort produced 
starting in Ma}. peaking in August and tapering off 
in December when hatching year plumages become 
undistinguishable. Nearctic migrants start an iving in 

ugust, and mo t Jepart by mid April. Migrant cap
tures peak in November and April. like!} the r suit 
of both passage-migrant wintering furth r outh and 
local movement of winter residents M~ttling in after 
arri al or becoming rcstl s. Ill preparation for their 
departure to the north Riparian Fore'>t had the most 
passage-migrant species of all stations, but tran'>ients 
are commonly observed in more open habitats in the 
RBCMA during migration (Mallory ct al. 1998 ). 

RAIN.- xcept for migrant and species mun
ber , rain depressed capture rates. Howe er. al
though significant, the effects were small relative to 
other variables in the COVA. One might expect 
birds to be les, active during rain and more active 
bet ween rain ho\.\ er. . However, this was not borne 
out when capture rates from rainy and dry day. are 
compared on the basis of time that nets were actu
ally open. Flocks orten continue moving or foraging 
during rain (Poulsen 1996: E. Mallor , pers. ob .). 
Elsewhere in the tropic, with more rainfall or a 
harsher dry sea<.;on, rain or the lack thereof may have 
larger effect. on bird activity and capture rates. Al o, 
if netting were repeated in the RBCMA during m re 
typi al wet or dry sea on than during this study, re
sults could be different from what we report here. 

CA OPY.-There are ·everal reason why aver
age CANOPY height did not explain capture rates 

better than STAT10 in the ANCOVA model. First, 
almost all the variation in canopy height among the 
nets was lost when reduced to the average values for 
the si stations (therefore reducing the power to ad
just for this bias in capture rates). This indicate. that 
single estimates of canopy height, even wh n based 
on data pooled from the exact net locations, are not 
adequate to stati . tically adjust for CANOPY height 
bias. Instead, statistical adjustments in capture rates 
would have to be calculated net-by-net, before av
eraging the results for a station. econd. the high st 
net canopies were at M sic Upland IL but net cap
ture rates th re were not . ubstantially different from 
those at other upland . tation. (Fig. 2), and the most 
productive nets there tended to be under the highest 
canopy. Third, true population difference · in pecies 
richness and relati\e abundance exi t among forests 
that are not directly related to canopy height. Fourth, 
other factors differing among station. , but not in
cluded in this model, could have had sig111ficant 
effects on capture rates and interacted with canopy 
height effect.. 

Tropical resident. versus 11earclic migrant." 
Because 16- 25% of captures were of migrants, 
which are absent from the stud} area for at least 
four months each year, our result. were heavily in
fluenced by the abundance and behavior of resident 
species. Migrant capture rates, and th number of 
migrant species captured, \.\ere significantly higher 
at Riparian Forest but showed no other differenc . . 
Migrants sample sizes may have to be enlarged to 
detect other effects. 

C'ONC'I U T . T Tl TI 
CO SIDERATJONS 

We have demonstrated the effect<.; of several 
biases and how they can be controlled statistically. 
How ver, many other factors should be considered 
thflt may affect capture rate. m re than those we in
cluded in our study, such as '>ex, age, stage of molt. 
fat level, breedrng condition. the . uccessional tage 
of vegetation, di . tance of net. from a road, and habi
tat disturbance. 

Th goals of a mist-net . tudy are u ually a ariant 
of the questions: how many birds of which specie · are 
present, where and when are they pre, ent, what they 
are doing, and why? Stati, tics provide an objective 
means of interpreting data. providing probabiliti ~ of 
reliability. as long as the data meet th a ·sumption 
of th models. Frequently, testing th assumptions 
of normality, independence. and homogeneity of 
varianc among ob ervations is ignored, invalidat
ing the u e of parametric tati. tics. For in tance. it 
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is rare that stations and their mist-net locations are 
randomized. We were able to control ome bias in 

ur analy e. with multivariate t hniques becaus 
our xperimental de ign incorp rated randomiLation 
four station location , we tandardi?ed our netting 

protocol, and we quantified the source of bias in 
the field. We urge all mist-net operator. to con. ider 
potential ource of bias, and de. ign tudie to incor
porat mea urement enabling . tali tical remo al of 
these biases in the analysis stage. 

ACKNOWLEDGMENT 

We thank A. BrO\ n. J. Grant. and other . taff at the 

Programme for Bcli1e ror helping us secure funding and 
BcliLean trainee'>. and for logi tical support. Also . we 
ar grateful lo the BeliLc or st Department for research 
permits, and B. Bowen for permission to\\ ork on his land . 
D. o elo. H. B I, T. Rosado. P. Hererra. K. Ramnara e, 
C. Grout che. R. Tillett . K. Thea. M. Schult1. A. Baker, 
B. Brown. and . Robbin-. with hi . team helped with field 
work. T. and J . Harding provided us with food. lodging. 
and good cheer at han hich . E. H. Dunn , C. J. Ralph. 
J. Brawn. J. Terborgh , C. Robbins. and an anonymous 
reviewer helped improve the analy is and writing. T. 
Lloyd-Evans pro ided a key reference. This study was 
partly funded by the Pew haritable Tru . t. and the Island 
Foundation. 



Studies in Avian Biology No. 29:161 - 167 

USE OF MIST NETS FOR STUDY OF NEOTROPICAL BIRD 
COMMUNITIES 

ANDRF:.W A. WHITM 

Abstract. I re\iewed mi..,1-netting protocol'> of 43 recent eotropical bird inventory studies. Mo t ..,tudies had 
multiple objective..,, which likely contributed to a broad range of protocols being used. Most studies used 36 
mm mesh, 12 x 2.5 m nets et singly, -25 m apart. etting typically took place within the nr<,t 8 h of the day 
starting at sunrise, and was conducted for three consecutive days, but there was much protocol variation within 
and among studies. Tall fore..,t and agricultural areas were the most frequently sluuied habitats. umber of 
captures i'i affected by effort, net type and di..,tribution, number of net-hour'> per day, number of days netting at 
a station, and number of visits to a station within a '>Cason. Variation in protocob therefore makes it difficult to 
compare results among studies. although there are a few techniques for doing so. Inventory by mist nets of a 
large proportion of species may require an effort of I .000 net-h. more than in mo-.1 of the studies reviev. ed. Any 
i11'ventory should include aural surveys a ... well. 

Key Words : inventory methods. mi . t netting. eotrop1cal bird . eotropical forest . "urvey method-.. . 

Mi . t netting has been commonly u ed to study 
bird comm uni tie in the eotropics (Karr 1981 b). 
Because protocob often differ among studie . com
parison. of results among mist-netting studies usu
ally i1nolve standardi1ation of effort by expressing 
captures as birds per net-hour (I net-h b ing one 
net open for L h; Ralph 1976). However, variation 
in othc.!r aspects of mist-netting protocols an also 
preclude dirl!ct comparison (e .g., Bi rr gaard 1990. 
Pardied. and Waide 1992, Ralph 1976, Remsen and 
Good 1996. Robbins t al. 1992 ). Her I review -B 
Neotropical mist-netting studies that had '>pecics 111-

wntory as on of th 'obj cc ti\ es to i 11 u trate the range 
of Htriat1011 in mist-netting protocol-, and to indicate 
which factors influence capture rate 

METHODS 

D \T \ IT 

tudies re\ iC\\ed here (Appendix) were selected f10111 
Kea'>t and Monon ( 1980). Hagan and John ton { 199~) . 

Gentr) ( 1990). Wilson and ader ( 1995 ). and from journals 
over the 16-ycar period 1986- 2002 (1n<.:ludingA11k, Condor, 
Biotrupica. Ecology. /11/s, Joumul of Field Omithology. 
and Wilrnn Bulletin). I excluded ..,Ludie'> v..ith undelincd 
mist-netting protocols. or that focused on migrating hird.., 
or food habits. The revicv.. included .+3 eotropical studie. 
co\ering 194 -.ample locations. tudic ... resulting in mul
tiple publications were included only once. When po-.sible, 
I used uata only from the period from December to March, 
because man) eotropical mist net \ludies take place in 
this period to surve) r ·sident. and eotropical migrant 
simul1aneously . Most tudics conducted surveys within one 
sea-.on or year. The -.ea..,onal restriction also reduced the ef-

feet nf variation in capture rates caused by migrallon. or by 
scao.;onal ..,hifts in the height strata used by different pecies 
(Karr 1981a,b). 

For each sLUdy. l noted objective'>, lmituuc. habitat 
(old held. '>Crub. '>eCondary fore'>!. tall forest, agncultural) . 
canopy height (m), net me. h ... 11c (mm ). net si1e (m), me
ter-. of mist net run per day, number of nets per net line (a 

net line being om.: m more adja ·ent net-. ..,el within JO m 
of each other). di ... tancc between net lines (m) number of 
consecuti\e netting days. numb r of nellmg hour.., per day. 
U'>C of other census techniques. total net -hour-.. number of 
'>pecie-.. and of indi\ 1dual-, caught. number of \ 1sih (peri 
ods of conscCUll\C netting days), number of days between 
\I its. ,111d number or station-.. . "Stal10n-..." for the purpose<., 
of this paper, ·ire defined as net array-. separated h habm11 
difference.., or >'iOO 111. Habit:.it" with canopy heights les-. 
than 15 m tall were clas..,ilied a.., scrub habitat (111clud111g 
scrub fore ... t). 

, ' \l 'ISIS 

To detcrmme which factors aff ectcd the number of .... pc
cic and of indiv1tlua1'. captured in inventory '>tud1es. I U'>ed 
simple pairwise Pear-.on correlation of number of specie" and 
of indi\ iduals captured during the entire cour ... e or the . tudy 
with the followmg as independent variables (Wilktnson 
J 990): distance between net lines. total net-hours. number 
of net lines surveyed. number of 'visits. latitude. number ot 
con'>ecutive days of mist nett111g. during \1s1ts. canopy height 
(ml. mei;h 1,i1e or net. m ter1, or net per day. net!' per net 
line, and hours of mi'>l netting per da) . I estimated correla
tion" separately for forest stations (secondary and tall forest) 
and non-fore'>t (old held, scrub. and agricultural) <,tations. 
because a preliminary analysb \\ ith habitat as a covariate 
indicated that capture rates may be different!) affected by 
these variables in different habitab. Given the large number 
of test ( = 52) and probable multi-collinearity of \ariables, 
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1t t'> lih.cly that some significant results were spurious . 
Moremcr, this statistical approach did not consider po1.,sihlc 
non-linear relationships. oncthclcss, results can be used as 
a preliminar) indicator or the factors that affect numher and 
h.inds of species captured. 

R LT 

TL D'r H R.\CTl:.RISTICS \ D PR01 OCOLS 

Of the 43 studies reviewed (Appendix), 12 had 
the sole objective of in entory (i.e., characterization 
of a community by numbers of species or individu
als, proportion of migrants. or relative abundance 
of individual species). bout thr e-quarters (31 of 
43) had one or more additional objective , including 
habitat use (measuring relative abundance of several 
species in more than one habitat), mark-recapture 
(estimating site fidelity. sur ival. or population 
size). and population trends (change in abundance 
at the '>ame location acrms years). In only about 
one-third of the paper.., ( 15 of 43) did author.., d1..,cu-.-. 
bias s associated with mist netting. Only one ..,tud) 
was based on a pilot stud) (Robbins et al. 1992). and 
only four pap rs cited methodological studies that 
verified whether mist netting was the best technique 
lo achieve the slated research goals. bout onc
quarter of the studies ( 12 of 43) also included aural 
censuses. 

In most studie'>. rc..,earchers U'>ed net<., of ,.,, ith a 
me'>h si1e of 36 mm (Fig. I A) and used nets of only a 
... inglc me<,h '>itc (Fig. 18). Net'>\ ere typically 2.5 m 
tall x 12 m long ( ig .. I . I 0). els were set in line'> 
ranging from l to 30 nets (Fig. I ). Line-. of n L-. 

ere spread wid ly (median=_) to )l} m; hg. l I~) . 

In most studies researchers nelled bet ween 5 anti 12 
h/day starling at ..,unrise (Fig. 1 ). and netted for one 
to three day at a location (Fig. I H). 

Tall fore<,t and '>econd growth forest \\ere the 
mo'>t frequently '>ur\cyed habitats (Fig. 2 ). Mo-.t 
'>tat ion'> were' isited only once (Fig. 28). Mo t ..,ta
tions were ampled for greater than 500 net-h (Fi!!.. 
2C), usually with over J 00 m of mi'>t net (Fig. 20). 
At -1-7 inventory stations with net-hour data, how
e er. nly about 25% ( J J) were netted for > 1,000 
net-h. Inventory stations were netted for a m an of 
2.012 net-h ( D = 3.268). tation'i common I cap
tured het\i een 20 and 39 specie., (Fig. 2 ) and up to 
-1-00 indi iduals (Fig. 2 ). 

F\C10RS RFLATl:D TO l \IBl·R OJ \PTL;Rf:.. 

The protocol parameters affecting number of 
'>pecies and number or indi' idual captured differed 
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hetween habitats (Tahle l). In non-forest habitats, 
there were only two significant orrelations: numb r 
of '>pecies captured increased with greater distance 
between net lin s. and number of indi iduab cap
tured decreased\\ ith increasing latitude. 

umber of species captured in fore ted habitah 
was significantly correlated with many paramet r.. 
These included effort variable. (total net-hours), 
equipment (mesh si1e), sample area (di..,tance be
tween net lines and number of net lines survey d), 
amount of continuous effort at a tation (number of 
visits and number or consecutive days of n tting at 
each vi it). and habitat structure (canopy height). Jn 
fore<.,t habitats. the number of specie. captured was 
not correlated with latitude or with amount of dail 
netting effort (meters or net per day, number of nets 
per net line, or hours of netting per day). 

Jn forested habitats, several parameters were 
also correlated with number of individuals captured. 
These includ d parameter<, related to effort (total 
net-hours), sample area (distance bet\.\een net lin s 
and number or net lines sur eyed). and amount of 
continuou ffon at a -.ration (number of' isits). The 
number of indi idual., captured in forest habitat'> was 
not correlated with number of con. ecutive days mist 
netting, vegetation structure (canopy height). mesh 
si1e, amount of daily mi'>t netting (meters of net per 
day. number of net'> per net Ii ne. or hour'> of mi..,t net
ting per day). or latitudl.:. 

P1w 1 ocm \RI '110 

, ampling proH Cl\\ \ aricd . ignillcantly within 
indi\ idual in entory '>Ludie'>. T' o-thirds (25 of 4.) 
of the studies did not U.,l.: the '>ame sampling protocol 
at each station, and onl l 7o/c (7) used the same pro
tc col., for all location'> ... ampled (Hu-iation in the pro
tocols of the r maining 11 '>tudies wa-. not reported). 
TMHhirds or the 'itudie'> '>ampled diff rent '>ii d 
area., at some station'> ( = 12), or u..,ed dif rerent net 
densities ( = 10). 

DIC S IO 

Re-,ult. in this paper indicated a high \ariabil
ity of mist-netting methods in the entropic" both 
among and within inventory studies. Variation of 
this magnitude make'> it very difficult to directly 
compare results among studies (Magurran 1988). 
Herc I discuss some of the effects of that variation 
on inventory result'>. 
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Distance between net lines (m) 

1-4 5-8 9-12 N/D 

Number of hours of mist netting 
per day 

1-2 3 >3 N/D 
Number of consecutive 

days of mist netting 
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HG RE I The frequency of '>tuuie.., ( = ·B) U'>ing Jifferent: ( ) net mec.,h ..,i1e..,, (8) number'> of me'>h '>J7C'> u ed. (Cl 

length of 111di\ idual 1111 ... t nets. (D) height of 1ndiviuua1'. mi ... t net•., (E) number of mi'>t net.., per net line. (F) di~tance between 
net line:-, (G) number of hours of mist netting per da), and (11) number of con..,ecutive days of rni..,l netting at a visit. /D 
= -.tudic.., in \\hich a \ariable \\a<; not dc:-.cribed. 
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FIG RE 2. The frequency or station.., ( = 194) \\, ith different : ( ) habitah, ( B) numbers of isits (netting ~e-,sion" of one 
or more consecuti e day'>). {C) ner hour., (D) length of mi"t net operated per day, (E) number\ of species captured , and (F) 
number of individual'> captured . 

0\ 1 R,\LL ErroRT 

Karr (1981 a) concluded that for the purposes of 
sp cies inventory, captur of I 00 indi iduals was an 
adequate compr misc between effort and quality of 
results. Most studies reviewed h re met that objec
tive (Fig. 2C). However. it :hou ld be recognized that 
·uch . tudies may not ield accurate asses. ment or 
species e ennes (Bierregaard 1990), or reveal the 

prer,,ence of uncommon -;pecies. In agricultural and 
shrub habitats, a sample of 700 net-h may be needed 
to detect mo. t individual and . pecies (Petit et al. 
1992, Borges and touffer 1999), whereas in for
est habitats. a . ample of 1,000 net-h may b needed 
(Blake and Loi:elle 2001, Petit et al. 1992, Lop L de 

asenave et al. 1998). Most studies in this review 
had <l.000 net-h (Fig. 2C). 

Anothi..:r \ ay of evaluating the effort required 
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T\l!I I I . P1 .\RSON CORR! I ·\TIO'< ( 01111CIEN1 s BFT\\11 J\ 111! Nl Mlll-R or SPLCILS OR OJ INDIVlll lJALS (\PH RH) \ J\ J) \ ARIOl s 
IN\ f I rnn PRO I ()COL p \R \1\-11 Tf RS, IN 0"\-IORl'ST A \/IJ FORI ST II \HI I\ IS 

on - fore\! hahital hire'>l habitat 

'\,umber umber 

of pecie., of rnd1rn.lual 

Distance between net lines (m) 0.598 0.437 
Total net-hours 0.337 0 .325 

umber of net lines ..,uncycd 0.233 O. l-17 
Number of visits -0 .007 0.36-1 
Latitude (0

) -0.132 -0.568 
Con-,ecuti,·c Jay'> of netting -0.251 -0.127 
Canop) height (m) -0.190 -0 .006 
Mc. h '>i1e of net (mm) 0 .329 -0 .275 
Meter of net per Jay 0 .241 0 022 

Cl per net line 0 .314 -0.007 
I lours netteJ per Jay -0.084 0 .055 

\ ot1' ( nrre l<ll l<H1 w clt1Cicni- in ho lul a.:c " ere· , jgnilicanl IP < ll .115) 

for useful '>pecies inventory is to look at number of 
indl\ idual.., captured. A high proportion of '>pecies 
v. a"> detected after capture of at least 500 individuab, 
whether in forest (Lynch 1989) or non-forest habi
tats {Borge.., and Stouffer 1999. L_:nch 1989. !fallor} 
and Bro!...av,, 1993). However few studies included 
this many individuals (Fig. 2F). and an e.-sentially 
complete ">Urvey in fore . t habitats may require a 
sample of 1.000 individual<, (Blal-.e and Loiselle 
200 I, Karr el al. I 990b). Although capture of more 
than 500 inc.It' 1uual1., u ... ually docs not detect 111.rn} 

additional "pccies, the new specie'> \\ill be one'> that 
arc rare. Thus, <.,ainplc" compri cd of re,, capture'> 
"ill ha' e l<m proportion'> of rare <.,pec1e . and greater 
species evcnnes'>, as compared to ... ample'>\! ith man} 
capture:-. . 

ural sur\C)" detect many species better than 
mi t netting {and hence more species and individu 
als: Blake and Loi<,elle 200 I, Lynch l 989. Rappole 
ct al. 199 . Wallace et al. 1996), but theJ are affected 
b) oh..,ener bias (Faanes and B}strak 1981, Levey 
1988. Verner I 985 ). Mist netting, on the other hand, 
detects a few common bird specie-, better than aural 
surveys, i" not affected by obsen er bias, and may 
yield greater counts of individuals for some species 
(Blake and Loiselle 2001, Rappole et al. 1993, I 998, 
Wallace et al. 1996, Whitman ct al. 1995). Therefore, 
thorough <;tudie" of Neotropical bird communities 
ma require both aural <.,urvey.., and mi . t netting. 

j l ·l fl c.. PROlOlOL 

Increasing mesh si1e correlates with increasing 
capture rate for larger species, so restriction of 
mesh-size bia es imentory result. (Heimerdinger 

umber Number umber umber 

of \tud!C'> or '>pccie' of intll\ 1duals or ~ Ludie'> 

12 0.918 0.990 9 
22 0.830 0.925 13 
17 0.717 0.801 12 
25 0.544 0.760 l7 
26 -O.o98 -0.396 18 
25 0.506 0.442 14 
16 0.574 0.263 15 
26 0.597 0 .221 15 
17 0.-D. 0.385 12 
26 0.302 0.480 15 
23 -0.013 0.172 16 

and Leberman 1966, Pardieck and Waide 1992). In 
this re' ie\\. 36-mm mesh nets \\ere by far the mo. l 
common I} used, and fe\\ '>tudies u. ed more than one 
">ile. Karr ( 198 I a) <.,ugge">led u, ing 36-mm me ... h 
neh as a good general mesh si1e for catching most 
species 8 to 100 g. llov,,ever, 36-mm nets \viii catch 
up lo 50o/c fewer individual'> of small (<20g) <.,pe
cie" than will 30-mm mesh nets (Heimerdinger and 
Leberman 1966. Pardieck and Waide I 992). 

Most researcher" preferred di<.,trihuting their nets 
uniformly within a '-llld] plot to el1minat ohsener 
bias in station . election. ome re">earchers argue lor 
ma'\tmizing captun.: rate-. h.> placing nets at "gLlod'" 
lo ation . that ha\c man) species. but this introduces 
ob. ervcr bia ... , c">pecially in the capture rate" of indi 
v1uual <.,pec1cs (Kan 1979, Whitacre cl al. 1993), and 
may make statistical comparisom among <.,lation<., 
inappropriate . 

Spacing nets >50 m apart may maximize the 
number of unique individuals and sp 'cics captured 
(cg., Karr 198la). Hov.ever, for a fixed sample 
area. net placed along a transect will cros"> more 
m1crohabitats and bird territorie than nets pla ·cd in 
a grid. and ther fore will capture more species and 
new indi iduals . 

In eotropical slue.lie'>, number of sequential days 
of netting at a station has been "hown to <.,lrongly 
111fluence capture rates (Robbins et al. 1992. Faaborg 
et al. this l'Olume). The number of bird<.; caught de
clines after the first day because the proportion of the 
population captured increase. with each passing day, 
and captured birds avoid mi<.,t nets after being caught 
(Bierregaard 1990, Robbins et al. 1992, Terborgh 
and Faaborg l 973 ). Thu . a mi t-netting study con
ducted on a :-.ingle day may not be comparable to a 
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study conducted on several days. unless the raw data 
are a\ailable and the anal}SC'> arc restricted to data 
in common. 

In tall fore1.,t. additional \ i'>it'> ma, increa'>c the 
number of specie'> and indi\ idual captured a., long 
a'> there are at lea t three \.\eeb bet\\een \ i'>il1.,. A 
three-week intenal ma} '>ufllcicnt to minimi1e net 
1.,hynes<., (Bierregaard 1990). although other research
ers sugge. ts that much longer intervals ma} be nec
essary (J. Faaborg. pers. comm.). 

RIA.TIO II\ PROTO( 01 

When mist nets are u<, <l to conduct inventorie., 
ancJ accompli'>h other objecti\es a \\ II. more 
than one sampling protocol may be necessary. For 
example. the chief goal or an inventory i., to catch 
as many different :-.pecies as possible. which in
cludes minimi1ing effort spent on recapture. Mark 

l'l'I DI . Loe \TIO .. 11\Bll ''· l "IHI R OI Sl R \I ) SI \ 110 .... \ 

Stud) Counlr)hl 

B1crrcguard 1990 Bra1il 
Bla1'.c 1989 Panama 
B la1'.e and Loisel le 1992 Co-.ta Rica 
Borge-. and tou ffcr 1999 Bra1il 
Lopc1 c.le a. CnU\C Cl ,ti. 1998 rgentina 
Gon1alc1-Alon-.o ct al. 1992 Cu ha 
irccnhcrg 1992 Me\.1co 

Karr 1990 Panama 
Knchcr and Oa\ '' 1992 Bcl11c 

Bcli1c 
Leich\ re ct al. 1992, 199-l Cl1C/UCla 
l,opc1 de a ... cmn c ct al. 1998 rgcntina 
Lynch 1992 Mexico 
Mali/la 2001 rgcntina 
Ma-.nn 1996 'nC/UCla 
Manin anJ Karr 1986 Panama 
Machado and Da on ... cca 2000 Bra1il 

1111-. .ind Roger-. 1992 Bcli1t.~ 

Murphy et al. 1988 Bahama-. 
Bahama., 
Bahamas 

Poulin ct al. 1993 cnc1ucla 
enc1u1.:la 

Rapp )le et al. 1998 Mexico 
\ilexico 
Mexico 

Robbin.., ct al. 1992 Puerto Rico 
Jamaica 
Bcli1c 
Co~ta Rica 

Robinson and Tcrborgh 1990 Peru 
touffcr and Bicrrcgaard 1995 Bra1il 
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recapture studie., have the opposite goal. that is. to 
maximize the number of recaptures. imple com
pari ... ons of specie., richne1.,1., among location., can be 
accompli<,hed b using '>pecies accumulation cun e<., 
from each '>ta ti on ( Herrng et al. 2002) C\cn \\hen 
different protocoh \\ere u1.,ed. If the original data are 
a\ ailable and protocols do not differ 1.,ignificantly. 
boohtrap anal}'>i'> can be an effective technique for 
eliminating the effect or unequal sampling effort on 
re..,ults (Karr ct al. I 990b). However, use of stanc.lard
i1ed protocols \\ henc\er pO'>'>ible should help make 
results of mi'>L netting 1.,tudies more comparable. 
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Scrub. \\<Oodland 3 II. I 
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Tall fore"l 10 ILi 

ccondar) fore-.t 10 II. I 
gricultural/olJ held 10 II , I 
gricultural 8 II . I 

Tall fore<.,t 8 II, I 
Tall forest 8 II, I 
Tall fore:-.t 8 II. I 
Tall fore ... t I I, M.H 
Tall fore-.t 9 
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SOME CONSEQUENCES OF USING COUNTS OF BIRDS BANDED AS 
INDICES TO POPULATIONS 

1011 R. SAL:ER A'ID W11 I.IA 1 . LI K 

Ahstmcr. In mist-net studies. 1t is often difhcult to u-,e capture- recapture method'> 10 e'>timacc numhcr of hmb 
present. Many 1n\e'>tiga1ors use number of bird.., captured as an index or population '>iLe . We in,·c..,1iga1e the 
consequences or u ... ing ind ice.., of bird abundance as surrogates for population -,i1e in hypothesi., tc'>t \. nles., all 
or the birds present arc captured, indices arc biased estimates of local population -,i1c , and the amount of' hia" 
depends on the proportion of birds captured . We demon..,trate the potential effects of' bia. on h} pothe..,is tesh 
based on indices The bia., generally cau e., t} pc I error rates ro be inflated . lrn estig:ator\ should erther estimate 
the proportion ol animal., captured usmg capture recapture method" or dernon..,tratc that resuli... of hypothc\i 
tc'>IS based on inc.lice.., are not con. cquencc.., of bias in the mdice-,. 

Key Words. abundance C'itimation. banding:. bia . capture recapture. count<., . 111dex. population s11c 

Banding data provide the only source or informa
tion regarding many interesting que<;tion1., about bird 
population<.,. Data from mi-.t-net studie are pre1.,entl) 
u1.,ed to stimate population trend-. of pa . ..,erinc bircb 
(Da' son 1990, Hussell et al. 1992). to examine 
<.,urvi al and p pulation c.,i1e.., of birds (e.g., Faaborg 
and rendt 1992b), and to e\aluate productivit) of 
passerines (DeSante 1992). Large-scale banding pro
grams such a. MAP (DeSantc 1992) and tht.: Briti..,h 

onstant ffort ites (Peach 1993) provide the op
portunity for monitoring trends and demographic 
haracteri1.,ti s at regional geographic scale .... 

Unfortunate! , in mi'it-net <.,tudie .... relati\.el) fc\\ 
individuals of the target species arc t)pically encoun
tered. Becau..,e mi..,t net.., have a limited height, the 
probabiliL of capturing a bird that does not forage in 
the undc1sto1y is 11.:h1li\e\y sm,t\\. Ab), ,1flt:1 b in~ 
captured. bird'> may become a\ are of the lo ·ation or 
nch, I ading to lo\\ recapture rates (De ante 1992). 
Consequ ntly, moc.,t bird <.,pccie.., arc repres 'nted hy 
-.mall sample sizes from an) <,Ludy ..,ite. 

mall ... ample iz s po">e man challenge.., for 
anal1sts of mist-net data. The lllO'>l unportant prob
lem relate to us of capture-recapture method" "'ith 
small samples. These methods provide many inter
esting opportunities for estimation of demographic 
parameters (Kendall ct al. this l'O!ume), but small 
samplec., can preclude C'itimation from indi idual 
site., or greatly lower the power of test., for dif
rerenc .... in parameter ... O\er time or between itc .... 
Many imestigators choose to a oid the prob!t:m 
inherent in :mall-sample capture- recapture anal) c.,es 
by using indices in their population anal <.,es . For 
example, the total numb ·r of birds captured at a sit 
is used as an index to total population , ize, trendc., are 
e ti mated ba, ed on change.., in the total capture indi-
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c s, total numberc., or recaptures are used as an index 
or return (or survival) rates, and the ratio of number 
or young to adults captured is u ed a1., an indc of 
productivit). 

In this paper. \\C explore the consequences of 
using indices in anal) sis . We de\elop a conceptual 
framev .. ork for anal)1ing indice. and relating them 
to possible changes in the underlying populations. 
Finally. we demon..,trate how indices should be 
considered in terms of underlying capture- recapture 
models. 

WHAT I A I 0[ '! 

n inde count 1s often defined a., any kind of 
count that reflects the pre ... ence of animals. but not 
th 'ir :ib. olut numb 'r. This ti 'llnitit n is rnatlcquate, 
in that it mal--es no statement about the rclation...hip 
between the count C and the unknO\\ n population 
si1e V. To be an a !equate reflection or . · must 
ha\e c.,ome con i..,tent rclation..,hip "'ith 1 . Tim. rela
tionship i.., ..,omctimes defined b) noting that C mu..,t 
be po<.,itively correlated\\ ith . For an inde C to be 
u.., ful, howe\ er. C mu-.t be a rea onable surrogate 
for . both in hyp thc-.ic., te.,ts and in ih as'>ociation 
with covariates. 

on ider the count of birds captur d (or recap
tured) at a mist-netting c.,ite as a po. siblc index to the 
population !'lite. The relation..,hip of captured birdc 
at a mi t-n t 'iite to the actual population size can be 
expre ·sed as 

E(C ,p.1 ) =p 

where E(Cjp,N) denotes the expected alue of C con
ditional on the actual population size . and p is the 
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pnportion or animals encounl 1'red. Jn general, if/J is 
not related to V. and is not 0. then C is a reasonable 
in 'X of N. However. the correlation between C and 
, will depend on the \ariation of p. and any anal)
si<; of count data relic.., on ..,ome assumptions about 
eit~er the magnitude of p or ih consistenc) over an) 
co11parisons of populations that use counts. This has 
led to two major philosophical approaches to the 
andysis or index data. 

Proponent<; of the first approach have said that 
.. U,ing just the count of birds detected (per unit 
effHt) as an index lofl abundance i neither scien
tifltally ound or reliable" (Burnham 1981:324), and 
tha .. It is imperative in de-,igning the preliminary 
'>Ure) to huild in the capability ... of te ting homoge
nci y of the proportional it) factor values ... " ( kalski 
anc Robson 1992:_9). To apply this approach. an 
ex1 erimenter explicit!) estimates p and tests for 
dif crenees in p that can he confounded with the 
conparison of intere'-it. For mi-.t-nets, capture re
ca1 •ure methods are u-.cd to e-.timate p (Kendall ct 
al. hi' l'O!ume ). If no differences in pare found. then 
the indice-. are used in analyse-.. Hm\ever. \\ithnut 
c..,t rnatmg p as a routine component of a -.tud). 
thee tesh cannot he conducted , and the ..,tudy will 
ha\e little credibility (a point forceful!) made by 

11 Jcrson 200 I) . 
n the '>t:Cond approach indices arc ti. ed in 

an< ) C \\'ithout e'>llniation nf p. ln<,tead. it is a"
'>Ulled that standardi1ation and covariate an:.il) -.i-. 
can he used to control variation in p that might 111-
val date hypothe is k..,h (e.g .. differenci..:.., in 11 might 
he nnfoun<led with treatments). Proponent'> nl the 
"cc rnd approach feel that it 1s 1111po..,s1bk to design 
c t nsi\e studies lo C'>timalc p due Lo the practical 
co1 traints of low recapture rates and "mall sample 
..,i1 t .., for most peLies in mi t-nel tudie . In fact. 
man large-scale monitoring programs (such as 
the North merican Breeding Bird Survey [BBS]. 
Pcl .: rjohn and Sauer 199J) do not allO\\ fore tima
tirn or p. 

The first approach (in which p is estimated) 
sho.ild be con'>idered in de-.ign of any field study. 
and the ornith logical community increa. ingly at
ten pts to estimate detectability in 'itudies that count 
hire." (e.g .. Rosen ' tock el al. 2002). Howe\·er. mist
netung samples are often too "mall to aJIO\\ proper 
c..,ti11ation. or the hypothesis lc'>ts based on the data 
lim.: too low power to e\ er he able to test whelher 
dettction probabililic<> differ. Jn practice, man) anal
yse, are conducted on unadjusled counts of captured 
(or )bserved) birds. 

ALT RNATlVE ESTIMAT S OF POPULATION 
. IZE 

Thre distinct quantitic.., are commonly referred 
to as the population -,i1e : first. V. the parameter 
(found on!) by censu..,ing, \\ hich i-. almo<,t Ane\ er 
accomplished in bird monitoring): second. IV. lhe 
capture-r capture ei.,timate. found b) estimating p 
and defining 

P, 

(Lancia et al. 1994): and third. C, the index. To in
vestigator . it is not ah\ays clear how the-,e quantitie-, 
differ, and \\hen it is appropriate to use .A or Casa 
surrogate for in h) pothc"i" lests. To under"1and lhe 
consequences of lhi-. choice. we must consider two 
characteristics of th estimates, bias and precision. 

The hias of an estimate i'.'> the difference between 
the expected value of tht.: estimate and the parameter. 
r:c)I the capture- recapture t.:'>llmate, the expected 
\alue of N is£( A IV):::: N (the e'>timator is slightly 
hiased: Skal-,ki <1nd Rohl.ion 1992). In contra-.1. the 
bias of Ci-, E( C VJ - ,'v = p - /V = N(p - I): hence C 
1-. alway" biased unless p I . 

Bia-. can be ant.: tremcly ..,eriou.., deficiency in an 
estimator. if it is not taken into account in hypothesis 
tt.:sl'>. The pos-.ihility that hias can differ among treat
mem-. -.lmuld be considen.:<l in an) h) pothesi-. tc..,t 
that u ... c-. count'>. and obviously invalidato use of 
the ind \as an c ti mah.: nr pl)plllatiun si/ '. ,\n addi
tional consequence or the bias in C is that compara
ll\C tesL or population si1e ha..,ecl on the counts may 
also he invalid. For example. <,uppose that we have 
1i..:plicatc count... trom ..,ite.., I and 2. We arc intereste<l 
111 test111g a null hypothe..,1 

hy comparing mean counh. Counts should only be 
used in this analysi.., ii p

1 
= p ,. Of course. th1-. condi

tion of equal p''> 1s also necessary for any compara
ti\e te:t (e.g .. a ratio analy i" of productivity. where 
group. I and 2 would <lenotc different age clas'>C'>). 

Bias i-, therefore a critical con!:>i<lerat1011 for any 
anal) sii., of count data. nfortunately. afler count'> 
are collected, most stat1 tical te:ts do not directly 
include an assessment of possible bias, so investiga
tors do not become aware of these difficulties in the 
analy. is. 
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t a '>ingle site, <.,ampling error j.., the \ariancc 
or the e:-.timate contlitional on the population pa
rameter. ampling error for a population e timatc 
\ 1s tlen.~Hed by I '(~· ji\'). In a capture- recapture 

:-.tutly. I'( ' I ) is e:-.timatctl by a:-...,uming ,V and p arc 
unknown but lixetl. anti estimating p from observed 
count<., of marked and unmarl--ed animals ( kalsl--i 
and Robson 1992). If multiple :-.ites are sampletl. 
an additional factor. the among-'>it variance I '( ). 
i'> abo a component of error. an~ the \ ariance calcu 
lated among <.,ite estimate'> i. Vi , ). is 

. . 
(J\') = \('v) + E( ( V j,V,)). 

\\here E( V( '~ j, ,)) i.., the expected value (average) of 
the within-site sampling errors. In most studies, V(N) 

is the variance component or interest (Sl--alsl--i and 
Robson I992. Link and ichol<., 199..+). 

Ir only count'> are collected. thi . partitioning or 
<.,ampling error and among-site variance cannot he 
contlucted unless pi'> a<.,<.,urnetl Ii xetl among site'>. anti 
!--no\\ n ( 1--alski and Robson 1992). Con. e4uentl). 
estimation of p is essential for '>tudies in 'Which 
estimation or variance components are or interest. 
Unfortunately, most -.tutlies of temporal variation 
in bird population-. do not do this, and may provide 
incorrect re-.ult-. (Link and Nichols 199..+). 

·<.,timation ofp 'ilill allcms for use of C in hypoth 
esi-. tesl'i when p docs not differ among populations 
to be compared . Skal-.1--i and Robson ( 1992) note 
that, unless p = I. coefllc.:ienh of variation ol~ Cw ill 
be -.mailer th~n (( el'lkil:nt ( r \ ariati0n ( r f(1(" ' \ 

site. I fence, use or c in hypothe'iis tests\\ ill lead to 
high ·r po'Wer relative to tests hasetl on ·, . but only 
\\hen p can be documented to be con<.,lant. or cour<.,e, 
ifp is not con tant the 111cn:ased preci1.,ion \\111 onl) 
lead t) an increasetl chan ·e or a false rejection of the 
null h) pothe1.,is. 

DE L PING STR T R • FOR LY L 
OFC UNTDATA 

The foregoing discu-.sion provide!-. a gen
eral \ ie\ or the statistical properties of indices 
and capture-recapture-ha cc.I estimates. Ho\\c\cr. 
investigators need 1.,pecitic methotl for evaluation 
of the performance of indices and adjusted counts. 
Capture- recapture model'> pro ide a com enient 
framework for thi . valuation. We can develop mod
els for sampling the populat ion. and see how count<., 
and capture- recapture estimate<., differ in the context 
or the modeb. We pro\ iJe an example of this basetl 
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on the Lincoln imk , as defined by kals"i and 
Rob1.,on ( 1992:63 64 ). 

Jn the model. handing occur.., in t\\O period-. (j = 
1,2) at a single site. We use this notation: 

.\ =number of animals 
nJ =number of animals captured in p riod j 

p
1 
=probability of capture in pcriodj 

q
1 

= I - probabilit) or capture in period j 
m = number or marked animals from period I recap

tured in period 2. 
C = 11 + 11 2 - /11 =number of tli tinct captures 

ntler thi-. model. the e'itimate<., of population si1e 
are 

with sampling \ ariance 

' V</1G7 , 
(V ,\) ""---. 

P1P2 

The number of distinct animal'> countetl is 

C'=11 1 +11 , -111 

with mean and variance 

E(Cj )=v(l-q.q, ) 

( c I N) = 'v lf 1 Cf 2 ( I - lj I q ) . 

nder this model, we can tlircctly estimate the bias 
anJ p1eci .... inn l)f Ll)Ullh .1nJ the l'..tp\lll\: - 1cl'..1ptu11.: 
populati rn estimates. 

upposc that there are two sites. and a Lincoln 
experiment ha1., been done on each. To test the null 
h poth sis that 

l\\O alternative stati tic:-. can be usetl. The first 1-. 
based on the capture recapture-based estimate, us
ing the staci-.tic 

The second is ba ed on the counts of animals 
captured, u-.ing the -.t.tti-.tic 

-c ~V(C1 i 
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Note that : \ and .:
1 

do not tc'>t the same hypothesis. 
For : \. the null hypothesi.., is: If. ,: V

1 
= .Y,. but for 

:
1 

it is : / f.
1

: µ( 
1 

= µ
1

, (v. here µ
1 

= mean count for i). 
Thc..,c hypo theses arc on I y the same v. hen p 

1 
= p ,. 

Tu '\hO\\ the con"e4uenccs of using : a1., a -..ur
rogate for.:,. u'\e the expected \alue. given aho\l.: 
in formula.., for the.: 1.,tatistic1.,. '\etting .'\ = .V, = V_. p

1 

= P 1 = J> ,,. p , = P21 = p_2• and P, * p ,. to simplify the 
discus1.,ion. We can a..,..,e..,.., the differences in the tests 
for differing values ofp

1 
and p

2
• For.:\· 

E )-N-N(+smallbias) :::::O; 

<= \ - ,\'[ l/~ l/~ ) 
Pi P2 

and for .:
1

• 

.., 1 

1\ ( c(?. - c(j) 

In other\\ )rd . . E{.:) * 0 for a.: '>tat11.,tic ba1.,ed on the 
Cs. but E(.:) = 0 for the 1.,tat11.,tic ba ed on the \ ·..,, 
thU'> tc1.,t1., ha'>ed On :

1 
\\'ill ha\C an inflated proh,tbil 

ity or a ty pc I error rate (u) le\ cl. L "ing the e\pectcd 
value-,, \\e can quantify the inflation for a fixed Iv. 
p

1
• and/' , as 

(I.\ / 'I /" = <1)[.:,( 2 - E(.:, ) I+<))[- .:(/ 2 - E(.:, )] 

\\here <f) signiflc'> tht.: cumulati\ c normal probability. 
and <D - 1 - <D. Calculating the1.,c as a function of N 
with u = ().05. it i1., 1.:\idcnt that the 1nflation of u in 
crca-, ,.., both a1., a function or p

1
• and p_ (Tahl' I . 

When the tntal population '\i1c is moderately large 
(e .g .. V > I 00). the mflatton 111 u is quite large for 
e\en '>mall (5%) changes in I'· 

We conclude that minor changes in p between 
treatments Lan lead to large increases in type I error 
rate.., When hypothl''>i tc'-ls are hascd on counts, 
differences in detection rates arc confounded with 
difference-, in the actual population si/1.:'-; significant 
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differences round in the test or equality or counts 
between population" may be entirely due to differ
ences in p. Changes 111 p do not appear anywhere in 
the count-based analysi'>. and \\Ould be interpreted as 
rejections of null hypothcse1., by the investigator. 

The changes in detection probabilitic. affect all 
a1.,pec1" of hy pothe"i" testing. For example. power 
(the probability of rejecting a ··ratse·· null hypoth
esis) i" a function or lhe difference between the 
estimate and a hypoth1.:si1cd value of the param
eter. and increases as the variance or the esl1111ate 
decrea<.,es. Becau<.,e \ ariances decrea. e as 'iample 
'>i/C'i increa e. tc:-.l power increase'i '"1th 'iamplc 
'>17e. Consequently. increa 1ng the observed power 
of a test when the estimate i" hia'>ed leads to greater 
probability of error. tandard 'iample allocation pro
cedures are therefore tll\al1d. und lead to higher than 
nominal type I error rates. 

MORE GE ER \l CA E 

uppo. e \\Cha\ ea 1.,tudy that only collects count 
data from}= 2 treatments. where C 

1
, i = I. J. and 

C . I = I. .. . .L reprc'.'.cnt the counts for I replicate 
'>Iles in treatment I and L replicate. in treatment 2. 
Further. as1.,ume that for each treatment the count'> 
are indices to population "i1c. and that p

1 
-:F. p

2 
( i.e., 

the detection prohahility is constant with111 treat
ment'\ but differs bct\\ccn treatments). 

To te-,t "hcthcr //l, : , 
1 

= V. \\.1.: u1.,e 

which actually te'>ts II,,. p
1 1 

= µ
1 

,. 

The numerator of the test has expectcJ value 

which. when the null h pothc"i~. is true. equals 

T\BLt I . T111 \Cit \I \LPll\ (u 'J \'iSOCl\lfD \\ITll mJ>cn111s1s 11s1s o · coL'\I 

D\l\ \\Ill Till PRlll'!lRrlO. 01 \'1\1 ,\IS lllTl(llll CH.\ GIS. IOR \ 11 ID lllf'\I 

l'Ol'l I \110 'ii/I 

(J. ·1 .i,, = 0.5- 0 .55 ) (( '(::l/ J = 0 .5 0.6) u '( :1p = 0.4 0.<11 

10 0.0574 ().()79.~ 0.1820 
50 0.0878 0.2020 () 6486 
100 0.1267 0.35.+5 0.9117 
150 0. 1663 0.4932 0.9819 
200 0.2063 0.6116 () 9968 
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We can use the argument given above to demonstrate 
the effect of differences in p between treatments on 
the hypothe. is te:Ls . peciflcally, for any observed 
diffcrcnc in counts (C

1 
- CJ, the numerator or the 

test. we can ask~ hether. gi en that the mean popula
tion is of size at both ite . what differences in pro
portion detected between treatment (denoted by t::..p) 
would be expected to produce the observed::: value . 

For flxed / between tr atments , t::..p is 

If these tlp alue<., are small. the test ha\e littl 
credibility. For example. Hanowski t al. ( 1993) pre
sented data on mean counts of Do~n Woodpeckers 
(Picoides pubescens) on two treatments. each based 
on 40 point-count sites. The stimate · for the two 
treatments were 0 .35 ± 0.09 (SE) and 0.17 ± 0.08 . 
For Ii ed values or N, we calculate values of t::..p that 
would produce the observed difference in means , 
gi\en that both treatment'> have the ame ( 

1 
= 

or example, if equals 1.0 in both treat-
ment<.,, a tlp of 0. 18 would be needed to produce 
the observed difference in count<;, bur if = 2.0. 
a t::..p or 0.09 will produce the observed difference 
in counts. If the counts arc similar in magnitude to 
the actual population si1e (e.g., p is close to 1.0), 

then it i.., unlikely that change'> in p are cau..,ing the 
ob<,erved diff rences in counts. Hm; e er. if the p"' 
I'> much le'>s than 1.0 (i.e.. i'> much greater than 
' ), then relati\ ely small differences in proportions 

detected between treatments will e plain the differ
cnct.: b t\\ ccn the ( b. crved c unt ln this n"e and 
in any analysi · involving count. as ·urrogatcs for 
populati n size, it is informative to play "what if' 
game Loe\ aluate whether the analysis is likely to he 
affected b) differences in dct ct1 n probabilitie<, be
tween treatment.. To do th1'>, p tulatc the detection 
probabi I ities and aluate th con equenccs for the 
anal '>is. . imilar procedure an be de eloped for 
any hyp the i. test based on counts, such as testing 
for change over time or for ratios of counts. 
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ON LUSI 

In thi . paper. we have provided a frame~orl-. for 
the analysis of count data, and identified <.,omc of the 
fundamental attribute-; of count'> of bird.., captured a'> 
surrogates of population param ters. 

• Counts are always biased unles p = I. This 
means that counts do not e<.,timate population si1e. 
but estimate population Sile times p. 

• Counts are always more preci e than adjusted 
population estimates . This is due to the bia'> in the 
estimate (p < I). and the additional error associated 
with e. ti mating p that occur · in the adjusted esti
mates. Counts are mo..,t preci e when p = 0. v.hich 
demonstrates that the increased preci..,ion of counts 
is not w..eful for hypothesi'> testing unle s differences 
in pare accommodated in the analy is. 

• Sample al locations based on C are not ap
propriate. because increased . amples lead to more 
precise estimates of E( C) rather than of /V. Thi 
amplifles the bias in '>lat1stical tests . 

• imple analyses or C omit discu . ion of bia ..... 
H1pothe i. te ts do not accommodate the possibility 
of differences in p, and will produce inllated a levels 
with e\en moderate differences in p . 

• We can use mark- recapture structure to incor
porate bias into the analysis. and '>imulate the effects 
of changes in p between treatment'>. If no estimate 
of p 1s available. we can model possible effects of' 
\ariation in p on analy1.,i'>. 

• It is wrong to climinat p from anal sc'> of 
count data. Th best way or incorporating p in the 
anal . is is to stimat p for each treatment. te'>L for 
differ nee" in p hrtween treatrncnt-;, and if nece..,
sary incorporate the/>'> in the hypothesis tests (e.g .. 
Skalski and Rob..,on 1992). If p cannot he cst1 mated. 
then it must be demon .... trated that the hypothesi.., tc'>t 
is lil--.el) to be alid for moder.He diffcr'nccs in p 
bet\\.een treatments . I lowever. ignoring the p )..,s1bil 
it} of differences in p \\.ill lead to anaJ)..,C'> v.ith lov. 
credibility. 
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ON THE USE OF CAPTURE-RECAPTURE MODELS IN 
MIST-NET STUDIES 

WIUJAM L. KENDALL, JOHN R. SAUE:.R, JAME:.. D. NICHOLS, ROGE:.R PRADEL, AND JAME E. HI I::.S 

lhstract Capture- recapture model prll\ idc a ~lat1~tical frame\\ Or!.. for e-.Limating population parameter from 
mi-.t-net data. Although Connac!..-Jolly- eber and related models ha\e recently hecn used lo e. timatc -,urvi\al 
rate'> of birds amplcd \\ ith mist neh, we belie\ e that the full potential for use of captun.:- rccapturc models ha-. 
not been reali1ed by many re..,earcher-. involved 1n mist-net <;tudic-.. We present a hricl discu..,1,ion of the overall 
framework for estimation using capture recapture methods. and revie\\ everal area'> in which recent '>latistical 
methods can be. but gencrall) ha\e not yet been. applied to mi t-net '>llldies. Thc-.e areas include C'>timation 
nf ( 1) rate., of movement among area-.: (2) suni\al rate-. in the presence of tran-.1cnh: (3) population -.izes of 
migrating hirds: (4) proportion of bird-. ali\e but not present at a breeding -.itc (one definition of proportion 
or nonbrced111g birds in a population): (5l population change and recruitment: and (6) '>pccies nc.:hness. Using 
the'>e models \\ill a\oid the po-.-.,1ble bias as-,oc.:1atcd with use of indice'>. and pro,1de <,lat1sticall) \alid \ariance 
e'>timatc., and 111terence. 

Kf!\' Him/\ : Capture- recapture. estimation. population size . species richne..,..,. survi\al rate. statistics. 
transients . 

Recent publication that document population 
changes in migratory birds (Robbins et al. 1989. 
Hagen and John'>ton 1992) ha\e Jed to great public 
intere!-.t in the population '>Latus of hirds. Partners in 
Flight and conservation organirntions have attempt
ed to tocus this interest into programs for monitoring 
the stJtus of bird populations and conducting re
search into the cau..,cs of population change in bird'>. 

cveral monitoring programs, -,uch a'> lonitoring 
Avian Producti\ ity and urvi\ al (MAP ; De ante 
J 992). u..,e banding data to adores-. que-.t1ons ahout 
population change at hoth local ;rnd regional scales . 
We believe that banding tuc.Jies pro" idc the onl 
rcal1-,t1c way of adc.Jrcs-,111g many questions or intcr
c-.t to population ccologi-,ts, and careful de. ign or 
programs \~ill al lo~ estimation of man) relevant 
parameters. 

Monitoring and rc ... carch program frequently 
share a common goal: e..,timation or some demo
graphic parameter for '>Ome pre-defined population. 
Clearly, the initial . tep in any banding program 
1s dchnition of the parameter to he estimated and 
specification of a goal for precision of the esti
mate. Parameters of inter st for both monitoring 
and research program~ include p pulation ile. 
survival. recruitment, specie. richness, and move
ment probabilities among multiple study locations. 
Historically. monitoring programs tended to em
phasi1e estimation of changes in the. e parameters 
)ver time. wherea.., research program tended to 
evaluate differences in these parameters among pre
defined treatments. However, mod rn approaches to 

management require that information from moni 
toring be nested within a modeling framework. in 
v.hich the monitoring is used to evaluate the \alidit) 
of predictions (from model.) of the con . cquences of 
management actions. The additional rigor associated 
with adaptive management and modeling exercises 
prm ides a strong impetus for designing monitoring 
programs that urn he used TO e\.aluate population 
responses to management. 

There has recently been a great deal of statistical 
n.: . earch regarding e'>timation of demographic pa
rameter., from banding LUu ies ( eher 1982: B rQ\\ n ic 
et al 19 5: Burnham et al. 19 7: Pollock ct al 1990: 

Lehreton el al. 1992: iclrnls 1992, 1994: 'ch~ au 
and eber 1999; Williams ct al. 200_). Application or 
these procedure. to mist-netting studies will greatly 
enhance the\ alidity and credibility of the results. In 
this paper. we discuss methods and de. igns for esti
mating pnpulation parameter.., from handing ~;tudies. 
We ernphasi1e capture-recapture method., becau-,L 
they are common)] used for pa. serine bird'>. 

WHY NOT U E !NOICE ? 

Na.Ive U'>Cr'> of data from mi t-net ..,tudies often 

draw inferences about the parameters mentioned 
above using capture indices. For example, the total 
number of animal., captured i.· an index to total popu
lation size. and the return rate of birds to a location 
between year is an inde to survi al rate. The ex 
pect d values of these indic s differ from the actual 
population values by some unknown proportion, and 
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any hypothesis test must make a'>sumption<., ahout 
the constancy of the proportions. In general. the'>e 
cnn<.,tanc) a<.,sumption., arc not te1.,ted. and the pro
portion<., of animat... detected may differ among treat 
ment... or O\er time. imalidating h) pothe..,i1., te .... i.... 

Thi..., uifticulty v.ith the use of indice is e;rnl) 
documented in any hypothc.,is test. If the difference.., 
betv.een group mean.., can bee plained by differenc
es in detection probahilities. then the rejection of the 
null hypothesis cannot be attributed to the treatment 
(Sauer and Link this \'0/11111e). For example. if mean 
captures from t-.; o treatment<., are 11.5 and l"'-.0. it 
cannot be established that the 2.5 more bird in one 
treatment are due to higher capture rates or a larger 
population in the treatment. In fact. a "better·· '>tudy 
in term'> of a larger number of replic<ltes v..ill lead to 
a higher chance of a false re'>ult. if the difference in 
count'> is du to differences in capture rates (Barker 
and Sauer 1995 ). 

We \\ill not di<.,CU the tati"1ical propertie., or 
these indices (see auer and Link thi\ l'0!11111e), but 
we note that the methods we di<,cus here provide 
a means for testing the a<.,sumptions implicit in the 
u..,e of indices for comparative purpo<.,c.., ( kal-.ki 
and Robson 1992, MacKen7ie and K ndall 2002, 

aucr and Link this 1·0/11111e). Capture-recapture 
methods allow us to cstimat' the proportion.., of 
animal'> detected and te'>t v.. hether the proportion.., 
are con'>tant O\er time or treatments. If the as ump 
Lion of constanc) i.., concluded to be reasonable, then 
infen:ncc.., may be ha'>cd on the index <.,lat1stics in 
some ca..,es ( kal ... k.i and Robson 1992. MacKcn1ic 
and K ndall 2002). I IO\\e\er, 1f the hypnthc'>i!-. of 
con!-.tant sampling proportions I!-. rejected. then in
ferences should be ha'>ed on the capture recapture 
model estimates. lnterc!-.tingly. the U'>C of indicc..., 
relative to dctectability.-adjustcd estimate'> con
tinue .... to be a topic of di...,cu ........ ion in the literature. 
Howc\cr. v..e belie\e that it i!-. time to mo\e pa...,t 
thi.., topic, anJ v..e a.=rcc \\ith nder-.on et al. (2003) 

that index-based designs are limiting the \alue or 
wildlife studies. 

lMPLE I TROD 
RE PT R PRO 

TIO TO C PT R -
D RE 

II capture-recapture method'> require that there 
arc trapping occasions in v..hich animals arc cap
tured, pre iou .... ly mark.cu animal;, are recorded as 
recaplllres, new animal .... are marked. and animal .... arc 
released. If there are k of these occasions. we can 
define a capture hi . tory for each animal in which a 1 

indicate.., a capture in occa'iion / and a 0 reprc<.,cnt'> no 
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capture of the individual in occasion i, as 
Trapping occa'iion {i) 

Animal number 2 3 4 .. k 
9999 () 0 .. I 

The capture hi'>t01') or animal 9999 reflect..., that 
it v. a<., not captured in occa'iion I and 4 hut wa<., 
captured in occa'>ions 2. 3. and k. The capture history 
i" a fundamental format used in capture-recapture 
estimation and modeling. 

There are two major categories of capture-re
capture model'> (e.g ... eber 1982. White et al. 1982. 
Pollock et al. 1990. Nichol., 1992. William .... ct al. 
2002). The population i'> "open" v..hen sufficient time 
exi'>h between capture occa'iions to allO\\ animal'> to 

lc;ne (via death or movement) or enter (via birth 
or mo ement) the population, and open-population 
estimation procedures estimate parameters such as 
....urvi\al between occa...,ion'> and population '>i1e at 
trapping occa..,ion .... On the other hand. the popula
tion i "clos d" \\hen little time occur!-. between 
capture occasion ..... and it i'> a .... umed that population 
..,i1e i-. not changing among the occa-.ion..... lo ... ed
population estimation procedures are used to esti
mate population !-.i1e or den .... ity during the trapping 
occa...,ions. Finally . ..,omc studies employ a "robust 
de...,ign·· (Pollock 1982. Pollock et al. 1990, Kendall 
ct al. 1995. clrnar1 and Stobo 1997. Kendall and 
Bjork land 2001 ). in v. hich an in\e..,tigator \\ill con
duct several trapping occa ... ion .... during a '>hort period 
or time. and then repeat the .... ampling at a future 
time. The data from the '>hOrt period or time arc usu
al! used with closed-population models to estimate 
detection probahility and porulation '>i1c. and data 
from the repeated sample .... are used with open-poru
lat1on model..., to C'itimate !-.urvi\al and movement in 
and out of the <.,Ludy. area (Kendall et al 1997). Jn ad
dition. th robu t de...,ign can permit ( 1) C'>tim.1tion of 
population !-.11e. '>Lini\al. and recruitment for more 
period..., than standard open population anal) .... e...,: (2) 
'>timation or components of recruitment: and (3) 

estimation that is nhu'>t to unequal catchability. This 
de .... ign is quite similar to the design employed by 
M PS and other con..,tant-effort programs. 

, tali. tical pro ·edur . for all of the e d '~igns 
... hare a common approach. Parameter .... are defined 
and u ed to model the e\ent giving rise to <.,peclfic 
capture historie .... The..,e parameter. are t) picall) de
fined a, probahilitic!-.. and arc associated v.. ith both 
.... ampling (e.g .. detection probability) and demo
graphic (e.g., survival probability) processes. The 
evcnb giving rise to a particular capture hi-.tory are 
thus used to develop a probability model for that 
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hio,,tory. The probability models for the different cap
ture histories. together with the numbers of animals 
obsen ed to exhibit each history (the data). arc thed 
to obtain estimates of the model parameter. and their 
\ ariances. 

As \\ ith all o,,tatistical procedures, there arc as
sumptions that must h met for the estimates to be 
completely \alid. There are several basic a sump
tion . -.,uch as the banded sample mu..,t be repre ... en
tati vc or the population and bands mu<>t not be lost 
or misread. that appl) to all models ( cber 1982). 

Then. each model has a specific set of assumptions 
about ho\\ the parameter of interest arc defined. For 
example, survival might be time specific, requiring 
a separate e'>timate for each ) car, or constant over 
time. requiring only a -.,ingle estimate. Generally. 
tests and model selecLion statistics are ;nailablc to 
allo\\ users tn assess the validity of the assumptions 
and determine whether models\\ ith different sets of 
parameters might be more appropriate for the data. 

STATI Tr ALM ~THOD AND MODEL 

0PL Port 1 \no C \l'J L Rr - Rr·c \PTL RI Moof.1 s 

For open populations. the basic model. called 
the Cormad-Jolly-Seher (CJS) model after the in
dividuals \\ho first developed it, considers capture 
histories in term uf t\\ o sets of parameter · 

$,: Probabilit)(<,ur\ ive from trapping occasion i 
to i+I I alive anJ present at time i) 

p
1

: Prohahilit)'(captureJ at trapping occasion i I 
ali\ c and present at time l) 

Note that the \Crtical har indicate" that the proh
abilit1es arc condit1onal, and rellect the probabilities 
of the event described before the verttcal bar gi\cn 
that the event described after the bar occurreJ 
Capture histories can be described in terms ol ptod
uct'> or these paramct ~r . For example, !"or animal. 
captured in period I and subsequently released. 
a capture history ol 1 0 1 \\ llUld ha\e as-.ociateJ 
probability $ ( 1 - p ) $p ,. or course, there will he 
many different capture historic'> in any study. and 
each history can he written in term of the underly
ing probabilities. The. e probabilities form cells in 
a multinomial di-.trihution, and this multinomial 
model can be med as a basis for estimating ~, . p

1
• 

and their variance-.. Due to technical issues of esti
mation, some of the parameter-, cannot be eparately 
estimated. and therefor \\e cannot al\\a): estimate 
survival and capture probabilities for all periods. See 
Lcbreton et al. ( 1992) for an excellent explanation of 
the estimation procedure. 

Thi-., modeling structure, in conJunction with 

appropriate software such as Program MARK (White 
and Burnham 1999; \\ W\\ .cnr.colostate.edu/-gwhite/ 
software.html) is cxtraorJinarily flexible. Beginning 
with the basic CJ model, any number of variations 
can be implemented. For example. survi\ al or detec
tion probabilities can be modeled as time dependent 
or constant. Age dependence in parameters can be 
implemented. In addition, data for group'> of animal'> 
(e.g., males vs. females or birJs found in mature \S. 

early succcssiona l woodlands) can be '>eparately 
but simultaneous!) analy1eJ. to permit comparison 
of parameters (e.g., Peach 1993, Hilton and Miller 
2003, Miller et al. 2003. Peach ct al. this l'Olume). 
Finally .. urviHll and capture probabilities can be 
modeled a. funcllon of covariate .. For e\ample. if 
winter temperature is thought to influence -.urvival, 
it can be incorporated into the anal) sis by modeling 
sun ival as a function of temperature. 

Estimation of population sile from capture
recapture data require'> a more smngent a'>sumption 
than i-, required to e'>timate survival rate. because 
both marked and unmarJ..ed birds must h:ne similar 
capture probabilities. Although population sile can 
be estimated directl) using program M RK. the 
Jolly- eber population si1e estimation feature in the 
program is subject to numerical problems. Programs 
J LL Y (W\\ \\ .mbr-pwrc.u'>gs.gO\/<,oftware.html) and 
POP (W\\\\.C'>.umanitoba.ca/-popan/) pro\idc 
direct estimate ol populauon si1e. Alternati\ ely, 
one coulJ estimate population '>ile indirectly from 
the number or bird" caught in a given time period 
(11

1
) ·md the C'>tirnate of dct ct ion prnhabilit) (JJ,) as 

11 1 ljJ, (e g. Willi.u11s t al. 2002). 
The ne ihi\ity of the model tructurc an I th1.: 

rclati\'cly user-fricndly nature of '>Oft\ arc such as 
M RK can lead to "'data nonping:' as 1t i tempting 
to Ill del parameter<, as a function or an inordinate 
number of factors. Gi\en the limited sample si1c .... 
that often result from mist-n t <,tudies, consideration 
o! too many fal'.tors incn.:a'>eS the risl-. or '>pUriOLl'
rcsu]ts (i.e .. good ht but not repeatable and\\ ith little 
pred1cti\e ability). Therefore one is better off taking 
the time a priori to formulate hypotheses about the 
kc) cau . al factor'> that drive the survival process. 

Once an a priori set ol models (e.g., constant 
-.ur i\ al. time-dependent -;urvival. -.un ival that ic., 
ag -dependent and inOu need by temperature) is 
cho-,en, the significance of these factorc., (relative to 
the amount of data availabl ) can be evaluated for 
certa111 case-. through direct tests (i.e .. likelihood
ratio tests \\hen models arc nested). Alternatively, 
information theory criteria like AIC (Burnham and 

nder'>on 1998) can be used lo choose the most 
appropriate of the candidate models. or to average 
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parameter e. timates across all candidate mod Is . 
using relative model selection metrics as weights 
(Burnham and nderson 1998). 

C1 o sF D Po PL L-\TIO., C \ PTl Rr~-R1 CA PrL RE Mo()( LS 

In closed population -.tudies, the goal is to esti 
mat population . ize ( ). Because the population 
size. although unknown, is assumed to be constant 
over the trapping occasions, the modeling procedure 
fit-; alternative models that differ \\ith regard to 
assumption about temp ml. beha\ ioral, and indi 
vidual heterogeneity in capture probabilities. tis 
et al. ( 197 ) and White t al. ( 1982) reviewed mod
els for closed p pulations and developed program 

PTURE (Otis et al. 1978, Re stad and Burnham 
1991) to fit four models: (I) M

0
: Probabilities of 

capture are the ame for all individuals at all capture 
occasions: (2) Mh: Probabilities of capture differ 
among individuals. but do not change over capture 
occa..,ions: (3) M

1
: Probabilities of capture differ 

over capture occasions, but not among individuals: 
(-1.) M11 : Probabilitie'> of capture do not change O\er 
capture occa ions or individuab. but change the first 
time an animal is captured (behavioral response}, so 
all unmarked animals have one capture probability 
and all marked animals a diff rent probability. n 
extreme case of the la1tc1 occur'> when indi iduals 
are onl) seen once. then the) an; ne\cr -.een again 
(a "rcmo al" model) . Model'> combining the1.,e as
-.umption1., al. o exist. including M,

0
• M,". Mnh ' and 

M ,w Population si1e can be estimated under all or 
these m deb ( h~o '200 \ ). ln general. individual 
heterogeneity in d tection probahility cause'> dif
ficulties, unles that hct rogencit is small or can 
be described complete! in term.., of covariate'>. 
Program PT RE can be accc..,sed ~ ithin program 
M RK. ln addition , M RK it'>elf pro ide'> the ahil 
ity to model closed population data for model:-. M

0
• 

M,. M
0

• and M
10

, and model Mh. wh re heterogeneity 
consists of two unspecified groups with diffen.:nt 
capture probabilities between th m, but homogene
ity within group (Pledger 2000). 

For tho e models where program MARK can be 
U'ied c.lir lly, mod I :.; I tion can be conducted ti. -

ing likelihood-ratio tests r 1 . as de, crib d above . 
Program PT RE use., a di ffercnt model sel ct ion 
procedure based on multivariate statistic . . which i'> 
not alway. con idered reliable. Lantey and Burnham 
( 1998) were unable to dcv lop a satisfa tory model 
selection algorithm and recommended u e of an esti 
mator averaging approach. 

BIO LOG N . 29 

TOPICS I C PTURE- R C PTURE N LY , I 

Development<> in caplllre- recapture analy'>is O"\er 
the la .... r decade pro\ic.lc ome interesting po'>:-.ihili 
ties for anal}si'> of mist-net data . In thi'> '>ection . 'AC 

brieft) di cus.., some of these developments and their 
rele ance to mist -net sllldies of passerinc birds. 

Es11\1AT10 m Mov1 MI i RATI s 

Large- 'Cale banding projects tend to have mul 
tiple netting station. scattered over larg areas . 
Sometimes. 1t i'> of intere. t to estimate probabilities 
of moving among <>talion:-.. The movement can be 
s asonal, as occurs v, hen mo\ ing from breeding to 
wintering ranges . or can be between years among lo
cations located on the breeding or wintering grounds, 
or among stopover site .... In fact, many interesting hy
potheses about age-specific site fidelity of pas:-.crine 
birds can be phrased in terms of a movement proh
ability study. Models for estimating mmement prob
abilities have been de\ eloped by Amason ( 1972. 
1973 ). Hestbed et al. (l 991 ). ichol. et al. ( 1993 ). 
chwarz ( 1993 ). Seim ar1 et al. ( 1993 ). and Brov. nie 

Cl al. ( J 993) . 
Movement probabilities have been estimated 

for hire.ls using r '>i ghting data (e.g., I lcstbed et 
al. 1991. Nichol'> et al. 1993). band reco cry data 
( chwarz 1993 ). and recapture data ( pendelow et 
al. 1995. Blu1m et al. 2003 ). The e model'> have 
been used \\ ith pas1.,crine.., (Senar el al. 2002). hut 
such use. are relall el rare . The almml complete 
ab:-.ence of recapture information of bird.., banded a'> 
jll\ nil s pos s '\particular challenge re 1 caplu1T rc
caplllre studies of passerine birds. 

To estimate movement prohabilitic'> among lo
cation1.,. the experimental design requires multiple 
capttire talions, and multiple capture occa .... 1011'> at 
each tation . This de ign yields data on the location<> 
of captured animals at the variou<; sampling periods 
at the different station.., (c.f. Hestbeck. ct al. 1991 ). 
From these fates, we can define capture histories 
in which stations arc indc cd by characters (A = 

at station A, B = at station B) and these characters 
rcpla e the" l" in the capture history. For example, a 
capture hi tory f r ix peri d.., at t\\O station'> mule.I 
be 0 OBB . Probabili..,tic model are developed for 
such data using the follo'Wing pa1ameters: 

<!>," = transition probability that an animal ali e 
and at , tation r at time i i'> alive and at station .\ at 
time i + 1. 

p
1
' = probabilit or capture for an animal at station 

s· at time i. 
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The parameters<!>' ' and p
1
' can be estimated from 

thc'-.e data using the multinomial-based '>tatistical 
models. Became <!>," is a parameter that include" 
t\\O intere'-.ting e\ enh. un i\al and movement. it i" 
'>omctimc'> useful to decompose the transition prob
abilitie'-.. If sunival from i to i + I depends only on 
location at i, and not on location at i + I. then we can 
write the transition probabilities a..,: 

,i..rs r n 
'l'i - i \If, 

\\here ' = probabilit that an animal in location r 
at time / '-.Urvive.., until i + I, and \j/0

1
" =conditional 

probability that an animal in location rat time i, is 
present in locations at i + I. gi\en that it is ali\t: at 
i + I. 

Many interesting ecological hypothese1., can be 
tested using these models (Nichols and Kendall 
1995 ). One elaboration is that '-.Ometimes these 
IllO\ ement probabilities are not ... irnpl) a con-,e
qucnce of the location of animals <It the most recent 
time period. Instead, animals may retain memories 
or\\ here the) were 1n earlier period-. and the memo
ric-, can modify their movements. We can de\clop 
a test to '>Ce \\ hethcr tran..,ition prohabilit1e'> depcnd 
only on location at time i (a Marf..cn ian rnoc.lel ), 01 
arc influenced by location from earlier time periods 
(a memor; model: -.cc He tbed ct al. 1991, Bro\\nie 
ct al. 1991). To do this, \\C add adc.litional paramctcr 
suhsuipt'>. conditioning on release-, at i for which 
locations at 1 i me i-1 are known. 

Markm ian models rnn he implementcc.l u ing 
programs M RK (White and Burnham 1999) anJ 
, 1. SUR\ lV Oline" 1994). Thc'>c pr )g.1anh pll)\ide 
eslimates (and as-,ociated variances) or location-spe
cific sun i val, capture. and movement probabilitic'>. 
Memory moJels can be implemented in program 
M. SUR\ I . It has been difficult LO aS'>ess tlt or 
mult1statc models. but a new goodness-of-tit lc'>t 
ha-. bee11 developed h) Pradel et al t2003) tor this 
purpose. 

n example or multt'>tate moc.leling i pn)\ ided in 
Hestbecf.. et al. ( 1991) using an extensive mark re-
ighting -,tudy of Canada Geeo;;e (8ranta canaden

m ). Gee'-.e were neck-collared at -.e\ era! locations 
in eastern orth America. and resighted in winter 
for -.everal years 1n the Mid- tlantic '>tate1.,, the 

hc-.apeakc Bay region, and the Carolina ..... The !!oal 
ot the stud) was to look at location changes between 
year" in wintering populations. -stimate-. of mean 
annual mO\ement probabilities (Table 1) shO\\ed 
that probability of remaining in the same wintering 
area was IO\\est for the Carolina population, and Lhat 
movement probabilities differed among. tudy areas. 

AC( Ol rl'\/G !·OR TRANSll 1\11 s 

One enduring problem in the anal) sis of 
capwre-recapture data from mi...r-net ...,tudie<., has 
been the '>eparation of resident birds from transients 
in analysis. Because migration periods are difficult 
to c.letine. and hecau1.,e they may change ;earl;. 
man) breeding-'>eason banding program-. experi
ence transients early and late in the sea'>on, and the 
pre...,ence ot these birds can grcatl; influence the 
results of the capture-recapture analysis. Several 
approaches have been taken to minimize the effect 
of transients in the analysis, such as only analy1ing 
data from the period of greatest population stability. 
eliminating bird-, from the anal) i-, if the) are ne\cr 
recaptured. and eliminating initial captures of all 
birc.ls. Unfortunately, these approaches either bias 
sun i\ al rate estimates (if all birds seen only once 
arc eliminated from the anal;sis) or use data inerti
cientl; (if all initial captures are eliminated). Pradel 
ct al. (1997) ha\'1..: de\elopcd a model that avoid..., 
thcc,.,e problems by incorporating the proportion or 
transients among nc\\ I) relcac,.,ecJ birds as a p.irameter 
in the model. Let Y, = proportion of tranc,.,icnts in the 
sample of unmarked birds at period i. In the model. 
the -,uni\al probability fo1 liN-carturec.l animals i1., a 
sum of survi\ al n.tlt''> for tran'>icnts <<!>,')and residents 
(<j>

1
' ). each weighted by ih proportion. or: 

The .. ..,urvival" rate (that ic,.,. the chance of '>Ur 
\ i\ ing a11d returning to the lUd) location) of' lran 
sit: nh is 0 by dctinition. Information exists on the 
surv1\al rate ol residents l'rom previously marked 
animals in the population. This '>UI\ ival probability 
(<!>

1
' ) can he e'timatcd from animal seen in at lea't 

one pre'. ious period, permitting e. t1matio11 of Y, in 
the standard multinomial framcworf... Pradel et al 
( 1997) illustrate thi-, method \\ ith data from La/ult 
Buntings (Pmsenna lllll0('/10). Their e'>timates or 
resident '>Urvi\ al rates are substantially higher with 
this model than with the standard CJS model. This 
model is implemented in program TMS RVlV 
(wv, \\ .mbr-p\\ rc.u'>gs.go,,,/solh\ are.html) and can be 
implemented in MARK (White and Burnham l 999) 
as a model \\ ith trap response in survival. 

Peach (1993) describes two alternative proce
dure-, for eliminating transient birds from survival 
anal;1.,is of resident birds. and suggest'> that defining 
a group of birds recaptured at least I 0 days after ini
tial marking wi ll provide 1.,ufficient information for 
separating the cohort into transient\ and resident'>. 
Hines er al. (2003) formalized the uggcstion of 
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TABLE I . M1 \ "l \ 1\ '\l \I MO\IMl'-1 PIWB\l l llllllS Wlrll •\SSOCl\111) ST\!).\!{!) l ·RRORS !·OR 

C..x \I)\ G1 I SI " lllRI I \\I TfRI (,I()( \110. s I. 1111 I \ST! R '\Ill I) S1 \ll s (III Sllll.Cf; I I 

\l. 1991) 

Location year i Mid-Atlantic 

Mid- tlantic 0.71 (0.02) 
Che-.,apca!..e 0.10 (0.01) 
Carolina!'> O.Q7 (0.0 I l 

Peach ( 1993) a: an extension of the model of Pradel 
et al. ( J 997). A bird first captured in period i. v. hich 
v. ould normally be a'>'-.igned to the re lea. e cohort of 
unknown resident status. i1., instead reas igned to the 
1..ohort or known re. idents i r it is recaptured at lea<.,t x 
da;1., after initial relea1.,e in the 1.,eason of releai:.e. ott 
and De ante (2002) applied this approach to data for 
<.,everal species from the M P program. 

ES11'1.1,\ll (, Tiil PROPORllO'\ 01 BIRDS U\E Bl I OT 

BRI I DI G (PRl.Sf. I) Al \ 'IL D) LOC\110. 

The proportion of animab in a population that are 
acti\ breeders is an important demographic param
eter, but is extremely difficult to estimate. Howe er, 
there are several po'>sihl approach .., co estimation 
of this propc rtion. if '"e arc v.illing to assume that 
presence of a breeding-age animal in a breeding area 
i e\ idcnce or breeding. Thi'> as1.,umption, although 
not general!) appropriate. ma) he acceptable for 
some bird species. Thee pectec..I value of the capture 
probahilit) estimate from an open population model 
can b' '"' itten a ( F,,) - up, . \\ h r1.: a,=\ r )hahil 
ity that the animal is in the sample area (cqui alent 
to breeding probabilit) ). P, =conditional prohahilit) 
that the animal is caught. gi,en that it is in the ... am
ple area. Recently, t\ o approache have b en de\ el
oped to estimate the parameter a ,. Both approache 
depend on the ability to estimate P, . 

lob rt t al. (1990. 1993, 1994) '>uggested that if 
\\ e assume that a , = I for adult birds, then E( 1)

1 
) = p 

for all i for adults. Thus, w can estimate a, for other 
age clas<.,es based on the ratio of p, for the cla..,.., of 
interest to 1)

1 
for adults. Prad I and Lebreton ( 1999) 

!'iuggest LL ing a multi-state approa h to the !'lame 
model. which permits the use of program MARK 
or M' RVJ for maximum-likelihood e'>timation 
( pendelo\ et al. 2002. Lebreton et al. 2003 ). 

lternativel). we can u<.,c the robu. t design to 
estimate a , (Kendall et al. 1997). Within a season, 
closed population models can be used to direct! 
e. timate p . Bet\\ en season'>. CJ models arc used 
to estimate p

1
• The ratio of the. e estimates can be 

Locution ) ear i+ I 

Chc,apcal\c Carolina' 

0.29 (0.02) 0.009 (().00 I l 
0.89 (().0 I) o.m (().002) 

0.37 (0.02) 0.56 (0 .03) 

U'>ed as an estimate of a in cases \\here all bird , at 
time i have the same probabilit) of being a breeder. 
Kendall et al. ( 1997) ai...o con1.,ider a more compli
cated model in \\hich the probability o1 an individual 
breeding at time i depenc..ls on \\hether it bred ,1t time 
i - l. Programs MARK and RD URVI permit es
timation of a , for robust design data. Fujiwara and 

a<.,well (2002). and Kendall and ichols (2002) 
com.icier th e'>timation of a '"hen robu t design 
data are not available or possible. but their result. 
confirm that the robust de. ign '>hould be used if at 
all po1.,1.,ible. 

Sfl\l,\Tio:-; or RrcRlll'l.11· r ,\'\D Poru \llO'\ CrlA.'-<il 

One of the most intere'iling new dc,clopments 
in capture-recapture method. i'> the possrbilit) that 
the Jolly- eber approach can be reparameteri!l~d 

to direct!) e'>tirnate the demographic parameter.., of 
recruitment rate and finite rate or population change. 
ln the original J S moc..lel. '>Uf\ i\ al and capture prob 
ahilitie'> are the pri1m11-; parameters to he e1.,timatcd. 
Populati0n itc and rcnuitmcnl do not appear a.., 
model parameters. but can only be estimated as func
tion.., or capture anc..I '>Ur i' al rate<.;. How' er. Pradel 
( 1996) has shO\\n that the moc..lel can be reformulated 
to incluc..le an) on of the'>e parameters: 

1 - y = proportion of birc..ls in the population at 
i that are ne\\ (i.e .. that entered the population be
tween peri ds i - I and i: this can be viewed as a 
turno\t:r tatistic). 

J; = number of new animals present at i + I. per 
animal pre. ent at i (this can he viewed as a per capita 
recruitment rat ). 

/.. =finite rnte of population increa.., ( ,j ). 
nder some circum'>tance~. y and I - r, repre

'>ent the proportional contributions f '>llr\ i\ al and 
recruitment to population growth. an interpretation 
analogous to elasticities for as) mptotic population 
projection modeling (Nichols et al. 2000). 

se. of th new parameterizations include (I) 

direct modeling of y or / a'> function ... of other 
stud; data (e.g .. e. timat s of ne. t 1.,ucces'>) or or 
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environmental covariates. \\ hich can help provide 
a mechani-;tic understanding of the recruitment 
procel\s: (2) direct incorporation of recruitment rate 
estimates into population project10n models: and (3) 

use of the A.-parameteri1ation to provide a canonical 
framc\\0tl for estimation of population change from 
capture recapture and other sources of data. nder 
situation 3. if another formal estimation method 
(e.g .. variable circular plot. line transect) is U'>ed on 
the mist-net stud) site. then a joint likelihood can be 
con...,tructed and'\ estimated using both data ource . 
Ir count data (e.g .. point counts) are obtained on the 
.... 1udy area. then A, can be modeled as a function of 
the..,e data permitting (I) a test of the hypothe..,is that 
the count data really do provide a good "inde\ .. of 
population change and. if they do. (2) u-;e of these 
data a. ctnariates to obtain a better estimate of A. 
(Nichols and Hin s 2002). 

This modeling i.., relatively recent (Pradel 1996), 

anJ fe\>. e amples e.x1st of its application to mi I-net 
studies (but see Nichols et al. in press). Howe\er. we 
believe tht: approach of a canonical framework per
mitting Jirect estimation of rate of population change 
u .... ing all relevant data (e.g .. capture-recapture and 
point-count) simultaneously. should be preferable 
to the approach ol obtaining separate e timate.., or A., 
from different data sources and then attempting to 
combine them or reconcile differences among them. 

C \PTL RI · RI c \PTL RI \ . n M1c,R '110 BA 1>1 t, 

Banding of bi rel during migration occur.., at many 
capture stations throughout orth merica. and data 
fn m these '>tation-. 1 rm id a ~omcllm · rntrn\ er
sial vie\.\ of population change .... in bird:-. that breed in 
the northern regions of nrth America Most inve. -
tigacor. v ho attempt to C'>limatc trend-. tn mi!!rating 
hirds u. e ind ice'> to number of hirJ<., passing through 
a banding -;talion (e.g .. total number of individual 
hirds LapturuJ). hut this 111de is clearly influenced 
hy man) ell\ ironmental \ ariables (D;rn '>Oil l 990). 
Though data can be adju:-.ted for some of these vari
able:-. (e.g .. effects ol date. weather, and moon phase: 
Dunn and Hussell 1995. Dunn et al. 1997, Hussell 
thi<> rn/11me), capture probability may be influenced 
hy other factor not mca1,ur d or account d for. 
Capture recapture methods provi<le a reasonable 
alternative to these index approache'>. and use of 
open-population models permit. estimation or both 
the total number of bird-; pa sing through a station 
and residence times of birds at migration .... rations 
(Nichols 1996). 

Although not commonly done (but -.ee Brownie 
and Robson 1983, Pollock et al. 1990). it is pos. ible 

to estimate re!-.idence time'> ("''>urvival") at migration 
banding stations using standard CJS modch. These 
analyses v.ould u...,e recapture data from the .... unions 
LO e timate the proportion or a111mal'> missed by the 
sampling, and "survival" rates (primarily the prob
ability of remaining at the station) of mark.eel birds 
al the station. From these rates an~ average r~-;i<len e 
time can be estimated as -1/ln(<!>). where <I> i'> the 
estimate of average survival rate bet\\ een sample 
inten als. The total population passing through the 
qation can be e'>timated as the '>Um of the CJS esti
mates of B,. the number of ne\\ animals entering the 
population -bet'Aeen sampling periods (e.g .. Shealer 
and Kress 1994 ). 

chaub et .ti. (200 I) further generali1ed the 
above approach for estimating total stopo\er du
ration. They use the method of Pradel ( 1996) to 
estimate topover duration before or after capture. 
using "recruitment'" and "sur i\al'· analyse . respec
ti\ el;. The) then combine them into total stopO\er 
time. The) implement this approach in Program 
SOD (\\. \\ "" .cefe.cnrs-mop fr/\\ wwb1om/Dyn
Population /hiom-ftp.htm). 

The '>Uperpopulation modeling approach of 
Cro-.b1e and Mani} ( 1985) and chw:.u; <ind Arna. on 
( l 996) provides an alt rn.lti\C approach to analyz
ing migration banding data. Under tlm approach. 
parameters reflecting entry of new animab into the 
population arc incorporated directly into the model, 
and total number of in<li\. idual hir<l-. U'>ing the sta
tion during the entire sampling perio<l (hetwe 'n the 
fir t and la t ample-.) Lan he e .... timated. Ir rrngration 
handing as de cnhed abo\.e 1s conducted for a series 
)f y1.:.11'>. the \\ ith1n- an<l bct\\ecn-yea1 infonnat1on 
can be combined to estimate sunival rate. a..., \\ell as 
th' prohahil1t) that an iml1\ i<lual u-;cJ that particular 
stopover site in a given year ( ch\\ au and tobo 
1997. Kendall and B,1orkland 2001 ). 

Of course. these analy-;c require recapture or 
n::-.1ghting data for sur\ 1\al rate estimation. and 
hen e they v ill onl) work well \\hen "sufficient" re
captures or obsc1 \.ations exist. \en though limited 
recapture information e 1sts for mmt species. we 
fc I that these methods lul\.e great potential to im
prove estimation associated with migration banding 
program as they prm it.le a mean for inve1,tigator1.i 
to directly evaluate the critical assumption ot consis
tenc1 111 proportions of animal-; captured. Innovative 
application or method. to increase the number of 
recaptures (e.g., through re'>ighting procedures) ma 
increase th feasibility of applying capture-recapture 
methodc.., to a larger number r species. and pro ide 
a means for generally e. timating the proportion of 
bird-; "missed" in capture indices during migration. 
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Information on biocliver..,ity ha.., become of in
creasing importance to conservation. and surveys 
of species richnes.., are frequently conducted in 
the Neotropic .. Often, the total number of . pecies 
captured in mi t nets, or iclenti fled through other 
. ampling procedure..,, i used as the estimate of spe
cies richness. Unfortunately, this e. timate is clearly 
biased. and the extent of the underestimate is a func
tion of both the probabilities of encountering specie.., 
and the sampling effort. Capture-recapture methods 
can be used v. ith replicated species list data to direct
ly estimate the total numbers of sp cie present from 
mist-net and other samples (Dawson et al. 1995. 
Nichols and Conroy l 996. Boulinier et al. 1998). 

To do this, species are treated as indi iduab, and 
capture histories can be developed for each species 
by (I) observing presence-absence of the sp cies at 
multiple trapping occasions at a single station; (2) 
observing presence-absence ov<.:r multiple stations 
at a inglc occasi n; or (3) recording number or 
individuals per species at a single station and oc
casion. The data from approaches (I) and (2) can 
be analyzed u ing the clo. ed population modeb of 

tis et al. ( 1978); models that allow heterogeneity in 
capture probabilities among sp cies (such as model 
M,) ar likely to b most u..,eful. In these modeb 
total number of ..,pecies is estimated, allowing each 
specie.· to have a different chance of capture. 

[f data from only a ..,ingle trapping period are 
available (scenario 3). a v rsion of the Burnham 
and \erton (1979) model, Mh, can still be u..,ed to 
estimate total species richness. For this cslilll<llL)t, 
data are summarized as number of species for which 
one bird \\as caught or seen, th number or species 
for which two indi iduab were caught ors en, etc., 
up to th number of speci s for which fi c individu
al.., \\ere ..,cen. J. E. Hine.., has written a program to 
estimate species richness using th limiting form of 
model M

11 
with capture frcquen y data (Hine: et al. 

1999). Application of this approach to mist-net data 
is shown in Karr et al. (I 990b). 

We vi w the. e . pecies-richness estimation meth
od. a. providing a useful way of rewl ing some of 
the sampling problem , that occur in tropical mist-net 
studie . in which the mist net. do not sample , pecies 
with equal probability. and counts encounter a dif
ferent (but not necessarily independent) subset of the 
bird . pecies present in an area. For the e area .. data 
can be combined from mist-net capture and point 
count to get a c mpo. ite species richness e. ti mate 
that i free of the bias associated with total number 
of species captured (Dawson et al. 1995). The. e 

methods also permit estimation of parameters as
sociated with community dynamics . . uch as rate of 
change in species richncs<,, local extinction rate, and 
local colonization or immigration rate (Nichols ct al. 
l 998a,b). 

CO CLU IO S 

In this paper we have tri d to provide some in
sights into how capture-recapture estimation can 
be useful in mi . t-net ... tudies, and describe some 
new procedures that should be of use to biologi ts. 
We emphasize that capture-recapture models form 
an appropriate tructure for thinking about mist
netting tudi s, and should be considered in the 
design of any mist-net study. Indices that are not 
adjusted for the proportion of birds missed by the 
sampling procedure involve untested assumptions. 
and capture-recapture pro ide. a way to test these 
assumptions ( kalski and Robson 1992, MacKenzie 
and Kendall 2002). 

All of the . tatistical models discussed in thi'> 
paper are defined in terms of a series of parameters 
that ar assumed to be of importance. Investigators 
mu. t collect data and use e\ id nee from the data 
(such as goodness-of-flt rests) to evaluate whether 
the set of parameters is reasonable for their data sets. 
Estimation of some parameters. <,uch as number or 
transients in the population, requires more restric
tive assumptions (equal capture probabilities of 
transients and residents in the tran..,ient model) than 
docs estimation of other parameters (e.g., proportion 
of tn.111..,ients in the sample or unmarked birds does 
nl>t 1c4uir this .\ssurr1ption). B for' u. ing these 
model.. imestigators should evaluat the under! -
ing biological and ..,tati..,tical assumptions implicit 
in each model. However, we emphasi1. that these 
methods will often be preferable to index-based 
method.· , as the latter frequently require much more 
restrictive assumptions, although thes are often left 
unspecified. 

There ha\e been many xciting advances in cap
turc-r captur work over th last decade, and we 
have di cu sed advances in the e timation of mo e
ment probabilitie., , urvival rate · in the pre-.enc of 
transients, populations al migration stopover sites, 
temporary emigration (breeding proportions), rate 
of population change. and specie. richness. User
friendly computer program. exist for application 
of most of these procedures. Understanding these 
methods will allow in e. tigators to (I) define th pa
rameter that they want to estimate u. ing a banding 
tudy; (2) develop tudy designs that' ill allow them 

to estimate the parameter ; and (3) define n eded 
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sa iple siles, in terms or capture probabilities and 
nu11bcr of animals captured and recaptured, that will 
be needed to achie\e prespecified goab of estimate 
pncision and test power. tudies designed with such 

a focus should permit stronger inferences about 
avian population dynamics than have been possible 
previously. 
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EFFECTIVENESS OF INFORMAL BANDING TRAINING AT THRE 
WESTERN CANADIAN BANDING STATIONS 

BRL'\ID c. D \ 1~ 

Ah.\f/"ll(/ . 1..111 ... or trainee hander-.. from three \\eqern Canadian handing -..talion"> \\ere a ... ..,e,..,eJ Ill 199~ . U">ing 
minimum performance 1.,tandard:-. in u1.,e at that time . Each trainer trainee comhination independentl y examined 
the same bird..,. Quantitati\e :--1..ilb appeareJ to be learned quicl..1;. but there \\ere fc\, pas-.ing scores on aging. 
-.cxing . ..,i..ulling. and lat a1.,-,e-.-,111ent. and none on O\crall achie\ement u1.,111g the test '>tanJard-,. llov\cver. man; 
trainee error'> were or a non-critical nature. \Vh1ch \l\a not \\Cll rellected in the scoring sy-.tem. Se\eral indi
viduals did score \\ell if the nature ol their error-. \\as tal..en into account. Time "J1elll \\ ith a trainer. experience. 
and per ... onalit; nm; all play a role in trainee performance. Re-,ult1., c.kmon-.trate the need for trainer to meet an 
e'>tabli hed 1.,tandard. and for continued ... pot-checl..111g or ..,i..ill after training ha ... been completed. 

Key Word,-. banJing technique .... banding te1.,1 -.wndard-.. bander training. 

Use of data collected at banding stations ror such 
important international programs as Monitoring 

vi an Producti\ ity and urvival (MAP ) and migra
tion monitoring is predicated on the belief that data 
are collected accurately . I !cw.ever. standard.., for ob
taining banding pcrmih \i.tr) great!) throughout the 
\\orld. In a r w ca<.,e , a formal te<.,t i. admini..,tercd, 
but in orth America permit<., are awarded on the ha
..,is of letters of recommendation from handers who 
already have permits. 

Recently, the orth merican Banding ouncil 
B ) developed detailed guide on handing tech

nique..,, a guide tor trainer">. and ..,peciali1ed m1.rnual.., 
for the banding of landhtrd..,. hummingh1rd . and 
raptor.., (llull ct al. 2001. orth merican Bandmg 

ouncil 200la, h. c: Ru..,-.cll et al. 2001 ). lnten<.,i\e 
training c llf'-C' arc irn:rcn-.in~ly <Mtilahle, and 
a bander can now undergo testing to earn formal 
ccrtili ation. ln the last fe\. year.., the anadian 
Bird Banding rticc and the .S. Bird Banding Lah 
have begun to accept ertification a. proof of -.uf
ficicnt \kill. knov. ledge, and experience to ,., arrant 
a permit. 

De,pite the gnm th of opportunttie.., for formal 
tra1n111g. many orth merican banders gain their 
initial skills, knowledge, and experience through 
informal training, defined here a<., working in the 
presence of a trainer until the latter i-. \llli..,ficd \\ ith 
the con,istenc and correctness of data collection 
technique and pr cedure..,. The purpo1.,e of thi.., 
<.,Ludy \'vas to ill\e Ligate the outcome'> of informal 
training. by comparing rc..,ult.., to the minimum per
formance . tanc.lard' in u..,c at the time of the <.,llld) 
( 1993), prior to de'vclopmcnt of ABC materials . 
Although these criteria are now largely outdated, the 
-.wdy demonstrate'> the importance of both training 

and evaluation procedure\ in ensuring accurate and 
con<>istent results. 

M THOD 

Research tool-; place 111 1993 at Beaverh1ll Bird 
ObsenatOI) 111 Alberta, La t Mountain Bird Ob1,en ator) 
in Sasl..atche\\an. anJ Delta Marsh Bird Ob ... enato1y in 
Manitoba. lnfmmal training varied among these stations . 
but in all ca-.e-, the traine1 did not allow the trainee to collect 
data alone until the trainee had achic\ed a high degree of 
agreement\\ ith the trainer. Quanllf;ing length or the train
ing penod \\ i.I\ often Ji l"IH:ult. becathe ch 'ding Jimini-.heJ 
gradually in 1110-,t ca e'> . hH each tra111ee, \\e obtaineJ an 
e..,timate of total experience. ,md an estimate (from thi.: 
trainer) of the time the trainee haJ acce-.s to thi.: trainer. I 
c!Hi...e to deline training penod a.., tune .,pent 111 pro 1mity to 
the trainer. hecau-,e thi ... could be 1110-,1 re.1dily quanuhed . 

Each trainer trainee comhinallon independently e\
amincd anJ collected data on the ... amc bird... . umber of 
hirLb mca..,urcd h) each trainer trainee comhination \aricd 
from J7 to 171 . \II data were collected 111 ugu ... t and 
. eptemhcr. ..,o part1c1pan1 \\.ere nm u..,uall) ahle to u e 
cloJcal proLUbernnce anJ brood patche" a"> .111 ind1t:ation 
or the <,ex or age or th bird'>. II -.1at1on<, U\eU a fl\e -po111t 
fat ... cale. T\\O '>talion.., Lhed a three-cla-.-. and one a -.1x
cla-. ... i..ull u..,...11lcation -.cale. II part1c1pant.., ret:ordeJ data 
v\ithout input Imm other-. (usually Olli or sight from one 
anothe1 ). o d1'>cu'>s1on of bird.., being handled \Ht'> allowed 
ror the entire length or the experiment. ror the purpo1,e1., 
of thi.., <.,lllU). 1t \\a.., a..,..,umcd that the trainer had correct I; 
cla-.-.1hed. as-.e..,-.ed. and mea'>ured the bird 

For mca..,uremenh. I calculated the a\erage of the ah
"olute UC\ iation ... or trainee data from tlHN? or the trainer. 
and di\ ided de\ iation b) the average value achie\ed b) the 
trainer. For categorical ... core.., (fat and sl..ull). I determined 
the proportion-. of Ca'>C'> Ill \vhich a trainee -.cored the bird 
the same as the trainer (agreement), differed by one cla ... s. 
or d11TereJ b; t\\O cl.1..,-.c-,. For age and ... ex I calculated the 

182 
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proportion of cases Ill which a trainee scoreu the hiru ex
act!) the ..,ame a-.. the trainer (agreement). 

Score-.. \\Crc a ... -..c..,..,cd hy compan..,on Lo minimum 
performance \Landard.., ... uggc..,tcd hy C. J. Ralph (per-... 
comm.). \\hi eh \\ere de\ eloped in 199~ for a onC-\\Cck. 
training cnur..,e Lo teach banding -..i..ill . The..,e criteria arc 
\hO\\ n 1n Table I . Hm\ c-.er. omc ciror' arc le"' important 
than other-... and thus I al1.,o detcnrnncd \\ hcther error1., \\ere 
"critical" or "non-crit11.:al." trainee cJa..,-..ifying a bird a1., 
"unkJHl\\ n age" (or 1.,ei..) \\hen the trainer I cit ah le to cJa.., ... i fy 
to an age or \CX category was a non-critical error. whcrca1., 
error' \\hen trainer and trainee a..,1.,ign oppm.ing age or SC\ 

cla-.. ... e.., \\Crc critical. For ... kull1ng. a ch11.,1., error \\ithm the 
hatch year catcgorie1., \\as con..,1den.:d non-critical. 

R , LTS 

QL \ TITXTI\ I ME.\Sl RI S 

Analysts of quantitative measur ment differences 
v. ere limited to wing chord. ne trainee \.\a<., in the 
"top" categor;, u<,ing the '>tandards in Table 1, and 
the rc-.t were comfortably v..ithin the "pa. s" category 
(Table 2). The bulk of the bird.., mea ... ured \\ere '>mall 
pa '>Cl 1ne'> \ ith wing chord'> le'>s than 100 mm. '>O 
any error \\as almo'>t '>Ure to put the trainee in the 
pa. s rather than top category. Mo ... t errors \\ere '>imi
lar in magnitude to the amount of variation typical 
of an indi\ idual repeatedly measuring the same bird. 
There \\H'> no relationship to the amount of time the 
trainee had spent in prox11111ty to the trainer or to 
overall length of e perience. Wing mea ... urement ap 
pear'> to be a skill that i., leL1rncd quid.I). and th '>kill 
is rcta111ed well after contact \\ ith the trainer i'> over. 

Qi .\t IT ,\11\1 M1· \SURI s 

Species 

'orrect identification of specie., ranged from 98 
to I 00%. Two of the four error'> committed were 

transcription errors, with the trainee writing the name 
or the previous <,pecies instead or the species being 
proce.,sed. The other l\\O errors imolved confu'>ion 
between Least (E111p1do11ax 111ini11111s) and Alder (£. 

a/11oru111) fl; catcher'>. xamination of measurements 
collected by the trainer and application of formulJ'> 
showed that the trainee'> made the wrong deci.,ions 
because they did not collect all the neces.,ary data. 
Li'>ing the Table l <..,lane.lard or I 001'.ff to pa'>s, there 
were two passing and three failing individuals. 

Age 

111g I 00£1 a., the pa.,., score (Table l ). no train
ee achieved a pa. '>ing '>core for assigning age (Table 
3). One trainer-trainee combination did agree on the 
ag of 99lk- of the bird'>. The onl; disagreement \\as 
a bird classed as unknov. n age by the trainee. or the 
remaining four banders, three achieved scores in ex
cess of 80£k and one failed by a '"" ide margin. 1ost 
errors by these four hander.., were of a critical nature 
(an adult bird called h,ttch) ear or\ ice H~r. a). rather 
than non-cntical (an adult or hatchrng )ear called 
unknO\\ n age). 

Ser 

No trainee achieved a perr ct '>Core on a1.;signing 
'>ex (Table 3), '>O all failed according to the standards 
in Table I. One trainee achieved a score of 9W7c, three 
more achie\·ed scor ,., ab(n e 8(J<'f·. and one failed b) a 
\\ ide margin. Most error · \\ere of a non-critical nature. 
in which the trainee cla scd the hi rd a· unknO\\ n '>ex 
while the trainer d1-,1.,il1ed it a. knO\\ n .,ex. Ho\\e\cr. 
c\ er; tr,1int:' nMdt: at k<1st one LritH .. al error. 

Skull 

No individual attamed a top score for correct '>kull 
cla. s1fication (Table 4) ace rding to the '>tandard<.., in 

TABLF I. Mt Jl\1t .l Pl ·RH>R 1\ CE SfA ·1)\RllS HJR BA l>l-RS L\:PRl·SSllJ ·\S ,\C(l·l'1,\Bll Pl· RCE T 

I RRORS OR C o:--;ct RR! Sf I Ill I \\I ·! TR \I"'! I ,\ ,. I> I RAI. 'l·R 

fra,uremcnl <;pel.ies, age. sc Qual1tathe (skull. fat) 

% error rt, agree o/c agrl'e '4 differ h) one class 

Top <I 100 > 9. <5 
Pa'~ >I Lo .3 100 0 9') < 20 
Marginal/ fail > .3 to< 5 n/a• 50-80 20--40 
Definite fail >5 < 100 < 50 > 50 
\o/t'S . Standard an: 1ho'c 'ugge,t.:tl h] C J Ralph (per,. comm> 111 194.l . All ra1e, nt agrcemcnl 01 error are in relcrencc 

' Any1h1ng le" 1han I OO'r agreernrn1 r<>r the'e caiegnne "a' n111,1dcrec.J a failure 'o 1hcre '' no marginal n1re for 1he'e 
,J..111\. 
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Tr\Blf' 2. TRAI [ [ S(ORrs FOR WI (,Ml· \SL RI 11 l\ I .\ [)SP[( IFS IDI N nr IC.\TIO~ 

\V111g measurement Spern:~ 1<lcnllfication 
Traincrrrrainee (1') "f de\ talion 0'c agreement 

A/B(l71) " 1.77 99 
B/ ( 169) 1.62 98 
DIE ( 100) 0.72 99 
FIG (86) 1.90 100 
FI H (37) 1.40 100 

Boltl mark' arc failure' hy 'tanuar<b in Tahlc I. 
•Sample 'l/C for thc'c l\\O '"-ill' for each pairing ol pcr<,onnel appear' in parenthc'e' 

Table 1. One pa. sed, two achi v d marginal scores, 
and two failed. With the exception of bander H. most 
errors \A.ere of a non-critical nature (differed in class 
" ithin bird of the year categori s), and th sc birds 
would have been aged correctly on the ba. is of skull. 
Using critical and non-critical classification for er
rors produce .. omewhat different result than docs 
"difference. of one class." Judging on the ba<.,is of 
Table I. the number of s rious errors made by G and 
H would ha been undere. timated, and the number 
of serious erroL made by B would have been overes
timated (Table 4 ). 

Ob..,erver H had a high number of en-ors in '>1-.ull
ing (Table 4). According to (the Lrainer), H ap
peared to be skulling well at the end of the training 
period but had not subsequently asl-.ed for confirma
tion on many bird<, when trainer and trainee \A.ere in 
proximit). There \Ht<, some parallel between scores 

T\BI 1 •. TR \I Lr sc ORI" HJR \c,r \~ll sr: 1>1 Tl.RMI \ i 10. 

rrainn/ Age 

on age and skull for H. This did not hold true for B. 
, and E who seemed to have acceptable skulling 

ability (at least 85~ agre m nt or non-critical er
ror.). but did not as ·e<.,<; os ification on <.,ome birds, 
and thi., i where most f their aging error occurred. 
Skulling every bird would probably have improved 
their age classifi ation p rformance. 

Fat 

There wa<., one pa<.,s and three marginal score<, 
(Table 5). Imo. t all error'>, even by the failing 
individual H. were within a cla s of the trainer's 
determination. 

Training /e1•e/~ 

All the tnunees had achieved a high degree of 
agreement with their trainers after tnitial training 

'-.e 

'I raincc (NJ 'Jc agree ry.. 11011 -l'l lllCal elTlll 'r cntirnl error '.Ir agree '1 non e11t1cal error ':f nitil·al erro1 

r\/8(171) 8..i' 15 
B/ ( 169) 92 () 

DI I ( 100) 99 I () 

F/G(86J 93 6 
F/11(37) 65 () 35 

\otn \ alue' arl' l' pre '"<l "' pnc:cnl ol .1g1l'l'llll'nt . non-.:r111c-.il, .md ..:r111tal error 

<.,.11npk '"" 1111 1hc:'" I\\ o ,i..111 lur c.1d1 p.ming ul per onnel .1ppc.1r 111 p rt•n1hc't' 
lfol<l nh1rb arc !allure' h) tandard' in I ahlc I 

T \Bl I 4. TR \I rF \( ORl·S H>R S1'l LI CJSSll IC\ r!O'< 

Tra111cr/Tra111l'C ( rf agr.:c CJc non-critical error <, c1i11cal error 

I B (52\• .is" 40 
BI C (51) 63 33 
DIE (87) 74 26 
F/G(76) 0 13 
FI 11 (37) ..i6 24 

\otn \ aluc' arc C\prc,,c<.J "' pc:rcenl ag1cc111cn1 and percent h) arnr 1ypl' 

Sa111pll' "'"fur th1 ,i..111101 ea<:h painnj,! of per onnl'I appeal\ in pa11:nthc'c' 
Bold mark an~ f.11 lun!' h) 1•111Uani.. in I ahle I 

12 
4 
0 
7 

30 

70 29 
98 () 2 
85 II 4 
86 9 'i 

s..i x 

<? di Iler h) one L'I a s r; d11Te1 h) l\\O classe 

37 15 
33 4 
26 () 

19 
49 5 
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T\BI I 5. TRAI I.I SCORfS TOR J·A'J \'iSF'ISMJ''\l 

Traincrffra1ncc ( <( grec C( Differ by one c lass '7r Differ b) two classes 

A/B ( 171) 79 19 2 
BIC ( 169) 87 12 I 
DIE (100) 61 31 8 
FIG (86) 56 41 3 
FIH ((37) 40" .+9 11 

\ 11 /<'' \ ,tlue' ;ire expre.,, ed ,.., pt:rcem agreement and percent b) error I) pe 

• Sample '"e lnr thi' skill lnr each pairing of pcr,onne l appears in paren1he,es 

' Bold marl.' are failure ' h~ slandards 1n Tahk I 

(prior to th1:-, experiment). Experience gained subse
quent to training (as mea ured by number of birds 
banded), and the period of long t rm acce:s to the 
trainer following training, differed among those 
te ted (Table 6). There was only one trainee (B) 
who was given a denned period of training and then 
banded alone thereafter. 

It wa<, recognized from the on'>el that it \vOuld 
be difficult to separate the influences of training and 
experience. becau:-,e both are often acquired together 
and quantifying them 111 a meaningful wa) is dif
ficult. The small sample si1e precludes quantitative 
analysis. !though Jara for the fir1.,t three individual-, 
in Table 6 suggest that access to a trainer be)ond the 
lirst intensive period may be a factor in long term 
performance, this \\a'> not comistcnt. For example. 
bander H had a \'Cf} long period or a 'CCS'> to a 
trainer. but the worst score. 

Results from bander B suggest that practice alone 
does not increase performance (Tahle 6). De~ante et 
al. (!hi.· 1•0/11111e) also prc'>enteJ data indicatin!! that 
e:pt.:ricnce of banders Joes not neces-.aril) ensure a 

higher d 'gre of a , ·ura "j. 

Discu..,'>ions with F, the tr aincr of G and H. 
rc\ealed that personalit) or temperament ma) he 
an important factor in training effectiveness. For 
example, trainee G \Hts trained tor a short time but 
v.as extremely cautious . Trainee G frequently a'>ked 
qucstil,11s of the trainer and :-,pent a lot of time read
ing source and reference materials. Trainee H Jid 
\\ell in initial training and testing. hut rarely a'>i-.ed 

T \ Bl I 6. Ac n SS TO rn \l:\l·R. I Pl RI!' ( r \ ll PFRI OR 1 \ (I 

OJ fl\ DI C. IR \l'-'EI s, 

At: t:cs to E pcnenlc umulall\c 'con~ 

BanJer trainer (days ) (hi rth handed) (Olli nl 6()()) 

B 10 >3.000 -+78 
c 65 - 1,00() 536 
E 55 -2,00() 518 
G 29 -2,000 513 
H 60 -2,000 433 

question. during the extensive period following 
training when the trainer F wa. acce..,..,ible but not 
actively probing and testing JI. 

DI USSION 

No individual attained a fully satisfactory per
formance level ba. ed on the standards in Table l. 

e\eral individuals had mainly errors of a non-crit
ical nature. whi ·h v. a. not reflected in the Table I 
scoring sy. t m that as tn use at the time of the 
study. Current standard:-, for performance assess
ment are quite different. The ABC dot.:s not treat 
all errors as equal. and although the council ser. a 
high standard, it does not expect perror mancc of 
IOO'k in aging and '>exing birds. NAB standards 
also penaliLe critical errors more h.irshly than non
critical errors. hccause cla.,sing a bird as unknown 
age or sex is preferable to categorizing it incorrectly. 
Determination or age and sex is often based on 
s,uhlle plumtlge characteristic'>. and it is to he ex
pe~teJ that trainee-, v. 111 record a greater number of 
unkrn \\ n. than trainer~. Ind 1.:d, a train "ho rJr 'l) 
uses the "unknown" category may be m ercontident. 
anJ probably should he rechecked fot errors (M. 
McNicholl, pcrs. comm.). Nonethele..,.., , the ABC 
docs impose some penult) for non-critical errors 
made during testing, to encourage precision \\hen a 
true ddcrmination is po..,:-.ible . 

D ''>pile the impro,·ement of training guide'> and 
development of performan ·e standards for certifi
cation, re ults in this paper indicate that individual 
differences among handers can r adily arise and be 
promulgated. A good example of this is the case of 
bandcrs B and C in this study. Bander B was given 
a short period of intensi\C training and then banded 
for a . um mer. 1 he next year. B trained , and the two 
worked togethe1 for the summer. lt appears that bc
cau'>c Chad comtant access to B prior to testing in this 
study, there \.\a'> a high degre or agreement \.\ ith B 
during the test. In fact, C was the only individual who 
came clo. e to achieving a passing score. It appears B 
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had done a ery good job of pa..,sing on information 
to , which was the testing criterion in thi'i 'itudy. 
Hov.e\er. B' . score indicate<; that the information 
pas<;cd on to C was incomplete or incorrect. 

Rc..,ults of this study indicate that trainers <.,hould 
achie\e a common <;tandard before\\ rely on agree
ment of trainer and trainee rc'>ults as the test of com
petency for n w banders. Without this initial stan
dardization, we will be perp tuating high variability 
in standards, because trainees rcAeel their trainer's 
skill'>. Moreover, it is important to recognize that 
learning and evaluation must not cea e at the end 
of the training period. Recommendation · to addre'>s 
the'>e i'>'>Ues include the follov. ing: 

I. More banding stations should undertake 
e\aluations of their training effectivene s. Thi . may 
clarify which fact rs mo t innuence perf rmance. 
and identify weaknesses in training programs. 
Especially needed is development of a . chedul for 
follow-up spot che king after initial training h't'> 
been completed. 

2. Trainers hould attend regional or national 
v.ork.shop .. o that all trainers teach from a imilar 

BIOLOGY NO. _9 

standard. Contact and verification among trainer.., in 
a region should take place at least annually to main
tain consistency. 

3. t<Hion personnel (regardless of experience) 
..,hould periodically compare results. and immedi
ately discuss 'iOurce..., of \ ariation to iron out any 
problems revealed. For example, as a result of thi'> 
...,tudy. F gave H a refresher course and they began 
regular comparisons, v .. hich showed a much higher 
level of agreement. 

4. The role of trainer and trainee temperament 
<.,hould be given consideration in de. igning and car
rying out training and a<.,sessment. 
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RECOMMENDATIONS FOR THE USE OF MIST NETS FOR INVENTORY 
AND MONITORING OF BIRD POPULATIONS 

c. JOH R\LPH, ERICA H. D • WILL J. PEACll, A\of) COLI.Fl:.\; M. H Dl:.L 

Ah.,trac 1. We prO\ ide recommendationc., on the be t practicec., for mic.,t netting for the purpm.es of monitoring 
population parameter-. such m. abundance and demography . Studies -.hould be careful!) thought out before 
neh arc set up. lo en..,ure that sampling dec.,ign and e..,timated sample c.,i1e \\ill allow :-.tudy objectives lo be met. 
Station location. number of net'> . type of nci.... net placement. and schedule of opcratton ..,houltl be determined 
b) the goal., of the particular project. anti we pro\ ide gu1tlelines tort) pt cal mi'-1-net studies. In the absence of 
..,tudy -spccihc requirements for noH.:I protocols. common!) u\ed protocob .... hould be used to enable comparison 
of results among ..,tudies. Regan.lless of the equipment. net la)OUt. or netting schedule "elected. 111.., important 
for all stutl1e-. that operation.., be strictly standardi1ed. and a well -\Hilten operation protocol\\ ill help in attain
ing this goal. We pro\ ide recommendation.., for data to be collected on captured birth, and empha..,i1e the need 
fur good tra111ing of project personnel. 

Key ll'onll: mist net. monitoring. recommcndattonc.,, '>lantlartls. technique . 

Mi-.t nclling i-. a \aluable tool for monitoring bird 
p )pulation-. (Dunn and Ralph thi., 1·0/ume) . Since 
becoming widely available over the last half or the 
20th centur , lllt!->l nets have been employed in a 
\\ ide varidy of ..,tuJie-;. often using 'e1') different 
protocols. Information has gradually accumulated 
about the effect... on capture rates of netting equip
ment. <.,patial arrangement of net-., and netting 
protocol. We are mm in a po..,ition to make recom
rnenJatirn1.., on the be:-.t practices. It i-. important to 

U'>e method., that arc eff ecti\ e and cff1cient. because 
mist nelting requtrc!-> speciali1ed tra111ing anu intense 
effort. ' tandaruinttinn i'> crucial to pn'\enting . puri
ou-; vanatton in capture rate-. . Finally. using \\ idd) 
accepted and te....ied pr0lncol.., \\ ht:nc\ t:t pl ible \'ill 
facilitate compari..,on of' results acro-;s sllldie'>. and 
pooling of data tor common analy-.is. 

1 hi.., paper contains recommendation-; for mist 
netting that arc appropn,tte tor a wide 'a1 iet of 

inventory and monitoring purpo..,e'>. taking into con-
ideratio11 the well'are of caplllred bird-;. The paper 

integrates the latest information contained in this 
\Olume and prior literature, and rcpre-;ents a general 
consen-;u., of the authors contributing to thi!-> volume 
and or other participants in the work.shop giving ri-.e 
to it (-.cc Preface). All recommendation-. apply to all 
seasons. unle. s '>pl'cificall) noted othen'> i..,c. and are 
-.ummari1eJ in Table I. 

PRIOR T ETTI G PA ETTlNG ST TIO 

" n in Dr sic 

The number and type or nets used. their place
ment, target le\eb of netting effort. and data to 

be collected. all should be cho-,en to address the 
'>lllJ) objecti\ e lllO'>t effecti' cly. Therefore. prior 
to selecting station locations and setting up nets, it 
is important to clearly Jefine goalc;; for population 
parameter'> to be mcasurec.L geographic .,cope. tem
poral frames or intcre .... t, anJ target'> for species and 
... ample c;;ize . For example. spt:cic'> inventory projeci.... 
may require netting in a wide variety of habitats. a., 
opposed to a stud) who'>e oh1ective is to compare 
population parameter among particular habitat . 
Long-rerm monitoring will require a location that is 
likt.:ly to remain accC'>'>tbk mer the life or the '>tudy. 
and for ..,omc purpose., ti ''ill he important that 
hahicat aho remain relatiH:I) unchanged . A de-.irc 
tn c\pturc particular target "P \\ill innucnct.: 
the hahitah and \cgetation .... tructure where netting 
should take place. and may require u..,e of special net 
t) pes or capture technique.., ( .... uch a!-> canopy net'>. or 
lure'> '>Uch as \\ate1 drip trap:-. or tape recording'>: 
e.g .. Whitaker 1972, Wil..,on and Allan 1996. ogge 
ct di. 200 I). Fo1 ome habit.it<., or <.,pecie.., (including 
certain gra-; land hirds). netting ma) not be the bc..,t 
mean., of obtaining population data. and other meth
od., <.,hould be considered . 

Objecti es or the -;tudy -;hould con<.,idcr the mt <.,l 
appropriate geographic cale. \\hich in turn affects 
the number of netting -.tation.., to be e-;tablt-;hed. I'> 
the intention to compare results among '>everal sta
tion-. to contra. t di tinct habitats or management 
practices, or are Jata to be pooled from multiple '>la
tion'> and habitat-; to repre ... e11t a region a.· a \\hole'? 
Adding eftort at a <.,ingle .... tation can enlarge sample 
-;11c, which is particularly important for estimation 
or survivor..,hip (Nur et al. :WOO, this 1·0!11111c>: Ballard 
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Pararlll:ter 

talion locationhJ 

umber or nets 

Mesh size of net 
ct placement 

et density 

Drslrihution of 
sampling periods' 
umber of sampling 
pc nods 

Length of netting 
SC.S\IOn 

I lours of operation 

landardi1auon 

Training 

Data 

II 

II 

All 
All 

Breeding and 
\\ 111tenng 

All 

II 

Bret:d1ng 

Wimenng 
Migrallon 

Breeding 

Wintering 
Migration 

All 

All 

Breeding aml 
\\intering 

II 

All 

Re1:ummcndallun ... 

tat ion ltkel) to be aL ·e s1ble for life of ... 1udy 
tUd)-speclfi<: requirement. arc addres ... ed 

Caplllre rates are ... uffk1ent to meet study objecli\ e ... 
uffic1ent for ample s le ob.1el:l1\ es to he met 

Matched lll number uf er onnel a\atlable. at effort Je,el ... u,tainablc tor life of stud) 
'v1ost suitable ite fort Jrgel species. or u ... c range of ... 11es for species inventory 
ConYentent and fa l to check 

tud1-spec1lic critena ire met (nel pl .. u:ed lo ample target pee1c or habllal . or syslemattcally ... ample se\eral habitats) 
Gnd array. 10 ma imue lerritonal inJi,1duab captured and increase recapture probability. although l111es may be beucr for sampling 

taritonal birds when izc of 111di\idual rnnges are unknmvn or arc \anablc among target species 
1-5 nch/ha lo sampli: .1 man) lemtorie-.. or home ranges a pos-..ihle 
>1-5 nels/ha. ii desired. \\hen birds arc nol lerrilorial 
Equ.tl sampling period throughout season 

Demography: 10 lO 12 <:on eculi\e 10-da) pemids. coYering \vhole breeding -.eason 
bundance/site tidelit, : 111111imum of 3 -.amplmg period per -.cason. bul more 1s belter 

I 3 sampl111g periods per season 1s a common protocol. bul more frequelll sampling is likely to provide beuer informallon 
nnual abundance ind ces and long-term trends near-daily '>ampltng. either al a ingle station or spread among a clu ... ter of stauon-.h 
omparison of abundance among stations'' 1th111 year-• 5-10 sampling period-,(\\ 1th simultaneous neumg sessions) 

One day/ I 0-da} perim. (multiple station pooling data). or up to 7 II 0-day period (single station "tudies \\here greater sample \I/Cs 
.ire required. L.1pcur ·rate remam high enough for continued netting to be efficient. or sampling periods are relati,ely fe\\) 

1-2 day . or longer if \;apture rate. remain high enough for c:ontmued netting to he efticienL 
Annual i11dice.., of abundance or age ratio: near-dail) neuing through -,cason 
Compari on or abund nee among staunm. \\ ithin a year: one or more days per netting session (prcferabl_ \\. ith simultaneous 

sampling at stations to he compared) 
l least-l h. '>tarting at da,vn (unJc-, peak JCll\ll}' of target ... pec1es occurs at a different time) 

Effort lc\el hould be u ... tainable mer life of study 
t,mJard11e all equipment. net placement. and effort parameter"\\ 1th in stations 
tandard protocol can differ among station ... if direction and magnitude of temporal changc1.. is be mg studied. but not if capture rates 
arc being d1rectl} compared 

Marntain stable •egetation height and derNl) •It net site" to extent possible 
Mark-recapture 1ud1cs require le s qnct adherence lO con\tant effort than '>tudies relying on indices. but equipment. net placement. 

and \egetation at nt.:l slles ..,hould still be tandardized 
Ensure that all participant are trained to tandard of the onh American Banding Council 
Train all partidpants lt) folio\\ a standard protocol that is detailed in a \Hitten dornment 
De,elop field rccordi11g and data munagement procedures to en,Ltre uniformity in collection of all relevant data. 

und to enable rnpid anal) sis 
Collect me tad a ta re le' ant to talion (including protocol <Ind at least haste habitat description) 
Record dail.:. effort data 

Pcnotl \I 11hrn 11 hKh a nerung 'e 'mn of I+ con,c.:ull\C da)' \\Ill 1.1~c plJcc. 
[ llcct on n!,ull\ of pcwlrng 1c,, than tlatl} tlata fmm each ol c\cral t.111011 h." noi hc~n 1c 1ctl !Dunn .111tl R.ilph till\ w/11111< l. 
Pcnml ol con,ccuri\c tla}' ol nct1111g "llhrn ,, "1mpling period 
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ct al. this mlume). However. increased netting 
v.ithin a '>ite can '>Omctime.., lead to net avoidance. 
and ma) not '>ample a directly proportional increased 
number of territories . lncrea'iing number of 'itation'> 
ma_> often enlarge '>ample '>i1e more than increa<.,ing 
effort\\ ithin a . ite. and sampling at multiple !->Lation.., 
all<m.., C'>Limation of sample \ariance at the ... amc 
time that O\Crall sample ..,i1e is increased (Burton 
and DeSante this 1·v/11111e). omctimes. the sample 
..,ill? needed for a good mca..,urc of annual !'>Ur\ i\ al 
can often be obtained onl_> b.> combining result... 
from a nel\\ork of stations (Hilton and Miller 200.3). 
, ingle ..,L<llion.., are poor at track.ing annual change.., 111 

regional producti\ it] for at least '>Ome specie'> (Nur 
ct al. 2000). but a.., fe\\ as 3 10 <.,Lat1on ma) be <.,uffi
cient to produce representati\e regional rc.,ults (Bart 
ct al. 1999. Ralph et al. th/\ \'0/11111e h). Of course. 
pooling data among station.... can ob<.,cure important 
differences among sites. 

Once a decision ha.., b1.:en made to eqabli'>h mul
tiple '>lat1ons. further decision.., arc needed on ho\\ 

many. ho\\ far apart. and in\\ hat habitats the) 'ihould 
he placed . The number of tatinn'> to be e ... tabl1shed 
should he ba ed on target ..,,11nplc si1c (<.ee belo\\), as 
\\ell a.., on <nailability of' fund111g and personnel. If 
there is a lik.elihood of high turnover in the <.,et of -;ta 
tion.., contributing data for pooled anal) sis. the effect 
of '>Lich turnmer on quality of results also .... hould he 
comidered pt1mal spacing of ..,tations \\ill depend 
on study ohjecti\es (e .g., sllld~ of juvenile di-;persal 
or adult emigration ma r •qu1rL stations to b clth
tc1 cu). For the greate"t ptm er to represent an entire 
region, ...iation..., should he d1....iribute<l according to 
geugraphic r habitat trata 

Before beginning the <.tudy. an i1l\c..,tigator 
should decide upon the desired precision of an 
estimate m the effect s11c to be detected. which \\ill 
help dett:rmine the minimum s.tmplc 'ii1.c required 
(number of mi'it-net <.,tations and nets. number 
of birds captured and rccaptur d. ur both) . Fur 
survival analyse , the minimum sample 11e will 
be determined primarily by the number of bird. 
recaptured. For comparisons or productivity. the 
number of mist-net <.,tatiom and number of birds 
captureu \.\ill be consideration'>. A prelirrnnary 
estimate of "ample "iii required to meet 'itudy 
objccti\ e..., can be made through re\ iew of pubti .... hed 
paper'> on ... imilar <.,tudics. or con.,ultation \\1th a 
stati'>tical e\pen. Beuw..,c or vanabilit) ol capture 
rates among specie'>. plans should be made for a 
pilot '>tudy and power analysi'i of preliminary data 
to allow for adjustment or effort. 

Researchers should be 'A-ell aware that mi'>t
net captures arc indice or the population being 

monitored. and that the proportion of the true popu
lation that is captured is unknown and variable ( ur 

el al. this l'O!ume). Much \ariation in capture propor
tion can be avoided through go d . tudy de..,ign an<l 
standardizing protocob. but capture proportion is not 
necessarily constant O\'er time or space. thercb) intro
ducing potential bia'> mto compari'ions am ng indices 
( auer and Link thi,· \'Olume). Whene\er feasible. 
the parameter or interest (e.g .. adult population si1e) 
should be studied using mark.-recapture techniques or 
other means of estimating c.ipture probability (Dunn 
and Ralph thi.\ \'0/11111e. Peach and Baillie thi\ \'Olume, 

Nur ct al. this \'0/11111e. Kendall et al. thi'I \"Olume). 

Monitoring ot populat10n size and demograph) 
near!) ah\ a) s benefit from stanclardiLecl netting. It 
i., therefore recommended that alternative net place
ments be tested in a pilot study. such that a standard
i1ed array can be maintained without turther change 
throughout the actual stud] period. Pilot wort-. '>hould 
also test the mo...,t appropriate di tribution and length 
of sampling period.., for a particular stud). arcful 
thought should he gi,·cn to the lik.el1hood that the 
propo ed netting schedule (dail) hmir'i or operation 
as \.\ell as duration and frcquenc1 of netting se s1011s) 
can be sustained over the intended life of the project. 
after station operators· initial flush of enthusia'>m has 
\Vaned. 

TR \I I G 

II personnel should he \\Cit trained before be
ginning a study that invohc use or mist nets • uch 
training should mcludc the op ration and care of 

nets , sal'e and ethical ham.Hing of birds. pro· ·dun~s 
f'or obtaining permits. and record k.ecping. I lands
on training hould he done under the tutelage or a 
hander experienced in the use or mist nets and adept 
at training, and can be arranged by contactmg acer
tified trainer. a local bird handing organ1n1tion. or 
bird obs"rvator). , uch r1:-.uur1.:es t.:an he found by 
...,carching the Internet or by contacting the U.S. or 
Canadian banding: offices. 

All prospecti e participant. in a mi'>t-netting 
study should follow the guidelines in the appropri 
ate North American Banding Counul training guide 
(Hull et al. 2( 0 I; North American Banding ouncil 
2001 a. b: Russell ct al 200 l ). The..,e guides an; 
\Cl") detailed. o here w need onl;. to emphasi1e 
the importance of .ippropriately training all project 
personnel. Joint training se<...,ions for all participants 
in a particular study. regardle ·s of experi nee le\ el. 
is particularly d sirable to ensure uniformity of 
technique (Dale thi., 1•0/ume) and familiarity with the 
specific study protocols. 
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Location.., for mi..,t-netting ..,tation.., '>hould he -.e
lected in accordance \\1th the geographic '>Cope of the 
-.tud) and que<.,tion heing addre-.sed. but the choice 
-.hould be tempered hy acces'>ibility. security from 
<foturbance. and availability of personnel and support 
f'aciliticl-i. Often. -;talion locations will be chol-ien to 
sample a pre-selected group of locations or habitats. 
perhaps employing a ..,tratified or other sampling de
sign. Depending on the -.tud) objective. it ma) al'>o 
be very important to -.elect -;pecitic location \\1th 
high capture probabilitie'> (e.g .. for studie!-. imnh ing 
mark- recapture). Capture rates are usual!) higher in 
riparian and shrubb) habitat.., than in forest. in part he
cause many birds fly above net level when vegetation 
is taller than the net!->. If multiple stations are being 
c-.tablished and <;tud) of di-.per1.,al i-; not a research 
objccll\C, station'> -.hould be at lea'>t 1- 5 km apart 
to en'>ure that mo'>t indi iduah v.ill not be caught at 
more than one lo ation {Ralph et al. thi' \'Ol11me h). 

For migrating bird'>, the most suitable '>tudy 
location.... for long-term trend monitoring arc one-; 
from 'A-hich birds arc likely to mme on as qu1ckl) 
a.., po.,sible (i.e., location-; that are not c-;pecially at
tracti \ c for stopm er). bccau!->e -;orne current mcthmb 
for trend anal) '>t'> assume that each da) ·.., count t'> 
an independent 'iampk of the population (Dunn and 
llusscll 1995). B) contrast, 11 the monitoring que .... -
tions invohe interest in 'itopovcr ecol gy. suitability 
or hahitat. re!->ident b1rtb. and .... imilar que!-otions. then 
it mJ) h pr fcrahlc tl !ind I< cati< n ttnt ha\ t' lar~c 
populations or birds overall. including migrant'> with 
more lengll1y '>topmer'i. Lo ·ation.., for ahundance 
monitoring during migration 'ihould be elected 
where overall h<1bitat change \\tll be minimal (K<tt'ier 
and Berthold thi' l'Ol11111e). Othen>.. i'ie. change in u e 
of the area b) migrani... could be interpreted <L!-. a 
change in the !-.i.".e of the breeding population in the 
region from which the 1111granr... came (Ballard ct al 
2003). uitable location!-> with relatively stable habi 
tat include those kept at an early succe!-1!-.ional '>lagc 
by nalural procci.... c. ( uch as regular flooding). or 
locations \\here the station operator has permis .... i rn 
to cut vegetation regularly throughout the tudy area 
to maintain habitat 'ilructure and\ egetation height at 
relati\ely stable leveb. 

l \.IBl· R or I rs 

The number of net.., used at each '>tation should 
be <lefined both b) the target '>ample . ize (related to 
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the <,tudy que .... t1on<,) an<l by the ability or <.l\ailable 
personnel to handle the normal rate of capture. The 

orth merican Banding ouncil (200la) gi"e" de
tailed guideline.., on the balance bet\\ecn bird num
bers and the numher of per onncl. In general. most 
\\ell-trained people can handle 5 hird-;/h . We ugge'>l 
that if capture rate.., ar a l\\ o-person 'itation regularly 
exceed 50 bird!-> in a 5-h period. con<.,ideration <.,]10uld 
be gi\en to adding personnel. or reducing the num
ber of net-.. Ir the capture rare is con!->istcntly less 
than 3 bird1.,/per!->on-h. con..,ideration -,hould be gi\ en 
to increasing the number of nets (if higher numbers 
are needed to meet ..,tud) objecti\ e. ). or to having a 
'iingle per.,on operate the 'itation and !-.1.:nding other 
per'>onnel to operate a<lditional 'ilatioth. 

omcumes the number of net<., that can -,afely he 
operated\ arie'i widely from day to day. for example, 
during migration season .... or at locations whcre high 
\\ind" often make certain nets unusable. In such 
ca!->es. a core group or nets can be dc ... 1gnated that 
includes nets opened on e'i'>entially all day-. that net
ting take.., place. One or l\vo additional groups can 
then be defrne<l. ol neh that \\ill be cln....cd hr'>l (as 
a unit) \\hen '>Orne nets mu1.,t be closc<l. A \ariablc 
represent111g the nd group.., opened each day can then 
he adde<l to analyses to model the effect or variable 
effort. 

1 1 P1 \Cl \11.. r 

e\eral factors should he considered 111 deciding 
hm\ to place nets v\ ithin the 'itll<l) area . 

Euse o/'cheding 11ets.- A person 'ihould he ahle 
to complete a net round v.1thin about 15 min or le""· 
if no hir(b arc captured. Round!-> can be longer if one 
per..,on can patrol nch con..,tantly and someone el..,e 
proce.., e<., the birds. a.., long a" bird" are never left in 
a net for mL11.:h more than JO min ( orth merican 
Banding ouncil 2.00la). Ir the 'itudy desi!!n .1llow .... 
1t i.., efficient to place neh Ill an arra1 that bring'> the 
observer back to the starting point at the end of the net 
round (e.g .. circular or grid arra . rather than linear). 

/-la/Jftat.-Man1 '>ludte!-. require '><.unpling. of 
particular habitah. species. or location!-.. Ir thcrc arc 
no such con,Lraint:-.. net\ 'hould be placed \\ihcre (a) 
capture rate.., \\ill he rca .... onably high. (b) neh are 
heltered from pre' atling \\. inds. and {c) \cgetation 

at net ite..., can be manipulated to maintain it at a 
rclativel) con'itant ...,tage for the duration of the '>lu<ly. 
For relati' el) random 'iampling, making no prior a<.,
'>t1mption.., ahout movement-. of birds or relati e 
use of habitat, nch should be placed '>Y'ilematically 
aero . .., a stud) area or\\ ith 'iome element of ran<lom
i1ation in placement an<l orientation. 
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Net density. The optimal distance between nets 
\arie-. \\ iddy with re-.earch question. Number of 
-.pecie-. imentoried \viii incrca-.e \.\.ith lov .. net den-
-.ity and -.ampling of a large area. for studies of adult 
population i1e and -.un ival rate-.. obtaining large 
-.ample -.i;e.., and h:n ing high capture and recapture 
prohabilitie;; \.\.ill increa'>e preci-.ion of e-.timate-. 
( Pollock. ct al. 1990). .., net den-.it} i-. increa ed. 
capture prohabilit} or individual adults will increa-.c 
but effective population 'lil sampled will decrease 
to a certain threshold. which \\ill be related to -.izc of 
home range or territory. 

If territorial birds are being captured. then net-. 
-.hould be paced at di-.tance-. appropriate to 1.,am
pl111g as many terntorie'> as po-.1.,ible (De ante ct al. 
this rn/11mel. 1ur ct al. (!hi\ mlume) and Ballard ct 
al. (////\ \'(}/11111e) found that re-.idcnt bird-. >200 m 
from nets had a very low probability of capture, and 
Remsen and Good ( 1996) indicated that species \v ith 
t} pically -.hort flight distance would be captured 
with lower probability than specie.., making longer 
flights. De ' ante ct al. Ulm 1·0/11111e) suggc-.tcd a net 
density of 1-1.5 neh/ha a-. a good starting point 
for breeding season 1.,tud1c-. for studie or orth 
American breeding hi rd . . whereas 5 net /ha is the 
recommendation or the French STOC monitoring 
program (Su1\'i Temporel de'> Oi1.,cau. Commun-.; C. 
Vansteem\ egen. pers . comm.). 

Faahorg ct al. (!his l'<J/11111e) used linear array. 
or nets set end Lo end tor winter sampling in the 
Ncotropics . Thi design i. less efficient for amplirH! 
many territories (either hr ceding or\'. rnlering) than is 
a more disper .... cd .irra of net., hccausc sc\ era I nets 
ma) fall \\ 11hin the lemtor t'r a in<•le hi rd \\hen 
they an: -.et end to end. \lloreover, relatively -.mall 
shifts in territory locattnn hel\\ ecn years can have 
a large effect on n:capture prohahility. 1 lowever. 
this design should increase capture probability ror 
binb \\hose territonc" arc herng sampled, which 
could be important if nl!Lt1ng effon <1t a station is 
\cry limited . Morem er. a linear arra} nf nets should 
sample species with a \'. ide range or territory size . . 
whereas di'>persed nets could he less efficient in this 
circumstance. 

Por capture or migrating birds. nets can he placed 
much clo'ier together than if territorial birds arc the 
target. 

l\ PL OJ I· IS 

Me-.h. ize should be appropriate to the targc1 -.pe
cics (Jleimerdingcr and Leberman 1966, Pardieck 
anti Waide 1992. Jenni et al. 1996). Small bird'> 
become unduly tangleJ 111 large-me. h net-., '' herea-. 

large birds oflen bounce oul of small-mesh nels. 
Capture rate and ease of using neh al'>o depends 
on net material and fullnes-.. For mo'>t pa-.-.erinc'>. 
capture rates arc highest using 30- or 36-mm-mesh 
net-. (as measured h; the maximum stretch). but 
certain study objective-. (e.g .. specie-. inventory) 
might \\ell require u-.c of a \ ariety of me-.h '>ile'>. 
Neh of standard dimension ( 12 m long, \vith four 
panels) are recommended because they arc easier to 
handle than very long or very high nets, and norH,tan
dard net'> or novel placement-. .... hould be med onl} 1f 
especially needed (e.g .. Whitaker 1972. Wil1.,on and 
Allan 1996). ec orth American Banding Council 
(2001 a) for additional information on net t} pes. 

HEDULE OF PER TION 

CIJOICl OF S1 !\SO'\/S 

ctting aero-.-. seasons can provide valuable data 
on within- and bet\\ een--.ca. on movements that could 
he rrnssed by more limited efforts (e.g .. Ralph and 
lloll111ger 2003). Hm\e\er. limiLing netling to -.pc
ciflc season-. may be important for ccrta111 tud1es. 

pecic-.-. pecific migration . ea-.ons can hl: defined 
as the period in which 95<.k or the ind1\> 1dual-. of the 
target species pass through a particular area, <ts in 
Husscll ct al. ( 1992). It can he u eful to define -.pe
cies-spccilic breeding season-. in a similar \\a)'. as the 
period in which 95<7< or individual;; in an area confine 
their breeding acli\ itics. from territorial e tablish
menl until poc I-breeding dispersal or juveniks. 
• ing the e definitions. po 1-hreedim:. <lisper al is 

that period hcl\\ ccn the breeding ea nn and hll mi 
gration, and "wintering" season is the p •nod hl:lwcen 
foll and spring migration . Because the 1im111g of thesL~ 
1.,easons, particularly the periods of di..,pcr ·al and 
migration. c.tn \ ar-y m.irkcdly with species. age. sex, 
location. and year. the hcst dates for study will ha\ c 

to he determined inc.Ii\ idually f't1r each locale. 
For -.ome !'>tudies. nclling across the boundaries 

of ea-.on.., can cau-.e problems for analyses because 
of mi..,class1hcation or transients. For e ample, in
clusion of late migrant-. in a -.tud} of sur\> ival rates 
of local breeder.., ma} bia-. result-. because one can
not distinguish mortulity from emigration through 
netting alone (Pollock ct al. 1990). !?'.'en though 
transients can be dealt with to some degree with 
nwrk- recapture anal;se-. (Brownie and Roh..,011 
198]; Pradel et .ti. 1997. ur et al. 2000. thi.\ rnl
ume), it may be best for sur\> iHtl studic'> to avoid 
suc.:h complications to the extent possible. through 
judiciou-; choicL of netting dates (De ante ct al. tl1Js 

rolume ). 
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It has been suggested that capture of local resi
dents during the migration seai.,on could lower the 
chances of recapturing those individuals during 
the breeding season due to net avoidance. This, in 
turn, could bia. certain kinds or population stud
ies, although statistical methods e ist for reducing 
such bia .. No reduction in capture probability across 
'ieasons was found by ur et al. (this mlume). but 
only one species has been investigated. Jf studies 
are being can-ied out both in the migration and the 
breeding <.;Ca. on, consideration can be given to U'iing 
a different study area for each season. On the other 
hand, if apture of late-migrating indi iduals \\ill not 
bias result. of a particular breeding sea ·on study. it 
will be most efficient to use a ingle. tud area. and 
to define the breeding season a'> beginning when the 
llrst summer residents arri c, even though migrant\ 
may still be passing through. 

Nl MBl:R o L1:: Glll or S \MPLI c.. PtRIOD. 

The number and length of sampling period. (each 
containing a netting ession of one to 'ie eral consec
utive day<.;) should be selected on the ba i. · or study 
objccti cs, tempered by availability of personnel 
and accessibility or the '>tation. Multiple and evenly 
spaced sampling periods arc important, both to in 
crease sample size and to ensure that annual samples 
an.: not biased by within- and between-year variation 
in abundance or capture probahilit) of age antl sex 
groupi.,. ptimum length of <.;ampling periods \\ill 
depend upon the i.,electcd length or netting sessions 
within these periods (i.,ce below), and the tlcsired 
kngth ( r gar bct\\een ndling .... es .... i0ns 

The M PS protocol calls for dividing the breed 
ing season into I 0-day sampling periods, which we 
r ·commend a the standard unlc.,s there is need lnr 
more frequent sampling. Wintering eason stud
ies frequent! sample only 1-3 times/season (e.g., 
Faaborg et al. this l'Ol11111e). !though this ma) be 
surtlcient f r detecting site fidelity and I ng-term 
changes in u.· e of a location (e.g., Latta and Faahorg 
2002), monthly or more frequent sampling should 
offrr beller opportunities for detecting intra- easonal 

ariation in movements of age and ex classes, and 
for gr atly increa. ing preci ion of population param
eter estimate . 

For monitoring population change f migrating 
populations, it is best if sampling 1s condu ted daily 
or near daily, to allow modeling of the effect of date 
and w ather on number of migrants present, and to 
increase precision of parameter estimates (Dunn et 
al. this \'Olume a, Hus ell this 1•0/ume. Thomas et al. 
thi\· 1•0/ume). 

IAN BIOLOGY NO. _9 

Li· GTll or [·TII (1 I SSIONS 

Depending on the length of the gaps between '>LIC
cessive netting ses'>ions, personnel may bL: able lo 

rotate among tations and sample . even.II location<> 
within a . ingle sampling period. MoreO\er. gaps 
allO\\ bird. to lose net shyness between sampling 
period (sec below). and can decrease the chance 
of recapturing transients within seasons, making it 
easier to identify transients in mark-recapture mod
el'> (Pradel et al. 1997). Regardles. of the number 
of days in each nelling session, we recommend that 
net., be operated for the -,ame number of day in each 
session so that capture effort \\ill be the same in each 
'i<.unpling period. 

The M P protocol calb for L day of netting per 
I 0-day sampling period, v. hi ch produces a sufflcicnt 
sample size when data are pooled among many sta
tion'>. ln other studies, especially where stations are 
visited infrequently and may be quite inaccessible. 
or when larger sample si/cs are needed to determine 
local (rather than regional) metric , it may be desir
able to n t for two, three, or more days in a row to 

catch the ma irnum number of bird-. pos'ithle. It is 
often found that nett111g for more than 3 dayi., in a 
rov. becomes unproductive because of n 't avoid
ance. so that few na·r\ e birds remain to be captured 
(Burton and De ante this 1•0/ume, Faaborg rhi,· 
l'O!ume). Even bmh stopping O\er during migration 
ma) sho\\ net a\ oidance after fir.,t capture (Dorsch 
1998). ome evidence suggesti., that recapture proh
ahilit ma be dcpressL:d for as much as a month 
after capwre or e\cn longer. based on tropical win
tcrin~ \lire\'> ( aahor~ l'l al thi" 1·0!11111<': J Fuahorn. 
pers. comm.). HO\: ever. DeSanle et al. (!hi.\ l'0!11111c) 

suggested that in temperate breeding birds, net 
:noidance may last only a week or less, and in '>ome 
species there is no L:Vidcnce of any n ~t avoidance 
( ur and Geupel J 993a. Ballard et al. thi\ l'O!ume). 

Whcne\ er feasible, the presence and duration of net 
;noidanc should he studied for each target specie-. 
to determine the most efficient netting sch dule for a 
particular study (Burton and DeSante this i•olume). 

De pite the possibility of net avoidance. near
daity netting effort ma) be neces ary during the 
breeding "ieason to capture repre entativc numbers 
of breeding adults or locally produced young birdi.,, 
\\hi ch may be present on the tudy plot for only a 
few days after fledging (Ballard et al. thi\· l'0!11111e). 

ptimal length or netting sessi n. therefore varies 
with tudy species and objective . . 

During sea. on. when birds are relatively resident, 
abundance i. as.,umed not to vary '>ystcrnatically 
from day to day, such that <;amples collected from 
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a variety or locations on different days will give the 
<,ame re..,ults as if all 'lamples had been collected 
simultaneou'>ly. However. temporal change can be 
rapid. even during the breeding season. and species 
differ in the timing of breeding activitie. (Ralph 
and Hollinger 2003, BaJiard t al. this ''olwne). For 
within-year comparisons among location . therefore. 
netting ... ess1om. hould be paired temporally to the 
extent possible. 

During migration. abundance and pecies com
po ... ition of migrants present at any given station 
arc very likely to differ from day lo day. depending 
largel; on \\Cather and date in the sea. on. tudies 
aimed at comparing habitat use by specie. or age 
classes during migration should therefore sample a11 
'>tations on the '>ame days. e.' pecially if relati\ely few 
ni;tting se'>'>ion can be undertaken . Over a period of 
years. however. a network of stations operated on 
different day. should provide similar information. 
although \\ ith greater\ ariance. 

D Ail) T!\IL G OI OP• R \TIO s 

Netting normally should take place early in the 
morning. because capture rate'> are U'>ually highest 
in the first 4-6 h after dawn when birds are most ac 
tive . To obtain a good sample of the birds present. 
nets ... hould he open for at k:ast ~ h (weather p'rmit 
ting). a. i'> the norm at the v,1st majority of station'>. 
Depending n objecti\e. or the tudy. and Oil pre
dictable availabilit; of per onneL net'> can be run for 
a longer period, even for the entire day (e.g .. Kaber 
amJ Berthold thi · l'0!11mc) This ma; he the preferred 
option 111 situation'> \\here htrds are kno\\ n to h ac
tive throughout the day (Faaborg el al. thi\· m/11111<!; 

E. Mall or;. unpubl. data). or when logistic. make it 
more efficient to increase effort within a netting '>es
sion than to add vi'lits to the station . Whatever th1,; 
choice of dail; hours ot operation. that le\ el should 
be s11stainahle throughout the expected life of the 
study to maintain standardiJatinn of data collection 
(<,ee be lo\\.). 

DAT A TO BE COLL CTED 

There I'> broad agreement on ba'>ic data that 
should be collected for every bird captured, but on
going discussion on how much extra data should be 
taken that banders have no plan · to u:e in their own 
analyses (e.g., time of day that a bird was weighed, 
fat score, or molt). However, these data can be of 
great value when pooled with those from other study 

locations (e .g., Dunn 2002), and in some cases only 
pooled data can provide samples large enough for 
analysis. As long as the data can be collected without 
stres. to birds (i.e., holding and handling times are 
not too great), we recommend that banders collect 
all data listed in Table 2. Phy. ical samples, such as 
blood for genetic stud; or feather ·amples for genetic 
or isotopic analysis, should only be collected as part 
of a specifically designed project for which neces
sary permits have been obtained. 

M thods used for taking mea urements and for 
recording skull pneumatization should follow the 
recommendations of the North American Banding 

ouncil (2001a, b). Pyle (1997) pro\ided detail on 
aging and sexing birds by plumage characteristics. 

We recommend that a camera be kept on hand at 
every netting station to document characteri-;tics of 
birds that are unusual (as well as to document habitat 
at net . ite : ee be lo\\.) . 

OrnFR DATA 

We recommend that information on station op
eration be recorded at a le\ el of detail that \\Ollie.I al
lO'v\ others to recon'>lruct the '>Ludy if desired . These 
metadata 'hould include at the minimum: definition 
of the boundaries or the study area, number and type 
of nets, ind1\ iuual net location'> (caretully mapped 
with compass orientation and preferably GPS docu
mented), and chedule of operation. 

Depending on the goal of th -.tudy. it may he 
necessar; to collect detailed data on vegetation in 
and around the study area. includrng tht: t;p . densi
ty . and height of each\ cgl'tation twe ·n 'ach m:t s1tt: . 
Even i r not part of the <;Ludy. we recommend that a 
'>implc. broad habitat classification bi: dont:> each 
) ar, as described in Ralph ct al. ( J 993) . nnual 
photographs of net sill!s can alsD aid in Jocument
ing habitat. This material will proviue important 
evidence for int rpreting the factors rcsponstbk for 
capture rate'> at each net '>ite O\er the course of the 
-.tuc.ly . brief dc'>cription of the landscape in which 
the study area is embedded can also help in inter
preting re ults, and can be helpful when comparing 
results among different project<, . Plotting net loca
Lion. nto a top< graphic map or aerial photograph 
i'> a good way to document lJ.nd..,cape and land use 
characteristics of the '>urrounding area. 

In addition. banders should record daily effort 
data , including date. hours of opening and closing 
nets, which nets '-'ere open (if not all), and name. 
of personnel participating. We recommenu also that 
a daily naffati c be written. covering any event. 
that may have affected results (e.g., presence of 
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Data t) pc 

Mandatory 
Data requtn:d by Banding Onlce 

Relrap status 
Recommended 

Subspccie1., 
Tail length 
Bill dimensions 
Tar1.,u1., length 

Sl-.ull pneurnatization 

Breeding condition 
I hrn aged and '>C L'd 

Wing length 

\\'eight 
Fat '>core 

Time of handling 
cl of capture 

Moll 
oles 

Date. location . band numbl'r. au:xiliar) marking talus. pecie . age. -..ex 
Age. "L x. or hoth "hould c recordl'J a.., "unknm' n" unlc s designation i-.. al least 95 'k certain 
Fir'>l captun; ' . re trap 

If difficult to d1..,ttngu1 h l r unu..,ual. record character-. U'>ed lO iJentif) 
Ir needed to identif) -..ub.,pcc1e-.. 
If needed to iJe111il} '>Ubspec1e 
Ir needed LO idcnltf) ub"I 1euc 
Record core 111 appropriate '>Ca on. am! u c routine!} tn combtnation \\ ith plumage characters that are nm knO\\ n 

to bl' al lca-.t 9Yc accu r.11c 
Record condition cndc in .ippropnatc -..ea-..on 
Record code for ho\\ aged and '>C c<l (L' .g .. cot.le-.. u cd b) M P . http ://\\''\\ .bir<lpop org/Dm' nloadDocumcnt..,/manual/ 

C\\band.PDFl. recording prc-.,encc of hroo<l patch or cloaca! protuberance. C)C color. molt limits. tail '>hape. mother criteria on '"hich 
aging and -..c tng j.., ba eJ 

Bander-, in the\: cstern Jlcmi phcrc are ac.ht cd to mea.,ure untlattencd \\tng chord (the norm in orth America). \\hich i-. thought b) 
some to be most reprod 1cible ant.I \\hich al Im'" mo..,t opportunity for direct compafr,on and pooling of data; Europeans lNtally mca-,ure 
flc.tllcnc<l \\ tng chord (or length. or both. of the eighth prim at): Ka1-.er and Ben hold t/Ji, l'()/11111(') 

pecif) \\eighing equipment in tation protocol 
Ralph ct al. ( 19931 i'.'I \\id 'I) U\Cd in , orth America. but u e of Kaiser ( 1993a) may lead to lcs-, \ariation in "ICOnng 

among nh-.cner-.. !Dunn 200~) 
elect time of -..tart or end of net round. or time of \\c1gh1ng (for -..tandard u e: record time to nearc-..t I 0 min) 

L cful in a ... . c-, tn!! factor affocr1ng capture rate (habitat. di tance from nc<.;t): '.'IOtllc people al'oo record -,1dc of net and 
net panel in ''hi ch tndt' 1<lual arc captureJ 

In appropriate ... ea-..nn. reLorJ detail-.. 01. at a minimum. the prc'>cnce or ah-.cncc or wing and bod) molt 
E.g., on aberrant plumagL. Ji ... ease or para..,ites. dcfon111Lic<.. or to note that photos were taken; record extent of 

juvenile plumage. record probable age ant.I ex if de tgnation \\a.., <9."ic""i certain 
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predator..,, VvinJstorm. or olher disturbance). Records 
should be 1--ept a.., ""ell or factors that could affect 
year-to-) ear result-; (such :.t'> in'iect epidemic'> or 
pre-.ence or heavy rruil crop<.; in the 'itudy area). ff 
\'.Cather variables arc to he u .... ed in anal;'ies. it of
ten ma; be ca..,ier to obtain computeri1ed data from 
a nearby \\cat her '>lat1on than to record it in great 
detail at the netting tat10n. onetheles'i, \\ eather 
condition<.; on site may differ from \\ eather ortice 
records (particularly \\ind speed and occurrence of 
local -.ho\\ Cr ). \O keeping -.1mple local records can 
he worthwhile. and \\.ill aid in interpretation or daily 
capture rate\. Automated \\eather stations can he 
purchased relative!; inex.pen'>i\ el). 

STANDARDIZATIO 

Mo'>t monitoring ...rudies arc intended to detect 
temporal and 'ipatial \ariation in bird abundance or 
demographic parameters. It i'i therefore crucial that 
capture operations be standanJ17cd as much as po-.
-.iblc over time and space. Without '>tandan.11nttion. 
ascribing \ariation in capture rates to test \ariahle'i 
·an be critici1ed. because 1t always can be argued 
that the 'ariation ma) ha\e resulted from changes in 
capture protocol. Standardi1atinn \\ill help 111inimi1e 
\'ariation in capture probability and allt \\ U'>e of 
more powerful ) et par..,imoniou statistical modeb in 
estimation ot -.urvi\ al .ind population si:te (Pc.1ch and 
Baillie rhi' 1•0/11111L. Sauer and link this m/11111e). If a 
change in protocol 1s required (<.,uch a ne\\ net loca
tion.., or di lkrent hour'> or operation). \\ e re ·0111111end 
that the old and ne\\ protoco\.., he used on altt:rnatc 
date.., f'or a year or t\\ o so that the effect of the chan!!e 
can be appropriately mod kd in anal) si .... This ap
proach. hm\ever. i .... cumbersome and cxpen..,i\"c in 
time and effort. It is for preferable lo conduct a pilot 
<.,ltH.ly to determine the optimal equipment. net place 
mcnt. and operation protocol. and then follm\ that 
protocol strict I. throu~hout the life of 1hc prnjcct. 

N1 IS 

We strongly recommend that net number and 
placement be held constant ''hen abundance moni
toring is a :-itudy objective. It is often tempting lo 
open more nets when e.xtra per<.;onnel are a\ ailable or 
to add or alter net site during the course of a tud). 
Howe\ er, this can bias resulh. because net sites are 
not equal in the numhe1 and type" (specie ..... age. -;ex.) 
of bird captured. For example, birds captured per 
net-hour could differ between years simply because 
1n one year net.., \\.ere placed '"here they \vere par
ticularly efficient at catching the target 'ipecie..,. 

Type of net (length. height. and mesh siLc) also 
1.,hould remain con'itant if at all po..,..,iblc. and if sev
eral types of net are U'>ed. the different type'> either 
-;hould be placed always at the same location. or 
rotated frequently and on a regular <.,chedule among 
all po..,sible locations. Net characteri-.tics <.,uch a.., 
the relative fullnes:-. of nets between trammel lines. 
\\ hether or not net. are tethered. and material of con
struction (nylon \s. polyester) also may affect cap
ture rates (North American Banding Council 2001a). 
but their effect" hme not been rigorously te..,ted. The 
rule of thumb i.., to u..,e exact!) the ..,ame t) pc or net 
(from the 1.,ame maker if possible) in each location 
throughout the life of the study. 

Finally. height of the net affects capture rates. 
Nets should be <.;et '>UCh that a bird captured in the 
lo\\e'it panel _1ust clears the ground ( orth American 
Bandin,; Council 200la). unle . .., the study goal-. 
require otherv. i..,e (e.g .. imentory ..,tudies in \\ hich 
ground-hugging <.,pecie could be m1s..,ed using nor
mal setting..,). Some nett111g <.,tation.., mark. pole-.\\. ith 
tape shO\\. ing ''here each net loop should go to en
sure uniformity among pcr'ionnel in the way nets are 
set each da . Thibodeau ( 1999) felt this unnecc..,..,ary 
becau..,e he found that mmt bird \\ere captured 111 
middle pan'"' of nets at his <.,tation. Heme\ er. Jenni 
ct al. ( 1996) found a higher cap1Ure rate in upper pan
els. suggesting that \ ariat1on in the height or the top 
or the net could indeed affect mend I capture rate. 

n) use or lures (hail. \.\lller drip trap<.,. tape 1e
cord1ngs) should normal!) be :.l\.oidcd. because it dif
ficult to u~e them in a standardized manner In some 
monitoring studic . lmwc\cr. their u. c is important 
\e.g .. St,ggc et al. 200 l: or for no ·turnal n uing 
of owb. Erdman and Brinker 1997 ). Lun:s ..,hould 
be u..,ed on a regular . chedule and either should be 
placed in the same location at each u<.,e or rotated 
regularly among placements. Sound lures should use 
the same recordings throughout the study and should 
be hroaucast on st~1ndard equipment at a 'ipecified 
\Olumc. Digital recordings (solid "talc or CD) ·ire 
le'i.., subject to degrading than are tape recording..,. 

Clll·Dl l f· OI 0PER \ 110 

Just as net locations are not equal in number and 

kinds of birds (specie-.. age. sex) that arc captured 
per net-lwur. neither arc time period equal (hour 
in day. day in sea on). Lf the schedule ot operation 
change<.; in a sy'item<1tic way during the 'itUd) (e.g .. 
running nets in the morning 111 one ) ear, but all day 
in another). then birds captured per net-hour will 
lil--cly differ bet\1.een temporal <.;ample'> solely be
cau..,e of the change in schedule. If nets are operated 
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longer on some days than others , we recommend that 
analysis be limited to the time period in which nets 
are always open. as with MAP (see De ante ct al. 
thi\ 1·0!11111e). Capturing a bird during non-standard 
hours . hov. ever. ma; result in net a\oidance dur
ing subsequent standard netting hours. such that 
excluding data from these non-standard periods 
from analy:is might result in biased estimates of 
population parameters. Although the lik.elihood of 
this happening probably varies seasonally. it ma be 
advisable to avoid non-standard netting v. ithin stud; 
areas where standardi1ed protocols are in place and 
net a\oidance is suspected to occur. 

It is not critical that dates of netting sessions 
within each sampling period be e actly the same 
year after year. but they <.,hould be paired a lo el 
as practicable. Length of the netting session (con
secutive netting day. ) also should be 5tandardi1ed 
to the extent possible. to en<.,ur that effects of nct
avoidance are the same in every sampling period . 

HABITXT 

\en if netting i.., complct ly . tandardi1cd. 
changes in vegetation around nets can cause changes 
in the numbers and kinds of bird<., captured. indepen
dently of changes in local bird populations (Ballard 
ct al. 2003 ). More birds fly over nets as vegetation 
becomes taller Lllld fuller. and more (or fewer. 
depending upon the sp cies) may be captured if 
understory \egetation tills in gaps ne t to net lanes . 
It is therefore important ither to choo c net "It s 
at which \egetation is lik.ely to remain relative!} 
unchanged fc r \he lik 0r \he tud '. w <:< ntrnl Ho 

etation at the net sit through regular trimming a1~d 
thinning. or to use mark- recapture methods to track 
changes in capture probabilit; O\er time (Kendall et 
al. t/11s l'0!11me). s noted abo\e, we recommend that 
ph tography and \egetation assessment be unde1 tak.-
n each year at ach net site to document \egetation 

height and densit). and to ser\e as a reference for 
'egetation management. 

BI LOGY NO. _9 

WR ITT!· PROTOCOi 

n important a<.,pect of maintaining standardi1a
tion i1., to prepare a formal operating protocol for the 
project. Thi" require.., clear!) defining the standard .... 
serves as a reference for future per<.,onnel, and also 
serves as a record of metadata that are relevant to 
the use and interpr tation of resuli... . The protocol 
should describe the exact net locations. type of net 
to be used at each net site (with full detail on maker. 
material. mesh si1c. dimensions, etc.). 1.,chcdulc of 
operation, instructions on keeping habitat around 
net" at a clearly defined constant height. methods 
used for measuring birds or taking fat scores, and 
all other operational details. The protocol should be 
urticiently detailed so that a per on experienced in 

mist netting. but ,.,, ithout experience of the study or 

<.,Ludy location. could continue the study without any 
guidance beyond the written protocol. While ensur
ing 1.,tandardiLation of operatiom and quality of data. 
a protocol also will contribute to afety or birds (e.g .. 
by pro\ iding instructions on frequency of net check.<., 
and procedure<., to use in case of bad weather). 

ONCLU l 

All people using mi..,t nets should use methods 
that arc ethical and ensure safety of birds that arc 
captured . Beyond that. it is important to ..,elect net
ting method" that ,.,, ill best meet the c.,pecJ!ic objec
tives of each study. Whenever po1.,sible , however. 
researchers ..,hould us the recommended and com
mon!) uc.,ed protocob de..,cnbed here. to pro\ ide the 
mo\t opportunity for direct comparison of results 
among independent !->tudies. 

A K WL D ME T, 

This paper bcnclltcd from discu<,1.,ion among all \\Orl-. 
..,hnp participant.., and author.., (..,cc li<.,t in Preface). We e-.pc
cwll) apprec1atcd re\ iews contributed b) G. B<tllard. D. r . 
De. ante. G. R. Geupcl. D. J. T . Hussell. J. Faabcrg. . ur. 

. M. Francis. P. P) le. and . Whitman . 
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