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Evaluation of Mist-net Sampling as an Index to Productivity in Kirtland’s Warblers
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Many applied and theoretical investigations re-
quire information on how productivity varies in lime
and space (Temple and Wiens 1989, DeSante 1995).
Examples include studies of habitat quality, popu-
lation trends, life-history tactics, and metapopula-
tion dynamics. From a demographic perspective,
productivity is the number of young, counted at a
given time of year, produced per adult (e.g. Casweil
1989). Various measures have been used to estimate
productivity. One of the most attractive is mist net-
ting during the summer after young have left the
nest, but ideally before they have left the study area.
Several programs use this approach, including the
Constant Effort Sites Scheme of the British Trust for
Ornithology (Baillie et.al. 1986, Bibby et al. 1992) and
the Monitoring Avian Productivity and Survivorship
(MAPS) program (DeSante et al. 1993) in North
America,

Hatching-year (HY)} and after-hatchmg year (AHY)
birds are widely believed to have different suscep-
tibilities o netting (DeSante et al. 1995, Peach et al.
1996), so the ratio of HYs to AHYs obtained from net-
ting is not used as anestimate of productivity. In-
stead, investigators hope that the relative suscepti-

bility to capture is about the same among the sam--

plés being compared so that the age ratios in mist-

“net samples provide a reliable index to productivity
(DeSante 1995, DeSante et al. 1995).

Because numerous factors can affect mist-net cap-

“ tures, the reliability of productivity indices based on

mist netting needs to-be evaluated using indepen-
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dently derived productivity estimates. Feu and
McMeeking (1991) found that age ratics in mist-net

- samples were correlated with nesting success in Eur-

asian Blackbirds (Turdus merulz) but not in Song
Thrushes (T. philomelos). Similarly, Nur and Geupel
{1993) found a correlation between mist-netting re-
sults and nesting success in Song Sparrows {Maelos-
piza melodin) but not in Wrentits (Chamaea fasciata).

Studies of this sort have convinced specialists in
avian monitoring that miist netting at a single loca-
tion does not provide a valid index to productivity,
either at that -site or across a larger region (eg.
DeSante 1995, Peach et al. 1996). It remains uncer-
tain, however, whether mist netting at several loca- -
tions yields a reliable index of average productivity
for the region in which the sites are located. It is pos-
sible that annual variation in relative susceptibility
of HY and AHY birds to capture in mist nets might
obscure trends in productivity across time or space.

Here, we report on the correlation between mist-
net indices and productivity in Kirtland’s Warblers
(Dendroica kirtlandii). Qur study is unusual because
we had good estimates of popuilation-wide produc-
tivity, and our mist netting also sampled most of the
population. Thus, we had an oppertunity to study
mist-net indices without the confounding influence
of immigration and emigration.

Our primary objective. was to- determme whether
mist netting at several sites provided a useful index
to population-wide productivity. Our data also al-

Jdowed a comparison of capture rates for HY and

AHY birds and thus supplement the results present-
ed'by Feu and McMeeking (1991) and Nur and Gei-
pel (1993}-oni the validity of mist netting at a single
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site as a measure of site-specific or regional produc-
tivity.

Methods.—Kirtland’s Warblers nest in stands of
jack pine (Pinus banksiang) on sandy soil in scattered
but well-known locations in 13 contiguous counties
in Michigan (Mayfield 1992). The sex ratio is believed
to be approximately equal, and most of the adult
males are territorial (Mayfield 1992). The population
is surveyed each spring by 30 to 50 experienced ob-
servers who work in small groups at all known nest-
ing sites. The goal is to count all singing males, and
the results are widely regarded as a virtual census of
the population (Mayfield 1992}.

Our study was carried out during 1986 to 1992.
Population size had been declining for several years
when the study began, reaching a low of 167 birds in
1987. Thereafter, much new habitat became available,
and population growth was rapid (ca. 20% per year)
in most years until the end of the study (Mayfield
1992).

Mist netting was conducted from early July to
mid-September on sever sites that were well distrib-
uted across the breeding range (Damon, McKinley,
Bald Hill, Muskrat Lake, Mack Lake, Saint Helen’s,
and Ogemaw Management Unit). All but two sites
(Bald Hiil and Mack Lake) became suitable or un-
suitable during the study period owing to habitat

changes. Three or four of the seven sites were sam- -

pled in ach year of the study. The proportion of the
population {as determined during spring censuses)
that occupied sites where mist netting occurred in-
creased from 0.36 and 0.49 in 1986 and 1987 to more
than 0.80 in 1990, 1991, and 1992.

Each site was sampled by placing permanent net
Janes in loops or arrays. The density of nets and net-
ting effort were approximately constant among sites,
The size of sifes, and thus the number of nets per site,
varied substantially (from 10 nets in I array to 154
nets in 11 arrays). Nets were 12 m long with 36-mm
black- nylon mesh and were placed over 12-m sec-
tions of black roofing felt (see Sykes 1989). Nets were
open from approximately 0630 to 1130, weather per-
mitting, and were checked every 20 min. Netting at
sites, and lanes within sites, were rotated systemat-
ically. Individual nets were opened for a single
morning and then rested for three to six days. Our
index of productivity was the number of HY birds

captured divided by the number of AHY birds cap- .

tured. . :
Estimates of actual population-wide productivity
were obtained from estimates of change in popula-
tion size and survival rates. For any two consecutive
“Junes, we may write: -~ :

N,=NSHNBS, (1)

where N, and N, are the numbers of males alive.in,
June in the two years, § is the proportien of males ..

alive at the start of the year that survive until the enid

of the vear, B is the number of young males produced.”,
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(i.e _alive in August) per adult male, and §, is the pro-
portion of those young that survive until the follow-
ing June. Rearranging equation 1,

B =[{N,/N) ~ 5]/5.. (2)

Note that actual productivity, B, is based solely on
males (because only males are counted on spring
censuses), whereas our index to productivity is
based on both sexes (because both sexes are captured
and resighted). The number of males produced per
adult male, however, is equal to the number of young

-produced per adult if the sex ratio is equal, as is be-

lieved to be approximately true for Kirtland’s War-
blers (Mayfield 1992). The difference in definitions
thus should have little (if any) influence on our an-
alyses.

Estimates (indicated by lowercase letters) of N,
and N, were obtained from the annual spring census
of singing males, Estimates of survival rates were ob-
tained from a mark-recapture study carried out dur-
ing each summer. Each Kirtland's Warbler captured
during mist netting was uniquely marked with a
USFWS aluminum band and three colored plastic
bands. Resightings were obtained from observations
made separately during each summer, and resight-
ing effort was distributed evenly across the entire
population. Thus, although captures were not ran-
dom and independent (because net locations were

‘constant), resightings within age and sex cohorts

were random.

Survival estimates were obtained using the cap-
ture-recapture program SURGE (Lebreton et al.
1992) and will be reported elsewhere. We investigat-
ed numerous models specifying how survival and
resighting rates varied and selected the most parsi-
monious model supported by statistical analysis.

The model-selection process resulted in a single es-

timate of survival during the first year {August to
june; 5, = 0.4470) and a single estimate for subse-
quent years (June to April; § = 0.6415). Equation 2

thus became B = 2.237{N,/N,) — 1.435. The standard

ertor of the productivity estimate, b, was estimated
by expanding equation 2 for B in a Taylor series,
which led to:

£ 5)évtso)

>

mhaévm+vm+(

o

+ cov terms], (3)

whete 7= ./, and n, and n, are the estimates of

. Nyand N; provided by the spring census.

Methods used to estimate each component of V(b)

. are discussed briefly below. Estimating V(r) required
.an assumption about what fraction of the birds was

detected .on -the spring census. Although atternpts
are-made to find all singing males, some males un-
doubtedly ~are missed. Other studies (Bart and
Schoultz 1984) have shown that on multispecies sur-
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TasLe 1.
mid- to late summer.
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Kirtland’s Warbler population size, productivity, and age ratio in mist-net samples collected in

Variable 1986 1987 1988 1989 1990 1991 1992
Population size® 219 167 207 212 263 347 397
No. of nets 71 146 207 234 284 260 238
No. of net hours 1,536 8,921 13,139 11,546 10,038 9,563 14,890
No. of HYs caught 12 46 54 105 112 71 123
No. of AHYs caught 15 34 41 40 38 39 32
HYs per 1,000 net h 7.81 516 4,11 9.09 11.16 742 8.26
HYs per AHY 0.80 1.35 1.32 2.63 2.95 1.82 2.37
Productivity® 0.35 1.34 0.86 1.37 1.50 113 1.30

* Populdation size in 1993 was 485,
*Calculated with equation 2 with 5, = 0470 and 5 = (6413,

veys, trained observers record about 70% of the au-
dible birds, including many that are audible only (i.e.
not seen). On the Kirtland’s Warbler census, survey-
ors record only one species, and they pass close
enough to all locations that singing males are readily
detectable, Thus, it seems likely that nearly all sing-
ing males are recorded. Furthermore, Kirtland's
Warblers sing persistently during the census period
{Mayfield 1992}, so the overall proportion of birds
detected is probably 90% or more. We conservatively
assumed that actual detection was 85% and that
counts in consecutive years were independent. These
assumptions led to:

Vir) = o-.xs(ﬁ)'(i + i) )
mf\e, om

Estimates of V(s) and V{s,) were obtained from the
SURGE output. The covariance terms involved cov(y,
), cov(r, s5.), cov(s, 5.}, and multiplicative terms.
Cov(r, 5) and cov(r, 3,) were assumed to be zero be-
cause the estimates of r and the survival rates were
obtained from completely separate efforts and ana-
Iyses. The estimate of cov(s, s,) was obtained from
the SURGE output.

Results amd discussion.—In most years, approxi-

Index of productivity

e s
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Fic. 1. Refationship betwéen actual productivity

for Kirtlarid's Warblers during 1986 fo 1992, calcu-

" lated using a demographic equation (see text), and

the age ratio in‘a mist-net sample used as an index
of productivity (r* = 0.82, P = 0.02). )

mately 40 to 30 AHY birds and 30 to 120 HY birds
were captured during 9,000 to 15,000 net hours (Ta-
bie 1). The resighting rate for marked birds was ap-
proximately 73%. Estimates of actual productivity,
calculated using equation 2, were reasonably precise;
coeffictents of variation (SE(F)/b) were 10 to 12% in
each year except 1986, when sample sizes were small
and the estimated CV was 22%. Actual productivity,
and the index of productivity, each varied about
three-fold during the study period.

The sample age ratio derived from mist netting ex-
ceeded the estimate of actual productivity in every
year, indicating that HY birds were more susceptible
to capture than were AHY birds (sign test, P < 0.01,
nn = 7). The average estimate of actual productivity
during the seven-year study was 112 young per
adult, and the average age ratio (HY : AHY} of birds
caught in mist nets was 1.89. This indicates that on
average, HY birds were about 1.7 times more suscep-
tible to capture than were AHY birds.

The index, HY : AHY, was strongly related to pro-
ductivity (Fig. 1). The correlation {r*} was 0.82, and
the P-value for a test of R* = 0 was 0.02. The sample
r was not significantly different from 1.0. There
were no outliers or indications of a nonlinear trend
in the data. Thus, in our study, the age ratio in the
population-wide mist-net sample provided a good
index to productivity, although it was not useful as
an estimate of actual productivity owing to FY birds
being much more susceptible to capture in the nets.

The number of HY birds captured per net hour
was not significantly related to productivity {* =
(.13, P = 0.422), a result that was not surprising. If
population size changes (as was true in our study),
then the number of HY birds caught per net hour
presumably would tend to change even if productiv-
ity per adult did not change. Also, any annual chang-
es in riet efficiency caused by weather or other factors
could cause changes in the number of HY birds cap-
tured. Finally, the susceptibility of HY birds to aet-
ting may vary spatially (Nur and Geupel 1993),
which would further compromise the use of capture
rates of HY birds as a productivity index.
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Tasie 2. Numbaer of Kirtlond™s Warblees caplures 1o tnistnets ab bwo st on the breeding groundsn Mich-
an.
1986 187 1983 Lhgy 19ai ek Lo
Ratd Hill )
ey 1t “4h 2% 52 22 12 ‘)
AEY 3 24 15 18 7 ¢ 4
PO AREY L 1.5 3.3 34 L2 13
Masgk Lake
HY 1 4 24 36 45 A3 Hé
AHY by f 23 14 14 28 37
Y ARY a7 ] 2.6 a4 13 13

Age ratios at the twe sites whee nelting continued
throughout the study {Bald PRI, Mack Lnkﬁ were
not strongly related fo puf:ulatiun -wide productivity
{r 5and 041, P o= 0064 and .17, respectively;
Table 21 The primacy reason for this appeaced tobe
that movements differed significantly between HY
and AHY birda A Bald HUL habitat suitebility de-
clined during our study. As this occurred, numbers
of FY and AMY birds declined. but the number of
AHY birds declined faster, and thus the rativ of Y
AHY birds increased {Table 2). For exarnple combin-
ing data, the ratio was 1.4 for 1986 o 1988 and 3.7 for
1990 to 1992, At Mack Lake, habital improved during
the study. Both HY and AHY bieds became more
common, but the number of MY birds increased fast-
ersuch that the ratio of P AHY birds tended foin-
crease through time (Ta‘u e Z1. For example, combin-
ing date, the catle was 1.0 for 1986 1o 1935 and 2.1 for
1990 to 1992, With site-specific dynamics exerting
such a strong effect on age rakies, it s not surprising
that the age-ratio index at individual sktes did not re-
flart populatton-wide productivity very well These
pesubts suppoct the view of DeSante ’{9‘33) bt mui-
tiple sites must be surveyed for mist netting to pro-
vide a vatid index to population produgtivity,

The sumber of sites needed to oblain a reltable es-
timate of regional productivity presumably witl vary
among studivs depending on numerous factors such
as the similarity among sites of frends in habitat
qzm%iw I data from a piim study are available, pre-

sion and power ¢an be e_«;t:mmed using standard
fnrmuim, with the number of sites as the sample size,
In ecological studies, samples of fewer ihan six or
eight rarely provide useful estimates, aned we sed oo
reason that this generalization would not apply 1o
studies of productivity, Thus, at leas! six to vight
sites {or more) witl probably be reeded in most vas.
25,

in surmmary, in cur study (1) capture rates {num- '

bor of $0 birds/ pumber of ALY birds wete notuse-
ful s a direct measure of productivity in Kirtland's
Warblers because MY birds weee about L7 times
more fikely than AHY birds to be captured in mist

aets; {33 capture rates varded substantinily AMODE,

uantity of greatest wse in i

mvaries of the annual

sites, presumably because of chamges in habitar that
affected movermsnts during late stemmmer (thus, G-
ture rates 4 a single site did ot provide a uselutin-
di to population-widy produstivityy and (3) pop-
ulation-wide captune rates provided waeful 1indices
to papulation-wide productivity. As noted previous-
ly, the first bwver conclusions are abveady accepted by
speciatists in the uge of mist netting to inddex pro-
ductivity. Our study prasents the frstevidence that

annudl wariation inoceladive aprues rates is sudti-
chently small that mist netting at smulliple sites in a

reglon can provide » useful indes to reglon-wide
productivity. The region must be large relative 1o
late-sumnmer maovements by the study spevies, which
means that obtaining habitat-speciiic productivity
cates will be possible only weithin large patches of
habitad, 1 shosdd alee be revopnized that many spo-
cies will move maeh facther fhan Birtland's Warblers
{pwing to their lmited beovding Jdiz fributivn), Qur
results suggest that mistnelting programs
MAPS and the Constint Eifort Sttes gsed in Britain
can provide uselul medsures of 1 mporal patterns,
faggo-duale a;mimz patierns, and yearspecific pat-
terns in avian productivity, Furthermes, unlike
st nest-moenitocng studios, mist aetting in late
summer measures seasondong  productivity, the

wgraphic ana-

like

51 el
fyses, Late-sumemer mist netting thus appears fo by
a wselul method for s miﬁ,;:‘:}{ avian productivity
pmvaded that &ntaa!igmm’s roadiee thn rﬁ:nu‘!w from
at teast six to eight sites that are well distributed
across a lege reglon must b combined to sbtain a
valid index, ane that restdts oblained in this manner
duscribe refative region while praductivity, oot ab-
sofute or loeat productivity.

{‘if.’ﬁ'e;!i)&'i’fé’ifg.*m').h"ﬁ.~‘~I§?ﬂ'}" Weinsich provided sum-
eeraus of ainging male Kirt-
tand's %‘mrhiam, Michae! DeCapita, David et Mary
Suplinskas, Gleada Hall, Lvia Mpasick, and Michae!
Parrucha .ifavi' pd wih mist netting lohn Urobst,
Aaek Molson, Sue Liet, and Deaha Donner Wright
collected the gesighting data Cindy Bronson
pupamé the meark-recapiure Jdata for the survivor-
sm? analyses. Mist aottiog was funded by the USGS

Coand €
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Patuxent Wildlife Research Center; resighting efforts
were funded by the USFS North Central Forest Ex-
periment Station; and data analysis was funded by
the USFS Huron-Manistee National Forests, Michi-
gan Department of Natural Resources, and Michigan
Department of Military Affairs. Additional support
was provided by the Ohio Cooperative Fish and
Wildlife Research Unit and the USGS Forest and
Rangeland Ecosystem Science Center, Snake River
Field Station. We appreciate reviews of an earlier
draft by David DeSante, Geoff Geupel, John Probst,
John Faaborg, Kathleen Granille, and an anonymous
referee.
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