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Abstract
A | a s s u n l d i { ) | l ! | l l ( . r | r i n l g t h e u ] u s e o f r e p e a l . d l j l r L r a n s c C t s U r v e v s i s t h ! t t h e d e l e . t a b i l i t )

the sun'er perirxl. \fr r r,
plnrg regime ard the dsjst.n(ii ,)l Lhc r(sulting counts. Total courts ol birds ni,sling in th. srnrpled habirat lere lourd Lo tr
signifiturlv lover vhen sanpLirs {as n qratrrl on a dailr interral than on a seckh jrrtcrral- &urLs of birds nor nesririg ib ih{i
hrbiLat $ere unaf{e.ted bv the saqrlilg r.sinr,. W. attribute rhis elfect to changes ni l.h!ri(,r ol n.srnlg birls in response rn
thc n,pi:ucd presence of the observer: $eshrn mcarlorvlurks (SrumcLla ncglcctal sere n,n' liL(lv ro bc sihnl and sage sparrows

\AnLphupiza bclLit trerc probahlv rorporarih lc{vins rhe;r rerrirories $hen an obserrer n appr:aql on consecutire davs. Thr: trn-

fo ral pall enins of samples ma_v rhen'lon alli ! iL Lhr: mean and rariabilin of densit\ esridr ar{is usins lnv ol t ! e available lirre n ansect

Introduction

Obtaining accurate densitv data is esscntial to
studies tlealing nith tildlife demoppaphv and popLr-
lation change. Such rlata are often obtained b,v line
transcct counts. in r,hich sightings oi individuals
alc recorded whener'er lhev arc dctcctcd on or'
t i thin a specif ied distance of a l ine of predeter-
mined lcngth. Line transect methods have long
bccn used to estimale numbcrs of bircls in terres-
t l ial  habitats (c.g..  Xterikal l io 195I). and a grcat
deal of attention has bern givcn to improving esti-
malcs bv modifying l ield methods (e.g.. Emlcn
197I) and analvses (e.g.. Ebcrhardt 1978.
Anderson ef al.  1979).

The accuracy of densitr, estimates dcrivcd from
transecl counts reflects thc dcgrce to which the
assumptions of the method are met. Thc primm-v
assurnptions are: l)  indir. iduals are randornlv dis-
tr ibuted t i thin the sarnpled spacc; 2J thc proba-
bilities oI obscrving an individual der'lines frorn
Lrnit-v immediately on the lranse(:L to zcro at some
distance at right angles lo thc transect: 3) no er-
rors occrrr in mcasulcrnent; 4) individuals arc
counted onlv once; 5) the behavior of individuals
in one port ion of the transect does not inf luencc
the detelabi l i tv of individuals in other port ions of
the transcct: 6) individuals ar-e not Iikelv to escapc
detection as a response to thc obscrveri 7) detec-
labi l i ty does not changc dul ing the sampling
pcriorJ; and B) detectabilit,v does not varv r,ith agc
or sex (Burnham et al. '198O. Franzreb l9Bla).

A number of studies har'e e\amined thc robust-
ness of rarious transect mcthods to violations of
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underlying assumptions (e.g., l ' ranzreb 1981a,
Ti lghman ancl I lusch l9BI. El.rrnan 198l).  The
nonrandom distr ibution of individuals is general ly
lccognized (Eberhardt 1978) and is countered bv
randoml )  l , u  a t i nc  t r r n - r ! t -  r r i t h i n  rhe  ' amp l i ng
space. lhe nonconstant probabil i t ,v of detection
!ersus dislance from the transcct is generallv dealt
with using anv of scr eral probabilit;- functions (e.g.,
Burnham c, a1. I9B0) or corredion factols (c.g.,
Emlen 1971). Similar correction factors are em-
ployed to corred counts for differcnccs in detec-
tabi l i tv clue to dgc ol se\ (e.g.. Emlen 1977).
Sleasurement errors are acknowlcdged but are less
important $'ith ccrtain tnnsect methods (Franzrcb
l98la). Assumptions regarding behavior con-
stancy of the individuals bcing sampled are dis-
missed less rcadilr' and often receire less scrutiny
in stud,v designs and analvses.

ln 1986. one of us init iatcd a studv of shrub-
steppc birds using a line transect methodololry. The
purpose of this sludv was to evaluate habiLat as-
sociali()ns and time-trends in bird abundances and
to asscss statistical properties of thc sampling re,
gime itself. The Jrresent papcr describes statistical
pr-opcrtics related to the time interval bchlccn suc-
cessir 'e samplcs,

Methods

Study Area

fhe study area is located in thc Cold Creek Valler
on the U.S. Dcpartment of Energy's Hanlord Site
near Richland. Washington (Figure I).  The ral lev
is composcd o{ relativel,v unclistulbed shrub-steppe



H a n f o r d  S i t e
B o u n d a r y

E c o l o g y

N yk$
W e s t  R i c h l a n d

B e n t o n  C i t y

20 Kilometcrs

f igur. 1. Lo.a u of srud_v or the Hadord -qite.

Bird Survey l'requencv 173



habitat dominated bv annual and percnnial grasses,
especially chcatgrass (Brornus tectonrrn) and Sand-
bcrg's bluegrass (,['oa sandberylil). with an overston'
ofwide!- spaced shrubs. int luding big sagebrush
(Artenisi.a Lid,etltata). spinv hopsage (Crr.4io
rpinosrz). gra,v rabbitbrush (Chnsothamuu naweo-
rrrs). and green rabbitbrush lC. uiscidiJlonts).

Transect Surveys

Four i ine lransccts vere establ ished in l9f l6 along
cardinal compass points. The lengths of the east
and $esl transed rvere 1.69 krn: the north and
soulh lranscds $ere 2.66 km in length. Vegda-
tion tvpes trarersed b,v thc transccts included big
sagcbrush/cheatgrass. spiny hopsage/Sandbcrg's
bluegrass, and chratgrass onlv (burned areas).
Transcct lines lere marled rviLh slakes at 0.1 km
inten'als within hornogeneous habitat.

All transects were surveyecl within 2 hrs ofsun-
rise Lwice cach $cck on consecutive davs. These
2z[ hr survevs \{ere repeatcd at approximntely
l-weck intcrrals lbr 30 rveeks benreen l0 March
and 2 October, t987. Tto obscr-!ers pedormed
the sun,evs simultancouslv. t'ith transects assigncd
lo obsen'ers on a random basis each sampling day.
On the fust sune;- ofthe $,eek. obscn'ations stafied
first on randomlv sclected ends of each lransect.
On the subsequent day, the obscrlers rvalked the
halves of thc transect in the rererse direcrt ion. In
this fashion. observer idcntity was randomized over
both transccts and transects u,erc sampled at
equivalent limes over thc duration of the study
period. Transetls *crc lvalked at an approriimale
ratc of 2.:1 km/h.

l 'he numbers, species. and d;stanccs from the
transecL of birds obser"red rdthin B0 m oi either
side ol the lransect were recordccl for each 0.1 km
segmenl of coch transect. Birds were identi f ier l  to
specics using visual and aural cues. llircl behar.ior
was recorded rvhen the bird vas first obsen'ed. Be-
havioral categorics included Flyb,v (bird clossing
the transect ahead of obserr.cr). Flush (bird llush,
ing rvithin 30 m of the ohserver). Sing (pcrched
bird singing), and Pcrch (bircl perched and silent).
Catcgorics r lele mutual ly erdusivr. such that a
singing bild was recorded unrlcr Sing and not also
under anothef catcgor-v. such as I'erch: flushing
birds that crossccl the transect were recorded undcr
Fhrsh. Birds were not @unted twicc; the openness
oi the habitat and the habits ol the birds allonccl
accurate tracking oI individuals.

Data Report ng and Analysis

Data arc rcported as counts surnmed ()vcr all seg-
mcnts of both transecs. Statistical analvses in-
cluded time series analvsis. Vilcoxon signed-ranLr
ana]lsis. pairccl ,-tcsts. and (ihi-square tests for
gooclness-of-fit. Two-by-two contingcncv tables with
fixecl marginals (i.e., u'eeks versrs sign of cliffcr-
ence beti ! 'een counting pcriods) were analyzed
using Fishcr's exact tesl.  Paramelr ic analyscs of
counts ilere conducted on data transformed to
square rools t() norm:rlize distributions. Two-tailed
tests were applicd in all cases of primarv analvsis,
vith a Type I error ratc of 0.05 constituting a sig-
nif icant dcpdrture from the nul l .  One-tai lcd tcsts
1r,ere used where thc null hypotheses inr:ludecl a
direct ion.

Results

Al l  Birds

Thirty-f ive bird species vere observed clul ing the
l r cn -ec l  \ ! a l Ls  (Tch l .  l r .  \ i n , .  u i  t he -e  . pe ,  i - s
neslccl in the shrub-steppe vegeLation alon€i the
transecls. The most frequcntl,v si€ihted birds rvere
weslern mearlo$'larks and sage sparrows. [luropean
stiirlings were the most comrnon sJrecics sighted
that did not nest in shrub-stcppe vegetatron.

An average of 49.i1 bilds oI all specres were
coLrnted per survcv duriDg the study periocl $'hcn
estimates liom all sunevs $crc included. Howeler.
when avcragc counts Ir'ere estimaled using onlv the
first ofthe conseculive sun,evs each t'cck. the aver-
age lbr the sunev period t 'as 55.1 birds per srrr-
,'ey. On a monthl,v basis, first-dav counts lvcrc
higher than mean ()unts bascd on two'dav sam-
ples 7 months out ol B, the exceptiorr being Slarch
(Figure 2). Counts bascd on both sample sets
shorvcd similar trends over lhe slud-v pcriod. Ir'ith
peak numbers in April ancl a second peak in June.
Counts dccl incd from June to October for both
samplc scts.

During a pcriod of decl ining populal ion num-
be r - .  - une r  ,  o r rn t s  a r r J  r . . u l t i ng  den " i n  e - t ima t - -
bascd on second-day survers are cxpcctcd to be
lover than estimates bascd on lirst day surveys
thfoughout thc dccl ine phase. The a!c' :rge cx-
pcctccl difference bett'een the trv() cst;mntes dur-
ing anv time period is thc dr.crage dailv rate ol
decl ine during that period (see Appencl ix A). For
the presenl stLrdv. the cl i f fcrcnces in monthly bird
counts bctveen fimt-dav and second-day samples
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Sri.ndln \a,re

Shnrb  s t rppc  b i  s  ncn ing  lLong lhc  l f lns ,a ,L

vestern meadowlarl"

sage sparro\l

bur ro r ing  o l l

r,rE-l,ill",l "*l*
mournmg ilore

losserhead shrike

qrnnnn r igh t l tusk

0 thcr  b i r r l s

rhite ooirned sparroir

Eurcpean starling

black billed nragpie

.{nericln robnr

fr *.11,*

*..r,-,' ti,'gl,i' d

b to l r l ,eaded ioub;d

savarnah sparur

Arn{ i r ' ran  l ( i s l r . l

Suaimor s ha*L

Townsend's soLitan e

norL l , i ,m l l i , , k . r

u1'rilgcd blar kh;d

Brcrcas l,lar khird

Brvc is  sq ,ar rcs

ch i t , I , ing  s t )a r rN

nor th . rn  h r . . r . .

nofthern orble

red tailed hawk

rough legged hawk

!' st)' r sI)arr)$

StunLella neglecta

Anphnpiza beLli

AtlwLe cuniculana

Erem4thila alpestrn

Nuneti|\ dntencdnlLs

Zenaida nnooura

Luniu htdoticionut

Chonde:tet sranunut6
Cho eiles niau

Zortotnchia leuophns

,Stumu rulgain

Pica pica

Turdu"s migrotottu
H,r,ndo ru'li:a

1tlunha lu:ia

hma cora t

Tyrannus rcrticalLs

llolothnts ater

I' a* e nn us san du ;che ns Ls

Falco spanerius

Buteo stdinsoni

lbadcstes toutucndi

Lrrcoscoptcs montdnus

Alqn: auraLu:

Aseh iL '  f t .en i t :e t l \
E rLp hagus tttLrto c e2 hnlu

Carpodacrc neticaatr

Spizella b,eu,e,i

Spiz"lLa pa**i,'n

Cin:u oonett

I.lenL\ galbLld

Buteo janaicens^

Buteo lagoput

Sqomes salo
P o.,e.:e 1e.\ gran in e k\

12.0,t

1.32
f .2.\
1 .15
0.7;
o .1 ;
o .22
0 .1B

5.03
1.69
1.00
0 .51
0.,16
0.39
0.35
0.3;
0 .19
0 .13
0.0u
0.06
0.04
0.04
0.03
0.03
0.0:l
0.03
0 .01
0.01
0.01
0 .01
0 .0 I
0 .0 t
0 .01
0 .01

5 t
:!4

2t3
21
24
22

7
10

6
37
l i J

1)

l 2
4

l ;
1:J

6
5
I
3
2
2

'Tot:Ll number ol suire-vs : 60.
'Species urderhred were seen on ar lelsr 15% of sune-!s.

wcrc much lorvcr than thc avcragc rutc o{ dcclinc
lbr all months rvhen numbem were declining. 

'l'he

greatest rate of decline occurred belween April and
Xlav. when numbers declined at a rate of l.B per
dav. However. monthl_v bird numbers based on
seq)nd-day survevs (Jrr ing that period wcre lcxver
rhan f irsr day csl imarcs bv 29.9 (; , ' , ,r  = l03.4,

Thc pattcrn o[ I luctuation in dai lv cst imatcs
departed signilicantly from random (runs test: z =

2.124, P :0.0156). Counts f lur: luated more fre-
quently than expected basecl on a random modcl.

Estimatcs wclc subjcctcd to timc scrics analvsis
to identi! the strongest periodicity in the data. The
greatest level o[ autocorrelal ion was lor a lag of
one (r = O.129, SE = 0.129). The autocorrela-
t ion lor lag of two ivas 0.28q (SE : 0.Ir51). Au-
tocorrelat ions for lags ofgreatcr t imc \ccre al l  lcss
than 0.135. Fouricr transfcrrmation ofthc t;me se-
rics idcntified thc primarw cvclc as thc N, to N.*,
signal. rvith the factor weighting ovcr 7 timcs anv
othcr rvcighting.

The sample-to-sample cl i f lerences identi f ied in
lhe t ime serics analvsis Nerc examined furthcr
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rusing paired comparisons in a one-tailed tesl with
the nrrll hvpothesis that sccond-day counLs lvcre
no lor '-r  th.rn lhe nr.\  i , '  s or subseq cnl rst imrle-.
The nul l  hypothcsis las rejected: Ar.erage counts
on lhe sccond sLln'ev ofthc l'eek rl'ere signficantly
lower than counts obtaincd the previous dav
i p r i l J  / - l c s t :  t  -  2 . 4 4 c t .  d f  .  2 , t .  P  <  0 . 0 1 2 ) .
Arerage q)Lrnls 1{ere also lowcr on the second sur-
ve] of the veek than thcy $'ere on thc subsequent
sun'cv approximatel_v six days later (paired t-test:
r  = I .751,  df  = 28.  P:  0.045) .

'Ihe 
behavior of survey estimatcs r'!Ls examined

furthcr by subdividing birds into two groups: those
that nested in the shrub-steppc habitat along thc
lransccts and those that nested elsc$hcre. but
l'hich visited the arca. Monthly estimates of nest-
ing species cxhibited a temporal pattem similar to
the estimates for all birds, without the larplc peak
in Apri l  (Figurc 3. i .  Estimates based on two sam-
plcs per t'eek werc smaller than estimates based
on the f irst sample each wcek for al i  months ex
ccpt March. In all cases $,hen estimates lvere
deolining. thc difference in cstimates based on fir.st-
day rersus second-dav samples were greatcr than
thc averaple declinc rate. Partial autocorrelations
from the t imc se es analysis shorved Lrre prrrnary
cycle to be betrveen one sampling period and the
next (r = 0.255, SE : 0.129). Fourier rransfor-

40
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figure 2. Areragc counts of all birds scr:n nr the -.anplins transecrs based on witkl,r and mice-wecklv sanples.

mation weightcd the first element over ten times
thal ofan] '  other. Runs tcst analysis, howcver, did
not shov a significant departure frorr ranoonr l.a
= 0 . 7 5 8 . P = 0 . 4 4 ) .

Survcy counts of spccics that did not nest in
thc shmb-steppe habitat were less constant over
t ime compared to the nesting species (Figure 4).
Ntrmbcrs of visiting spccies peaked dramatically
in April. when large llocks of birds. probablv
migrants. made temporary appearances on the
transects. Nlonthlv cstimates based on first-day
samples $cr.c no larger. on average. than n'cre es-
t im r te -  I ' a . ed , ' n  r l l  samf l c - .  P r i r e r l  eomf r r i suns
showed no significant difference betwecn first-dav
.rn, l  -e"orrd-da, F-l im.rrps r/  -  U.O27. P - O.s1\l .
Autocorrelations lvere lorv lor all time lags, although
the greatcst correlation l,".as between onc sample
pcriod and the ncxt (r = -0.208, SE = 0.153).
Fourier transfonnation rtcighting o[ the onc-dav lag
was only lwicc that of the 2-pcriod and 3-pcriod
lags. Thus the period-to-period cycle rvas much less
strong for visitors than for bircls nesting in the
shrub-stcppe habitat.

This differencc t'as lurther explored using only
those 14 species that werc detected on at least 1506
ofthe survevs (Table I).  Ofthese, B nested in the
shrub-steppe and 6 vere visitors. Counts for 7 o[

FIRST-DAY CENSUS

TWO-DAY CENSUS
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fisurc 3. Av.rag. .ounh of birds d.srirg,n th., sarnplirg hansects based oD {eekl\ ard nrice-weelh samples.

the B spccics ncsting in thc shrub-srtppc nnc't
greater on the firsl sample dar than on the subse-
quent sample day for the entire study period
(bin.,mi.r1 P = 0.03Jt. Onh 2 "f th, t ,  r  isi t . ,r  -p, '

cics shoued the same trend (binomial P : 0.3,14).
The dif lerence in counts for the 2 groups of spe-
cies approaches signif icance (Fisher's Exact P :

0.06:l).

Western l\,4eadow arks

Western meadou'larks were the most abundant spe-
cies on the transects. composin€l neally one-third
of all sightings. A\.cragc cstimatcs of rvcstcrn
meadowlarks on second-day samples (14.1

birds/survev) t'ere significantlv lower than counts
on the previous day (18.1 birds/suncy; paircd-f
- 2.624. dJ : 29, P < 0.O14). One obsen'at ion
on day 200 (first-day sample) constitutecl a signifi-
cant outlier that could not be normalized using stan-
dard translbrmations. Subsequent compa son
using the nonparametric Wilcoxon sipped-ranks

tcst supported the conclusion made on the basis
oI paramet c tests (z = -2.,108, P < 0.016).
Delet ion of Lhe outl ier and i ts pair (day 201) from
the parametric analysis did not affect the sig-
ni l icance of the conclusion (paired-t = 2.113.
d f = 2 7 . P < 0 . 0 2 8 ) .

During the period from nesting to f ledging (I

April to 30 lunc), counts rvcrc grcatcl on the first
sun'ev of the i!'eek on f i!'eeks. with the opposite
occurring only on 2 weeks (binonial P : 0.033).
During the flocking period aftcr 30 June, first-clay
counls 1{ere greater than second-dav counts dur-
inpl B t'eeks. l'ith the opposite occurrin€i on 5
rvecks (binomial P : O.29I).

Counts of meadovlarks classed as singing and
flyby dr-rr ing the entire st lrd,v period uere signif i-
cantlv smallcr on thc sccond clay than on the first
da,v of the rveek, although the likelihood that
second-dav counts rrould be lower than on the
previous day was not signilicant (Table 2). Differ-
ences for other behavioral catcgories were not

Bird Survev Frequency 1,77
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ligu., '1. Alerage couDrs ol bir(ls 'isiting (not nes nri onl rhe sampling baosrlrs based on weetli anl tricc week| sanples.

TABI,E 2. ,{nahsis rn w.stern neadowlarl,r,u"Ls !rco,ux,s
t,) a.ri\ itv ar sighting.

havioral categories did not dcpart slqrificantly from
random.

Sage Sparrows

Sage sparrows $.cre detected during all but nine
survcvs and t'ere the second most abundant bird
or1 average. Counts of sapJe sparro$s carlv in the
sludy pcriod vere almost entirelv of singing birds.
A1ier 9 July, no sinpJing was heald, and subsequent
counts lr.ere either of pcrching or flushing birds.
No sage sparrot's were counted after 4 Septembcr.

Counts oi sage sparrorvs on the first sun'ey ol
the week (i = 9.,1, birds/survey) wcrc significantly
greater-than on the subscquent suney (x = 7.?
birds/sune,v. paired-, :  2.497, df = 24. P <
0.02). Oounts on first-clav suneys werc more fre-
quently highcr than coLrnts on the following day
but the difference rras rvithin the realm ofsampling
error (14 @unts higher r,ersus B counts lower.
Binomial P = 0.1411). No port ion of the studv
p . r i uJ  " , i . t eJ  i n  uh i ,  h  b i r d  co r rh t :  un  Jn \  g i \ en
pair of survev dates were more likely to sho.w a
common tend.

Sing I'erh li rl,r Flush

Av.rqr  Fi rs l  D. \

Arerage Stord Dar

\o. l)!r I > Dxv 2

\o. Dar' I < Ilar 2

6.:1 2.0
5.:]  2.2
I ?36 0.43a)
0.041 0.33

1 5  t 2
9 1 5
1.500 0.926

>0_ t  >0 . t

,1.2 5.6
1.9 ,\ .6

0.013 0.2.)
1 7  t  1
t 0  t ;
LBt5 0.03.1

>0 .1  >0 .5

significant. Counts of singing bircls r,".ere loruer on
thc second day than the first day during the
nesling-to-flcdging period on 9 $'ccks, t'ith rhe op-
posite obtaini|g on 3 weeks (binornial P = 0.0713).
During the flocking period, no differences were ob-
servccl for singing birds on first-dav versus second-
day samples on 5 $eeks; first-da;- munts of sing-
ing birds t 'cre greater than sccond dav counts on
5 u'eeks. with thc opposite ocrurring on z[ weeks
(binomial P : 0.5). Comparisons for othcr be-
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Adivitl !t Sighring

I r lvby

tr itcoxon Z

\o. srmphs Dar I count ) Da_''' 2 counr

\o. sanrples Da1 I count < Da1 2 count

0 .2  0 .7
0 .632  1 .512
0.264 0.066

5 .6
0.6.13
0 .261

t 0
7
0 .315

1 .8
1 . 2
o.619
0 .218

I
5

o.221

9

0.073

Analvsis of counts according to the activitv of
the birds t'hen fir'st sighted shots no sippilicant
diflerences between paired sur\.ev dates lbr any
activity (Table 3). Sage sparrows lrere r.uel-v
l uun t ,  J  . r .  n \L \ .  lB  , r f  , l 8  . un ,  \ { r -  - u  ,  ' ,mnJ r i -

sons on this variable are not rel iablc. Counts of
birds in other act ir i tv categories rvere lower on the
second surver. Lhough only the counts for f lush-
ing bircls nearecl stat ist ical signif icancc. Therc *as
no signif ieant lendency for trends frorn f ir 'st-day
to second-day samples to dif lel  bctrveen nesting/
incubation and flockinpl periods (Binomial P )
0.3).

Density Est mates

Density cstimatcs arc gcncralh dcrir.cd from linc-
transoct suney data bv applying a corrcction fac-
tor to obsencd counts (Burnham er 01. l9B0). This
correction factor ut i l izes informaL;on on the dis-
tance from the transect to the observed individual
to determine the expected mrmber of indir.iduals
that are undetected. assuming that the probabilitv
of detection declines t'ith distance fiom the tran-
sect according to sorne standard deca,v function
(see Seber l97l l .  Burnham et al.  1980). Density
estimates fiom corlsecuti\.e sul1eys could therefore
remain invariant despite differences in counts if
a\.erage distances of sightcd individuals from thc
transect incrcased on the second sun'ev. This pos-
sibilitv rtas not uphcld: no significant diffcrcnccs
in average distancc from thc tlanscct to thc sightcd
indir iJu.r l .  ""r,  [r ,rrnt l  lur .hrrrb-ne.t inF -peeic-

as an aggregate or frrr any indiviclual spccics
(binornial P ) 0.5).

Discussion

Selection of an approp ate samplin€i frequency for
repeated transecl surveys is crucial to obtaining ac-

curate indices of densitv. Our analysis indicates
that bird density indices clcr ived from sun'evs
repeated on a short-duration cycle can be signifi-
canLly below estimates made from survevs nn a
longcr duration cyclc. In thc prcscnt studv, the
average \!ee[ly bird count was coDsistently lower
by morc than 10 percent when survevs werc taken
on consecutive davs rather than I $,eek apart.

Diffcrences in counts from firsFdav to second-
day samples are e)ipected i!'hen population num-
bers (or est imates of those numbers) are decl in-
ing; howevcr. the differcncc in cstimates in the
present study could not be explained b,v popula-
t ion decl ine alone. Remaining potential causes fcrr
the observed diflerence are limited to real differ-
cnccs in numbcrs or artficial diffcrcnccs result-
ing from bird behavior, observational conditions
(e.g.. poor t'eather on thc second day). and/or sam-
plinpJ technique (e.g.. the tendenc,v lbr more-
competent obserrers b sample on the f irst day ol
thc lrcck transccts with highcr bird dcnsitics). The
only periodic aspect of the sampling design was
that transects wele walked in the reverse direction
from one samplc to the ne\l .  Ho$ever. srnce start-
inpl points rrere chosen at random. it is highly un-
lilely that direcLion of travel would produce the
trend obserr.ed. Weather- cond i t ions *ere random
$'ith respect to sample date, and timing of sam
p lc .  \ t e fF  ,  L , r ) - l an l  n i t h  r e -pe ,  t  l u  s r r r r r i s . .

f)ifferences in bird numbers betileen first and
sccond day samples rrere thus either a consc-
quence of real dillerences or dillerences in detect-
ab;l i tv. In both r:ases. dif ferences wouid be a
funtt ion of obscncr-bird intcraction. Real dif fer-
ences in numbers are unlikely unless the birds were
nole l ikelv to leave the sampled area earl ier in re-
sponse to the approaching obsener on the second
suncy thdn on thc first surn'cy. \Iost birds are

Bird Survev Frequency I79



detected on transects by song alore (yr l9B1).
Thus differences in counts could also arise if nor-
ma l l 1  - i r r e i ng  b i r d "  r .  e re  l . s s  l i keh  t o  " i ng  as  u .on -
sequencc of the repeatcd appearancc of the
obscrr'er. This change lras noted for $estern
meadorvlarks during the nest;ng period.

In contrast to counts of meadowlarks, counts
of singing sagc sparrows sho$ed no signif icant
diffcrcnces between first-day ancl second"day sur-
\.evs. Counts ofsage sparro$'s for all behar.ior cat-
egories *cre general ly lover on the second dav
thun un lhe nr-r iorr.  t lc1. aJthoLrgh n't  - ignif icar 'r lr
so. t'hich is consistent cithcr t'ith the hvpothcsis
lhat fel,".er sage sparrcws were present on the sec-
ond suruey ofthe week, or the hypothesis that sage
sparrows became lcss conspi<ruous on the second
day bv moving under cover.

There sere rrn signif icrnt diJf.rcn, "- in courrr.
bdween firsl-dav and second-day sun'eys Ior spe-
cies that I ' is i tcd the area of the transecls but did
not nest there. This is consistent with the sugges-
tion that thc difference detccted for birds ncsting
in the slrrub-steppc rvas a consrqucnce of repealecl
bird-obsen'cr interaction on a short t ime frnme.
Visiting birds are lcss likely b be present in rhe
same area dar after dav. in contrast to residcnt
nesting birds.

Changes in bchar.ior in responsc to repeated
disturbance mav be atrr ibutcd either lo habitua,
t ion or condit ioning. Habituation is the waning of
response to a particular stimulus patlern prcsented
repcatedlv over sufficiently short ;ntcr\.nls. (lond;-

t ioning refers to the adoption of a parl icular be-
halior pattcrn as a result of associating a pa icular
st imulus vith a certain reinforcement. Habituated
behavior pattcrns are readily restored by rclatively
short intervals rvi thout the st imulus. Condit ioned
responses are less readilv cxtinguished (scc Stad-
don (1983) lor dcf init ions and chnracterisr ics).
Given that bird counrs returned to higher levels
r.ithin 5 days of the previous sunc,v, habituarion
o[ residcnt birds to the observer rather than con-
ditioning is likelv to be thc cause 1or lor,".er counts.
On dai ly sur- lcys, nesting birds mav cease to as-
sociate the obsener wilh a potential predator or
competitor. Conscquentlv. birds may be less likelv
to exhibit  l r 'arning displavs (e.g.. singing by west-
ern meadon'larks) or to stav on their terrrtones
(e.g.. sage sparrows) during the sccond survev
r. h.n thn ob.errer cppr' .r"h".1.

A fcw densitl' estimation techniques explicitl,v
take advanta€ie of the alarm or territorial clefense

response of anirnals to human intrusions (e.g.. ter-
riton mapping, Wiens 1969). Most techniques relv
impJicitll, on behavioral patterns to allow infallible
dctcction in at lcast some portion ofthe survev arca
(e.g.. variablc-strip and fircd width line transect
rnethods, Emlen 1971, Burnham er ol.  1980; vari-
able circular-plot methods. Revnolds er al. 1980).
Such complete detection regions scn'c as the ba-
sis for derir.ing either a spatial detection function
or a "coefficient of detectabilitv," which is then
used to "correct" counts from portions of the sam-
pling region Ihere the probabilitv o[ dctection is
assumed to be less than unitv (e.g.. Burnham et
al. l9B0). Even with such corrections. densitv es-
timatcs fiom transect or plot sarnpling schemes arc
consistentlv lo$'er than cstimates from spot map-
p ing  l i r  a l l  l , , r l  t hc  mo : t  , on -p i cuou .  - p r ,  i e .
( l ' ranzreb 19BIb. DeSantc 198I. Ti lghman and
Rusch 19Bl). Habituation may further bias clen-
s;ty estimates belor. true values.

An assumplion esscntial to transect or plot-
sampling techniques is thal the detectabilitv ofthe
study population does not change during the sam-
pJing period (Seber 1973, Franzreb 1981a). De
ter:tabi l i t ,v varies with individuals (Dichl l981).
scxcs (Nlayfield l9B1), and season (Ekman 198l ).
and various techniques havc bccn proposed to cor
r c i  I  l i , r  u r  m in im i / e  su ,  h  r . r r i a t i nn .  I  es !  r LLen t i on
has been paid to the role ofhabituation as a source
ol error. As demonstrnted in the present study.
repeated sampling and rcsulting behavioral
changcs in birds can produce significant biases in
counts oI birds nesting on l ine transects. Subse-
quent estimates of bird dcnsity based on any ol
the available algorithms (see listing in Tilghman and
llusch 19{31) I i l l  not onlv under-represcnt real-
ity, but t'ill be unstable because standard errors
rtill depend on the mi\ture of sampling periodici-
ties involvecl in the estimatc. Standard enors will
be srnallcst when habituation is lot,in all samples,
and mtrrimal when halJ the samples are affected
by habituation ancl haU are not. Standard errors
rvill be low rvhcn habituation is common. but den-
sily estimates l,ill be maximaJJy biascd. The birds
ncsting in shrub-steppe habitat in the present studv
e rh ih i t . d  beh rv i o ra l  ,  h rnge "  "h .n  s rmp t i ng
periods u'ere 2,1 hours apart. Shorter time inter-
vals arc likel,v to bc cvcn more elfective at induc-
ing such behavioral changes. Counts remained at
high levels when sampling periods were at least 5
days aparti longer sampling intervals may lead to
evcn higher counts per transect.
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Habituation attenuates l,ith time; it mav also
be abolishcd b,v altering the stimulus or its back-
ground (Hale and Almquist I960). For example.
an animal habituated to a noisc may shorv renerved
responsc vhen the noise is accompanied bv a nor.cl
! isual st imulus (Staddon 1983). I t  is. therelcrre.
likely that habituation in transect sampling mav bc
overcome bv similar mcans. l)etermining these
means presents some interestiDg experimenlal
challenges.

Literature Cited
,q.Dde.son.  I ) .  R. .  l .  1. .  Laake.  B.  R.  Cranr,  and K.  I ' .  Bunr

hah. 1979. Gui{lelines for line transecr sarrpling oibi
o l , ,sn r l  fo!u la l ions.  J.  Vi ld l .  Manage. '13:70-78-

Burnhad. K.  P. .  D.  R.  Anderson.  and J.  L.  Laale.  19B0. I . ls-
tiDation ol d.,,siL! Irom line transecl sanpliDg of bn!
logical  populatnns- \ { ' i ld l .  Uonosf .  72: l  202.

Crr. A. llliJ | . Limitation aDd \ariahilit\ in hr:uring abilitr in
ccnsusing bi rds. .1n C. J.  Rahh and l .  \L SoU. e{ ls .
llsL;marins nunbers ofteteshial birds. .sLulii,s ir Alian
13ioiop No. 6.  Al len t \ess.  La$f .n( ! . .  Ka, is{s.  Pp.
327 333.

l ) r :Srntc.  D.  F.  1981. A f ie ld test  o i  e rar iabir :  c i ror lar  p lot
ttnsusing technique il a (ialifornia oasLalscrub breerl
ins hiftl @mnunirv. 1tr C. J. Italph ard J. M. S.oLr.
eds. Esddratins numbirs ol tenesbial bnds. -qtudies nr
Avian Bnlogr No. 6- Al[,n Press. Lawrence. Kmsm.
P p .  l 7 ; 1 8 5 .

Diehl .  B.  l9 i3 l .  Bi rd popularn,rs d, , rs isr  o l  indi r idu s d i f ler
ing in niaDr respe.rs. /u C- .1. Rolph and J. tr{. -s.ott,
eds. Estimatnrg nurnbos ol Lcrri,srrid birds. SrLtdies in
,{rirn Biologr No. 6. Allcn Pfuss. Luwrence- Kansas.
Pp. 223 229.

Flberhardt.l.. L. 1978. Transe.t Detho.ls b. r,or)ulltion srudies.
J.  Wi l l l .  I ' lanage.42: l  31.

Etman, J.  198l  .  Problems of  unequal  obsenabi l i t r .  In C.  J.
Ralph and J. \1. SrrrLL. rrls. Esrinrlrins numbers ofreF
restrial birds. Studns ;n Avian Biologl No. 6. Allen
Press, Lawrerr c. Kansas. Pp. 230 23,1.

Emlen, J. T. l97l. Population dcnsjties ofbirds derived fronr
banse.t (!n,nts. Auk 88:323 11.12.

. 1977. Estin,atins b(aling season bird dersities
l rom transed .ouDts.  ADk tX: : [55-468.

Receired l3 July 1991
Accepted for publitntion lB Decent.ber l99l

Acknowledgments

This study was part of an ongoing program to mon-
itor faunal rcsponses to lork associated with the
cnvironmental characterization of thc Hanford Site
as a polenlial location for thc Nation's first com-
mercial luclear waste repositorr. Carol Schuler and
Clen Sargeant a-ssisted in thc collection and record-
ing o{field data. This norl was funded under U.S.
Department of Encrgy Contract DE-AC06-76RLO
r  830.

Franzrcb.  K.  E- l t8 la.  The determnradon ofal ian d, ,nsiL ies
using Lh{i rariiblc strip and lired r.idth barsect sunc!-
ihs rcrhods. 1n C. J. Ra.Lph and J. M. S.or. {!ls. Es-
t;nding numbe.s of terrestial bnds. Srudn s in Ariln
Bnrlogl No. 6. {llen Press- Lar*en.e- Kansas. Pp.
1 3 9 - 1 4 5 .

. 1981h. A .omrlr.tjre lnalrsis o{ territorial nrap-
ping ard rariahle'strip tran*rt u.nsusing methods. ,/a
C. J. Ralph and J. \t. Scou, cds. lisLirnrting numbers
ollerrestrial birds. Snrdies nr Arian Bn,k,gr No. 6. .{1
lor Press. L.wren.e, Kansas. I'p- l6i1-169.

H{le. I.l. 8.. and I. O. Almquisr. 1960. Rrlation ol serua.l be
havior to germ cell output il farrn animals. J. Dain Sci.
(Suppl . )  43:145 169.

['lul]cld. H. f. l9ill. Problems ir estimatins r)opulation size
Lh.ousl .ounrs of sinsins nrales. 1n C. J. Ha\,h lnil
i. M. S.ou. (ils- Eslimrring nunrbers o{terresbial birds.
StLrdies nr A!ian Bn,losv \o. 6. nllen Press. Lawerce.
Kansas.  Pp.220'221, .

X'lerikallio. E. 1951. Or the rurnbr:rs olland bi s in Finldd.
. {cta.  Zool .  F.nrna.  65: l -16.

Relnolds. R. T.- J. \{. .irott. anrl R. A. Nussbaun. 1980. A
lariable ctuular{l,,1 mi,thod lb. estimaring bird Dun-
bers.  Condor 82:309-31 3.

,scbcr. G. A. F. 1973. The esrimaLnr oi an;mll lbundurce.
S(ond ed. Gi{fin Press, Londor. 6s,l Pr).

Staddor- J. E. R. I q83. Adrprive beha or aDd learnnis. C!m-
bridge tlnn. Prcss, Camtrri<lge.6,15 I'p.

Tilghman, \. G. rnd r). H. Rusch. 198r. conrpari-.on oflii.-
rranse.t nrth.ds ftr cstjmating breednrg b;d dens;
* ,s j r  dccnluous {oodlois.  1n C. J.  Rabh aDd J.  M.
Scon. .ds. Estimatins numbers of terrestrial birds.
Studies ir Arian Bi,,logr No. 6. dllen Press. Lawreme.
KaDsas. I'p. 202-208.

Wnns. J. l\ r969. An approach to the studr- o{ ccological rela
rionships lmong grusland birds. OrniLhol. Monogr.
B:r -93.

Bird Sun ey Frequency l8l



APPFJNDIX A

For any period undergoing lineer decline in n\rmbers. the expected count on day t ts estimaled by

N . = n n - $ * e
d l

where Nt = number of individuals on day t,

N0 -= number of individuals on day t = 0,

t = day since start of p€riod,

d\
fi 

= rate ot change rrl numbers, and

e = l?ndom elTor.

Thus a series of w weekly samples would have an expected value during the sample penod of:

. ,  N o - ' N o - # , - , * o  r # , ,  - r N s - 7 t * - I $ + w e r
*

.I\= N o  -  l . 5 r w - I f i  , 2 )

A comparable set of w weekly samples obtained the day after each of the previous samples *rcuid have an

expected value of:
,lN ilN .lN ,'rN

_ rNg -  5+  aNo .  Fdr  ) '  (No .  lFa , '  -  . . .  +  {No -  {7 (w- l  )  - l  
f r  )

.]N ,IN
= N0 -  r .5 (w- lF  r ; r '  13)

Then, because the expected value of the difference between two random variables is the difference in rheir

expected values,

N r - V = c z l - o l = d $ 14)

( r )
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