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Monitoring survival rates of Swainson's Thrush
Catharus ustulatus at multiple spatial scales
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Wc estimated suruiual rntes of Su,aitrson's Thrush, a commln, neotropical,
migrntortl latdhirtl, ot multiplc spotiol scttlcs, usirtg data collected in the
westcrn USA front thc MLntitorirtg Artian Orrrirclirt it!/ nrd Suraiaorship
Progronrnrc. We cr,llunted stntisticnl pottter to detect spatially heterogetrcous
suraiaal rates Md crTronantially daclirt ittg surrtit,nl rates among spntial scales
utith simulstcd pttpulttt i tttts pnrometerizad .from rcsults of the Swainsorr's
Thnrsh otralyscs. MLttlcls dcscribing surrtiusl rstcs ns corrstnttt across lorge
sytatinl scsles tlid trot Jit the tlstn. Thc nrttdel u,c chosc ns most appropriate
to tlescribc surt,iasl rttcs o,f Su,girtsLtrt's Tltrush nllotued suruittnl rates to
rj lrv lntong Physiogrttphic Prorrittccs, irtcludcd a scpnrate parometer for tha
probabil itt l  thnt a nerLrlt l cnTttured bird is a residerrt itdiuidual in the studtl

Tto1tulntictn, and corrstrnitrctl cLrTtture ptrobttbilittl ttt ba cttrtstartt across all
stgtiorrs. Estimste d nrtrtturl strruirtal rntcs utrdt'r this nrodcl ttaricd from 0.42 to
0.75 onntng Prttt, i ttccs. Tlrc cocfJiciartt ttf ttariotiort of suruit nl estinmtes rangcd

from 5.8 to 20"1, tlftt()tt{ Phtlsittgrn1thic PrLtuinces. Statistical power to detcct
exptttrcntinlltl decliring trt'nds was fairltl lLtro .for snmll spatinl scales, nlthough
lorgc urtrtunl dcclines (3'1, o"f Ttrartiorrs rlcar's rntc) u,erc likely to bc detectcd
utht'rt nnnitoring wns cttntluctctl Jbr long Tterittds of t inc (a.g.20 yaars).
Although Ltur sinrulntiLtrrs ond ficld rcsults arc bLtsed on tttilr1 .ftut ycars of data

from n l imited nrrmbt'r strd tl istributiott ttf statiLtrts, it is l ikclt l thnt they
illustrnte gt'rruine difficulties inherutt ttt ltrondscalc e.fforts to monitor surttiual
rntcs of tcrritorinl lantlhirds. Itt Ttnrticulu, ttur results sug.qesf that nrorc
nttt 'rrt iott nceds to he Ttoitl to snnr1tl ing sclrcnrts ttf moritorirts progrontntes,
ptnrticularly regttrding tlrc tradc-of.f hetu,een prccisitttr ond potential bias of
paramL'ter estimatcs Lrt anrtling spntiil scnles.

J  a rge -sca le  t r ends  i n  av i an  demograph i c

l - - rpat terns may resul t  f rom large-scale weather

changes or changes in the landscape that affect

areas large enough to have similar effects on

many local populations. Local changes or trends
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may result from change.s in the vep;etation struc-
ture, for example, from tree harvest. If the pattern
rrf local environmental change is pcrv.rsivr ' ,  simi-
lar regional patterns may result. Understanding
the scale of trends will thus be informative for
determining future rese'arch needed to identify,
and solve, specif ic management problems.
Processes that affect patterns in demographic
rates are likely to be scale clependent (e.g. pro-
ductivityl); management policies ancl activities
often respond to relatively local issues, although



concern over small-scale patterns may be moti-
vated by documentation of larger-sc;r le
phenomena. Thus, monitoring must be effective
at mult iple scales ranging from ' local '  (e.g.
national forest or park) through 'regional' (e.g.

physiographic strata) to ' large' (e.g. eastern
North America or the entire range of the species).

Although there is a large effort to monitor
wildlife population trends at small spatial scales,
there are few programmes that attempt to mon-
itor trends at larger geographical sc.r lc.s.
Understanding patterns at small  scales is
critical in guiding research and rnanagcment
actions to address krcal concerns.rHowever; i t  is
difficult to identify likely hypothesgs accountir.rg
for local demographic changes when large-scale
patterns are unknown. Tlre chal lerrgc is to
de.sign monitoring prograr-nmes to provide esti-
mates of parameters of bird populatiitns ;rt larrge
geographical scales, while maintaining adetluate
precision at small  spatial scales.l

lb examine geographical variat ion at-rd the
ef fec ts  o f  spa t ia l  sca le  in  i c len t i f y ing  and
dcscribing variat iorr in survival rates, wc used
mark-recapturc dt-rta from Swainson's l 'hrush
Cnthnrus usttt lntus popul;rt ior-rs in westcrr-r
North America, col lected by tht '  Monitorirrg
Avian Productivi ty and Survivorship (MAPS)
Programme.a  Swainson 's  

- l ' h rush  
is  a  nco-

tropical migrant that is a comnrolr brcedcr ir- t
woodlancls in western ;rnd northcastcrn North
Amer ic . r  . rnd  w in t t ' r s  in  Ct 'n t ra l  . tn t l  Sr ru t l r
Amcr ica .5  We examined the  pre t - i s io r r  o f
survival-rerte estimates .rnd estinrartec' l  seo-
graphical variat ion of surviv.r l  rates trt  various
spati ;r l  scales. We further explored the clut 'st iorr
of stat ist ical power to detect ge'ograrphic'r-r l  anci
tempora l  var ia t ion  in  surv iva l  r ; r te  s  us ing
s imu la ted  da ta  based on  our  Sw. r inson 's
Thrush analyses. Data on Swainson's 

' fhrush

fronr MAPS are typical of the dat;r from largc-
scale monitoring efforts, in that si tes are not
se le r ted  us ing  a  p robab i l i t y -b . r :ed  des ign , '  the
distr ibution of numbers of captures across
stat ions is highly skewed towards a few sam-
pl ing sites6 and the sampling eifort is extensive.

M E T H O D S

Collect ion of data

Stations were establ ished in approximately
20-ha study areas.a Those usecl in the analyses
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presented here were typically located in forest/
meadow edge hab i ta t .  Approx imate ly  ten
Dermanent net si tes were distr ibuted rathe-r
uniformly throughout the central 8 ha of the
study area, but were placed opportunist ical ly
at si tes where birds coulci be. captured most
eff iciently. Cene.ral ly, one 12-m mist-net of
30 mm mesh was erected at each net si te and
the type ancl loc'at ion of al l  nets were kept
constant for the duration of the study. The
operation of the nets was usually standardized;
most stat ions were operaied for six morning
hours beginning t-t t  sunrise, for one day per
l0-day period, and ior 8-12 consecutive 10-day
periocls, clepending on lat i tuc-le, from approxi-
mately May I to Augtrst 2f i .

A krtal of 144 stat ions was operated in each
ve;rr from 1992-95. For survivorship analyses,
we used only stertions that were opcrated for
at least half  t l rc number of hours nornral ly oprer-
ated within a ten-clay periocl (60 net hours) for at
lcast three periocls that fel l  within dates appn>
priate for survival analvses of resicler-rt  birds.
Further, only sttrt ions for which .rt  least 50 dif fer-
cnt indivir lu.r l  adult Swainsorr 's Thr-uslres were
capturetl tluring 1992 95 in the cluster (clefincd

below) to which the stat ion belongecl, werc
i r t ,  lu . l t ' d .  F i r r . r l l y .  r  r t t l y  s l , t t  ions  wher t '  Sw. t  i t t ' ,  tn ' t
'fhr-r-rsh 

wtrs consiclcrccl a brceding, specics wcre
retainecl.  Forty-two stat ions t-net these cri tcr i .r .
'l'hey 

were loc;-rtccl from northcrn California to
ccntral Alaska, ancl iron'r near the I 'acif ic Cotrst
inland to the Rocky Mountuin Range. I 'hysio-
graphic l)rovirrccs in rvhich stat ions wcre loc;ttecl
includccl Sonthern [ 'aci i ic l lainforest, Central
Rockie.s, Carscacle l larrge, Dissectecl Rockics,
Northern l{ockies ancl Southern Al.rskarr Coast.

To  inves t iga tc  pa t te rns  o f  surv ivorsh ip
among spati .r l  scalcs, we ;rssigned each stat ion
to  . ' r  par t i cu la r  geograph ica l  un i t  w i th in  a
spatial scale. [ . 'or extrmple, the l)oint Rcycs Bircl
Observ; 'r tory start ion was assigrrcd to the 1;eo-
graphical unit  of Sotrt l ' rcrn Paci i ic l lainforcsts
irr the spa,rt ial  sc.r le of t i re North Arnerican
Brcccl ing Birds Survcy (BBS) I ' ]hysiograrphic
I)rovince. Spatial scales, from thc sm.rl lest t tr
t l r t '  l . r rges t ,  rv t ' r t ' :  t ' l us te r .  a  g roup i r tg  o f  r re igh-
bour ing  s t ; r t ions  (e .g .  thnse in  Wi l lamet te
National Forest);  BBS Physiograprhic Province
(e.g. South I 'aci i ic Rainforestsi);  MAPS l{egion
(e.g. rrorthwest North An-rericar); and rvesterrr
North Ar-nerica, the scale at which we pooled

all  of the stat ions.
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Membership of a specific cluster was deter-
mined by the distance of neighbouring stations.
A matrix of approximate inter-station distances
was computed. To assign stations to clusters,
we used all 744 stations and then omitted
clusters that did not meet the minimum criteria
for sample sizes described above. We used a
centroid clustering algori thm8to assign al l  144
stations into 60 clusters. We chose 60 clusters as
this was the number required to place all
stat ions that were subsamples of a given
location (e.g. Willamette National Forest) into
the same cluster. Thus, stations that were not
selected a Ttr iori  as subsamples, but were
equally close in distance to other stations as
those that were selected as subsamoles of a
location, were grouped into a cluster. A cluste r
represented approximately all stations within
100 km of one another. A cluster included from
one to 11 stat ions. Estimates of survival and
recapture probabil i t ies at the scale of the
individual station typically had large (>79"1',
with most >50'/u) coefficients of variation"and,
for some stations, estimates were unobtainable.
Thus, we did not consider models at the spatial
scale of individual stat ions.

Survival analyses

Mark-recapture data were used to estimate
survival rates. We f i t ted t ime-constrained
models to the capture-recapture data using
program sunvtv modif ied to accommodate the
transient model described below.r{) We describe
these as either'Resident '  models, in which al l
individuals in the captured populat ion are
assumed to be residents, or 'Transient '  models.
Estimates under our Resident models were
those derived under a time-constant model for
7992-95. Several methods have been suggested
to reduce the bias of survival rate estimates of
resident birds resulting from the presence of
transients ( i .e. captured individuals which do
not remain in the population after the sampling
period in which they were captured).tt,t: Orr.
transient models use the method of Pradel
et al.t2 to estimate the proportion of residents
and thus reduce bias of survival estimates.
They allow for differences in survival rates of
newly marked and previously marked individ-
uals, and are structurally equivalent to the
handling-effect model developed by Brownie &
Robson.t3 Differences in survival rates between

these two groups of individuals may often be
due to the presence of transients.rr In the case of
Swainson's Thrush, transients may include
individuals searching for breeding territories
(i .e. ' f loaters'r5) as well  as migratory individu-
als. Survival est imates from the Transient
models are restricted to 'resident' birds and
thus  are 'a f te r -second-year '  ind iv idua ls . ta
Parameter estimates were constrained to be
equal among years. The annual survival rates
that we estimated under the Transient models
were from the period 1993-95. By including
within-year, as well as between-year, recapture
information in a revised transient model, we
may be able to include an addit ional year of
survival data in the model. The increased preci-

sion of the survival est imates expected to iesult
from including this addit ional year of data,
however, may at least partially be negated by
the increased number of parameters required
by such a transient model.

We compared a total of 25 survival models.
These can be categorized as: (1) Resident
models that al lowed survival rates to vary at
the scale of the individual cluster; (2) Resident
model that constrained parameters to be equiv-
alent among all stations; (3) Transient models
that allowed at least one of the parameters to
vary  geograph ica l l y  a t  each o f  th ree  spat ia l
scales (Cluster, Physiographic Province,
Region); and (4) Transient models that con-
strained parameters to be equivalent among al l
stations within western North America (Table
1). We focused comparisons on Transient
models that al lowed survival rate (Q), recapture
probability (P) and the probability that a newly
marked individual is a resident (y), to vary geo-
graphically, and models that constrained one or
more of these parameters to be equal among
geographical units (Table 1). Model (Q,,P,,1,) (see
Table 1 for description) was the most general
and allowed survival, recapture probabilities
and probability of residency to vary among the
I geographical units within a spatial scale.
Model (Q,P,y) was the most constrained; each
parameter was constrained to be_ equivalent
i -ong a l l  s ta t ions .  Thus ,  poo l ing  das 'done by
constraining parameters to be equal among sta-
tions within a geographical unit. There were no
tests for year-dependence in any of the para-
meters. We predicted that: (1) capture
probabil i t ies would be most l ikely to vary at
small spatial scales due to differences in trap-
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Table 1. Description of survival models investigated with MAPS data. Geographical units i refer to particular

locations within a spatial scale. For all but the most reduced Transient model (Q,P,y), the models are unique for

each spatial scale. Parameters were constraineci to be ecluivalent among all years.

Mo de I p n rnrrrc te r izo t i o r r DescrilttiLut

0,P Resident model; no allowance for transients (y: 1.0); parameters constrained equal among
geographical units

QuP Resident model; only Q allowed to vary among geographical units; no allowance for transients (y: 1 0)

Q,,P,,y, Most general Transient model; all parameters allowed to vary among geographical units

Qi,P u"y Transient model with Q and P allowed to vary geographically but "y constrained equal among

geographical units

Q,,P,y, Transient model with Q and y.rllowed t() vary geographically but P constrained equal among
geographical units

Q,P ,\t Transient model with P and l allowed to vary geographically but Q constrained equal among

geographical units
q,P,y,  Transient  model  wi th "yal lowed to vary geographical ly  but  $ and P constra ined et lual  among

geographical  uni ts

Q,P ry Transient  model  wi th P al lowed to vary geographical lv  but  Q and y constra ined equal  among

geographical  uni ts

Q,,P,^ l  Transient  model  wi th Q al lowed to vary geographical ly  but  P and y constra ined equal  among
geographical units

Q,P,y Most reduced Transient model; all parameters constrained eclual among geographical units

Spat ia l  scales considered for  which there are >1 geographical  uni t  are the Cluster ,  BBS Physiographic Province

and MAI 'S Region.  Geographical  uni ts (der. ro ied by i )  ar t .  scalc-speci f ic ;  for  erample,  wi th in the BBS

Physiographic Province scale,  a geographical  uni t  would be a s ingle province,  such as the Northern Rocky

Mountains.  Parameters inc lude annual  surv ival  ratc-  (0) ,  recapture probabi l i ty  (P) and the probabi l i ty  that  a

newly marked indiv idual  is  a resic lent  ("y) ,  for  the i th geographical  uni t  wi th in a spat ia l  scale.

ping intensit ies;rh and (2) probabil i ty of resi-
dency would be most likely kr vary among
regions (Pacif ic Northwest and Alaska), with a
lower proport ion of residents in the Northwest
than in Alaska, which is the northernmost part
of the range of Swainson's Thrush. We did not
predict the scale at which survival rates would ..  . : ical power
iuay; *"ahu.r isms affect ing survival rates of a 

. 'valuatron ot statrsl

specie's could be affected locally by habitat To evaluate the statistical power for detecting
changes or regional ly by cl imate and region- dif ferences in survival rates among popula-
spec i f i cw in te r inggrounds,easwel lasbyother  t ions  and fo r  de tec t ing  t rends  a t  d i f fe ren t
factors spatial scales, we constructed hypothetical

To select the most appropriate model for populat ions using survival and recapture
estimating survival and related parameters, we values equivalent to those which we estimated
rel ied on Akaike's information cri terion (AIC) from analyses of three years of Swainson's
for models in which we did not reiect the nul l  Thmsh data. '  We assumed al l  birds captured
hypothesis of model f i t  (P > 0.05). '7 Lower etc were residents ( i .e. y: 1.0); this assumption wil l
indicates a more appropriate model, based on result in €ireater statistical power to detect
the trade-off of model fit (describing the data) patterns in survival rates than if a proportion of
and the principle of parsimony. Recent work the birds captured were assumed to be
suggests that select ing the model with the transients. We used parameter values of 0.45
lowest AIC results in a more appropriate model and 0.54 for adult survival and recapture
than using likelihood-ratio tests;17 we therefore probability, respectively, and used population
relied entirely on AIC for model selection. We sizes of 83, 241, 731 and 1463 for the spatial
used the analyt ical methods described by scales ecluivalent to the Clustet Physiographic

Burnham a t  n l . t8  to  compare  geograph ica l
(spatial) and sampling variance at the scale of
the Physiographic Province; geographical
variat ion was estimated as total variance minus
sampling variance.

O 1999 British Trust for Ornithology, Bird StttLhl, 46 (suppl.), 5198-208
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Province, Region and western North America.
The-se population sizes were derived from the
avcrage number of individuals captr,rred
(45, 130, 395 and 790) cluring 1992, est imated as
rr/P, where rr is the number of individuals
captureci and f is the estimated recapture
probabil i ty. ' '  We created three hypothetic.r l
populat ions, each with a dif ferent survival rate.
Two of the three populations were constructed
such that they had survival probabil i t ies:

O :  O * A 0 i 2 a n d
0 ' :  0  ̂ o /2

where AQ rcpresc'ntec-l the effect size, i.e. the
differcrrce in survival rate's between the popu-
lat ions. 

' Ihe 
third populart ion was constructed

t t r  l r . rv t '  th t '  mt ,an  surv iva l  ra te  q .  Th t ' sc

methods were similar to those irr Nichols cf n/.r"

We rnvc : t iga t t ' . : l  A0  f r t tm 0 . ( )5  h r  { ) .4 (1 ,  w i th  O :

0.45, and with three ancl l2 years of simulertcd
clata. Sun,ival ancl recapture probtrbi l i t ies wt.re

sct corlstant arcross al l  years. We estimi-rtcd the
stat ist ic.r l  power of cletectirrg dif ferences
among three popultrt ions at each spatial scak'
( i .e .  a t  d i f ie rcn t  popu la t ion  s izes) ;  mode ls

permitt irrg geogr.rplr ical variat ion in Q btrt  not
P (moclel IQ,,/ ' ] ])  wcre comparecl to moclel (Q,P)

in wl-r ich ;r l l  stat iorrs were constraincd to h;rve
etlual survival ancl recapture probabil i t ies. For
power .rpproximations we uscd an analyt ical
approach rtrther than a Monte Carlo simul.rt i t in
.rppnrach. We used the parameter values urrder
the various models ancl protocols (e.g. nttrnber
o i  ycars )  to  c rea te  expec tec l  numbers  o f
bircls exhibit ing eaclr dif ferent capture history.

The expectations were then entered into sunvtv
as data, and estimator bias and stat ist ical
power were compute'd as described by
Burnham c f  a / . r8

We also evaluated stat ist ical power for
de tec t ing  t rends  ind ica t ing  an  exponent ia l
decl ine (0.5, 1.0 and 3.0"1, annual decl ines) in
survival rates with l2 and 20 years of simu-
latc.d data. An exponential decl ine would be
one in which the survival rate for a given year
w.ls a constant fract ion of the previous year's
survival rate, such that Q, :  Q, x exp(-B x I f  -  1]),
whe.re Q, is the survival rate between year I  and
t  +  1 ( t : 2 . . .  r t  l ;  w h e r e  n  i s  t h e  n u m b e r  o f
years), Q, is the survival rate between year one
and two, and B is the annuerl rate of change in

survival (e.g. 0.005 for a 0.5'2, annual de-cl ine).
Thus, a survival rate of 0.60 would decl ine tcr
0.34 in 20 ye.-rrs under an annual exporrential
c-lecline of 3'X,. We investigated the power tcr
detect thesc trencls for vari t ' r t- ts spatial scales.
Statist ical power was de'termirred using thc

trpproach of Burt-rham t ' t  t l  . ; ts the retduce'd
moc le l  o f  equa l  surv iva l  ra tes  among a l l  years
(Q,P) rcprcsented the nul l  hypothc'sis, whilc the-

altcrnative hypothesis was model (Q,,,P), the
n'rodcl with an cxponcntial decl inc in Q but

eclual antl  constant P antong yetrrs.

RESULTS

A krtal of 2046 adult Swainson's 
-fhrushes 

were

captured cluring 1992-95 at thc 42 stat ions
incluclecl in thc survival analyses. Uncler the
'litrnsient 

moc-lel for westcrn North America

@,P,y), wc estimated thc percer.rt;rge oi residetrts

Table 2.  Est imatt 's  of  Sw;r insor. r 's  l -hruslr  surv iv l l  prrobabi l i ty  (Q),  rccapturc probabi l i ty  ( / ) )  ancl  proport ion of

r t 's idcnts (y) ,  wi th associat t ' t l  cst imatecl  standard errors,  for  a subset  of  modcls at  mtr l t iP lu spat ia l  scales wl th in

western North America.

Sr'rl/t ' MrtLlt ' l

Cluster  Q,,P

Qul ' ,Y
l'rovinc-t Qi,l';l
Ilcgion Qul';l

Q,P,^ti
Westcrn North America 0,1)

Q,P,t

Q  S C ( Q )

0.49 0.0't
0.60 0.t)6
0.60 0.06
0.56 r).05
0.63 0.03
0..18 0.02
0.63 0.03

/) se(I))

0 .51  0 .03
0.60 0.03
0.60 0.03
0.60 0.03
0.60 0.03
0.51  0 .03
0.60 0.03

t l"til

1.0"
0.57 0.04
0.57 0.04
0.56 0.04
0..16 0.06
1 . 0 "
0.56 0.04

Est imates,  arrd associated se values,  for  parameters a l lowed to vary among t l re I  geographical  uni ts . r re the (non-

weighted ) mearr estimate.

"The proport ion of  residents is  assumed to equal  1.0 ( i .e.  these models do not  inc lude a t ransient  parameter) .
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Table 3. Akaike's information criteria (atc) and goodness-of-fit (croF) for models investigated with Swainson's

Thrush data at multiple spatial scales within western North America

Strratial scale MLttlcl

No. of
pornntters (;()i Atc

Province

Region

Western N.A

0uP  i
0,1'
q,,P,,"{,
Qi,lt,,Y

Q,,P,t
Q,I',,Y,
Qi,P,Y
Q,P u"Y
Q,P,.Y,
Q,,P,,yi
Q,,P,,y
Q,,I',^1,
qt,P,,"t,

Q, ,P,y
Q,P,,y
Q,P,y,
Q,,P,,y,
Q,,P, ,Y
Q,,P,y,
Q,t,,,y,
Q,,P,t
Q,t , , ,y
Q,P,v,
Q,P
Q,l',^l

l 8
l 0
27
1 9
l 9
1 9
I I
. l l

1 1
l tr
l 3
r 3
t 3

at

8
u
6
5
5
5
I
1
4
2
3

0.0001
0.001
0.20
0.27
0.06
0.21
0 . 1 3
0.0{J
0 . 1 0
0.06
0.08
0.09
0 0 6
0 . 1 2
0.02
0 . l  t
0.05
0.04
0.05
0.05
0.04
0.02
0.05
t). txx) I
0.02

3tr4.8
384.7
349.4
339.3
350.4
3'10.3
33rJ.2
312.0
340.2
350.0
3.13.6
342.8
345. I
336.0
317.7
337.2
341 .0
341 .9
310.5
339.3
340.6
1 + )  - /

33tt.6
395.2
345. I

cot  value shown is the probabi l i ty  that  tht '  model  f i ts  thc data.

to be 55.8 (Table 2), suggesting that a large pro-
portion of the captured adults we're' transient
individuals.

The Resident models at the cluster ancl
western North America scale fitted the data
poorly and had the highest ntc valucs (Tabte 3).
The inclusion of the probabil i ty of rcsidcncy :rs
a parameter in the models improved f i t  and did
not appreciably reduce precision (Table 2). The
Transient models in which at least one para-
meter was al lowed to vary geographical ly
provided the best fit and had the lowest elcs

1fuUt" Z;. At the spatial scale of the Cluster arrd
Province, models that allowed only survival
rates to vary geographical ly (model [0,,P, y])
were selected. Of the two moclels, the
Physiographic Province scale model had a
lower arc (336.0) than the Cluster scale model
(338.2; Table 3). At the scale of the Region, the
model that allowed only the proportion of
residents to vary (model [0,P, X l) had the low-
est AIC. However, models at this scale did not fit

the data well  ( l '< 0.05; Table 3). At each scale,
several competing nrode' ls existed in which one
or morc paranlcters varied geographical ly.

Estimated survival rates under model (Q,,1' ] ,  y)
at the sp;rt ial  scale of the Cluster ranged from
0.42 to 0.79 (Fig. 1). Prccision was moclerate at
this scale (Fig. 1); tht:  coeff icient of variat ion
(cv) rangecl from scven to20"l,  (mean + se, 

. l1.3

+ 1.7). I 'ool ing c1;rta at the scale of the I 'hysio-
graphic I ' rovince, for the two Provinces with
more than one cluster, sl ightly incrcase'd the
precision of the estimtrtes (compare Figs 1 & 2
for South Pacif ic Rainforest and Cascades
prov inces) .  A t  the  Phys iograph ic  Prov ince
scale, est imated survival rates ranged from
0.42 to 0.75, with coeff icients of variat ion
from 5.8 to 20.0'X, (11.5 1 2.5' l"),  under model
(Q,,1',y). At this sc;rle, there was greater geo-
graph ica l  var ia t ion  (53 .5%)  than sampl ing
variat ion (46.5"L), as estimated by variance
components analyses. Scal ing up to the Region
increased precision (cv : 9.2"1') especially for

O 1999 Brit ish Trust for Omithology, Bird Studtl ,  a6 (suppl.),  5198-208
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+----------------
S. Pac. Rainforest Central Diss N.

Rockies Rockies Rockies

Northwest

<F----------)

Alaska

Western North America

Figure 1. Estimated survival rates for Swainson's Thrush derived from model (Q,,P,y) at the spatial scale of the
cluster. Bars represent €-stimated survival rates I 1 se. The nine clusters of stations used in the analyses are shown
with the cluster name on the.r-axis. Arrows indicate grouping of clusters at larger spatial scales.

the Pacific Northwest (cv : 4.2"/"; Fig. 3). Many coefficient of variation to the Pacific Northwest
provinces were pooled within this region. The (Fig. 2) because most of the data were from that
western North America scale had a similar region.

BBS Physiographic
Province

Region Western N.A.

Figure 2. Ceographical variation in survival rates of Swainson's Thrush. Estimated survival rates are from the
spatial scale of (a) BBS Physiographic Province derived from model (Q,,P,"y) and (b) MAPS Region (model (Qr,P,f))
and western North America derived from mean and precision-weighted mean of estimates from model (g,,P,y)
at the Cluster scale, and a pooled estimate (model (Q,P,1)). Bars represent estimated survival rates t 1$e, except
those indicated by an asterisk which represent the empirical sem survival rate estimates within clusters.
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- Cluster
- Physiographic Province

- Region

0.8

0 0.1 0.2 0.3 0.4
Maximum difference in survival

Figure 3. Statistical power to detect differences in

survival rates of simulated populations in relation to
maximum differences in survival, number of years of
monitoring, and spatial scale, which reflects sample

size (number of birds released and recaptured).

Monitoring suraiaal rates 5205

Evaluation of statistical power

Statistical power to detect spatial differences in
survival rates increased with number of years
(duration of study), with greater differences in
survival rates between groups (effect size) and
with larger spatial scales (sample size). With 12
years of simulated data, high power was
achieved for small AQ for the Regional scale
(Fig. 3). At the spatial scale of the cluster, ade-
quate power (>80%) was not achieved with
three years of simulated data until AQ was
approximately 30%. However, with 12 years of
data, adequate power was achieved when AQ
was approximately 10%. Power to detect differ-
ences in survivorship for a scale equivalent to
Physiographic Provinces was greater than for
Clusters but less than for a scale equivalent to a
Reg ion  (F ig .3 ) .

The ability to detect trends at different scales
is related to three factors: study duration, the
magnitude of the decline, and the spatial scale
(sample size of ringed birds). Statistical power
was inadequate to de-tect 0.506 annual declines
in survivorship (i.e. survival rates each year are
0.5% of those in the previous year) with both
12 and 20 years of data for al l  sample sizes we
examined (Fig. a). Statistical power was >80(/o

* 12 Years -+ <- 3 Years -+

c)
3
O  n A
o

f
.E

-2 0.4

a

12 Years

- 20 Years

Station Western N. America

Figure 4. Simulation analysis of the statistical power to detect exponentially declining survivorship in relation to

the number of individuals released annually, number of years of monitoring and percentage annual decline. The

spatial scale reflects the average number of birds released annually in a geographical unit within a particular

spatial scale. Data were simulated to reflect field data on Swainson's Thrush from the MAPS programme.e Initial

survival rates used in the simulations were 0.45 and recapture probability was 0.54.

L  N R
o  " "
3
o
o 0 .6
6
.9
.9 0.4

a
0.2
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for detecting 3ol, declines with 12 years of data
for the larger spatial scales (Fig. 4). Power was
increased substantial ly with 20 years of data.
Nevertheless, 20 years of data were necessary
to detect 3% annual declines for the sample size
of birds that would be typical at the spatial
scale of the Cluster; in our example, this would
be 45 individuals captured, ringed and released
each year. This demonstrates the difficulty of
detecting local trends irr survivorship.

D I S C U S S I O N

We found strong evidence that survival rates
varied geographical ly for Swainson's Thrush
populat ions; est imatecl survival rates ranged
f rom 0 .42  to  0 .75 .  A l though the  sampl ing
variance was high, we found greater geo-
graphical than sampling varr iance at the scale of
the Physiographic Province. I 'he models at
largcr geographical scales dicl not f i t  the data
well ,  even when al lowing one or more para-
meters to vary geographical ly. This wirs
presumably because there was spatial hetero-
gene i ty  in  the  parameters  tha t  was  no t
accounted for at the larger spatial scales. At the
smaller spatial scales, models that al lowcd
parameters to vary spatial ly tended to f i t  the
data. There w;rs suff icient geographical varia-
t ion  in  surv iv ; r l  ra tes  a t  t l - re  sca le  o f  the
Physiographic Provirrcc that the rnodt: l  that
al lowed survival rates t() vary spatial ly, but haci
constant capture probabil i ty and proport ion of
transicnts, had the lowcst ntc arrd w;rs thus the
preferred model.

Although the best models for dc.scribing
survival rates of Swainson's Thrush with the
MAPS data were those that al lowecl survival
rates t() vtrry sp;rt ial ly at the scarle of the
Province and Cluster, precision was relat ively
poor at these spatial scales. Similar results were
iound with most of the commonly capturecl
species frorn MAPS.6 Improvements in preci-
sion. however. would be achievecl with a
greater number of years of mark and recapture
data6  or  more  in tens ive  sampl ing  e f fo r t . r
Stat ion-specif ic survival and recapture proba-
bi l i t ies were estimated by Peach.,,  for a
nine-year data set on passerines. For example,
he reported that the. coeff icient of variat ion of
survival est imates for Wil low Warblers
Phylloscopus trochilus ranged from 13.5 to 57 .8%,,
with an average of 29.8% at eight sites (com-

puted from Table 4 of Peach2(r). These sites typ-
ical ly had large numbers of individuals
captured and recaptured and were operated for
nine years, whereas MAPS stat ions varied
considerably in the number of individuals per
station and were operated for only four years.6
Most MAPS stat ions had few individuals
captured; over 25'ln of Swainson's Thrushes
marked were captured from only four stat ions.6

Because we had few stat ions with large
numbers of captures, we considered only spa-
tial scales of the Cluster or larger, even though
survival and recapture probabil i t ies may be
site-specific, as Peach:{) reported. There is likely
to be heterogeneity of recapture probabilities at
the scale of the individual stat ion because of
stat ion-specif ic intensit ies of sampling. For
example, recapture probabil i t ies varied among
two sites in the Constant Effort Sites pro-
gramme for I leed and Sedge Warblers
(Acrttct'phnlus scirltnccus and A. Schoenobaneus);
the differences were attributed to the different
sampling cfforts at the two sites.16 Unfort-
unately, MAI' ]S data may never permit precise
cstimation of st;rt ion-specif ic variat ion in recap-
ture' probabil i t ics for Swainson's Thrush (or
any otht-.r terr i tor ial landbird species), because
only a l imitcd number of terr i tor ies (probably
less t lran about 15)2r arc l ikely to be sampled at
.rny single MAPS stat ion. Fortunately, however,
poter-rt ial  bias in survival est imates caused by
hctcrogcncous ctrpture probabil i t ies is fre-
cluently cluite small .22,2:r Results from CES2rr and
MAPS (this stucly) demonstrate the dif f iculty in
obtaining precise, local est imates, especial ly
with a highly clumped frequency distr ibution
of birds. Such distr ibution patterns may be
characterist i t '  of arr imal populat ions.2i.25

Sta t is t i ca l  power  io  de tec t  geograph ica l
dif ferences in survival rates was general ly low
for small  dif ferences in survival rates. Power
was subs tan t ia t l y  improved w i th  12  years
of dattr and at larger spatial scales (which is
ecluivalent to a larger number of releases). We
derived the power approximations under a
t ime-constrained model in which the propor-
t ion of rcsidents was assumed equal to 1.0. In
reality, most samplc-s will include transients
and survival ratL-s are likely to vary temporally
as  we l l  as  spat ia l l y .  Larger  sample  s izes
(number of bircis released) will be needed to
achieve the power approximations demon-
strated in the simulations when transients and
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time dependence are present and allowed for in

the  mode l  s i ruc tu re .  Our  power  approx ima-

tions were for a limited set of conditions. The

abil i ty to detect spatial variat ion in survival

rates will vary according to the complexity of

the models investigated and the underlying

pattern of survival rates, recapture probabilities
and proportion of transients.

Important to the issue of monitoring is

whether pooling data from large geographical

areas masks smaller-scale patterns. Given that

patterns of decl ines in bird abundance are

typical ly on tr subregional scale,2" and are not

necessari ly ref lected in patterns at smaller

scales,z7 pooling data frorn large geographical

a reas  may decrease the  ab i l i t y  to  de tcc t

temporal patterns i f  they vary geographical ly.

Only for species with large populat ion sizes,

high lecapture rates and a large proport ion of

res idents ,  a re  p rec ise  es t imates  a t  smal le r

spatial scales obtain;rblc uncler sampling strate-

gies that are typical of most large-sc..r le

monitoring programmes. ln the MAI'S data set,

Swainson 's  Thrush h t rd  one o f  the  la rges t

samples sizes (number of birds captured) and

recapture probabil i t ies of the nearly 200 species

captured," yet local est imartes, even at thc scale

of thc I 'hysiographic Provirrce, were imprccise.

Althoush trends in survival rtr tes at scales

similar to thc Physiographic I ' rovince have

bcen demonst ra tec l , rs  the  s ta t i s t i ca l  power

. rppror imat rons  wc t  onduc t t ' . i  a t t r l  th t '

imorecise survival est imates we obtainecl for

Swainson 's  Thrush sLrgges t  tha t  de tec t ing

trends in survival r.r tes ;rt  small  spatial scalcs

wil l  be dif f icult .
C)nct '  addit iorr.r l  ye.rrs of MAI'S t l .r t . t  havt '

been collected, it may be possible to investigate

year-specif ic variat ion in some prarameters.
Moreover, use of a revised transient model that

includes within- as well as between-year infttr-

m.ltion may improve accuracy of the survival

estimates (by providing a more accurate estimate

of the proportion of residents), and may alscr

increase the precision of the survit,al estimates.
The al location of effort is eclual ly as impor-

tant as the total effort expended. Many

large-scale monitorinp; schemes do not have a

probabil i ty-based samplinp; design; usually

they lack a formal sampling strategy (e.g.

CES,'z0 MAPSa). That few stations contributed
most of the information for the Swainson's
Thrush data, and for most other species in the

Mottitoring suraioal rates 5207

MAPS programme,6 suggests that estimates are

unlikely to be representative of spatial scales

larger than the actual study site's and may per-

haps only be represent;rtive of the study area of

the fcw stat ions that contr ibuted the maiori ty of

the data. The potential bias in average survival
rates for a geographical area is a concern

because of the non-random samplinS; stratc-gy.
If  a probabil i t) ' -based design were used, then i t

coulcl be argued that the dominance of a few

stations represcnts the true distr ibutiorr of

abundance; hence, there may be l i t t le bias in the

arv€-rage rates since they ref lect the populat iorr.
This is unl ikely to be the case with data from

many monitoring progr.-rmmes, such as MAI'S,

that do not ut i l izc a probabil i ty-based sampling

design. Thus, inferenccs beyond the specif ic

study sites shoulcl only be made with cautiorr.

l f  there were c()mlnon traits i lmong study sites,

hvootheses could t l-rcn be nr.rde relevant t t l  a

common trait ,  strch as a specif ic habitat type.

lVluch more .rt tcnt ion tt t ' t 'ds to be givt 'n to tht '

issuc of samplinl3 strategy, al location of effort

arrd the s;rat iarl  scalc of intercst, in ordcr to

provide r igorcus monitoring of demographic
ratcs of bircls. In practicc, cle'signs that are to bt '

uscful must account for the need to capturc

ade ' t lua te  numbers  o f  b i rds  a t  inc l i v idua l

s.rrnpl ing st.rt ions and to incorporate locttt ions

that are suiterble for rnist-nett ing. This ret luires

somc compromise  w i th  dcs igns  tha t  a re

stat ist ical ly ideal. l ' l resc issues have received

l i t t le  a t ten t ion  despr i te  the i r  impor tanc t - -  i t t

provici ing ttseful inform.rt ion for thc conser-

vatiorr .rnc1 martaqentcnt oi landbircls.
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