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Abstract
We examined ihe diffefences ir actility patlems and communit]' structrre of brts between bu (< 150 m) and high (> 575 m)
elelation sites in tlvo habitats of rhe Capilol Stalc Forcst. Washinglon. Total bat activity a\eraged fbur tines higher al low eleva
!ion sires than at high ele\atioD sites. Feeding aclj!jt,v ras almost 20 dmes highef al lox elelation sites. However. lhe non m)olis
group had sinilar acti!iry ]e!c]s at high and lo$ ele\ation. r'hereas m)olis group activit)_ decreased al higher cle!ations. Dillcrcnt
levels of acti!iO ber\cen clc!alions could be lhe resuli of difTerences in insect a!aihbilit). clinatic condiljon!. and morpholog)
ol the bat spccics.

lntroduction

That fewer bats occupy high elevation rcgions
comparcd to lowland regions is a familiar pattern
to many nammalogists. Changcs in elevation are
ecologically similar to changes in latitude. How-
ever. unlike latitudinal pattems in bat diversity
that have received considerable attention (Findle),
and Wi lson  1983,  Wi l l ig  and Sc lcer  1989) .
elevational gradients have seldom been investi-
gated. An exception to this is a study that exan-
ined thc variation in bat community attri butes along
an elevati0nal gradicnt in the central Andes of
Peru (Graham 1983). Graham fbund that of the
l0l species distributcd along this gradient. 82
occurrcd below,100 m and only l0 above 3200
m. He hypothesized that the reduction m lnsec
tivorous bat species in the highlands might be
explained by a reduction in roost site availabil
ity, temperature, or insect iibundance.

In the Pacific Northwcst. Thomas and West
(199l) found no breeding individuals above 300
n in the \\,estem Washington Cascade Range.
Others have repofted decreases in relative abun-
dance of reproductive individuals at high elcva-
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tions in south-central British Columbia (Fenton
et al. 1980) and the Black Hil ls of South Dakota
(Cr ;an  e t  u ] .  200t ) ) .  Morco \c r .  lo rag ing  acr i \ i l )
is greater at low elevation sites than at high el-
evation sites in southern British Columbia (Grindal
and Brigham 1999). The authors suggested that
foraging opportunities l imit bat use of high
elevational forests because the cooler conditions
may decrease activity of their insect prey while
imposing greater thermoregulatory costs.

Apart fron the work by Thomxs and West
r | 99 | r. there is no inli 'nnation arailable eonceming
elevational patterns in bat activity and species
composition in westem Washington. The objec-
tive of this study was to compffe levels of bat
actiyity, weather conditions, and insect abundance
b e t u e e n  l o u  r <  1 5 0  m '  a n J  h i g h  1 2  - s 7 J  m 1 L ' l -
evations in two habitats of a Pacific Northwest
forest ecosystem.

Methods

The study was conducted at Capitol State Forest
(46'57 N, 123"10 W) and Lowcf Chehalis Slatc
Forest (46'83 N. 123'38 W) located in the Black
Hills -2,1 km west of Olympia, Washington. The
fbrests include morc than 3,1.000 ha of multiple
use areas under the stewardship of the Washing-
ton State Depafiment of Natural Resources. The
forests are a mix of Douglas-fit (PseLtdotsugt
rr?r1.:icjii), westem hemlock (Ts uga hete n ph,-lla ),



westem rcd cedar ( r/? uja p I icdta ). rcd, alder (Alnus
rirbra). and bigleaf maple (Ater mat:rophl-llun1.
Three pronounced peaks that reach > 800 m in
elevation dominate the study aret, but the te[ain
generllly lies at< 200 m. Due to prevailing westerly
winds and close proximity to the ocean, the area
is characterized by rapidly changing weather of-
ten resulting in wet corditions.

During summer 1995. activity was rnonitored
at eight sites located $'ithin two elevational zones.
For putpose. oI our.lud). lo$ ele\.rl iun .ite. \\ ere
< 1-50 m and high elevation sites were > 575 m.
The high elevation sites wcre centered on Rock
Candy Mountain (718 m), Larch Mountain (810
m), and Capitol Peak (8l0 lrr). Two ponds and
t$o clearings were selected for monitoring bat
ac t iv i t5  u r th in  <rch  c le r r t iunu l  zonr

Bats were surveyed using remotely deployed
ultrasonic detectors (Anabat II bat detectors and
delay switches) coupled with tape rccorders to
record echolocation calls of bats. Two detecto$
were opented sinultaneously. one at lou, eleva-
tion and one at high elevation within the same
habitat. These were left in place fbr two nights
before being moved to the next pair ofsites. Pond
dctcctor stations u,ere located - I m fron the water's
edge facing the pond ccnter. Detector stations
located in clearings were placed on stumps -1 m
high and also dirccted toward the site center These
habitats were sampled from mid-June through late
September

For  purpo 'es , \ l  lh i \ : ' l ud) .  r  de tec l ion  wa.
eperationally defined as two or more consecu-
tive pulses recorded as a bat flies through the air-
space sanplcd by the microphone. Commuting
activity was identificd as a steady series ofecholo-
cation calls and foraging activity was identified
h)  i rd i . t inc t i \e  l ra in  o f  pu l :e :  u i th  rn  in r ' rea . ing
rcpctition rate (Crilfi n 1958). Activity was indexed
as the mean number of detections per night within
each site. Because bat activity was concentrated
within the first. l hr after sunset, differences in
total night length over the sampling period were
not considered influential on nightly detection
totals.

Recorded detections \\"ere analyzed at two lev
els. First, detections u'ere summed regardless of
species to determine the general distrjbution of
detections among sites. Seoond. detections were
grouped into myotis and non-myotis bats based
on call characteristics using zero-crossing analy

sis and signal processing software (Anabat V).
The m1, ' t i s  g roup \ompr i \ed  Ca l i fomia  mlor is
( M 1- o t i s t: tt I i ft t rn i c us), lon g-eared myotis (M.
eroli.r). litde brown myotis (M. lrcllirgirs), fringed
myotis (M. thtsanodes), long-Ieggedmyotis (M.
t,o/oirs), and Yuma myotis (.M. l,umanensis). The
non-myotis group comprised big brown bats
( E p t e s ic us.[us us),silver-haired bats (lasrbr_r'cteris
noc t iv agdnt) - hoar! bats ( Lasiurus c irte re us), and
Townsend s big eared bats (Co4norhynus
tovnsendii). Members of the myotis group are
typically snall. agile bats thathave high frequency,
shofl duration calls. The larger bats of the non-
nyotis group are characterized as faster. less
maneuverablc species with lo\\" frequency. long
duration calls. Separation between these groups,
althuugh coarse. doe. proridc in.ighr inlo eco
logical dif l 'erences based on morphology and
echolocation call design.

Temperature and wind were monitored at the
two elevations using nrobile weather statlons.
Sensors were mounted I m above the ground and
measurements for each variable were recorded
hourly. Throughout the summer. one high and one
low elevation sitc of the same habitat (i.e.. pond
or clearing) was monitorcd simultaneously fbr -l
wk then rotated to the rext pak of sites. Nighdy
tempenture ('C) and wind speed (km/hr) werc then
averaged over all visits within each elerational zone.

We uscd a sticky trap method and a headlight
ffansect method to provide relative measures of
insect abundance at low and high elevations. The
sticky trap method consisted of a plastic f i lm
wrapped around two tin coffee cans attached end
to end. Each set of cans $,as fastened to a metal
ro,.l 2 m abor e ground ler cl or pla. eLl on an inner
tube and tloated ovef water. A thin coat of adhe
sive was applied to the outer surl'ace ofthe cylin-
der. lnsects landing on the cylinder adhercd k)
the sheet.

A high and low elevation site was sampled
concurrently with four sticky traps each. Insects
were collected from taps over two consecutlve
days on eight occasions in each habitat/clevation
combination. lnsects were classified into large (>
5 mm in length) and small (( 5 mm in length)
size calegories. Ideally, tmps would have been
cleared simultaneously atier every nightly sam-
pling period. Logistical constraints, however, re-
quired us to clear traps opponunistically when
we visited sites.
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Headlight transects wcrc also conducted aloDg
two parallel roads located at high and low eleva-
tions to sanple moth density. The 3.2 km transects
vere driven - l5-20 min afier dusk during which
time all moths spotted within the headlights were
counted. Both low and high clevation counts werc
pedormed weekly.

Because bat activity and insect abundance
closely resembled aPoisson distribution, an analy-
sis ofdeviance (ANODEV) with alogJinear model
and Poisson enor (GLIM 4.0) (Francis et al. 1993)
was used to examine the eff'ect of elevation and
habitat on avenge bat activity and insect abun-
dance (McCullagh and Nelder 1989). The mod-
el. ! ' , ere overLli\ ler\ed \o lhal lhc | -:\ lalrslrc \\rs
used to determine significance (Crawley 1993).
T-tes$ were uscd to compare differences in nighdy
tenperature and $ind speed at the two elevations
and a paired t test was used to evaluate dift-er-
ences in moth abundance (SYSTAf 7.0, Wilkinson
19961. Significance was set at P = 0.05. We also
report mean I SE.

Results

We recorded 3206 detections over 122 detector
nights. Of the total detections, 2559 were classi-
l ied in the myotis group,642 wcre classified in
the non-myotis group, and 5 were unidentifiable.
Myotis group activity was signiticantly associ-
ated with habitat and elevation (Table 1), with
the highest activity rates fbund at low elevation
pond.  tF rgure  l ) .  No s ign i f i c rn t  pa t tems in  non-
myotis group activity werc dctected (Table 1. Fig
ure l).

Nightly activity patterns diflered betu,een el-
evations (Figure 2). At low clcvations, a distinct

TABLE 1. Analysis ofdeviance for metln nunber ofbatde
tections per night wirh elevarion and habilat lype.

Etevation

Figure 1. Mean delecdons per nighl of mlotis and non
nyolis bats. Solidbars rcprcscn!ponds and hatchcd
bars repfesent cleafings- Error bars show standard

'-

=

dl Dcviancc

peak in activity occurred between 2000 and 2300
hr .  Howerer .  a t  h igh  e le ra t iuns  lhe  a( t i \ i l )  \ \u .
much more protracted throughout the night with
no obvious peaks in detection rates.

Of the 3206 detections, 195 were identified as
t'eeding activity. Low ponds had the highest number
of feeding attempts per night (t = 6.1 t 7.82).
All other sites had less than one t'eeding attempt
recorded per night.

Of the 4676 insects capturcdusing sticky traps,
4125 were small and 55 | were large. Overall, insect
abundance was greatest at low eleyation sites (Fig
urc 3). Small insects were most common in low
elevation clearings and no significant difterence
was detectedbetween high and low elevation ponds
(Table 2, Figure 3). We detected no trends in the
abundance oflarge insects caught in sticky traps.
Significantly more moths were encountered at low
elevation siles (t = 11.30) than high elevations
s i tes  ( t  =  6 .63 ;  P  <  0 .001)  dur ing  head l igh t
ffansects.

On average, nights at high elevation were 2.3'C
cooler (x = I 1.70"C) than at low elevations (t =

l\'lyolis group

Elevation
Habital
Elevation)(Habitat
Residual

Non \4,votis group

Elevation
Habiral
ElevatioD<Habi!a!
Residual

1,{.I  |  0.020
2.1.8:1 0.008
0 .12  0 .751

0 .14  0 .732
2 .11  0 . l 9 l
0.28 0.625

1108 .0
1 9 5 1 . 0
9 . l l l
31 ' 1 .21

12.56
230.0
25.9,1
)12.01
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TABLE L Analysis ofdeviance lbr lnean number ofinsects
captured per trappirg irter!al with elev:rtion and
habiut type.

df Dellance

Sinal l  (<5mnr)

Ele\,'ation
Hrbitrt
ElevationrHabitat
Re!idudl

Large (>5'n'n)

Elevation
llabita!
ElevationxHabitat
Residual

875.9
5 t '7 .1
1'19.2

,11.75 8

28.80
6.928
,11.,15
89.503

71.16 0.001
.13.16 0.001
12.50 0.024

r .29
0.3 |
1.9.1

0.320
0.608
0.216

:g
=

6
6

=

30 m nute lime periods

Figure L Mean detections per tnne interval of myotis ( . )
and non mlolis bats (r) al lo|r clcvalion and high
ele\ation. lnteflals afe 30 mh tinre periods begh-
nirg ar 1900 hr and cnding al0700 hr.

Low High

Figufe 3. Total Dunber oi insecls capturcd by habilat and
clcvalion. llatchcd bars rcprcscn! large insects (>5

mm) and black bafs repfesent small msects (< 5

1'4.00'C, P < 0.00l). Similarly, windspeed was
2.9 km./hr greater in the highlands (t = 5.71 km/
hr) than in the lowlands (x = 2.86 km^u: P < 0.001).

Discussion

We found distinct differences in bat activity be
tween elevations and habitats for the myotis group,
but not for the non myotis group. Activity levels
of the nryotis group wl]rc significantly greater at
Iow elevation sites: however. no elevational pat-
tems in non-myotis activity were detected (Fig-
urc  I  r .  Thc .c  c lc ra t iona l  d i l ' f c rcncc .  in  ac t i r  i t y
could be the result of climatic conditions, insect
availability or morphological di11'erences between
myotis and non-myotis bats.

Cooler and windier nights. such as in the high-
lands, tend to suppress fl ight activity ofbats (An-
thony et al. 1981, O'Fanell 1967, Stebbings l968)
by imposing thermorcgulatory stress and by re-
ducing the activity of their insect prcy. Barclay
(1991) and Cryan ct al. (2000) suggest that f 'e-
malcs movc from cool hibcmation sites in the
mountains to wann maternity colonies at lower
elevations where ambient temperature and pre
sunably insect abundance is higher. Thc abscncc
of reproductive individuals could, theretbre. re-
sult in lower total bat activity at high elevation sites.

Dit'ferences in morphology may also inlluence
the elevational distribution of bats. Becausc thc
cost of l l ight increases with dccrcasing size, de
Jong (1994) hypothesized that smaller bats with
slower flight would be resfficted from using high
elevation habitats where inscct abundance ll,as lo*
and long-distance foraging t'lights were required
to tlnd enough tbod. Such long distance ll ights
would be too energeticaliy expensive fbr small
species but not fbr larger species. This greater
mobility may allow larger bodied non myotis bats
lo usc a rangc ofclcvations for foraging depending
on nightly weather conditions or other factors.

,ptN .yOl 1iN "pt! 1O! 1O0 q\$ sxO OO qa$ !6N !6$!
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Differences in prey detection capabilities also
could influence the rctivit) '  pattcms of bats at
different elevations. It has becn suggestedthat large
bats are restricted to rclatively large prey because
their lewerfrequcncy calls make it difficult to detect
small insects (Barclay and Brigham l99l). The
l rck  o l  e le \ i r l i , ' n i r l  t ren ,J r  in  non-myot i '  g roup
activity (Figure l) and large insccl abundance
(Figure 3) is consistent with the hypothcsis that
larger bat species cover a range of elevations in
search oflarger insects. However, our study can
not link bat distribution to fccding prettrences.

Thc relationship between bat activity and el-
evation is complcx due to its multi lactodal na-
ture, nonetheless, in this study elevatlon was as-
sociated with bat activity and distribution. Futher
investigirt ions of species-specific responses to
elevation arc nccded especially in light ofthe pre-
dominance ofhigh elevation reserves in theNonh-

Literature Cited

Anlhon!.  E.  L.  P.  N{.  H.  St . rck.  and T.  H.  Kunr.  1981. Night
roosling and thc nocturnal iime budget of the lillle
bro$n bat. Mrdii /r( dir3rs: efTects of tepftxluctile
status. prey densitf, and en\ircnmcntal condiiions.
Oecologia 5 l  r  l5 l  -  156.

Bllrch]. R. Nt. R. 1991. Population structure ol temperarc
zone insect i lorous bars in rc la l ion to lbraging
bcha\ iour and energ) demand. Journal  of  Animal
Ecology 60:165 178.

Barcla,v. R. M.lt.. and R. NL Brigham. 1991. PrcI dclection.
dictar) nichc hreadlh. andbod) size in bats: $h! arc
aelial inseclivorous bals so smalll American Natu
ral is t  137:693 703.

Cra\\'le,v. M. J. 1993. Glim tbr Ecologisrs. Black\|cll Scjen-
tiiic Publicalions, Boston. N{a\sachusetts.

Crym. P M., l\,1. A. Bogar, and J. S. Altcnbach. 2000. Effect
ofclcvation on distribution offemale bats in lhc Black
Hi l ls ,  South D. lkou.  Joumal of  Mammalog] , .  8 l :719-
1)5.

de Jong. J. | 99,1. Ili srj bution paftem \ and habital usc by bats
ir rclarion to landscape heterogeneil), and conse
qu ences 1br conscr! alion. Ph. D. Dis seftation. Lrniver'
sity of Agricultural Sciences. Llppsala. S$eden.

Fenton.  NI .  8. .  C.  C.  Van Z,v l l  de Jong. G. P Bel l ,  D.  B.
Canrpbell, and Nt. Laplrnte. 1980. Distribution, par-

turition datcs and ileding ofbats in \outh-central Brit
ish Columbia. Canadian Ficld Naturalist 9,1:.11 6-,120.

Findle) .  J .  S. ,  and D. E.  Wi lson.  1983. Arc bas rare ln t ropi-
calAfr ical  ts ioTropica 15:299 303.

forust Ecoslstcm Management Assessnent Tealn. 1993. Forcs!
ecosyslcm nanagement: an ecological. economic. al1d

Received 7 August 2001

Accepted Jor pubLie ation I9 October 2002

I 30 Erickson and Adams

west Forest Plan (Forest Ecosystem Management
Asscssment Team 1993). Given this and other
studies showing adecrease in bat activity (Grindall
and Brigham 1999) or relative abundance (Fenton
et al. 1980. Thomas and West 1991. Cryan et al.
2000) with elevation, the eft'ectivcncss of these
re :er \  e .  l l r r  \ , \ rne  h : r l s .  e .pe( i r l l y  m)  o l i . .pec ie \ .
requires fufi her vedlication.
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