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Abstract
Simulated howling pfovided inlbrmation on lhc location of coyotes lcdnis ldr'dns) and gra! $ohcs (C.rntr /r4'&t in norrh-
centml Washington. Coyotes fesponded to sinulated howling at a rate of 9.9% rnd \\'ohes at .r rate of 0.17., liom April lhrough
October. The krw rcsponse rale for $olves can n(xt likel) bc attribuled to lo\! densit,v in our stLrdy area. Response rates c'fcololcs
r\efe highest in Seprcmbcr and October. and during darvn and dusk. Both rolfresponses occurred during earl) Augusl and rt
dusk. The sex of $e person sjmularing the holvl did not f}-ect the rcsponsc rate. There was noi a significant difterence ir lhe
re\ponse rates ol coyotcs bclween backcountry and road surlels. Moniloring the RR/S ofthese species may be uselul ir estim.ll
ing the response ol coyotes !o a recolonizing wolfpopulilion. This mcthod would be a useful conponent ir prograns monitorilrg
the DoDulations ofwolr'es and covotes.

lntroduction

Simulated howling suNcys have been used to locate
wolves and coyotes! to estimate changes in the
numbers of packs and pack size (Joslin 1967,
Pimkrtt and Joslin 1968, Theberge and Strickland
1978), and to provide indices ofcanid abundance
(Carbyn 1982,  Fu l le r  and Sampson 1986) .
Harrington and Mech (19132) presentcd a meth
odology for a saturation census and a sanphng
census using simulated howling surveys. Fuller
and Sampson ( 1986) applied the sampling cen-
sus ever a relatively small area where inttrrma-
tion on wolfnumbers and/or locations were avail-
able fiom radio telemetry studies. Tucker et al.
(1990) discussed the application ofhowling sur-
veys as one of several survey methods that can
be used to locate canids. Very few studies have
applied this methodology to determine coyote
locations and response rates (Carbyn 1982, Laundre
1981. Pesendorler et al. 1986). and it has never
been applied to such a large study area.

The purpose of our study was to use slmu-
lated howling to indicate the prcsence and gen-
eral location of gray wolves and coyotes within
our study area. generally following the sampling
census method (Harrington and Mcch 1982). The
limitations ofhowling suneys have been discussed
in several publications (Fullerand Sampson l986.
Harington and Mech 1982, Tucker et al. 1990)
ald we considered these in the design of our project.

The howling surveys discusscd in this paper were
used in conjunction with thc other methods dis
cussed by Tucker et al. ( 1990).

The specific objectives of this study wcrc to
locate wolves and coyotes, evaluatc the elfects
ofthe time ofday, time of the year, the sex of the
person conducting the simulated howls. and
backcountrl \\ road .ur\e): ' ( 'n Ihcir rc\ponse
rates. We also provide recommendations on the
application of this method to a large study arca.

Study Area

The study area included all ofthe Okanogan Na-
tional Forest west of the Okanogan and Colum
bia rivers and that pofiion of the Wenatchee Na-
lional Forest nofih of Interstate 90 (Figure 1). all
within north-central Washington state. The study
area is bounded on the north by the US/Canadian
border, on the west by the crest ofthe North Cas-
cades nountains, on the south by the Interstatc
90 highway corridor, and on the cast by the Co-
lumbja and Okanogan rivers. The study area is
about 890,340 hectares in size.

The study area is comprised of 227c desig-
nated u'ilderness eas that are accessed solely
by trails. The remaining pertion ofthe study arca
is multiple use national forest lands. An exten-
sive network of roads provide access into this
pofiion of the study iiLrea.
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The elevations range fton] about 2300 meters
along the Cascade crest to 500 metcrs along the
eastern boundary of the study area. Precipitatien
levels vary liom 300 cm/year in somc arcas along
the Cascade crest to 25 cm./year in the dry east
side of the study area.

Methods

We used the methodology presented by Harington
and Mech ( 1982) to locate gray wolves and coy-
otes within our study arca. ln general, this method
involved locating howling stations approxinrately
L6 km apaft. We spatially stratified our study arca
by historical wolfpresence (within past five years
as determined by the Washington Depannlcnt of
F ish  and \ \  i l L l l i l e  L . r rge  Cr rnrv r re  In re ' t ig r t ion .
term). ungulate winter/sping range, or recent
reliable sightings that were cvaluated by an in
teragcncy leam.

Stations and |outes weredesigned to limit watcr
noise ti-om creeks and rivers and account for var
ied topography. Each station was designed to cover
approxinately 2.6 kmr. following Fuller and
Sampson ( 1986). At each station one person con
ductcd a howling trial that consisted ef three to
five houls alternating "t1at" and "breaking" howls
over a period of 20 to 35 seconds. This was re-
peated two times with a two minute inten'al in
between each howling trial to complete one howl-
ing scssion. Harington and Mech ( 1982) recom-
mended three trials, the tirt bcing of lower vol
ume, but showcd higher response rates fbr-the
last two trials. We used two trials to reduce the
timc at cach station and covered more ofour study
area. We always used live human imitations of
houls. as resealch has shown this to work as well
or bcttcr than playbacks of recorded wolf howl-
ing (Theberge and Falls 1967).

Howling sessions $'ere not conducled when
there was precipitation or wild > l0 km,ftour. The
information recorded during cach howling trial
includcd time, sex of howler, response on tirst or
sccond vocalization. suspected species ol canid,
and u,eather conditions. Surveys were conducted
April through October from l99l to 1993. Sur-
vey efforts wele most jntensive cluring thc months
ofJuly, August, and September. as recommended
by Halrington and Mech ( 191]2).

When survey routcs occurred along roads we
tbllowecl thc rccomrnendations of Hanington and
Mech (1982) and Tucker et al. (1990) by con-

ducting sun'eys on thrce consecutive nights. How-
ever, when survey routes occurred in the
backcountry wedid nol follow the d]ree consecuti\e
night routine. Instead we adopted a method de-
velopcd in consultation with P Paquet andR. Ream
that maximized the area covered by onJy survcl-
ing for onc nighl. Backcountry routes followed
trails or ridges and stations were spatially located
at distances similar to road surveys.

Field crews carried tape recordcrs cquippcd
with parabolic microphoncs (Bionic Booster, Silver
Creek lndustries. Manitowol. Wl. 5,1220.) to recold
any rcsponses. All responses were recorded on
tapc lor later verification of canid species by an
interagency team ofbiologisLs. Species were dif
terentirted by the aural characLeristics of their
howls. Fundamentally, wolf howls dilfer l 'ron
coyote howls in pilch, inlensit) ', and duration
(Theberge and Falls 1967).

We evtrluatcd the responses of canids using
the parameter of Responsc Rate per Session (RIV
S) and Response Rate perTrial (RR/T) (Harrington
and Mech 1978a). The RR/S was thc pcrcenl of
howJing sessions during \\ 'hich rcplics wcrc rc-
ceived and the RR./T was the percent of the howling
trials that were answered during a howling ses
sion (Harrington and Mech 1978a). The RR/S was
calculated at two hour tine interYals liom l800
to 0800 in ordcr to estimate diurnal fluctuatiol'rs.
By using these ptrranlctcrs the response rate was
standardized allowing monthly comparisons of
RR/S even though sun'ey effolts varied depend
ing upon weather conditions and available per-
sonnel.

Results and Discussion

Presence and Genera Locat lon

The presence of coyotes determined t'rom the
horvling surveys was conflrmecl at 213 locations
and occurred throughout the study area. Coyotes
were located in a vadety of habjtats, including
areas that received relatively high levels of hu-
mcn u\e. ltr/ol\ c\ $ et< loclted in t$ r.J l lreJ. u.in!
. imu la tcd  hou l ing .  B , ' lh  r r l  the .e  l r ' . . t t i , ' n . , ' r ' -
curred in designated wildcrncss arcas where hu-
man activit ies wcrc rclativcll low. A more de
tailed discussion ol habitat usc and thc cffects of
human activities is beyond the scope ofthis projcct.
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Overa I  Response Rate

A total of 2137 howling scssions were conducted
resulting in 215 rcsponses by canids and an ovcr-
all RR/S of 107o. Of the total number of canid
responses, two \\"ere deternrined to be wolf and
213 $ere coyotcs. The RR/S ofwolves was very
low (0.1%) and is l ikely due to low numbers of
wolves in the study area. The RR/S of coyotcs
was 9.9%.

Of the coyotc responses,27c/t were made by
jonc  an iml l . .7 . l , ,  h )  nJcL .  U l ' t \ \ , '  r ' r  morc  ln i -
mals. Further dil'ferentiation of group numbers is
extremely diftrcult (Harrington and Mech 1982).
One of tbe wolf responses was made by a lone
animal and thc other by a pack of more than two
ilnimals.

Canid responses were irnalyzed to determinc
the proportion that occLrred on the first or sec-
ond trial. The response on the first howling tdal
was 657r. and 35% on the second trial. Both wolf
responses occuned during the i irst howling trial.
one response was fiom a wolf pack ancl onc by a
Jone animal. Harrington and Mech (1982) repoted
a response rate of687c by wolves on the first trial.
Our results indicatcd that the response rate of
coyotes is similar.
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Time of Day

The RR./S tbr tu,o hour time intervals fiom 1800
to 0800 PST are shown in Figure 2. During two
time periods. 11300 and 2000 PST and bctwecn
0,100 and 0600 PST. the RR-/S for coyotes was
16% and I l%, respectively, above thc ovcrall RR/
S. The lowcst RR/S occuned between 0201 and
0400 PST (6%) and between 0601 ard 0800 PST
(07r). The wolfresponses occurred during the 2201
to 2400 PST pedod. These results are similar to
those reported in other studies where peaks in
howling liequency by gray wolves occured dur-
ing the evening and morning hours (Harrington
and Mech 1978b).

T me of Year

We limited our survey season to April through
October. This coresponds to one of the high re-
sponse ratc pcriods repofied by Harrington and
Mech ( I 982). The RR/S of coyotes increased spring
through tnll (Figure 3). RR/S of coyues was highest
during the months of September (1 1%) and Oc-
tober ( 127o), and lowest in the spring. Harrington
and Mech (1978b) reported a seasonal increase
in howling frequency for two wolf packs they
monitored. Harrington and Mech (191i2) showed
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that wolf packs were more r-esponsive to simu-
lated howling during the summer and fall. Joslin
(1967) reported a seasonal increase in responses
by wolves to simulated howling and attributed
the higher response rates to incrcascd pup rcspon-
siveness. Our results and observations indicated
that the seasonal increase in RR/S by coyotes may
also be related to increased activity by pups. The
t$'o responses fiom gray wolves occurred during
early August.

Sex  o f  Howler

There u'as not a signiticant dit l 'erence between
fie RR-/S by coyotes relative to the sex of the
howler. When fenrales conducted the horvling
session, the RtuS was 9.8{ (p < 0.05). and RR/S
was I 1 .07a (p < 0.05) when conducted by males.
One wolf response was elicitecl by a malc howlcr
and one by a female.

Backcountry vs Road Surveys

Most of the surveys \vere colducted from roads
(85%) vs trails (15%) duc to thc casc of acccss.
However. there was not a significart difterence
in the RR/S by coyotes between howling su eys
conducted frorn roads (RR/S = 8.,1%, p < 0.05)

July Aug. Sept.

MONTH

or fiom trails (RR/S = 10.3%. p < 0.05). Both of
the responses by wolves occuned while corducting
backcourltry suryeys.

Conclusions

Fuller and Sampson (1986) and Crete and Messier
(1987) felt thal howling surveys conducted over
large areas were infeasible due b logistical and
statistical restraints. We feel that, given funding
and available personnel, application ofthis method
over large areas can produce results that may be
of usc to rcsource managers and researchcrs. Our
suggestiol'rs for conducting a sun'ey of coyotes
and wolves closely tirJlow those of Harrington
and Mech (l982). They made the following rec
ommendations: ( 1) the best t imes of the day are
dawn and dusk; (2) July, August. and September
are the best months: and (3) tdals should be re
peated three times at tu'o minute intervii ls
(Harrington and Mech 1982).

Based upon the results ol our study. howling
surveys tbr coyotes and wolves can be effectively
conducted from June tluough October The high
est response rates occurred in September and
October. However, locations made during June
and July provided information about den and
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rendezvous sites. Suneys are best conducted during
the dau n and dusk hours. Because a high pro
portion ofthe canid responscs did not occur unti l
the second howling tdal. we suggest at least two
trials/session. We also discoveled that the sex of
the person sinrulatiDg the howls did not affect the
RR/S ol coyotes.

The RR/S of coyotes was not significantly
di11'ercnt between road and backcountry howling
survey strategies. This may be a function of the
coyotcs' toleralce of human activities but also
suggests that our one time survey strategy was
an adcquate method te elici l coyote responses.
Our infonnation was inconclusive rclative to RR/
S by wolves from roads vs backcountry routes.
However. other studies have documented the nega-
tivl] et'fects that roads can have on wolves (Fullsr
1990, Mech et al. l98E). Both of the responses
by wolves in this study occuned while conduct
ing backcountry sun'eys.

The usc ofsimulated howling to elicit responses
ofcoyotes and woh'es in our large study area was
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successful in verifying the presence ofmany coy
otes and gray wolves at two locations. The appli-
cation of thc methodology to such a large study
area wrs very labor intensive. However, we feel
that the RR-/S reported herc accurately reflects
thc relative abundance ofthc two specles and can
be uscd as an index to monitor trends. Monitor-
ing the RR-/S of these species may be useful in
estimating thc response of coyotes to a recolo-
nizing \\"olfpopulation, and as one technique that
can be used to rnonitor the populations of gray
wolves and coyotes.
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