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brown bear Urs lIs arctos population in northern Spain. - Wild l. Biol. 2: 275-2品 i

Brown bears Urslts ω ctos in Spain、 Cantabrian Mountains é\re continuing 10 decíine 
in numbers despite their protected status. Recovery plans foτthis population stress the 
need for monitoring of occupied 11:也 lt泣t using non-intrusive methods. A poplllation 
monitoring program to estimate bear abundance indic巳 s by quantifyillg tracks and scats 
(si且n surveys) along a network 01' survey rOlltes was design巴d. Each route was divid
ed into consècutive 1.6-km segments. which comprised thιbasic sampling llnit‘ and 
were assumed to provide independenl obs己的ations. During a 3-year pilot study sm 
veys \vere run t\vÎce per ye3L totaling 70 routes~ including 950 segm巴nts ， anc! cover
ing over 1 ,50G km annualìy. Averages of 0.06 sign per segment were observed; only 
是 (!C of th己給glnents ha吐 sign. It isωnclll俞正i lhat the presenl sampling scheme does 
not provide enough statistical power 10 accurately detect significant decline只 III popu 
lation 1巴vel. The dìfficulties of monitoring trends 01' low density populations using sur
veys are reιognized. However. by increasing the samplin在 intensity ， more reliable in
formation and greater prec的ion ofthe population trend estimate shollld be obtainablc 
Thus , a future moniwring strategy should be bas己d on increasin芷 S且mpling intensity 
and closely monitoring b巴a1' distribution and OCCLIlTence. 

Key h'ords: brown bear， ηωnitoring， popu!ation trend, SÍgtí 5日rl'吟 ， Sp山舟， stacistical 
poweη Ursus arctos 
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The Cmtabrian Mountains in nO l1Ì1ern Spaìn r己也丘ln one 

of thc last strongholds of記urasian hro\Y1ì bearsι!ni行丘rc

缸，可 m 在outl1\月ves~ern Europc and harbour one of d1e 

Bern Convention , w Í10se goals are to assure bear conser 

vation and protection of occupied habitats. Despite the 

leg~.ï1 “lf~guarding句 brov.，'11 bear nLonbers appear 
est o[ th己 four remna且( populations 
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。mOll品 C:ümmunities， Asturias , Cantabria, Ca,ü]e-León ‘ 

and GaliClλwithin the Cantabrian bear range have pre
parc:c! plι主ns whìch provicle guiclelines and measures for 
the bears' recovery. One objective common to all fOllr 
pt<l llS is t.o cstimate p1'incipat demographic parameters for 
propcr n:-wnitoring and managem巴nt of the populatiün. 
The plan. s specify that this ShOllkl be basecl on 1)ιounts 
01' dislin已 t femal巴s with cubs-of-the-year, 2) poplllation
wicleιen suses , ancl3) evaluation of populatíoll trends llS
ing non-lntrusive tedmigues 已.g. Naves & Palomero 
1993). 

Counts of fel1lale品 with cubs-of-the今!ear (COY) is one 
of several melhocls us巳d to evaluate population trencls of 
grizzly bears in 自己 Yelìowstone ecosystem; howev巴r， lt 
is highly sensitive to unquantified effort and is a tech
l1igue which requires that adult females be individually 
recognizable and r己aclily observab!e or radio-marked 
{、Eberhardt et al. 1986, 1994, Knight et a1. 1995). The dif
ficulties of raclio-marking Cantabrian b巴ars are nume
rous , and in contrast to their North Americanιount巳r
p紅的， thelJ usually noctumal，且已cretive‘ ancl forest-clwell
ing beha'"iollI訟法es clirect observations ex缸em己ìy ditli
cul t. To date no satisfactorv methods have been à巴vel
opecl for censusing populations of la1'g巳 preclators under 
such conditions. Non-intrusive means of measuring po
pularion chanεes of carnivores have received consiclera
ble attention (Linhart & Knowlton 1975 , Roughton & 
Sw巴eney 1982, Rau et a1. 1985 ‘ Raphael & Rosenberg 
1993, Diefenbach et a1. 1994), but their 且bility to cletect 
real trends 的 questionable (Hanis 1986). 

Population trend monitoring ls a key element of a large 
carnivore management strategy. B巳cause most carmvores 
are highly mobil皂， oftentimcs s已cretlve弓 and occur in low 
clensities , population trencls are diffi-
cult to monitor. Nonetheless, popula-

Sign surv巴ys ar己 influenced by variablιtracking COl1-

ditions and sea品。nal behavillur of the targel 且peci 已長、

which can procluce highly variable results (Harris 1986). 
Nonetheless. it is a 10w-co吼， geographicaHy cxtensive 
methocl which í又 sil1lpJe 10ιonduct and \vhich allO\vs 
multiple within-year sampling (Cìevenger 199•). DιspHe 
the shortcol1lings of sign surve)玄， we reιognize that 自己1咱t

is an urεent neecl for an effective. non-intrusive monitor
ing 5ch己me for brown b巴拉rs in the CantabIian Mountains. 
ln this paper w已 presιnt the resuìts of a 3-ye;:u' piìot study 
to monitor population trencls of C且ntabIian bears using 
sign surveys. Our objectiv已 was to test the feasibililty of 
this non-Íntrusive techniguc to monito1' bear abunclance 
overIÍme. W巴的sess the eft比tiveness of Ollr sign survey 
design for monitoring trends of low density popu1ations 
of large carnivores such as the Camabrian browJ1 bear, 

cliscuss the statistica! consiclerations of survey work, and 
suggest a future monitoring strategy fo1' th己 Cantabrian

population 

Studvarea 
The Cantabrian 孔10unt泣ns extencl roughly 300 km along 
an east-west axis , parallel and a再jacent to the Cantabrian 
Sea in northem Spain (420 50'-430 lO'N, 4020'峙。55'W)
Brown bears are distribut己cl over an area of approximate
ly 5,500 km2 and clividecl in two subpopulations roughly 
equal in area (Fig. 1). The cu訂ent poplllation is estimat
ed at 50-70 b巳ars (Clevenger & Purroy 199 1). Practicaì舟
Iy all üf the b巴訂 range is situated within National Hunt
ing Reserves governecl by the four previously mentionecl 
Autonomous Communiti巴s. Elev以ions range from 600 m 
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tion trend moniroring schemes, if 
planned properly , can provide reliable 
estÎmates of changes in püpulation 
size over time (de ía Mare 1984, Ger 
rodette 1987, Peterman J 990、 Kendall

et a1. 1992 , Taylor & G巴rrodette 1993 向

Ziclinski & Stauffer J 996). The use of 
sign from variecl groups of mammals 
has long been llsed to mo日itor popula
tions (Neff t 968 司 Keith & Windberg 
1978 , Mason & Macdonald 19品7);
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102、多00 III a- s.L , yet the mean altitucle along the divide is 
1.200-1.的00 111. The north and 訂)uth sides of the range dif
fer in ph于 sÎCr .graphy 且ndclim且te as they represent th已1I 11-

ìon ofMedit也:::ITanean and Eurosiberian biogeographic re
gions (Ri va心呵MartínéZ et al. 1984). Thc climate Oll rhe 
south side (L~eón、 Palencia provinccs) Îs 己ontinental and 
11'1己an month. ]Y temperatures range from O.50 C to 160 C 
Maritime eo里1dition:. prevail 011 the north sid己 (Asturia討

Camabria) a5 1110mhly mean temperatur已s vary bctwecn 
50 C ancl 170 C 
Thre巴 bro2d types of habitat occur wiIhin the bcar 

range: 1) scrublands ofheath and broom (ξytlSI的\ Genis

ta. Erica and Cailuna 且pp.) being most prevalent at mid
to-low 已leva tions where grazing pressure and p已riodic
burnings havεi巳8日巳ned over the years: 2) maintained low
land hayfiel<萃s ,mcl upland grazing pasture: and 3) mixed 
deciduolls forest cover predominantly of beech Fagus 
svlvatica ancl oak Quercus spp. ‘ while birch Betula celti
berica, chesLnut Castanea sativ札 and refor已sted area且 of

Scots pine P inus syìvesrris form a secondary woodJand 
component 了he main economic activity in the region is 
raising livestock, primarily cattle. From May to 0ιtober， 

re~ident h巳rcls utilize the numerous pastures throughout 
the mountains. Other activiti的 include small and large 
game huntin名 coal mining in the low巴r elevations, and 
把白nt1y tourism has been promoted by the Autonomous 
在overnmen俗. Road density is low司 approximately 0.25 
kmJkm2、 priu'1ari!y due to the rugged terrain and relative白
ly low human density in the area. 

Nfethods 
We initiat已d a population trend monitoring program in 
1990 utilizing a network of sign survey routes崎 C0l1s1stmg

of foot trails and unimproved dirt roads designed to sam自

ple the entire Cantabrian brow l1 bear range. Survey route 
S巴lection was based on geographical representation and 
logistícal considerations. Surveys were run twice per 
year, when bears were activ巴 (Clev巴nger et a1. 1993) and 
tracking conditions optimum. 1n our study area 司 because

livestock densitics are high , we minimized sign trampling 
by conducting surveys in spring (mid-ApriJ) prior to the 
time whι11 livTstock are released in the mountains , and in 
autumn (mid-Novembcr) once !ivestock aJ‘e retumed to 
th巴 viHaS!cs.

Each ro l1le W <ì.S divicied into conseclltivelv numben::d 
scgrnents. FJγ'om our 位foτ巳111a瓜tion or口 C了且ntabr討_'U品u口 b方ez臼臼「
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during ,wo fuli surv己y 且已SSiOllS couíd gain suftlcie副 ex

penenc己 m 這ign identification to !ater participate in thc 
surveys. Observ巳rs walked the survey routes counting the 
number of bear sign found in each 心gment. Tracks and 
scats were thc si且n types rccord己d becau日也 they arc the 
most prevale泣t in the fieJd , and r己Jativelyeasy 10 且ge and 
quantify. We 0111y recorded b巴ar scats and tracks that 
could be positively ídentified. We not已d the totul number 
of tracks and scats found on each segment and prc古巴nCè
was d己ternüned by ~三 í scat or track. A 11 scats w己re col
lected for food habits analysis司 whiìe tracks were meas
urccl to provide some measure of differentiation bctween 
individuals. W巴 ran our surveys in the shortest amount of 
time possibl巴 to minimize non-índ巴p巴ndent observations , 
l. e. 、 counting sign from the sam己 animalo口 more than 011巳
route segment. Vv'e repeated a11 the same survey routes 
during each sampling session: how己ver， occasionally a 
small nllmber of th己m could not be surv巴yed.

For this exercise we on!y evalllated th巴巴ffectiveness of 
our surveys to detect significant changes in population 
size over time by determining the number of segments 
need巳d to measure changes in sign occun巴nce betweel1 

rwo 必mples (Snedecor & Coιhran 1980). However, for 
dctectil1g trends , repeated measures analysis can be used 
to test for significant change over rep巳at巴拉 sampling pe-
1'iod品。r suceessive estimates 己an be compared \vith one 
or more previous estimates (Kuehl 1994). Multiple eOill
parison tests may be usecl to establish groupings over time 
(e.g. Tukeγs t巴哎， Fishers test, Duncan's test). Regres
sion analysìs can also be used to estimate W叩d from a se
ries of proportion 巴的mates (Ge在odett巴 1987).

:起eSl主lts

Our sign survey sampling scheme consisted of 67-72 
routes distributed throughout the brown bear range. We 
surveyed sampli日g routes twice each year durinεspring 
and autumn , from î 990 to 1992. During the 3-year peri 
od, between 139 and 141 routes were sampled per year, 
including between 928 and 957 , 1.6-km route segments 
rrabìe 1). The mean number of segments perroute ranged 
tì'om 6.6 to 6.9. The tota] clistance surveyed annually was 
roughly 1,500 km and between 696 and 819 km for al1y 
given sampling sessìon. The average duration of the six 
討urve)' 兒essÎons was 26.6 days rSD 0-= 4.9) 

Tracks w巴re more abllndant than sc丘ts during each 
sarnpli在皂 s它后sion except for one , Th己 total numbcr of 
tracks recorded per smvey from 6 to 26 , while the 
number of scats found wa品 betw己en 4 and 20. There were 
~easonal diff、crences in 口e nUlnber of t.racks and ~Cιt且
cmmted I Í1巴拉rH 引己;::U':-.i， I'racks '\.v己re TIl0re CODl封1011
tb3il 不c::d:s.， bOl\iEvcr, thev \\1en~ 
、 ear. T'h己的的! nurnher uf c且，uJhinc"d n~c(ìrdcd 
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ì'abk 1. R "，'址.lÌ的。f 1rend ~nrvçys of hro\vn be.af 叫gn per 1.6-knl segrn t>:nt of survιy rouk~ in the. Caütahrlan 1\!Iountains. SpaJ吟.1990-1992

1990 
Spríng AulumH A曰l1ual

Di入1勾引1c、e .':;.也圳、 t) 臼 i (km:ì 7忠。 自96 1.485 
No 叫 roU[，心叫urv巴y'c'd 71 70 141 
No 廿 1- s巴芷r~-:enh surveyeù 493 斗35 9.28 
No ()f q，gn監 1entsiroute

[\'le扎n 6,6 
Range J戶、 13、

Total no 口f sign re.corded 
Tracks 15 勻, 勻缸 .2可

ScDl、
< 20 1~ 

了。t :11 no ot- sign/routc 此gment

Meβn 。 05 。 。7 。 06
Range 。-4 。-4 。-4
1\:0 ot segn -"Jènts with sign 17 19 36 
Proportion of segmenls with sign 。 03 。 04 0,04 

the 3-year pcriod wa且是7‘ 53 司 and 21 , rcspectively. For 
our analysis , sign was defined as the sign type most prev 
alent on each segment. 
Thenu主nbcr of segments with sign ranged from 6 to 24 

per survey, and 16 to 37 per year. Finally、 our surveys re
sulted in observation of an average of 0 ,06 si直11 per route 
segme凹， L沮d 且ign was observed on on1y 4% of the s巴g
ments. The required sample size necessary fo1' detecting 
a 20% decreasc in sign occun己nce at a significance J已v

el 01' 0.10 (Type 1 巴rror) and statìstical power of 0.80 (1-
Type 2 error [0.20]) was 1,361 segments per year. 

Discussion 
Many investigators have r肘。gnized the attractiveness of 
monitoring wildlife populations 泣sing sign (De Vos 1952 , 
Lockie 1964, DzíecioJowski 1976, Pulliain巴11 1981). Pel
let and track counts are popular among wildlit~己 manag

已rs b巴cause they are 巳asy to replicate皓 and are a relative
ly inexpensive and reliahle means of monitoring wildlife 
populations (Mooty et a1. 1984). Nevertheless , count 心ta

are highly vanable and ob品erved trend品 may be mislead
ing (Harri s 1986). Variation can be caused by factors 0自
己r than changes in sign density. Sign may occur nO I1-fan 
domly due to seasonaJιhanges in beh且viour (van Horne 
1983)勻 and it ‘ s clctectabílity may be atTccted by wcatbeτ 
nr orher factors (Putman 1984). Sign surveys are not ca
pable of detecting ann口 aì poplJ.lation fluctuàtlons、 but

且ampling scheme昆、 whe口 c <1refuliy designed. ma) ha\'e 
adequatc powcr to monitor ìong-term trend在 and detcct 
potent!且 U;/ threatening dechne~ (Gerrodette 19良久 Ken

dúll e[ aí. 19旬之命在::: Gcrrode.tîι1993 吋 ZièEnski & 
Stau f1~巴 r 1 
Ham品 19S6} 'ueucb:: ci'btained frolE \.泣 riabì(:

1'-' 說

1991 1992 
Spring Aulumn Annual Spring Auium J1 ,\nnual TOlal 

819 1,531 8J9 7ì2 1.53i 是 54，7

勻“ 67 139 7呵』 。 I 139 41 斗

512、 斗斗5 95ì 512 445 957 '“、祉，心X4心、

6.9 已.6

2-ì 3 斗'、-苟u且、

26 8 3吽
戶 6 13 119 

12 的/ 19 • 4 自 51 

。 10 。似l 0,07 0.05 0,04 。 04 0.06 
0-6 。-2 。-6 0-3 。→5 。-5 。一6
24 13 3可向, 10 6 16 89 

0,04 0.G3 0,04 。 02 0,03 0.03 0,04 

counts. He suggest巴d that variability in count data can be 
reduιed by prop已r surv巳y design and strict standardisa
tion of proc巳dures. But h己 sugge且ted that great己r preci 
sion will be achi己 ved by increasin皂白e number of repli 
cate counts each yeaL and/or lengthening the monitoring 
perio位(>12 years). 

1n a recent papcL Kendall et al. (ì 992) examine位 the

abililty of different survey designs to detect changes in 
grizzly bear sign deposition (mainìy tracks and 且cats) m 
Montana, USA, using 1 , 6-km trail segments. Bear scats 
were found much more often than tracks along segments , 

Th巴 power of various sampling schemes which would de
tect a 20% decline in sign occurrence, i 己， the proportion 
of segments with scats 可 were 巴xplored. They conclud巴d
that for their monitoring progr丘m， the gr己atest power is 
achi巴ved: by maximizing the number of trails surveyed, 
已ven ifit means reducing th已ir total distance; by conduct
ing multiple within-year replicate surveys to lower vari 
ance; and by pooling data tì-om multipìe years 
。ur effOlis to monitor Cantabrian beats ar已 complicat

ed by the population being highly dispersed and occur
口ng in low densities (approximately I beari lOO km立，

Clevιnger & PU!Toy 199 The average number 01' 
signísegment whiie running our surveys during the 3-year 
periüd was 6'元、 indicating that sign den日的i in the Canta
brian bear rangβwas remarkably !ow , Th巴 lovv index æ呵

呵mbled bear trad、 count data from the Montana 
despite the fact that we conducted surveys twiιe a year 
;:md 片品及l1pIecl 10 tirnes rnOfè segnìents per year than tÏ1c 
l\1ont泣na program , \'\日/e can conclude tÍ1at our 叫lmpling
sch己me provided Ettle pow己r for monitoring the ì可rown

bearpopul;主tion trcnd , ìnasmuch 2S the 92手950 且已已ments

v,lerc \;\7εlì belü~，.;v the nurnber 
siz):. ff 

出 u(\/e、 ar:"
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we mu,r ob藍印n higher sign d巴nsity estimates 1可! adding 
more withirn-year repiicat已 counts ， or pooling data ov巳r
mullîpl已 ye[學rs.

lncreasin~ S1扭 曲的ity estimates appear to be the best 
allernalivc. [élS pooling clala at our pr已品已nt kvd. of cover
age to ohtai 重1 Succcssive 剖timmes would Jik巴íy require 
many ycars' data before obtaining adequare sample sizes 
to be abk t伊 test for changes in population level. A sur明
vey designe: d to sample the Caniabrian bear range at 
monüüy or bi-monthly inter丸叫s may pro付出 sufficient

data and adequate power to monitor the bears ‘ poplllation 
trend; however, for the moment this is logistical!y impos
sible. Presen tIy‘ there is a narrow window-of-timc for 
sampling in the Cantablian Mountains due to the abun
dance and in tensity of livestock grazing activity during a 
larg己 part of 1:he year. Tracking conditions are optimal for 
running surv'eys dl山河 just fo叮 months out of th巴 year;

the combine泣 months of April-May (spring) , and Octo
b已r-Novemoer (autumn). 
Ahypo自己 tical sampling scheme wOllld ne巴d to consist 

of25 位ainecl observers (e.g. 正iistrict game warde肘， \'01-
unteers) each samplin主 roughly 32 km (20 1.6次m ,eg
ments) 01' slIrvey routes per sampling period. Each survey 
session would reguire approximately 2-days' fieldwork, 
and sample 500 segments ‘ corresponding to our present 
level of coverage. By increasing the number of replicate 
cOllnts per year\variance will be low巴red and sign den
sity increased可 and at the same tim巳 will afford the survey 
design greater statistical power (Harris 1986, Kendall et 
a1. 1992). Using our mean index of 6% sign per seg
m已nt/sampling session for computation, pooìing anllual 
data from four momhly surveys would hypothetically 
raise sign density four-fold and sample annually 2,000 
segments. 

Although f，己w activiti的 111 consεrvatIon 品.re more lm
porrant than monitoring, it is rarely done well (Noss & 
Cooperrider 1994). Monitoring programs for carnivores 
arenot an 巴xception. They 泣re a fundamental part of wild
life agency programs ‘ however, power anaJyses 01' moni
tOling designs are rarely perform己d and as a reslllt, the ef
fectiveness of most samplin在 sch巴mes to detect even 1且rg已
declines is questionable 

ln Europe , most management programs have pla.己ed
mon 

thcreforc 
to chí..1j'(、心DUlafjon rfcn(b,. 

、 (;γ(1

questionn泣ires of bear OCCUlTcnιe produce highly varí
able data for monitoring populations othtT than on a crude 
spatial scale. \九!ebeliev巴 that it is imp巴ratlv巳 that resollrce 
managers responsible for the ll1anagement of speci己S of 
special conιern that use trend information obtained fmm 
sign COllntιknow something abollt the accuracy and pre
cision 01' their trend cstimate (Hanis 1986‘ Taylor & Ger
rodette 1993, Zi己1i11ski & Stau1'fer 1996). 

The concept of statistical power in the field of ecology 
has rcceived much attention in recent years (Quínn & 
Dunham 1983. Green 1989‘ Peterman 1990‘ Fornev et a1. 
1991)‘ however, it is most critical in the field of cons巴f
vation biology because failm 巴 to d巳tect a diminishing po
pulation can have serious consequences (Taylor & Ger 
rodette 1993). Currently our objectives for monitoring 
population trend cannot be met due to the low density of 
sign in the Cantabrian bcar range. By increasing samplinε 
intensity we may be abl巴 to obtain more reliable informa
tion and more precision of thc population trend estimates 
from our sampling scheme. But we are faced with the 
problem that it is inheremly difficult to accurately moni
tor trends in low density carnivore populations because 
powerdecr巴ases as populations bccome smaller (Notting明

ham et a1. 1989, Taylor & Gerrodette 1993, Diefenbach 
et al. 1994). 

Taylor & GelTodette (1 993) concluded that at low den
Sltl郎， a demographic approach can be more pow巳rful
than estimation of populatio泣 trend through surv巴ys. Yet 
the demographic m巴thod， which attempts to estimate po
pulation growth rate (or dcclil1己) from estimates of birth 
and death rates. would r巳quire sllbstantial interv己ntion ，

manipulation, financial resource品， and even then would 
probably fall short of an acceptable numbcr of marked in
dividuals to provide reliable dat<l on the Cantabrian de
mographic paramet巴r5. The diJemma of how to effective
ì Y monitor bear population trcnd in th巴 Cantabrian Moun
tains is real. We beíiev已 tÌ1at a r巴asonable moniwring 
strategy, given our situation, for detccting substantial 
changes in population leveí in the future could comprise 
two concurrent aιti v ìtieιbasedon: l)increasinεthe num
ber of replicat巴 counts in the Cantabrian range to lower 
variance and increase the power of‘ oursa 

lat i.? to n::"vt::rsc f:henl. Vv'C Vh}泣ld
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cry plans (prirllJriJy reducing jJoaching ‘ lnanaging beω 

habitat. r主ul汁 ic education and agriculturaJ dωnage com

pensatÌo{.) wi lI SOOIl he reflect巴d by i l1creased sign ahu l1-

dance in the Cantabrian bear rangc . 
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a:;sis !è.(i u 5 in nl1ìnin~ th巴拉ígn SUr'J0}S , ln particular AICons臼
沾沾11<1"丘nd"-èZ. Migud Angel Campo丸 and Aleja日益ro Ollτubia. Car
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