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ADSTRACT--Townsend's Big-cared Bat (Cortjnorhinus lownsendii) is a specie'S of conservation 
concern for many states and provinces. However, little is known about key demographic 
P ,11' ameters, such as survival, for this spedl's due to its sensitivity to human disturbance. This 
species Cdn also be vulnerable to injuries from w.ing bands; the most commonly applied markjng 
teclmique used in the past to estimate survival in bats. During the US Fish ilnd Wildlife Service's 
Bat Banding Progrilm (1932-1972), CM Senger banded 1,346 Townsend's Big-eared Bats at 3 major 
cave systems in Washington during 1964--1975, and continued to recilpture banded bats until :I 980. 
I applied current mark-recapture techniques to retrospectively estimate' surviv,11 of hib(~mating 

Townsend's Big-Eared Bats banded by CM Senger. I also investigated sex, time, and trend effects 
on survival and capture probilbilities of these 3 populiltions of bats using Cormack-Jolly-Seber 
(CJS) open models and the rnodel.ing cap,'bi.lities of program MARK. For each location, estimates 
of annu,ll survival and capture probabilities varjed somewhat by sex and rdnged from 0.54 to 0.68 
for males ilnd 0.60 to 0.67 for females. During the banding study, band injuries were noted ilnd 
populations declined aJ all locations potentially violating assumptions of the CJS model. However, 
the dataset from which these estimates were derived is likely to be the most complete and well
maintained datilset in the Bat Banding ProgrilHl files. Resulting annual survival ('stirnat(~s from 
these data were relatively precise and modeling provided evidence of time and trend effects and 
differences in survival between the sexes. These results provide historical, I'0sl hoc estimates of an 
important life-history pilrameter for this species of bat wintering in caH'S in 3 localized ,ueas of 
Washington Stdte. 

Key words: bat banding, Cun/l1orhil7us lownst'rldii, mark-recapture, survival analysis, Town
send's Oif;-eart'd Oat, \Vashington 

Townsend's Big-eared Bat (Corynorhirl1ls from wing bands, the most commonly applied 
towllsendii) occurs throughotlt much of western marking technique used in the past to estimate 
North America from British Columbia to Mex survival in belts (Ellison 2008). The sensitivity to 
ico and east to Texas, with relict populiltions in banding and other research activities document
states further eastward (Kunz and Martin 1982; ed by this species has resulted in difficulties in 
Pierson and others 1999). It is J species of accurately estimating survive)], and the inability 
special concern for many states and provinces to model environmental factors that may influ
within its geographic range and a federal ence this important life-history parameter. 
species of concern in milny US states (formerly Survival is a key life history characteristic 
Category Il [C2];US Fish and Wildlife Service important not only in understanding and 
1994; Pierson and others 1999). Hmvever, little is predicting population dynamics, but also for 
known about key demographic parameters for managing populations. 
this species, such as survival, and this is most l~rom 1932-1972, the US Fish and Wildlife 
likely due to its sensitivity to human distur Service's (USFWS) 8at Banding Program (881') 
bance. Resea rch activi ties have been known to issued 2 million bands of which approximately 
depress, break up colonies, or extirpate popu 1.5 million were applied to 36 species of bats in 
lations (Pearson and others 1952; Humphrey North America and Central America. Through
and Kunz 1976; Kunz and Martin 1982; Pierson out the program, banders noticed negative 
and others 1999). Townsend's Big-eared Bats effects of the bands on bat health and survival 
can also be especially vulnerable to injuries (Trapido and Crowe 1946; Cockrum 1956; 
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Hitchcock 1957; Herreid and others 1960). 
Banding was also linked to significant declines 
in bat populations because of disturbance 
during critical periods such ilS hiberniltion 
(Mohr 1972; Tuttle 1979; Bilrcl,,)' and Bell 
1988). The progrill11 also suffered from <lClmin
istrative problems (reviewed in Ellison 2(08). 
For these reasons, a moratorium on b,lt banding 
was proposed by the USFWS in 1972, and a 
resolution to ceilse b'lI1d ing by the American 
Society of Mammillogists was later riltified in 
1973. A history and evaluation of the EBP was 
provided by Ellison (2008). 

Here I ilpply current ll1ilrk-recilpture theory to 
estimate survival of Townsend's Big-Eilred Bilts 
using informiltion from the bands issued to CM 
Senger during the BBP. Most 01' Senger's 
banding took place in the tall and winter 01' 
October 19M through DecE'mber 1q75 in 3 
counties in the state of Washington: Klickitat, 
Skagit, ,mel Skilrnaniil (Senger ilnd others 1972, 
1974). A srllilll group of bats was also banded in 
WhatcolTl County, but these sites were not as 
consistently visited for evidence of resightings 
as the others. Resightlngs of banded bats 
continued through the winter of 1980. Senger 
and his ilssociates banded 8 different bat 
species, but the majority of bands (61 ';-;,) were 
applied to Townsend's Big-mred Bats. My 
objectives were the following: 1) to r('trosp('c
tively estimate survival and caplurl' probabilI
ties of hibernJting Townsend's Hig-e,Hed Hab 
by sex ilnd location using Cormack-Jolly-Seber 
(CJS) open models; 2) to examine tht' effect of 
sex, time, and trend on survival and capture 
probabilities Llsing model selection tec!miques; 
and 3) to discuss issues surrounding violiltion 01' 
assumptions of the CJS model, disturbill1ce ilt 
hibernacula, and band injuries. 

METHODS 

T chose 3 gener'll areas in 3 counties in 
Washington to exam i.nc anl1LIcI! su rvi v,ll 'll1el 
capture probabilities for Townsend's Big-cored 
Bats banded from 1964 to 1975. Adult bats were 
banded in Novenlber or December in their 
hibernacula (illl hibernacula were caves). In 
southwestern Washington, the 2 Cilve areas 
were the Mount St. Helens area and Klickitat 
COlU1ty. The Mount St. Helens area consisted of 
bats hibernating in 2 main caves, Bat Cave and 
Spider Cave, both in Skamaniil County (hereilf

ter Skamania). 1 considered these 2 caves as 1 
population of wintering bats because they 
formed the main hibernating population and 
bats sometimes moved behveen them in the 
winter months (CM Senger, Bellingham, WA, 
pers. cnrnm.). In Skamania, banding of bats 
occurred from December 1965 through Novem
ber 1970 with recaptures noted until the winter 
of 1980 (16 years of capture occasions). The 
Klickitat County site (hereafter Klickitat) also 
consisted of bats hibernating mainly in 2 caves: 
Jug Cave and Poacher's Cave. I also considered 
colonies occupying the 2 main caves where 
banding took place in Klickitat as I population 
of wintering bats. For Klickitat, banding of bats 
occurred from November 1968 through October 
1975 with recaptures noted until the winter of 
1976 (9 years of capture occaslOns). In north
western Washington, Sk'lgit County (hereafter 
Skagit), most of till' banding of Townsend's Big
eared Bats (90'10) took place ilt Blanchard 
Mountain Cave (now called Senger's Talus 
Cilve). For Skagit, banding took place from 
winter of 1965 through winter of ]973 with 
recilptures noted ttntil the winter of 1977 
(14 years of capture occasions). Eilch county 
was analyzed separately because banding ef
forts occurred over different time periods. 

J used the "recaptures only" model in 
l'rogr'lm MAHK (White ami Burnham 1999) to 
estimate appment survival «(jJ) and capture 
probability (p) of Townsend's Big-eared Bats. 
The "recclptures only" model in Program 
MAI\K is the open population model based on 
Cormack-Jolly-Seber (CJS; Cormack 1964; Jolly 
1965; Seber 1965). The CJS model requires 
information on only the recaptures of the 
marked animals and assumes that marked 
animals are representative of the populiltion 
(Amstrup and others 2005). Apparent survivill 
(hereafter survival) is not equivalent to true 
survivill bu~ is the probability that the animal is 
alive and remains on the study are,1 and is 
available for recapture. The CJS method cannot 
distinguish mortality from permanent emigril
tion. I made the following specific ilssumptions 
based on the gt~neral assumptions in Williams 
and others (2001): (1) every banded bilt present 
in the populiltion at sampling period i has the 
same probability P, of being recaptured; (2) 
every banded bat present in the population 
immediately fol1owing the sampling in period i 



174 NORTHWESTER.l"l NATURALIST 

has the same probability 4>, of survival until 
sampling period i +- 1; (3) bands were neither 
lost nor overlooked and were recorded correct
ly; (4) all emigration from the caves lNas 
permanent; and (5) the fate of each banded bat 
was independent of the fate of any OlJler bat 
with respect to capture and survival probability. 

1 constructed a set of a priori candidate models 
to investigate survival and capture probZlbilities 
for the 3 wintering populations of bats. Candi
date models examined the effects of time, trend, 
and sex on both survival and capture probabil
ities. For models illcorporating time, each 
parameter was allowed to vary by year in a 
nonlinear. random pattern. I also examined 
whether there was an incre(lsing pr decreasing 
linear trend on survival (lnd celpture probabil
ities over the course of the winter banding 
activities. Evidence of a decreasing or increasing 
linear trend in survival rates could strongly 
affect long-term popUlation viability. I also 
included in the set of candidate models a global 
modellNith sex and time-varying differences on 
both survival and capture probabilities. I ran the 
globell model first, and then constrained surviv
al and capture probahilities as either constant 
over time, different by sex, with c1 downward 
(or upward) trend, or with a combination of sex 
and trend effects. This exercise resulted in a 
total of 38 models built in Progr,mlMARK and 
applied lo each of the 3 locations. 

I used an information-theoretic approach to 
compare candidate models (Burnham and An
derson 2002). I assessed the goodness-of- fit 
(cOF) of the global model and whether the 
encounter delta were overdispersed using the 
median " in Program },,'IARK. The variance 
infli\tion faclor (t') was used as an estimate of 
cOF of the models with c values of 1.0 
indicating good fit, and values of 1-3 acceptable 
fit of the data to the models (Lebreton et al. 
1(92). I estimated C llsing a lower bound of 1.0, 
an upper bou nd of 5.0. 10 intermediate points, 
and 10 replicates at eelch point (Cooch and 
\Vhite 2(06). AICc values were then converted 
to QAICc values to adjust for overdispersion. 
The most parsimonious set of models was 
selected using ,1 combination of QAIC,. 
(Akaike's Information Criterion corrected for 
overdispl'rsed data and small si\mple sizes), 
tlQAICc, and QAICc weights (Burnham and 
Anderson 2002). 

91(2) 

1 derived maximum likelihood estimates of 
survival and capture probabilities by sex for 
each location Llsing a model with sex as the 
group effect on both parameters (cjl (sex) p 
(sex)). To investigate time, trend, and sex on 
parameters, I L1sed model averaging techniques 
to calculate the real estimates of survival and 
capture probabilities for each location. Model 
averaging computes the average pf a parameter 
from all models in the model set and therefore 
includes model selection uncertainty in the 
estimate of precision of the parameter. Model 
averaging produces unconditional estimates of 
variances ,md stand ard errors (Burnham and 
Anderson 2(02). r exa mined the confidence 
intervals around the beta (fl) estimate for 
evidence of any significance for a trend on 
survival and capture probabilities. 

RESULTS 

A total of 1123 Townsend's Big-eared Bats 
banded in the 3 counties was used in the 
ana.lyses. More female oats were banded than 
males, with an overall sex composition of 57.7'% 
females (Table 1). Most bats (36.1%; n = 405) 
were bemded at Spider Clve, and 53.3% of these 
were fenwJes. A total of 378 bats were banded elt 
Bat Cave, 58..5% of them female. Sex ratios were 
1110re skewed toward females in Klickitat Of 
110 banded bats at Jug Cave, fi64'Yc, were female, 
and 67.3"/" of 98 banded at Poacher's Cave 
during 6 winters were temille. Farther north in 
Skagit, at Blanchard Mountain Cave, 545'~';) of 
thE' 132 bats banded during the 8 winters were 
female. All banded bats used for these analyses 
were considered adults of unknown age but 
likely included some young-of-the-year. 

For each location, maximum likelihood esti
mates of annual survival ,md capture probilbil
Hies varied somewhat by sex (Table 2). Survival 
for male Townsend's Big-eared Bats ranged 
from a low of 0.54 for Klickitat County to a high 
of 0.68 for Skagit County. SurViVell for adult 
female Townsend's Big-eared Bats ranged from 
a low of 0.60 for Skamania to a high of 0.67 for 
Skagit Adult male bats tended to have lower 
capture probabilities than females, ranging from 
a low of 0.30 in Klickitat to a high of 0.46 for 
Skamania. Capture probabilities for females 
ranged from 0.49 in bOtll Klickitat and Skamania 
to 0.61 in Skamania. There were no significant 
differences between the sexes and among the 
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TABLE]. Number of Townsend's Hig-e~red Bats used in survival analyses, by county, ca\'c, year of banding, 
sex, and number of recaptures by sex in subsequent years. All bats were banded in the winter from 1964 to ]975 
by CM Senger and associates with recaptures noted until winter of 1980. 

County Cave nanle 

Skamania Bat Cave 

Spider Cave 

Klickitat Jug Cave 

Poacber's Cdye 

Skagit Blanchard 
Mount"in 
ewe (Senger's 
Talus Cave) 

Tot~ls 

Year of banding 

IlJ66 
1967 
1968 
1')69 
1970 
1%5 
1')(,6 

1967 
'1968 
)%9 
1970 
1968 
1969 
1970 
'197] 
1972 
1'l73 
197:; 
1968 
1%9 
1970 
]971 
1972 
1973 
]965 
1%Ii 
1967 
1968 
'1969 
1970 
]971 
'1972 
1973 

Reports of ad lllt
 
nl<lles banded
 

(# of recaptures)
 

91 (72) 
13 (2)
 
6 (2)
 

26 (21)
 
21 (24)
 

133 (103)
 
32 (16) 
10 (4) 
3 (0) 
9 (6) 
2 (0) 
6 (0) 

20 (5) 
7 (0) 
4 (0) 
o (0) 
o (0) 
o (0) 
o (0) 
(, (Il) 

19 (8) 
5 (5)
 
] (0)
 

1 (0)
 
20 (27)
 
8 (11) 
7 (4) 
9 (II) 
5 (4) 
5 (2) 
2 (0) 
[) (0) 

4 (1) 
475 

Reports of ad lllt 
females banded 
(# of recaptures) 

137 (127) 
18 (7) 
18 (3) 
26 (25) 
22 (13) 

135 (228) 
52 (81) 
12 (14) 
2 (0) 

I] (II) 
4 (7) 

26 (38) 
27 (21) 

4 (0) 
9 (1) 
3 (1) 
2 (0) 
:1 (0) 
8 (ll)) 

25 (50) 
30 (44)
 
2 (I)
 
1 (0)
 
0(0)
 

29 (29) 
III (18) 

6 (3) 
10 (6) 
8 (6) 
3 (6) 

3 (3) 
1(0) 
2 (0) 

648 

locations in the survival estimates; all 95'1., 
confidence intervals (CI) were broadly overlap
ping. Capture probabilities also did not differ 
significantly between sexes and among loca
tions (95'Yo CI also overlapped). 

No clear top model was chosen with model 
selection techniques for each of the 3 counties. 
However, a trend on either survival or capture 
probabilities was always in at least I of the:'\ top 
models (Tables 3,4, and 5), The 3 top models in 
all analyses explained >60''10 of model variation. 
Although 38 models were constructed for each 
analysis, I report only the models ~QAICc <10 
and the global model for reference (Tables 3, 4, 
and 5). 

The highest ranking model St']ect"d for 
Skamania was a model with an upward trend 

on survival and sex-specific capture probabili
ties Cfable 3). The CI around the 13 estimate for a 
trend on survival did not inx.lude 0, indice1ting a 
Significant upward trend ({i = 0.07 ± 0.03 SE 
[0.004-{1.14 ClJ). Female Townsend's Big-eared 
Bats had a higher capture probability than 
males (pee 0.62 ± 0.04 SF [0.54-D.71 ClJ; pc 
0.46 ± (J.OS SE [0.36-0.57 C1]; respectively). The 
3 top models were within tlQAIC" <2 and 
explained 67% of the model variiltion. Smvival 
and capture probability estimates from the 
model-averaged results are presented in Fig
ures. 1 and 2. 

The highest ranking model selected for 
Klickitat was the model with a constant survival 
and a downward trend in capture probabilities 
(Table 3). The Cl ill'Ound the i\ estimate ior the 
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TABLE 2. M.aximurn likelihood est.imates 01 ,1pparent slJrvival (;~) and captllr,> probabilities (p) with associ,1ted 
~tandurd errors (SF) und 95'~';, l:onfid('IKe intervals (eI) for Townsend's Big-(',1l"ed Bats by county ilJ1d sex. All 
bats were banded in the winter from 1964 to 1975 by eM Sengel' and associates with recaptures noted nntil 
winter of 1980, Estimates were calculated Irom the model 14> (sex) p (sex)/, 

County Sex $ ± SE (95% Cl) p± SE (95')';' Cl) 

Skamania 

Klickitat 

Skagit 

Male 
FemaJe 
Male 
Female 
Ma.le 
FemalC' 

0.58 ± 0.04 (0.51-0.65) 
0,60 ± 0.03 (0.54-0.65) 
0.54 :.!: 0.11 (0.33-0.75) 
0.65 ± 0.05 (0.54-0.74) 
0.67 :.!: 0,06 (0.56-0.77) 
0.117 :.!: OOS (1156-077) 

0.46 :.!: 0.U6 (0.35-0.56) 
0.61 ± 0.04 (0.52-0,69) 
0.30 ± OJ 2 (0.12-0.57) 
049 :.!: 0.07 (0.35-0.63) 
0.44 :co 0.08 (028-060) 
0,46 ± O,llS (0.31-0.62) 

trend on capture prob<1bili(jes d ic1 1101 incluc~' D, 
indicating a significant, downwilrd trend (/1 = 

-D.43 ± D.ll SE [-0.66 to -0.20 Clj). Tlw 
estimate for survival was 0.69 :.!: 0.06 SF (0.56
0,79 Ci), As with Skamania analysis, there was 
substantial model selection uncertainty, with 5 
of the top models having u AQAIC,. <2 and 
explaining 70 percent of the variation. Estimates 
of surviV<11 and capture probabilities for Klick
itat County are presented in Figures 1 and 2. 

The highest ranking model selected for Skagit 
had constant survival and capture probabilities 
differing by year (not a linp,H trend) (TablE' 3). 
However, the confidence intervuls around the [) 
estimate for the trend on capture probabilities 
did not include 0, indicating a signifi~nt 

downward trend on capture probabilities (f~ = 

-0.12 ± 0.05 SE [-0.22 to -0.01 ClJ). The 
estimate for survival was 0.68 ± n.D3 SF (0.62
D.74 CI). As with the other two an<1lyses, there 
was substantial model selection uncertainty 
with the 3 top models having a i'.QAfCc <2 

and explaining 60'}" oj the variation. Estimates 
of survivi11 and capture probabilities for Skagit 
COlmly arc presented in Figures 1 and 2. 

DISCUSSION 

Fstilnates of annual survival of wintering 
Townsend's big-eared bats in 3 locations in 
Washington ranged from 53.5 to 76.mo;, and 
varied by location, time or trends, and sex. 
Estimates of capture probability ranged widely 
from 8.1 to 75.0'XL In this current analysis, r used 
model selection techniques and the cap'lbilities 
of program MARK to exarnme trends, time 
effects, ,md sex differences in survival as we]] as 
capture probabilities at each of the three 
locations where banding took place. Survival 
and capture probabilities had a tendency to be 
lower for males than for females and this 
pattern was consistent across all 3 locations. 
There was also evidence of a positive trend 011 

survival at the Skamani'l IOG1tion Zlnd ,1 negative 
trend on capture probabilities <1t all 3 locations. 

T(\131.,[ 3. Rc~u!ts from J'mgram iV1J\ 1\ Kill)' fnlldding sur\, ;val (0) imd caphJrt' probabilitie~ (p) of acl1J!t female 
and mille Townsend's Big-eared R,1tS roostlng in hrbernacula ill Skilmania County, VVashlnglon, fran! band
nccapture data collected from ·1Y6·~ to 1'180, For Pilch mode], the Dwde! nmne, the Akilike Information Criterion 
corrected for overdispersion (QA1CJ, the L\Q;\JC., QAIC, Wt:ight, and number of paramet('r~ (K) [(c = 1.72)], are 
listed. The model with the lowest QAIC,. is in the 1st row. Datil were collected by eM Senger and associates. 

ModpJ name 

¢ (trend) p (sex) 
Q (trend) p (sex + trend) 
<l> (sex + trend) p (sex + trend)
 
¢ (.) p (sex)
 
Q (trend) p (trend)
 
(~ (sex + b'end) p (trend)
 
¢ (trend) pi)
 
cj \Sex) p (sex)
 
,~ (trend) p (.)
 
¢ () P ()
 
~) (sex) p (,j
 

(~ (.) p (trend)
 
¢ (sex x time) p (sex x time)
 

QAIC ilQAIC QAICweight K 

992.13 U.OO 1).29 4 
992.59 0.16 0.26 5 
994.13 1.69 OIZ 6 
994.85 242 0.08 3 
995.28 2.85 0.07 4 
995.30 2.87 007 5 
9'.16.16 3.72 am 3 
99671 428 0.03 4 
996.16 443 0.113 3 
99892 6.<19 0.01 2 
999.32 6.89 O.DI 3 

1000.37 7,94 0.01 3 
1063.71i 7135 (WO 58 
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TABLE 4. Results from Program MARK for modeling survival «(b) and caphlre probabUities (p) of adult female 
and maJe Townsend's Big-edred Bats rt)l)sting in hibernacula in Klickit'lt County, Washington, from band
recaphire data collected from 1964 to 1980. For each model, the model name, the Akaike Information Criterion 
correctt'd for owrdispersion (QAIC,), the AQAIC" QAIC,. weight, and number of paramett'rs (K) 1((' = 1.34)1, are 
listed. Tht' model with the lowest QAlCc is in the 1st row. Data were collected by C.M. Senger and associah's. 

Model name QAIC, ,:\QAIC QAJC weight K 

4) () p (trend) 270.56 0.00 0.24 3 
(p (sex;. trend) p (trend) 270.59 0.03 0.24 5 
qJ (trend) p (sex + trend) 27069 11.13 0.22 5 
q, (sex + trend) p (sex + trend) 272.18 1.62 0.1\ 6 
(j> (trend) p (trend) 27228 1.72 0.10 4 
q> (.) p (time) 273.56 3.00 0.05 9 
4> (trend) p (sex) 276.48 5.92 O.O! 4 
(j> (time) p (time) 277.25 6.70 0.01 12 
q> (trend) p (.) 279.06 8.50 0.00 3 
G> (.) p (sex) 279.65 9.09 0.00 3 
(j> (time) p (sex) 279.80 9.25 0.00 'J 
<P (.) p (sex X time) 280.03 9.47 0.00 15 
4> (sex) p (.) 280.47 9.92 0.00 3 
(j> (sex X time) p (sex' time) 28B.80 18.24 0.00 21 

Sex-related difference in survival of hibernat
ing Townsend's Big-eared Bats was also found 
in a California population studied by Pearson 
and others (1952). They investigated natural 
history and reproduction of Townsend's big
eared bats from 1947 to 1951 and reported 
similar sex-related differences in return rates for 
wintering bats in caves in the 1\.11. Lassen area ,15 

compared to the differences found in this study, 
They used the percentage of recaptured banded 
bilts to calculate annual return rates and 
recovered 53'.:\) of the l11illes ilnd 58'10 of the 

females in 2 subsequent years. Males and 
felllilies of this species approClched the hiberna
tion period very differently. Pearson and others 
(1952) reported that males tended to waken ilt 
night and even fly around in hibernation caves. 
They observed that for iemales, the "inclination 
10 hibernate is stronger." 1£ male bats tend to 
move more often during hibernation than 
fernilJes, this could potentially explain the sex
related differences found in survival and cap
ture probabilities in the Washington popula
tions. 

TABLE 5. Results from Program MARK for modeling survival (cp) and capture probabilities (p) of adult ft'male 
and male Townsend's Big'-e,m~d Bats romting in hil1ernacul~ in Blanchard Mount~in Cave (Senger's Talus 
Cave), Skdgit County, Washingt,)]), from band-recapture data collected from 1964 to 1980. For e,leh model, the 
model name, the Akaike Information Criterion corrected for overdispersion (QA1CJ, the .1QA1C", QA1C 
v,leight, ~nd number of parameters (K) r(c =1.36)]' are listed. The model with the .lowest QAIC, is in the '1 st row. 
Data were collected by CM. Senger and associates. 

Model name QA1C, t.QAIC,. QAIC, weight K 

(j> () p (time) 602.66 (J(J(J 0.26 13 
<p (.J p (trend) 602.73 0.07 0.25 3 
¢ (trend) p (trend) 604.64 '198 0.09 <I 
(j> (sex) p (time) 6lJ4.7R 2.12 (J.O':! 14 
<P I.) p (.) 60519 283 0.06 2 
cp (trend) p (sex + t"<end,1 60594 328 005 5 
<iJ (.) p (sex) 606.06 3.39 U.05 3 
<p (sex + trend) p (trend) 
(p (trend) p (.) 

606.';9 
607.68 

3.94 
443 

0.04 
0.03 

.5 
3 

~~ (sex) p (.) 607.42 4.76 U.02 :) 

<p (trmd) p (sex) 60768 5.02 0.02 ... 
¢ (sex + trend) P (sex + trend) 608.04 538 0.02 6 
~~ (sex) p (sex) 608.11 5.4.5 0.02 4 
<jJ (time) p (time) 612.65 9.98 (J.()(J 21 
cj> (sex X time) p (sex X time) 668.19 65.83 0.00 49 



178 NORTHWESTERN NATURALIST 91(2) 

LO 

0.9 

0.8 .... 
0.7 

~ 
0.6 

rn 
.~ 

~ 
0.5 

0.4 

~ "" 03 

0.2 

0.1 

OJ) 

..,. 
] 
't 
" '" 

Skamania 

fffff If If Iff Ifffffffffffffff If
 

, 
1965-1966- 1.967- 1968- 1969 1970- 1971- 1972- 1973-1974- 197~- 1976- 1977- 1978- 1979
1966 1967 1968 1969 1970 1971 1972 197J 1974 \975 1976 1977 1978 1979 1980 

.... ..
 
:
'Ii: 
::> 

CJl 

I
 
f:t 

<f. 

1.0 

0,9 

0.8 

0.7 

0.6 

0.5 

1.0 

0.9 

0.8 

0.7 

0.6

0.5 I

OA 

0,3 

0.2 

0.1 

0.0 
1968
1969 

Klickitat 

III!j f j 

1969
1970 

1970
1971 

1971
19n 

1972
1973 

1973
1974 

1974
197~ 

1975
1976 

Skagit 

fff!i!f1111!iitfffffff
 If
 
I OA 

0.3 

<' 0.2 

0.1 

(LO 
19M- 1965- 1966-1967-1968-1969-1970-1971- 1972- 1973-1974- 1975-1976
1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 

Ycar Interval 

I- JlemaJe.6Mole I 
FICURE L ModE'1 averaged e"tilllaies of apparent survival for Townsend's Gig-earE'd Bats hibernati.ng in 
Skamdnia, Klickitat. dnd Skagit Counties, Washington, frornl964 to 1981. Error val'S are 95% 
confidence intervals. 



179 Al:TUlvIN 2010 ELLISON: SURVIVAL OF TOWNSEND'S BIC-EARED BAT 

1.0 

0.9 

0.8 

,;, 0.7'" 
.t:; 
:::< 

0.6~ 

0.5~ 
~ 0.4 

i 0,3 
U 

0,2 

0.1 

0,0 

"'
::.. 
~ 

~ 
.0£ 
B 

e 
~ 

Skamania 

lIilflfI!IiIfIlf!flilffflf
 
f I
 

1965-1966- 1967- 1968- 1969-1970- 1971- 1912- 1973-1974- 1975- 1976- 1977- 1978- 1979
1966 /967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 

Klickitat 
LO 

0,9 

0,8 

'";;, 0.7 

I 
" B 
§' 
U 

0,6 

0,5 

0.4 

0,3 

f j 
0.2 

0.1 

0.0 
1 

1968 1969 1970 1971 1972 1973 1974 1975
1969 1970 1971 1972 1973 1974 1''15 1976 

Skagit 
1.0 

0,9 

0,8 

0,7 

0.6 

0,5 

0.4 

0,3 

02 

0,1 

0,0 +-~-~-..---r--,--.,.-~,--.-~~--.--....-"-".-. 
1964- 1965- 196b- 1967-1968-1969- 1970- 1971- 1972· 1973 1974- 197:\-1976
1965 1966 1967 196~ 191\y 1970 1971 1972 1973 :974 1975 1976 1977 

Year Interval 

I-Fern.leLl Mole I 
HGURE 2, Model averaged estimates of capture probabilities, p, for Townsend's Big-eared Bats hibernating in 
Skamania, Klickitat, and Skagit Counties, Washington, from 1964 to 1981, Error bars are 95% 
confidence intervals. 



180 NORTHWESTERN NATURALIST 

There was evidence of an upward trend in 
survival from 1965 to 19HO on Townsend's Big
eared Bilts, notably at the Skamania location. An 
increase in survival cuuld be indicative of 
populiltion growth during that time, but this is 
only speculative without additional biological 
information about this population such as 
recruitment during the maternity season. The 
decreasing trend on capture probabilities at all 3 
locations could be a ret1ection of popu1J.tion 
declines observed at the banding sites during 
the course of the study resulting from a possible 
"trap response." Trap responses are thought to 
occur commonly in captu re-reca pture stud iE'S of 
vertebr<lte populations (Nichob and others 
1984). The total number of bats in Spider Cave 
was approximately 300 in 1965 when banding 
efforts began. However, this population de
clined markedly with only 67 bats found in 
1967-68 (a decline of 22.3'X,). /\ similar patlem 
of population decline was also noted for Bat 
Cave, but specific numbers were not provided 
(Senger 1969). Senger felt strongly that his study 
had been a serious disturbance to the bats, and 
he planned to reduce his visits for the next 
several yenrs to preserve the remaining popu
lations (Senger 196Y). Disturbance of the hiber
nating population at Spider Cave may have 
come from other sources as \Nell. Spider Cave 
was relatively wlknown by the public in the late 
1S160s but was located near a road ,1I1d was 
accessible to the public (CM Senger, Belling
ham, WA, pers. comm.). About 100 acres of 
virgin timber were logged on the hillside just to 
the west of the mouth of Spider Cave in 1967, 
which mil y ha ve h,1(:1 ,1l1 effect on th.. use of thl:~ 

cave by bats. The hibernating populations of 
bats at Bat and Spider Caves appeared to 
recover somewhat from the dnlStic declines 
observed after the first few years of the banding 
efforts. Senger and Crawford (1984) reported 
that the hibernating populations at both Bat and 
Spider Caves had recovered somewhat, but to 
overall lower numbers than the original 250 to 
300 counted. However, the observed population 
levels were consistent in the 6 years prior to 
1984 (Senger and Crawford 19R4). 

Although this analysis a F'pJied current mmk
recapture theory successfully to historical data 
on bats banded from 19f,4 to 197.5, there are 
severa1Ci1veats that need to be addressed when 
interpreting the results from this analysis. The 
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hvo critical concerns include band injuries and 
population declines. Observed population de
clines at all three hibernacula could be due to 
permanent emigration of the bats after distur
bance by banding. Banding and research was 
observed to negatively affect Townsend's Big
eared Bats hibernating in these areas in several 
different ways (eM Senger, Bellingham, WA, 
pers. comm.; Senger 1969, 1973, 1985; Senger 
and Crawford 1984). Senger noted band injuries 
to Townsend's Big-eared Bats over the course of 
his banding efforts regardless of the typc of 
band used. Of 278 bats he had banded in 1966 
with No.2 bands, 1 of 21 recaptures hild a cut 
through the wing membrane from the b;md, 
and another had some swelling. On the other 
hand, nearly half of the 28 recaptures from 210 
bats banded in 1967 with the "BAT series" 
billlds had cuts through the wing membrcmes, 
although without significant swelling or scar 
tissue formation (CM Senger, Bellingham, WA, 
pers. comm.). Humphrey and Klll1Z (I976) also 
documented band injuries in this species. They 
studied Townsend's Big-eared lia ts in the 
southern Great Plains (western Oklahoma and 
Kansas) and examined population ecology of 
the bats using 827 banded indi\'iduclls. They 
found evidence of in-grown bands, chewed 
bands, and infected arms 1 and 2 years after 
banding. Some bats would exhibit all 3 of these 
conditions simultaneously. Of 66 bats recap
tured, 50 (75.R'X,) showed sOllle evidence of 
damage from the bands. 

Sometimes banding would cause bats to 
move to another cave most nolably in Skamania 
County ..Although none of tbe bats used in this 
particular ana lysis moved to other known caves 
besides Bat or Spider Caves, r Cilnnot ilssume 
they did not permanently leclve the area due to 
disturbance because not all possible cave 
locations were known (CM Senger, Bellingham, 
WA, pers. comm.). The number of bats that 
appeared to move among the Bat and Spider 
Caves was low, and if they did move, they were 
often seen ilt Doth GlVeS during a single winter 
season. Only 8 of the 377 individuals banded 
from Bat Cave were recaptured at Spider Cave, 
ilnd 19 of the 407 from Spider Cave were 
recaptured at Bat Cave. IIowever low these 
numbers appear, 'ldditional movements most 
likely occurred that were not detected and 
could explain the declines in populations over 
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the time of banding. Davis (1968) reported. that 
Senger did not think that the recapture ratios 
were indicative of survival because bats seem to 
readily move from 1 cave to another when 
disturbed and he did not think he was sampling 
all of the caves in the area. 

The examples of injuries due to banding and 
the potential for bats to move permanently out 
of the study area (or among caves not sampled 
within the study area) violated 2 of the 
assumptions of the qs model. Direct injuries 
from bands and disturbance from banding 
violates the basic rule that the sampled popu
lation is representative of the population at 
large. Movement of bats in response to banding 
activities could also violate the assumption of 
permanent emigration. Hovvever, violation of 
the assumption of permanent emigration does 
not always result in biased estimates of surviv
al, especially if the emigration is random (that 
is, every individual within an age-sex category 
has the same probability of being in the area 
exposed to sampling efforts; 'vVilli"ms and 
others 2(01). 

To my knowledge, this retrospective analysis 
provides the 1st published CJS-based estimates 
of survival for Towllsend's Big-eared Bat. The 
dataset from which these estimates were de
rived is likely to be the most complete and weJ1
maintained dataset in the USFWS Bat Banding 
Program files that has not been published 
elsewhere. Resulting annual survival estimates 
from these data were relatively precise and 
modeling provided evidence of trends in 
survival, time effects, and differences in sun'iv
a! between the sexes. These results provide 
historical, post flOC estirn.ltes of an important life
history parameter for this species of bat winter
ing in caves in three localized areas of Wash
ington State. Additionally, these estimates could 
potentially provide an historical baseline for 
future research and management issues con
cerning this species. 
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