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Long-Term Trend In Marbled Murrelets In Southeast Alaska Based On
Christmas Bird Counts

Abstract
Asigni1 ic. tn1proport ion() fn l [b iedl I r rc |e ls(B/1tchrdnpht l tnurnortLt t t
trerdsinIl1 rblcd Lrrrelet.rbundrnc€ in lhi\ region b1 ar.rl,,- zing publl shed Christmas B ird Cornrts (CBC ) fi)r 7 siles irom l 97 I
(o I 991 . \\Je ttnal ! /cd rccords of murrclct counts and counts strndardiTed bt eftift. Iluficlcl coun ts $efe hrghl)_ \ ariablc. in

paniculr r .  nnxr s i te!  rcccnded one or  Ie$ unusrLal l !  h igh counr\  duing lhe t ime \ef ies.  Our c) ,p lorat ion ofoend usirg r  bal lcry

ofstar is t ic  l  rnr ly \cs la i led ro pro! ide e! idc lcc ibr  a decl ine i r  n,ublcd une let \  . rcross ihc rcgion for  lhe pefn)d 1971 1991. In

genefr l .  there $a\  h igh concord nce . rmong s i les uhen counts occurred in rhe srLne )ear (c.g.  Kendal l  s  W = 0.822.  P = 0.0025

rmong 5 sitc\) {hich \upports o argu ent that tfends rn |lurrelei abundrnce should bc eramined for the ftrgion .1s a whole

r l thcr lh ln| i rcusingonindi \ idUl ] \ j1cs ' ] \1thoughou|anl l ]y \cSpfovide| i t l lee\ idcnccforasuaineddecl l ]e l1 i ]arb
in South.a\l Ala\ka. $ e \uggen thrl our fajlufe io detecr a dccline does not indicrtc |hal a decline hrs not occurrcd. onl,! lhal CBC

drt.r does not \Lrptort sLrch .L conclu!io .

lntroduction

N4arbled muiaelels ( B rat l t rtuttphu s narrno rutus)
occur in colstal narine environnents tiom ccn-
Lrai Calilbrniato thc Bering Sea and ncst in coastrl
lbrests or on the ground in trccless regions. Cont-
parcd to other seabircls in the region. the dcmog
laphy of this small cryptic seabird suggests that
marbled murrelets may be panicularly sensitivc
to cnvironnental changes u'hich intlucnce adult
survival (Ralph et al. 1995:13). Whereas somc
seabilds appear to rebound rapiclly lron latural
(e.g. Harris and rrVanless 1984) and atthropogcnic
cataslrophes (e.9. Evans et al. 1993. Wicns et al.
1996. Day et al. 1997), other specics, especially
those u ith single egg clutches such as the marblcd
nrurrclet. may not havc this capacity 1br rapid
recovery (Ralph et al. 1995). Relatively small,
long term leduct ions in producti! ity and sun ival
may jeopardize persistencc of n;nbled murrclcls
to a greaierextent thrm other alcids within its runge
(Ralph et al. 1995).

Recognized thrcats to narbled nlurrelet popu-
lrt ions include natural reductions in prey tish clue
to long-ter-m c),clic chaDges in sea waler temper-a-
turc. mofiality t ionr gil l-net l ishiug, chronic ma
rire oil pollution. large oil spil ls. and reduction
in the gcographic extent of coastal old-growlh
fi)rcsts used tbr nesting (Piatt and Naslund 1995.).
Wherels marbled muffelets hrvc endured natu-
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ral t ' luctuations in the muinc eDvilol]ment, the
intensity ofanthropogenic thrcats may be lncr-eas-
ing (Caflcr et al. l995. Carter and Kuletz l995).
In pulicular. the extent ofold-growth forests used
tbr nesting has declined signil lcantly in South-
east Alaska cluring the pi,rst century (U.S.D.A.
lo rc . l  Ser \ i (e  Igq l .  Penf  lqqs)  F , ' r  in \ l ; rn (c .
on the Tongass National Forest and surounding
lirrest lands in Southeast Alaska, apploxinatell,
31J4.000 ha. or about 17% of the "productive dd
tirrcst" has been harvestcd since the early 1900's.
Thcrcfole. effofis to examine trends il regional
pupu l r t r , 'n .  u l  muf fe le t .  r re  hccont inEr  inc rea . -
ingly impofiant in assessil]g the impact ofhuman
activit ies.

C0ncems lbr the consenation status of marbled
munelets in coastalWashingk)n, Oregon, and Cali-
fbrnia lcd the U.S. Fish and Wildlife Service to
list the species as threatened under the Endan-
gered Species Act in September. 1992 (U.S. Fish
and Wildlile Service 1992). The marbled murrelet
population in North America was estimated to be
on the order of 300,000 individuals *ith approxi-
mrtely 280,000 in Alaska (Ralph cL al. 1995. Piatt
a r rJ  \ r . lund  loQ\1  Qs; " -n1  eontpreher - i re .u r -
ve),s place the estimate of .,'ll Brat:hyrunphu.s netr
687.000 in Southeast Alaska with a majority be
ing marbled rnurrclets (Agler et al. 1998). Anin-
Llcplh l.ses\n lenl , ' l ' lnrbled munelct ,. , 'n.en rt i, 'n



status in 1995 suggested that "available evidence
indicates that the population of murelets has de
clined over most of its range" (Ralph et al. 1995:l7).
More important. Piatt and Naslund (1995:2941
slated that "populations inAlaska have apparentl,y
declined by more than 50 percent over the last 20
years." Their infercncc conccming trends in Alaska
$'as based in part on eramination of20 years ( 1972-
l99l) of Christmas Bild Counts (CBC) fron tive
of the l3 available CBC sites extending from the
Northern Gulf ofAlaska south to Sitka.

Based on this estimate of population decline
and conccrn oler loss of old growth forest ir
Southeast Alaska. we sought to determinc the long-
term trend in rnurelet populations tbr a more lim-
i tcd  po l t ion  o l  A  la .ka  bu t  th r t  por t ion  .uppor t  ing
much ofthe species. We relied on Christmas Bird
Counts as the most conplete, long-term record
ofpopulation trend. Since the early 1970's, vol-
untccrs recorded marbled nurrelet numbels at
seven locations in SoulhcaslAlaska as part ofthe
national Chr-istmas Bird Count. These counts
represent the longest t ime series avail i lble to ex-
amine potential changes in populations of this
seabird in the legion. Furthermore, a majority of
the evidence leading to the inlerence by Piatt and
Naslund (1995) that murelets had declined by
50% in Alaska came from CBC data analyzed
tiom a l imited nunrber of sitcs dispsrsed along
tbe Alaskr coast.

For a vaiety ofreasons, counts tiom the CBC
r-epresent a very impefect index to population
trends (Bock and Root 1981). Some problens
particular to narbled murelets include the small
narine area sampled relative to the distdbution
ofthe species. the clunped and variable distribu
tio[ ofmurrelets during winter. and the relatively
lorv number of sightings dudng counts relative
to the total populrti()n. Winter dishibution of
marblcd murrelets in Alaska is poorly understood
(Piatt and NasluDd l995). In Brit ish Colunbia,
munelets tend to occupy nearshole $'aters i[ pro-
tected areas during winter (Burger 1995) r'hich
would facilitate CBC tlend counts. Christmas
Bird Count data are an inappropriate substitute
fbr. long-ternr, rigorously designed, local survcys
(Bock and Root l98l ) and must be regarded with
skepticism compared to controlled cenluses.
However. as noted by Butcher (1990), other sources
of bild population information fiequently corre-
Iate with trends i l lustrated by CBC data.

As u,ith any index. the degree to wbich survey
conditions are controlled across years will strongly
influence the perlbrrnance of CBC in revealing
true population patterns. Chistmas Bird Counts
are not as controlled as sone sciertilic surreys
(Bock and Root 1981. Butcher 1990). Therefbre
pattems observed from individual sites, if con-
sidered in isolation, are as l ikely to result from
bias in the index as from pattern in bird popula-
r iorr numher.. Tl rrgi,.rnrl efl e,. rs rre drir i ng popu-
lation trends. however, concordance among many
sites tiom a region can provide evidence that bird
population changes. rather than changes in the
index, are responsible 1br observed pattems.
Furthennorc, because marbled murrclets in South-
east Alaska represent a regional breeding popu-
lation (Piatt ancl Naslund 1995), combined counts
liom several sites throu-qhout the region are most
l i kc l5  to  rc l l cc t  l ruc  pL ,pu la l i , \n  (h rngcs .  There-
fbre, we examined murrelet population trgnd by
fbcusing on rll CBC data tiom Southeast Alaska.
It should be emphasized that we focused or CBC
counts because they represent the only long-tcnn
data for this populaLion and the counts wcrc uscd
as the pdmary empirical basis for the estimatc of
a 507c decline in murrelcts in Alaska.

Methods
r 'Vc cxamincd CBC data from 1971 to 1993 tir
seven sites ir Southeast Alaska: Craig. Glacier
Ba1', Haines, Juneau. Ketchikan, Mitkof. and Sitka.
These sites reprcsent all the CBC sites fiom South-
castAlaska with rccords ofmarbled murrelets and
overlaps with the group ofCBC sites sampled by
Piatt and Naslund (1995). Both Piatt and Naslund
(1995) and we sampled Sitka, Juncau. and Gla-
cier Bay, however we also examined the other .1
CBC sites from Southeast Alaska. Piatt and
Naslund (1995) included Cordova and Kodiak
Island. two sitcs 1'ar to thc nofth. in their sample.
For our analysis we focus on data published in
Amerittur Birds as of the date we initiated this
analysis (we ilclude some analysis ofcounts fron)
1994 1996. however. to determine whether pat-
telns obsen'ed thlough 1993 continued). The
number ofyears surveyed, the tirst year surveyed.
: rn t l  the  number  o f  mi . . ing  lc r r '  r f t c r  in i t i r r t i t ' n
varied among sites (Table l). We examined both
counts of murrelets and counts standardized by
effofi (muffeletcount divided by total party hou$).
Bock and Root ( l98l) suggest that effort is only
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TABLE L Count\ ol rnfiblcd urrclet\. and count\ stand.rrdized b\ efti)t (D.rt! hours). lioln l9ll 1996 lbr sclcn si|cs in

1972 197t 1911 1975 rc)16 l9l l  1978 1919  1980  1981  1982  1983

\'Iurrelct counts

Criig

Glrr ier  B.r)  100

I k i r c \

JunerLu 101

Kcrchikan

Nhrkof

Sirkx

\lurrelet counts stand{rdizrd by cftbrt

Cmig

Chcief  Ba) 1.57 0. l l  1.38

Junc.ru l.0li

Ketclikan

\4i lkof  0

Silk.r

I  l ! l I2
( l

5

0

53

25

56

{ )
21

. l l

2.6.i

0

E

0

0.,+6

0

1 .09

0

0.26

12 339

1

l5

t.l l

2 . 1 1  7 . 8 8

3.05 0.13

0.92 5.,11i

0

0.13 0.32 l .- l l

0 0 0

0.25 2.52 0.69

118

l

0

5

0.l t  3.5-l 11.3  0 .  r3 0 .5 l

poorly relatcd rvith numbers ofbirds counted for
certain species because sonrc spccics are easily
obscrvcd. lt is unknown whether CBC counts ol
nuuelets depend strongly on effort (number of
partl hours). Therefore, we looked at both the
law counts and the standi:Lrdized counts which wc
call count/e1lbrt data.

Approach

Wc cxaminecl data by looking both at patterns of
counts l iom individual CBC sites and combined
the data ffom scvcral sites. Om goal in the analysis
centered not on determining population trend at
pafiicular CBC survey locales. but delenrining
u'hether thc CBC surveys for Southeast Alaska
together suggest a trend in marblcd mullelelpopu
lation size in the regioni we suggest that murrelets
throughoLrt Southeast Alaska represent the bio
logical population of i l terest. Therefbre. r vari-
ety of statistical approaches were employcd Lo
explore c0mmon patte ms.

Because trend dati l can provide input to con
ser\,ation programs tbr the marbled murrelet wc
paid particular attention to the coDsequences ol
Type II enors (tailure to detect iI downward fend).
To incrcasc thc power of the test, in some analy-
scs (Spearman rank cofielation) we employed a
one tailed test explicit ly exrmining hypolheses

conceming downrvard tlends. To furlhcr incrcasc
thc chance oI detecting a downrvard trend we
employed a battery of statistjcal procedures, each
\  i lh r l igh l l )  d i l le ren t  emfh . t re . rnL l r \ .u rnp l iun \
(Table 2). For all tests we paid pafticular atten-
tion to assumptions of the test prior to conduct-
ing any analysis. Here $'e concentrate on those
tests least int'lucnccd by thc e\treme counts (non-
parametric tests) although as indicated in Table
2. the results of all analvses lead to similar con-
clusions. The strtistical dctails of thc tcsts rc-
pofted hele are dcscribcd bclow. Those who find
statistical details tcdious may wish to novc di-
rectly to thc results.

lnd lv idua l  S l tes

Nornal, lcasl-squares regression is sensitive to
extleme obserYations, especially at the ends of
the gndient sampled tbr the independent vari-
able (Belsey et al. 1980). A review ofCBC data
for the seven Southeast Alaska sites shou's that
at almost every site. the count firr one year ex-
ceeded all others by a t 'actor of two and up to 10
(Table 1). Given this and the potential sources of
Yariation in CBC datr due to observers and other
conditions not related to murrelct abundance, \e'e
examined the pattem of ycarly counts using a
varietl of nonpalarnetric methods.

112 Hlvward and lvcrson
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IAtsLE2. O!er! ie$ olanal tses ofmarhlcd urrc lc l  popular ion l i jnd a\  indicared b)  CBCcounts at  seven \ i res in Southea\ l
Alask.  Erchrest \ \ . rsrunl i re.rchol these\ensi tesorrcombinat ionofs i res.  Rcsulrs surnr l1 izcrhebroudp t tefn
\uggcslcd b) thc gror+r o1 rnallscs. Dclail\ arc presented ir methods and fe\uhs

Test Resul ts

Regfessi(nr u\ ing

Spcarmrn RrnL
ColTel.rtion

Scarch lbr c!idcncc
of a nonrandom paltcm.

Seirch ior dov" nrlard lrcnd
\r /  IesI  nol  sensr l rve Io

Seruch ii)r downlvarrl trend
r/ Lrltefnrtive test not
\ensi t i !e to e\ t rene \ r lue\ .

Search ior do$ sad lrcnd
eqto,vlng power ofnor al

1_:ra inc dcgrcc ol concordrncc
irnong I (lBC sircs do ircrc$cs
and decreases correspo.d across

Scrk-h 1br do$Dirard rrcnd
bir\cd on sunmcd c0unt\ |cr0ss
r l l  CIBC si tes usi rg tests descr ibed

prtterns (Tahle l)

Little e\ idence lif
d o $ n $ l r d t r e n d { 1 0 f
l : l P r n l u c s < 0 . l 0 )
( lxble l )

l-iftle e\idcnce for
do$n$ard trord i2 0f
l : l  / r  la lues < 0. l0)
(  thble. l )

(Unpubl ished re\u l t \ )

Strong e\idence f(n
concordrnre rmong CtsC
si tcs (5 of  7 P ra lLres
<  0 . 0 1 ) ( T u b l e  5 )

do$n\rr fd t rend (  lhhlc 6
rnd untubl jshed rc\u l l \ )

'collap\cd dala
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Wc lirsr cmployed a series of runs tests (Daniel
l97lJ) f i)r cvidence of a trend. Reiection of the
nu1l h,vpothesis deprrtures fionr thc mcdian over
time are rrndom indicates a trend but does not
suggcsl the pafi icular nonrandom pattern.

We further exaniled the relationship bctwccn
rrulrelet couuts (and count/e1lbrt data) and year
ofcensus using Speannan rank corrclation (Dariel
1978) .  A  s ign i f i c rn t  s ta t i s t i c  wou ld  suggest
murrelet numbcrs were fall ing duling the period
of surreys (one tailed test).

\{e also exurined severll lcast-squares regres
sion nrodels but hcrc concentrate on models of
rank tran sfirrmccl data (Conover and Iman 198 I ):
an approach less influelced by oudiers. We tested
u'hcther the slope of the lunction r.elating rnurrclct
abundance to lear was significantly dilTcrcnt from
7efo.

Combin ng CBC S tes

\ \e  c r r r |1 , '1 . .1  l$  r '  b i l \ i c  rpp loache.  tn  ( \ l l rn i re
the pattcrn in CBC coults across sites. First. re-
gardlcss of rvhether or oot CBC counts sug-qcstcd
a long temr decline in nrunelet nunrbcrs tlrroughout
the region, wc wcre intelested in u'hether there
was concordance among sites in murrclct abuu-
dance (i.e., did annual coLrnls increase al]d de-
crease k)gcthcr across the region?) . For this anrly-
sis uc cnployecl Kendall 's W or Coet]' icient of
Concordance (Dan ie l  1978) .  We examincd
Kendall s W fbr both murrelct counls and cour]t/
e1lort datr. This tcsl is aralogous to Spearman
r r rnk  c , ' r ' r ' c lu t ion  hu t  l cs t .  lh r  r . . , r .  i r l i , rn  u tn , 'ne
mary sets of rankings. rathcr thln iust two.

Missing data $ ithin thc tinlc series for indi
vidual sites posed a problcm (see Table l). The
time series cxamined using Kendall 's W was cle-
tennincd by the number of years in which rl l sites
l r r . l  L l J l r :  i l  n r i . r i r !  r r r l t t e  l , ' r . r n r  l n r ' : i t c  t e n -
dered a particular lcar nissing for the analysis.
Thcrclbre we looked at J gr-oupings of sitcs; 1)
Glacier Bay. Juneau and Haincs, n=10: 2) Gla
cier Bay. Juneau, Craig and Haines. n=6: 31 Gla-
cier Bay. Junctu. Craig. Haines and Sitka. n=5.
Only 2 ycars conlain clata on all seven sites (note
thal Table I includes data lrom 3 ycars be1-ond
the ! ears anirl)zed herc).

To determine whcthcr CBC sites, as a group.
suggesLed a long terrn decline in nrurrclct num-
bels. rve conbined the counts and cotmt/effort
across sites in two wnys. using rank lranstbrmed
data and using the untranstbrmed datr.

17,1 Hayward and Ilcrson

In order to combinc sitcs i l $as necessary to
either l i l l  in years with missing drta or clinrinatc
lears in uhich one ofthc sitcs bcing sunrmed'
lrcked data. To mainlain the benefits of a long.
continuous l ime series rve chose to fi l l  in missing
cclls. We fi l led in missing cells onl,v in cases
lackin-{ onc or two years in successiol fol a site.
If more than two cclls whcrc missing from a ti l le
seies, the cells retrined nrissing lalucs. To fi l l
in missing values. $,e appliccl thc mcan ol'drc
neighboling )-ears to thc missing year. When nrore
than 2 ycars wcrc missing ftol]l a time senes. the
CBC sitc could not be used to produce a sunned
scorc l irr thc region based on those.vears. Rela
tive to the nunrber of vcars (l ime line). this pro
cedure rvoulcl hrve injectcd mininlal dcpcndcncc
among years into the data. Fol instancc ninc ol'
6E cells rvere estinrated ti)r a 17-ycar trcnd cx-
amining combincd clata l lom lbur bays. The ef
t'cct is also reduced because we used a ranking
procedurc 1() analyze the data.

Alter l i l l ing in missing cells, we calculatecl the
rank score, within sites. lbr all CBC sites. We
sumned the rank scoles rvithin years tbr several
colrbinations of sites. Our goal wasrlongtime
series that lumped as many sites rs possible. We
prnJuceJ  l , ' u r  1 r lup i l1g .  r r l  . i t c ' :  , ' nc  s r r rup i t r ! '
of tour sites (Glacier Bay. Haincs. Juncau. and
Sitka) spanning 17 years; one grouping ol thrcc
sites (Glacier Bay, Haines, and Sitka) spanning
l8 years. and one glouping of two sites (Clacier-
Bay and Sitka) spanning J9 years.

We also su[rmed the raw counts across these
same groups of CBC sites. This produced col-
lapsed data sets with silnilar structure as the col-
lapsecl, rank data but containiog the actual conots
(or counl/elTort data).

Results

Counts of murclcts shoued high r,ariability (Table
1). At most siles. counts in one or two years ex
ceeded irll other years by a factor of t$'o. At Gla
c ie r  Bay .  thc  coun l  in  1993.  1 ,178 na lb led
murrelets. cxcccdcci thc ncxl highest count (339
in l97li) by orer a f 'ackrr ol four'. AtHaincs.no
marbled murrelets wcrc rcportcd in 11 ol thc 17
yerrs but 61 and 37 murrclcts wcrc counlcd in
l ( j 7 h  J n d  l g q q  T h c  n t u : t  ( \ t r c n r (  \ l r i J l i u n
occurred in the shofi time series leported for
Kerchikan (n=6): volunteers counted 693 munelets
in 1992 uhilc thc ncxt highesl counl wtrs 56 in
both  1990 and 1991.



No consisteDt ffend in nurrelet abundance was
apparent at individual sites or acloss the region
after exanining data fi'on nultiple sites (Table
2). The pattern of no trencl wls nrbust across a
batter) of statistical tests. Below we dcscribc thc
results in detail.

Ind v dua Sites

The serics of marblcd murelel counts at seveD
CBC sitcs showed no strong er,idence for a non
random pattern over the pe od of record (Table
3). Runs tests tended to produce very high P-
values suggesting no evidelce tbr pattern in the
llme senes.

Based 0n rank-trlnsti)rmed data (counts and
count/ef'tot). only a single linear regression modeJ
hacl a P-value less than 0. l0 for the test of a slope
ditlerent lrom zcro (Table,1). A11 nodels with
P-r'alues less than 0.J0 showcd positive slopes
.uggc . t ing .  i t  rn )  th inc .  t renJ . ,  ' t ' i n , .  reu . i t t |  . r  ' un t . .

Speannan runk corelation (on counls and count/
eflb data) generally conoborated the patterns
observcd in thc rcgrcssion models examining rank
transtirrmed data (Tablc.1). Spcarman rank cor
Ielatjon. horvever. suggested some rcllt ionship
bet$een counts lrnd year. Ketchikan and Mitkol
both had P values less than 0.10: ir both cases
the relrt ionship $as positivc but the counts only

represent rends for the late 1980'sandearly 1990 s
(Table l). Overall the lesults did not suggest a
col]-Ilnon treDd for the region.

TABLE 3. E\arni.arion olpallcr. in CBCcourls iin nrirblcd
rnuf ic lc ls  in Soulhcast  Alaska,  Runs lcst  cxa l
I  r i n ! h \ f . r h ( ' r .  r \ J r  f J  .  1 "  1 , . . r l . . \ ( r . : r , (
displals a dcprrtur. irom lhc ncdian or mcan
! . 1 .  (  " l , i . l ,  i .  . . r L l u r n .  \ , r i , i l l . r , ,  r ( n  . . :
gesi\ r nonmndon p.Lttern. Te\ts here ex.rmine
fa$ rount drLtrL uDd ernploy the SPSS exact lnod
ule to c.r lculate the P \a lue.

No. o l Runs

XI€dian
Cf.r ig 9 3 0.762
GLrcier Br] 16 6.1 0.,129
I{a i rc\  l7 could not  be run because of# ofze|os
J u n e a u  l 8  2 8  0 . 2 1 8
KetchikaD 6 52 0.600
\4i (kof  7 11 0.999
S i l k a  1 7  6  0 . l l 9

\'Iean
Cfaig
Glacier  Bav
Hainci

Ketclikrn
Nlilkof
Sirka

17.1.187
6.706

1.18.666
29.1 11
t6 .588

9

t 7
1 8
6
l

t 1

0.186
0.999
0 . t 0 |
0.999
0.999
0.999
0 .  t 25

TABI-1-- ,1.  I rend in marbled murrelet  rbundrLnce.r t  seven CBC sires ln So utheast  ALrsku.  Anr l )ses hclude regression brsed on
r.rnl\ and Spcarma. Rrnk Corrclatjon. For hoth models re examine frnk count\ and r.Lnk count/effort. Vrlues
reported afe rhe number 01 ,"-e.rs ir tinc scic!. lhc rcgrcs\ion coclllcicnl (ll). \igniljcincc ol llrc rcgrcs\ion rnftlc].
Spe:Lr  rn mnk.or fe lat ion.  rnd s igni f icrnre of the corfe l r t ion.

Lout ion N0. ()i ,,-crrs Cocl. lbr Ycir Speaman lta.k Corr

Counts

Cfaig

Cl l ]c icr  Ua]

Haines

Ketchikan

l! itkol

Si Ika

Count/effort

alfrig

Glrc icr  8.1)

H mes

Ketrhikrn

Nlirk0l

Srrka

l 6
I 1

6
1

t 1

t 1
l f i

7

1 1

0 . t 3 9
0 .120
0.0.lrJ
,0.062

0 . 1 7 9
0.1lt3
0.205

0.1.+l
- 0 .016

0 .2 l l i
0 . 170
0 . 1 5 1
0 .1 t2
0.2u,t

0.53,1
0.5-19
0.8r5
0 .785
0 . 1 7 t
0.l -15

0 .161

0 099
0.933
0 .181
0..153
0 .161
0.101
0 .197

0.t89
0 . 1 7 1
0 .106
0 . 1 1 9
0.6t7
0.m7
0 . l  l l

0 . r 8 6
0.l  - t  I
0 . r 00
0.009
0.,118
0..128
0.236

0 . r 5 0
0.26,1
0.3.1-l
0.31iJ
0.081
0.071
0.tt  i

0 . 1 r 5
0 .301
0.15 |
0..185
0 . r98
0 .169
0 . 1 8 1
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Trends After Combin ng CBC S tes

In general. n]unelel counts (ancl count/eftbrl data)
throughout Southeast Alaska appear to vary in
concordrnce with one another. Wc firund strong
evideDce suggcsting that CBC records tbr nurelets
varied similall l '  throughoul Southeast Alaska
(nrble 5.).

Civen the degree ofconcordance among CBC
sites across Southeast Alaska. u'e examined the
trend in CBC records for the region as r whole.
Regression modcls based on sums of rank ffans
ti)rmed coLrnt and count/effoft data produccd no
evidence lor a tcmporal trend in nun'elet obser
vations over the pcriod of CBCs (Table 6).
Spearman rank conelations examining data t'rrm
all CBCs lbr Southeast Alrska also produced little
evidence fbr Iong tern downward lrcnd in counts
or count/eftbfi dala (Table 6).

Discussion

The patLcrn ofcounts and counts staldardized b]
effirn (count/effort) from seven CBC sites in South
east Alaska providc no evidence lbr abload. sus-
tained decline in narbled murrclcts across the
region for 1971-1993. Our tailure to dctcct a
decline does nol indicate that a decline has not
occurred. Power analyscs are not available for
the nonparametric tests examined herc. By em-
p l , ,1 inp  one ra i leJ  l cs t . .  e \ . rmin inc  long t imc . r
des, and using a battery of statistical analyses we
sou-{ht to increase the power of our rnalyses to
detec t  du ! \  n \ \ i r rd  l rcnJ \ .  Var iah i l i l )  in  c , 'un ts .
however, reduces powcr and these analyses ex-
amined data with high vadability in year-to-year
counts.

The most striking fcature ofthe munelet counts
concelns the presence of one or a l 'ew unusually

TABLE 5. Concordance among CIIC silc! throughout Southerst Ahska as jndjcatcd bt Kendull s $'. Statistic indicacs fie
degfee lo $hich \,rlucs al!cvclal sites \.tI:\ together:the degree to w|ich thcy rise and 1.r11 r\ a unir. \unbcrof,-ear\
fefer\ to lirc !a rplc sizc lbr irdi\idurl tests. Statistic tests the hJ,polhcsis rhut concordance = 0; rejection o1 lhe null
h lpothesis suggests evidL' .cc lor  concordir rce.

Kendal l 's  w

Counts
Cl ic icr  Ba).  Haincs.  Juneau
Cl ic icr  Ba).  Hr incs.  June.ru.  Cr ig
Glacie.  Bay.  I l l1 i l lc \ .  Juncau. Cruig.  Si tk. r

Cou nt/ellbrt
( ; lac ier  Ba\ .  I l r incs.  Juncau
Gtrc ier  B.r t .  H.r ines. . lunelu.  Crarg
Cltc icr  Da).  H,r ines.  Jumeru.  Craig.  Si tka

l 0
6
5

r0
6
5

0.760
0 .919
0 .822

0.760
0.839
{).1,1!)

0.0005
0.0009
0.0025

0.0005
0 .0017
0.00.17

1'\Ul-l-l6. Trcnd rlr narbled nmrrelets lionl CBC counis throughout southeast Alask.r based on lincar rcgression models and
Spearnran rank corrclrlioral su lt ied rdnk\. Location retirs !o thc group ofCBC sites summed to lonn rhe depen-
dent \rriable. Vrlue\ reforted incllrdc thc Dunber o{years in the tfend, regrcrsion cocllicienr (B). significancc oi lhc
rcgrcs!ion nodeL fbr r.rnks. Sperfmrn mnk corrclalion. and signific nce ofdre correlation.

Loc.Lri(nrs
\o . Rcgrcssio11

Cloci.
Spean|an
I<ank Con. P-\ . r lue

Counts
ai lac ier  Ui . - .  l la incs.  June.ru.  und SirkrL
Glacief  Ba\ .  Hr ines.  and Si t la
Ghcier  Btr)  and Si tkr

Count/clTorf
Ghcier  BrL)- .  Hr ines.  Junear.  a.d Si tka
Glar ier  Br)- .  Hr ines.  and Si tka
Clacicr B.r\ and Sitkr

t 1
l 8
t 9

11

0.1'10
0.026
0 . r38

0.015
-0.223
,0.059

0.755
0.961
0.131

0.91,1
0.576
0.8,+3

0. l l , l
0 .0 r3
0.096

0.09.1
-0 .126
0 .017

0 . 1 1 8
0..179
0.1,18

0.159
0.109
0.,+71
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high counts at each site: high counls are found in
both thc tirst and sccond half of the tirrre ser res rrr
almost equal proportions. High counts l ikely rrise
because CBC counts in Southeast Alaska sample
i r  \e r )  . rn i r l l  l o r l ion  o l  the  nr r r ine  (n \  i ronnr (n l
occupied by mur:relets. The total count from all
sites in anv one year represgnted less than 1 per--
cent of the estimated breeding population of the
rcgion. Murrelet numbers in small areas show
variation rvith weather. t ide, t ime of dav. and lo-
cal fbod availabil ity (e.g. Carter and Sealy 1990.).

The viuiabil ity in counts at iDdividual sitcs lcad
to dii l icult ies examining murrelet trend lirr indi-
vidual sites. However. we are most interested in
using CBC data to uncovcr long-tcrm trends on a
regional basis i,rs suggested by Butcher (1990).
Il dris light. it seems reasonable to argue that the
panern exhibited by all seven CBC sites. taken
r \  c  unr l .  r t t J )  reprc :c r l  Jn  i r r . l c r  t , '  u  in tc r inB
nrurrelct abundance in the broad region ofSouth-
eastAlaska. Our analysis suggested concordance
among sites. Concordancc among sitcs suppofts
an approach which examines the broad pattern
o ipopu la t io r .hangc  among lhe  s i le .  i l .  J  un i l .

In general. our analysis of available CBC data
pror  r , - l c :  l r t t l c  c r  idcne, -  fu r  c i thc r  inercu . ing  , ' r
decrersing trends in marbled murrelets fin-South-
cast Alaska ovcr thc past couplc dccades. Our
analysis is not alone in failing to detect the marked
r-ecent decline in mun-elets noted by Piatt and
Naslund (1995). Murph)' ct al. (1997: Tablc l)
examined counts ofmunelets in selected poltions
of Prince Will iam Sound comparing survcys in
1911,1/85 vith 191i9. 1990. and 1991. Their re-
sults suggest no change ( 198,1 vs. 1989 and 198,1
vs. 1990) or an increase in munelet numbers (l98,1
vs. l99l). Murphy et al. ( 1997) did note the lou'
power ofthcir Lcsts ibr thc first two comprnsons.
These rcsults are especially interesting given the
docunenled mo ali ly of nrurclcts in Princc Wil-
l iam Sound as a result of the Error Yalde: oll
spil l  in March of 1989 (Piatt et al. 1990, Day et
al. 1997). In contrast to the results of Muryhy et
al. (1997). Klosiewski and Lring (199'1) report
declining nurrelet numbcrs in Princc Will ianr
Sound benveen 1972 and 199l. Klosiewski and
Laing (199,1) and Murphy ct al. (1997) used di1'-
ferent methods and sampled diflerent porlions of
Prince William Sound.

The nixed evidence 1br declining populations
is intcresLing considcrin-{ thc negative trend in
certain resources important to nurrelets. In the

Pacifi c Nonhwcst. remaininr murrelet populations
appear to bc closcly associlted with coastal wa
ters adjacent to latc-succcssionaJ tirrest (Ralph et
al. 1995). HaNest of producti le virgin tirrest in
SoutheastAlaska has removed 182,250 ha ofold
tin.est (or about 8% of the commercially valu-
able timber land) on the Tongass Nationrl Forest
s ince  1909 (U.S.D.A.  Fores t  Se lv ice  1991) ;  th is
land arca does not include the signil icant haNest
ofold lbrcst fronr non-tederal land. In addition
to the loss of potcntial nesting habitat. changes
in the marine ecosystem in thc Gulf of Alaska
are purported to have reduced availabil ity and
bionass of important prey llsh (Piatt and Ander-
son in press, as citcd by Piatt rncl Naslund 1995).
lf marblcd nrurrelet populations ar€ not declin
ing in response to these changes. the abundatce
of this seabird may cunently be deternrined by
other factors in Southcast Alaska.

Analyscs of CBC drtr should be viewed as a
prcliminary examination of population pattems
when more rigorous survey intbrmatior is lack-
ing. Our analylis does not assess potential bias
lssociated u ith these dataresulting from changcs
in methods, survey protocol, of the geographic
relrtionship between CBC sites and murrelet con-
ccntrations in Southeast Alaska. Sites chosen for
CBCs rnav or may not survey geographic areas
impoftant to murrelet trends in SoutheastAlaska.
Furlhermore, there may be a substantial lag bc-
tween decline inrcproduction and numbers ofadult
birds obseryed during winter survels. Thcrcforc.
strong conclusions concerning murrelel lrend in
Southeast Alaska cannot be established based on
thcsc data. Marbled murrelet populations nay
indeed be in peril within Southeast Alaska, bul
no such trend can be detected with the only avail-
able. long term data using a varicty of analyses.

Dccisions regarding conservation of murrclets
in Southeast Alaska rcquire some indication of
population trends in the rcgion. Our conclusion
(absence of stlong evidence for a sustained cle-
cline in marbled murrelets), drawn from seven
sites in Southeast Altrska d iff'er tiom those ofPiatt
rnJ  Nrs lund r  I  Q95 l  wh,  '  e ru rn ined l i r  c  s i t< .  e r
tcnding from the Northern Gulf of Alaska south
to Sitka. Reasons fbr these differences afe not
c le l r  bu t  mu1 bc  rc l l te . l  l ( '  L l iHerencr .  in  Feo
graphic areas examincd, problerns in data analy-
sis and interpretation, or unrccognized aspects of
murelet biology and movements. The dispadty
bctwccn our conclusions and those reached by
Piatt and Naslund (19951 invitcs cxplanation.
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Piatt and Naslund ( 1995 ) examined CBC data
lionr t lve ofthe l3 availablc CBC sites rhrough-
out coastal Alaska. Sites thcv cxamined include
Cordova ancl Kodiak Island; coastal areas which
represenl t\\() relatively independeDL brccding areas
hundreds of kilonreters nordr of the brccding unit
rn lhc Alcxander Archipelago sampled bl their
othcr three sites (Piatt and Naslund i995:286).
Therefbre, their choicc of sites has a high prob-
abil itv of miring counts ftom populations or sub
populations that rnay be influcnccd by very dif
ferenl lactors. We chose to exaninc all available
sites l iom one resion. Southeast Alaska. b avoid
this polcntial problem. Furthemorc. their sample
also inclucled onll the northcrn subset of CBC
sitcs lrom Southeast Alaska. The limited sample
Piatt ancl Naslund (1995) cxamined tiom South,
east Ahska could lead to clilltrcnt observed pat
tems in abundance than tltose wc detected in our
analysis. Our analysis more adequatcly sanrpled
tl 're geographic extent ofthe population in South-
easl Alaska and avoided the porcntial problems
of mixing sampJes from 1wo. gcographically dis
tinct groups of nurrelels.

Piatt and NasluDd's ( 1995i293 ) conclusioDs arc
further compronised by problems in data analy-
sis and interyr-etation. Among other problems.
thcy interpreted trends aftcr they "snoothed

lswnncd coLuttsl by taking 5-year running aver-
ages ofthe anrual data" (itrlic ours). Trend analysis
assunes lDdepcndcnt observations and erlploy-
ing a moving avcrage explicit ly creates dcpcn-
dence among obscrva t ions  (Kenda l l  1973) .
Interannual variation in munelet abuldance is
rcmovecl bv this approach, and high or low counts
from a single year becomc part of the apparent
pattern lbr lbur morc years. Based on their rc-
port. Piatt and Naslund reached their conclusion
regardlng a "slcady decline in abundance ofabout
50 percent" bascd on visurl inspection of a plot
of the smoothed dala (sce Figure 7 in Piatt and
Naslund 1995:29.1). Howcver visual inspection
of the plot sho$,s that plottcd values fron 1974 to
1979 chruged littlc. In the next year, though. the
plottedr,alue droppcd by almost 50pelcent and then
renained aboul the same ibr the next l0 ycnrs. This
step change in thc pl(xted values between 1979 and
1980 is the nost striking leature of thet analysis,
rather thalr a 'steady dcclinc in abundance."

An examination ol potential environmcntal
explanations l ir l the diftering conclusions of our
studies rna), be unu'arralted gi\en the potential
problems with the anaLysis presentcd by Piatt and

lTli Ha1'ward and Iversor

Naslund (1995). Funher examination ofthe de-
nrography of marblcd munelets wil l bc neces-
sar} to detemine ffends fi)rthis species in Southcrst
Alaska. Final ly. informed conservation decisions
in the future will depend on a strong. lo11g term
nonitoring program. not l inkcd b CBC counts,
to assess trend in murelet abundance.

Epi logue
Oul analysis rvas conducted prior to fornral pub
lication of the results reported by Piatl and Nrslund
( 1995): when webegan. datawas available Lhrough
1993. Through our analysis. we sougl'r l to com-
parc trends for nlunelets in the Alexander Archi
pelago with conclusions leached in the mulrelet
assessment (Ralph et al. 1995.1. Because ofthe
variety of statistical approach we usecl to exan]
ine the data. our analvses included over 100 sta
tistical tests. Therelbre, we have not run our full
analyses with counts that now exist in reports fbr
199,1-1996. We have examined the reccnt data.
however, to dctcrmine whether the ncw intiuna
tion would l ikcly change the conclusions reached
liom our analysis.

Counts t 'rcrn all 7 bays in 199:1, 1995 and l996
(see Table 1) are eitherwithin the 95 percent bound
o11 the mean fiom all tblrner yeals or fll] aDtrr.c
the bound. The zero counts for Craig are the
lowest in reiation to earlier counts. Even thesc
\alues lall $,ithin rounding of the 95 percent bound
on the mean 1br Craig. Furthermore. these zcro
counts mirror zero counls in the earliest CBC
records fi)r this bay.

Counts in the past t'ew yeffs. tlten, coroborate
the pattem observed in the years we analvzed mosl
th , ' ro t rphJ1.  Chr i . t r t t r r .  B i rJ  Coun l5  cont i luc  r r r
provide littlc cvidence 1br a broad. sustained de
clinc in marbled murelets in Southeast Alaska.
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