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ABSTRACT, — Counts of visible migrants at traditional walchsites throughaut North
America provide an ppportunity o augment Population-monitoring eforts for
birds of preyv, We analyveed hourly counts of migrating raptors al one inland (Hawk
Muountain Sanclua ry, Pennsylvania) and one coasial (Cape May Point, Mew lersev)
watchsite in northeastern North America. Hourly counts of migrants have been col-
lected for 38 vears at Hawk Mountain Sanctuary and for 28 years at Cape May Point,
We compared effort-adiusted, arithmetic-mean passage rates to five AEomutric-mean
indexes for 12 species. W used reparameterized polynomial regression to estimale
trends in the dndexes ard o lest the stgnificance of trends From 1976-T975 {average
index over three-vear period) to 2001-2003. Effort-adjusted, arithmetic-mean indexes
cortesponded to more sophisticated indexes on the complete data sets byt did not
pertorm well on simulated data with missing abservation days, We recommend the
bse of a regression-hased, date-adjusted index for the analysis of hawk-count data.
This index produced trends similar to nther geometric-mean indexes, performed
well on data spis simulaling redured sampling frequency, and outperformed other
indexes on data sets with large blocks of missing observation days. Carrespondence
betwern trends at the watchsiles and trends from Breeding Bird Survevs (BBSs)
suggests that migration counls provide robust estimates of population trends for
raptors. Furthermaore, migration counts allow the monitoring of species not detected
by BBS and produce trends with greater precision for species sampled by both
methods, Analvsis of migration counts with appropriate methods holds considar.
able promise for contributing to the development ol integrated strategies to monitor
raptor populations. Receroed 7 March 2006, accepled 19 Septembier 20806,

Key words: Falconiformes, migration munitoring, population index, population
lrends, raplars,

Deteccion de Tendencias Poblacionales en Aves de Presa Migratorias

Resusten. —Los conteos realizados on sitios tradicionales de avistamiento o Muorte
America son un buen recurso para aumentar los esfuerzos de monitorea de Joe
poblaciones de aves rapaces. Analizamos datos de contens de aves ra paces migratorias
realizados cada hora en una isla {Hawk Mountain Sanctuary, Pensilvania) ¥ enun sitio
deabservacion en la costa (Cape May Point, Nuova Jersey) ubicados on el noreste de
Norte América. Estos contens han sido colectados por 38 afios en Hawk Mountain
Sanctuary y por 28 afios en Cape May Point, Comparamos las medias aritmeticas do
las tasas de paso, ajustadas por esfuersn, eon cinco indices de medias geometricas
para 12 especies. Utilizamos regresiones polinomiales reparamelrizadas para eslimar
las tendencias de los indices ¥ para probar si las tendencias entre 1976 - 1978 findice
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promediado por un periodo de tres anos) y 20001
de media aritmética ajustados por esfuerzo fueron
basi de datos completa, pero éstos 1o se deser
en que faltan algunos dias de observacion. !

do hateones recomendamaos el uso de un indice basado ¢
tencias similares a las de

omitrica, se desempeiio bien con datos que simularon una frecuencia de

ajustado por fecha, Este indice produjo tene
media ge

muestren reducida v se desempeio mejor que
datos con grandes bloques de ausencias de dias
enlte las tendencias en los sitios de observacian ¥
s Bird Surveys), sugiere que los conteos de

contens de aves reproductivas (Breeding
aves migralorias representan una estim

di las aves rapaces. Ademas, lps conteos de
tectadas con los conteos de aves reproductivas ¥ generan
especies que son detectadas por los dos melados, El
slorias mediante métodos adecuados constituye
desarrollo de estrategias inbegradas para

de especies que no son de
tendencias mas precisas para las
anallsis de los contens de aves migr
ana buena oportunidad para contribuir al

monitorear las poblaciones de aves rapaces.

LoNG-TERM MORITORING of North American
bird populations is crucial for effoets bo iden-
tify spocies at risk, suggest patential lmiting
factors, and provide feedback for management
actions (Hussell et al, 1992, Rich et al. 2004, Bart
2005) Mo osingle monitoring method provides
adequate data for most species, so it s desir-
able to usevarious programs, including migra-
lion monitoring, 1o supplement one another
iToswnes etal. 2000} Monitoring predatory spe-
cies such as raptors, which serve as biclogical
indicators, can integrate signals from numerous
processes and geographic srales within ecosys-
tems (Bildstein 2001). Unlike many passerines,
raptors typically ocenr at low densities, are
socretive, and are offen difficuls o dutect on
their breeding and wintering grounds. These
characteristics reduce the effectiveniess of tradi-
lional monitoring techniques, such as Breeding
Bird Survevs (BBSs) and Christmas Bird Counts
(CBCs), for moniloring raplors (Fuller and
Mosher 1981, 1987; Kirk and Hyslop 1948; Dunn
et al, 2005). Consequently, most North American
raptor populations are nut will monitored, and
prospects for improved breeding-ground moni-
toring are not promising for many species (Rich
el al. 2004}

In a recent assessment, Dunn etal. (2005)
concluded that 11 raptor species in northeastern
North America are insufficiently monitored,
vither because the precision of existing trends
is unknown or low or because more than one-
third of the Canadian and U.S. breeding range
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- 303 son significativas. Los indices
indivies mas safisticados para la
npefaron bien con los datos simulados
ara el analisis de los datos de conteo
n un andlisis de regresion
otros indices de

otros mdices caleulados con base en
de observacion. La correspondencia
las tendencias registradas con los

aves migralorias permitun el monitoreo

is mat covered by a breeding-season SUTVER
o adibress these deficiencies, they  recom-
mended an integrated approach to monitoring,
including expanded BBS coverage, additional
breeding-season sUIveys, improved CBC analy-
ses, and migrabion monitoring. Such integration
will prove valuable, for example, if migration:
manitoring and CBCs are used to provide early
detection of population declines and brepding=
seasom srvevs are used o trace {le declines o
specific regions of the breeding range {Drann el
al. 2005).

Most North American raptor species are
partial or complete migrants, and migration
monitoring can be an effective component of |
integrated  population  monitoring, provided
there is a robust method of deriving population’
indexses from counts of migrants, Migrating rap=
tors are relatively easy 1o sample at geographie’
{isalures that concenlrate them (Titus and Full
fgo0, Dunn and Hussell 1995, Bildstein 1
Smith and Hoffman 2000, Zalles and Bilds
2000), and counts of visible migration nf rap
tots have long been used to index populations
(Spofford 1969, Nagy 1977, Hussel] 1985, Dun 3
and Sutton 1986, Mueller et al, 1988, Bednarzet
al. 1990, Titus and Fuller 1990, Kjellén and Ro '
2000, Hoffman and Smith 2003), The validity o
using migration counts to monitor bird pop
tHoms has been questioned (Fuller and Moshe
1981, Kerlinger and Gauthreaux 1985, Smith

{955, Kerlinger 1989), but numerous studi
have found sufficient correspondence betws
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migration counts and other indicators of popu-
lation change to conclude that they provide rea-
sonable estimates of Population trends (Mueller
et al, 1988, Bednarz o al. 1990, Hussell and
Brown 1992, Dunn ang Hussell 1995, Francis
and Husse|| 1955, Ballard ot al. 2003, HoFman
and Smith 2003).

Migration monitoring derives indexes from
daily counts at a fixed location based un the
sssumption that they sample a bird population
as it passes the location (Dunn and Hussell 19495),
Daily counts within a suasen have skewod fro-
quency distributions | Flussel] 1981), making the
median (or geometric mean) 4 better estimate
ol central tendency than the arithmetic mean,
Several authors have attempted 1o address the
issue of skew by applying log-transformation
to annual count totals (eg. Flotfman and Smith
2003, Llovd-Evans and Alwood 2004), but this
does not remove biases resulling from skewed
distribution of daily counts, Correction of
this bias can be achieved by fng-lrunsfnrming
daily counts before caleulition of an annual
index (Hussell 1981, 1985), The efects.of date
and weather on the behavior and numbers of
active migrants are also not
an arithmetic-mean passage
variables can be included in o regression-based
index (Hussell 1951, 1985; Hussell ot al. 1992;
Dannetal. 1997; Francis and Hussell 1998).

We used counts of visible m igrants from
twe long-term raptor-migration watchsites in
North America— Hawk Mountain Sanctuany,
Pennsylvania {20738, TR and Cape
May Point, New lersev (307547N, TAIW Y —
develop annyal population indesss and bremnds
for 12 species of migratory raptors that are non-
irtuptive in (heir migrations. Arithmelic-mean
pPassage rales are common in the scientific ard
Popular literature, and we compared them with
Beometric-mean Passage rates and four indexes
derived from analysis of covariance IANCOVA)
at cach walchsite, Our objeclive was 1o identify
the best index for estimiati ng population trends
from migration counts. W examined  index
perfurmance using one complete and three
simulated data sets conprising subsets of the
complete counts from each watchsite. Given
the functional difference bebwveon leading lines
and diversion linges (Caever von Scl'lwuppf::ﬂ:l_|rg
1963), wa expected that the twao watchsites

aceounted for in

rate, but hpse

would differ in the way wind patterns affected
migration counts and

in the composition of

Dleterting Rapor Poprdation Trends

=

the count population (senst Dunn undli.:H'_ s
1995}, An cffective migration index shoy
allow accurate estimation of treénds at bl
types of watchsite.

METHODS

Haok vounts, — We used hourly coumts of vis-
ible migrating raptors during autumn migra-
on (August-December) at Hawk Mountain
sanctuary and Cape May Point to develop
population indexes, Migration counts have
been conducted from the North Lookout af
Hawk Mountain Sanctua ry since 1934, and
data have been recorded in he nirly format sinee
[ 966, Hourly counts have been conducted fram
Cape May Moint State Park since 1976, At Hawk
Mountain Sanctuary, counts wepe vonducted
by trained volunteers and staff, with primiary
respansibility given to one or two people each
day and with considerable nterannual overlap
in personnel, At Cape May Point, counts Werp
conducted primarily by one or bwo trained s{aff
but not the sampe personnel throughout the
study periad.

Ubservations al the two watchsites were tvpi-
cally recorded from 0600 to 170p hours FST. Al
both siles, observations sometimes extended
bevond these times or terminated carlior, At
Hawek Meountain Sanctuary, (he mean number
af hours of observation (¥ + 5D3) each day from
1966 to 203 tanged from 7.3+ 2.5 in 1957 (=7
days) Lo 8.7 + 2.6 in 2001 (= 13% davs), with an
overall average daily coverage of 80+ 2.7 (it =
105 daws). At Cape May Paint, the mean numbier
af hours of abservation ranged from 7.3+ 1.8 in
1997 (i = 70 davs) to 105 « 2.5 in 1985 {n = 83
days), with-an overall o verage daily coverage of
BR 220 (n=85 days). Annual counts of raptors
averaged ~20,000 at Hawk Mountain Sanctuary
and ~51,0000 a Cape May Paint,

Total hours of observation varied from dav tor
day und among years, so we standardized the
count day at each watchsite: For sach species,
we identified a daily passage window during
which the middle 959 of individuals were
counted. No important differences were found

amoeng species” daily windows, so we combined
them into a standard period for cach site: 0700
W 1600 hours at Mawk Mountain Sanctuary
and 0600 to 1500 hours at Cipe May Point
We excluded raptors counted outside of the
daily standard period from analysis. Far days
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with incomplete coverage during the standard
period, we estimated the daily count as N =Cx
Hil, where C was the count during the standard
hours, ft was the number of hours of observa-
tion, and H was the number of hours in the
standard period,

We chose a seasonal passage window tor
cach species that included days when  the
middle 95% of the individuals of that species
were counted across all years. Increases in num-
for of count days across years ¢an increase the
frequency of low counts, producing spurious
trends in passage tales (Titus el al. 19349}, Using
a 957, seasonal passage window reduces thz
effect of chianges in coverage,

Weather —Wind  speed  and  direction are
bhelieved to be the weather variables thial most
directly affect the concentration of raplors near
migration walchsites iMueller and Berger 1961,
Haugh 1972, Richardson 1978, Newlon 1979,
Kerlinger 1989). We obtained fuourly surface
data from the National Weather Service (see
Acknowledgments) for the station nearest each
watchsite. At Hawk Mountain Sanctuary, the
nearest station (Lehigh  Valley International
Adrport, A0U39N, 727N s —4F km east
cnutheast of the watchsite, At Cape May Point,
the nearest station (Atlantic City International
Agrport, TRUTN TATRE W) s <67 km north-
northeast of the watchsite. We derived wind
variables, E {east), 5T (southeast), 5 {southy, and
SW (southwest), from vector addition of wind
speeds and directions at 0700, 1000, and 1300
hours. We calculated wectors so that positive
and negative values of E represented east and
west winds, respectively, positive and negative
values of S represented southeast and north-
We also used second-order
wind variables, which enabled us to model
curvilinear effects of wind speed and direction
(Franvis and Hussell 19983,

Migration  connrt e — We  compared
arithmetic-mean indexes {Bednarz et al, 1996,
Titus and Fuller 1490, Hofiman and Sith 20003
to those allowing compensation for rmissing
days and additional covariates (£, weather}.
The latter have been described previously
(Hussell 1981, 1997 Hussell et al. 1992: Dunn
¢l al. 1997; Francis and Hussell 1998} We also
examined twe models that included date
year interactions, allowing for the possibility
lhat seasonal patterns of migration may chit-
for among vears. [n our description of the si%

west winds, elo
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methods (brief descriptions helow, details in
Appendix 1), “count” always means the daily
number of hawks counted or estimated within
the daily and seasonal windows. Adding wind
variables in some analyses led to smaller sample
sizes, because we excluded days for which wind
data were missing. In addition, the four meth-
pils with date covariates included a regression
lo eliminate daws at the start and end of the
coasons Lhat would result in pour distribution
of residuals. To keep indexes comparable, we
limited the sample size (days) for caleulating:
pach index to the smallest set available for any
muthod

For each watchsite, the annual arithmetic-
mean passage rate index (AM]) was the mean
counl of migrants in a standard count day in
vear j, weighted by daily hours of effort, The
remaining fAve indexes were peometric-mean
passage rote (GM), date-adjusted gstimated
oEometric-ean G| datel), date-adjusted
petimated geometric-mean with wind covari-
ates (GM[date, wind|); date-adjusted estimated
geometric-mean with date * year interactions
(GM|date, date * year]), and date-adjusted est-
maled geometric-mean with date ¥ vear infeg
actions and wind covariates (GM][date, wind,
date * vear]). These indexes were all estimates
of the annual mean daily counts, derived from
regression estimates of the *peometric mean”
daily count, adjusted for covariates, The full
regression model with all covariates was!

i |
In(N; +1) =g + T ¥ + " +
=1 [

[ 4 !
E' E C { ‘r’l;fj"] 'I'El-llﬂn"'r'!,l: +ey [-ﬂ
I=1

I=ttk=1

where N, was the number of one species counted
{or e=timated) during the standard hours on day’
i in year j; ¥; was a series of dummy variables
that were set equal to one when vear = and
were zero in all other years; {* values were fisks
through fourth-order terms in date; values of
(¥ i) were date * vear interaction terms created
by multiplying each ¥, by each i*; Wi; was the
value of weather variable | on day { in year Ji
was the intercepl estimated by the rogression
iy, By Cige and d; were cocfficients estimated by
the regression representing the effects of each
independent variable on In{Nj + 13; and ¢, rep-

resented unexplained variation. This regress
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model was 4 one-wav ANCOVA with year torms
as factors and all other independent varighles as
Covariates. Regression #nalyses were wiighted
in propartion to the number of hours of pbspr-
vation on vach day, fr.. The method of deriving
srometric-mean indexes was similar to methods
used previously (Hussell 1981, 1985; Hussell of
al. 1992; Dunn eq 4], 1997; Francis and Hussel|
19ggy. excepl that each indey was expressed as
the estimated mean count per day,

Significance tests for effects of independen)
variables in the TERTESSION require each day’s
counl to be an independent sample of the
monitored population fsensy Dunn and Hussel)
1995). This dssumplion is violated if migrants
stop at a watchsite for more than ane day or if
individual migrants are counted multiple timey
on thesame day. Caunt Protocols are desipned
to minimize these vielations, bt the assump-
tian js probably violated o varying degrees,
depending on the characteristics of |je sthe andf
species involved. For Example, multiple couni-
ing Is fikely to be more frequent gy bottlenecks,
such as Cape May Paint, than at leading lines,
such as Hawk Mountain Sancluary, Moreover,
at Cape May Point, there are likely to bo fewer
mulliple counts of Falen sppe and Narthern
Flarriers, which teadily cross water by rriers,
than af Buten SPP- and Accipiter spp., which do
not. However, provided that the rate of mul-
tiple counting docs ot 1'h:|:|ge over lime, the
assumption of independence of daily counts is
Aot critical to the goal of our index regression,
which is to create a reliable annual index of
abundance, Therefore, our assumpltion is not
that dmily counts ape completely independent
samples, but that, for cach species at each sjte,
the rate of multiple counting does ot change
consistently aver time,

Tremd analiysis.— Trends in annual indexes
were estimated as the Beometric-mean rate af
change over 4 specified time interval jor vach
site (Link and Sayur 1auy, f’r{:liminar_v CRAmi-
nation of index " vear plats sugmested that mos|
Species did not follaw log-lincar trajectories. We
anmalyzed trajectories by filting a polvnomial
TRErESsion to the Hme seres of log {index), val-
ues, To reduce correlations among the palynos
mtial terms, vach TeEression was centered at the
midpoint yvear in the seTies.

A best-fitting Pelynomial model wis ident-
fied for each species using a three-step process,
To avoid overfit, the ny mber uf possible modeals
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was limited to the sel for which the number of
regression voetficients was =05, where i was [he
number of years in the regression (Tabachnick
and Fidell 1989), Positive and negative autocor-
relation indicate poor fit and averfit, respeg-
Hvely, so we identified 3 subsel of candidaze
models far which Autocorrelation of residuals
Was minimized ()20 <5« 0200 A best-fit maodel
was then chosen from this subset by select-
ing the single model that minimized Akaike's
Infarmation Criterion corrected for sample size
{ATC.: Burnham and Anderson 2002, retiining
all lower-order terms in the model.

Trend estimates ang their significance Werp
derived by 'eparametenizing the yvear terms
{(Francis ang Hirsse)| 1995). This methad takes
into account (he trend within the sap of Vears
being compared and uses the variance around
the entire trajectory, [L prowvides greater stalisti-
cal power for the detection of trends than lingar
regressions, which often da nog 5t the trajectory
of the index, We those (he proporlional rage
of change from 1976 1o 2003 to compare index
models and the trend estimates they produced
The reparameterization trantsformoed vear terms
sothat the first-order term estimated the rale of
change between the twn sets of vears and was,
therefore, equivalent to the slope of a lg-linear
regression. To reduce the botential effect of
extreme trajectories at fhe ends of the polvno-
mial model, we compared mean indexes for the
three-vear periods [976-1975 and 2001-2003;
These estimates of the mean were influenced
by the observed index in all vears, thereby
accounting for any treng within the averaged
years (Francis and Hussell 19948, Similarly, tests
of trend significance were based on the mean
squared deviation from (he PESTLSSION curve of
all index values, nol just those i the averaged
years.

Index pevformance. —We evaluated indexes by
measuring the correspondence dmong migra-
Hon indexes at the fwa watchsites and bebween
migration indexes and an mudependent Popu-
lation survey (BHSL Indexes were compared
using the rost-mean-squared error of (he best-
fil trajectory regression of |og fjmiele Ot yoar
for cach method, The roob-mean-squared error
served as an estimale of the interannual vari-
ability that was nol assigned bo the trajuectory
described by the FRErLssion equation. Annyal
indexes of biological Populations are expected
o be autocorrelated, op We view minimal
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dispersion of indexes around a Aited trajectory
as an indication of minimal error in the indexes,
Moreover, higher dispersion of the indexes
reduces the pawer to detect trends,

Both data sets had fewer missing days of obser-
valion than those from many active migration
watchsites. Theretore, we examined root-mean-
squared ervor values of trend regressions for each
index on several reduced data sels to simulale the
use of data from watchsites with lower sampling
frequencies. The reduced data sets used in the
analvsis simulated (1) fAve-day-per-week, (2)
two-day-per-week, and (3] intermittent sampling
(50% ot the years were missing =55 configuous
days). Missing blocks in simulalion (3) were
distributed among vears w0 that approximately
one-third were early-, one-third were mid-, and
one-third were late-scason. W used bwo-way
amalysis of variance (ANOVA] and multiple con-
trasts (Tukev's test; o= 0005) to test for significant
differences in rool-mean-squared error

Trend estimales for the six indexes were com-
pared with one another and with estimates from
BBS using Pearson's correlation coefficients
and reduced major-axis regression, which is
more appropriate than ordinary Jeast-squares
regression when both the independent and
dependent variables are measured wilth crror
(Sokal and Rohlf 1981). Despite its limitations
tor monitoring many migratory raptors {see
below), the BBS provides the only available
large-scale, long-term estimates of population
trends tor our study species that are completely
independent  of our  migration-monitoring
methodology. Detection rates are low for most
raptars in BBS, and the corresponding trend
estimates consequently have low precision iFig.
1. Moreover, BBS does not survey all areas
where migrants passing the bwo watchsites may
breed. Therefore, only approximate correspon-
dence should be expected belween migralion
monitering and BES. We evaluated this cor-
respondence for a region containing the most
likely breeding areas of migrants detected at the
walchsites on the basis of telemetry and band-
ing studies (Clark 1983, Struve 1992, Brodeur
et al. 1996, Fuller et al, 1998, Martell et al. 2001,
Laing et al. 2005, Dunn et al. 2007, N. Bolgiano
pers. comm.). This “northeastern region” con-
sisted of Connecticut, Massachusetts, Maineg,
New Hampshire, Mew Jersey, New York,
Pennsyvlvania, Rhode lsland, and Vermaont in
the Uinited States; and of MNew Brunswick, Nova
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Fus. 1. Population trend estimates and 95%
confidence intervals for raptors monilored by (A}
Breeding Bird Survevs and at migration watche
sites at (Bj Cape May Point, New Jersey, and
(C) Hawk Mountain Sanctuary, Pennsylvanis
Breeding Bird Survey trends are for a northeastem:
region comprising Connecticut, Maf-s-achuseﬂi._
Maine, New Hampshire, New |ersey, New Yor
Pennsylvania, Rhode Island, and Vermont in
Linited States and New Brunswick, Nova Soe
Ontario, and Cuebec (east of 79"W) in Cana
Migration-monitoring  ends are for  da
adjusted geometric-mean indexes,

Scatia, Ontario, and Quebec {east of 79°W)
Canada. Although BBS provides trend es
mates for 11 raptor species in this region,
compared only the nine nonirruptive migras
for which BRS trends were estimated from
routes (Francis and Hussell 1958).
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It is unlikely that BBS trends for must Fap-
lor spedies would be identical 1o migration
trends, but some correspondence botween |he
two data sels s expected if BBS and migra-
tion moniloring both measure changes in bird
populations. Therefore, the degree of corre-
spondence between migration indexes and |he
BBS offers one means of gvilualing different
Index: methods, Far any two estimation meth-
ods to produce corresponding trends, (1 slope
of the reduced major-axis regression should
equal one, (1 intervepl af (e reduced. major-
axis regression should equal zero, and (3) there
should be a high positive correlation behween
the trends, Satisfaction of criteria (1) and (2
indicates a 1:1 correspondence between L sorg
of trend estimates,

REsurTs

Migrationn cowrt inder, — Annual  indexes
derived from the siy estimation methods were
highly correlated for each specivs al cach watch-
site, with correlation coeflivients averaging (1,91
(5D =007, 0 = 12 species) at Hawk Mountain
Sanctuary and (194 (SD = M, =12 species) at
Cape May Point (A ppeadix 2). The lowest cor-
relations were botwoen AM and the GMidate
wind) and GMidate, wind, date * vear) indeyes,
All within-site correlations among indexes wepe
highly significant (P < LLUIT), For the five regres-
sion-hased indexes, the addition of wind vari-
ables and interaction terms generally increased
the variation ncorporated by the regression
{Appendix 2).

Triud analysis.— For most species at both sites,
the indexes differed in their vstimate of he
magnitude of population trend, but not jts sig-
nificance or direction (Table 13, Migralion counls
for 5 0F 12 species increased or remalined slable at
bath watchsites, J}es_'ner'rﬁing trends were found
for 6 of 12 species at both walchsites. Trands at
the two watchsites were in spposite direchions
lor Colden Eagles {scientific names in Table 11,
Trends at the two watchsites were significantly
correlated {r=1.85-0.94, < 0.01) and shiowed 101
currespondence (reduced A jir-axis FegTession,
fr=1.08-1.14, £ > L5} for all indexes,

Index  performance. —For both  watchsiles,
average rootmean-squared error of e Lrernd
fegression for the complete data set was lower
tor all geometric-mean indexes than for A0
(Table 2}, indicating that the latter provided
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a poorer fit to trend regressions, The GM ang

EMidate) indexes had the lowest root-mean.

squared error, which suggests that fit of the

trend regression was not improved by the addi
tion of wind variables or date * year interactions

Pwo-way ANOVA on root-roean-squared errors
indicated significant main effects of wilchsile
(F=117.08, df = 1 and 132, p < 0001} and index
method (F=3.30, di =5 and 132, P=0.008) on the
fit of the trend regressions, but no site * method
inleraction (F = 1,17, df - Jand 132, P = 0.97),
Tukey's HSD est (e = 0.05) indicated that all
geometric-mean indexes had significantly lower
root-mean-squared etror than AM.

In Iit'L‘-da}f-purv'.re.'uk simulations, average
rool-mean-squared error was lowest for oM
and  GM{date) indeies (Table 3). 1 Wi-way
ANOVA indicated signiticant main effects of
walchsite (F= 13412 df - 1 and 132, P = 0001
and index method (F =440, df = 5 and 132, =
O.001), bat o sipe * method interaction (F = (.56,
df = 5 and 132, p = (L73). Tukey's HSD test for
multiple comparisons (g = (05) indicated (hat
GM and GM{date) indeses had stgnificantly
[omver roct-mean-squared error than AM, and
that GM was significantly lower than GMidate,
wind, date * vear)

In two-day-per-week simulations, average
root-mean-squared error wis lowest for Gy
and GM(date, wind) indexes (Table 3), Two-way
ANOVA indicated signilicant main effects of
watchsite (F=51 90, df = 1 and E32, < (L00T) and
index method (F =436, dt =5and 132, p< (LT,
but no site = method interaction (£ = 049 4§ -
Sand 132, P= 0.78), Tukey's HED tist [y - (L05)
indicated that GM and CMidate, wind) indexes
had significantly lower rool-mean-squared ereoe
than CAM{date, dags = year) and that GM(date,
wind) was significantly lonver than A,

[ simulations of intermitlent sampling (miss-
ing blocks of days), AveTage ronf-mean-squared
errar was lowest for GM{date) and CMidate,
wind} indexes (Table . Twosway ANDVA
indicated significant main effecls of watchsile
(F=5510, df =1 and 132, P = 10.001) and indey
method (F =428 di=5 and 132, P = 00013, but
no site * method inleraction (F = 0.09, df =5 and
132, P« .99, Tukey's HISD fest fee = (L05) indi-
caled that GM, GM{date), and GMidate, wind)
indexes  had significantly lower root-mean-
s{uared error than AM.

Hawk Mountain Sancluary trend estimates
averaged 1.4-2.5% per vear lower. and Cape
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Tasrr 1. Trends in six indexes of migration counts (1976-1978 to 2001-2003) at Hawk Mountain
Sa.nq_marlp' {HMS), Pennsvlvania, and Cape May Point (OMP), New Jersey, and in Breeding Bird
Surveys (BBS; 1976 to 2003) for northeastern North Amerlca. Trends for BBS are derived from
estimating equations for route regression for regions with 22U routes reporting the species.
Significance of trend is shown by: + P10, "7 s hLoa, === 001,

Site  AM® GM" DA® DAWY DY DYW' BBS

ppecies .
Usprey HM5S N4 1.2%* .6 i ey 1.4** 1.6 A
(Prpadiont laligeins) ChMP P i 2.8" 2.6* 3.0 e
Bald Eagle M5 vt 500 P g G G4 54
{ Haligechis lencocophalus) CMP 11,57 Pl S R hed 8.3+ BB B
Noarthern Harrier HMS - —ggwe  _zads 2 w20 20 =2
(Circus cyanens) CMBI .0 0.2 =4):2 -2 -~k 1.2
Cooper’s Hawk HMS M H T 4.2 4 gt 4.3 534 R3]
{Actipiter cooperii} e 4.2 o e b R T Y 4.6 3.6
Sharp-shinned Hawk xS e _ame gt —13° 21 —1.5% 6.2
[A: atrrobis) CMP 36 =41 40 L I .
Broad-winged Hawk HMS  —3.2% b= -3 30 32 -3a% (.4
i Huteo platypteris) cMp 22 -1l -1 -1 —1.6 =1F
Red-shouldered Hawk HKS =13 0.5 -6 3.3 .5 =03 .00
(B lineatus) ChP" =11 ~11.1 —{.2 ~L4 —0.1 -1
Hed-tailed Hawk HMS =17 —1.8* 15* -05 ~1.8% b 2:8%
(B, janmiticetians) CMWEP 3.2 -1.9 -2+ 25" -1.8 2:5
Glden Eagle Hnsg: g a0 23T g 24 39t
LAquita chrusactos) CMP 15 -1.1 12 -3 -1.5 —1y
American Kestrel HM5 1.7 =13 -L1" L5 -1.2" ihi o
{Faleo sparoerins) CMP 32 it 3er ase dge 35"
Merlin HhS .G 5 B.a' 6.4 F.qm BEYT 13.6%
(F. colrmbearins) CaP 23" 2.0+ 2004 P 204 2t
Peregrine Falcon H M5 4.4 3.5 N Rt S Ly i
F perearinies) M i R 56T a0 AP 7.0 T bt 8

VAN = efforEweighted mean passage cafe

PEM = e Hirt-weaghied geomelric meen passage rake

DA = estimnaded birds dlay ! indes, date and year ferma (GhIfdate])

TEAW = esthmated birds day | indes, date and year sormes, wind terms {GM{date, wind|).

Y = estimated-irds day U indes, date and yeir ferms, ite = year interactions (G [dake, dowe * visar|f

TOYW = estirnated birds diy 7 indes, date sed year terms, dide ® vear lntesactions, wind terns (GM[date, wind, date * vearll.

FBES norhagstern negion = Connecticul, Massachisetts, Maine, Mew Flampsbioe, New Jersey, Mew York, Pennsylvania,
Brode [slamd, Vesmenl, Mow Bronswick, MNova Seotia, Cntao, and Quebes {eaztiof 7] .

= BBS trend not avaitelle,

May Point esfimates averaged 1.7-2. 5% peryear  trend estimates was grealer than thal of BBS
b P e RS

lower than BBES trends (Table 33 Correlations for most species (Fig. 1),
between Hawk Mountain Sanctuary and BBES

trends were positive for all indexes {range: Discusson
(15490661 bul were significant (a0 = (LO3)
only for dale-adjusted indexes. Correlations
between Cape May Point and BBS trends among indexes suggest that trends in migrali
were lower than those for Hawk Mountain  counts are robust and can be detected withe
Sanctuary [range: (L32-0.39) and were not relatively crude {i.e, AM) analvtical methof
significant  ({Table 3). Reduced major-axis  Even 50, the anabesis of root-mean-squared ¢
regression of BBS trends on migration trends  of trend regressions shows thal geometric-m
indicated an approximate 1:| correspondence  indexes perform belter than arithmetic-n
{Table 3). Precision of migration-monitoring  indexes. Our analysis further shows that

Imidex  performaice,—The  high  correlations
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Tame 2. Average root-mean-squared error (means = 502) amuong trend régressions for six migralion
indexes calculated from counts of visible, nonirruptive migrants at awk Mountain Sanctuary
(HMS), Pennsylvania, and Cape May Point (CMP), New lersey, Results are shown far {1y the full
data set, and for three reduced data sets that simulate sampling (2) five davs per week, (3} twa
davs per week, and (4) intermittently, in which blocks of 33 cantiguouys davs were removed from
early-, mid-, or late-season vbservations in 50% of the vears,

AM? GM" DA®  Dawd  pyr DYW?

M HMS 2024044 170033 1712031 174203 1882039 196204
CMD' 323087 264060 265:060 2722058 2734 062 3012060
(2 HMS  181+040 1464027 1462026 1594030 L60£ 026 L78+0.42
CMP 3004090 2372043 2362039 2414038  278.00] 2424079
() HMS 171037 1392020 1384032  1238+038 L742043 1754070
CMP 2302043 1904031 208:060 1834036 2434 D62 2134050
W M5 2395070 190£036 1694028 1735032 1914 038 1932037
CMP 3184093 2594079 243-065 244405 273085 2834082

"AM = L-!'I'n::-rr-'l.'l'l.ﬂl|:-I'nr-.'|.f TN Prassape rale,

FCA = offarbwel ghted geametric-mean Passage sate:

S = wstimated hirds iy U indey, date angd ear teems (Ch]dage)),

SOAW = eatimated hirds iy i, date and viar Werams, waend A (GM|ike, w ind i

1Y = estimated birds day ' indys, date and Yiar termss dabe * year inferactinng (GM[dabe, date * year])
DY W = gatimated bicds dan " indes, date and vear teems, slale * year Interactions, wirsd fi s [GM|dabe, wind, daje * visir|)

Tame 3. Pearson's correlation coefficients (# = 9 species) between trends for Breeding Bird Surveys
{BBS} and thoso for six migration indexes af Hawk Mountain Sanctuary {(HMS), Pennsy lvania,
and Cape May Point (CMEP), New Jersey, mean differences between trends, and intercepts (5%,
conhidence intervals [C1] in parenthese) and slopes (b: 95% Cf in parentheses) of reduced major-
axis regression between migration indexes and BBS¥ (Sokal and Rahlf 1951}, Significance of
correlation s indicated Byves P00, *P =005, *=p = ot

fndex_ o D“E-L‘TETE.'I'_" - II'III.-_']'I.TEP[‘ - . N
HMS
AM A 11594 -31.27 —139 {445 1o 0.69) (.68 (-1.28 to 1.38)
G i1+ ~Z.47 -1.27 (3,60 Lo 0,40 h56 (0.33 10 1.15)
DAs 6" -2.08 ~0L97 (-3.36 to 1.66) LBY (0,35 to 1.15)
DA .65 —1.43 —0.d4 (=308 10 1,42) e (040 b 1.26)
Dy 063" =214 —LI0(-3.68 to 01,72) 62 (0,37 10 1.17)
DT 0.65° -1.51 0.60 (-3.33 10 1.32) 0.67 (.99 to 1.02)
CMP
Al .35 1,73 =123 {-4.79 to 1.35) DLE2 {040 Lo 1.80)
Gatd i34 2.23 =133 (-L67 to 1.50) (L67 (-0.68 10 1.48)
b 034 -216 ~1.38 (~4.94 10 1.53) 072 (-0.72 o | 53)
DA .34 2437 =16t (<B.05 ta (1.99) 0.72 (-0.65 ta 1.55)
rys (32 -2.(M -1.33(-4.99 10 1.75) L7 (180t 1.62)
Dywh 0.37 247 1.81 {-5.66 1o 1.00) 76 (173 1o 1.67)

CAM = ifforl-welphled mean PAssAgE TAe.

"M = effert-wieishied peomebic-mean pessane rabe

1A = ptimaned Birds dav ' index, debe and vear lerms (GM | date )

AW = astimated hirds dav ™ bnades, date and yuarRarms, wibed eorms (GMEdate, wind(h

OV = edtimated birds cav Vindoex, date gl Fear bermes, date * year interactions (CGMdate, date * vear]).
DY W= estimated birds sy Uindey, date and Fear terms, date * vear inferactions, wind teeens Ghfdate, wind, dale * year]),
EROS northaasiern Fepton = Conmecticnt, Massachisets. Maine. Mow Hampshive, New Jersey, Mew York, Femnsylvania,

Rhode tsland, Yrmaont, New Hronswick, MNowa Seotia, Ontario, and Ldusbec joast of T W)
I = stogie of mafor asis | model 1] regression: Sokal and Rahlf 1981).
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ANCOVMA method  with date adjustment is
superior o a simple geometric-mean passage
rate for data sets missing substantial days of
observations. This is an important finding,
because many migration watchsites rely on
volunteer labor, and days of active migration
are sometimes missed when observers are not
available, Additionally, some days are missed
because of inclement weather, and it s not
known whether migratory flights cease on those
days. The date-adjusted index assigns expected
numbers of hawks to these missing davs on the
basis of the seasanal patlern, which can reduce
interannual variation stemming from missed
days, We recommend that precision of trend
estimates should be evaluated for migration
walchsites sampling <3 days per week before
they are used as a monitoring toal.

Birds of preyv are difficall to monitor with
BES methods (Kirk and Hyslop 1998}, resulting
in high CVs (25=08%, for northeastern region)
tor BES raptor indexes. With the exception of
the American Kestrol and Red-tailed Hawk
species monitored at migration watchsites are
difficult to detect during the breeding season
and unlikely to nesl in proximily o roads, piv-
ing them a low probability of detecHon on a
road-based survey. Furthermore, BBS monitors
primarily breeding and nonbreeding adults,
whereas aulumn migration counts addition-
ally monitor voung of the year. This could
weaken correlations between BES and migra-
tion walchsites thal counl primarily voung of
the year {eg. Cape May Point {_Inrk L9857,
Still, BBS is rhu best independent source of
trend estimates for most raplors, and the cor-
respondence of migration-monitoring trends
with BBES trends indicates that both measure
real changes in monitored  populativns. The
weight of evidence concerning correspondence
with BES trends suggests that the date-adjusted
index (GM|date|) is the most suitable for migra-
tion monitoring, The lack of perfect correspon-
dence between migration monitoring and BBS
trends suggests that both programs can make
mmportant and complementary  contributions
to long-term monitoring of raptor popula-
tions in North America (see Dunn et al, 2003).
The greater precision of migration monitoring
tremds for many species (Fig. 1) further suggests
that their use will improve monitoring eHorts.

Iwportance of weather  wdfnstirent. —Weather,
particularly wind speed and direction; = often

Farsser; Husse,

Aann Mizeat | Auk, Yol. 124
cited as a factor that may potentially confound
migration counts as a means of estimating popu-
lation trends (Mueller and Berger 1961, Broun
1963, Alerstam 1978, Titws and Mosher 1982,
Kerlinger 198%). We found that adjusting for the
cfocts of wind increases the amount of varia-
tion that is explained by the index regression
(Appendix 2} but dees not generally improve the
fit af trend repressions over that achieved with
date adjustment (Table 3). Accounting for date
appears to be more important than adjusting for
the effects aof wind in the derivation of annual
indexes for raptors, a finding in agreement with
previous research in the Appalachians (Titus and
Mosher 1982). We sugeest that weather variablés
such as wind direction and speed affect daily
raptor passage within a vear bul not interannual
variation in counts (see Allen et al. 1994). This
conclusion is based on the assumption that no
trend occurs in weather patterns aver the study
peelod, howewer, and should be treated with cau-
lion if such a trend is detected. Weather variables:
are generally correlated, and the failure of wind
variables o explain interannual variation dn
hawk counts leads us to believe that additional
weather covariates are unlikely Lo prove impar-
tant for the accurate estimation of trends, Even
50, recommend that they be examined dure-
ing: future index development (see Hussell and
Browen [9942),

Our analysis of simulated two-day per—l,wek:
sampling sugeests that adjustment for weather
can become important when there are very few)
observation days in a scason, However, this
level of .-.nmpl:n:h Falls far below the minimu
coverage of 75%, of a species’ seasonal migration
window recommended by Hussell and Ral
{2005) for effective migration -11r1n[t-'.'-rin'g It

alse preatly reduces statistical power o detedt
trends (Thomas et al. 2004), We therefore duru::t
believe that a two-dav-per-week sampling fre
quency is adequate for population lT'IUJ'l.ItﬂI'Iﬂ.g
using migration counts,

Miyration counts as indicators of populahion
frenids. — Titus - and (1990 noted Hlill
migral'mn conts were an efficient mes.tns_q
monitaring some  raptor  populations, and
Bednarz et al, (1990) established that m:gmliun
count trends agree qualitatively with in
pendent prtdu.lmnﬁ for species undergolng
strong, sustained population changes. Severa
authers have demonstrated mrmspnndeﬂ-"
ol migration lrends with independent i

W

Fuller
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estimales for passerines (Hussell el al, 1992,
Dunn and Hussell 1995, Dunn et al, 1967,
Francis and Hussell 1998) and raptors (Hussel|
and Brown 1992},

Hawk Mountain Sanctuary is an inland site
that concentrates migrants taking advantage
of favorable conditions tleading line, sensy
LCiever von Schweppenburg 1963), whereas
Cape May Point concentrates migrants avoid-
ing conditions on one side of a diversion tne
(Atlantic coast), often after having  drifted
there on prevailing winds. For some species,
juveniles are more prone to wind drift (Thorup
el al. 2003) and constitute a larger propaor-
ton of the count at coastal wittchsitos ike
Cape May Point (Clark 1985 than adults. We
believe the greater va Flability of indexes and
larger confidence intervals of trends at Cape
May Point compared with Hawk Mountain
Sanctuary (Fig. 1) reflect Huctuations in annual
productivity for some spedies-as well as the
possibility of greater variation in the rate of
multiple counting at Cape May. These two fac-
tars are likely the causes of Jower correlations
with BBS at Cape May Point. Our analvsis of
trend root-mean-squared error sugrests that
indexes from coastal diversion-line watchsites
are more variable, but the high intersite cor-
relations, 14 correspondence between tronds,
and lack of site * index inleractions at these
watchsites show that migration indexes are
robust to variations in migration geography
and suitable for estimation of population
trendds. Correspondence with BES trends for
the breeding areas of our source populations
further supports this interpretation,

The potential for relatively high rates of
multiple counting is sometimes raised as g
fatal flaw in migration monitoring. Howewver,
unless there is a trend across vears in the raie
of multiple counting, it will not adversely affect
estimales of trend. The lack of site * index inter-
actions in our analysis suggests that a trend in
the rate of multiple COUNNG is nat present af
these watchsites, Future studies of the level and
year-fo-year variability of multiple counting
at a variely of walchsites would be helpful in
addressing this potential concern,

Ihe  Partmers  in Flight North  American
Landbird  Conservation  Plan recinmmends

“improvement of migration monitoring fo meet
information needs of many raptors” (Rich et al,
2004:29), A recent Partrers in Flight updale of
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maonitoring needs indicates that only 6 of 19 spe-
cies of diurnal raptors that breed in Canada and
Alaska are adequately manitored at 3 range-wide
scale and recommends migration monitoring tu
improve knowledge of population trends of 18
of these species (Dunn et al, 2005). The analysis
method we recommend makes it possible to use
counts af visible migrants to help fill this gap.
The benefits of large-scale citizen science as a
source of monitoring data are clear in programs
such as BBS and CBC. Mare than 50 aclive rap-
lor watchsites in North America have collected
fmigration count data for at least 10 vears (Zalles
and Rildstein 20063, often using valunteer dtizen
scientists to collect the data iBildstein 1998),
With' recent efforts at networking  (Macleod
2004} and the development of powertul methods
ol trend estimation (Hussell 1981, 1985, Hussel]
and Brown 1992: Francdis and Hussell 1998}, the
ngredients are now available to INcorporate
migration monitoring into an integrated system
tor monitoring raptor populations,
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where C, and fr; are the count and the nums
ber of hours of observation on day [ in vear J,
respectively, and § varies from 1 te { (the nums
ber of davs in the species’ seasonal migrabon
window], _
The geometric-mean passage rate in year
1 (GM), was determined from the WE1gl‘ltEﬂ

rehri_ﬂ-bmn {eruation 1 in text), including n]:llr
the year terms, ¥, (which Is equivalent o &
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one-way ANOVA with year as the factor), The
estimate of the “transforned” genmetric mean
(Le. of In[N; =1]) for vear | was

(TEM) =, +a (24)

which was identical to the weighted mean of the
transformed counts calculated directly as

| ”
5{;‘1,-;{|nm‘,_,..L}}L;gh..f « H o

This estimate was then back-transformed Lo the
original scale to obtain

(GM) = exp[(TGAM), + V2| =1 (20
where Vs the error variance of the regression
fequal o the weighted variance of the raw
transformed counls pooled aver all vears), On
the assumption thal (M + 1) conforms o a log
normal distribution, adding V/2 to (TGM), pricr
to back-transformation provides an estimate
of the average number of hawks per day for
the selected migration window for the spie-
cies, Although this index is caleulated from
the geometric mean of In(N, + 1), it is reported
a5 an estimate of the arithmebc mean, This
makes no difference to the relationships of the
annual indexes (o each other or Lo estimates of
trends or their significance, but seasonal sums
of the counts will confarm more closely to the
numbers recorded in the ravw data than if we
reported geometric-mean rates of passage. This
applies also Lo the remaining four indees,

To improve the distribution of residuals in
the subsequent analvsis, we performed an iden-
tical preliminary regression in all of the four
remaining analyses (Hussell 1951, Hussell et al.
19923 Independent variables in the preliminary
analysis were first- and second-order date terms
and first- to fourth-order year terms (e, year
was treated as a continuous variable, not as o
categorical dummy variable). Cases (days) with
predicted values less than zero in the prelimi-
nary regression were deleted (rom the data for
the main analysis. This could have the effect of
deleting days at the start orend of the migration
window of some species insome orall VAT,

The midpaint of the passage window was sot
as the sero date, so thal deviations were bruth
positive and nepative, limiting the correlation

Drelecting Raproy Poprelation Tremds
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among higher-order terms. Likewise, in the
preliminary regression, the midpoint year in the
series of vears analyred was set as the zero year,

Date-adjusted  estimated  geometric-mean
daily count (GCM[date]). was estimated from the
regresston model including year and date terms
only, that is

/ L.
Ny +1)=ap + E €Y+ Z b P

=1 i=]

(3A)

This index was designed to eliminate hias
introduced by davs when no data were col-
lected. The estimated geometric-mean count
(back-transformed) for each day in each year
was then caloulated, summed each wear over the
migration period, and divided by the number of
days in the season and retransformed to obtain
(TDA). Then:

(GM|date]), = exp[{TDA), + V/2] - | {38)

Date-adjusted,  estimated  peometric-mean
daily count with wind covariates index (GM[ddate,
wind]), was derived in the same manner as this
(GM [dute]), index, with the addition of 12 vari-
ables incorporating wind speed and direction (E,
SE 505W, E7 SW represented by

L

Z I.'|I|l Mr'l| i

=1

in the regression model). For this index, how-
ever, the estimated geometric-mean  counl
(back-transformed) for each dayv in each year
was caleulated assuming that the value of each
wind variable on all days in all years was equal
to the mean value of that variable in the data
Date-adjusted,  estmated  geometric-mean
daily  count with date vear interactions
(M date, date * gear]), index was derived in
the same manner as the (GM[date]), dndex, with
the addition of first- to fourth-order interaction
terms behween date and vear {represented by

A |
z Z Ty f‘r’;i" ]

fetli=1

In the model), These terms were included 1o
allow For interannual variations in the timing
and pattern of migration. We used stepwise
regression analvsis (P o enter = 001, £ ta

exib = 00T001) to select interaction lerms only




Fagnin, Hussel

1062

for years in which they strongly affected the
regression model. Interaction terms were evalu-
ated in blocks (fAirst- o fourth-order) for each
vear, and vould only enter the maodel i they
were significant as a block tor any given year,
[ate-adjusted, estimated geometric-mean
daily count with date * vear interactions and
wind covariates (GM|dite, woimd, date * year]),
indes was derived in the same manner as
(GMdate, dale ™ gear]);, with the addition of 12

, ann NMizra

[Auk, Vol 124

variables representing wind speed and direc-
Hon (E, SE, 5°5W, E2...5W%), This method used
all terms in the full regression model described
above, except that the dale * vear inleractions
were included only if they met the criteria for
entry In the stepwise procedure. The effect of
wind wvariables on the cstimated geometric-
mean count was treated in the same way as for
thie (GA[diate, wind]) index (see above),

Areenms 20 Annual count totals (count), sample sizes (days), average inter-index correlation (r),
and adjusted B values for annual hawk migration indexes derived from five regression models
(=12 species) at Hawk Mountain Sanctuary {HMBS), Mennsyilvania, and Cape Mayv Point (CMI),

Moy Jorsey,

Species Stk Count Days
Oisprey HMS B 1,416
Cwir 236 1448
Bald Eagle HRIS 77 3,hdA
CMI By 1,651
Morthern Harrier FIMS 268 2357
CHP L6EY 2,155
Cooper's Hawk FIMS 52() 2325
CMP 2497 1762
Sharp-shinned |lawk NS 6,079 1,623
Cwr 2T 1712
Broad-winged Hawk HN& #0353 1075
oM 234 1,044
Red-shouldered Hawk  HMS 268 147
ChP 444 1412
Roed-tatled Hawk Hivis 3,730 2176
M 1943 1,720
Colden Eagle HMS 72 1,597
Crl 12 1,306
Armerican Restrel FidS 333 2,102
oM 9106 1,531
Merlin Hxs 75 1873
e L4l 1,393
Meregrine Faloon [IME 28 L6235
ChiP 632 1,180

G = cttort-weighted geometric-mean passage e,
PTEA = ptfintisd Blreds day

Adjusted /7

r Gh* DAE DAWS DYY Dywe
(hi 1 (L2 1130 .36 11:36 142
187 01z L9 04l 141 11,53
{146 i L1522 k18 024
[.4a 123 (L25 (L33 (kAL 137
(1,499 1z k20 020 022 022
.45 1o 017 03 025 D43
L4y L (41 (h52 (L35 [1.55
1,535 [ e a8 a0 43 D356
0,87 0 039 051 048 059
(L9 N 025 040 .34 .49
LR LIF 45 (s {52 .54
ey 003 0.1 027 020 0.3
i1, o 20 027 024 033
(1.0} 2 .11 .26 .11 11249
(379 3 {1.38 .30 s .55
0a0 G 0,27 D42 2% D45
(.93 0L .11 0.2z .1m .27
D.EF .1 11005 1111 {105 11.15
.75 (.03 .12 32 iz 0.3
Qe 0os N1l 02 084 045
097 .11 (.30 .35 (.34 .38
0Es s n2s 044 030 048
(.98 0.4 25 02 029 030
1LU8 (1.1y 1151 .52 .58 I].EE_

indes, date and year terme (Gh[Sase | ),

AW = estimated Birds dav T indes, date and vear terms; wind termis (0N [date, wind])

LY = patimabed Bieds dav! mdes, date amd vear leems, dae *

LYW = estimpted birds dov

veas ateractions (G [dade, dale * year|)

inedes, date and vear-termes date * vear Ingeractions, wind germ 56 [date, wind, date * vear]y




