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A&strBcf.-4evera~ species of toads (family Itafoddae), including the Western Toad (blufo boreas) have declined in the 
WesEern Unihd States. Information on toad welogy and habib1 use is essential to determine potential causes for ppu la t i~n  
deeberr, as I tlw ptenthl  relationship between this information and di-rbance events. Aspects of western toad survivai, 
martrrw, mmements, habitat selection, and diet were investigated at  five study areas in northeastern Oregon durhg 
St lmamms of 2002-2005. Of 100 radbtagged toads monitored for one summer during these years, 32% survived until 
September, ZPg/, were Wed by p r e d a m  10% died of other causes, and 29% were missing or had lost transmitters. At 
faur shady areas sampled in 2005,24% of 37 m a b  and 44% of 32 females sampled during the breeding season, and three 
d a d  male h d s  found after the breedtag season tested positive for Bcdraclrochflt.ium dendrabafidh. Females traveled 
sw-ntly farther than males, and the marimurn distances traveled by female and mate hads were 6230 m and 3870 m, 
rtspectiyely. Toads with transmittms sekted habitats: (1) wi& Male m no canopy; (2) on south-facing slopes; (3) near 
w a h r ~  and (4) wtti high densities oT poleam$ refugh tag, burrows, rocks, logs). Males were more closely associated with 
wakr  mi1 femies. Twenty-six toads overwintered ia rodent burrows (M%), under large rocks (27%), under logs or root 
wads (89%), and under banks adjacent to streams or a lake (15%). Diet consisted of 8Z0h ants (Formicidae), 13% beetles 
(Cdqtera) ,  and 4% in 8 additional ardm of insects with no differences detected between male and female toads. 
Distarbanoe events, such as wildfire, can inflaetrce refngia and prey of toads, and climatic conditions m y  influence r toad's 
suseepfibitity to & &ra&&atidis. 
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The deciiae of many amphibians is causing concern worldwide 
and ~~s for the kihes are often unknown (Carey 1993). 
PopsSatims of the Western Toad (Bufo boreas) have declined in 
m a y  parts of their range including in the central Rocky 
Moua~ins  (Carey 1993; Corn et al. 1997; Livo tinQ Y d e y  
IWJ), Caiifomia G m t  Central Valley (Fisher and Shaffer 1996), 
north- Utah (Cm et al. 1997; Thompson et d. 2003), and the 
n d m  Great EIagia (Wen& et d. 2005). h e  tn their declining 
numbers, poplliations of the Western Toad have been listed as: 
( t ) e n h g d  by New Mexico and Col&, (2) Native S p i e s  
Stabs 1 by the Wyming Game and Fish DeVetpc (3) a 
"Sarisitive Sgeoies" by the U.S. Forest Service; and (4) a 
caadidak s p i e s  for federal listing under the Endangered S p i e s  
Act (LotAer 200 1; Jones et d. 2005). 

Sonso toad declines have been associated with fungal and 
backrial infeetks. h Colorado, declines ia Westem T d s  were 
taWiinrted to lS.atrmhockyfrium den&b&idis (B.d.)@sz& et d . 
1999; Oreen md Muthg 2005; Scherer et d. 2005) and the 
bubria Aemmonas hydmphila (Carey 1993). Other speioies of 
t d s  in the West have shown declines as welt, with 
chMdiomyoosis linked with die-oHs of the Yoscmite toad (B. 
catsorus), Wyaninp, T d s  (B. kemiophtys bmteri), and B. 
di$ornfcu~ (Kag&se Shennan and Morton 1993; Cruey et d. 
1999; lhszadc et d. 1999; Green ttnd Kaghse Sherman 200 1; 
Carey et al. 2003; Muths et d. 2003). The hngus (Saproiegnfa 
fm) may h a t  been responsible for egg m d i t y  in a 
PO~UMOQI of Wtstem Toads in O q p  (Blatusteb et 4.1994). 

Disturbance events, such as fire and in& o u t b d ,  may 
&eot Western Toads by impacting water quality and solar 

radiation, abundsitlce of prey and predators, habitat quality in 
movement cmmdors, and terrestrial summer and winter rehgia. 
Deliberate habitat alterations, such as he1 reductions, may cause 
M s  to be more vulnerable to predation, starvation, disease, or 
desiccation during movements to these habitats. Littie information 
is available oal how disturbance events influence Western Toads in 
the nohwest, although some information is available for other 
areas. For example, more B. amdcantis were trapped in burned 
than in unburned deciduous forcst~ in Appaiachim Mountains of 
eastem North American (Kirkland et at. 1996). B o d  Toads bred 
in shallow ponds in burned stands of lodgepole Pine ( h u s  
conforla) ia Glacier National Park and not in adjacent unburned 
areas (fillid et al. 2006). 

Due to the population declines of Western Toads elsewhere, one 
objective of this study was to establish baseline data on 
demographics of populations in northeastern Oregon. Although 
this research is expiorat~ry in nature, I am testing the hypotheses 
that h d e  and male Western Toads do not differ in suntival, 
mortality, movements, habitat use, and diet during the post- 
b d i n g  perid. 

Study area-Toads (n = 472 females and 1297 mdss) were 
monitored from 2002 to 2005 at five mas ON the Waliowa- 
Whitman National Forest in Baker, Wdlowa, md Grant Carnties 
in nolQheastern Oregon. Toads were monitored and rcrdi~taggd 
at M i n g  sites in May or June at Fish e h e  (Fish; 1992 m 
dantioa), Twin Lak~ (Twin; 1944 m), Lilypd (Lily*; 
2130 m), Cmwfish Lake (Crawfish; 2098 m), aad Bdm Reservoir 
(Balm; 1358 m). The two reservoirs (Bdm and Fish) aza each 
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about 35 ha in size and are used for crop imgation 13- 18 km 
downstream in the summer. Approximately 80% of the water 
was removed from each reservoir in August and September each 
year during our study. Lilypad, Crawfish, 4 Twin are lakes that 
range from 2.5 ha to 7.3 ha in size and whose water levels 
fluctuated by < 0.5 m during this study. All five bodies of water 
contained Rainbow (Oncorhynchus m y h s )  or Brook Trout 
(SaZveZinus fronfinaEis). Breeding sites were typically ia shallow 
water on south-king shores ctt four of the study areas, but were 
on the south-, east-, and north-facing shores at Balm. One 
breeding site was used at Crawfish, two at Twin, thee at Lilypad, 
four at Fish, and six at Balm. Breeding sites witla egg strings 
separated by >I00 m were considered to be separate sites. 

All study areas were in mountainous, forested terrain with 
undulating uplands and moderately or steeply walled drainages. 
Forests consisted primarily of Lodgepole Pine and Subalpine Fir 
(Abies Zasfocatpa) at all study areas ex* Balm Reservoir, 
where Pmderosa Pine (Pinus pondemsa), Douglas-fir 
(Pseuciofmga menziesizl Western k h  (Lark occideniulis) and 
Gmd Fir (A. grandis) were present. Stand replmment fires (i.e., 
crown fire &at kiUs the overstory trees) burned portions of the 
forests surroundizlg Fish, Twin and Crawfish between August 
1994 and 1996. The burned stands were not logged and had high 
densities of standing dead trees and downed wood. Streams, 
springs, and seeps were common in dl the study areas except 
Balm. 

Daytime ambient temperatures in summeit typically e ~ d e d  
24"C, and winter low temperatures were typically freezing with 
an extreme of -15'C in the study anxs. Annual precipitation 
averaged 78 cm with about 60% failing as snow, depending on 
the elevation. At Fish and Twin, snow was on the ground from 
October until Jme each year with maximum depths of 3-6 rn. At 
the other study areas, snow was on the ground from November 
until May with maximum depths of 1-3 m. 

Study areas were selected based on the presence of at leasi 20 
Western Toads at breeding sites and awssibility by vehicles 
during breeding activity. There were few water bodies to select 
from because high densities of Western T d s  are uncommon in 
high elevation lakes in northeastern Oregon (Bull and Marx 
2002). High densities of Western Toads have not been reported 
elsewhere in the Blue and Wallowa Mountains. 

Popnlation derrrography and telemdv-To assess populaiion 
dynamics, toads were captured with dip nets at breeding sites 
between eady May and mid-June. I inserted a passive integrated 
transponder (PIT) tag for individual i.danltifi4011 (Zoeffler 
2001), determined sex, snout-vent length (5%) €measured to ihe 
nearest mm], and mass (to n m s t  g) for each toad. A toe was 
removed from a f m t  limb of the smallest and largest male and 
female toad during breeding at each study area in 2005 to 
determine age using skeletochrmo~o~. Swab samples were 
taken from a limited number of toads in 2005 to test for the 
presence of B-d. Toad populations were monitod at Cra41sh, 
Lilypad, and Mrn each spring from 2003 to 2005 and at Fish in 
2002, 2004, and 2005. Toads were monitored at Twin in 2002, 
but the breeding site was inacoessible during the other years. 

One hundred h d s  were also die-med (modeis BD-2G md 
BD2, Holohil Systems Ltd., Carp, Ontario, C d )  at the five 
siudy areas. Radio-tagged toads were tnonitwed in Fish and 
Twin in 2002, Crawfish and Lilypad in 2003, and Bdm in 2003- 
04. Transmitters weighed 1.8 g, performed for 5 months, and had 
a mge of 90-500 m depending on fie disposition of the toad 
(above or Mow ground). Traasmiitem were attached to males 
and females without eggs with a 3-mm wide satin ribbon &tied 

around the waist or with a tiin satin ribbon (2 mm) around the 
upper arm for d s  with narrow hips or gravid females (in 2002 
only) (Bull 2000). Ribbons were both glued and stitched to the 
transmitter with carpet thread through the tunnel that was 
embedded in the a q r i c  at the anterior end of the transmitters. 

An alternative t~~ attachment technique using absorbable 
suture material was developed for: (1) gravid females; (2) toads 
that deveEoped abrasions from the satin ribbon around the waist or 
arm; and (3) all t d s  still carrying transmitters in September each 
year. This a-hment did not restrict oviposition, allowed 
abrasions to heal, md, tmporhmtly, allowed the transmitter to fall 
off when the sutures cfissolved. This was critical for toads with 
radios on into the winter because waistbands can cause serious 
injury (cuts > 0.5 rm deep, pers. obs.) if not removed. These 
transmitters we;re atbekxl by stitching the transmitter to the dorsal 
surface of the toad, adjacent to and on either side of the spinal 
column between the s b f d e r  blades and urostyle, with absorbable 
suture materid (i.e., polydioxanone monofilament synthetic 
absohble suture; d- 3/0 and 2/0). The suture material was 
sewn though the skin only of the toad either with a sewing needle 
or by putting a20 w g e  hollow needle (2.5 cm long) through the 
skin of the toad and paslsing the suture material through the needle. 
A horizontal sdkk 8-I@ mm in length was used and the suture 
material was h&ed with three square knots to provi& a good 
anchor fm dK; tzrPnsmitter. One person could attach the transmitter 
w i b t  sedating the t d  in less than 10 minutes. It is unknown if 
ihis transmitter atk-chrnent technique a f f s t d  the behavior and 
movements ofthe toads. 

Mo-tagged t d s  w e  bated with a portable receiver 
(Telonics TR4, Mesa, Arkma, USA) and H-type directional 
antenna each weiek fim eaphre until the transmitter failed or 
came off, the toad was pqd upon or died, the signal clould not be 
detected, or until fate November when snow and cold conditions 
inhibited toad movement. Toads were iocated between 0900 and 
1700, and the E d o a  wss cmfirmed visually 49% of the time. 
During this study, t u d s  were typically in refugia during the day, 
so the time of day h t  each toad was located was not randomized. 

In order to estimate longevity and age at sew1 maturity, age 
estimates were &ermined using skeletochronology (Matson's 
Laboratory UC, MiIhm, Montana USA); the lines of arrested 
p w i h  in trtgtme secGons taken &om the mid-diaphysis 
phalanges of arbitrarily sel&ed toads were counted (Guarino et ai. 
1995). The reiatioaship between estimated age, SVL, and mass 
for femdes and males was determined using Pearson's correlation 
mffrcient. 

Sunhd, mortdQ, ond c ~ ~ ~ y c o s ~ - T h e  fate of toads 
was classified as alive, preyed upon, dead with no evidence of 
predation, missing, tnmsmiffer off, or other. When only the 
transmitter and bad were f m d  OR the ground, it was unknown if 
&e toad had been killed by a predator or if the transmitter had 
come off. If the tamel was brokeu om ihe transmitter or there were 
tooth marks, it was at&ibukd to predation because it is unlikely the 
ioad mid he strong amgh to break the tunnel in the acrylic. 
Toads located in the same underground burrow for a month were 
exavated to deternine Pheir cardition. 

M t i a  was tittribsted to avian s p i e s  whm the transmitter 
was in a tree or tgcr m a i n s  were a o c o m p i d  by whib 
excrement. Avim m mammalian predators wexe assigned 
responsibittty uheu m a i n s  included the bones of the head and 
portions of the kc%, anly the skin turned inside out, or the legs of 
the toad M been ~onsnsrmed wi& the skin turned inside w t  (Olson 
1989; C m  1993; Kqpise Sheman md Mob 1993). 

When a signal mEd rm& be detected, the t d  WRS classified as 
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missing, and we searched within a 4-km radius of the last known 
location driving all roads to detect a signal. In 2002, missing 
toads were located with a fixed wing airplane, k t  fitnding 
restrictions limited this to the first year. All missing toads we& 
located when aerial searches were used, even though ground 
searches failed to locate them. Missing toads oould have moved 
outside the range of detection, been carried away by a predator, 
the transmitter could have quit due to a mechanical faiIure or due 
to damage from a predator. 

Assays for E3.d. empioyed swab samples of the first 10 mde 
and 10 female toads captured (if available) at the breeding site in 
each study area in 2005 using techniques described by Livo 
(2004). Samples were sent to P k  Molecnlar (Boulder, 
Colorado, USA) where a polymerase chain ~ O I Z  (PCR) assay 
(Annis et al. 2004) was used to determine the pmsmce of B.d. In 
2004, five dead radio-tagged toads with no midace of predation 
or injury were sent to the National Wildtife H d f h  Center in 
Madison, Wisconsin for necropsies, as well as baderid and 
fungal cultures (U.S. Geological Survey 2004). 

Movements-To investigate movemerit &stances and 
potential mutes, I recorded global positiming system 
(GPS) coordinates for each toad location. For each t d  fhat was 
monitored for at least 7 weeks, I calculated tfie maximum 
distance traveled and straight line direction from tEre- M n g  site 
where all toads were captured. Seven weeks \was sei- as the 
minimum time period because toads reached their summer habitat 
within 7 weeks in 2002 and 2003. 1 determined &at summer 
habitat had been reached when movements within a week did not 
exceed 150 m. The rate of movement (reported in m/day) was 
determined by dividing the distance traveled by the number of 
days between when the toad left the breeding site and arrived at 
the summer habitat. This measurement was tin qpmximatim 
because toads were located once or twice a week during hxdkg, 
and the exact day that toads left the breeding site was f~ot b o r n .  
The maximum distances traveled and rate of movement were 
compared between males and females using ?-tests. The 
maximum distances traveled by t d s  in burned and green fkests 
were also compared using t-tests at Fish and Twin where 
extensive bums occurred. 

Habifst use and availabi1Q.-To assess these -& of toad 
ecology, habitat c ~ c t e r i s t i c s  of the location where radio-tagged 
toads were found were recorded each week in 2002 and 2003. 
Each time a toad was iocatd, I determined its habitat: (in water or 
terrestrial location) and recorded the type of shelter used (i.e., 
none, self-excavated depssion, b m w ,  rock, log, roof wad, 
bark, or stump). Outside of the breeding season, toads were 
typically underground or under mver during the day and were not 
disturbed. Landscape characteristics were d e d  G d i y  in 
appm~mately 1-ha circular area around the toad. The p~esen~e 

of an opening (area without woody uegektian) st least 15 m k 
diameter within 10 m of the toad was noted. Vege&tion type was 
classified as open forest (< 308! canopy CIosmz), C E d  forest 
(30% canopy closure or more), riparian, burn, scab flat, or tock 
slope. Structural stage was classified as no frees* stem initiation, 
stem exclusion, young multi-stage, or old muIti-stage (Oliver and 
Larson 1990). Harvest activity @ a h  only) was dassified as 
ncme, partial cut, or clear-cut. Fire activity was damsifled 9s 

none, understory bum, or overstay burn. S l a p  gradient and 
aspect were recorded, as well as the distztnm k &Fater, pm 
forest, and/or burned forest, if appI ide .  

Micro-habitat characteristics were d in sc 0.005-Ha 
circular plot (4-131 radius) with the bad as the Gttlter point. 

Canopy closure (using GRS densitometer) was determined by 
averaging five readings at plot center and 1 m away in four 
cardinal directions. The number of live and dead stems < 20 cm 
and 20 cm dbh (diameter at breast height) and larger were counted. 
Ground cover was estimated as the percent of bare g m d ,  water, 
rock, forbs, shrubs, p s ,  and logs in each plot. The number of 
burrows and shelters that were large enough to accommodate a 
toad (an opening > 5 cm in diameter) were counted in each plot. 

Twenty-six over-wintering sites wen identified in October and 
November when toads oeased moving and snow covered the 
ground. Habitat characteristics were reoorded as described for 
summer habitat. The depth of tuads in burrows underground was 
measured with a rigid tape measure and flashlight. Toads in over- 
wintering sites in fall 2003 and 2004 were located again in 
December and January to verify that they had not made any 
additional moves since the previous location in November. 

To assess potentid habitat selection by toads, available 
terrestrial habitat was measured in the five study areas at randomly 
selected point. within a calculated radius of each breeding site. 
The radius of the circle that contained the random poiats was 
determined by taking the mean of the farthest distance each radio- 
tagged toad traveled from the b&g site in each study area. I 
used the mean rather than the maximum distance because the 
greatest distance was traveled by large females, and it was 
unknown if the smaller males were capable of traveling th s  
distance. Only toads monitored for at least 7 weeks were included 
in calculating the mean. The maximum d i s p e d  distance and 
number of random points were determined at the end of September 
during the year toads were monitored. Available habitat was 
assessed at Fish and Twin in September 2002 and at Balm, 
Crawfish, and Lily# in July 2004. Conditions of most habitat 
variables measured did not chmge appreciably between July and 
September except ground cawer. I recorded percent gnwnd cover 
by vegetation type because the plan% species winposition would be 
consistent over time even though the height of,grasses, f h s ,  and 
shrubs would likely change. The number of random points 
approximately equaled the number of toad locations during 2002- 
03 at terrestrial sites in each study area. I g e n d  random points 
with a uniform distribution within the circle using Arcview (ESRf 
Inc., Redlands, California, USA) and the Animal Movement 
version 1.1. exhnsion for Arcview @ q e ,  P.N., and B. 
Eichenlaub. 1997. Alaska Biological Science Center, United States 
Geological Survey, Anchorage, Alaska, USA.). 

Availabie habitats and habitat at toad locations were comparPd 
using a multivariate analysis of variance (MANOVA) for 
continuous variab4es (pacent slope; percemt canopy closure; 
distanoe to a burned Ernest, gram Ewest, and water, number of 
stems < 20 cm and 2 20 cm dbh; peroent ground cover) and Mann- 
Whitney U tests for oategorid variables (slope aspect, vegetation 
type, shuotural stage, presence of an opening, harvest activity, fire 
activity, number of burrows, and sheiteas). If MANOVA results 
were significant, q m a t e  ANOVAs were used to examine 
individual habitat variables. The number of burrows and shelters 
were treated as categorid variables bexause these variribles are 
skewed to low numbers and art not normally distributed. Only 
toad locations at terrestrial sites were used for comparisons with 
available habitat. The same sttitistid comparisons w e r ~ ;  used to 
determine if habitat use d i E d  by sex. 

Bid.--An adequate soume of p r q  may reflect the quality of 
hditat, so diet samples were colleoted from radio-bgpd toads 
each wtek to determine what they ingested. Diet samples were 
obtained in all study amas when toads wee accessible from 21 
May dvcwgh 24 September 2002 and 2003, which cumspnnds to 
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the time that toads are active (pers. obs.). Diet samples were also 
collected opportunistically when toads without radios were 
encountered. 

A diet sample was obtained by stomach flushing with a plastic 
flexible catheter (2 mm wide, 56 cm long) inserted through the 
mouth and esophagus of the toad with the opposite end attached 
to a 65-oc syringe filled with water (Legler and Sullivan 1979; 
Whitaker et al. 1983). Stomach flushing is expected to have 
limited adverse impact on the population, and it allows re- 
sampling of the same individual. The use of stomach flushing 
(rather than dissection) may introduce bias toward smaller size 
chses, with larger items becoming stuck in the esophagus, 
atthough palpating the stomach after flushing reduced this bias. 
Diet samples were preserved in vials of 75Yo ethanol and returned 
to the lab for identification. After the did sample was moved  
by flushing, the stomach was palpated to asure &at the stomach 
was empty. After stomach flushing, crickets (GylIlis sp.) were 
fad to each toad to replace the sample taken. Prey items were 
identified at least to order, and placed in body-length size classes 
(14.5, 5-9.5, 10-14.5, and 15 mrn and lqger, Bull 2003). 
Biomass (in mg) was determined after oven-dryiag each sample 
for 24 h at 40°C. Prey types and availability at these locations are 
unkftown. 

Dietary composition was defmed as the percentage of items of 
at particular prey type out of the total number of prey items. The 
diet composition, number and size of prey items, and biomass 
were compared by month (three time periods: MayJune, July, 
August-September), study a m ,  and sex usins a UANOVA. Diet 
composition was compared for orders, families, and genera that 
comprised > 5% of the prey items. Peatson's correlation 
coefficient was used to assess ximelation between biomass and 
number of prey items. Probability levels of < 0.09 were 
considered significant for all statistical comparisons. 

Population dernogrqkics-A total of 1,769 toads were PIT- 
tagged between 2002 and 2005. The highest number of toads and 
the highest ratio of females to mdes occurred at Balm (Table 1). 
Data on mature toads captured at each breeding site are shown in 
Table 1. Of 14 female h d s  I aged using skeletochronology, the 
youngest and oldest at a breedkg site were 1.9 and 10.8 years, 
respectively. Of 20 male toads, the youngest and oldest at a 
breeding site were 1.9 and 7.7 y m ,  respectively. There was a 
correlation in mde toads between age and SVL (r = 0.47, P = 

0.04) and between age and body mass (r = 0.52, P = 0.02); there 
was no correlation in females between age and these variables. 
Females lost 204% of their M y  weight after depositing eggs (n 
= 5) .  

The recapture rate (jmcentage of toads recaptured in suocessive 
or alternate yews) was 2-37% and varied by study a m  (Table 1). 
During 2003-2005, two females were gravid in consecutive years 
at Balm. 

Suryivab--Of 100 radic~tagged toads in five study areas, 32% 
survived until September of the year they were monitored, at Ieast 
30% were preyed upon, and chykidiomycosis was the likely cause 
of death in at bst 6% (Table 2). Fifteen of 46 females (33%) and 
3 1% of 54 males survived until September. Only the transmitter 
was reoovered in 13 cases; thus it was not possible to veriQ if the 
toad had been consumed by a predator. It was unlikdy that 
transmitters slipped off, although not impossible. The fate of an 
additional 16 toads was unknown because their sigaals could not 
be detected, and their radios wem not recovered. 

Fredati0n.-At Ateast 26% of radio-tagged males and 33% of 
females were killed by prdatm. Of the 13 males killed, 38% 
were killed at the breeding site, wfiiie only 25% of the 16 females 

TAW 1. Recapture rate and mean (range) measunzments of SVL (snout-vent length), maps, and maxintutn movements within 6 months of male and 
kinale Western Toads FT-tagged in fwe study areas ia n d e a h m  Omgon, 2002-2005. 

STUDY AREA 

Characteristic Balm Twh Fish Cmwfiih Lilypad 
Females 

SVL 104 (73-126) 119(115-123) 102(86-130) EOl(95-107) 93(91-96) 
Mass 1 17(44-234) 130(120-141) 105(56-185) 102(94-110) 71 (60-79) 
rt 383 2 80 3 4 

Males 
SVL 95(63- 125) 93(79- 103) W(49-I 10) 87680-94) 83(3 8-94) 
Mass 72(2t 145) 64(4G-84) 64(32- i 12) 5?(46-74) 33(38-85) 
n 722 14 513 18 30 

Fema1e:male ratio 0.53 0.14 0.16 0.16 0.13 

Reoapture rate 
Females 2%' 
Males 3% 

Disbanoe (m) traveled 
Females 2823(180-6230) 2270(2110-2430) 2067(260-3560) 1 670 
n 17 2 7 1 0 
M(11m 1390(350-3870) 530 (220-1 130) 1 2$8(390-2180) 537(340-730) 700(360-930) 
n 9 4 6 3 6 

Years monitored 2003-09 2002 2002,2008-04 200305 2003-05 

Raprtscnts two females that u~ere gravid in two ooaseoutive years, and two fernales that wen: p v i d  k 2003 a d  in 2005. 
kepments m e  female that was gravid in 2002 md i 2005. 
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were killed at the breeding site; a l  others were. Mid away: fkm 
the breeding site. The highest predation @WoI af' tagged 
toads) occurred at Balm Reservoir where avian qeia, w a e  
presumed responsible for at least 74% of the pr- (T&e 29; 
I was d l e  to distinguish between avian and n t a d  
predation at Lilypad Lake and Fish Lake. No predatim was 
detected at Cmwfish and Twin. 

Eight radio-tagged and 2 1 unmarked toads rwece. faund skimad 
dong the shore of Balm Reservoir in 2004. These deathsz xwma 
attributed to raven predation based on & d m 5  ag ravens, 
presence of white excrement, and the absence of m a m d  t$mk. 
!Six tsatrsmittefs were found in trees at Mrn Remok.  Twm 
transmitters were located in an active R d - W  Hkvk (Barn 
jamaicensw nest, three were in trees about 100,250, a d  4'5% rn: 
from the nest, and I observed a red-tailed hawk capture a 
the shoreline and carry it to the nest. IM-, &e s k  
transmitters found in trees in 2004 were -& b a 
Plawh predation. Osprey (Pandion kaliaefus) rdsot 
reservoir and could have been resporrsibte fix td t k  
t p a n d e r s  in trees. Two radio-tagged tadis w e  h n 8  iit! 
Comtr~on Garter Snakes (Thamnophis sirtalw The F - C B “ ~  
toads could not be determined conclusively. L &ese cases3 oniy 
a mall piece of the toad remained with tr -gtz% otr the 
grammsmitter was faund with a broken tunnel. 

&tnaMecirytmslrrmn dimddafidtk-In 2005, 24% of 37 tested 
maks arsd W!h of 32 tested females returned positive results for 
EL& at dztz bur mdy sites sampled. A higher incidence of B.d. 
was deaeCkd in females than in males at three of four study sites. 
Advaced B.d. Section was found in three male toads found dead 
& sites ab Balm Reservoir 1-3 weeks after leaving the 
breed@ site, tmd a mild chytnd infection was detected in one live 
&ad & G m  Lake (U.S. Geological Survey 2004). Mortality 
&.to chytr;&omycosis may have been underestimated given that 
ara ~f~ five d a d  radio-tagged toads showed no evidence of 
psak&m bm$ tissue samples submitted for histology determination 
d kWon were tm desiccated to determine f u n d  infection 
Q3.S. Geofogical Survey 2004). 

Mmemafs-The majority of Western Toads in these study 
ar(eas left the M i n g  ponds and traveled in a relatively straight 
S f  &am the breeding site to an area where they remained for the 
mz& &!the smmer (Fig. 1, 2); only toads monitored for at least 7 
weeks me &Wed in this section on movements. SVL and mass 
d r i d e  ar#f female toads were not significantly correlated with the 
cibmse cash toad traveled. The maximum distance traveled by a 

was 62?0 m. Females traveled significantly farther (mean = 

2543 H), ST2 = 267.9, n = 27) than males (mean = 997 rn, SE = 

841-4, rr = 28) fram the breeding sites for those toads monitored at 
1- 7 weeks (t = -5.07, df = 53, P < 0.01; Table 1). Twenty-four 

1. Locations of toads monitored nrore tltrm 'I weeks~ & - stmi& -3 in, n~~ Oregon h m  2003-2004. Numbed lines correlate to 
i d w i d d  toads and their travel mb. 
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FIGW 2. Eoostims of tmxh ~ ~ ~ d o h e d  mare that 7 weeks at Fish study 
individual toads and thek immE rcmks- 

of 27 f a d e s  moved more h a  EMB m &am the breeding site, 
and three femaies; moved only 180,260, and 930 m away. Only 8 
of 28 males mo&od & '2 weeks traveled more than 1000 
m from the Eneecbg site- T d s  in lhh tended to travel the 
farthest distances, &08:g.fr sampk sizes were inadequate to 
c o m p ~  tumng &y areas flablie 1)- 

Females ~~ Be& & he* site 1 or 2 days after egg 
laying, while mkes wmakd at the h & g  site for 1 to 4 weeks 
a d  often trmeM between &Emd breeding sites at the pond or 
lake. The nu& c&' days Ear t a d s  to m h  summer habitat 
32 

area in northeastern Oregon from 2003-2004. &mbaed lines correlate to 

largely depended on the distance traveled per day, but the rate of 
movement (m/day) to the summer habitat was not statistically 
different between males and females. The slowest rate of travel 
for male and female toads was 17 d d a y  and the fastest was 241 
m/day. The shortest number of days to m c h  summer habitat was 
16 days (1080 m movement at 67.5 m/day), and the longest was 83 
days (5400 rn movement at 66.1 dday). Some toads crossed 
rugged terrain to reach summer habitat two females traveled 2.4 
km down steep cliffs to the Imnaha River which was 530 m lower 
in elevation. Two toads climbed 200 m in elevation up rock 
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TABLE 2. Fates of 100 radio-tagged Western Toads (percentage & kmb); rmdmsed 
befxween the breeding season (May or June) and 1 September of I year @tM;2,2Qm, ap 

STUDY AREA 

Balm Twin Fish Crawfish Lilypi T d  

Total predation 
Avidmammalian 
Snake 

Radio off or redation' 
Dead, not predationb 
Missingc 
Otherd 
Nu. radio-tagged toads 
Pear of monitoring 

openings and 61% in forests (Z = -7.33, P < 
0.01). In the 4-m radius plots, toads typically 
selected locations that had more open forest 
canopy and were closer to burrows used for 
rehgia than occurred at random plots (Table 3). 
The ground cover at toad locations had more 
rocks (Fig. 4), more water, more forbs, fewer 
logs, and less bare ground compared to random 
plots (Table 3). Toad locations were also closer 
to water compared to random plots; the type of 
water at toad locations included streams (69%), 
permanent standing water (22%; e.g., ponds, 
springs), and temporary water (9%). 

Differences in the use of habitat between sexes 
were observed (F = 6.81, df = 481, P < 0.01) 
with males more closely associated with water. 

04 Twenty-six percent of radio-tagged males were at 
"faads may have slipped their transmitterrs or been consumed by a pnedrttort 
b of these toads were conf i ied  as having died of B. dedmb@& d amt&sxffrve aquatic locations, whereas only 5% of the 

were- too desiocated to determine fungal infection. locations of radio-tagged females were aquatic. 
Uusiag  toads could have moved out of the range of deMio. n been c d  &by Overall, locations of dietagged males were 
rdattor a the transmitter may have quit from mechanical problems. significantly closer to water (F = 8.42, P < 0.0 l), 
One toad was run over on a gravel road, and one toad d i d  after it became in had a higher percentage of water in the 4-m 

vegetation. radius plots (F  = 19.38, P < 0.01), and were 
hrther from burrows (F  = 4.3 1, P = 0.04) than 

hiFEsides with 60 percent slopes- Many toads followed small id- & d i o a g g e d  females. More locations of radio-tagged 
d ~ a g e s  with temporary runoff water or streams for a podon af fdes fwnd: (1) in openings (Z  = -3.9 1, P C 0.0 1); (2) on 
their movements (Fig. 1,2). SOF& ws slopes (Z = -3.01, P < 0.01); and (3) at locations 

WQ male (N = 13) or female (N = 13) toads returned to their =- canoW (F = 1 1-97, p < 0.0 11, fewer trees < 20 cm 
v t i v e  breeding sites during the summer, although fomr mdes a- ~ J P  = 4-31, p = 0.041, more bare ground (F = 19.5 1, p < 0.0 I), 
at Eid and Twin moved 20-550 m to within 50 m ofthe breeding me f ,  m r  (F = 9-81, p < 0.01), and less shrub cover (I; = 

@ &tobet 2002. Distance of males from the breeding 5-4% p = cornpared to males. These observations suggest 
November varied by study area; males at Lilypad and Crawfish fe =I=ted sites received more solm radiation. 
m m  2-20 m (n = 5) from the breeding site and mdes at B h  

%> g i  of hibemacula from breeding sites was 1968 
wexe 2028 and 3870 m (n = 2) from the breeding site. m (mge = ISM230 rn, N = 26). Toads arrived at over-wintering 

A -Parison of nmvements of toads in the two study N m  16 September and 10 November. Toad movements 
with extmsive amounts of burned forests (Fish and Twin) showed w,, me.- until October or late November depending on the 
Cat f m d e s  (n = 6) in burned forests traveled shorter distances - snow covered the ground in all areas before 
(merln = 1807 m, SE = 328.5) than females (n=3) in green forests we wd 1 found that some toads moved up to 2 

= 2723 m, SE = 433.2)- At the same two study w&qp&cx between locations even in November after snow 
d e s  @ = 8) in bums traveled a mean of 826 m (SE = 206.7) and mVd pmnd. No movements among hibernacula were 
males (n =2) in green forests traveled 1500 m (SE = 961.7); these -& mn la& December and January with 1-2 m of snow 
d u e s  were not significantly different (females: t = -1.64, df = onr &e -d (n = 5, Balm and Lilypad). 
558, P = 0.14; males: t = - 1.32, df = 509, P = 0.22). 

Habitat selection.-After breeding, toads were primarily 
k d a l  (81% of the locations on land, 19% in the water away 
from breeding sites). Of. the terrestrial locations, 8 1% of the 
t d s  wete in refbgia and 19% were on the surface. Rehgia used 
by toads included: rocks (31%); burrows (18%) (Fig. 3X fogs 
(IT!!) self-excavated depressions (8%); and stumps, root wads, 
.r bark (6%). 

In all five study areas combined, toads used vegetation types, 
bnrm activities, harvest activities, and percent slope in proportion 
$0 their occurrence (162 toad locations at Fish, 66 at Twin, 113 a% 
Lilypad, 129 at Balm, 57 at Crawfish). In the three study areas. 
wIse~  a portion had been burned by wildfires in the last 10 years, 
56% of the toad locations and 58% of the random plots were in 
burned forests. Toads did not use certain habitat characteristics 
at random (F = 46.64, df = 975, P < 0.01; Table 3). En d l  sbdy 
areas, toads selected south-facing slopes and avoided north- 
facing stopes compared to random plots (Table 3). Areas with no 
tmes and seedlings were used more and older stands used less 
&an expected based on availability (Z = -2.63, P < 0.001). T d s  
Q C G ~  in openings > 15 m in diameter 62% of the time and in 3. west-  TO^& (Bufo boreas) fkquently used rodent 
f0r;ests: 38Ye, yet only 39% of the mndom plots occurred in ~ s I f h r ~ ~ g u l a t i o n  and protection from predators. 

33 
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TABLE 3. Mean values of miwe- v&bEea Eeooreied at looations 
of 100 radio-tagged Western Toads &a toe& l& &e hedug sites in 
five study areas, 2002-2003. An o v d  tnntAivGa& andysis of 
variance mfleoted significant &S-oea ktwm b b i ~  at 527 toad 
locations and 501 random plots. Number in pmdwses is the standard 
m. 

Variable Tosd RtRdopg Fwke Pvalne 

Canopy olosure (?!) 25 42 6534 ~ 0 . 0 1  
(1.25) (1 .50) 

Distance to water (m) 46 
133 15424 €0.01 (3.70) (5.79) 

29 
Distance to burrow (om) 372 146.32 < 0.01 

(4.57) (28.03) 
Dish- to green fomt 68 
(m) 

a2 3.88 (6.74) (10.6) 0.05 

Stems < 20 om dM1 
. . 

Stems 1 20 om dbh 0.5 1.5 
(0.04) (0.8) 

128.66 < 0.01 

Gmmd cover (%) 

Bare ground 23 
32 7.83 <O.Ol (0.92) (2.86) 

Grass 

Rook 

Water 

North 19% 32% 
East 31% 26% 
South 33% 2% 
West 17% 2QYG 

No. b m w s  in 4-m 1.6 0.9 z=- 
radius (0.13) (0.09) 7-14 

< 0.01 

No. shelters in 4-m 3.5 1 9  z=-  
radius (0.n) (0.16) rS97 <O.OI 

Toads over-wintered undergronnd in d e n t  b w s  and under 
large rocks, logs or root wads, and banks irdjaeent to streams or a 
lake (Table 4). Standing water or streams were &=rued within 1 
m of the hibernacula at 7 of 26 over-winterirmg sites. Six of the 10 
over-wintering sites in bum= had been excav&& by Red 
Squirreis (Tamiarciunrs h d s m i m )  based m the presence of 
middens and cone scales at the bum=. The remaining four 
over-wintering sites in burrows were mely exawted by red 
squirrels or ground squirrels ( S ' o p h t k s  spp.). None of the 
toads were how to hibernate communally. 

Did.--In 2002 and 2003,91 diet samples wae  collected at the 
five study areas (I4 = 33 males and 16 fiaEes). One sample wrrs 
collected from each of 27 toads, 2 or 3 sampies h m  each of 19 
toads, and 4-7 samples b of 3 tot& o v a  a 4 month 
period. More than 900? of the samples were dlected fmrn toads 
captured on land versus in water. The meatl size of sampled 
toads was 104 (SE = 2.7) mm SVL and 99 g mass (SE = 5.9) for 
females and 89 (SE = 1.3) mm SVL and 63 g (SE = 2.8) for 
males. The mean number o f p y  items per sample was 20.3 (SE 
=3.1,rangeof 1 t o228)wi tha~a la f  1844peyitemsidentified 
(Table 5). There were no signi&cant cW5-ass between sexes, 

among time periods, or among study areas in the number or size of 
prey items, diet composition, or total flushed biomass. 

Prey items found in diet samples indicate that the Western Toad 
consumes primarily ants and ground beetles at these study areas 
with no differences between the sexes. Toads concentrated on 
terrestrial arthropods that were < 15 mm in size and seemed to take 
advantage of arthropods that were grounddwelling and colonial. 
Very few aerial or aquatic arthropods were found in the diet 
samples. Toads appeared to use areas with rt high density of ants 
but were also opportunistic and ate passing invertebrates within 
the size range that they could handle. More ptey items (mean = 

30.5, SE = 8.50, n = 31) were found in diet samples o o l l d  in 
burned forests compared in green forests (mean = 15.0, SE = 1.55, 
n = 60), although these were not statistically diffennt (t = 1.79, df 
= 32, P = 0.08). 

Ants (Fonnioidae) (82%) and M e s  (Cdeoptem) (13%) 
represented 95% of the prey items identified in the samples (Table 
5). Eight additional orders of insects and two classes of a h p o d s  
each comprised < 1% ofthe diet, and arachnids comprised 22% of 
the samples. Twelve individual prey items were lmal forms, and 
six of these might have been aquatic forms. Of& prey items that 
could be measured, 24% were 1-4.5 nun in body length, 47% were 
5-9.5 mm, 26% were 10-14.5, and 3% were 15 mm or larger. 
Mean biomass of diet samples was 12.5 (SE = 1.6) mg with a 
range of 0.1 to 79.4 mg. Biomass of h diet sample was 
correlated with number of prey items (r = 0.66, P < 0.01), which 
suggests that toads foraged on many smdl prey items versus a few 
Iarge ones. 

Populrrtion deamgmpiiics-Large declines in the numbers of 
Western Toads at these breeding sites were not ddected during 
this study. I marked the most toads at the two reservoirs (1 105 
individuals at Balm and 593 at Fish) in spite of these sites 
experiencing high fluctuations in water Ievels c o m w  to the 
three lakes with constant water leveis. Differences between males 
and females were detected in predation rate, presence of B.d., 
movements, and habitat use during this study. No differences 
were detected in diet and over;rtll sunival be$wem females (33%) 
and males (31%). The behaviorat differences in movements md 
habitat use between the sexes likely influenced their vulnerability 
to predation. Too littie is known regarding the transmission and 
effects of B. dendrobatfdis on the Western Toad in these study 
areas to determine how their behavior influences &is mortality 
factor or how B.d. inflecnces behavior in Westem Toads. 

Females had a higher rate of mortality overall, but predation at 
the breeding sites was higher for males probably because males 
spend more time trt the breeding sites &an females. Most 
predation occurred during the post-breeding period at terrestrial 
loc~tions. Numerous other &dies have documented pmdatm of 
adult Western Toads, althmgh only Otson (1989) and Corn (1993) 
calculated a predation rate of > 609-4 and > 20% at breeding 
aggregations in Oregon and Colorado, respectively. 

More femdes than males tested positive fa B.d. through FCR 
at Fish, Crawfish, and Balm; no toads were tested at Twin md 
mly one mde was testad (positive) at Lilpad. The only d a d  
animals found that tested positive fw B.d. via PCR analysis were 
radio-tagged mdes h Balm. It is unknown if B.d. m s e s  
moai ty  at the other study areas, although Balm, at tbe lowest 
elevation, has the warmest and driest conditions crf the five study 
dtreas which may have influenced the toad's m b i i i i t y  to the 
fUngus (Carey et al. 1993). The effect of climate on B.Q. in 
amphibians is unclear although temperahre and precipitation have 
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TABLE 4. ~ ~ ~ t i ~ s  of 26 over-winhg sites of Western Toads in five study areas in d e s ~ t e r n  Oregon, 2002-2004. 

STUDY AREA 
VsrisbIe Balm Twin Fish Crad* Lilypad Total 
Elev&m (m) 1368 1 944 1992 2094 2130 
Wo. toads 7 5 9 1 4 26 
Males (940) 2% 60% 33% 1WA 100% 50% 
Mean dismtce 
tosite from 
€nsxxbg site 4063 982 1694 540 510 1968 
@I fwttef (2028-6230) (1 80-2220) (50-3440) (240-920) (50-6230) 
Type c& site 

BorrrYw 86% 20% 22% mi6 25% 3 8% 
Rodr OQ/e 20% 56% 04/0 25% 27% 
LogtroOtS 14% 20% 22% Oe/e 25% 19% 
Bsnk 0% 40% 0% 1WA 25% 15Yo 

been Implicated in the infixtion with and impact of B.d. on 
amphibians (Daszak et al. 2003; W ~ p w l l s  and Alford 2005; 
Pounds et al. 2006). C m y  et ai. (2006) reported that air 
temperature between 12OC and 23°C had no significant effect on 
survival h e  of B. boreas toediets in£& with B.d. Additional 
research is needed to determine the extent of mortality caused by 
B.d. in Westem Toads and the influence of local weather. 

Miwasen&-Telemetry enabled me to monitor movements of 
individual toads for an entire mtive season. Although the - 
majority of the movement data was collected using 
w a i b d s  on toads, the bendits of the alternative 
temporary transmitter attachment outweighed the 
diffrdties. Stitching tmasmitters to toads with 
dissolvabfe suture materid ailowed me to monitor toad 
movements to hiberniwula where the transmitters 
eventuaIEy fell off with no apparent: lasting harm to the 
toads. I recaptured 5 toads 6 months or 1.5 years after 
they went into hibernation with transmitters sewn through 
the skin and could detect no obvious injury @ers. abs.). 

Sixty-seven percent of 27 ferndes moved > 2000 m 
from the breeding site while only 14% of the males 
moved > 2000 m. Potential reasons for these "long 
dimce" movements include reducing the risk of 
predation, finding food sources, reducing competition for 
prey, colanization of other breeding sites, or finding 
wanner microclimates to aliow activity later in the 
-. The period of activity at high elevation study 
areas was slightly over 3 months; finding a location with 
any thermal advantage and atpundant prey to eximd the 
active season would be presumably advantageous. 
Another frtctor that likely fIlcilitates "iong distance" travel 
may be water avaifdbilily. The use of streams as travel 
mutes has been documented in western Montana (Adams 
et al. 2005). The longer distances traveled by females 
may be related to their larger size and greater capacity to 
store and carry water in their lymph sacs and bladder 
( B d t  et d. 2004). 

Males that traveled a short distance (< 500 m) in the 
summer or moved back toward the brding  site in the 
fall, as occnrred at Fish, C m d s h  and Liiypad, oould 
d y  rebm to the breeding site in the spring. These 
three study areas were aiso the ones with the highest 
recapture rate of male toads. h contrast, toads that over- 
winter mare than 2000 m from the brading site may be 
unable to =turn in time to b d  dm next spring. Breeding 
ocam wiahin days dbx the ice melts on the lakes, and in 
spring mow and freezing temperatures we likdy to 

impede movement and extend travel time. The distances toads 
traveled fi-am the breeding sites in this study exceeded the 
distances reparted in other studies. In southeastern Idaho, male 
toads traveled ag average of 58 1 m and females a mean of 1 105 m 
from the b d g  site (Bartelt et al. 2004). In Colorado, Muths 
(2003) mpmkd the maximum distance traveled from the breeding 
pond in m e  sasm was 2324 m for a female and 972 m for a male. 
Also in C d d ,  two female toads traveied maximum distances 
of 5756 m and 6485 m during a summer (Carey et al. 2005). The 
ratio of fanale to mde mean maximum distances traveted was 2.4 

Tabfe 5. Number &prey items identified to onier, family, or genus found in 91 
Western Toad d& samples in northeastam Oregon, 2002-2003. Numbem of diet 
samples with -h prey item are listed. Families with fewer than three 
representatives are not firrted separately. Peroent of prey items are listed by order 

Prey Samgleswith %by items ,, prey item (N) order 
- .  

Insects 91 
Hymen- (ants, bees, and 83 81.9 

-PI 
Formictse (ants) 

F O ~ C ( I  (Formioa ants) 
Carnponclftts (ompettier 

Vf=p* (w-) 
Other 

Cole- We) 
Cmbidae &mmd beetles) 
StaptiyhkIa~ ( m e  beetles) 
~ f i o ~ z * ( s w u t  

So-dae (scarab 

Other fmilies) 
Diptercr (flies) PI f d y )  
~ * & = ~ - )  
Lepidophn @df&Xa and 

Hetempbra ( h e  bugs) 9 2  
fsmilies) 
Triohoptp~a (~ddknie~) 

f=Earigs) 
Holnoptera*-+) 
Pieooptefit (atmeflies) 

M i n i &  ( m L )  
d ( g - 1  
opiiioneo *-en) 
A d  (rnitesaab*) 

Chilopfa ( o ~ ~ )  

Diplopoda (mifEidea) 
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FIGURE 4. Western Toads used the rocky ha€&& in eke E i p m d  for summer habitat and the wet meadow for breeding in the spring. The adjacent 
hdscape  had been burned by a wildfm. 

in Colorado (Muths 2003), 1.9 in Idaho @welt ef d. 20W), and 
2.6 in this study. 

Habitat selection.-Habitat that dhrws behavioral 
thennoregulation, water absorption, prey, over-wkf&ng sites, 
and protection from predators is esseneid for toad survival. 
Toads appeared to be seeking habitat ht bcIuded ~IXEX (I) with 
open forest canopies or openings in the ~~ with na tnxq 
(2) with south-facing slopes; (3) close to w a e ,  m d  (4) with a 
high density of burrows, rocks, or logs Cat mEd be used for 
cover. The difference in habitat conditions selected by sexes 
suggested that water was more important to males, perhaps 
because of their smaller size and less capacity to stme water 
(Bartelt et al. 2004). The selection of more open focatims 
enabled toads to maintain a higher body teqmatpzre, which likely 
facilitated growth if ground dwelling prey were mailable 
(Lilywhite et al. 1973; Bartelt et al. 2 W k  These ditiorrs are 
likely advantageous for replenishing body reserves &et laying 
selection of more open locations enabled toads to main& a 
higher body temperature, which likely i&kted growth If 
ground dwelling prey were available (Myhik et 4. 1973; 
Bartelt et al. 2004). 

Rehgia may contribute to thermal regrrEahn, m&siure 
retention, and protection fram predators (Schwdo$ and Mfod 
1996). These habitat characteristics weze not C- in these 
study areas, and they became scarcer over the mmnma when 
intermittent streams and seeps dried. In &is mdy, a secsnd radio- 
tagged toad or an unmarked toad was f'ound freqently within 2@ 
m of the target animal. Because WeWern Toads are solitary 
beyond the breeding season (Loefk  20011, &is slrservatim 
suggests that these particular habitats are being soaght out. 
Multiple animals were found at 6 lm&ms, even at great 
distances from the breeding sites (Fig. E, 21, 

The majority (70%) of hibernac* f famd did not h e  water 

nearby, which is in contrast to Campbell's (1970a) &ding that 
hibermcula need a continurns Bow of ground water beneath the 
chamber to prevent toads from freezing. Loefner (2001) cited 
unpublished data that indicated boreal toads hibernated below the 
h s t  line in ground squirrel bu~ows, which was similar to 38% of 
the &krnax;ula I detected (Table 4). In California, Western Toads 
remained underground in gopher or ground scpirrel holes during 
the day and throughout the f k z b g  part of the night in March at 
2@5 m elevation (Mullally 1952). The portions ofthe Gbemacula 
that were accessible to me were damp and likely did not freeze due 
to deep snow cover and their depth underground (Bull and Carter 
1996). 

D&-Diet samples suggest that Western Toads consume 
primarily ants and ground beetles at these study areas with no 
dtEerenee betweeft the sexes. The tendency of toads to be 
uderground during the day resulted m a limited number of diet 
samples; however, the sample size in this study is larger than other 
studies reporting diet, most of which involved dissections of toad 
stomachs @urger and Bragg 1947; Campbell 197%; Miller 1978). 
Three other studies reported the same predominance of ants that 
we detected. In Colorado, toads ate mostly ants, beetles, and 
spiders, although representatives from 43 invertebrate families 
we= found in 33 stomachs (Campbell 1970b). MiIIer (1978) 
foavld 75% Hymenoptera, 23% Coleoptera, 3% Arachnids, and 
4% Diptera, Lepidoptera, Orthoptera, and Diplopoda in seven 
t d  stomachs in Montana. Moths, grasshoppers, ants, deer flies, 
mosquitoes and beetles (ShphyIinidae, Llytiscus) were found in 15 
toad stomachs in Colorado (Burger and Bragg 1947). 

Disturbance-The effects of disturbance events ort toads are 
Iargely unknown. Although the sample size is limited, habitat 
dtemtion due to wildfires at Fish, Twin, and Crayfish did not 
appear to be detrimental to toads. Habitats with stand replacement 
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fires (that were nof lagged) were used by toads in proportion to 
their occumenee. In addition, toads traveled shorter distances in 
b e d  f~ h ia green forests. This observation suggests 
that suitable habitat cmditions and food were found closer to fhe 
breeding. site thm in green forests or that travel is considerabiy 
more h d .  Chmges in vegetation following wildfires could 
influence tusk k g h  thennoregulation and water conservation, 
pdatioa, smd p y  or burrow availability. 

Fuel M m s  are being implemented across the westen, 
United Staks to reduce the risk and severity of wildfires. Fuel 
reductions rtre designed to reduce the amount of coarse woody 
debris in treatcd strmds (Bull et al. 2005) and may impact toads 
negatively in amas where logs and other woody material are used 
for refa* h a v i n g  large amounts of woody debris, clear- 
cutting or &her hamest activities may greatly limit toad 
movements rtnd habit& use, particularly during dry weather 
( M t  d d. ZJ04)- The removal of coarse woody debris from 
the f e  ff- &so reduces the amount of nesting substrate for 
some species; af C'porrofus and Fonnica ants (Torgersen and 
BEIE 1Sa5)f which are prey for the Westenr Toad. Additioaally, 

fnd &tion treatments on s q u i d  species 
(kt create tmrcms used by toads) md on popu1ations of ants 
and grotnrd beetles (prey for Western Toads) are unknown. 
Research is nedd  to determine if the changes in vegetation 
fdlowkg d&t-es  in different habitats are beneficial or 
detrimentd t o t d .  

Large &dines in numbers of breeding toads were not detected 
over the a e ~ m e  of fhis study even though B.d. was present in all 
study; arcas. The &&y area where three male toads died with 
B.d i n f d u m  se,wm enough to have caused mortality, also had 
the lawest mapaure rate of males (3%). Additional research is 
needed to &temke if this low recapture rate of male toads is due 
to mortafity by Bd. or dher causes. Predation in some of the 
study areas may be hi& enough to cause declines over time, 
dependkg on ffre rate of recruitment at these sites. It is unclear 
whether tfre risk d predadon associated with breeding sites may 
be respan* far the exteasive movements I detected or if o k  
factors are eotffnitbg. Other factors that might influence 
movements by toads include habitat quality, length of active 
seamin, p r q ~  awd&Ility or the need to find over-wintering sites 
h t  minimize the risk of freezing or desiccation. With the 
continued cfte-~ffafWe;~tern Toads in the Rocky Mountains, it is 
im-t to coatime monitoring populations of Western Toads 
in other partims affheir mge to detect changes in their survival 
md recmitmentt 1% is critical to assess basic natural history 
pantme&es as well as such acute issues as E3.d. to provide s 
complete picbw d Western Toad demographics. Information 
included in the present study will be helpful in determining the 
health a d  gzmd life h i s k q  patterns of other toad populations. 
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ideatifi4an af pmy items. R Beckwith identified a portion of 
the prey ifenrs. 1. Shepherd analyzed the data. D. Green (USGS 
Matimrrf W3me Health Centex) oonducted necropsies on toads. 
U. KeMey prouickd tnfomation on suturing materids and 
takiques. 4. Haps, C. Pearl, M. Snook, and B. Wales reviewed 
a previous aersioa of this manuscript. Funding was provided by 
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