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P ie rson a nd F e lle rs -  S pe cie s a t R isk, C orynorhinus townse ndii

E X E C U T IV E  S U M M AR Y

T his study ha d tw o prim a ry obje ctive s: to  conduct roost surve ys for C .
townse rdii in two pa rts of C a lifornia  whe re  distributiona l inform a tion wa s m ost
lim ite d or la ckitg ,  a nd to  obta in  in form a tion on roosting a nd fora ging e colory
in  tw o d istinctly d iffe re nt ha bita ts.  T his pro je ct w a s urge ntly ne e de d be ca usC  t1
re ce nt C a liforn ia  D e pa rtm e nt of F ish a nd G a m e  surve ys (conducte d in  L}S T  -
1 9 9 1 )  docum e nte d significa nt popula tion de cline s in  m ost surve ye d a re a s,  2 )
d istribution w a s still unknow n in  a re a s w ith  suita ble  roosting ha bita t,  a nd 3 )
the  im pa ct of va rious la nd m a na ge m e nt pra ctice s (e .g .  pre scribe d fire ,  tim be r
ha nre st,  a griculture ,  a nd gra z ing)  on fora ging be ha vior w a s unknow n.

A  to ta l o f 9 5  a b a n d o n e d  m in e s ,  1 8  ca ve s ,  l1  m a n - m a d e  w a te r
tunne ls,  a nd 7  build ings w e re  surve ye d for ba ts.  T w e nty-one  structure s ( tw e lve
ca ve s a nd n ine  m ine s)  show e d significa nt use  by C .  tow nse ndii.  E le ve n a re
loca te d in  the  w e ste rn  S ie rra  N e va da  footh ills ,  a nd te n in  the  T rin ity M ounta in
a re a .  S ix m a te rn ity colonie s,  ra nging in  siz e  from  4 8  to  a bout 2 5 O  a dult
fe m a le s,  w e re  ide ntifie d .  T hre e  w e re  in  ca ve s,  a nd thre e  w e re  in  m ine s.

1 3

D istribution for th is spe cie s/som e * ha t pa tchy,  a nd a ppe a rs to  be  lim ite d
by the  a va ila b ility  of roosting ha bita t.  H istoric a nd re ce nt re cords w ould
sugge st tha t popula tions a re  conce ntra te d in  a re a s w ith  a bunda nt ca ve s
(e spe cia lly  the  la rge  la va  flow s in  the  northe a ste rn  portion of the  sta te  a nd
ka rstic re gions in  the  S ie rra  N e va da  a nd T rin ity A lps)  or e xte nsive  a ba ndone d
m ine  w orkings (pa rticu la rly in  the  de se rt re gions to  the  e a st a nd southe a st of
the  S ie rra  N e va da ) .

R a diotra cking studie s w e re  conducte d in  tw o d iffe re nt ha bita ts: 1 )
coa sta l fore st (C a liforn ia  ba y,  D ougla s fir,  a nd re dw ood)  a nd gra z e d gra ssla nd
a t P t.  R e ye s N a tiona l S e a shore ,  a nd 2 l a  m ixture  of scrub (w ith  junipe r a nd
m ounta in  m a hoga ny)  a nd ponde rosa  p ine  fore st a t La va  B e ds N a tiona l
M onum e nt.  A t P oint R e ye s the  study colony re side d in  a n a ba ndone d ra nch
h o u se ,  a n d  a t L a va  B e d s in  a  la va  tu b e .  In  b o th  se ttin g s  th e  a n im a ls  sh o w e d
conside ra ble  loya lty to  the ir roost site s e ve n though the  study w a s conducte d
a fte r the  nurse ry se a son ha d e nde d; fe m a le s tra ve le d gre a te r d ista nce s tha n
m a le s to  fora ge ; a nd a ll the  a nim a ls fora ge d in  close  a ssocia tion w ith  ve ge ta tion
- -  in  the  ve ge ta te d gullie s a nd re dw ood fore st a t P t.  R e ye s,  a nd in  the  ve ge ta te d
la va  tre nche s,  ne a r junipe r or m ounta in  m a hoga ny,  a nd w ith  the  sta nds of
p o n d e ro sa  p in e  a t L a va  B e d s.

G e ne tic va ria tion w a s pre lim ina rily  e xa m ine d for thre e  popula tions using
m itochondria l D N A  a nd m icrosa te llite s - -  tw o popula tions w ith in  the  z one  of
inte rgra da tion be tw e e n the  tw o subspe cie s,  C .  t.  tow nse ndii a nd C .  t.
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P ie rson a nd F e lle rs -  spe cie s a t R isk, corynorhinus town^se ndii 2

pa lle sce ns' a nd one  popula tion from  the  ra nge  of c. t.  pa lle sce H s. T he se  thre epopula tions w e re  suiniie ntly d istinct ge ne tica lly to  sugge st tha t the sete chnique s w guld be  a ppropria te  fo1 ^3 ia re ssind a  w ide  ra nge  of que stions forth is spe cie s,  including popula tion diffe re ntia tio?,  ge ne  flow lnd m a tingsyste m s.

M ost m a te rnity popula tions a ppe a r to  be  de clin ing in  num be rs,  a ndm a ny historic colonie s no longe r ."i!t.  T he  prim a ry thre it to  th is spe cie sa ppe a rs to  be  hum a n disturba nce  a t roost sit.s,  pa rticura rly re cre a tiona l
ffir'lrrfi iy##ffilil:"T  

d ;; il; d i s tri c t r, 
",' o re  c r amiti o,, o r au a ' o o n e  d



P ie rson a nd F e lle rs -  S pe cie s a t R isk, C orynorhinus townse ndii

1 .O  IN T R O D U C T IO N

1 .  1 .  B A C K G R O U N D  IN F O R M A T IO N

R e ce nt sta tus surve ys conducte d by C a liforn ia  D e pa rtm e nt of F ish a nd

G a m e  (C D F G )  re visite d  a re a s of know n historic d istribution,  a nd docum e nte d

se rious popula tion de cline s for T ow nse nd's b ig-e a re d ba t (C orynorhinus

tow nse nd. iq  in  C a liforn ia  (P ie rson a nd R a ine y 1 9 9 6 ) .  W hile  the se  surve ys

ide ntifie d  a  num be r of im porta nt co lonie s,  the y focuse d on a re a s w ith  h istoric

re cords ( i.e . ,  prim a rily  the  coa st,  the  southe rn de se rts,  the  O w e ns V a lle y,  the

ka rst a re a s of the  M othe r Lode ,  a nd the  la va  flow s in  S ha sta  a nd S iskiyou

C ountie s) .  Incide nta l obse rva tions of ba ts in  othe r pa rts of C a liforn ia  sugge ste d

tha t the  b ig-e a re d ba t w a s pre se nt in  a re a s w hich ha d not be e n surve ye d,

pa rticu la rly the  southe rn T rin ity A lps a nd low e r e le va tions on the  w e ste rn  slope

of the  ce ntra l S ie rra  N e va da .

L .2 .  S Y S T E M A T IC S  A N D  P O P U LA T IO N  G E N E T IC S

T he  ta :ron tre a te d he re  a s C orynorhinus, a nd origina lly de scribe d by tha t

na rne  (se e  H a ll 1 9 8 1  for prior ta ;< onom ic h istory) ,  w a s know n a s P le cotus for

ne a rly forty ye a rs ba se d on H a ndle y's (1 9 5 9 )  re vision .  In  th is tre a tm e nt,

H a ndle y subsum e d thre e  line a ge s in  P le cottts:

1 .  the  P a le a rctic ta xa  pre viously know n a s P le cottts,

2 .  the  N orth  A m e rica n ta xa  pre viously know n a s C orynorhinus,

3 .  the  m onotypic w e ste rn  N orth  A m e rica n line a ge  now  know n a s

Idionyde ris.

H e  re ta ine d the se  form e r ge ne ra  a s subge ne ra .  Id iongcte is w a s

subse que ntly re e va lua te d a nd re store d to  ge ne ric sta tus (W illia m s e t a l.  I9 7 O l,

a  ch a n g e  w h ich  h a s  b e e n  g e n e ra lly  a cce p te d  ( e .g . ,  K o o p m a n  1 9 9 3 ) .  M o re

re ce ntly,  tw o phyloge ne tic studie s ha ve  re vie w e d re la tionships a rnong p le cotine

g e n e ra  ( F ro st a n d  T im m  t9 9 2 ; T u m liso n  a n d  D o u g la s  1 9 9 2 ) .  T h e y  d e rive d

significa ntly d iffe re nt re la tionships a rnong the  ge ne ra  a nd d iffe r in  som e

ta ronom ic re com m e nda tions (e .g . ,  one  propose d synonom iz ing ld iongcte is w ith

E ude rm nl,  but w e re  consiste nt in  re cogniz ing C orynorhinus (=  N orth  A m e rica n

P le cottts)  a s distinct a t the  ge ne ric le ve l from  P a le a rctic P le cotus. T he se

su g g e ste d  re v is io n s  p o st- d a te  th e  c lo s in g  p u b lica tio n  d a te  fo r K o o p m a n  ( 1 9 9 3 ) ,

a nd K oopm a n ( in  litt. )  subse que ntly a gre e d tha t C orynorhiruts should  be

re cogniz e d a s a  se pa ra te  ge nus.
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W ith in  C orynorhinustow nse ndii,  H a ndle y (1 9 5 9 )  ide ntifie d  tw o w e ste rn
subspe cie s, C . t.  townse ndii a nd C . t.  pa lle sce ns, both occurring in C a lifornia .
H is ra nge  m a p showe d C . t.  townse ndii a s occurring in a  na rrow  ba nd a long
the  P a cific coa st,  a nd C . t.  pa lle sce rls a s cove ring a  fa r m ore  e xte nsive  ra nge
in la nd.  H ow e ve r,  he  a lso de scribe d e xte nsive  subspe cific  in te rgra da tion in
C a liforn ia ,  N e va da ,  Ida ho,  O re gon a nd W a shington.  In  C a liforn ia ,  the  a re a  of
in te rgra da tion include s virtua lly a ll o f the  sta te  w e st of 1  1 8 oW  longitude .

In  the  z one  of in te rgra da tion,  individua l spe cim e ns a nd se rie s w e re  not
re a dily a ssigna ble  to  e ithe r subspe cie s a nd the  m orphologica l fe a ture s w hich
typ ifie d  th e  su b sp e c ie s  d id  n o t ch a n g e  co n co rd a n tly .  H a n d le y  ( 1 9 5 9 )  in d ica te d
tha t fu ll spe ctrum  of cha ra cte ristics for both  subspe cie s ca n be  se e n w ith in  a
s in g le  p o p u la tio n :

"W ith in  th is z one  of in te rgra da tion the re  is conside ra ble  individua l
va ria tion in  dorsa l co lora tion.  .  .  T one  is ve ry va ria ble  throughout the
z one ,  the  ra nge  in  som e  sa m ple s a lm ost bridging the  ga p be tw e e n the
pa le  a nd da rk e xtre m e s of the  northw e ste rn  coa st a nd the  pa llid  be lt (p .
L9 2 1 .  .  .  S im ila rly,  the re  is  in te rgra da tion be tw e e n the  pa le -colore d a nd
d a rk- co lo re d  p o p u la tio n s  in  cra n ia l ch a ra cte ris tics .  T h is  is  b e st se e n  in
the  re la tive  stoutne ss of the  rostrum  (norm a lly stout in  da rk-colore d
n o rth w e ste rn  co a st p o p u la tio n s ,  n o rm a lly  le ss  s to u t in  p a le - co lo re d

in te rio r p o p u la tio n s) .  W ith in  th e  z o n e  o f in te rg ra d a tio n ,  s to u tn e ss  o f th e
rostrum  ca n not be  corre la te d w ith  colora tion: som e  pa le -colore d

individua ls ha ve  the  rostrum  ve ry stout; som e  da rk-colore d individua ls
h a ve  th e  ro stru m  ra th e r fra il ( p .  1 9 3 ) .  .  .  A llo ca tio n  o f sp e c im e n s,
e spe cia lly  in  ina de qua te  se rie s,  from  m uch of th is lz one  of in te rgra da tion]
to  one  ra ce  or the  othe r is  la rge ly a  m a tte r of pe rsona l opin ion.  A s a
re sult,  va rious a uthors ha ve  d isa gre e d on just w he re  the  a rtific ia l
bounda ry be tw e e n the  ra nge s of tow nse ndii a nd pa lle sce rls should  be  se t
( p .  1 9 9 1 . "

H a ll ( 1 9 8 1 )  re d re w  H a n d le y 's  ffi& p ,  e lim in a tin g  in d ica tio n s  o f
inte rgra da tion ,  a nd the  re sulting sim plifie d  subspe cific  ge ogra phy ha s
ine vita bly be e n w ide ly use d a s the  be st a va ila b le  te m pla te  for m a na ge m e nt
pla nning for th is spe cie s.  T he  tw o w e ste rn  subspe cie s a re  curre ntly conside re d
a  F e de ra l S pe cie s of C once rn ( form e rly a  C a te gory 2  ca ndida te )  by the  U .S .  F ish

a nd W ild life  S e rvice .

T o e va lua te  the  pote ntia l o f ge ne tic m a rke rs for cla rifying re la tionships

a nd e xa m ining ge ne  flow  a m ong e xta nt popula tions of C .  tow nse rLdii,  w e  a re

colla bora ting w ith  T .  B urla nd w ho ha s e xa m ine d va ria tion in  se ve ra l ge ne tic

m a rke r syste m s w ith in  a nd a m ong colonie s of the  re la te d spe cie s P le cottts

4
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P ie rson a nd F e lle rs -  S pe cie s a t R isk,  corynorhinus tow nse ndii

a u rifiis  in  sco tla n d  ( B u rla n d  e t a l.  1 9 8 8 ,  B u rla n d ,  u n p u b l. ) .  su cce ssfu la m plifica tion of D N A from  a  fe w  ca lifornia  c. townse ndiiusing p. a uitttsm icrosa te llite  prim e rs (B urla nd . t 
fl.  1 9 8 8 )  prom pte d a n e xpa nde d tria lscre e ning of sa m ple s from  thre e  colonie s.

1 . 3 .  E C O L O G Y

1 .3 .1 .  R o o stin g  E co lo ry

c' townse ndii is prim a rily a  ca ve rn-dwe lling spe cie s. whe re a s m a ny ba tspe cie s roost cryptica lly,  conce a ling the m se lve s in  cie vice s or sm a ll hollow s,  c.tow nse n'd ii roosts on ope n surfa ce sw he re  it is  e xtre m e ly vulne ra ble  tod e te ctio n  a n d  d is tu rb a n ce .  F o r th is  sp e c ie s ,  & S  fo r m a n y o th e rs ,  th e  m o stsignifica nt roosts a re  sum m e r m a te r"ity site s io""rp ie d by a dult fe m a le s a ndthe ir young)  a nd w inte r h ibe rna cula  (w ire re  * "t. .  a nd re rira te s roost toge the r) .A n im a ls  m a y a lso  b e  e n co u n te re d  d u rin g  th e  su m m e r ro o stin g  b y  d a y  s in g ly  o rin  ve ry sm a ll groups (ge ne ra lly a dult m Je s or nonre productive  fe m a le s)  or bynight in  she lte rs tha t a re  use d for re sting or d ige sting food.  c.  tow nse ndiidoe snot form  la rge  n ight roosting a ggre ga tions a s a "o som e  othe r spe cie s.  Inste a d,the y a ppe a r in  sm a ll num b. . t tge "ilflrv singly)  in  ca ve s,  rock she lte rs,  ope nb u ild in g s ,  m in e s ,  a n d  so m e tim . i u ria g e " te io * n  e t a l.  rg g 4 ,  B u rfo rd  a n dL a ck i 1 9 9 8 ,  D a lq u e st 1 9 4 7 ,  G ra h a m  fg o o ,  L a ck i e t a l.  1 9 9 3 ,  p e rk in s  a n dLe ve sque  I  9 8 7  ,  P e rlm e te r 1  9 9 6 ,  R a ine y a nd p ie rson 1 9 9 6 ) .  La rge r a ggre ga tionsm a y be  e ncounte re d in  the  spring or fa ll a t s ite s tha t a re  close  to ,  but not thesa m e  a s ' e ith e r th e  m a te rn ity  o r h ib e rn a tin g  s ite s .  T h e  p u rp o se  o f th e se  ro o stsis not w e ll know n,  but the y * "y ha ve  a n im lorta nt sociobib logica l function.F a ll roosts ha ve  be e n show n to  be  im porta nt m a ting site s for othe r spe cie s(B e rry a nd B row n 1 9 9 s) .  spring roosts m a y se rve  a s "sta gingo site s for theform a tion of m flle fity  co lonie s- (P e rkins lgg5 )  ,  a rtd , /or be  conve nie nt tofo ra g in g  a re a s  ( D o b kin  e t a l.  f g g S ) .

1 . 3 .  1 .  1 .  M a te rn ity  R o o s ts

P rio r to  re ce n t su rve Y S ,  ca ve s ,  a b a n d o n e d  m in e s ,  a n d  b u ild in g s  h a d  a llbe e n re porte d a s roost site i for c.  tow nse ndiiin  ca liforn ia  (B a rbour a nd D a vis1 9 6 9 ,  D a lq u e st 1  9 4 7  ,  G ra h a m  L g 6 6 ,  M a rco t L g 8 4 ,  p e a rso n  e t a l.  L g s2 l.  o f th e5 4  m a te rn ity roosts re ce ntly docum e nte d in  ca liforn ia ,  4 3 ohw e re  in  ca ve s a nd3 9 vo w e re  in  a ba ndone d m ine s (P ie rson a nd R a ine y 1 9 9 6 ) .  T he  re m a inde r w e rein  a n th ro p o g e n ic  s tru ctu re s  lb u ito in g s ,  b rid g e s ,  w a te r d ive rs io n  tu n n e ls ) ,  e a cho f w h ich  o ffe re d  a  ca ve - like  ro o stin g  sp a ce  ( . .g . ,  . r,  e n c lo se d  a ttic  o r a n  o p e n -e nde d box be a m ) .  W hile  colony siz Jse e m s to  va ry som e w ha t re giona lly ( Ida hosta te  conse rva tion E ffort 1 9 9 5 ) ,  in  ca lifor"l. ,  n lrse ry a ggre ga tions va ry fromca ' 3 0 - 4 0 0  a d u lt fe m a le s .  A  n u m b e r o f fa c to rs  se e m  to  p la y  a  ro le  in  ro o st
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se le ction,  including te m pe ra ture ,  d im e nsions,  light qua lity a nd a ir flow  (C la rk
e t a l.  1 9 9 6 ,  La cki e t a l.  1 9 9 4 ,  P e a rson e t a l.  1 9 5 2 ,  P e rkins e t a l.  1 9 9 4 ,  P ie rson
e t a l.  1 9 9 1 ,  P ie rso n  a n d  R a in e y  1 9 9 6 ,  T ip to n  1 9 8 4 ) .  R e co rd e d  te m p e ra tu re s  in
m a te rn ity roosts throughout C a liforn ia  va ry be tw e e n 1 9 oC  in  the  coole r re gions
to  3 0 oC  in  the  w a rm e r southe rn re gions.  T his spe cie s a lso pre fe rs a  re la tive ly
spa cious roost.  T he  m a jority e xa m ine d in  C a liforn ia  a re  a t le a st 3 0  m  in  le ngth ,
w ith  the  roosting a re a  loca te d a t le a st 2  m  a bove  the  ground.  M a te rn ity
cluste rs a . re  ofte n loca te d in  ce iling pocke ts or a long the  w a lls just inside  the
roost e ntra nce ,  w ith in  the  tw ilight z one .  T his spe cie s ge ne ra lly show s a  h igh
de gre e  of roost fide lity ,  w ith  up to  7 7 yo of the  a dult fe m a le s re turn ing to  the
sa m e  site  e ve ry ye a r (P e a rson e t a l.  L9 5 2 1 .  Y e t co lonie s m a y som e tim e s cha nge
ro o st s ite s ,  e ith e r in  re sp o n se  to  d is tu rb a n ce  o r se a so n a l sh ifts  in  te m p e ra tu re
(e .g . ,  se e king coole r site s during e a rly pre gna ncy a nd w a rm e r site s in  la te
pre gna ncy a nd a fte r the  young a re  born) .

1 . 3 . 1 . 2 .  H ib e rn a c u la

W inte r roosting be ha vior for C .  toutnse ndii va rie s conside ra bly
throughout its  ra nge .  W he re a s the  e a ste rn  subspe cie s,  C .  tow nse ndii
u irg in ia rltrs,  form s ve ry la rge  h ibe rna ting a ggre ga tions of up to  6 ,0 0 0  (R ippy
a n d  H a n re y  1 9 6 5 ,  S tih le r a n d  H a ll 1 9 9 3 )  a n d  th e  w e ste rn  su b sp e c ie s ,  C .
tow nse ndii pa lle sce ns,  ca n form  a ggre ga tions up to  se ve ra l thousa nd in  som e
a re a s of the  W e st ( Ida ho S ta te  C onse rva tion E ffort 1 9 9 5 ) ,  the  la rge st know n
w in te rin g  a g g re g a tio n  in  C a lifo rn ia  is  < 5 0 0  a n im a ls  ( C .B a ra t p e rs .  co m m . ) .  In
C a liforn ia ,  h ibe rna ting be ha vior se e m s to  va ry w ith  a ltitude  a nd la titude .  T he
only siz a ble  a ggre ga tions (>  1 0 0  a nim a ls)  occur in  a re a s tha t e xpe rie nce
prolonge d pe riods of subfre e z ing a m bie nt te m pe ra ture .  W e st of the  S ie rra
N e va da  cre st no a ggre ga tions la rge r tha n a  fe w  a nim a ls a re  know n be low  3 9 "N
la titude  (La ke  C ounty) .  A ggre ga tions of > 5 0  a nim a ls a lso ha ve  re ce ntly be e n
ide ntifie d  a t >  2 ,0 0 0  m  e le va tion in  the  W hite  a nd Inyo M ounta ins (S z e w cz a k e t
a l.  1 9 9 8 ) .  T h ro u g h o u t a re a s  th a t e xp e rie n ce  m o d e ra te ,  m o stly  a b o ve  fre e z in g
w inte r te m pe ra ture s,  how e ve r,  the  a nim a ls a ppe a r to  roost singly or in  sm a ll
groups,  m ove  roost site s fre que ntly,  a nd fora ge  on w a rm e r n ights (P e a rson e t
a l.  1 9 5 2 ,  P ie rso n  e t a l.  1 9 9 1 ) .  A lth o u g h  ce rta in  s ite s  a re  u se d  re lia b lyye a r to
ye tr,  ind ividua l a n im a ls a ppe a r to  m ove  w ith in  a nd be tw e e n roosts e ve n in
a re a s tha t e xpe rie nce  pro longe d w inte r conditions (C la rk a nd C la rk 1 9 9 7 ,
H um phre y a nd K unz  t9 7 6 ,  P e a rson e t a l.  1 9 5 2 1 .  C .  tow nse ndii a ppe a rs to
se le ct h ibe rna ting roosts w ith  sta ble  cold  te m pe ra ture s a nd m ode ra te  a ir flow
(H um phre y a nd K unz  L9 7 6 ,K unz  a nd M a rtin  1 9 8 2 l, .  T e m pe ra ture s be low  1 0 "C
a re  p re fe rre d  ( H u m p h re y  a n d  K u n z  I9 7 6 ,  G e n te r 1 9 8 6 ,  P e a rso n  e t a l.  L 9 5 2 ,
P e rk in s  e t a l.  1 9 9 4 ,  P ie rso n  e t a l.  1 9 9 1 ,  P ie rso n  a n d  R a in e y  1 9 9 6 ,  T w e n te
1 9 5 5 ) .  In  C a lifo rn ia ,  th e  o n ly  s iz a b le  w in te r co lo n ie s  h a ve  b e e n  fo u n d  in  ca ve s
o r m in e s ,  w ith  sm a lle r g ro u p s ( g e n e ra lly  . 1 0 )  b e in g  fo u n d  o cca s io n a lly  in
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b u ild in g s  ( B a rb o u r a n d  D a v is  1 9 6 9 ,  D a lq u e st 1 9 4 7 ,  G .  F e lle rs  p e rs .  o b s . ,
M a rco t 1 9 8 4 ,  P e a rso n  e t a l.  1 9 5 2 ,  P ie rso n  a n d  R a in e y  1 9 9 6 ) .

t, 3 .2 .  F o ra g in g  E co lo g y

R e ce nt ra diotra cking a nd light- ta gging studie s ha ve  found C .  tow nse ndii
fora ging in  a  va rie ty of ha bita ts.  T he  e a ste rn  subspe cie s ha ve  be e n de te cte d
fora ging ove r ope n pa sture ,  corn  a nd a lfa lfa  fie lds,  a nd a round the  crow ns of

tre e s in  V irg in ia  (D a lton e t a l.  1 9 8 9 ) ,  a long the  e dge s of in te rm itte nt stre a m s
( C la rk  1 9 9 1 ,  C la rk  e t a l.  1 9 9 3 ) ,  o ve r p a stu re / ra n g e la n d ,  in  th e  fo re st,  a n d

a long the  fore st e dge  (W e thington e t a l.  1 9 9 6 )  in  O kla hom a ,  a long ca nyon w a lls

a nd cliff fa ce s (A da m  e t a l.  1 9 9 4 ,  B urford  a nd La cki 1 9 9 5 ,  C a ire  a t a l.  1 9 8 4 )

a nd ove r sm a ll o ld  fie lds (B urford  a nd La cki 1 9 9 5 )  in  K e ntuclty a nd O kla hom a .
T he  w e ste rn  subspe cie s ha ve  be e n ra diotra cke d fora ging in  na tive  oa k a nd
ironw ood fore st on S a nta  C ruz  isla nd in  C a liforn ia  (B row n e t a l.  1 9 9 4 l. ,  a nd in

sa ge brush ste ppe  a nd ope n ponde rosa  p ine  pa rkla nd in  ce ntra l O re gon
( D o b k in  e t a l.  1 9 9 5 ) .

T h e  d ie t o f C .  to w n se n d ii co n s is ts  o f > 9 o o /o  m o th s  ( D a lto n  e t a l.  1 9 8 6 ,

R o s s  1 9 6 7 ,  S a m p le  a n d  W h itm o re  1 9 9 3 ,  W h ita k e r e t a l.  1 9 7 7  &  1 9 8 1 ) .  S tu d ie s

in  K e ntucky ha ve  found noctu id  a nd sphingid  m oths to  dom ina te  the  d ie t
( B u rfo rd  a n d  L a ck i 1 9 9 8 ,  S h o e m a ke r a n d  L a ck i 1 9 9 3 ) .  G e o m e trid s  a n d
notodontids a re  a lso consum e d,  a nd a rctiids a voide d (S hoe m a ke r a nd La cki
1 9 9 3 ) .  S tudie s in  both  K e ntucky a nd W e st V irg in ia  ha ve  show n C .  tow nse ndii

fe e ding se le ctive ly on fore st-a ssocia te d m oths (B urford  a nd La cki 1 9 9 8 ,  S a m ple

a n d  W h itm o re  1 9 9 3 ) .  S m a ll q u a n titie s  o f o th e r ta xa  a re  a lso  co n su m e d ,
pa rticu la rly cole opte ra ns a nd d ipte ra ns (D a lton e t a l.  1 9 8 6 ,  R oss 1 9 6 7  ,  S a m ple

a n d  W h itm o re  1 9 9 3 ) .  H e m ip te ra ,  H ym e n o p te ra ,  H o m o p te ra ,  N e u ro p te ra ,

T ricopte ra ,  a nd P le copte ra  ha ve  a lso be e n found occa siona lly (D a lton e t a l.

1 9 8 6 ,  W h ita ke r e t a l.  1 9 7 7 ) .

T .4 .  L IF E  H IS T O R Y

M ost of w ha t w e  know  re ga rding re production in  C .  tow nse ndii de rive s

fro m  th e  co m p re h e n sive  s tu d ie s  o f P e a rso n  e t a l.  ( 1 9 5 2 )  in  C a lifo rn ia .  T h e y

found m a ting took p la ce  prim a rily  in  the  h ibe rna cula  from  O ctobe r to

F e brua ry,  a lthough som e  fe m a le s w e re  like ly inse m ina te d e a rlie r in  the  fa ll.

F e m a le s m a y bre e d a s e a rly a s the ir first w inte r,  w he re a s m a le s a re  not

re productive ly a ctive  until the ir se cond ye a r.  A s in  othe r te m pe ra le  z one

ve spe rtilion id  spe cie s,  the  fe m a le  store s spe rm  in  the  ute rine  lin ing until the

spring w he n ovula tion a nd fe rtiliz a tion occur.  G e sta tion le ngth  va rie s w ith

c lim a tic  co n d itio n s ,  b u t g e n e ra lly  la s ts  fro m  5 6  to  1 0 0  d a ys .

7



F

T

!
I
r
r|
I

t
t
r
t
I

r
t
I

P ie rson a nd F e lle rs -  S pe cie s a t R isk,  C orynorhinus tow rrse ndii

T he  tim ing of m a te rn ity colony form a tion a nd pa rturition va rie s w ith
clim a te  a nd la titude .  In  C a liforn ia ,  co lonie s w ill form  in  M a rch in  the  de se rt
a nd a long the  ce ntra l coa sta l,  but a nd not until June  in  in te rior northe rn
C a liforn ia .  A  single  young,  w e ighing ca .  2 5  o /o  of m othe r's postpa rtum  m a ss,  is
born som e tim e  be tw e e n M a y a nd ;uty (E a ste rla  1 gT 3 ,  pe a ison e t a l.  IgS 2 ,
T W e nte  1 9 5 5 ) .  Y oung ba ts a re  ca pa bl,e  of flight a t 2 .5  to  3  w e e ks of a ge  a nd a re
fu lly w e a ne d a t 6  w e e ks (P e a rson e t a l.  1 9 5 t) .  N urse ry colonie s sta rt to
dispe rse  a fte r the  young a re  w e a ne d,  a nd bre a k up a ltoge the r in  S e pte m be r
a n d  o c to b e r ( P e a rs o n  e t a l rg s 2 ,  T ip to n  1 9 g 3 ) .

In  the  a bse nce  of d isturba nce ,  ye a r to  ye a r survivorship  is like ly ca .  S O  o/o
for the  young' a nd 8 0  oh for a dults (P e a rson e t a t.  LgS 2 ) .  B a nd re cove rie s ha ve
yie ld9 d longe vity re cords of 1 6  ye a rcl 5  m onths (P a ra diso a nd G re e nha ll t 9 6 7 l
a n d  2 L  y e a ts ,  2  m o n th s  ( p e rk in s  1 9 9 a ) .

1 .5 .  S T U D Y  O B JE C T IV E S

T his study ha d tw o prim a ry obje ctive s: to  conduct roost surve ys for C .
tow nse ndii in  tw o pa rts of C a liforn ia  w he re  d istributiona l in form a tion w a s m ost
lim ite d or la ckitg ,  a nd to  obta in  in form a tion on roosting a nd fora ging e cologr
in  tw o d istinctly d iffe re nt ha bita ts.  T his pro je ct w a s urge ntly ne e d-e d be ca use  1 )
re ce nt C a liforn ia  D e pa rtm e nt of F ish a nd G a m e  su* .yi lcona ucte d in  1  gg1  -
1 9 9 1 )  d o cu m e n te d  s ig n ifica n t p o p u la tio n  d e c lin e s  in  m o st su rve ye d  a re a s
(P ie rson a nd R a ine y 1 9 9 6 ) ,  2 )  d istribution w a s still unknow n in  a re a s w ith
suita ble  roosting ha bita t,  a nd 3 )  the  im pa ct of va rious la nd m a na ge m e nt
pra ctice s (e .g .  pre scribe d fire ,  tim be r ha rve st,  a griculture ,  a nd gr{"ing)  on
fora ging be ha vior w a s unknow n.

2 .O  M A T E R IA LS  A N D  M E T H O D S

2 . t.  R O O S T  S U R V E Y S

R oost surye ys focuse d on ca ve s a nd a ba ndone d m ine s in  tw o a re a s of
know n historica l d istribution for w hich curre nt in form a tion w a s la cking , -
low e r e le va tions in  the  T rin ity A lps (w e ste rn  S ha sta ,  w e ste rn  S iskiyo. ,  irrO
T rin ity countie s)  in  the  northw e ste rn  portion of the  sta te  a nd the  low e r
e le va tion w e ste rn  slope  of the  ce ntra l S ie rra  N e va da  (M a riposa ,  T ula re  a nd
T u o lu m n e  co u n tie s ) .  S ite s  w e re  se le cte d  e ith e r b e ca u se  h is to rica l re co rd s
e xiste d for the  a re a ,  or be ca use  the  a re a  conta ine d a  h igh de nsity of m ine s or
ca ve s tha t ha d not be e n surve ye d for ba ts.  A ll w ork * a J conducte d in
colla bora tion w ith  the  B ure a u of La nd M a na ge m e nt,  the  F ore st S e rvice ,  or the
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N a tiona l P a rk S e rvice .

T ra ine d fie ld  te chnicia ns conducte d surve ys a ccording to  a  sta nda r d iz e d,
p ro to co l ( se e  R id d le  1 9 9 5 ) .  F o r th o se  m in e s  th a t co u ld  b e  e n te re d ,
inve stiga tors note d the  pre se nce  or a bse nce  of ba ts,  the  pre se nce  or a bse nce  of
ba t sign (gua no,  cu lle d  inse ct pa rts or urine  sta ins on th l ce iling) ,  a nd
m e a sure d a  num be r of pa ra m e te rs for the  roost site  ( including d im e nsions of
the  e ntra nce ,  d ista nce  of the  roost site  from  the  e ntra nce ,  he ight of roost a bove
the  ground,  roost te m pe ra ture )  a nd the  surrounding ha bit"t (dom ina nt
ve ge ta tion,  a m bie nt te m pe ra ture ,  d ista nce  to  ne a re st w a te r source ) .  M ine s a nd
ca ve s tha t could  not be  e nte re d for sa fe ty re a sons w e re  m onitore d a t e m e rge nce
tim e  using n ight vision e quipm e nt.  T he  gua no of C .  tow nse ndii,  if in ta ct,  is
d istinctive  (a  golde n-brow n a nd spira l sha pe d) ,  thus fa cilita ting the
id e n tifica tio n  o f ro o sts  b e in g  u se d  b y  th is  ip e c ie s .

A ll sum m e r surve ys w e re  conducte d be tw e e n la te  M a y a nd e a rly O ctobe r
1 9 9 7 .  L im ite d w inte r surve ys w e re  conducte d in  be tw e e n . la nua ry a nd M a rch
1 9 9 8 .  A  fe w  s ig n ifica n t s ite s  w e re  re v is ite d  in  th e  sp rin g  o r su m m e r o f 1 9 9 g .

2 .2 .  R A D IO T E LE M E T R Y

R a diote le m e try w a s use d to  inve stiga te  roosting a nd fora ging be ha vior for
tw o significa nt popula tions of T ow nse nd's b ig-e a re d ba t,  one  

"t 
poi"t R e ye s

N a tiona l S e a shore  a long the  ce ntra l C a liforn ia  coa st a nd the  othe r a t La va  B e ds
N a tio n a l M o n u m e n t,  c lo se  to  th e  O re g o n  b o rd e r.  B o th  s ite s  h a d  a b u n d a n t
na tive  ha bita t (coa sta l m ixe d conife r/ha rdw ood a nd m onta ne  conife r fore sts
re spe ctive ly)  in  the  vicin ity of know n C .  tow nse ndiiroosts.  ye t,  a t point R e ye s
the re  w a s a ctive  gra z ing a dja ce nt to  the  roost,  a nd a t La va  B e ds,  a  pre scribe d
b u rn  h a d  re ce n tly  b e e n  co n d u cte d  in  th e  v ic in ity  o f o n e  ro o st.  S o m e  o f th e
fo re st w ith in  a  fe w  k ilo m e te rs  o f a  th is  ro o st,  u n d e r th e  ju risd ic tio n  o f M o d o c
N a tiona l F ore st,  w a s sche dule d for tim be r ha rve st a nd ge othe rm a l
d e ve lo p m e n t.  T h u s ,  b o th  o f th e se  s ite s  o ffe re d  o p p o rtu tritie s  to  in ve stig a te
pote ntia l im pa cts of va rious la nd use s on fora ging U e tra vior of C .  tow nse /Ldii.

A t b o th  s ite s ,  ra d io te le m e try  w a s  u se d  to  lo ca te  a lte rn a te  ro o st s ite s  a n d
de te rm ine  the  fora ging ra nge  of post- la cta ting or non- re productive  fe m a le s a nd
se le cte d a dult m a le s.  A nim a ls w e re  ca pture d itr ha rp  tra ps or m ist ne ts a t
ro o st e n tra n ce s .  T h e  h e a v ie st in d iv id u a ls  w e re  se le cte d  fo r te le m e try ,  o u tfitte d
w ith  A .4 4  g  ra d io tra n sm itte rs  ( M o d e l L B - 2 ,  H o lo h il S yste m s L td . ,  C lip ,
O nta rio) ,  a nd fo llow e d for 1 0  da ys a nd n ights.  T he  tra nsm itte rs w e ighe d
b e tw e e n  3 .5  a n d  4 .7  o h  b o d y m a ss,  le ss  th a n  th e  5  o /o re co m m e n d e d  m a :< im u m
(A ldridge  a nd B righa m  1 9 8 8 ) .  T ra nsm itte rs w e re  a tta che d to  ba ts by trim m ing
m idline  dorsa l ha ir ove r the  sca pula e  a nd a pplying S kinB ond@  surgica t
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a d h e s ive  to  th e  u n d e r s id e  o f th e  tra n sm itte r.

A t both  site s w e  e sta blishe d 2 -4  fixe d sta tions.  T he se  inve stiga tors w e re
consta ntly m onitoring for tra nsm itte re d ba ts,  scro lling through the  fre que ncie s
in  se q u e n ce .  W ith  1 5 - 1 7  a n im a ls  ca rry in g  tra n sm itte rs ,  it w a s  o n ly  p o ss ib le  to
sa m p le  e a ch  fre q u e n cy  o n ce  e ve ry  3 0  to  6 0  m in u te s .  A t b o th  s tu d y  iite s ,  2 - +
inve stiga tors w e re  m obile  a nd a ssigne d the  ta sk of fo llow ing pa rticu la r
individua ls or se a rching a re a s tha t w e re  out of re a ch for fixe d sta tions.  A ll
sta tiona ry a nd roving inve stiga tors w e re  e quippe d w ith  a  ha nd-he ld  w a lkie -
ta lkie  or a  C B  ra dio ,  a nd re porte d re gula rly to  one  sta tion tha t se rve d a s ra dio
ce ntra l a nd coordina te d the  a ctivitie s of the  roving inve stiga tors.  E fforts
focuse d on qua lita tive  cha ra cte riz a tion of the  ge ogra phica l pa tte rn of fora ging
a ctivity a nd broa d ha bita t a ssocia tions (e .g . ,  fore st ve rsus gra ssla nd a t P oint
R e ye s ,  a n d  fo re st ve rsu s  scru b  a t L a va  B e d s N a tio n a l M o n u m e n t) .  M o ve m e n ts
w e re  ofte n ra pid  a nd of la rge  sca le  (se ve ra l km  in  m inute s)  a nd sim ulta ne ous
be a rings from  tw o or m ore  obse rve rs w e re  fre que ntly not a va ila b le ,  a lthough it
w a s  s till p o ss ib le  to  d e te rm in e  d ire ctio n  o f m o ve m e n t o r th e  g e n e ra l a re a  w h e re
th e  b a t o ccu rre d .  D u rin g  th e  d .y ,  ro o st s ite s  o f a n im a ls  w ith  a ctive  ra d io
tra nsm itte rs w e re  ide ntifie d  using te le m e try re ce ive rs a nd.  ha ndhe ld  a nte nna s
ca rrie d  by one  or tw o m e m be r obse rve r te a m s.

2 .3 .  G E N E T IC  S T U D IE S

T h re e  p o p u la tio n s  o f C .  to w n se n d ii ( m in im u m  m a p  d is ta n ce >  3 0 0 km )
w e re  se le cte d for scre e ning re la tive ly la rge  sca le  ge ogra phica l pa tte rns of
ge ne tic va ria tion.  A ccording to  the  subspe cific  d istribution m a p of H a ndle y
( le s e ) :

1 .  O n e  co lo n y  ( P t.  R e ye s  N a tio n a l S e a sh o re ,  M a rin  C o u n ty )  is  co a sta l C .  t.
townse rdii w ithin the  z one  of inte rgra da tion w ith C . t.  pa lle sce rls,

2 .T h e  se co n d  ( v ic in ity  o f M t.  S h a sta ,  S isk iyo u  C o u n ty)  is  a lso  in  th e
inte rgra da tion z one ,  but is  se pa ra te d from  the  coa st by the  K la m a th
M o u n ta in s ,

3 .  a nd the  th ird  (C hina  La ke  a re a ,  Inyo C ounty)  is  C .  t.  pa lte sce ns from
e a st of the  S ie rra  N e va da ,  pote ntia lly  a  m a jor ge ogra phica l ba rrie r.

G e ne tic m a te ria l from  ca pture d a nd re le a se d ba ts w a s obta ine d from
w ing m e m bra ne  b iopsie s ta ke n w ith  a  3  m m  disposa ble  de rm a l b iopsy punch
a nd store d a t a m bie nt in  N a C l sa tura te d 2 0 %  D M S O . (W orth ington W ilm e r a nd
B a rra tt 1 9 9 6 ) .  T .  B u rla n d  co n d u cte d  th e  la b o ra to ry  in ve stig a tio n s  a n d  p ro v id e d
the  da ta  a na lysis sum m a riz e d be low .  D N A  w a s e xtra cte d by a  sa lting-
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out/ch loroform  m e thod.  w he n tw o w ing punche s w e re  a va ila b le  for a nin d iv id u & I ,  b o th  p u n ch e s  w e re  u se d .  D N A  fro m  te n  fe m a le s  p e r s ite  w a sa m plifie d  w ith  prim e rs for six m icrosa te llite  loci w hich w e re  h ighly polym orphicin  P ' a u ittts a nd score d via  polya cryla m ide  ge l e le ctrophore sis (se e  B urla nd e ta l' 1 9 9 8  for m e thods,  prim e r t.q , , t. ttce s,  a rro  a lle le  norne ncla ture ) .  In  a  sm a lle rte s t o f m ito ch o n d ria l D N A  va ria tio n ,  b o th  th e  3 'a n d  5 ,  e n d s  o f th e  co n tro lre gion of tw o individua ls pe r popula tion w e re  a lso se que nce d.

G ive n the  d ifficu ltie s in  d istinguishing be tw e e n the  tw o w e ste rn
subspe cie s,  a nd the  fa ct tha t ca lifo in ia  D e ia rtm e nt of F ish a nd G a m e
conside rs the  e ntire  spe cie s to  be  a  S pe cie s of S pe cia l C once rn,  for thep u rp o se s  o f th is  s tu d y ,  th e  tw o  su b sp e c ie s  * .  .o n s id e re d  a s  a  s in g le
ta < o n o m ic  u n it.

3 .O  R E S U L T S  A N D  D IS C U S S IO N

3 .1 .  G E N E T IC  V A R IA T IO N

3 .  1 .  1 .  M icro sa te llite s

T w o  lo c i w e re  m o n o m o rp h ic  fo r a ll in d iv id u a ls  te s te d  a n d  th u s  w e re  n o tinform a tive  re ga rding ge ne tic va ria tion.  N o cle a r ba nding pa tte rn  could  beo b ta in e d  a t tw o  o th e r lo c i,  a n d  th u s  co u ld  n o t b e  sco re d ,  T w o  lo c i ( p a u rg 3  a n dP a uro5 )  ga ve  a  cle a r ba nding pa tte rn  a nd w e re  polym orphic (>  1  a lle le ) .  A llindividua ls w e re  score d for loC us P a urO 3 ,  w he re a s thre e  individua ls d id  nota m plify for locus P a urO 5 .  A s the  individua ls tha t d id  not a m plify w e re  thre e  ofthe  individua ls for w hich only one  w ing punch w a s a va ila bte ,  it a ppe a rs like lytha t re lia b ly re solving th is locus de m a nds h ighJ;;. ;;;;;ions of D N A .

F ive  a lle le s  w e re  id e n tifie d  fo r lo cu s  P a u ro 3 ,  o f w h ich  o n e  w a s  o n ly  fo u n d
il th 9  In yo  p o p u la tio n .  P a u ro s  w a s  m o re  p o lym o rp h ic ,  w ith  a  to ta l o f 1 4  a lle le sid e n tifie d ' U n iq u e  a lle le s  w e re  id e n tifie d  fo r rtt trrr. e  p o p u la tio n s ,  a lth o u g h  In yoh a d  m o re  u n iq u e  a lle le s  th a n  th e  o th e r tw o  ( F ig .  1 ) .

A  pre lim ina ry m e a sure  of ge ne tic d iffe re ntia tion a m ong popula tions w a sca lcula te d w ith  the  progra m  cB N B poP  using w e ir a nd cock?rha m ,s e stim a teof F "t' Low  m e a n ge ne tic d iffe re ntia tion w a s obse rve d w ith  locus pa urO 3 ,  butm u ch  g re a te r d iffe re n tia tio n  w a s  id e n tifie d  w ith  lo cu s  p a u ro s  ( F ig .  1 ) .Aqua lita tive  sum m a ry o f the se  da ta  is  tha t the  Inyo  popula tion  is  the  m ost
distinct of the  thre e ,  a nd tha t M a rin  a nd Inyo * .  trr.  m ost d iffe re nt pa ir.  w hilethe  re sults strongly sugge st m icrosa te llite s w ill o ffe r va lua ble  insight in to
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P ie rson a nd F e lle rs -  S pe cie s a t R isk, C orynorhinus townse ndii

ge ogra phic va ria tion in C . townse ndii,  da ta  from  five  or m ore  loci a re
re quire d for a  pe rm uta tion te st to  e va lua te  if the  a ppa re nt d iffe re ntia tion is
significa ntly diffe re nt from  z e ro.

3 .1 .2 .  M ito ch o n d ria l D N A

A ll ind ividua ls yie lde d se que nce  da ta  from  both  e nds of the  contro l
re gion.  In  the  fo llow ing re sults,  only the  va ria ble  site s of e a ch se que nce  a re
s h o w n .  A '. ' in d ic a te s  th e  b a s e  is  th e  s a m e  a s  in  th e  to p  s e q u e n c e ,  w h e re a s  a '- '
in d ica te s  a  p ro p o se d  in d e l s ite .

3 . 1 . 2 . 1 .  C ,  to u rn s e n d ii c o n tro l re g io n .  3 t e n d

A  tota l o f 3 9 0  bp se que nce  w a s obta ine d,  conta in ing five  va ria ble  site s (4
tra n s itio n s  a n d  1  in d e l) .  F ro m  th is ,  fo u r h a p lo typ e s  w e re  id e n tifie d  ( 3 'A  -  D ) .
H a plotype s A  a nd B  d iffe re d by a  single  tra nsition.  H a plotype s C  a nd D  w e re
m ore  d ive rge nt,  but d iffe re d from  one  a nothe r by only tw o tra nsitions.
H a plotype  A  w a s sha re d be tw e e n M a rin  a nd Inyo.

T2

In d iv id u a l ( lo ca tio n )

4 3 . 0 1  ( M a r in )
4 5 . 1 3  ( M a r in )
E }5 3  (S iskiyou)
E }6 5  ( S isk iyo u )
JM 2  ( Inyo)
J M  1 4  ( I n y o )

V a ria ble  site s 3 ' H a plotype

G T A T T
. . . C .
A - G . .
A - . . C

A
B
c
D
A
A

3 .1 .2 .2 .  C .  to u rn se n d ii e o n tro l re q io n ,  5 t e n d

A  to ta l o f 3 3  1  b p  se q u e n ce  w a s  o b ta in e d ,  co n ta in in g  3 4  va ria b le  s ite s  ( 3 2
tra nsitions,  1  tra nve rsion a nd 1  inde l) .  F rom  th is,  five  ha plotype s w e re
id e n tifie d  ( 5 'A  -  E ) .  S e q u e n ce  d ive rg e n ce  a m o n g  a ll h a p lo typ e s  w a s  h ig h ,
a lthough ha plotype s C  a nd D  a ppe a re d pa rticu la rly d istinct.  N o ha plotype s
w e re  sha re d a m ong ge ogra phica l loca tions.
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P ie rson a nd F e lle rs -  S pe cie s a t R isk,  corynorhinus tow nse ndii 1 3

Individua l

4 3 . 0 L
4 5 .  L 3
8 5 3
8 6 5
Jytz
J M ]. 4

V a ria ble  site s

G C C G A A G  C T A G T  C T  C G A T A C A G A T C G T  C  C A C T A C
. . . . .  r . . . . . . . C . . . . . T . . . . . . . T . G T C . .
G G .  . G . . T .  .  .  o T C T . G . G .  .  . G . T A C .  .  . T .  .  .
-  .  T A G G A .  C .  A C T C .  A .  C .  .  G A .  C .  .  C .  .  .  T .  .  .
. . . . . . . . C G . . . C . . . . . . . . . . . . C . T . T . G T
. . . . . .  o . C G .  . . C . . . . . . . . . . . . C . T . T . G T

5 'H a p lo ty p e

A
B
c
D
E
E

3 .1 .3 .  Im p lica tio n s  o f G e n e tic  D a ta

T h e  m tD N A  d a ta  a re  co n s is te n t w ith  th e  m icro sa te llite  d a ta  insugge sting tha t the  thre e  popula tions a re  suffic ie ntly a istinct ge ne tica lly tom a ke  a  m ore  e xte nsive  surve y ve ry in form a tive .  B oth  e nds of the  contrj re g ionindica te  tha t the  M a rin  a nd ittyo  Lounty sa m ple s a re  m ore  sim ila r to  onea nothe r tha n e ithe r is  to  the  siik iyou county sa m ple .  T his a ppa re nt d iffe re ncefrom  the  pre lim ina ry m icrosa te llite  da ta  
"or'rid  

re sult from  a  com bina tion ofse ve ra l fa ctors,  including the  ve ry sm a ll sa m ple s a nd d iffe re nce s be tw e e n theunipa re nta l inhe rita nce  of m tD N A  a nd the  b ipa re nta l inhe rita nce  ofm icrosa te llite  m a rke rs.  B oth  individua ls from  Inyo ha ve  the  sa m e  ha plotype  a tboth  contro l re gion e nds,  sugge sting close  m a triiine a l re la tionship  a nd ra isingq u e stio n s  a b o u t p o p u la tio n  iD e  u td  p o ss ib l.  p tio t b o ttle n e cks .  A n a lys is  b y  th esa m e  m e thods of la rge r sa m ple s from  the se  siie s a nd a dditiona l loca litie s( m a te rn ity  co lo n ie s ,  in c lu d in g  m o th e r - yo u n g  p a irs ,  iso la te d  m a le s ,  a n dhibe rna ting popula tions)  oue i a  ra nge  of ge ogra phica l d ista nce s w ould  offe rconside ra ble  insight in to  popula tion o ine re nlia tion,  m a ting syste m s,ge ogra phica l pa tte rns of ge ne  e xcha nge  a nd infe re nce s a bout re ce nt popula tionhistory.

g ';.  D IsrR IB urIoN  oF  e .  T , 'N 'E N D T I IN  .A LIF .R N IA  - -  R oosrS T U D IE S

3 .2 .1 .  B a ckg ro u n d  In fo rm a tio n

T he re  a re  re cords for c.  tow nse ndii throughout m uch of ca liforn ia ,a lthough the re  is a  nota ble  a bse nce  of re cords riom  the  ce ntra l va lle y (F ig .  2 ) .A lthough the  m a jority of re cords a re  from  low  to  m ode ra te  e le va tions,  thesp e c ie s  h a s  b e e n  fo u n d  fro m  se a  le ve l to  >  3 ,0 0 0  m .  I t o ccu rs  in  
" 

* id .  va rie tyof ha bita t type s - -  coa sta l re dw ood fore st,  oa k sa va nna h,  m ixe d conife r fore st,p in yo n - ju n ip e r,  a n d  a ll th e  d e se rt h a b ita is  ( so n o ra n ,  M o ja ve ,  a n d  G re a t B a s in ) .M a te rn ity  co lo n ie s  h a ve  b e e n  fo u n d  u p  to  1 ,6 0 0  m  in  th ;s ie ira  N e va d a  ( E .D .P ie rso n  p e rs ' o b s . )  a n d  L ,7 o o  m  in  th e  w h ite  a n d  In yo  M o u n ta in s  ( sz e w cz a ke t



P ie rson a nd F e lle rs -  S pe cie s a t R isk,  C orynorhinus tow nse ndii

a l.  1 9 9 8 ) ,  a n d  h ib e rn a tin g  s ite s  o ccu r a s  h ig h  a s  3 ,1 8 8  m  in  th e  W h ite
M o u n ta in s  ( S z e w cz a k  e t a l.  1 9 9 8 ) .

D istribution is,  how e ve r,  som e w ha t pa tchy,  a nd a ppe a rs to  be  lim ite d by
the  a va ila b ility  of roosting ha bita t.  H istoric a nd re ce nt re cords w ould  sugge st
tha t popula tions a re  conce ntra te d in  a re a s w ith  a bunda nt ca ve s (e spe cia lly  the
la rge  la va  flow s in  the  northe a ste rn  portion of the  sta te  a nd ka rstic re gions in
the  S ie rra  N e va da  a nd T rin ity A lps)  or e xte nsive  a ba ndone d m ine  w orkings
(pa rticu la rly in  the  de se rt re gions to  the  e a st a nd southe a st of the  S ie rra
N e va da ) .  A lso,  fifty  ye a rs a go a  num be r of significa nt popula tions w e re  know n
a long the  coa st,  in  the  re dw ood be lt from  the  M onte re y P e ninsula  northw a rd
( P e a rso n  e t a l.  1 9 5 2 ; M .  J .  K o fo rd ,  M V Z  fie ld  n o te s; A .K .  P e a rso n ,  M Y Z  fie ld
n o te s) ,  a n d  o n  S a n ta C ru z  Is la n d  in  th e  so u th .

A  s ta tu s  su rve y  w a s  co n d u cte d  in  th e  la te  1 9 8 0 s  a n d  e a rly  1 9 9 0 s  b y
C a liforn ia  D e pa rtm e nt of F ish a nd G a m e  (P ie rson a nd R a ine y 1 9 9 6 ) .  In  th is
study,  the  sta tus of 4 6  h istorica lly know n m a te rn ity colonie s (ba se d on re cords
d a tin g  fro m  th e  la te  1 9 4 0 s  to  th e  1 9 6 0 s)  w a s  in ve stig a te d .  T w e n ty - fo u r o f th e se
co lo n ie s  co u ld  n o  lo n g e r b e  fo u n d  e ith e r a t th e  o rig in a l ro o st s ite  o r w ith in  a  1 5
km  ra d iu s ,  su g g e stin g  a  5 2 "h  d e c lin e  in  th e  n u m b e r o f co lo n ie s  o ve r a  4 0 - 5 0
ye a r p e rio d .  T w e n ty - o n e  o f th e se  co lo n ie s  w e re  lo ca te d ,  a n  a d d itio n a l o n e  w a s
re porte d to  still e xist,  a nd a pproxim a te ly 2 0  a dditiona l co lonie s w e re  ide ntifie d .
T h u s b a se d  o n  th e  re su lts  o f th is  s tu d y ,  a  to ta l o f 3 9  co lo n ie s  w e re  kn o w n  to
e x is t in  th e  la te  1 9 8 0 s  a rld /o r e a rly  1 9 9 0 s ,  w ith  u n co n firm e d  b u t re lia b le
re p o rts  o f fo u r o th e rs .

3 .2 .2 .  T h is  S tu d y

O n e  p u rp o se  o f th e  cu rre n t s tu d y  w a s  to  in ve stig a te  so m e  a re a s  n o t
cove re d by the  C a liforn ia  D e pa rtm e nt of F ish a nd G a m e  surve y.  S ince  m uch of
the  pre vious e ffort in  northe rn C a liforn ia  a nd the  w e ste rn  S ie rra s ha d focuse d
o n  ca ve s ,  th is  s tu d y  p la ce d  a  p a rticu la r e m p h a sis  o n  a b a n d o n e d  m in e s .  T h e
F ish a nd G a m e  study ha d found se ve re  popula tion de cline s a t h istorica lly
im porta nt roosts in  lim e stone  ca ve s in  the  M othe r Lode  country of the  ce ntra l
S ie rra  N e va da .  O ne  possib ility ,  not inve stiga te d a t the  tim e ,  w a s tha t the
colonie s no longe r occupying pa rticu la r ca ve s ha d m ove d to  a ba ndone d m ine s.
A lso,  in  the  northw e ste rn  pa rt o f the  sta te ,  som e  of the  la va  a nd lim e stone
a re a s ha d be e n inte nsive ly inve stiga te d,  w he re a s othe rs ha d not (pa rticu la rly

o n e  re m o te  p o rtio n  o f T rin ity  C o u n ty ) .  A lso ,  a b a n d o n e d  m in e s  h a d  b e e n
e sse ntia lly  ove rlooke d in  th is a re a  a s pote ntia l roosting ha bita t for C .
townse ndii.
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9 .2 .2 .1 .  R o o st U se  b y  S tru ctu ra l T yP e

A  to ta l o f 9 5  a b a n d o n e d  m in e s ,  1 8  ca ve s ,  1 1  m a n - m a d e  w a te r tu n n e ls ,

a nd 7  build ings w e re  surue ye d for ba ts (T a ble  1 ) .  F ig .  3  is  a  ba r gra ph de picting

use  by ba ts for e a ch of structura l type .  W hile  the se  re sults cle a rly de m onstra te

tha t both  ca ve s a nd m ine s provide  e xtre m e ly im porta nt roost site s for C .

townse ndii,  the y a re  not indica tive  of the  re la tive  im porta nce  of the  va rious

structura l type i.  fne  surve ye d site s w e re  not se le cte d a t ra ndom . B e ca use  tim e

w a s lim ite d w e  ga ve  pre fe re nce  to  site s w e  thought ha d a  h igh like lihood of

be ing use d by ba ts.  E ve ry surve ye d ca ve  w a s visite d  be ca use  the re  w a s re a son

to th ink (ba sld  on h istoric re cords or re ce nt re ports by a ge ncy pe rsonne l or

loca l ca ve rs)  tha t it w a s be ing use d by ba ts.  T he re  w a s a lso som e  pre -se le ction

of m ine  site s.  In  one  a re a  (W hiske ytow n N a tiona l R e cre a tion A re a  a nd B LM

la nd in  S ha sta  C ounty)  tra ine d te chnicia ns pre -scre e ne d the  m ine s,  a nd

ide ntifie d ,  ba se d on e xte rna l surve ys,  those  tha t w a rra nte d furthe r

inve stiga tion.  O n a ll F e de ra l la nds w e  w orke d w ith  loca l a ge ncy sta ff,  a nd ofte n

re lie d  upon the ir know le dge  for se le cting m ine s or ca ve s to  surve y.  T hus the

usa ge  ra te s indica te d in  F ig .  3  like ly ove r- re pre se nt the  e xte nt to  w hich the se

stru itura l type s a re  a ctua lly use d on a  re giona l ba sis.

' O f th e  9 5  m in e s  su rve ye d ,  6 3  ( 6 6  % )  h a d  e v id e n ce  o f so m e  u se  b y  b a ts ;

3 5  (3 2  yo)  w e re  be ing use d by C .  tow nse ndii; 2 4  (2 5  'h )  ha d one  or m ore  C -

tow nse rld iire side ntLt the  tim e  of surve y (T a ble  1 ) .  F our m ine s (4  o /o l ha d

m a te rn ity a ggre ga tions pre se nt a t the  tim e  of surve y,  a lthough the se  like ly

re pre se nie A  thre e  colonie s since  tw o m ine s w e re  close  to  e a ch othe r (a nd thus

* . r.  like ly be ing use d by the  sa m e  colony) .  T hirte e n of the  m ine s tha t ha d no

u se  ( g g  % l w e re  p ro sp e cts  < 1 0  m  in  to ta l le n g th ,  w h e re a s  o n ly  s ix  o f th e  m in e s

, rr.d  b y  b a ts  ( 1 0 o lo )  w e re  < 1 0  m  in  le n g th .  A ll w e re  n ig h t ro o sts ,  a n d  o n ly  o n e

wa s use d by C . townse ndii.

S e ve n te e n  o f th e  1 8  su rve ye d  ca ve s  sh o w e d  e v id e n ce  o f u se  b y  b a ts ; L 4

by C .  tow lse ndii.  T W e lve  ca ve s ha d significa nt use ,  a nd m a te rn ity colonie s w e re

re side nt in  five  ( re pre se nting thre e  colonie s)  a t the  tim e  of surve y.

E le ve n w a te r tunne ls a ssocia te d w ith  H e tch H e tchy R e se rvoir in

T uolum ne  C ounty w e re  surve ye d.  S e ve n show e d som e  use  by ba ts,  thre e  by C .

tow nse ndii.  e  single  C .  tow nse ndiiw a s re side nt in  tw o structure s a t the  tim e  of

surve y.  N one  show e d significa nt use .  A ll se ve n build ings show e d som e  sign of

use  U y U a ts,  w ith  one  be ing a  da y a nd n ight roost for the  yum a  m yotis,  M gotis

W ffrcrne nsis.  F our show e d som e  e vide nce  of use  by C .  tow nse ndii,  a nd one  or

[* o  individua ls w e re  re side nt in  thre e  structure s a t the  tim e  of surve y.

1 5
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3 . 2 . 2 . 2 .  M a t

T w e nty-one  structure s ( tw e lve  ca ve s a nd n ine  m ine s)  show e d significa nt

use  by c.  tow nse ndii(T a ble  ti.  o te ve n a re  loca te d in  the  w e ste rn  sie rra  N e va da

footh ills ,  a nd te n in  the  T rin ity M ounta in  a re a .  T he  F ore st se rvice  ha s

jurisdiction ove r n ine  site s; the  N a tiona l P a rk se rvice  ove r four; a nd B LM  ove r

hue .  T hre e  a re  P riva te lY  ow ne d'

six m a te rn ity coronie s,  ra nging in  siz e  from  4 8  to  a bout 2 5 0  a dult

fe m a le s,  w e re  ioe niifie d .  T hre e  w e re  in  ca ue s,  a nd thre e  w e re  in  m ine s one

colony,  the  G re e nvie w  M ine  w a s unknow n prior to  th is study.  T he  othe r five

w e re  e xpe cte d ba se d on prior in form a tion.  one  colony (M urphys C a ve )  ha d

be e n docum e nte d in  la te  A ugust lggg during the  G D F G  surve ys (P ie rson a nd

R a ine y 1 9 9 6 ) .  T he  H ya m pottia n$  H a yfork ca ve s ha d be e n re porte d a s c '

toutnse ndiisite s by G ra ha m  (1 9 6 6 )  a rLdlor M a rcot (1 9 8 4 ) ,  but the ir significa nce

a s nurse ry site s w a s unknow n prior to  the se  surve ys.  T he  pre se nce  of a  ba t

colony in  the  India n cre e k m inis ha d be e n docum e nte d by B LM  se ve ra l ye a 'rs

a g o  ( K .  H u g h e s  p e rs .  .o * * . ) ,  a n d  id e n tifie d  a s  a c . to w n se n d ii co lo n y  in  Ju n e

L g g 6  ( p .  B ro w n  p e rs .  co m m .1 .  V o . .m ite  N a tio n a l P a rk  h a d  u n co n firm e d  re p o rts

o f b a ts  u s in g  th i e a riu m  m in e s  ( L .  C h o w  p e rs .  co m m ') '

T hre e  of the se  colonie s (H a yfork,  H ya m pom  a nd India n C re e k)  a ppe a re d

to  use  m ore  tha n one  structure .  In  e a ch ca se  a  pa ir o f structure s ( loca te d

w ith in  one  kilom e te r of e a ch othe r)  w a s ide ntifie d ,  a nd w hile  one  m a y ha ve

be e n fa vore d,  both  w e re  use d a t som e  point.  T he  re a sons for roost sw itching

a re  not know n.  T he  m ost like ly e xpla nitions a re  se a sona l sh ifts in  roost ne e ds

or hum a n d isturba nce  to  the  roosting site .

se ve n othe r ca ve s a nd five  m ine s ha d significa nt a ccum ula tions of c '

toutnse ndii gua .no.  A lthough the  roosts d id  not conta in  m ore  tha n a  fe w

a nim a ls (z e ro to four)  a t the  tim e  of surve y, the  la rge  re la tive ly fre sh gua no

de posits sugge ste d the se  site s w e re  im porta nt roosts a t som e  othe r tim e  of

ye ff,  m ost like ly e a rlie r in  the  m a te rn ily se a son.  use  of m ultip le  nurse ry site s

ha s be e n docum e nte d for c.  tow nse ndii,w ith  fe m a le s using a  coole r site  during

e a rly pre gna ncy, a nd a  wa rm e r site  in la te  pre gna ncy a nd a fte r the  young a re

b o rn  ( p ie rso . ,  . t 
"t.  

L g g l; V .  D a lto n  p e rs .  co m m . ) .  M o st o f th e se  su rve ys  w e re

conducte d m id- to- la te  se a son.  T w o rit. *  (B ow e r ca ve  a nd clough ca ve )  w e re

kn o w n  to  b e  im p o rta n t n u rse ry  s ite s  in  th e  p a st ( G ra h a m  1 9 6 6 ) ,  b u t cu rre n tly

re ce ive  ve ry h igh re cre a tiona r use .  crough ca ve ,  a lthough loca te d w ith in

S e quoia  N itio iu . t p . rk a nd ga te d,  is  subS e ct to  re curring a cts of va nda lism '

T he se  tw o site s ha ve  be e n m onitore d irre gula rly in  re ce nt ye a rs.  T he y a lw a ys

sh o w  u se  b y  c .  to w n se n d ii,b u t a  co lo n y  rr".  n e u e r b e e n  e n co u n te re d  a t th e

tim e  of surve Y .

i

;
i

:
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A lthough the  site s surve ye d ra nge d in  e le va tion from  2 5 0 -2 ,5 3 6  m ,  a ll

the  significa ni site s we re  found in a  ra the r na rrow  e le va tion ba nd from  4 8 8 -

1 ,1 4 0 - m ,  w h e re a s  th o se  s ite s  o ccu p ie d  b y  sm a ll n u m b e rs  o f a n im a ls  o r u se d  a s

night roosts ra nge d in  e le va tion from  2 5 0 -2 ,4 6 3  m .  A lthough low e r e le va tion

site s a re  m ore  com m on,  som e  of the  la rge st conce ntra tions of C .  tow rtse n 'd ii in

C a tiforn ia ,  found in  the  la va  ca ve s in  north  ce ntra l S iskiyou C ounty,  a re  a t

e le va tio n s  o f ca .  L ,2 O O - 1 ,5 0 0  m .  T h e re  is  a lso  o n e  m a te rn ity  co lo n y  kn o w n  a t

1 , 6 0 0  m  in  th e  S ie rra  N e v a d a  ( 8 . D .  P ie rs o n  p e rs .  o b s . ) ,  a rtd  c o lo n ie s  a t 1 , 3 8 0 -

l',T lO  m  in  th e  W h ite  a n d  In yo  M o u n ta in s  ( S z e w cz a k  e t a l.  1 9 9 8 ) .  T h e

te m pe ra ture  conditions w ith in  a ll surve ye d m ine s a nd ca ve s ra nge d from  8 "-

4 7 "i,w he re a s those  tha t re ce ive d significa nt usa ge  ha d a  m ore  re stricte d

te m pe ra ture  ra nge  of 1 5 o-2 8 "C  (com pa ra ble  to  tha t pre viously re porte d for C .

tow ise ndiiroosti in  C a liforn ia  [P ie rson e t a l.  L9 9 1 ]) .  A ll surve ye d site s w e re

loca te d in  stre a m  or rive r dra ina ge s,  ca .  one  kilom e te r or le ss from  pe rm a ne nt

w a te r.  T he  siz e  of the  roost ope ning va rie d gre a tly for the  significa nt roosts,

w ith  o p e n in g s  b e in g  0 . 3 - 3 0  m  h ig h  a n d  O . 2 - 1 5  m  w id e .  T h e  s m a lle s t o p e n in g

( M u rp h y s  C a v e )  w a s  O . 7  b Y  0 . 2  m .

M ost of the  significa nt ca ve  site s a re  curre ntly subje ct to  conside ra ble

hum a n d isturba nce .  O ne  ca ve  on N a tiona l P a rk S e rvice  la nd ha s not be e n

discove re d by the  public.  A 1 1  othe rs a re  he a vily use d for re cre a tiona l purpose s.

A tte m pts a t m a na ge m e nt for tw o ca ve s (B ow e r a nd C lough)  ha ve  la rge ly fa ile d .

A lthough re com m Jnda tion for the  prote ction of B ow e r C a ve  w e re  subm itte d to

th e  F o ie st S e rv ice  in  O cto b e r 1 9 9 1 ,  n o  e ffe c tive  p ro te ctio n  m e a su re s  h a ve  b e e n

im ple m e nte d.  T he  pa rk S e rvice  ha s m a de  re pe a te d e fforts ove r a  num be r of

ye a rs to  prote ct C lough C a ve ,  but e ve ry ga te  insta lla tion ha s be e n bre a che d

a nd the  ca ve  re pe a te dly va nda liz e d.  T he  m ine s a ppe a r to  re ce ive  conside ra bly

le ss  re cre a tio n a l tra ffic .  T h e  B a riu m  M in e ,  u n d e r th e  ju risd ic tio n  o f Y o se m ite

N a tiona l pa rk,  is  prote cte d by a  sturdy cyclone  fe nce  a nd is not d isturbe d.  B LM

h a s p la n s  to  g a te ih .  m o st im p o rta n t o f th e  tw o  In d ia n  C re e k  m in e s .  T h e

pr. rlrrce  of a  possib le  nurse ry roost a t G re e nvie w  w a s only re ce ntly d iscove re d

tru r.y  1 9 9 g ) .  In  a  re p e a t su rve y  in  Ju n e  1 9 9 8 ,  a n  a ctive  ca m p site  w a s  lo ca te d

o u ts id e  th e  m in e  a n d  o n ly  tw o  b a ts  w e re  p re se n t.

In form a tion w a s obta ine d colla te ra lly  re ga rding four othe r im porta nt

m a te rn ity popula tions - -  tw o in  lim e stone  ca ve s on La ke  S ha sta  in  S ha sta

C ounty a nd i* o  in  la va  ca ve s in  S iskiyou C ounty.  T he se  colonie s a re  m onitore d

irre guia rly on a  volunte e r ba sis by the  S ha sta  A re a  G rotto ,  in  coope ra tion w ith

the  kla m a th a nd S ha sta -T rin ity N a tiona l F ore sts (R .  M ille r pe rs.  com m .,  L -

W o lff p e rs .  co m m . ) .  A lth o u g h  th re e  o f th e se  s ite s  a re  d iscu sse d  in  th e  C D F G

surve y re port (p ie rson a nd R a ine y 1 9 9 6 ) ,  a  conside ra ble  a rnount of in form a tion

h a s  b le n  g a th e re d  s in ce  th e  fie ld w o rk  fo r th a t su rve y  w a s  co m p le te d  in  1 9 9 1 .
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T he se  four site s a re  d iscusse d be low :

S a m w e ll C a ve .  S ha sta  C ounty

G ra ha m  (1 9 6 6 )  ha d ide ntifie d  S a m w e ll C a ve ,  loca te d in  a  lim e stone

form a tion on the  M cC loud a rm  of La ke  S ha sta  (W hiske ytow n-S ha sta -T rin ity

N a tiona l R e cre a tion A re a ) ,  a s a  significa nt C .  tow nse ndii m a te rn ity site .  D ue  to

he a ry re cre a tiona l use ,  a nd the  insta lla tion of a n  ina ppropria te  ga te ,  th is ca ve

wa s a ba ndone d by C . townse ndii m a ny ye a rs a go. D e spite  re ce nt re pla ce m e nt

of the  ga te ,  the  colony ha s not re turne d to  th is ca ve ,  since  the  ga te  doe s not

prote ci the  cha m be r w he re  visitors congre ga te  a nd the  ba ts pre fe r to  roost.

A lso ,  th e  F o re st S e rv ice  co n tin u e s  to  issu e  ke ys  o n  re q u e st to  re cre a tio n a l

use rs.  A  substa ntia l co lony of C .  tow nse ndii w a s loca te d in  1 9 9 6  a t a  ca ve

n e a rb y  ( lo ca tio n  u n d isc lo se d )  ( L .  W o lff p e rs .  co m m . )  a n d  is  like ly  th e  sa m e

popula tion tha t once  occupie d S a m w e ll C a ve .  T his ne w  ca ve ,  a lso unde r the

ju iisa ic tio n  o f th e  U .S .  F o re st S e rv ice ,  h a s  b e e n  su b je cte d  to  fre q u e n t v is ita tio n

for m a pping a nd ca ve  inve ntory.

S in ce  ih e  co lo n y  m o ve s  in  re sp o n se  to  d is tu rb a n ce ,  th e ir p re se n ce  th e re  is

unpre dicta ble .  T e n ba ts w e re  obse rve d by us in  a n e xit count during our only

s iti v is it o n  1 0  A p ril L 9 9 6 .  S e ve n  b a ts  w e re  o b se ru e d  o n  1 5  M a y L 9 9 7  ( L .  W o lff

t 'e rs .  c o m m . ) .

L a ke  S h a sta .  C a ve  #  2 .  S h a sta  C o u n ty

T he re  is a  se cond pa ir o f ca ve s loca te d on the  M cC loud a rm  of La ke

S ha sta ,  c& .  1 5  km  a ir d ista nce  from  S a m w e ll.  W e  ha ve  not visite d  e ithe r of

the se  site s,  but the y a re  re porte d by re lia b le  obse rve rs in  the  S ha sta  A re a

G ro tto  to  h a ve  a  co lo n y  o f 5 0 - 1 0 0  C .  to w n se n d ii ( L .  W o lff p e rs .  co m m . ) .

B a t C a ve .  S iskiyou C ounty

B a t C a ve  ha d be e n know n since  the  1 9 7 0 s a s a  significa nt C .  tow nse ndii

roost,  se rving a s both  a  m a te rn ity a nd h ibe rna ting site .  M onitoring of th is ca ve

by the  S ha sta  A re a  G rotto  ove r se ve ra l ye a rs docum e nte d tha t re cre a tiona l use

ol the  ca ve  w a s ve ry h igh,  a nd tha t the  ba t popula tion fluctua te d in  re sponse  to

h u m a n  d is tu rb a n ce .  O n  1 1  M a y 1 9 9 7  th e  F o re st S e rv ice  in sta lle d  a  "b a t

frie nd$  ga te ,  a nd w ith in  tw o m onths the  ba t popula tion in  the  ca ve  be ga n to

in cre a se .  B o th  th e  su m m e r a n d  w in te r p o p u la tio n s  h a ve  re sp o n d e d  p o s itive ly

to  the  ga te .  F orty- tw o ba ts w e re  found in  the  ca ve  in  M a y L9 9 7 ,  just prior to

the  ga ti insta lla tion.  A lthough the y a ba ndone d the  ca ve  in  re sponse  to  the

n o ise  a n d  co n fu s io n  o f g a te  co n stru ctio n ,  th e  p o p u la tio n  h a d  c lim b e d  to  6 9  b y

July (a s com pa re d to  only a  fe w  a nim a ls pre se nt in  July 1 9 9 4 1 .  In  M a y 1 9 9 8 ,

a fte r a  fu1 l ye a r of ga te  prote ction,  the  M a y popula tion ha d a lm ost double d to
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7 6  ba ts.  L ike w ise  only se ve n ba ts w e re  found h ibe rna ting in  th is ca ve  in
Ja nua ry 1 9 9 7 ,  prior to  ga te  insta lla tion,  a nd 6 6  w e re  found the re  in  D e ce m be r
1 9 9 7 .  S ince  > 2 0 0  a nim a ls ha ve  be e n se e n in  th is ca ve  on occa sion (ge ne ra lly in
la te  sum m e r) ,  it is  conside re d to  be  a n im porta nt co lony.

P luto  La va  F low .  S iskilz ou C ounty

T he re  a re  a t le a st five  ca ve s in the  P luto La va  F low  tha t a re  im porta nt to
a  substa ntia l popula tion of C .  tow nse ndii.  Loca l m ove m e nt a m ong site s is not
w e ll unde rstood,  so  it is  not know n how  m a ny colonie s a re  involve d (a lthough it
is  like ly a t le a st tw o) .  T W o a dja ce nt ca ve s a re  on priva te  la nd - -  one  (P luto  La va
F low  # 6 )  w hich se rve s a s a  m a te rn ity site  for ca .  1 5 0  fe m a le s (P ie rson a nd
R a ine y 1 9 9 6 )  a nd the  othe r (P luto  La va  F low  # 5 )  a s a  h ibe rna ting site  for
co m p a ra b le  n u m b e rs  o f a n im a ls  ( se e  S e ctio n  3 .2 .2 .3 .  b e lo w ) .  T h e  re m a in d e r o f
the  ca ve s a re  now  unde r the  jurisd iction of the  K la m a th N a tiona l F ore st,  w hich
is curre ntly pre pa ring a  m a na ge m e nt p la n tha t include s proposa ls to  ga te
se ve ra l o f the  ca ve s.  T he  m ost significa nt ca ve ,  w hich re ce ive s in te nse
re cre a tiona l use ,  w a s use d h istorica lly a s a  m a te rn ity site ,  a nd in  re ce nt ye a rs
ha s be e n a n im porta nt h ibe rna ting site .  D ue  to  m ultip le  la rge  ope nings a long a
co lla p se  tre n ch ,  p ro te ctin g  th e  b a ts  fro m  h u m a n  d is tu rb a n ce  p re se n ts
form ida ble  m a na ge m e nt cha lle nge s.  A  fourth  ca ve  tha t re ce ive s fre que nt
v is ita tio n  is  a ve ry  im p o rta n t h ib e rn a tin g  ca ve  ( P ie rso n  a n d  R a in e y  1 9 9 6 ) ,  a n d
a  fifth  ca ve  su p p o rts  a  sm a ll m a te rn ity  c lu ste r ( R .  M ille r p e rs .  co m m . ) .

3 .2 .2 .3 .  H ib e rn a tin g  R o o sts

La rge  w inte ring a ggre ga tions of C . townse ndii in C a lifornia  a re  known to
occur prim a rily  in  the  la va  ca ve  country of S ha sta  a nd S iskiyou countie s
( P e a rso n  e t a l.  1 9 5 2 ,  P ie rso n  a n d  R a in e y  1 9 9 6 ) ,  a n d  a b o ve  2 ,0 0 0  m  in  th e
W h ite  a n d  In yo  M o u n ta in s  ( S z e w cz a k  e t a l.  1 9 9 8 ) ,  w ith  sm a lle r a g g re g a tio n s
be ing know n historica lly a s fa r south  a s La ke  a nd N a pa  countie s,  just north  of
the  S a n F ra ncisco B a y a re a  (P e a rson e t a l.  L9 5 2 1 .

E le ve n  ca ve s  w e re  su rve ye d  fo r h ib e rn a tin g  p o p u la tio n s  b e tw e e n  2 0
Ja nua ry a nd 1 0  M a rch 1 9 9 8  - -  s ix in  the  P luto  La va  F low  of S iskiyou C ounty
( se e  S e ctio n  3 .2 .2 .2 .  a b o ve ) ,  tw o  in  th e  v ic in ity  o f B a t C a ve  ( s isk iyo u  C o u n ty) ,
a n d  th re e  in  th e  S ie rra  N e va d a  fo o th ills  o f M a rip o sa  C o u n ty: M e rce d  C a ve  #  1 ,
M e rce d C a ve  # 2 ,  a nd B ow e r C a ve  (T a ble  2 ) .  S ubsta ntia l h ibe rna ting
a ggre ga tions w e re  found in  thre e  of the  P luto  La va  F low  ca ve s.  P luto  La va  F low
# 1  h a d  L O 2  a n im a ls  in  Ja n u a ry  1 9 8 8  ( P ie rso n  a n d  R a in e y  1 9 9 6 ) ,  5 5  in
F e b ru a ry  1 9 9 5  ( R .  M ille r p e rs .  co m m . ) ,  h a d  8 5  C .  to w n se n d ii o n  3  F e b ru a ry
1 9 9 8 .  ( T h e  d e c lin e  in  1 9 9 5  m a y h a ve  re su lte d  fro m  d is tu rb a n ce  a  ye a r o r tw o
p rio r to  th is  d a te  w h e n  sch o o l ch ild re n  re m o ve d  a  n u m b e r o f h ib e rn a tin g  b a ts
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from  th is ca ve  a nd re le a se d the m  in  a  loca l store ) .  P luto  La va  F low  # 5 ,  w hich

ha d L7 O  C .  tow nse ndii on 2 0  Ja nua ry,  ha d only one  on 1  M a rch,  w hile  P luto

La va  F low  # 4  ha d 1 4 0  C .  tow nse ndii on 1  M a rch.  B a t C a ve  ha d 6 6  h ibe rna ting

C .  tow rtse ld ii in  D e ce m be r 1 9 9 7 .  T his ca ve ,  use d a s both  a  m a te rn ity a nd

hibe rna ting site ,  show e d a  m a rke d incre a se  in  the  num be r of ba ts using the

ca ve  fo llow ing the  insta lla tion of a  prote ctive  ga te  in  M a y 1 9 9 7 .  A lthough

know n to  ha ve  la rge  num be rs of h ibe rna ting ba ts in  the  1 9 7 0 's,  th is ca ve  ha d

only 7  ba ts in  Ja nua ry 1 9 9 7  prior to  the  ga te  insta lla tion.  N one  of the  ca ve s in

the  S ie rra  N e va da  footh ills  ha d m ore  tha n a  fe w  ba ts in  e a rly M a rch.

O f the  ca ve s surve ye d,  five  ha d sign of re ce nt hum a n d isturba nce  - -  foot

tra ffic  in  thre e  ,  ?  re ce nt fire  in  one ,  3  groups of 9  pe ople  w e re  e ncounte re d a t

a nothe r,  a nd e vide nce  tha t pe rm a ne nt clim bing route s ha d be e n e sta blishe d

w a s found in  a nothe r.

O u r in te n tio n  to  re su rve y  th e  ca ve s  v is ite d  b y  M a rco t ( 1 9 8 4 )  w a s

thw a rte d by e xtre m e ly se ve re  w inte r conditions.

3 .2 .2 .4 .  R o o sts  b y  R e g io n

n s  ( S h a s ta .  S is k i a n d  T rin itv  C o u n ti

F ifty-six m ine s w e re  surve ye d in  th is re gion,  a nd 2 1  (3 8  ohl l;^a d e vide nce

of use  by C .  tow nse ndii.  In  m ost ca se s e vide nce  sugge ste d use  by only a  fe w

a nim a ls.  T \vo m ine s (pa rt o f the  sa rne  com ple x a nd only 1 0 0  m e te rs from  e a ch

o th e r)  w e re  u se d  a s  m a te rn ity  ro o sts  ( w ith  a  co lle c tive  p o p u la tio n  o f 2 0 0 - 3 0 0

fe m a le s) .  A nothe r m ine  ha d a  sm a ll co lony ( like ly the  be ginnings of a  m a te rn ity

roost)  in  la te  M a y 1 9 9 8 .  F our ca ve s know n to  be  use d by C .  toutnse ndii in  the

w in te r ( M a rco t 1 9 8 4 ) ,  a n d  su sp e cte d  to  b e  su m m e r m a te rn ity  s ite s  b a se d  o n

h is to rica l d a ta  ( G ra h a m  1 9 6 6 )  d id ,  in  fa c t,  co n ta in  m a te rn ity  co lo n ie s .  T h e se

ca ve s w e re  a ll loca te d in  a  lim e stone  a re a  of southe rn T rin ity C ounty.  T he ir

loca tion in  re la tionship  to  e a ch othe r ( tw o ca ve s close  to  e a ch othe r in  one

dra ina ge ,  a nd tw o othe rs close  to  e a ch othe r in  a nothe r dra ina ge )  sugge st tha t

th e se  s ite s  a re  o ccu p ie d  b y  tw o  co lo n ie s  o f ca .  7 0 - 7 5  a d u lt fe m a le s  e a ch .

Individua l C .  tow nse ndiiw e re  a lso found using four build ings loca te d on P a rk

S e rvice  la nd.

S h a sta  C o u n ty

T hirty- four m ine s w e re  surve ye d in  w e ste rn  S ha sta  C ounty.  T he  m a jority

w e re  loca te d in  a n o ld  m in ing d istrict w e st of R e dditg ,  on e ithe r B LM  la nd ( in

the  vicin ity of F re nch G ulch)  or in  W hiske ytow n N a tiona l R e cre a tion A re a .

T w e nty- tw o m ine s (6 5  '/ 'l ha d som e  ba t use ; 9  (2 6  "/o l };ra d e vide nce  of use  by C .
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townse ndii; g (2 4  "/rl ha d, be twe e n one  a nd four C . townse ndii re side nt in the

da ytim e .

F ive  build ings loca te d on the  W hiske ytow n N a tiona l R e cre a tion A re a  w e re

a lso surve ye d.  A ll ihow e d e vide nce  of use  by ba ts ,  4  by C .  tow nse ndii,  a nd one

to  tw o a lim a ls w e re  pre se nt in  thre e  of the  build ings a t the  tim e  of surve y.

N o ne w  pre viously unknow n m a te rn ity colonie s w e re  found in  S ha sta

county.  A  tota l o f 1 5  C .  to tttnse ndiiw e re  obse rve d.  T he  pre se nce  of one  to

se ve ra l C . townse ndiiin a  high pe rce nta ge  of the  site s surve ye d sugge sts tha t

the re  is like ly a  m a te rnity colotry in the  vicinity of W hiske ytown N a tiona l

R e cre a tion A re a .  T w o ve ry im porta nt m a te rn ity colonie s ( the  only tw o curre ntly

know n for the  countyl octupy ti- .stone  ca ve s on La ke  S ha sta  (se e  S e ction

3 . 2 . 2 .  a b o v e ) .  N e ith e r o f th e s e  c o lo n ie s ,  b o th  u n d e r th e  ju r is d ic tio n  o f th e

S ha sta  T rin ity N a tiona l F ore st,  is  a de qua te ly prote cte d a t th is tim e .

S iskiyou C ounty

E le ve n  m in e s  w e re  su rve ye d  in  w e ste rn  S isk iyo u  C o u n tY ,  th re e  o n  B L M

,  
la n d ,  a n d  e ig h t o n  th e  K la m a th  N a tio n a l F o re st.  T e n  m in e s  ( g L % l h a d  so m e  b a t

u se ; se ve n  6 +  yrl w e re  b e in g  u se d  b y  c .  to w n se n d ii.  o n e  o f th e  m in e s ,  w h ich

h a d  o n ly  o n e  b a t p re se n t * h e n  firs t lu * e ye d  in  e a rly  o cto b e t L 9 9 7 ,  h a d  w h a t

is pre sum e d to  be  a  sm a ll nurse ry roost (4 8  ba !s)  w he n re visite d  in  la te  M a y

1 g g g .  T h e  co lo n y  w a s  n o t p re s .n l in  Ju n e  1 9 9 8 ,  h o w e ve r,  like ly  b e ca u se  o f

hum a n d isturb .n".  (a n  a ctive  ca m psite )  in  the  vicin ity of the  roost.  S ix othe r

m ine s ha d be tw e e n one  a nd six a nim a ls e a ch for a  tota l o f 1 4  C .  tow nse ndii'

S iskiyou C ounty ha s som e  of the  m ost significa nt lim e stone  a nd la va

ca ve s in  the  sta te  - -  ca ve  syste m s w hich support e xtre m e ly im porta nt C .

tounse ndiipopula tions.  T he  sta tus of m ost of the se  ca ve s is re vie w e d in  the

C D F G  study lF ie rson a nd R a ine y 1 9 9 6 ) .  A  fe w  a re  priva te ly ow ne d,  but the

m a jority * i on  public la nd (e ithe r La va  B e ds N a tiona l M onum e nt or the

K la m a th a nd S ha sta -T rin ity na tiona l fore sts) .  M a ny ca ve s on F ore st se rvice

la n d  a re  b e in g  m o n ito re d  o n  a  vo lu n te e r b a s is  b y  th e  S h a sta  A re a  G ro tto  ( R 'M '

M ille r p e rs .  co m m . ) ; th o se  a t L a va  B e d s N a tio n a l M o n u m e n t b y  N a tio n a l P a rk

S e rvice  sta ff.

T o sum  m a riz e ,  the re  a re  m a te rn ity colonie s (ge ne ra lly > 2 O O  fe m a le s)  in

lim e stone  ca ve s on priva te  la nd ne a r G a z e lle  (a n  unsubsta ntia te d,  but re lia b le

re port)  a nd on the  * la m a th N a tiona l F ore st ne a r C e cilville ,  in  a  m a n-m a de

structure  on priva te  la nd ne a r S om e s B & r,  a nd in  tw o or m ore  la va  ca ve s in  the

pluto  La va  F low  ne a r W e e d (K la m a th N a tiona l F ore st a nd priva te  la nd)  (se e

S e ctio n  3 .2 .3  a b o ve ) ,  in  B a t ca ve  ( re ce n tly  c lo se d  b y  g a tin g  b y  th e  sh a sta -

l
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T rin ity  N a tio n a l F o re st)  ( se e  S e ctio n  3 .2 .3  a b o ve ) ,  a  ca ve  n e a r T e n n a n t ( K la m a th

N a tiona l F ore st) ,  a nd m ultip le  ca ve s a t La va  B e ds N a tiona l M onum e nt (w he re

thre e  a ppa re ntly se pa ra te  colonie s occur w ith in  a  fe w  kilom e te rs of e a ch othe r) .

O f the se  te n significa nt co lonie s,  only four a re  curre ntly provide d w ith

a de qua te  prote ction from  hum a n d isturba nce  ( the  thre e  a t La va  B e ds N a tiona l

M onum e nt a nd B a t C a ve  on the  S ha sta -T rin ity N a tiona l F ore st) .  A  m a na ge m e nt

pla n for som e  of the  ca ve s in  the  P luto  C a ve  la va  flow  is curre ntly in

pre pa ra tion.

T rin ity C ounty

E le ve n  m in e s  in  T rin ity  C o u n ty  w e re  su rve ye d ,  th e  m q jo rity  u n d e r th e
ju risd ic tio n  o f B L M  o r th e  F o re st S e rv ice .  F ive  m in e s  w e re  b e in g  u se d  b y  C .

tow nse ndii.  T hre e  m ine s ha d one  individua l e a ch.  T w o,  loca te d ve ry close  to

e a ch othe r,  se rve d a s a  m a te rn ity roost for >  of 2 O O  a dult fe m a le s.  O ne  of

th e se  m in e s  h a d  2 6 0  b a ts  o n  Ju n e  2 6  a n d  a b o u t 2 O O  o n  Ju ly  2 2 .  T h e

n e ig h b o rin g  m in e  h a d  3  b a ts  o n  J u n e 2 6  a n d  1 4 0  o n  J u ly  2 2 . T h e  in c re a s e d

n u m b e rs  in  Ju ly  like ly  re fle c t th e  e n tra n ce  o f vo la n t ju ve n ile s  in to  th e

p o p u la tio n .
!

T rin ity C ounty ha s significa nt lim e stone  form a tions in  the  vicin ity of

H ya m poffi,  h 'ore st G le nn,  
""0  

W ildw ood.  F our ca ve s in  th is a re a  w e re  surve ye d

fo r h ib e rn a tin g  b a ts  in  th e  1 9 8 0 s  ( M a rco t 1 9 8 4 ) .  A ll w e re  fo u n d  to  h a ve

hibe rna ting C .  tow rw e ndii.  A tte m pts to  loca te  the se  ca ve s a t the  tim e  of the

C D F G  su rve y  h a d  n o t b e e n  su cce ssfu l.  C o n se q u e n tly  th e se  s ite s  a n d  th re e

o th e rs  m e n tio n e d  b y  G ra h a m  ( 1 9 6 6 )  w e re  g ive n  h ig h  p rio rity  in  th is  s tu d y .  F ive

of the  se ve n ca ve s ( tw o pa irs of w hich w e re  close  to  e a ch othe r a nd thus like ly

se rve d a s a lte rna te  roosts for the  sa rne  colony)  w e re  succe ssfu lly surve ye d.

F o u r co n ta in e d  m a te rn ity  co lo n ie s  ( H a yfo rk# 1 ,  H a yfo rk  # 2 ,  H ya m p o m  # 1  a n d

H ya m pom  # 2 1 ; one  (H a ll C ity)  conta ine d no e vide nce  of use  by C .  tow nse ndii;

o n e  co u ld  n o t b e  lo ca te d ; a n d  o n e  w a s  d e s ig n a te d  o ff- lim its  b y  th e  F o re st

S e rvice  due  to  the  pre se nce  of a n  a ctive  ra ptor ne st (a lthough re lia b le  re ports

from  ca ve rs indica te  no ba t co lony ha s e ve r be e n found a t th is ca ve  - -  B .

R o g e rs  p e rs .  co m m . ) .

3 .2 .2 .4 .2 .  W e ste rn  S lo p e  o f th e  C e n tra l S ie rra  N e va d a  ( C a la ve ra s .  M a rip o sa .

T ula re  a nd T u o lu m n e  C o u n tie s )

T h irty - n in e  m in e s  w e re  su rve ye d ;2 5  ( 6 4  o /o l h a d  e v id e n ce  o f u se  b y  b a ts ;

1 5  (3 8  % l by C .  tow nse ndii,  a lthough only one  a ppe a re d to  be  use d a s a

m a te rn ity  s ite .  A d d itio n a lly ,  1 1  tu n n e ls  a sso c ia te d  w ith  H e tch  H e tch y  R e se rvo ir

w e re  su rve ye d .  S e ve n  sh o w e d  e v id e n ce  o f u se  b y  b a ts ,  th re e  w e re  b e in g  u se d  b y

sm a ll num be rs of C .  toutnse ndii.  E le ve n ca ve s w ith  know n or e xpe cte d ba t use
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w e re  surve ye d,  a nd te n ha d e vide nce  of use  by C .  tow nse ndii.  A lthough a
m a te rn ity colony w a s a ctua lly loca te d a t only one  site ,  substa ntia l gua no
a ccum ula tion sugge ste d tha t se ve n othe r site s a re  use d by colonie s a t som e
point in  the  a nnua l cycle .

M a riposa  C ounty

F ifte e n m ine s w e re  surve ye d.  N ine  (6 0  Y "l ha d som e  indica tion of ba t use ,
7  (4 7  % l by C . townse ndii.  T hre e  m ine s ha d one  or two C . townse rtdii e a ch, for a
to ta l o f 4  b a ts .  A n o th e r m in e  co m p le x  u n d e r th e  ju risd ic tio n  o f Y o se m ite
N a tiona l P a rk is a  C .  tow nse ndii m a te rn ity roost.  E m e rge nce  counts a t the  5
porta ls on A ugust 2 5  yie lde d 6 2  ba ts (5 4  from  one  porta l,  2  from  a nothe r,  a nd
6  fro m  a  th ird ) .

F our ca ve s w e re  surve ye d,  thre e  in  the  M e rce d R ive r dra ina ge  on the
S ie rra  N a tiona l F ore st,  a nd one  on the  S ta nisla us N a tiona l F ore st.  A ll show e d
sign of use  by C .  tow nse ndii; thre e  ha d one  to  four ba ts pre se nt for a  tota l o f
se ve n ba ts.  T hre e  ca ve s ha d e xte nsive  gua no de posits sugge sting use  by

' s ignifica nt co lonie s a t som e  othe r tim e  of ye a r.  T he  ca ve  on the  S ta nisla us
N a tiona l F ore st (B ow e r C a ve )  w a s a n h istorica lly im porta nt nurse ry site  for C .
tow nse ndii (G ra ha m  1 9 6 6 ) .  T his ca ve  e xpe rie nce s e xte nsive  re cre a tiona l use ,
a nd curre nt m a na ge m e nt pra ctice s do not provide  a de qua te  prote ction for the
ba ts.  M e rce d C a ve  #  1  a nd M e rce d C a ve  #  2  (p lus M ille r G ulch M ine  # 2 1  a re  a Jl
in  close  proxim ity to  e a ch othe r a nd thus like ly se rve  a s a lte rna te  roosts for the

sa m e  colony.

T ula re  C ounty

F ive  ca ve s,  a ll in  S e quoia  N a tiona l P a rk w e re  surve ye d.  F our ha d

e vide nce  of use  by C .  toutnse ndii; tw o ha d sm a ll num be rs (1 -3 )  o f C .  tow nse ndii
pre se nt.  A lthough no ca ve s ha d m ore  tha n a  fe w  ba ts pre se nt a t the  tim e  of
surve y,  tw o ha d e xte nsive  gua no p ile s indica ting significa nt use  a t som e  othe r
tim e  d u rin g  th e  ye a r.  A lth o u g h  p e rs is te n t d is tu rb a n ce  h a s  p re c lu d e d

occupa tion of C lough C a ve  by C .  tow nse ndii for m a ny ye a rs,  individua ls

co n tin u e  to  v is it th is  h is to rica lly  im p o rta n t ro o st s ite .  T h is  ca ve  w o u ld  like ly  b e
re o ccu p ie d  if a d e q u a te  p ro te ctio n  co u ld  b e  p ro v id e d .

T u o lu m n e  ( a n d  p o rtio n  o f C a la ve ra s)  C o u n tie s

T w e n ty- fo u r m in e s  w e re  su rve ye d .  S ix te e n  ( 6 7  % l sh o w e d  so m e  u se  b y

ba ts,  e ight (3 3  % )  by C .  tow nse ndii.  T w o ha d one  C ,  tow nse ndii e a ch pre se nt a t
the  tim e  of surve y; a nothe r ha d six C .  tow nse ndii e m e rge  a t a n  e xit count.  A lso

su rve ye d  w e re  e le ve n  tu n n e ls  a sso c ia te d  w ith  th e  w a te r p ip e s  o f th e  H e tch
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H e tchy R e se rvoir syste m .  A s indica te d a bove ,  se ve n show e d use  by ba ts,  thre e
by C .  tow nse ndii.  T w o build ings on H e tch H e tchy R e se rvoir prope rty ha d
e xte nsive  n ight use  by a  M gotis spe cie s,  but no use  by C .  tow nse ld ii.

T W o ca ve s w e re  surve ye d,  one  on priva te  la nd in  the  S ta nisla us R ive r
dra ina ge  (M urphys C a ve  - -  just a cross the  county line  in  C a la ve ra s C ounty) ,
a nd the  othe r on the  S ta nisla us N a tiona l F ore st in  the  C la ve y R ive r dra ina ge .
T he  ca ve  on the  S ta nisla us R ive r house d a  la rge  m a te rn ity roost (> 5 0 0  ba ts)  on
A u g u st 2 3 ; th e  o th e r ca ve  h a d  o n e  C .  to w n se n d ii p re se n t o f A u g u st 2 4 ,b u t
e xte nsive  gua no p ile s sugge ste d th is ca ve  is a lso use d a s a  m a te rn ity roost a t
som e  tim e  during the  se a son.  T he  S ta nisla us R ive r colony is one  of tw o in  th is
a re a  tha t w a s know n historica lly (G ra ha m  1 9 6 6 ,  P ie rson a nd R a ine y 1 9 9 6 ) .
T his a re a  e xpe rie nce s in te nsive  re cre a tiona l ca ving a nd th is colony a ppe a rs to
m ove  a round a m ong se ve ra l ca ve s,  both  se a sona lly a nd in  re sponse  to
d is tu rb a n ce .  R e p e a te d  a tte m p ts  d u rin g  th e  C D F G  su rve ys  to  d o cu m e n t a
colony la rge r tha n ca .  2 0  a nim a ls w e re  unsucce ssfu l,  a lthough loca l ca ve rs
re p e a te d ly  re p o rt se e in g  la rg e  c lu ste rs  o f b a ts  in  o n e  o r m o re  o f th e se  ca ve s .  In
la te  A ugust 1 9 9 8  th is ca ve  ha d ca .  5 0 0  a nim a ls ( like ly a bout 2 5 O  a dult fe m a le s
a n d  th e iryo u n g ) ,  th u s  co n firm in g  th a t a  la rg e  co lo n y  s till p e rs is ts  in  th is  a re a .

3 .3 .  R A D IO T E LE M E T R Y  A N D  LIG H T -T A G G IN G  S T U D IE S

3 .3 .1 .  P o in t R e ye s  N a tio n a l S e a sh o re

3 . 3 .  1 . 1 .  S tu d y  O b ie c tiv e s

T he  P oint R e ye s a re a  supports tw o of the  la rge st co lonie s of C .  tow nse ndii
a lo n g  th e  co a st o f C a lifo rn ia  ( P e a rso n  e t a l.  L 9 5 2 ; P ie rso n  a n d  R a in e y  1 9 9 6 ) .
T he  la rge st a nd be st know n colony ha s occupie d a n a ba ndone d house  in  the
O le m a  V a lle y a long H ighw a y 1 .

T he  purpose  of the  study w a s to  inve stiga te  the  fora ging be ha vior of ba ts
in  the  O le m a  V a lle y,  e va lua te  ha bita t usa ge ,  a nd to  loca te  a lte rna te  da y roost
s ite s .  H a b ita t u se  w a s  o f p a rticu la r in te re st b e ca u se  m u ch  o f th e  e a st s id e  o f
the  va lle y is  gra z e d by be e f ca ttle  a nd que stions ha ve  be e n ra ise d a bout how
this m ight a ffe ct w ild life ,  including ra re  ba ts.

3 . 3 .  t . 2 ,  S tu d y  A re a

T he  study a re a  is loca te d in  a  3 4 8  km 2  a re a  m a na ge d by P oint R e ye s
N a tiona l S e a shore  in  w e ste rn  M a rin  C ounty,  C a liforn ia  (F ig .  2 ) .  T he  study
co lo n y  ro o sts  in  th e  a ttic  o f a n  a b a n d o n e d ,  tw o - s to ry  ra n ch  h o u se ,  th e  la s t
build ing re m a in ing from  the  orig ina l da iry ra nch com ple x w hich orig ina lly
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include d se ve ra l out build ings,  o  da iry ba rn ,  a nd a  cre a m e ry.  T he  house  a nd
othe r structure s w e re  built in  1 8 8 0 ,  a nd the  da iry ope ra te d until the  e a rly
1 9 6 0 s w he n the  a re a  re ve rte d to  be e f ca ttle .  T he  house  ha s be e n va ca nt since
L 9 7 4 .  I t is  lo ca te d  in  th e  ce n te r o f th e  O le m a V a lle y ,  le ss  th a n  1 0 0  m  fro m  a
ye a r- round w a te r source ,  O le m a  C re e k,  w hich runs for the  le ngth  of the  va lle y.
A dditiona l w a te r is  a va ila b le  from  a  num be r of ponds w ith in  the  va lle y a nd
se ve ra l la rge  re se rvoirs <  1 0  km  to  the  e a st.

T he  O le m a  V a lle y is  a n  a re a  tha t ha s be e n subje ct to  a  num be r of
p e rtu rb a tio n s ,  in c lu d in g  b e e f ca ttle  ra n ch in g  ( s in ce  th e  1 8 4 0 s) ,  d a iry  ra n ch in g
( 1 8 5 0 s - 1 9 6 0 ) ,  p e rio d ic  f ire s  ( m o s t n o ta b ly  1 9 4 5 ) ,  a n d  c le a r c u t lo g g in g
o p e ra tio n s  ( 1 9 4 5  - L 9 5 2 l'.  N o n e th e le ss ,  m u ch  o f th e  n a tive  h a b ita t h a s  e ith e r
pe rsiste d or re grow n so toda y the  a re a  is a  com bina tion of gra z e d gra ssla nds

a nd se cond grow th D ougla s fir,  re dw ood,  C a liforn ia  b"y,  a nd ripa ria n.

T he  ha bita t is  som e w ha t va rie d.  T he  e a st side  of the  va lle y is  m ostly
gra z e d gra ssla nd,  though h istorica lly the re  w e re  se ve ra l da iry ra nche s.  N ow ,
the re  is be e f ca ttle  gra z ing a long m ost of the  e a st side  of the  va lle y.  T he  slope s
a re  b ise cte d by num e rous sm a ll dra ina ge s w ith  in te rm itte nt stre a m s tha t
support sm a ll w oodla nds com pose d of ripa ria n ve ge ta tion a nd C a liforn ia  ba y
(U m be llu la ia  ca liforn ica l.  B e yond the  va lle y to  the  e a st is  se cond grow th
re dw ood (S e guoia  se m pe ruire ns)  fore st grow ing on la nds prote cte d by the  M a rin
M unicipa l W a te r D istrict w hich ope ra te s se ve ra l la rge  re se rvoirs use d prim a rily

for drinking w a te r.  T he  ha bita t w a s e xte nsive ly m odifie d  due  to  the  com bine d
e ffe cts of a  la rge  w ild  fire  in  1 9 4 5  a nd a  cle a r-cut logging ope ra tion from  1 9 4 5 -

1 9 5 2 .

T he  w e st side  of the  va lle y is  m ostly se cond grow th D ougla s fir
(P se udotsuga  m e rvie srrJ,  w ith  C a liforn ia  ba y in  the  m oiste r a re a s,  m ostly in  the
ca n yo n  b o tto m s.  P h o to g ra p h s fo rm  th e  m id -  1 8 0 0 s  sh o w  th a t th e  w e st s id e  o f
the  va lle y looke d the  sa rne  a s it doe s toda y.  T hough the re  w a s som e  se le ctive
h a n d  lo g g in g  in  th e  la te  1 8 0 0 s ,  th e  fo re st p e rs is te d  w e ll in to  th is  ce n tu ry .  A n

e xte n s ive ,  m e ch a n iz e d  lo g g in g  o p e ra tio n  in  th e  1 9 5 0 s  re m o ve d  m o st o f th e
la rge r D ougla s fir tre e s from  the  va lle y,  though a  fe w  se e d tre e s te stify to  the
na ture  of the  fore st in  ye a rs pa st.  B e yond the  va lle y to  the  w e st is  a  m osa ic of
fir a nd coa sta l scrub w hich e xte nds dow n the  slope  to  the  P a cific  O ce a n.

3 .3 .  1 .3 .  S p e c ific  M e th o d s

3 . 3 .  1 . 3 .  1 .  L ie h t  T a e g in e

O n  S e p te m b e r 2 7  ,  1 9 8 9  w e  ca p tu re d  2 1  b a ts  a t P o in t R e ye s  N a tio n a l

S e a shore  a t the  sa m e  m a te rn ity roost w hich w a s use d for the  ra diote le m e try
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stu d y  in  L 9 9 7 .  E a ch  b a t w a s  o u tfitte d  w ith  a  lig h t ta g  ( B u ch le r L 9 7 6 1 .  T h e
ta gs w e re  m a de  by one  of the  a uthors (G F )  by b low ing g la ss ba lls from  a  sm a ll
d ia m e te r g la ss tube .  T he  fina l ta g  ra nge d from  5  to  9  m m  in  d ia m e te r a nd ha d
a  4  m m  long ste m  w hich w a s fille d  w ith  silicone  rubbe r.  T he  ta gs w e re  fille d
w ith  a ctiva te d flu id  from  a  cylum e  fla re  w hich re sulte d in  a  ye llow -gre e n light
w h ich  g lo w e d  fo r 6 - 8  h o u rs .  T h e  re su ltin g  ta g  w e ig h e d  fro m  2 .5  to  4 .5  g ,  w e ll
w ith in  th e  5 %  w e ig h t lim it u se d  in  te le m e try  s tu d ie s .

T a gs w e re  a tta che d to  the  ba ck of ba ts in  a  fa shion sim ila r to  tha t of
tra nsm itte rs e xce pt tha t the  fur w a s not clippe d a nd only a  sm a ll a m ount of
a dhe sive  w a s use d so tha t the  ta g w ould  fa ll o ff w ith in  I  -  2  da ys.

T a g s  w e re  v is ib le  to  th e  u n a id e d  e ye  o ve r d is ta n ce s  e xce e d in g  1 0 0  m .
T he  ta gs w e re  pa rticu la rly obvious w he n ba ts w e re  m oving.  O bse rve rs
occa siona lly use d e ithe r b inocula rs or n ight vision e quipm e nt to  fa cilita te
be ha viora l ob se rva tion s.

E a ch obse rve r ha d a  tw o-w a y ra dio  a nd w a s in  consta nt conta ct w ith  a
pe rm a ne nt ba se  sta tion a nd m ost othe r obse rve rs.  A  ca sse tte  ta pe  re corde r a t
the  ba se  sta tion m a de  a  pe rm a ne nt re cord of a ll ra d io  tra nsm issions from  a ll
o b se rve rs .  T h e  re su ltin g  ta p e s  w e re  tra n scrib e d  in to  a  co m p u te r file  fo r la te r
printing a nd a na lysis.

3 . 3 .  1 . 3 . 2 .  R a d io te le m e try

T hirte e n post- la cta ting fe m a le s,  one  non- re productive  a dult fe m a le  a nd
thre e  a dult m a le s w e re  ca pture d in  m ist ne ts a nd a  ha rp  tra p a s ba ts e xite d the
fa rm  h o u se  ro o st d u rin g  th e  e ve n in g  o f S e p te m b e r 1 5 ,  1 9 9 7 .

T h e  ra n ch  h o u se  w a s  v is ite d  e a ch  d a y  to  d e te rm in e  w h ich  b a ts  h a d
re turne d to  the  roost.  W e  trie d  to  loca te  a ny ba ts w hich w e re  not pre se nt a t
the  m a in  da y roost site .  T his w a s done  by driving H ighw a y I  (a  na rrow ,  tw o-
la ne  roa d)  through O le m a  V a lle y,  driving d irt roa ds a long a dja ce nt ridge s,  a nd
by se a rching from  sm a ll a ircra ft.  W he n a  signa l w a s de te cte d for a  m issing ba t,
a n  a tte m pt w a s m a de  to  loca te  the  e xa ct roost site  by h iking tow a rd the  signa l.

E a ch e ve ning for 1 0  da ys,  obse rve rs w e re  sta tione d a t va rious h igh
points throughout the  O le m a  V a lle y a nd a dja ce nt ridge  tops.  S e ve ra l site s w e re
u se d  e a ch  n ig h t w h ile  o th e rs  w e re  o ccu p ie d  fo r o n ly  o n e  o r tw o  n ig h ts  in  a n
a tte m p t to  d e te rm in e  w h e th e r b a ts  w e re  in  th e  v ic in ity .  A  to ta l o f 1 6  s ite s  w e re

u se d  a s  o b se rva tio n  p o sts  d u rin g  th e  s tu d y .
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E a ch n ight,  som e  obse rve rs w e re  a ssigne d the  ta sk of fo llow ing ce rta inba ts re ga rdle ss of w he re  the y w e nt.  succe si in  fo llow ing a  ba t de pe nde d on acom bina tion of obse rve r a bility  in  tra ckirg ,  how  fa r a ndj"ri the  ba t m ove d,a n d  w h e th e r th e re  w e re  ro a d Jo r tra ils  in  tir. ,o i. in ity  o ittr.  b a t,s  a c tiv ity .

3 . 3 .  1 . 4 .

3 . 3 .  I  . 4 . 1  .

T he  m a jority of the  a nim a ls re turl.d  re pe a te dly to  the  m a in  roost in  thea ba ndone d ra nch house .  se ve ra l a n im a l* ,  prii.u la rly the  m a le s,  da y rooste da nd n ight rooste d in  tre e  hollow s.  T he se  * fr.  ua s"r hoilow s in  la rge  d ia m e te rre dw oods a nd C a liforn ia  ba y

Individua l ba ts tra ve le d up to  1 0 .5  km  from  the  da y roost to  fora ge ,  a ndte nde d to  re turn  to  the  sa m e  a re a s to  fora g.  , rigrrt a fte r n ight.  A ll the  ba tsfora ge d prim a rily  in  ve ge ta te d gullie s,  fre que ntly fo llow ing sm a ll stre a mcourse s' a nd a ppe a re d to  a void  ope n g .a sila rro ,  uottr w hJn fora ging a nd w he ntra ve ling be tw e e n the  roost a nd fora ging 
"r. . . . ' 

-

3 . 3 .  r . 4 . 2 .

F ro m  o u r o b se rva tio n s  o f lig h t- ta g g e d  b a ts ,  w e  fo u n d  th e  a n im a ls  sp e n dthe  m qiority of the ir tim e  in  close "proxim ity to  srrrubs or bushe s.  on a  num be rof occa sions ba ts w e re  obse rve o a i the y 
"rl". .o  

ope n gra ssla nd.  In  the sesitua tions' the  flight w a s,a lw a ys fa st.  T his w a s in -conira st io  flight pa tte rns ina nd a round ve ge ta tion w h.t.  [h .  ba ts w e re  pre sum a bly fora ging.  w he ncro ss in g  o p e n  g ra ss la n d ,  b a ts  co n s is t:ltlv  o ro p p e d  d o w n  to  th e  g ro u n d  a n dfle w  a t a  h e ig h t o f a b o u t 1  m .  T h is  in itia l m o u . * .n t d o w n  w a s q u ite  d is tin ctivea nd w ould  be  de scribe d a s e ithe r a  ve rtica l p lungg o l a  sha rp drop.  F lighta cross the  ope n gra ssla nd w a s usua lly in  a  rto iE rrt line ,  b ;; occa siona lly ha da n e rra tic orje rlqy pa tte rn .  P re sun 
"uty 

trrisffi o f flight w ould  m a ke  it m ored ifficu lt fo r p re d a to rs  ( e .g . ,  o w ls ) .

F rom  the  ra diote le m e try da ta ,  w e  know  tha t ba ts ofte n d ispe rse d se ve ra lm ile s ' w h ile  w e  co u ld  n o t tra ck  b a ts  o ve r th o se  d is ta n ce s  w ith  lig h t ta g s ,  w ew e re  a ble  to  w a tch ba ts d ispe rse  ove r shorte r d ista nce s.  T he se  flights w e recle a rly d istinct from  the  fora ging . . iiu ity de scribe d e lse w he re .

D ispe rsa l flights typ ica lly fo llow e d the  e dge  of the  fore st a long ripa ria nz one s w he re  the  ve ge ta tion w a s pre dom ina ntly '-oougta s fir,  ca liforn ia  ba y tre e s,a nd occa siona lly w illow s (sa lix.p  f .  B a ts fle w  som e w he re  
'be tw e e n 

m id-ca nopyto  n e a r th e  to p  o f th e  ca n o p y 1 ro - - io  m ) .  B a ts  c le a rly  re d u ce d  th e ir tim e  in

2 7

I
I
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ope n a re a s' T he y fo llow e d stre a m s up va lle ys,  but the y hugge d the  tre e  ca nopy
ra the r the n fly ing out in  the  ope n.  L ike  

-o ir. -e nts 
ove r gra ssla nd,  flight w a s

fa st a nd d ire ct.

3 . 3 .  1 . 4 . 3 .  F o ra g in e  A c tiv ity

L ight- ta gge d ba ts m ostly fora ge d a round the  pe rim e te r of tre e s,  w ith  aslow ,  le isure ly flight pa tte rn .  W hile  ba ts w e r.  o""r. riona lly obse rve d fly ing
a m ongst the  oute r-m ost lim bs,  the y w e re  m ost ofte n righf a t the  e dge  6 f tn .
ve ge ta tion.

T he  flight w a s a lw a ys slow  a nd le isure ly,  o fte n a ppe a ring ra the r
m e thodica l.  S e ve ra l pa tte rns w e re  obse rve d.  

-  
ira ost oftin ,  the re  w e re  la rge ,

a lm ost pe rfe ctly horiz onta l sw e e ps ba ck a nd forth .  A fte r one  or tw o sw e e ps,
th e  b a t w o u ld  m o ve  u p  0 .5 -  1  m  a n d  co n tin u e  w ith  m o re  sw e e p s.  L e ss
co m m o n lY ,  th e  b a t w o u ld  m o ve  d o w n  in  su cce ss ive  sw e e p s.  T h e  e xte n t o f
h o riz o n ta l m o ve m e n t va rie d  fro m  3 - 1 0  m  d e p e n d in g  o r,  * h . th e r th e  b a t w a s
flying a round a  single  tre e  or a  clum p of tre e s.  S om e tim e s the  sw e e ps w e re  not'e ntire ly le ve l so  tha t the  ba t fo llow e da  horiz onta | figure  e ight pa tte rn .

L e ss  co m m o n ly  o b se rve d  b e h a v io r in c lu d e d  b a ts  fly in g  u n d e r th e  lo w e r
bra nche s of a  tre e ,  a nd ba ts w hich use d slow  ve rtica l 

-ou.rie nts 
ra the r tha n

h o riz o n ta l sw e e p s.  o n e  b a t d ip p e d  in  a n d  o u t o f o p e n in g s  in  th e  ve g e ta tio n  a sit fle w  a long a  m ostly horiz onta l pa th .

W he n ba ts fora ge d a round
co n to u r o f th e  ve g e ta tio n ,  s im ila r

3 . 3 .  I . 4 . 4 .  F e e d in q  p a t te rn s

b u sh e s ,  th e ir flig h t p a tte rn  fo llo w e d  th e
to  w h a t w a s  o b se rve d  a ro u n d  tre e s .

F igure  4  show s a ll the  a re a s w he re  ba ts w e re  found during the  I  1  da ys of

- - - o  
L - ^v  v L l  v

fl, ::3 t^r: j1 1 l-",* , t. r onlv ogca giona ilv w e re  ba ts found in  m ore  ope n
ha bita ts,  a nd w he n the y w e re ,  the  ba ts w e re  typica lly in  close  a ssocia tion w ith
the  fe w  sca tte re d tre e s or la rge  shrubs.  T his ir-e nd w a s consiste ntly true  for
both m a le  a nd fe m a le  ba ts.

O bse rva tions of light ta gge d ba ts strongly sugge st tha t c.  tow nse ndii a re
not g le a ning inse cts from  the  surfa ce  of ve ge ta iio tr.  B a ts fle w  slow ly a long the
e d g e  o f th e  ve g e ta tio n ,  b u t d id  n o t h o ve r o r o b v io u s ly  p a u se  a s  w o u ld  b e
e xpe cte d if thgy w e re  g le a ning.  T he  flight pa tte rns w e re  m ore  consiste nt w ith
th e  id e a  th a t b a ts  w e re  fe e d in g  o n  in se cts  lp re su m a b ly  m o th s)  w h ich  w e re
flying close  to  the  ve ge ta tion.
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othe r obse rva tions indica te d tha t c.  tow nse n-diife e d on oa k m oths( D io p tid a e ) ' A  lig h t- ta g g e d  b a t * . r o b se rve o ."p i"rin g  th e se  m o th s  a t th e  e d g eof a  coa st live  oa k Q utic, ,s a gifohc)  a s the  ba t h.*  a r-ound a nd slightly w ithinthe  pe rim e te r of the  oa k ca nopy.  T he se  obse rva tions a re  in  contra st to  thege ne ra l pre sum ption tha t c.  tow nse ndiia re  gte a ne rs be ca use  the y ha ve  suchla rge  e a rs.

3 . 3 . 1 . 4 . 5 .  D is ta n c e  to  F o ra g e

T he re  wa s a  significa nt diffe re nce  in how fa r fe m a le  ba ts tra ve le d tofora ge  com pa re d w itfi m a le s.  T he  ce nte r of a ctivity for fe m a le s w a s 3 .2  (+ 6 .5 ;km  fro m  th e  ro o st s ite  w h ile  th e  m e a n  fo r m a le s  * a : r. 3  ( + g .2 )  km  ( p  =  o .3 3 ,  d f=  1 3 )  (T a ble  3 ) ' T he  re la tive  la ck of m ove m e nt by m a le s is typ ifie d  by the  m a le# 5 8 3  for w hich w e  ha ve  the  m ost e xte n;i;;;t]e rva tions.  H e  ne ve r m ove dfurthe r tha n 1 '7  km from  the  orig ina l ca pture  site ,  a nd 
-o . t 

o f h is a ctivitie sw e re  w ith in  1 .0  km .

T he se  obse rva tions a re  sim ila r to  our findings a t La va  B e ds N a tiona lM o n u m e n t in  n o rth e rn  ca lifo rn ia  lse e  se ctio n  3 .4 .2 .b e lo w ) .  w h ile  b o th  th eroosting a nd m ost com m only use d fora gi"s h"bita ts w e re  . t. it irrg ly d iffe re ntfrom  those  a t^P oint R e ye s,  m a le  ba ts in lrrJ La va  B e ds study d id  not tra ve lne a rly a s fa r from  the  da y roost a s d id  fe m a le s.  H e nce ,  the -m ore  loca l a ctivityof m a le s is consiste nt a cross se ve ra l ha bita t.  
"rra  

ove r a  ge ogra phic d ista nce  of>  4 2 5  km .

3 . 3 .  1 . 4 . 6 .  A c t iv ity  p e r io d s

T hough it w a s not the  prim a ry goa l o f our w ork,  w e  d id  obta in  som e  da taon a ctivity pe riods of se ve ra l ba ts.  in  pa rticu la r,  w e  w e re  a ble  to  tra ck onem a le  ba t (# 5 8 3 )  ne a rly continuously for trre  e a rrv portion of tw o n ights (T a ble4 ) .

o n  s e p t' 1 7 , B a t # 5 8 3  le ft  th e  ro o s t a t 1 9 s 0 .  w ith  th e  e x c e p tio n  o f o n e7 3  m in  g a p  ( 2 0 3 4  -  2 2 4 7  h r) ,  * .  * . re  a b le  to  tra ck  th e  b a t co n tin u o u sly  u n til0 2 5 2  in  the  m orning ' D uring the  tim e  tha t w e  tra cke d the  ba t,  it w a s fly ing(pre sum a bly fora gingl 6 7 %  oi trr.  tim e .  D uring the  ba la nce  or tn .  tim e ,  the  ba tro o ste d ' w h ile  th e  e xa ct ro o st s ite  w a s  n o t lo ca te d ,  th e  b a t w a s  in  a  w o o d la n dw ith  b o th  b a y  tre e s  a n d  D o u g la s  fir.  N o  m a n - m a d e  s tru ctu re s  w e re  in  th eim m e dia te  a re a .

is  m u ch  le ss  co m p le te ,  b u t it is  c le a r
d iffe re nt.  T he  ba t fle w  m ost of the

O n  S e p t.  1 g ,  o u r d a ta  fo r  B a t # 5 g 3
tha t the  pa tte rn  of a ctivity w a s som e w ha t
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first hour,  m oving be tw e e n va rious a re a s a s it ha d the  n ight be fore ,  but by
2 0 4 2  it rooste d for a  short pe riod be fore  re sum ing its flight.  T he  ba t w a s not
tra cke d continuously,  but w a s found roosting a t the  ra nch house  roost during
a ll th e  ch e cks  th ro u g h  0 3 3 0  in  th e  m o rn in g .  H e n ce ,  th e re  w a s  a  m u ch  sh o rte r
pe riod of flight on the  se cond n ight.

B a t # 7 7 7  w a s the  only fe m a le  w hich w e  tra cke d for a  ne a rly continuous
p e rio d  ( T a b le  a ) .  O n  S e p t 1 8 ,  sh e  fle w  co n tin u o u sly  fro m  e m e rg e n ce  a t2 O O T
u n til 2 2 L 4  w h e n  sh e  b e g a n  ro o stin g  b a ck  a t th e  ra n ch  h o u se .

B a se d  o n  th e se  tw o  b a ts  a n d  le ss  d e ta ile d  o b se rva tio n s  o f th e  o th e rs ,  it
a ppe a .rs tha t the re  is  a  pe riod of a bout a n hour w he n the  ba ts fly  continuously,
or ne a rly so.  A fte r tha t,  the  be ha vior is  h ighly va ria ble ,  both  be tw e e n ba ts a nd
for g ive n ba ts on conse cutive  n ights.

3 . 3 .  1 . 5 .  R o o s ts

3 ;3 .  1 . 5 .  1 .  P r im a rv  C o lo n ia l R o o s t S ite

T h e  p rim a ry  ro o st s ite  in  a n  a b a n d o n e d  ra n ch  h o u se  h a s  b e e n  o ccu p ie d
by C .  tow nse ndii for m ore  tha n 1 2  ye a rs a nd conta ins a pproxim a te ly 2 0 0
fe m a le s  w h ich  o ccu p y to  h o u se  fo r 8  -  1 0  m o n th s  e a ch  ye a r.  T h e  n e a re st ro o st
is  6 .6  km  to  th e  S W  w h e re  a  a n o th e r co lo n y  o f n e a rly  2 O O  fe m a le s  o ccu p ie s  th e
a ttic  of a n  o ld  ba rn- like  build ing.

3 . 3 .  1 . 5 . 2 .  R o o s t  F id e l i ty

O nly four of the  1 7  ba ts w ith  tra nsm itte rs re turne d to  the  orig ina l da y
ro o st e a ch  d a y  fo r se ve n  co n se cu tive  d a ys .  S o m e  o f th is  b e h a v io r m ig h t b e  d u e
to  th e  d is tu rb a n ce  o f b a ts  d u rin g  in itia l ca p tu re  a n d  h a n d lin g .  A lso ,  m id -
S e pte m be r is  a bout the  tim e  tha t C .  tow nse ndii be gin  to  d ispe rse  from  the  m a in
ro o st,  a n d  h e n ce  a n  u n u su a l d is tu rb a n ce  m ig h t ca u se  th e m  d e p a rt so m e w h a t
e a rlie r tha n norm a l.  O ve ra ll,  the re  w a s fa irly  strong roost fide lity  (F ig .  5 )  ,
e spe cia lly  conside ring the  d isturba nce  to  the  colony cre a te d by the  ca pture  of
b a ts  a n d  th e  h a n d lin g  o f b a ts  o u tfitte d  w ith  ra d io tra n sm itte rs .

O f th e  1 7  b a ts ,  o n ly  4 7 o /o  ( 1  o f 3  m a le S ,  7  o f 1 4  fe m a le s)  re tu rn e d  to  th e
orig ina l roost the  se cond da y a fte r ta gging.  B y contra st,  four ba ts (a ll fe m a le )
w e re  fo u n d  in  th e  ro o st e a ch  o f th e  n e xt se ve n  d a ys .  A t th e  o th e r e x tre m e ,  o n e
m a le  ba t d id  not re turn  a t a ll to  the  orig ina l da y roost during the  se ve n da y
pe riod a nd one  fe m a le  w a s found the re  only during the  sixth  da y a fte r ta gging.
In  ge ne ra l,  the re  se e m e d to  be  ta irly  strong roost fide lity ,  e spe cia lly  conside ring
tha t the  colony w ould  norm a lly be  d im inishing a t tha t tim e  of ye a r.
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3 . 3 .  1 . 5 . 3 .

B a ts w e re  found a t six a lte rna te  da y roosts.  only one  of the se  roost site sw a s in  a  m a n-m a de  structure .  T ha t roost w a s a n o ld  stora ge  build ing w hichw a s pa rt o f a n  a ctive  ra nch com ple x.  T he  build ing w a s orr. - - rtory a nda pproxim a te ly 8  x 1 0  m  in  siz e .  I t ha d se ve ra l opJnings on trre  sia e  throughw hich a  ba t could  e a sily fly .

T he  othe r roosts w e re  a ll in  ba sa l tre e  hollow s,  one  in  C a liforn ia  ba y a ndthe  othe rs in  re dw oods.  T he  ba y tre e  w a s in  a  ripa ria n z otte ,g .9  km  from  theorig ina l ca pture  site .  T he  tre e  w a s the  la rge st ba y in  the  a re a ,  cle a rly sta ndingout a s the  m a tria rch tre e .  T he  hollow  w a s form e d w he n the  ba se  of the  tre erotte d out' T hough the  hollow  w a s m ode ra te ly da rk,  it w a s m uch lighte r tha nthe  re dw ood tre e  hollow s.

T he  five  re dw ood tre e  roosts w e re  on the  e a ste rn  slope  of the  e a ste rnrid g e ,  a n d  w e re  lo ca te d  2 .3  -  2 .6 km fro m  th e  o rig in a l . "p i* e  s ite .  T h ere dw oods w e re  pa rt o f a  se cond grow th re dw ood iore st w rricrr ha d be e n logge d
'5 0  ye a rs  p rio r to  th e  s tu d y .  rn e  tritls id e  h a d  a  N E  o rie n ta tio n .  T h e  ro o st tre e sra n g e d  fro m  1 .1 5  to  1 .9 4  m  d ia m e te r a t b re a st h e ig h t ( D B H j a n d  w e re  g e n e ra llya m ongst the  la rge r tre e s in  tha t pa rt o f the  fore st,  but not dra m a tica lly so.

T he  re dw ood ba sa l hollow s use d by the  ba ts ha d a ll be e n cre a te d by fire ,p re su m a b ly  th e  la rg e  1 9 4 5  fire  w h ich  b u rn e d  m u ch  o f th e  w a te rsh e d  e a st o fthe  o le m a  va lle y.  on a ve ra ge ,  the  ope nings fa ce d tow a rd the  w e s t (2 4 e ")  a ndw e re  2 '6 m  h ig h  b y  o . 7  m w id e .  T h e  in s id e  h o llo w  a v e ra g e d  3 . 0  m  h ig h  a n d  0 . 9m  w ide ,  he nce  the  hollow  e xte nde d up into  the  tre e  h ighe r tha n the  e xte rna lope ning ' T his is  typ ica l o f fire  sca rs on re dw oods.  T he  in te riors w e re
conspicuously 

9 * k,  la rge ly due  to  the  cha rre d w ood w hich re m a ine d
b la cke n e d ' w ith  th e  e xce p tio n  o f o n e  o f th e  re d w o o d  tre e  h o llo w s,  a ll th ea lte rna te  da y roosts w e re  use d by m a le s.

3 .3 .2 .  L a va  B e d s N a tio n a l M o n u m e n t

3 . 3 . 2 . 1 .  S tu d y  O b je c tiv e s

T he  la va  flow  a re a  of northe rn C a liforn ia  supports one  of the  m ostsignifica nt conce ntra tions of c.  tow nse ndiiin  the  sta te  (pe a rson e t a l.  Ig5 2 ;P ie rson a nd R a ine y 1 9 9 6 ) .  In  La va  B e ds N a tiona l M onum e nt,  a  1 gg km 2 a re ahone ycom be d w ith  la va  ca ve s,  thre e  m a te rn ity colonie s conta in ing > 2 0 0
fe m a le s e a ch a re  know n w ith in  a  fe w  km  of e a ch othe r.

T h e  p u rp o se  o f th is  s tu d y  w a s  to  in ve stig a te  b o th  th e  ro o stin g  a n d
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fora ging be ha vior of the  La va  B e ds N a tiona l M onum e nt popula tion for w hich
se ve ra l m a na ge m e nt conce rns ha d be e n ide ntifie d .  T he  colony tha t w a s the
focus of th is inve stiga tion roosts in  a  ca ve  syste m  (C a ve  Loop)  tha t is  one  the
prim a ry a re a s visite d  by tourists.  A lthough se ve ra l ye a rs a go the  P a rk
institu te d a  policy of vo lunta ry closure  for ca ve s use d by the  C a ve  Loop colony,
w e  w e re  in te re ste d in  finding a lte rna te  roosting site s.

A lso,  in  the  fa ll o f L9 9 6  (a fte r the  nurse ry roost ha d d isba nde d) ,  the  P a rk,
in  consulta tion w ith  ba t b io logists,  ha d conducte d a  contro lle d  burn of one  ha lf
of the  C a ve  Loop a re a .  S ince  contro l burns a re  a  fre que ntly use d m a na ge m e nt
tool,  it se e m e d re le va nt to  de te rm ine  w he the r fora ging ba ts tre a te d the  burne d
a re a s a ny d iffe re ntly from  the  unburne d a re a s.

A dditiona lly,  a ll the  know n nurse ry colonie s roost in  ca ve s tow a rds the
so u th e rn  e n d  o f th e  p a rk ,  w ith in  a  fe w  km  o f th e  M o d o c N a tio n a l F o re st,  w h e re
pote ntia l im pa cts of tim be r ha rve st on fora ging ha bita t ha d not be e n
co n sid e re d .  S e ve ra l s tu d ie s  co n d u cte d  o n  th e  d ie t o f th e  e a ste rn  su b sp e c ie s  o f
C .  tow nse ndii sugge st tha t the y fe e d pre dom ina ntly on fore st-a ssocia te d
L e p id o p te ra  ( B u rfo rd  a n d  L a ck i 1 9 9 8 ; S a m p le  a n d  W h itm o re  1 9 9 3 ) ,  y  t so m e
ra diotra cking studie s on the se  sa rne  subspe cie s ha ve  sugge ste d tha t the y
fora ge  ove r ope n fie lds a nd in  e dge  ha bita t a s w e ll a s in  the  fore st (B urford  a nd
L a c k i 1 9 9 5 ; C la rk  e t a l.  1 9 9 3 ; D a lto n  e t a l.  1 9 8 9 ; W e th in g to n  e t a l.  1 9 9 6 ) .  I n
the  w e st,  th is spe cie s ha d be e n ra diotra cke d fora ging in  oa k a nd ironw ood
fore st in  southe rn C a liforn ia  (B row n e t a l.  1 9 9 4 1  a nd in  both  sa ge brush ste ppe
a nd ope n ponde rosa  p ine  w oodla nd in  the  la va  flow  country of ce ntra l O re gon
( D o b kin  e t a l.  1 9 9 5 ) .  A  p rim a ry  g o a l w a s  to  d e te rm in e  th e  e xte n t to  w h ich  th is
popula tion fora ge d in  the  fore st.  A  sha rp de m a rca tion be tw e e n fore ste d a nd
scru b  h a b ita ts ,  co n ve n ie n t m o n ito rin g  s ta tio n s  o ffe re d  b y  th e  b u tte s ,  p lu s  a
ne tw ork of F ore st S e rvice  roa ds m a de  th is a n ide a l se tting for e va lua ting
re la tive  use  of the se  tw o m a rke dly d iffe re nt ha bita ts.

A lso of in te re st w a s w he re  the  a nim a ls w e nt to  drink.  T he  close st surfa ce
w a te r is  T u le  L a ke ,  lo ca te d  o u ts id e  th e  P a rk ,  ca .  1 5  km  n o rth e a st o f th e  ro o st
site s in  a n a gricultura l a re a  subje cte d to  he a vy a pplica tions of pe sticide s.
F in a lly ,  th e re  w a s  a  q u e stio n  w h e th e r g e o th e rm a l d e ve lo p m e n t,  p ro p o se d  fo r a n
a re a  ca .  1 0  km  southw e st of the  pa rk could  a ffe ct th is popula tion in  a ny w a y.

3 . 3 . 2 . 2 .  S tu d y  A re a

L a va  B e d s N a tio n a l M o n u m e n t lie s  in  th e  n o rth e a ste rn  co rn e r o f
C a lifo rn ia ,  ju s t so u th  o f th e  O re g o n  b o rd e r ( F ig .  2 ) .  B a sa ltic  la va  flo w s in  th e
m o n u m e n t b e lo n g  to  th e  n o rth e rn  s lo p e  o f th e  M e d ic in e  L a ke  vo lca n o ,  a  h u g e
H a w a iia n (shie ld)  type  volca no ne a rly 3 3  km s in  d ia m e te r a nd ove r 2 ,4 O O  m
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high.  M ost of the  e xpose d la va  is younge r tha n 1  1 ,0 0 0  ye a rs o ld  a nd d ispla ys
e xce lle ntly pre se rve d volca nic fe a ture s such a s flow s,  la va  tube  ca ve s,  co lla pse
tre nche s,  la va  la ke s,  a nd cinde r cone s.  T he  prim a ry ha bita t in  the  pa rk is h igh
e le va tion de se rt scrub,  dom ina te d by bunchgra sse s,  sa ge brush (A rte m e sia
spp. ) ,  a nd golde n ra bbitbrush (H a plopa ppus b loom e nJ (E rha rdt L9 7 9 1 .  T he
known m a te rnity roosts for C . townse ndii occur in C a ve  Loop or w ithin a  fe w
kilom e te rs of C a ve  Loop,  in  the  southe rn portion of the  pa rk w he re  the  ha bita t
is  m o re  va rie d ,  a t a n  e le va tio n  o f ca .  1 ,5 0 0  m .  C a ve  L o o p  is  b o u n d e d  b y  c in d e r
co n e s  ( e .g . ,  S ch o n ch in ,  C re sce n t,  H ip p o ,  R e d  a n d  C a ld w e ll B u tte s) ,  th e
north /northe a st e xposure s of w hich a re  ve ge ta te d w ith  m ounta in  m a hoga ny
(C e rcoca fpus m onta nus)  a nd we ste rn junip e r (Junipe rLts occide nta H s).  T he
tre nch syste m s w ith in  C a ve  Loop a nd e lse w he re ,  a lthough spa rse ly ve ge ta te d,
sppport prim a rily  fe rnbush or de se rt sw e e t (C hnm a e ba tia ia  m ille fo lium l a nd
p u rp le  o r d e se rt sa g e  ( S a lu ia  sp p . )  ( E rh a rd t 1 9 7 9 1 .  Ju st 2  km  so u th  o f C a ve
Loop the  te rra in  be gins to  rise  in  e le va tion,  a nd the  ha bita t unde rgoe s a n
a brupt tra nsition to  conife r fore st dom ina te d by P onde rosa  p ine  (H nus
ponde rosa ) .  T his tra nsition is m a rke d by a  kilom e te r long tre nch ca lle d  H idde n
V a lle y,  the  floor of w hich supports a n ope n ponde rosa  p ine  pa rkla nd,  m ixe d
with a rrte lope  bitte rb ru sh (P urshia  tride nta ta l,  gre e nle a f m a nz a nita
(Ardo sta phglo s p a tula )  a nd m ou nta in m a hoga ny (C e rcoca fpu s m onta nu sl .

3 . 3 . 2 . 3 .  S p e e ilic  M e th o d s

E ight post- la cta ting fe m a le s,  thre e  non- re productive  a dult fe m a le s a nd
fo u r a d u lt m a le s  w e re  ca p tu re d  in  th e  C a ve  L o o p  a re a  o n  3  S e p te m b e r 1 9 9 7  .
F o u r m a le s  a n d  o n e  n o n - re p ro d u ctive  fe m a le ,  fo u n d  ro o stin g  a lo n e  in  va rio u s
loca tions in  C a ve  Loop,  w e re  ca pture d by ha nd or in  ha nd ne ts in  la te
a fte rn o o n ,  o u tfitte d  w ith  tra n sm itte rs  ( se e  S e ctio n  2 .2  a b o ve ) ,  a n d  re le a se d  a t
d u sk .  A ll o th e r in d iv id u a ls  w e re  ca p tu re d  a t e ve n in g  e m e rg e n ce  in  m is t n e ts
se t in  the  tre nch syste m  ne a r se ve ra l e ntra nce s to  the  know n nurse ry ca ve .

C a ve  Loop w a s visite d  e a ch da y to  de te rm ine  w hich ba ts w e re  roosting
the re .  A tte m pts w e re  a lso m a de  to  loca te  a ny a nim a ls roosting e lse w he re .  O nce
cross-be a rings w e re  obta ine d from  high points,  inve stiga tors a tte m pte d to
loca liz e  the  sigtrd ,  ge ne ra lly by h iking cross-country in  ve ry cha lle nging
te rra in ,  o fte n in  a re a s w ith  no tra ils .  F ora ging be ha vior w a s fo llow e d using both
sta tiona ry a nd roving inve stiga tors.  A nim a ls w e re  fo llow e d for n ine  n ights
( S e p te m b e r 3 -  1  1 )  fo r a  to ta l o f 2 8  1  o b se rve r h o u rs .  A  s ta tio n  o n  C re sce n t B u tte
se rve d  a s  R a d io  C e n tra l,  w ith  H ip p o  B u tte  a n d  S ch o n ch in  B u tte  a s  th e  o th e r
m o st co n s is te n tly  u se d  fixe d  s ta tio n s .  N a tu ra l B rid g e s  ( in  C a ve  L o o p ) ,  R e d
B u tte ,  C a ld w e ll B u tte ,  C a ld w e ll M in o r,  G ille m  B lu ff,  H a rd in  B u tte ,  a n d  th e
w e ste rn  rim  of H idde n V a lle y a lso som e tim e s se rve d a s fixe d m onitoring
sta tions.  R oving inve stiga tors tra ve le d by ca r from  C a pta in  Ja ck's S tronghold
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on the  shore s of T ule  La ke  in  the  N orth  to  6  km  south of the  pa rk bounda ry in
the  M odoc N a tiona l F ore st,  a nd on foot a s fa r e a st a s C a pta in  Ja ck's Ice  C a ve
( F ig .  6 ) .

3 . 3 . 2 . 4 .  R o o s ts

3 . 3 . 2 . 4 . I .  D a y  R o o s ts

T he  m a jority of ra dio- ta gge d ba ts tha t w e re  ca pture d in  C a ve  Loop
continue d to  roost in  tha t a re a .  A lthough thre e  a lte rna te  da y roosting site s
w e re  found,  no ne w  colonia l s ite s w e re  loca te d.  N o ba t from  C a ve  Loop w a s e ve r
, lo ca te d  in  a  kn o w n  ro o st s ite  o f e ith e r o f th e  o th e r co lo n ie s .  A ll a lte rn a te  ro o st
site s tha t w e re  loca te d w e re  re la tive ly sm a ll rock she lte rs tha t a ppe a re d to  be
use d by a  single  a nim a l.  I t is  possib le ,  how e ve r,  tha t tw o roost site s tha t w e re
not loca te d ( tow a rds C a pta in  Ja cks a nd T hre e  S iste rs) ,  a nd one  tha t w a s
lo ca liz e d  b u t in a cce ss ib le  w ith o u t ro p e s  ( o n  a  th e  s id e  o f th e  H id d e n  V a lle y
tre n ch )  w e re  co lo n ia l ro o st s ite s .

M a le s w e re  m ore  loya l to  the ir da y roost site s tha n w e re  the  nullipa rous
a nd post- la cta ting fe m a le s.  T hre e  of the  four m a le s rooste d e ve ry da y in  the
C a ve  L o o p  a re a  a t o r c lo se  to  w h e re  th e y  w e re  ca p tu re d  ( F ig S .  7 ,  8 ,  9 ) .  O n e  m a le
( # 3 0 6 )  co u ld  n o t b e  lo ca te d  fo r 6  o f th e  n in e  d a ys ,  a lth o u g h  b e a rin g s  o b ta in e d
a t n ight sugge ste d he  ha d m ove d to  the  northe a st,  in  a n a re a  of the  P a rk w ith
ve ry  lim ite d  a cce ss  ( F ig .  1 0 ) .

F o u r o f th e  e ig h t p o s t- la c ta tin g  fe m a le s  ( # 4 3 1 ,  4 5 4 ,  4 7 2 ,  a n d  4 g S )
rooste d consiste ntly in  C a ve  Loop a t or close  to  the  know n nurse ry colony site
( F ig s .  1 1 ,  L 2 ,  1 4 ,  1 6 ) . T h e  fo u r  o th e rs  ( # 4 6 5 , 4 8 1 ,  5 1 3 ,  a n d  5 4 9 )  u s e d  a l te rn a te
ro o s ts  a t le a s t p a rt o f th e  t im e  ( F ig s .  1 3 ,  1 5 ,  L 7 ,  1 8 ) .  B a t # 5 1 3  ro o s te d  in  C a v e
Loop six da ys,  a nd tw o da ys in  the  H idde n V a lle y a re a  ( roost not loca te d) .  B a t
# 4 8 1  w a s loca te d on the  se cond da y in  a  sm a ll rock she lte r ca ve  (C ra ne  F ly
H o le ) ,  ju s t e a st o f C a ld w e ll B u tte ,  a n d  w a s  m iss in g  fo r a ll su b se q u e n t d a ys .
W he n C ra ne  F ly H ole  w a s m onitore d a t e m e rge nce ,  only the  ra diota gge d ba t
e m e rg e d .  T h e  o th e r tw o  b a ts  ( # 4 6 5  a n d  # 5 4 9 )  ro o ste d  p rim a rily  to w a rd s  th e
N orthe a st,  # 4 6 5  tow a rd C a pta in  Ja cks Ice  C a ve ,  a nd # 5 4 9  tow a rds the  T hre e
S is te rs .  D e sp ite  co n ce rte d  e ffo rts  n e ith e r o f th e se  ro o sts  co u ld  b e  fo u n d  b y
g ro u n d  se a rch in g .  S ig n a ls  th a t co u ld  b e  o b ta in e d  fro m  h ig h  p o in ts  w e re  lo st a s
inve stiga tors fo llow e d the  be a rings.

T h e  o n e  n u llip a ro u s  fe m a le  ( # 2 8 2 )  th a t w a s  ca p tu re d  ro o stin g  a lo n e
d u rin g  th e  d a y  re m a in e d  lo ya l to  ro o st s ite s  in  C a ve  L o o p  ( F ig .  1 9 ) .T h e  o th e r
tw o  n u llip a ro u s  fe m a le s ,  a p p a re n tly  a sso c ia te d  w ith  th e  n u rse ry  co lo n y ,  u se d
a lte rn a te  ro o sts  a t so m e  p o in t d u rin g  th e  s tu d y .  O n e  ( # 4 1 3 )  ro o ste d  in  C a ve
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Loop e ve ry da y e xce pt the  first da y a fte r ca pture ,  w he n she  use d a  sm a ll rock
she lte r loca te d in  the  F le a ne rs C him ne y a re a ,  ca .  7  km  northw e st of C a ve  Loop
( F ig .  2 I l.  T h e  o th e r ( # 3 4 9 )  m o ve d  a ro u n d  co n sid e ra b ly ,  ro o stin g  fo r th e  firs t tw o

da ys a fte r ca pture  in  a  rock she lte r on the  ca nyon w a ll in  H idde n V a lle y,  the
ne xt da y ba ck in  C a ve  Loop,  the  fourth  da y on a  be a ring to  the  northe a st ( roost

not loca te d) ,  the  fifth  a nd sixth  da ys ba ck a t the  H idde n V a lle y site ,  the  se ve nth
a nd e ighth  da ys ba ck in  C a ve  Loop (F ig .  2 O l.

3 . 3 . 2 . 4 . 2 .  N ie h t  R o o s ts

T hre e  n ight roosts,  a ll sm a ll ca ve s or rock she lte rs,  w e re  loca te d in  the
co u rse  o f th e  s tu d y ,  o n e  n e a r F le a n e rs  C h im n e y ( n u llip a ro u s  fe m a le  # 4 1 3  - -
F ig .  2 I l,  o n e  n e a r th e  ca m p g ro u n d  ( p o st- la c ta tin g  fe m a le  # 5 4 9  - -  F ig .  1 8 ) ,  a n d
o n e  1 .5  km  so u th  o f M a m m o th  C ra te r ( p o st- la c ta tin g  fe m a le  # 5 1 3  - -  F ig .  I 7 l.
F e m a le  # 4 I3  a lso use d a nothe r n ight roost,  not spe cifica lly  loca te d,  oD  the  cliff
fa ce  be low  D e vil's  H om e ste a d O ve rlook a t the  ba se  of G ille m  B luff.

3 .3 .2 .5 .  F o ra g in g  B e h a v io r

T he re  w e re  m a rke d d iffe re nce s be tw e e n the  m a le s a nd fe m a le s in

d is ta n ce  tra ve le d  ( co m p a re  F ig s .  7 - IO  w ith  F ig s .  I l- 2 1 ) .  T h re e  o f th e  fo u r m a le s
fora ge d e xclusive ly w ith in  the  C a ve  Loop a re a  (w ith in  a  3 .0  km  ra dius of the
roost a re a ) ,  a nd the ir individua l pa tte rns w e re  h ighly pre dicta ble  n ight to  n ight
( F ig s .7 - 1 0 ) .  T h e  fo u rth  m a le  ( # 3 0 6 )  fe d  fre q u e n tly  in  C a ve  L o o p  a n d  in  th e  a re a

be tw e e n S chonchin  B utte  a nd the  ca m pground,  but w a s de te cta ble  only 5 9 o/" of

th e  tim e  a n d  o fte n  d isa p p e a re d  o n  a  b e a rin g  to  th e  n o rth e a st ( F ig .  1 0 ) .  In
ge ne ra l,  the  fe m a le s m ove d m uch gre a te r d ista nce s tha n the  m a le s,  a nd w e re

de te cte d up to  1 4  km  a w a y.  S om e  like ly tra ve le d fa rthe r.  M a ps de picting

a ctivity pa tte rns illustra te  the  la rge  a re a s cove re d by m a ny of the  a nim a ls (F igs.

1 1 - 2 1 ) .

T he  ba ts fora ge d in  thre e  d istinctly d iffe re nt ha bita ts: the  spa rse ly
ve g e ta te d  la va  tre n ch e s; w o o d e d  a re a s  d o m in a te d  b y  w e ste rn  ju n ip e r a n d /o r
m ounta in  m a hoga ny; a nd the  h ighe r e le va tion,  pre dom ina ntly ponde rosa  p ine

fore st.  T hre e  of the  four m a le s w e re  h ighly pre dicta ble  a nd fe d a lm ost

e xclusive ly in  the  C a ve  Loop a re a ,  pre dom ina ntly in  a re a s dom ina te d by
m ounta in  m a hoga ny.  T he  fora ging pa tte rns of the  fe m a le s w e re  m ore  com ple x.

T hose  tha t rooste d in  C a ve  Loop fre que ntly fora ge d for the  first 3 0 -6 0  m inute s

in  the  C a ve  Loop a re a .  C ross-be a rings strongly sugge st the y fa vore d a re a s

dom ina te d by m ounta in  m a hoga ny,  w e ste rn  junipe r,  or ponde rosa  p ine  ra the r

th a n  scru b  h a b ita t.  A n im a ls  w e re  a lso  o b se rve d ,  h o w e ve r,  w ith  n ig h t v is io n

e quipm e nt,  a ctua lly fora ging w ith in  the  la va  tre nche s w he re  la rge  num be rs of

m oths could  be  obse rve d fly ing in  a ssocia tion w ith  the  spa rse  ve ge ta tion
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(dom ina te d by fe rn  bush a nd purple  sa ge ) .  S e ve ra l fe m a le s a lso fora ge d

fre que ntly ne a r the  he a dqua rte rs a re a ,  a nd one  w a s obse rve d fora ging a round

the  ca nopy of junipe r a nd m ounta in  m a hoga ny.

T W e lve  of the  fifte e n ba ts w e re  de te cte d fora ging ne a r one  of the  butte s

(S chonchin ,  C re sce nt,  C a ldw e ll or H ippo) ,  a lm ost a lw a ys in  a ssocia tion w ith

w e ste rn  junipe r/m ounta in  m a hoga ny ha bita t tha t te nds to  be  conce ntra te d on

th e  n o rth  a n d  n o rth e a st s id e s  o f th e  b u tte s .  O n e  b a t ( # 4 3 1 )  fe d  a lm o st

e xclusive ly a round the  ba se  of S chonchin  B utte  for one  a nd a  ha lf n ights

( S e p te m b e r 9  a n d  1 0 )  a n d  w a s  fo llo w e d  co n tin u a lly  ( F ig .  1 1 ) .

' A  ra the r sha rp de m a rca tion line  be tw e e n the  low  contour scrub ha bita t

w ith in  the  pa rk bounda ry a nd upla nd fore st to  the  south  a llow e d us to

e stim a te  the  a rnount of tim e  the  a nim a ls spe nt in  fore ste d,  pre dom ina ntly

p o n d e ro sa  p in e  h a b ita t.  O n ly  o n e  m a le  ve n tu re d  to  th e  so u th ,  a n d  th is  w a s

only on one  e ve ning,  w he n he  a ppe a re d to  be  fora ging in  the  vicin ity of H idde n

V a lle y.  T e n of the  e le ve n fe m a le s,  how e ve r,  fora ge d a t som e  point in  th is upla nd

fore st ha bita t.  T he   unount of tim e  the y spe nt the re  va rie d from  5  to  7 9  o /o  of

th e  tim e  th e y  w e re  fo llo w e d  ( w ith  a n  a ve ra g e  o f 2 |o h ,  n = 1 1 ) .  T h is  is  like ly  a n

unde re stim a te  of tim e  spe nt in  the  fore st since  tra cking the  a nim a ls in  th is

ha bita t w a s d ifficu lt,  a nd se ve ra l d isa ppe a re d on be a rings tha t w ould  ha ve

ta ke n  th e m  in to  th is  fo re ste d  a re a .  T w o  a n im a ls  ( B a t # 4 5 4  a n d  B a t # 5 1 3 )  th a t

co u ld  b e  c lo se ly  fo llo w e d  sp e n t >  S O o A  o f th e ir tim e  th e re  ( F ig s .  L 2  a n d  IT l.T h e

one  a nim a l ne ve r de te cte d in  upla nd fore st m a y ne ve rthe le ss ha ve  spe nt the

m a jority of he r tim e  in  fore ste d ha bita t.  In te rm itte nt de te ctions w e re  ge ne ra lly

in  the  vicin ity of a  he a vily fore ste d dra w  on the  w e st side  of C a ldw e ll B utte ,  a nd

sh e  se e m e d  to  d isa p p e a r to  th e  so u th e a st,  to w a rd s  p o n d e ro sa  p in e  a n d  ju n ip e r

h a b ita ts .  A d d itio n a lly ,  it is  w o rth  n o tin g  th a t th o se  b a ts  th a t te n d e d  to  m o ve

a m ong ha bita ts ge ne ra lly w e nt to  the  fore st w ith in  the  first thre e  hours a fte r

e m e rg e n ce ,  d u rin g  p rim e  fo ra g in g  tim e .  B a t # 5 1 3 ,  th e  b a t th a t w a s  fo llo w e d

m ost consiste ntly a nd w a s de te cte d in  the  upla nd fore st ha bita t 7 9  oh of the

tim e ,  fe d  in  both  the  fore st a nd w ith in  a  ra the r spa rse ly ve ge ta te d sm a ll cra te r

so u th  o f M a m m o th  C ra te r.  S h e  w a s  d e te cte d  a s  fa r a s  9  km  so u th  o f h e r ro o st.

T he re  w a s a  te nde ncy for the  fe m a le s to  tra ve l north  la te r in  the  e ve ning
(ge ne ra lly a fte r m id-n ight) ,  w ith  cross-be a rings indica ting tha t the y w e re

ge ne ra lly on the  S chonchin  La va  F low ,  a n a re a  dom ina te d by la va  tre nche s,

a nd spa rse ly ve ge ta te d w ith  squa w  curra nt,  fe rn  bush a nd purple  sa ge .  T he

a ctivity pa tte rn  typica lly e xhib ite d by the  ba ts w a s to  fora ge  a ctive ly for the  first

tw o  to  fo u r h o u rs  a fte r e m e rg e n ce ,  a n d  th e n  to  a lte rn a te  b e tw e e n  b rie f ( 1 0  to

3 0  m in u te s)  b o u ts  o f fo ra g in g  a n d  n ig h t ro o stin g  u n til ju s t p rio r to  d a w n  w h e n

the y w ould  e m e rge  for a nothe r fora ging bout.  A 1 1  n ight roosts tha t w e re  loca te d

w e re  sm a ll rock she lte rs,  structure s tha t a re  a bunda nt in  the  S chonchin  La va
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T he  m a jority of a n im a ls ha d som e w ha t pre dicta ble  fora ging pa tte rns
night to  n ight.  F or e xa m ple ,  ba t # 5 4 9  fora ge d pre dom ina ntly on the
southe a ste rn  side  of the  S chonchin  La va  F low  a nd on a  be a ring tow a rds the
T hre e  S iste rs (F ig .  1 8 ) ; B a t # 4 3 1  fora ge d pre dom ina ntly ne a r the  ca m pground
a n d  a ro u n d  th e  b a se  o f S ch o n ch in  B u tte  ( F ig .  1 1 ) ; B a t #  5 1 3  fo ra g e d
pre dom ina ntly in  the  H idde n V a lle y a nd M a m m oth C ra te r a re a  (F ig .  L7 l.
N e ve rthe le ss,  fora ging a ctivity a lso a ppe a re d to  be  som e w ha t re sponsive  to
som e  othe r fa ctors.  F or e xa m ple ,  m ore  a nim a ls fora ge d in  the  fore st e a rly in  the
w e e k,  a nd m ore  in  the  S chonchin  La va  F low  la te r in  the  w e e k.  W hy th is w a s so
is  n o t im m e d ia te ly  o b v io u s ,  b u t is  like ly  re la te d  to  e ith e r lo ca l in se ct
a b u n d a n ce ,  a n d /o r so m e  e n v iro n m e n ta l fa c to rs  ( e .g . ,  te m p e ra tu re ,  w in d ,  c lo u d
co ve r,  p h a se  o f th e  m o o n ) .

T he re  w a s no e vide nce  tha t the  contro lle d  burn conducte d in  the  fa ll o f
L9 9 6  a t C a ve  Loop a ffe cte d the  fora ging be ha vior of th is spe cie s.  B a ts w e re
d e te cte d  w ith  co m p a ra b le  fre q u e n cie s  in  th e  b u rn e d  a n d  u n b u rn e d  a re a s .  A ll
individua ls tha t re m a ine d re side nt in  C a ve  Loop fora ge d in  the  vicin ity of the
Loop (a nd a re a  bounde d by H idde n V a lle y,  a nd C a ldw e ll,  C re sce nt,  H ippo a nd
R e d B utte s) ,  pa rticu la rly e a rly in  the  e ve ning ( the  first 3 0 -6 0  m inute s a fte r
e m e rge nce )  a nd a ga in  just prior to  da w n.

3 .3 .2 .6 .  D ri.n k in E  B e h a v io r

A nothe r im porta nt m a na ge m e nt que stion for th is popula tion w a s w he re
th e  a n im a ls  w e n t to  d rin k .  T h e  c lo se st su rfa ce  w a te r is  T u le  L a ke ,  ca .  1 5  km  to
the  northe a st,  in  a n a gricultura l a re a  subje cte d to  ve ry he a vy pe sticide
tre a tm e nt.  W hile  it is  possib le  a nim a ls occa siona lly tra ve l a s fa r a s T ule  La ke
a n d  m a y d rin k  th e re ,  th is  s tu d y  su g g e ste d  th a t m a n y b a ts ,  in c lu d in g  th is
spe cie s,  drink from  the  w a te r tha t a ccum ula te s on the  ice  surfa ce  inside  ice
ca ve s.  T he  e a rlie st be a rings e a ch e ve ning for the  m a jority of a n im a ls w e re
consiste nt w ith  visita tion to  one  of the  1 2  ice  ca ve s loca te d w ith in  ca .  4  km  of
the ir roost (se e  F ig .  6 ) .  F our ice  ca ve s w e re  m onitore d for the  first thre e  to  four
h o u rs  a fte r e m e rg e n ce  o n  8  S e p te m b e r 1 9 9 7 .  A ll ca ve s  w e re  v is ite d  b y  b a ts ,
a lthough H e ppe  Ice  C a ve  re ce ive d by fa r the  m ost significa nt on the  n ight
m o n ito re d  ( se e  T a b le  6 ) .
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4 .O  S P E C IE S  S T A T U S  IN  C A LIF O R N IA

4 . I .  P O P U L A T IO N  S T A T U S

T he  C a liforn ia  D e pa rtm e nt of F ish a nd G a m e  surve ys in  the  la te  1 9 8 0 s
a nd e a rly 1 9 9 0 s ide ntifie d  3 9  m a te rn ity colonie s w ith  a n e stim a te d tota l
p o p u la tio n  o f 4 ,2 5 O  a d u lt fe m a le s  ( P ie rso n  a n d  R a in e y  1 9 9 6 ) .  B y  u s in g  h is to ric
re cords it w a s possib le  to  docum e nt tha t ove r a  4 0  ye a r pe riod the re  fra O  be e n
a  5 2  o /o  de cline  in  the  num be r of m a te rn ity colonie s,  a  4 4  o /o  d ,e cline  in  the
num be r of a va ila b le  roosts,  a nd a  5 5  % o de cline  in  the  num be r of a n im a ls in  the
a re a s surve ye d.  T he  curre nt surve y ide ntifie d  six m a te rn ity roosts w ith  a  tota l
p o p u la tio n  o f ca .  7 O O  a d u lt fe m a le s .

T he re  a re  still som e  a re a s of the  sta te  tha t ha ve  not be e n syste m a tica lly
su rve ye d  ( e .g . ,  m in in g  d is tric ts  in  th e  co a st ra n g e  so u th  o f th e  S a n  F ra n c isco
B a y a re a ) .  A lso ,  n e w  co lo n ie s  co n tin u e  to  b e  id e n tifie d  b y  va rio u s  re se a rch e rs  - -
e .9 . ,  P .  B ro w n  ( p e rs .  co m m . )  h a s  fo u n d  a  fe w  m o re  co lo n ie s  in  m in e s  in  th e
O w e n s V a lle y  a n d  so u th e a ste rn  d e se rt a re a s; K .  M in e r ( p e rs .  co m m . )  re ce n tly
loca te d a  nurse ry colony in  a  bridge  in  S a n D ie go C ounty; a  sm a ll co lony w a s
re ce n tly  lo ca te d  in  M e n d o cin o  C o u n ty  ( P .  W in te rs  p e rs .  co m m . )  c lo se  to  th e
loca tion of a n  h istoric roost site  w hich no longe r e xists (C D F G  surve ys found
tha t th is ca ve  roost ha d be e n m ine d a w a y for h ighw a y rip - ra p (P ie rson a nd
R a ine y 1 9 9 6 ) .  N e ve rthe le ss,  it se e m s like ly tha t the  m a jority of re la tive ly la rge
roosts a re  know n.  I t is  som e w ha t a la rm ing tha t e xte nsive  surve ys in  a re a s of
h ig h ly  su ita b le  h a b ita t ( e .g . ,  m in in g  d is tric ts  in  th e  T rin ity  M o u n ta in s; ca ve s  in
the  southce ntra l S ie rra  N e va da )  re ve a le d so fe w  pre viously unknow n nurse ry
ro o sts .

C o m b in in g  th e  re su lts  o f th is  su rve y  w ith  th o se  co n d .u cte d  in  th e  la te
1 9 8 0 s  a n d  e a rly  1 9 9 0 s  ( P ie rso n  a n d  R a in e y  1 9 9 6 ) ,  a n d  in fo rm a tio n  p ro v id e d  b y
othe r re se a rche rs,  w e  e stim a te  tha t the  tota l num be r of a dult fe m a le s found in
th e  cu rre n tly  kn o w n  ro o sts  is  a p p ro x im a te ly  5 ,5 0 0 - 6 ,0 0 0 .

O f th e  n in e  ro o st s ite s  u se d  b y  th e  s ix  m a te rn ity  co lo n ie s  id e n tifie d
during the  curre nt surve y,  e ight show e d signs of significa nt hum a n intrusion
( fo o tp rin ts ,  b e e r/so d a  ca n s  o r o th e r tra sh ,  s ig n s  o f re ce n t ca m p fire s ,  c lim b in g
a ppa ra tus) .  L ike w ise ,  six of the  e ight roosts tha t ha d significa nt a m ounts of C .
tow nse ndii gua no but fe w  or no ba ts a t the  tim e  of surve y a lso show e d signs of
hum a n d isturba nce .  O f the se  se ve nte e n site s,  only thre e  curre ntly re ce ivi a ny
sort o f prote ction from  hum a n d isturba nce .  T W o a re  a lre a dy ga te d or fe nce d
a n d  th e  lo ca tio n  o f a  th ird  is  n o t d isc lo se d  to  th e  p u b lic .  A d d itio n a lly ,  B L M  h a s
pla ns to  ga te  a nothe r.  T hre e  of the  m ost significa nt site s,  tw o on F ore st S e rvice
la n d  a n d  o n e  o n  p riva te  la n d ,  re ce ive  n o  p ro te ctio n .
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A  re ce nt e va lua tion of the  conse rva tion sta tus of C .  tow nse ndiiin  the
w e st ( Ida ho S ta te  C onse rva tion E ffort 1 9 9 5 )  ide ntifie d  a  num be r of thre a ts for
C .  tounse ndii,  w hich a re  sum  m a riz e d be low  (S e ction 4 .2 ;.  A lso,  a t a  w orkshop
sponsore d by the  W e ste rn  B a t W orking G roup in  R e no,  N e va da  in  F e brua ry
1 9 9 8 ,  C -  tow nse ndii e m e rge d a s the  only .p . . i. .  tha t occurre d throughout the
w e st a nd w a s a lso conside re d a s im pe rile tl or a t h igh risk of im pe rilm -e nt
th ro u g h o u t its  ra n g e  ( w e ste rn  B a t w o rk in g  G ro u p  1 9 9 g ) .

4 .2 .  ID E N T IF IE D  T H R E A T S

4 .2 .1 .  L o ss  o f R o o stin g  H a b ita t

4 . 2 . 1 . 1 .  H u m a n  A c tiv ity  a t R o o s ts

T he  inte nse  re cre a tiona l use  of ca ve s a nd m ine s in  C a liforn ia  provide s
the  m ost like ly e xpla na tion for w hy othe rw ise  suita ble ,  h istorica lly significa nt
roosts a re  curre ntly unoccupie d.  I t is  w e ll docum e nte d tha t C .  tow nsZ ndiiis  so
se nsitive  to  hum a n d isturba nce ,  tha t sim ple  e ntry in to  a  m a te rn ity roost ca n
ca use  a  colony to  a ba ndon or m ove  to  a n a lte rna te  roost (P e a rson,  e t a l.  I9 S 2 ;
G ra h a m  L 9 6 6 ; S te b b in g s  1 9 6 6 ; M o h r L g 7 2 i H u m p h re y  &  K u n z  1 9 T 6 ) .
A lthough e vide nce  of va nda lism  ha s be e n obse rve d a t le ve ra l roosts (p ie rson
a n d  R a in e y  1 9 9 6 1 ,  m o st d is tu rb a n ce  m a y b e  in a d ve rte n t ( e .g . ,  w e ll in te n tio n e d
p e rso n s co m in g  u p o n  a  co lo n y  o f b a ts  in  th e  co u rse  o f ca ve T - in e  e xp lo ra tio n ) .
In a p p ro p ria te  b e h a v io r o n  th e  p a rt o f re se a rch e rs  ( i. e . ,  e n try  in to  m a le rn ity
ro o sts ,  ca p tu re  o f a n im a ls  in  ro o sts )  co u ld  a lso  co n trib u te  io  p o p u la tio n
d e c lin e s .  A  se rio u s  co n ce rn  is  th e  in cre a se  in  b a n d in g  s tu d ie s ,  s irr"e  w in g
ba nds ha ve  be e n show n to  ca use  se rious in jurie s in  C .  to* nse ndii(p ie rsJn a nd
F e lle rs  1 9 9 4 1 .

T h e re  is  a lso  a ccu m u la tin g  e v id e n ce  co lo n ie s  re sp o n d  p o s itive ly ,  a n d
num be rs of a n im a ls ofte n incre a se  dra m a tica lly,  w he n pe optl a re  pre ve nte d
from  e nte ring roost site s - -  ge ne ra lly through insta lla tion o i "ba t frie nd$  ga te s
( P .  B ra d le y  p e rs .  c o m m . ,  R . M .  M ille r  p e rs .  c o m m . ,  M .  p e rk in s  p e rs .  c o m m . ,
P ie rs o n  e t a l.  1 9 9 1 ,  R id d le  1 9 9 5 ,  R .  S h e rw in  p e rs .  c o m m . ,  S tih le r  a n d  H a ll
1 e e 3 ) .

4 . 2 . 1 . 2 .  C lo s u re  o f A ta n d o n e d  M in e s

A ba ndone d unde rground m ine s provide  significa nt roosting ha bita t for a
num be r of ba t spe cie s,  pa rticu la rly C .  tow nse ndi (A lte nba ch a nd p ie rson 1 9 9 5 ,
B e lw o o d  a n d  W a u g h  1 9 9 1 ,  B ro w n  e t a l.  1 9 9 3 ,  P ie rso n  e t a l.  Ig g l) .  S a fe ty
co n sid e ra tio n s  h a ve  le d  to  e xte n s ive  m in e  c lo su re  p ro g ra n n s in  w e ste rn  s ta te s ,
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pa rticu la rly on public la nds,  o fte n w ithout conside ra tion for the  b io logica l
va lu e s  o f o ld  m in e s .  I f c lo su re s  a re  d o n e  a t th e  w ro n g  tim e  o f ye a r,  o r w ith o u t
p rio r b io lo g ica l su rve y  ( A lte n b a ch  1 9 9 5 ,  N a vo  1 9 9 5 ,  R a in e y  1 9 9 5 ) ,  th e y  ca n
re su lt in  th e  e n tra p m e n t,  a n d  th u s  e lim in a tio n  o f e n tire  b a t co lo n ie s .

4 .2 .1 .3 .  R e n e w e d  M in in q  in  H is to ric  M in in g  D is trlc ts

T he  re surge nce  of gold  m ining in  the  w e st pote ntia lly  thre a te ns ca ve rn-
d w e llin g  b a t sp e c ie s  ( B ro w n  a n d  B e rry  1 9 9 1 ,  B ro w n  e t a l.  1 9 9 3 ,  B ro w n  1 9 9 5 ) .
S ince  ope n p its,  cre a te d by curre nt m in ing pra ctice s,  a re  ofte n loca te d in
historic m in ing d istricts,  o ld  m ine  w orkings a re  fre que ntly de m olishe d a s pa rt
of the  ore  e xtra ction proce ss.  W hile  e ffe ctive  m itiga tion is possib le  (B row n e t a l.
1 9 9 5 ,  P ie rso n  e t a l.  1 9 9 1 ) ,  th e re  is  cu rre n tly  n o  le g a l m a n d a te  re q u irin g  th a t
e x is tin g  p o p u la tio n s  b e  p ro te cte d .

4 .2 . t. 4 .  D e te rio ra tio n  /co n ve rs io n  o f b u ild in g  ro o sts

M ost know n build ing roosts a re  a ba ndone d structure s tha t a re  ge ne ra lly
in  a  poor sta te  of re pa ir.  E ve n if m a inta ine d such structure s ha ve  a  lim ite d life
e xpe cta ncy re la tive  to  ca ve  roosts.  W ith  incre a sing suburba niz a tion,  m a ny
h is to rica lly  kn o w n  b u ild in g  ro o sts  h a ve  b e e n  d e m o lish e d  o r su b je ct to
re nova tion.  F or e xa m ple ,  the  a ba ndone d ra nch house  use d by the  P t.  R e ye s
co lo n y  w a s  sch e d u le d  fo r d e m o litio n  w h e n  th e  co lo n y  w a s  firs t d isco ve re d .  T o
p ro te ct th is  co lo n y  th e  p a rk  ca n ce le d  p la n s  fo r d e m o litio n  a n d  h a ve  co n d u cte d
re p a irs  to  in su re  th e  p e rs is te n ce  o f th e  s tru ctu re .  T h e  p re v io u s  ro o st fo r th is
colony w a s like ly a  priva te ly ow ne d de te riora ting build ing in  the  tow n of O le m a
from  w hich a  C .  tow nse ndii co lony w a s e xclude d in  the  1 9 7 0 's w he n
re nova tions conve rte d it to  a n upsca le  be d a nd bre a kfa st inn.

4 . 2 . 1 . 5 .  T im b e r h a n z e s t

R e se a rch conducte d a t P oint R e ye s ha s de m onstra te d tha t la rge  hollow
tre e s,  pa rticu la rly fire -sca rre d re dw oods a nd la rge  C a liforn ia  ba y tre e s w ith
ba sa l hollow s a re  use d by C .  tow nse ndii.  T h is spe cie s ha s be e n found in  the se
tre e s both  sum m e r a nd w inte r.  In  fa ct,  know n colonie s of C .  tow nse ndii a long
the  north  a nd ce ntra l coa st a re  a ll in  close  proxim ity to  re sidua l pa tche s of
re dw ood fore st,  a nd C .  tow nse ndii a ppe a rs e xtirpa te d from  a re a s of form e r
distribution tha t no longe r ha ve  re dw ood fore sts.  W hile  th is linka ge  is not w e ll
substa ntia te d a t th is tim e ,  it se e m s possib le  tha t re dw ood fore sts a re  critica l to
the  surviva l o f coa sta l popula tions,  a nd tha t h istorica lly,  a long the  coa st w he re
ca ve s a re  fe w ,  th is spe cie s rooste d pre dom ina ntly in  ve ry la rge  hollow
re d w o o d s.
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4 . 2 . 1 . 6 .  W a te r im p o u n d m e n ts / ro o s t in u n d a tio n

T he  m a jority of re se rvoirs in  C a liforn ia  occur a t low  e le va tion on rive rs
dra in ing the  S ie rra  N e va da ,  K la m a th a nd T rin ity M ounta ins,  a t the  sa m e
e le va tions fa vore d by th is spe cie s for nurse ry site s.  M a ny of the  know n ca ve s
o ccu r in  rive r d ra in a g e s  a n d /o r a lo n g  th e  sh o re s  o f cu rre n t re se rvo irs  ( e .g . ,  th e
tw o C .  tow nse ndii co lonie s know n to  occur on La ke  S ha sta  a nd d iscusse d in
S e ction 3 .3 .2  a bove ) .  A t le a st one  form e rly significa nt ca ve  roost (a long the
S ta nisla us R ive r)  is  know n to  ha ve  be e n inunda te d by the  form a tion of a
re se rvoir (N e w  M e lone s)  (P ie rson a nd R a ine y 1 9 9 6 ) .  P roposa ls curre ntly unde r
re vie w  to  ra ise  the  w a te r le ve l in  La ke  S ucce ss,  a  re se ryoir on the  T ule  R ive r,
w ill im pa ct C .  tow nse ndii roost site s.

4 .2 .1 .7 .  B e h a v io ra l E co lo e lf /  P o p u la tio n  B io lo e sr

T he  te nde ncy for C .  tow nse ndii to  roost in  h ighly visib le  cluste rs on ope n
su rfa ce s ,  n e a r ro o st e n tra n ce s ,  m a ke s  th e m  h ig h ly  vu ln e ra b le  to  d is tu rb a n ce .
A dditiona lly,  low  re productive  pote ntia l a nd h igh roost fide lity  incre a se  the
risks  fo r th e  sp e c ie s .

4 .2 .2 .  L o ss  o f F o ra g in g  H a b ita t

4 . 2 . 2 . 1 .  L o s s  o f r ip a ria n  h a b ita t

T he  ra diotra cking a nd light- ta gging studie s conducte d a t P t.  R e ye s
N a tiona l S e a shore  de m onstra te d tha t in  coa sta l C a liforn ia  ripa ria n w oodla nd is
e xtre m e ly im porta nt fora ging ha bita t for C .  tow nse ndii.  C onve rsion of the
cottonw ood ripa ria n to  a griculture  a long the  low e r C olora do R ive r provide s the
m ost like ly e xpla na tion for obse rve d de cline s in  C .  tow nse ndii a nd othe r ba t
spe cie s in  th is a re a .  F ora ging a re a s a dja ce nt to  w a te r source s m a y be  e sse ntia l
fo r d e se rt p o p u la tio n s  ( P .B ro w n  p e rs .  co m m . ) .  T h e  w id e  in va s io n  o f ta m a risk
in  de se rt a re a s a lso ha s contribute d to  the  drying of w a te r source s a nd
co n se q u e n t lo ss  o f n a tive  rip a ria n  ve g e ta tio n .

4 .2 .2 .2 .  G ra z in q  p ra e tie e s

I t is  possib le  tha t gra e ing re duce s fora ging ha bita t for C .  tow nse ndii.
W hile  th is spe cie s is re porte d to  fora ge  ove r o ld  fie tds a nd a gricultura l fie lds in
th e  E a st ( B u rfo rd  a n d  L a ck i 1 9 9 5 ,  D a lto n  e t a l.  1 9 8 9 ,  W e th in g to n  e t a l.  1 9 9 6 ) ,
w e  sa w  n o  e v id e n ce  in  e ith e r lig h t- ta g g in g  o r ra d io tra ck in g  s tu d ie s  th a t th is
spe cie s fora ge d ove r gra z e d gra ssla nds.  S ince  our study a re a  d id  not include
a ny a re a s of ungra z e d gra ssla nd w e  ca nnot de te rm ine  w he the r the  fora ging
pa tte rns w e  obse rve d could  be st be  e xpla ine d by a  pre fe re nce  for fore ste d
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gullie s a nd by a n a voida nce  of gra z e d, a re a s.

4 .2 .2 .3 .  T im b e r h a n re st

4 2

T he  e ffe cts of tim be r ha :ve st on the  pre y ba se  a nd fora ging ha bita t o f C .
townse ndii is not known, a lthough it a ppe a rs virtua lly ce rta in ttrlre  is som e
im pa ct.  S e ve ra l studie s in  the  E a st ha ve  now  show n a  pre fe re nce  by th is
spe cie s for fore st-a ssocia te d Le pidopte ra  (B urford  a nd La cki 1 9 9 8 ;S a m ple  a nd
W h itm o re  1 9 9 3 ) .  A d d itio n a lly ,  o u r s tu d y  a t L a va  B e d s N a tio n a l M o n u m e n t
show e d tha t th is spe cie s fe d e xte nsive ly in  a ssocia tion w ith  tre e s.  prim e
fora ging tim e  w a s spe nt e ithe r in  the  upla nd ponde rosa  p ine  fore st or in
junipe r a nd m ounta in  m a hoga ny ha bita t.

4 .2 .2 .4 .  T o x ic  lm p o u n d m e n ts

T he  use  of cya nide  in  the  ore  e xtra ction proce ss ha s ca use d w ild life
d e a th s  a t a  n u m b e r o f m in e  s ite s  in  th e  W e st.  A lth o u g h  b a ts  co m p rise  3 3  .Z  o /o
o f d o cu m e n te d  w ild life  fa ta litie s  ( C la rk  a n d  H o th e m  tb g l) ,  th e y  f* q r.n tly  a re
n o t co n s id e re d  in  a sse ssm e n t o f cya n id e  risks  ( N e va d a  M in in g  A sso t.  e t a l.
1 9 9 0 ) .  R e n e w e d  m in in g  is  kn o w n  to  a cco u n t fo r th e  lo ss  o f o n e  su b sta n tia l
co lo n y  in  th e  ca lifo rn ia  d e se rt ( p .  B ro w n  p e rs .  co m m . ) .

4 .2 .2 .5 .  P e stic id e  sp ra y in g

F ore st m a na ge m e nt a ctivitie s,  pa rticu la rly tim be r ha rve st a nd spra ying
for non- ta rge t le p idopte ra n spe cie s m a y a lte r tkre  pre y ba se  for C .  tow nse rLdii
( S a m p le  e t a l.  1 9 9 3 ,  S a m p te  a n d  W h itm o re  1 9 9 3 ) .  p e rt< in s  a n d  S ch o m m e r
(1 9 9 1 )  sugge st tha t E lt (B a cillus ttw ingie nsis)  spra ys m a y suppre ss T ussock
m o th  a n d  sp ru ce  b u d w o rm  re p ro d u ctio n  e n o u g h  to  su p p re s i re p ro d u ctio n  in
re side nt C .  tow nse ndii for one  or tw o ye a rs.

4 .2 .2 .6 .  G e o th e rm a l d e ve lo p m e n t

E xte nsive  de ve lopm e nt of ge othe rm a l re source s is propose d for the  a re a
just south  of La va  B e ds N a tiona l M onum e nt,  in  a n a re a  use d for fora ging by
th e  L a va  B e d s p o p u la tio n .  T h is  p ro je ct co u ld  re su lt in  n e t lo ss  o f fo ra lin [
h a b ita t,  d is tu rb a n ce  to  th e  a n im a ls  fro m  th e  n o ise  o f o p e ra tio n ,  lo ss  o f . iiti. "t
w a te r re so u rce s  fro m  d ra w d o w o ,  ch e m ica l a lte ra tio n ,  o r co n ta m in a tio n  o f th e
w a te r ta b le .

4 .2 .3 .  In a d e q u a te  P ro te ctive  M e a su re s

W ith o u t le g a l p ro te ctio n  u n d e r th e  E n d a n g e re d  S p e c ie s  A ct,  th e re  is
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re la tive ly little  ince ntive  for public 
|* d  T a ra ge rs or priva te  la ndow ne rs toprote ct th is spe cie s or m itiga te  for loss of ha blta t.  w hile  public a ge ncie s ha vege ne ra lly be e n fa r m ore  re sponsive  tl*  h . ;; priva te  la ndow ne rs,  w ithoutfe de ra l prote ction th is spe cie s is like ly to  conlinue  to  be  subje cte d to  thenum e rous thre a ts outline d a bove .  w ithout le ve ra ge  to  prote ct critica l roosts ite s ,  th is  sp e c ie s  is  like ly  to  co n tin u e  to  d e c lin e .

4 . 2 . 3 . 1 .

T he re  a re  2 2  colonie s know n in  ca liforn ia  w ith  a dult fe m a le  popula tions> 1 0 0  a n im a ls ' o f th e se ,  1 4  a re o n  p u b lic  la n d s .  w h ile  th e  N a tio n a l p a rkse rvice  a nd ca liforn ia  sta te  P a rks ha ue  m a de  substa ntia l com m itm e nts toprote cting know n roosts,  the  F ore st se rvice  ha s be e n ge ne ra lly re lucta nt tore cogniz e  the  b io logica l significa nce  of ca ve  a nd m ine  roosts.  T he  de cisionm a ke rs w ith in  th is a ge ncy continue ,  o fte n a ga inst the  a dvice  of the ir ow nbio logists ' t9  g ive  first pribrity to  re cre a tiona l in te re sts,  de spite  the  docum e nte dincom pa tib ility  be tw e e n re cre a tiona l ca ving ;; ca ve  , .bortirrg  ba t popula tions.L ike w ise ' B LM  bio logists,  conce rne d for thJ sta ius of c.  tow nse ndiipopula tionsloca te d in  m ine s or ca ue s on the ir la nd,  fre que ntly re port the y a re  una ble  toobta in  support from  supe riors for site  prote ftio"

4 . 2 . 3 . 2 .

w hile  the re  a re  num e rous opportunitie s for priva te  la ndow ne rs of provideprote ction for th is spe cie s. - -  a nd prote ction w ould  bfte n be  re la tive ly sim plea nd ine xpe nsive  (e 'g . ,  the  insta lla iion of a  oba t frie ndly,  ga te )  - -  in  the  a bse nceof a  le ga l m a nda te  Juch m e a sure s a re  ra re ly ta ke n.

5 . O  C O N C L U S I O N S

T h e  re su lts  o f th is  s tu d y  a n d  th e  ca lifo rn ia  D e p a rtm e n t o f F ish  a n dG a m e  surve ys de m onstra te  the  e xtre m e  im porta nce  of both  ca ve s a nda ba ndone d m ine s a s roosting ha bita t for c.  tow nse ndii.T he  la va  flow  countryin  th e  n o rth e rn  p a rt o f th e  ,L t. ' . "0  co n ce n tra tio n s  o f lim e sto n e  in  b o th  th eT rin ity M ounta ins a nd sie rra  N e ua oa  a re  pa rticu la rly im porta nt.  A ba ndone dm ine s a ppe a r critica l in  the  de se rt re gions,  but a lso provide  significa nt roostsin  o th e r m in in g  d is tric ts .

T he  gre a te st thre a t to  c.  tow nse ndiipopula tions is hum a n d isturba nce  ofro o st s ite s ' T h e  e xc lu s io n  o f h u m a n s fro m  se u e ra t ro o st s ite s  in  ca lifo rn ia  ( e .g . ,a  build ing roost a t P t' R e ye s N a tiona l se a shore ,  ba t ca ve  on the  sha sta - irin ityN a tio n a l F o re st,  th e  H o m e sta ke  M in e  in  N a p a  C o u n ty)  h a s  d e m o n stra te d  h e re ,

i
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a s e lse w he re ,  tha t popula tions re spond fa vora bly to  prote ction (P ie rson e t a l.
L 9 9 1 ,  R . M .  M ille r  p e rs .  c o m m . ,  S tih le r  a n d  H a ll 1 9 9 3 ) .

T he  tw o ra diotra cking studie s de m onstra te d a  ge ne ra tly h igh de gre e  of
loya lty to  chose n nurse ry site s.  A lthough the  fora ging ha bita t d iffe re d m a rke dly
be tw e e n the  tw o site s,  a t ne ithe r site  d id  the  a nim a ls show  a  te nde ncy to  fora ge
in  the  ope n.  A t P t.  R e ye s the y fo llow e d de nse ly ve ge ta te d gullie s,  a nd spe nt the
m a jority of the ir tim e  w ith in  a  fore ste d ha bita t.  W hile  the y cle a rly use d e dge
ha bita t,  the y a ppe a re d to  a void  the  gra z e d gra ssla nds.  A t La va  B e ds N a tiona l
M onum e nt,  a n im a ls fora ge d e ithe r w ith in  the  prote ction of la va  tre nche s or in
a sso c ia tio n  w ith  ju n ip e r/m o u n ta in  m a h o g a n y o r p o n d e ro sa  p in e  h a b ita t.

D a ta  from  the  ra diotra cking study a t P t.  R e ye s N a tiona l S e a shore  sugge st
a n a ssocia tion be tw e e n th is spe cie s a nd la rge  d ia m e te r hollow  re dw ood tre e s
a long the  coa st.  A lthough a ll know n coa sta l m a te rn ity colonie s now  roost in  o ld
build ings,  the ir proxim ity to  re m na nt re dw ood fore st sugge sts th is ha bita t m a y
be  im porta nt for fora ging or in  provid ing w inte r re fugia .

P re lim in a ry  g e n e tic  s tu d ie s  sh o w e d  th a t th re e  p o p u la tio n s  th a t w e re
w ide ly se pa ra te d ge ogra phica lly w e re  a lso d istinct ge ne tica lly.  T his indica te s
th a t th e  te ch n iq u e s  u se d  h e re  ( m ito ch o n d ria l D N A  a n d  m icro sa te llite s )  w o u ld
be  a ppropria te  for a ddre ssing a  w ide  ra nge  of que stions for th is spe cie s,
including popula tion d iffe re ntia tion,  ge ne  flow  a nd m a ting syste m s.

6 .0  A C K N O W L E D G E M E N T S

T h is  p ro je ct w a s  fu n d e d  b y  th e  U S G S  u n d e r th e ir S p e c ie s  a t R isk
progra m ,  a nd by the  B ure a u of La nd M a na ge m e nt in  R e ddirg ,  C a liforn ia .
S p e c ia l th a n ks  to  L e s  C h o w  ( U S G S ,  Y o se m ite  N a tio n a l P a rk ) ,  K e ith  H u g h e s
(B LM , R e dding)  a nd the  W a te rshe d C e nte r (H a yfork)  for a ssista nce  w ith  m a ny
a dm inistra tive  a spe cts of th is pro je ct.  P e rm its for conducting re se a rch on ba ts
w e re  provide d by the  D e pa rtm e nt of F ish a nd G a m e  (B e tsy B olste r) ,  La va  B e ds
N a tiona l M onum e nt (C ra ig  D orm a n) ,  a nd P oint R e ye s N a tiona l S e a shore  (D on
N e u b a ch e r) .

R oost surve ys w e re  conducte d prim a rily  by M a ry E lle n  C olbe rg a nd
R obe rt N oye s.  In form a tion on ca ve  a nd m ine  loca litie s a nd a ssista nce  in  the
fie ld  w e re  provide d by num e rous a ge ncy pe rsonne l.  W e  a re  e spe cia lly
a ppre cia tive  of the  a ssista nce  provide d by K e n C oope r (S a n F ra ncisco W a te r
D is tric t) ,  R o n  C u m m in g s ( S ie rra  N a tio n a l F o re st) ,  Ja m e s D e M a a g d  ( S h a sta -
T rin ity N a tiona l F ore st) ,  Joe l de S pa in  (S e quoia  N a tiona l P a rk) ,  Je nny E llingson
a nd S uz y P e ttit (Y ose m ite  N a tiona l P a rk) ,  B ill F e rre l,  M olly H urt a nd D e vi S ha rp
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(S ta nisla us N a tiona l F ore st) ,  P olly H a e ssig  a nd D a vid  P a yne  (K la m a th N a tiona l
F ore st) ,  B ud Ivy a nd R uss W e a the rby fw hiske ytow n-S ha sta -T rin ity N a tiona l
R e cre a tion A re a ) .  A dditona l input a nd a ssista nce  w a s provide d by R a y M ille r,
L iz W olff,  a nd the  S ha sta  A re a  G rotto .  B ruce  M a rcot sha re d in form a tion on
ca ve  roosts in  the  T rin ity M ounta ins.  K e lly K a w sunia k a ssiste d w ith  da ta  e ntry.

W e  tha nk the  sta ff a t La va  B e ds N a tiona l M onum e nt for logistic support
of the  ra diotra cking proje ct - -  pa rticula rly C huck Ba ra t,  Ke lly F uhrm a nn, a nd
B e rna rd S toffe l.  T he  fo llow ing pe ople  a lso a ssiste d w ith  fie ld  w ork: C hristi
B a ld in o ,  C h ris  C o rb e n ,  K im  G lin ka ,  A n n a  K n ip p s ,  B ru ce  R o g e rs ,  C h ris
R oundtre e ,  a nd Jim  V ille ga s.

T he  light- ta gging study a t P oint R e ye s N a tiona l S e a shore  w a s coordina te d
by D a ve  a nd V irg in ia  D a lton,  a nd the  fo llow ing pe ople  provide d volunte e r fie ld
a ssista nce : D e bi A blin ,  Je rm a ine  B a llinge r,  N a ncy B a rba ra ,  B ob B e e she r,
B ruce  F ie lds,  S a ra h G riffins,  A le x H ue ,  Lynn K a rolyna ski,  M ia  M onroe ,  G re g
M ille r,  H e id i N ie h a u s,  L e s lie  P e a rlm a n ,  A n ita  P e a rso n ,  O live r P e a rso n ,  B ill
R a ine y,  W e ndy R obe rts,  D e e  R ope r,  E va n R osche ,  S kip  S chw a rtz ,  T e rry
T h o m a s.

T h e  fo llo w in g  p e o p le  a ss is te d  w ith  th e  ra d io te le m e try  a t P o in t R e ye s
N a tio n a l S e a sh o re : B e tsy  B o ls te r,  C h ris  C o rb e n ,  K e lly  F u h rm a n n ,  K im  G lin ka ,
P a u l H e a d y,  C h ris tin e  P e te rse n ,a n d  S y lv ia  T h o m e .  S te p h e n  R u ss  fle w  h is
p riva te  p la n e  fo r a ir re co n n a issa n ce  o f ro o st s ite s .

S co tt W a lke r a ss is te d  w ith  G iS  a n a lys is  a n d  p ro d u ctio n  o f m a p s fo r fie ld
w o rk  co n d u cte d  a t P o in t R e ye s  N a tio n a l S e a sh o re .  B e rn a rd  S to ffe l g e n e ra te d
ve g e ta tio n  m a p s fo r L a va  B e d s N a tio n a l M o n u m e n t a n d  B ru ce  R o g e rs  p re p a re d
a ll th e  g ra p h ics  o f th e  ra d io tra ck in g  s tu d y .

W e  tha nk T a m sin  B urla nd ( lnstitu te  of Z oologr,  Z oologica l S ocie ty of
L o n d o n )  fo r co n d u ctin g  g e n e tic  a n a lyse s ,  a n d  W illia m  R a in e y  fo r w ritin g  th e
re le va n t se ctio n s  o f g e n e tics  a n d  ta xo n o m y fo r th is  re p o rt.
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7 .O  L IT E R A T U R E  C IT E D

A d a m ,  M .D . ,  M .J .  L a ck i,  a n d  T .G .  B a rn e s .  1 9 9 4 .  F o ra g in g  a - re a  a n d  h a b ita t u se

of the  V irg in ia  b ig-e a re d ba t in  D a nie l B oone  N a tiona - l F ore st,  K e ntuclry.

Jo u rn a l o f W ild life  M a n a g e m e n t,  5 8 :4 6 2 - 4 6 9 .

A ld rid g e ,  H .  D .  J .  N . ,  a n d  R .  M .  B rig h a m .  1 9 8 8 .  L o a d  ca rry in g  a n d

m a ne uve ra bility  in  a n inse ctivorous ba t: a  te st o f the  5 7 o ru le  of ra dio-

te le m e try .  Jo u rn a l o f M a m m a lo g r,  6 9 :3 7 9 - 3 8 2 .

A lte nba ch,  J.  S .  1 9 9 5 .  E nte ring m ine s to  surve y ba ts e ffe ctive ly a nd sa fe ly.  P p.

5 T  - 6 L ,  in  B .  R .  R id d le ,  e d .  In a ctive  m in e s  a s  b a t h a b ita t: g u id e lin e s  fo r

re se a rch,  surve y,  m onitoring a nd m ine  m a na ge m e nt in  N e va da ,  B io logica l

R e so u rce s  R e se a rch  C e n te r,  U n ive rs ity  o f N e va d a ,  R e n o ,  N V .

A lte n b a c h ,  J .  S .  a n d  E .  D .  P ie rs o n .  1 9 9 5 .  T h e  im p o rta n c e  o f m in e s  to  b a ts : a n

o v e rv ie w . P p .  7 - I 8 , in  B .  R .  R id d le ,  e d .  I n a c tiv e  m in e s  a s  b a t h a b ita t:

guide line s for re se a rch,  surve y,  m onitoring a nd m ine  m a na ge m e nt in  N e va da ,

B io lo g ica l R e so u rce s  R e se a rch  C e n te r,  U n ive rs ity  o f N e va d a ,  R e n o .

B a ra t,  C .  P e rs .  co m m .  L a va  B e d s N a tio n a l M o n u m e n t,  T u le la ke ,  C A .

B a rb o u r R .  W . ,  a n d  W .  H .  D a v is .  1 9 6 9 .  B a ts  o f A m e ric a .  U n iv e rs ity  o f K e n tu c k y

P re s s ,  L e x in g to n ,  K Y ,  2 8 6  P p .

B e lw o o d ,  J .  J .  a n d  R .  J .  W a u g h .  1 9 9 1 .  B a ts  a n d  m in e s : a b a n d o n e d  d o e s  n o t

a lw a y s  m e a n  e m p ty .  B a ts ,  9 ( 3 ) :1 3 - 1 6 .

B e rry ,  R . D . ,  a n d  P . E .  B ro w n .  1 9 9 5 .  I A B S I .  N a tu ra l h is to ry  a n d  re p ro d u c tiv e

be ha vior of the  C a liforn ia  le a f-nose d ba t (M a crotus ca liforn ia ns) .  B a t R e se a rch

N e w s ,  3 6 ( 4 ) :  4 9 - 5 0 .

B ra d le y ,  P .  P e rs .  co m m .  B io lo g is t,  N e va d a  D e p a rtm e n t o f W ild life ,  E lko ,  N V .

B ro w n ,  P . 8 . ,  P h . D .  P e rs .  c o m m .  B io lo g is t,  B ro w n - B e rry  B io lo g ic a l,  B is h o p ,  C A .

B ro w n ,  P .  E . ,  R .  D .  B e rry ,  a n d  C .  B ro w n .  1 9 9 3 .  B a ts  a n d  m in e s : f in d in g

s o lu t io n s .  B a ts ,  1  1 ( 2 ) :  1 2 -  1 3 .

B ro w n ,  P . E . ,  R .  B e rry ,  a n d  C .  B ro w n .  1 9 9 4 .  F o ra g in g  b e h a v io r o f T o w n s e n d 's

b ig - e a re d  b a ts  ( P le co tu sto w n se n d il o n  S a n ta  C ru z  Is la n d .  P p .  3 6 7 - 3 6 9  in W .L .

H a lvo rso n  a n d  G .J .  M a e n d e r,  e d ito rs .  F o u rth  C a lifo rn ia  is la n d s  sym p o siu m :

u p d a te  o n  th e  s ta tu s  o f re so u rce s .  S a n ta  B a rb a ra  M u se u m  o f N a tu ra l H is to ry ,
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S a nta  Ba rba ra , C A.

B ro w n ,  P .  E . ,  R .  D .  B e rry ,  a n d  C .  B ro w n .  1 9 9 5 .  T h e  C a lifo rn ia  le a f- n o se d  b a t

(M a crofits ca lifontia sl a nd Am e rica n G irl M ining joint ve nture  -  im pa cts a nd

so lu tio n s .  P a g e s  5 4 - 5 6  in  P ro ce e d in g s  V I : I ssu e s  a n d  te ch n o lo ry  in  th e

m a na ge m e nt of im pa cte d w ild life .  the  T horne  E cologica l Institu te ,  G le nw ood

S p rin g s ,  C O .

B uchle r,  E .  R .  L9 7 6 .  A  che m ilum ine sce nt ta g  for tra cking ba ts a nd othe r sm a ll

n o ctu rn a l a n im a ls .  Jo u rn a l o f M a m m a lo ry ,  5 7 ( 1 ) :1 7 3 -  t7 6 .

B u rfo rd ,  L .S . ,  a n d  M .J .  L a ck i.  1 9 9 5 .  H a b ita t u se  b y  C a ryn o rh in u sto w n se n d ii

u irg in ia nus in  the  D a nie l B oone  N a tiona l F ore st.  A m e rica n M id la nd N a tura list,

1 3 4 :3 4 0 - 3 a 5 .

B u rfo rd ,  L .S . ,  a n d  M .J .  L a ck i.  1 9 9 8 .  M o th s  co n su m e d  b y  C o ryn o rh in u s

tow nse ndii u irg in ia nus in  E a ste rn  K e ntuclry.  A m e rica n M id la nd N a tura list,

1 3 9 :  L 4 I - 1 4 6 .

B u r la n d ,  T . M . ,  E . M .  B a rra t t  a n d  P .  A .  R a c e y .  1 9 9 8 .  I s o la t io n  a n d

cha ra cte riz a tion of m icrosa te llite  loci in  the  brow n long-e a re d ba t,  P le cotus

a uitus,  a nd cross-spe cie  s a m plifica tion w ith in  the  fa m ily V e spe rtilion ida e .

M o le c u la r  E c o lo ry ,  7 :1 3 6 -  1 3 8 .

C a ire ,  W . ,  J . F .  S m ith ,  S .  M c G u ire ,  a n d  M . A .  R o y c e .  1 9 8 4 .  E a rly  fo ra g in g

b e h a v io r o f in se vtivo ro u s  b a ts  in  w e ste rn  O kla h o m a .  Jo u rn a l o f M a m m tlo ry ,

6 5 :3  1 9 - 3 2 4 .

C h o w ,  L .  P e rs .  co m m .  B io lo g is t,  U S G S ,  Y o se m ite  N a tio n a l P a rk ,  E l P o ta l,  C A .

C ta rk , 8 . K . ,  a ld  B . S .  C ia rk .  1 9 9 7 .  S e a s o n a l v a ria tio n  in  u s e  o f c a v e s  b y  th e

e nda nge re d O z a tk b ig-e a re d ba t (C orynorhinus tow nse ndii inge nsl in

O k la h o m a .  A m e ric a n  M id la n d  N a tu ra lis t,  L 3 7 :3 8 8 - 3 9 2 .

C la rk , 8 . K . ,  B . S . C la rk ,  D . M .  L e s lie ,  a n d  M . S .  G re g o ry .  1 9 9 6 .  C h a ra c te r is t ic s  o f

ca ve s  u se d  b y  th e  e n d a n g e re d  O z a tk  b ig - e a re d  b a t.  W ild iife  S o c ie ty  B u lle tin ,

2 4 :8 - 1 4 .

C la rk ,  D .R .  a n d  R .L .  H o th e m  .  I 9 9 1 .  M a m m a l m o rta lity  a t A riz o n a ,  C a lifo rn ia

a n d  N e va d a  g o ld  m in e s  u s in g  cya n id e  e xtra ctio n .  C a lif.  F ish  a n d  G a m e ,  7 7 :6 1 -

6 9 .

C la rk ,  8 . S . ,  D . M .  L e s lie ,  J r . ,  a n d  T . S .  C a rte r .  1 9 9 3 .  F o ra g in g  a c tiv ity  o f a d u lt
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fe rna le  O z a rk b ig-e a re d ba ts (P le cotttstow nse ndiiinge nsl in  sum m e r.  Journa l o f
M a m m ^lo g ,  7 4 :4 2 2 - 4 2 7 .

D a lque st,  W .W .  1 9 4 7 .  N ote s on the  na tura l h istory of the  ba t C oryrw rhiruts
ra fine sE ii in  C a liforn ia .  Journa l o f M a m m a lory,  2 8 :1 7 -3 0 .

D a lto n ,  V . M . ,  P h . D .  P e rs .  c o m m .  P im a  C o lle g e ,  T u c s o n ,  A Z .

D a lto n ,  V .M . ,  V .W .  B ra ck ,  a n d  P .M .  M cT e e r.  1 9 8 6 .  F o o d  h a b its  o f th e  b ig - e a re d
ba t,  P le rcfiis town"se ndii uirginia rllts,  in V irginia . V irginia  Journa l of S cie nce ,
3 7 :2 4 8 - 2 5 4 .

D a lto n ,  V .M . ,  V .  B ra ck ,  J r. ,  a n d  C .  W illia rn s .  1 9 8 9 .  F o ra g in g  e co lo ry  o f th e
V irg in ia  b ig-e a re d ba t: pe rform a nce  re port.  U npubl.  R e port.  V A  D ivision of
G a m e ,  R ich m o n d ,  V A .

D a lto n ,  V . M . ,  a n d  D .  C .  D a lto n .  L 9 9 4 .  R o o s tin g  u s e  o f A g u a  C a lie n te  C a v e  b y
the  big-e a re d ba t P le cottts toutnse n"dii a nd C a lifornia  le a f-nose d ba t M a crottts
ca hfom icz rs.  A riz ona  D e pa rtm e nt of G a m e  a nd F ish.

D o b k in ,  D . S . ,  R . G .  G e ttin g e r,  a n d  M . G .  G e rd e s .  1 9 9 5 .  S p rin g tim e  m o v e m e n ts ,
roost use ,  a nd fora ging a ctiviff o f T ow nse nd's b ig-e a re d ba t (P le cotus
to w n - se n d il in  ce n tra l O re g o n .  G re a t B a s in  N a tu ra lis t 5 5 :3 1 5 - 3 2  1 .

E a s te r la ,  D . A .  1 9 7 3 .  E c o lo g z  o f th e  1 8  s p e c ie s  o f C h iro p te ra  a t B ig  B e n d
N a tio n a l P a rk ,  T e xa s ,  P a rt I I .  N o rth w e st M isso u ri S ta te  U n ive rs ity  S tu d ie s
3 4 :5 4 -  1 6 5 .

E rh a rd .  L 9 7 9 .  P la n t C o m m u n itie s  o f L a va  B e d s N a tio n a - l M o n u m e n t.
U n p u b lis h e d  M a s te rs  T h e s is .

E rh a rd t,  D e a n  H a m ilto n .  I 9 7 9 .  P la n t C o m m u n itie s  a n d  H a b ita t I ) rp e s  in  th e
L a va  B e d s N a tio n a l M o n u m e n t.  O re g o n  S ta te  U n ive rs ity ,  E u g e n e ,  O R .

F ro s t,  D .  R .  a n d  R .  M .  T im m .  1 9 9 2 .  P h y lo g e n y  o f p le c o tin e  b a ts  ( C h iro p te ra :
"V e sp e rtilio n id a e ") : S u m m a ry  o f th e  e v id e n ce  a n d  p ro p o sa - l o f a  lo g ica lly
c o n s is te n t  ta x o n o m y .  A m e r .  M u s .  N o v ita te s  3 0 3 4 :1 -  1 6 .

G e n te r,  D .L .  1 9 8 6 .  W in te rin g  b a ts  o f th e  u p p e r S n a ke  R ive r p la in : o ccu rre n ce
in  la v e - tu b e  c a v e s .  G re a t B a s in  N a tu ra lis t, 4 6 :2 4 L - 2 4 4 .

G ra h a m ,  R .  E .  1 9 6 6 .  O b se rva tio n s  o n  th e  ro o stin g  h a b its  o f th e  b ig - e a re d  b a t,
P le co ttts  to u . rn se n d ii,  in  C a lifo rn ia  lim e sto n e  ca ve s .  C a ve  N o te s ,  8 ( 3 ) :I 7 - 2 2 .
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H a ll,  E .  R .  1 9 8 1 .  T h e  a n im a ls  o f N o rth  A m e rica .  J .  W ile y  a n d  S o n s,  N e w Y o rk .

H a ndle y,  C .O . ,  Jr.  1 9 5 9 .  A  re vision of A m e rica n ba ts of the  ge ne ra  E ude rm a
a rrd  P le u tu s .  P ro c e e d in g s  o f th e  U . S .  N a tio n a l M u s e u m ,  1 1 0 :9 5 - 2 4 6 .

H u m p h re y ,  S .R . ,  a n d  T .H .  K u n z .  1 9 7 6 .  E co lo ry  o f a  P le is to ce n e  re lic t,  th e
w e ste rn  b ig-e a re d ba t (P le cottts tounse ndil,  in  the  southe rn G re a t P la ins.
Jo u rn a l o f M a m m a lo ry ,  5 7 :4 7 0 - 4 9 4 .

Ida tro  S ta te  C onse rva tion E ffort.  1 9 9 5 .  H a bita t conse rva tion a sse ssm e nt a nd
conse rva tion stra te ry for the  T ow nse nd's b ig-e a re d ba t.  D ra ft U npubl.  R e port,
N o .  1 .  B o is e ,  I D .

K o fo rd ,  M .  J .  1 9 4 5 - 1 9 5 0 .  U n p u b lis h e d  F ie ld  N o te s ,  M u s e u m  o f V e rte b ra te
Z oologlr,  U nive rsity of C a liforn ia ,  B e rke le y,  C A .

K o o p m a n ,  K .  F .  1 9 9 3 .  O rd e r C h iro p te ra .  P p .  L 3 7 - 2 4 2 ,  in  D .  E .  W ils o n  a n d  D .
M .  R e e d e r,  e d ito rs .  M a m m a l sp e c ie s  o f th e  w o rld .  S m ith so n ia n  In stitu tio n
P re ss ,  W a sh in g to n ,  D .C .

K unz ,  T .  H . ,  a nd R .  A .  M a rtin .  1 9 8 2 .  P le cotus tou;nse ndii.  M a m m a lia n S pe cie s,
1 7 5 :1 - 6 .

L a c k i,  M . J . ,  M . D .  A d a m ,  a n d  L . G .  S h o e m a k e r.  1 9 9 4 .  O b s e rv a tio n s  o n  s e a s o n a l
cyc le ,  p o p u la tio n s  p a tte rn s  a n d  ro o st se le ctio n  in  su m m e r co lo n ie s  o f P le co ttts
to u tn se n d ii v irg in ia n u s  in  K e n tu cky .  A m e rica n  M id la n d  N a tu ra lis t,  1 3 1 :3 4 - 4 2 .

L a c k i,  M . J . ,  M . D .  A d a m ,  a n d  L . G .  S h o e m a k e r.  1 9 9 3 .  C h a ra c te r is tic s  o f fe e d in g
roosts of V irg in ia  b ig-e a re d ba ts in  D a nie l B oone  N a tiona l fore st.  Journa l o f
W ild life  M a n a g e m e n t,  5 7 :5 3 9 - 5 4 3 .

M a rco t,  B .  G .  1 9 8 4 .  W in te r u se  o f so m e  n o rth w e ste rn  C a lifo rn ia  ca ve s  b y
w e s te rn  b ig - e a re d  b a ts  a n d  lo n g - e a re d  M y o tis .  M u rre le t,  6 5 ( 2 )  :4 6 .

M ille r ,  R . M .  P e rs .  c o m m .  S h a s ta  A re a  G ro tto ,  M t.  S h a s ta  C ity ,  C A .

M in e r,  K .  E co lo g is t,  C a lifo rn ia  D e p a rtm e n t o f P a rks  a n d  R e cre a tio n ,  S a n  D ie g o ,
C A .

M o h r,  C . E .  1 9 7 2 .  T h e  s ta tu s  o f th re a te n e d  s p e c ie s  o f c a v e - d w e llin g  b a ts .
B u lle tin  o f th e  N a tio n a l S p e le o lo g ica l S o c ie ty ,  3 4 :3 3 - 3 7 .
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N a vo,  K .  1 9 9 5 .  G uide line s for e xte rna l surve ys of m ine s for ba t roosts.  P p.  4 9 -

5 4 ,  in  B .  R .  R iddle ,  e d .  Ina ctive  m ine s a s ba t ha bita t: guide line s for re se a rch,

surve y,  m onitoring a nd m ine  m a na ge m e nt in  N e va da ,  B io logica l R e source s

R e se a rch C e nte r,  U nive rsity of N e va da ,  R e no,  N V .

N e va da  M in ing A ssocia tion,  N e va da  D e pt.  M ine ra ls,  N e va da  D e pt.  W ild life ,  e ds.

1 9 9 0 .  P roce e dings of the  N e va da  w ild life /m in ing w orkshop.  N e va da  M in ing

A ssocia tion,  R e no,  I . fV ,  2 3 3  pp.

P a ra diso,  J.L . ,  a nd A .M .  G re e nha ll.  L9 6 7 .  Longe vity re cords for A m e rica n ba ts.
A m e rica n  M id la n d  N a tu ra lis t,  7 8 :2 5 I - 2 5 2 .

P e a rso n ,  A .K .  1 9 4 9 - L 9 6 6 .  U n p u b lish e d  F ie ld  N o te s ,  M u se u m  o f V e rte b ra te

Z r,ologr, U nive rsity of C a -tifornia , Be rke le y, C A.

P e a rs o n ,  O . P . ,  M . R . K o fo rd ,  a n d  A . K .  P e a rs o n . 1 9 5 2 .  R e p ro d u c t io n  o f  th e  lu m p -

nose d ba t (C orynorhinus ra fine sE re q in C a lifornia . Journa l of M a m m a logr,

3 3 :2 7 3 - 3 2 0 .

P e rk in s ,  J .M .  P e rs .  co m m .  B a t b io lo g is t.  S a lt L a ke  C ity ,  U T .

P e rk in s ,  J .M  .  1 9 9 4 .  L o n g e v ity  re co rd s  in  tw o  ve sp e rtilio n id  sp e c ie  s .  B a t

R e s e a rc h  N e w s ,  3 5 :7 9 - 8 0 .

P e rk in s ,  J .M .  a n d  C .E .  L e ve sq u e .  1 9 8 7 .  D is trib u tio n ,  s ta tu s  a n d  h a b ita t

a Jlin itie s of T ow nse nd's b ig-e a re d ba t (P le cotus tor.ornse ndil in  O re gon.  O R  D e pt.

F is h  &  W ild life  T e c h .  R e p o rt # 8 6 - 6 - 0 1 .  5 0  p p .

P e rk in s ,  J . M . ,  J . R .  P e te rs o n ,  a n d  A . J .  P e rk in s .  1 9 9 4 .  R o o s t s e le c tio n  in

h ib e rn a tin g  P le co fu s  to w n se n d ii.  B a t R e se a rch  N e w s 3 5 ( 4 ) : 1 1 0  [A B S ].

P e rk in s ,  J .  M . ,  a n d  T .  S ch o m m e r.  1 9 9 1 .  S u rve y  p ro to co l a n d  a n  in te rim  sp e c ie s

stra te ry for P le cofus toutnse ndii in  the  B lue  M ounta ins of O re gon a nd

W a sh in g to n .  W a lla w a - W h itm a n  N a tio n a l F o re st,  B a ke r,  O R .

P e rlm e te r,  S .  I .  1 9 9 6 .  B a ts  a n d  b rid g e s: p a tte rn s  o f n ig h t ro o st a c tiv ity  in  th e
W illa m e tte  N a tio n a l F o re st.  P p .  1 3 2 - 1 5 0 ,  in  R .  M .  R .  B a rc la y  a n d  M .  R .

B rig h a m ,  e d ito rs .  B a ts  a n d  F o re s t S y m p o s iu m ,  O c to b e r 1 9 - 2 1 , 1 9 9 5 ,  V ic to ria ,

B ritish  C o lu m b ia ,  C a n a d a ,  W o rk in g  P a p e r 2 3  I  1 9 9 6 .  R e  se a rch  B ra n ch ,  B .C .

M in is try  o f F o re sts ,  V ic to ria ,  B ritish  C o lu m b ia .

P ie rson,  E .D . ,  a nd G .M .  F e lle rs.  1 9 9 4 .  In jurie s to  P le cotus tora nse ndii from

lip p e d  w in g  b a n d s .  B a t R e s e a rc h  N e w s ,  3 4 ( 4 ) :  8 9 - 9 1 .
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F ie rso n ,  E .D . ,  a rtd  w .E .  R a in e y .  1 9 9 6 .  T h e  d is trib u tio n ,  s ta tu s  a n d
m a na ge m e nt of T ownse nd's big-e a re d ba t (C orynorhira ns town-se ndil in
C a lifornia -  C a lif.  D e pt.  of F ish a nd G a m e ,'B irJ a nd M a m m a l C onse rva tion
P ro g ra m  R e p .  9 6 - 7 . 4 9  p p .

P ie rs o n ,  E . D . ,  W . E . R a in e y ,  a n d  D . M .  K o o n tz .  1 g g 1 .  B a ts  a n d  m in e s :
e xpe rim e nta l m itiga tion for T ow nse nd's b ig-e a re d ba t a t the  M cla ughlin  m ine
in  C a liforn ia .  P a ge s 3 L-4 2  in  P roce e dings or tr, .  T horne  E cologica l Institu te :
issue s a nd te chnolory in  the  m a na ge m e nt of im pa cte d w ild life .  S now m a ss,
C olora do,  U S A .

P orts,  M .A . ,  a rtd  P .v.  B ra dle y.  1 9 9 6 .  H a bita t a ffin itie s of ba ts from  northe a ste rn
N e va d a .  G re a t B a s in  N a tu ra lis t 5 6 :4 g - 5 3 .

R a in e y ,  w - E . ,  P h - D .  P e rs .  co m m .  U n ive rs ity  o f C a lifo rn ia ,  B e rke le y ,  C A .

:# 7 , , I ;E ;tnj?.P o1 1  
f3 r low -disturba nce  m onitoring of ba t a ctiviry.  pp.

B .  R .  R id d le ,  e d .  In a ctive  m in e s  a s  b a t h a b ita tfg u id e lin e s  fo r
re se a - rch,  surve y' m onitoring a nd m ine  m a na ge m e nt in  N e la da . ,  B io logica l
R e se a rch ce nte r,  unive rsity of N e va da ,  R e no,  t{v.

R a in e y ,  W .  E - ,  a n d  E .  D .  P ie rso n .  1 9 9 6 .  C a n ta ra  sp ill e ffe c ts  o n  b a t p o p u la tio n s
o f th e  U p p e r S a cra m e n to  R ive r,  1 9 9 1 -  1 9 9 5 .  R e p o rt to  C a lifo rn ia  D e ia rtm e n t o f
F is h  a n d  G a m e ,  C o n tra c t #  F G 2 0 9 9 R 1 .  R e d d in g ,  C a lifo rn ia ,  9 g  p p .

R id d le ,  B - R . ,  E d ito r .  1 9 9 5 .  I n a c tiv e  m in e s  a s  b a t h a b ita t:  g u id e lin e s  fo r
re se a - rch,  surve y' m onitoring a nd m ine  m a na ge m e nt in  N e va da . ,  B io logica l
R e se a rch  ce n te r,  U n ive rs ity  o f N e va d a ,  R e n o ,  N v ,  1 4 g  p p .

R ip p y ,  C .  L . ,  a n d  M .  J .  H a rv e y .  1 9 6 5 .
in  K e ntucky.  Journa l o f M a m m a lory,

R o ss ,  A -  1 9 6 7  .  E co lo g ica l a sp e cts  o f th e  fo o d  h a b its  o f in se ctivo ro u s  b a ts .
P ro ce e d in g s  o f th e  W e ste rn  F o u n d a tio n  o f V e rte b ra te  Z o o lo g r,  1 :2 0 5  - 2 6 3 .

S a m p le , 8 . E . ,  a n d  R .  C .  W h itm o re .  1 9 9 3 .  F o o d  h a b its  o f  th e  e n d a n g e re d
V irg in ia  b ig - e a re d  b a t in  W e st V irg in ia .  Jo u rn a - l o f M a m m a lo g y ,  7 4 ( 2 ) :4 2 g - 4 3 5 .

S a m p le ,  8 . E . ,  L .  B u tle r,  a n d  R . C .  W h itm o re .
a pp lica tion  o f D im ilin  on  non- ta rge t inse cts .
I 2 5 :1 7 3 - L 7 9 .

5 1

N ote s on P le cotus tou,tnse ndii uirginia ,?us
4 6 ( 3 )  :4 9 9 .

1 9 9 3 .  E ffe c ts  o f a n  o p e ra tio n a l
T he  C a na dia n E ntom ologist



P ie rson a nd F e lle rs -  S pe cie s a t R isk, C orynorhinus toutnse ndii

S he rw io ,  R .  P e rs.  com m . B io logist a nd P h.D .  ca ndida te ,  U nive rsity of N e w
M e xico ,  A lb u q u e rq u e ,  N M .

S h o e m a ke r,  L .G . ,  a n d  M .J .  L a ck i.  1 9 9 3 .  [A B S I .  S e le ctio n  o f le p id o p te ra n  p re y
by P le cotus tow nse ndii v irg in ia nus in  the  D a nie l B oone  N a tiona l F ore st of
K e n tu cky .  B a t R e se a rch  N e w s,  3 4 ( 4 ) :1 2 8

S tih le r,  C .W . ,  a n d  J .  S .  H a tl.  1 9 9 3 .  E n d a n g e re d  b a t p o p u la tio n s  in  W e st
V irg in ia  ca ve s ga te d or fe nce d to  re duce  hum a n d isturba nce .  B a t R e se a rch
N e w s ,  3 4 ( 4 ) :1 3 0 .

S te b b in g s ,  R .E  .  L 9 6 6 .  B a ts  u n d e r s tre ss .  S tu d ie s  in  S p e le o lo g z ,

sz e w cz a k ,  J .  M . ,  s .  M .  sz e w cz a k ,  M .  L .  M o rriso n ,  a n d  L .  s .  H a ll.

1  ( a ) :  1 6 8 -  1 7  3  .

1 9 9 8 .  B a ts  o f
the  W hite  a nd Inyo M ounta ins of C a - liforn ia -N e va da .  G re a t B a sin  N a tura list,
5 8 :6 6 - 7 5 .

T ipton,  V .M .  1 9 8 3 .  IA B S I .  A ctivity pa tte rns of a  m a te rn ity colony of P le cottts
to w n se n d ii u irg in ia n u s .  B a t R e se a rch  N e w s,  2 4 :5 6 - 5 2 .

T ipton,  V .  M .  1 9 8 4 .  E vide nce  of m ove m e nt of a  m a te rn ity colony of P le cottts
tow nse ndii u irg in ia rlus throughout the  sum m e r.  V irg in ia  Journa l o f S cie nce  ,
3 s { 2 ) :9 0 .

T u m liso n ,  R . ,  a n d  M .E .  D o u g la s .  1 9 9 2 .  P a rs im o n y a n a lys is  a n d  th e  p h y lo g e n y
o f th e  p le co tin e  b a ts  ( C h iro p te ra : V e sp e rtilio n id a e ) .  Jo u rn a l o f M a m m a lo ry ,
7 3 :2 7 6 - 2 8 5 .

T w e n te ,  J .W .  1 9 5 5 .  S o m e  a sp e cts  o f th e  h a b ita t
ca ve rn - d w e llin g  b a ts .  E co lo g r,  3 6  :7  0 6 - T  3 2 .

W e ste rn  B a t W o rk in g  G ro u p .  1 9 9 8 .  W e ste rn  b a t
m a trix.  W e ste rn  B a t W orking G roup W orkshop,

W e th in g to n ,  T . A . ,  D . M .  L e s lie ,  J r . ,  M . S .  G re g o ry ,

se le ction a nd othe r be ha vior of

sp e c ie s: re g io n a l p rio rity
R e n o ,  N V ,  9 - 1 3  F e b ru a ry  1 9 9 8 .

a n d  M .  K .  W e th in g to n .  1 9 9 6 .
P re -h ibe rna tion ha bita t use  a nd fora ging a ctivity by e nda nge re d O z ntk b ig-
e a re d ba ts (P le cotus tow nse ndii inge nsl.  A m e rica n M id la nd N a tura list,  1 3 5 :2 1 8 -
2 3 0 .

W h ita k e r,  J . O . ,  J r . ,  C .  M a s e r,  a n d  S . P .  C ro s s .  1 9 8 1 .  F o o d  h a b its  o f e a s te rn
O re g o n  b a ts ,  b a s e d  o n  s to m a c h  a n d  s c a t a n a - ly s e s .  N o rth w e s t S c i. , 5 5 :2 8 I - 2 9 2 .

W h ita k e r,  J . O . ,  J r . ,  C .  M a s e r,  a n d  L . E .  K e lle r .  1 9 7 7 .  F o o d  h a b its  o f b a ts  o f



P ie rson a nd F e lle rs -  S pe cie s a t R isk,  C orynorhiruts tow nse l,^dii

w e s te rn  O re g o n .  N o rth w e s t S c i. ,  5 1 :4 6 _ 5 5 .

w illia m s,  D .  F . ,  J .  D .  D ru e cke r,  a n d  H .  L .  B la ck .  rg 7 o .T h e  ka ryo typ e  o f
E ude rm a  m a a la tttm  a nd com m e nts on the  e volution of the  p le cotine  ba ts.
J o u rn a l o f M a m m a lo ry ,  S  1 ( 3 ) :6 0 2 - 6 0 6 .

W inte rS ,  P .  P e rs.  com m . C a liforn ia  B a t C cnse rva tion F und,  N ova to ,  C A .

w o lff,  L .  P e rs .  co m m .  sh a sta  A re a  G ro tto ,  M cc lo u d ,  cA .

W o rth in g to n  W ilm e r,  J .  M . ,  a n d  E .  M .  B a rra tt.  L g g 6 .  A  n o n - le th a l m e th o d  o f
tissu e  sa m p lin g  fo r g e n e tic  s tu d ie s  o f ch iro p te ra n s .  B a t R e se a rch  N e w s 3 7 ( 1 ) :1 -
3 .
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P ie rson a nd F e lle rs -  S pe cie s a t R isk, C orynorhinus towrtse ndii 6 0
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T a ble  3 ' D ista nce s ( in  kilom e te rs)  tha t m a le  a nd fe m a le  ba ts tra ve le d.  C e nte r=  ge ogra phic ce nte r of fora ging a re a . M a <  =  m a -:< im um  dista nce  tra ve le d
from  da y roost.

B a t N o . M a le / F e m a le C e n te r M a x
5 8 3
8 1 6
6 2 1
6 6 5
9 3 6
9 1 7
6 1 5
s6 6
7 0 6
6 7 4
8 5 7
8 0 6
7 7 7
7 4 4
8 9 6
9 5 7
6 4 5

1 . 0
1 . 1
I . 7
5 . 6
8 . 1
2 . 3
3 . 4
1 . 5
2 . 6
1 . 0
1 . 8
2 . 2
2 . 0
1 . 9
2 . 7
6 . 2
4 . 0

r . 7
1 . 9
9 . 2
9 . 6
9 . 2
5 . 1
4 . 9
2 . 7
4 . 3
2 . 3
7 . 8
3 . 3
L I . 2
9 . 0
4 . 8
1 0 . 3
6 . 3

M
M
M
F
F
F
F
F
F
F
F
F
F
F
F
F
F

I

I

I
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I P ie rson a nd F e lle rs -  S pe cie s a t R isk, C  o ry no rhinu s tow ns e  n dii 6 1

T a ble  4 .  A ctivity of a
continuously during

m a le  b ig-e a re d ba t (5 s3 )  w hich w a s tra cke d ne a rly
se le ctin g  n ig h ts .

S e p t.  1 7 '_  lg g 7

@ ro o s t
1 9 5 0  2 O I 2  F o ra g in g
2 O L3  2 0 3 4  nora g ing
2 0 3 4  2 2 4 7  ?
2 2 4 7  2 3 0 0  F ora g ing
2 3 0 0  2 3 0 2  tra ve ting
2 3 0 2  0 0 0 2  R ooste d
0 0 0 2  0 0 0 9  F ora ging
0 0 0 9  0 0 0 1 2  fra ve tin g
O O L 2  0 0 1 9  F o ra g in f
0 0 1 9  0 0 3 4  n o ra g in g
0 0 3 5  0 1  1 4  R o o s te d
0 1  1 4  O I 2 I  F o ra g in g
O 1 2 I  O 2 2 Z  rora g in [
0 2 2 7  O 2 4 S  R o o s te d
0 2 4 5  O 2 S 2  F ora ging
0 2 5 2  0 2 5 6  fora ging

S e p t .  1 8 ,  lg g z

-  @ ro o st
1 9 5 9  2 0 0 5  F ora g ing
2 0 0 5  2 0 0 6  fra ve tin !
2 0 0 6  2 O L3  F ora gin[
2 0 1 3  2 O 2 Z  nora g ing
2 0 2 8  2 O 2 g fora ging
2 0 2 9  2 0 3 2  fora ging
2032  - T ra ,oe lirr!
2 0 4 2  -  R oostin [
2 0 4 4  2 0 4 8  F ora gin!
2 0 4 8  2 0 5 0  fora ging
2 0 5 1  -  rora [ing
2 0 5 6  -  R oostirr[
2 2 1 4  -  R o o s tin !
2 3 5 6  -  R oostin!
0 0 1 9  -  R o o s tin !
0 0 3 6  -  R oostin !
0 0 5 3  -  R oosting
0 3 3 0  -  R oostin !



P ie rson a nd F e lle rs -  S pe cie s a t R isk,

T a ble  5 .  A ctivity of a  fe m a le  b ig-e a re d
co n tin u o u sly  d u rin g  o n e  n ig h t.

C  o ry no rhinu s tow ns e  rldii

ba t (7 7 7 1  w hich w a s tra cke d ne a rly

6 2

F e p t.  1 8 ,  1 9 9 7

S ta rt E nd Activity

z ioz
2 0 1 4
2 0 3 8
2 0 5 2
2 1 0 0
2 L O 2
2 1 0 5
2 1 0 6
2 I T T
2 r3 0
2 1 3 2
2 r3 4
2 1 4 6
2 2 0 3
2 2 1 4
0 1 4 5

20 :7

2 1 0 5
2 L O 6
2 T T L
2 r3 0
2 r3 2
2 r3 4
2 1 4 6
2 2 0 2
21-L3

D a y ro o st
F lying
F lying
F lying
F lying
F lying

F ora ging
T ra ve ling
F ora ging
F ora ging
F ora ging
T ra ve ling
F ora ging
F ora ging
F ora ging
R o o stin g
F ora ging
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P ie rson a nd F e lle rs -  S pe cie s a t R isk, C orynorhinus townse rl"dii 6 3

T a ble  6 .  A ctivity le ve l o f ba ts a t ice  ca ve s,  La va  B e ds N a tiona l M onum e nt,  g
S e p t L 9 9 7 .  A n  h o u r is  re p re se n te d  b y  fo u r te n  m in u te  o b se rva tio n  p e rio d s  ( o n e
e ve ry  1 5  m in u te s) .

Ice  C a ve T o ta l #  p a sse s T ota l tim e #  ba t pa sse s

Big P a inte d C a ve

C ox's W e ll

H e p p e

S ku ll

I 4 6

5 6

2 3 1 4

1 5

3

3

4

3

4 8 . 7

L 8 .7

5 7 8 . 5

5 . 0
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P ie rson a nd F e lle rs -  S pe cie s a t R isk, corynorhinus tow nse ndii
4 5

F ig' 1 ' G e ne tic va ria tion a t tw o m icrosa te llite  loci from  thre e  w ide ly se pa ra te d c.  tow nse ndii

i""rl, lt# i,"* l;sa m ple s 
(n =  1 0  fe m a le s)  a re  from  m a ie rnity rbosti in M a rin, S iskiyou a nd



{c u e n b e lt  a la llV

F   ) c  . - :<  E  c  o _  c l  L  =  x  >@ t t r t r1 @ @ tr I w t r t rE i

9 g o o o o o o o o o
? q q \ g ro + e > N :o
ro o o o o d c ;c jc jo

C ) E o F o )

@  g  D  t r  r i

t
I
I
t

I
t
t
t
t
i

T
!
!
I
T

I
I

I
I

o

o

=
. a
U )

c
L

(g

lo
o
L

5
G

o.
o
=
o
o

J

o
c

J
o

,Y

. @

a

9 9 O O o o o o o o oo o ) c o N ( o ro + c o N :o
T O O O O O O O O O O

(Y )

o
L

5
G
o.
o
=
o
o

J
I-

o
C U
=
o-
o
o-

-a

ro
o

L

(U
(L

a
. 9
O
c
c)
J
o
q)

o
o

cfj

f,
(tr
o-

t ( c u a n b e lt  e la l lV

g E

E g
E _ o
A -o 3
, f :
E _ E
I E
(g

o_
fti
o

L

(u
o_

C )
g
g o
tr f ,.F  C )
o o
o

d 3
O O
@ L'= B
lE

'( ! 
.Y i

O - o
L.

f
(!

o-

o
I.L

O )
N

O

d

cf)
ro
o

d

N

(o
o

ci

a
f()
o

J

cr)
o

L

f
(U
o-

ro
o

L

=
(g

o-

E
o

. c
-o
E
o

O

a
o
(s

'- a u )
L O C

J \ J

@  6 E
tu >

| iJ

I r - '  O -
o O

l I  E o -
b c')

O B

o

c

f
o

l<
. a
a

c
L

(g

@
l-
c\l

cj

(o
lo
q
O

o (o
Ir)
o

d

O o o N
c!
c\l

o

o O (o
ro
O

o

F

F

ci

r

r

l-

ci

r

r

r

o

O c\l
!f,

o

o O C \I
\t

o

o lo
@
N

d

O N
s-

cj

lo
@
N

cj

O o O O

o o lo
N
cr)

o

o o lo
f-
@

ci

ro
N

ci

o lo
N

o

O O O Lo
N
(o
q
O

q)

_9

F  O ) - c . - . - lz  E  c  O -  c ' r _  =

o

f
o

J

.9 .
a

'=
(6

ro
N

d

rr)
o
o

!il-

c;
ro
o
o

lo
N

c;

r.c)
q
o

O rO

1
O

N

ci
O

lo

c;
lo
o
d

cr)

d
lr)

o

o

o
o

O  O  O *  C ' )

f<

. o
U )

'=

N
(o

^

f-

cr)

o

@
(o
o)
o

^

'.=
G

o
o_

o

l< O
a >

a r -

l<

"9 ,
0

'=
(g

N

O )
O

c;

.tr
cr)

o
cj

N
rO
C Y )

ci

. o
(5

o
o

rL

o

l< o
a >

a r -

o

i<
.9 .
ct)

c
L

(d

@
lo

o
c;

C \I
o
c;

I

LO
LO
$
o
o

.o
(u
J

o
o
o-

o

l< o
a >

6 c



I
t

I
t-
t

F
F
h
h

P ie rson a nd F e lle rs -  S pe cie s a t R isk,  C orynorh inus tow nse ndii 4 6

F rg .  2 .  A  m a p of C a liforn ia  (w ith  1 ,0 0 0  m  contours a nd county line s ind ica te d)  show ing the
loca tion a nd sta tus of historica lly a nd curre ntly know n C . tow nse ndii roosts.  T he  tw o
ra diotra cking loca litie s,  ne a r the  northe rn borde r,  a nd a long the  ce ntra l coa st,  a re  indica te d
by hollow  sta rs.  A ll loca litie s indica te d a s "re ce nt" ha ve  be e n surve ye d w ithin the  la st te n
ye a rs (P .  B row n(pe rs.  com m .,  P ie rson a nd R a ine y 1 9 9 6 ,  a nd E .D .  P ie rson unpubl.  da ta ) .
Loca litie s indica te d a s "form e r" a re  historic site s w hich w e re  unoccupie d or no longe r
e xiste d w he n che cke d w ithin the  la st te n ve a rs.
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4 7
P ie rson a nd F e lle rs -  spe cie s a t R isk, corynorhinus tow nse ndii

F ig ' 3 ' A  ba r gra ph show ing ca te gorie s o f use  by ba ts for the  four type s o f structure s surve ye d.
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P ie rson a nd F e lle rs -  S pe cie s a t R isk,  C orynorhinus tow nse ndii

F igure  4 .  C um ula tive  fora ging a re a s for th irte e n post- la cta ting fe m a le s,  one
non-re productive  a dult fe m a le  a nd thre e  a dult m a le  b ig-e a re d ba ts w ith
ra diotra nsm itte rs.  O le m a  V a lle y,  M a rin  C ounty,  C A .  H e a vy line s re pre se nt
stre a m s.  N ote  the  close  a ssocia tion of fora ging a re a s w ith  ripa ria n ha bita ts
a long stre a m  corridors.
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P ie rson a nd F e lle rs -  S pe cie s a t R isk,  C orynorhinus tow nse ndii

F igure  5 .  R oost fide lity  of b ig-e a re d ba ts a t the  R a nda ll H ouse ,  O le m a  V a lle y,

M a rin  C ounty,  C A .  T he  pe rce nta ge s re pre se nt the  proportion of ba ts w hich

re turne d to  the  R a nda ll house  e a ch n ight a fte r be ing outfitte d  w ith  a

tra n sm itte r o n  S e p te m b e r 1 5 ,  t9 9 7 .
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P ie rson a nd F e lle rs -  S pe cie s a t R isk,  C orynorhinus tow nse ndii 7 3
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P ie rson a nd F e lle rs -  S pe cie s a t R isk, C orynorhinus townse ndii 7 4

F igure  6 .  A  m a p show ing the  study a re a  a t La va  B e ds N a tiona l M onum e nt,
the  loca tion of the  ice s ca ve s,  a nd the  loca tion of both  the  te m pora ry a nd fixe d
obse m a tion sta tions use d in  the  ra diotra cking study.
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P ie rson a nd F e lle rs -  S pe cie s a t R isk,  C orynorhinus tow nse ndii

F igs.  7  -  1 0 .  T he se  m a ps show  the  roosting a nd fora ging a re a s for ra diota gge d
a dult m a le  C .  tow nse ndii a t La va  B e ds N a tiona l M onum e nt (B a ts 0 1 4 ,  0 4 6 ,
2 8 6 ,  a n d  3 0 6 ) .
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P ie rson a nd F e lle rs -  S pe cie s a t R isk,  C orynorhinus tow nse ndii 8 1

F igs.  1 1  -  1 8 .  T he se  m a ps show  the  roosting a nd fora ging a re a s for ra diota gge d
post- la cta ting fe m a le  C .  tow nse ndii a t La va  B e ds N a tiona l M onum e nt (B a ts
4 3 I ,  4 5 4 ,  4 6 5 ,  4 7 2 , 4 8 1  ,  4 9 5 , 5 1 3 ,  a n d  5 4 9 ) .
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P ie rson and F e lle rs - S pecies a t R isk, C oryrwrhiruns towrzsendii 90

F igs. 19 -21 . T hese  m aps show the  roosting and forqging a reas for radiotagged
nullipa rous fe m a le  C . ta wnse ndiia t La va  Be ds N a tiona l t"tonum e nt (Ba ts-2 8 2 ,
3 4 9 ,  a n d  4 1 3 ) .
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