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Despite evidence of migration in North American tree bats (genera Lasiurus and Laslon
ycteris), details regarding seasonal movements in these widely distributed species are few. 
This study attempted to clarify pmterns of seasonai distribution by mapping museum oc
currence records by month. Monthly changes in the distribution of records indicate seasonal 
movements of tree bats. Northward migration during spring by Lasirtrus cil1ereus appears 
to stem from wintering grounds in California and Mexico. During summer, male L. cillereus 

is mainly distributed in western North America, whereas females dominate samples from 
eastern regions. Lasiurus borealis winters in southeastern areas and expands its range imo 
more northern regions during warmer months. Seasonal dispen;al of Lasiurus blossevillii 
from California is apparently limited, and it is unclear if this group mixes with others to 
the south and east. Las':onycteris noctivagans also shows movement at the continental scale, 
although movements may differ between western and eastem groups. Museum records 
provi.de little evidence of major movement by any species between North and South Amer
ica. Despile inherent biases, museum records are a viable means of investigating bat mi
gration. 

Key words: Chiroplera. [,LlSiollycll'ris llocrivagal1s, Lasiurus h!osscvi/lii, Lasiw'lls borealis, Lasiut'Us 
cinereus, migration, occurrence record.,>, ~ea;-ona] diMrihution 

Bats are among the few terrestrial small 
mammal" capable of escaping seasonally 
harsh conditions by moving rapidly over 
long dist<ll1ccs (> 100 km) to more f::l\'or
able areas, Dcspite this potential to occupy 
different regions over the course of i\ year, 
ntH undcrswnding of seasonal distribution 
and movcmcnt in many species of bats is 
incomplete. Range maps of mammal distri
butions typically depict areas in which a 
species is known to OCL:ur and ll.".uaJly in
clude records gathered throughout the year. 
Such maps do not aeL:Ollllt for seasonal var
iation in distribution, which can be prob
lematic for bals (Hoffmeister 1970). Further 
compounding the problem of seasonal var
iation in range, male and female bat,', often 
differ in distribution at both local lCryan ct 
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al. 2000) and larger scales (Findlcy and 
Jone~ 1964), Differences in distribution be
tween sexes are often noted. typically as 
skewed sex ratios in local stUdies, but rarely 
mapped or quanti l'ied across lhe entire 
range of a species. A necessary stcp toward 
understculdlng the ecology or conservation 
status of bat.s is developing a thorough lln

derstanding of their seasonal movement 
patterns and how these movements diffet 
between thc sexes. Clarification of seasonal 
dislribution" may be partiL:ularly important 
for bats that are widely distributed, show 
skewed sex ratios at local scales. or make 
long-distance movements between seasons. 

Several species of the gencra Lasiurus 
and Las':ollycleris. commonly referred lo as 
tree hal" ['or their propensity to roost in the 
foliagc or trunks of trees \.Griffin 1970), are 
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presumed to be highly migratory (Barbour 
and Davis 1969). These species are hoary 
bats (Lasiurns cinereus), western and east
ern red bats (Lasiurus blossevillii and Las
iurus borer/lis, respectively-see Baker et 
al. 1988; Morales and Bickham 1995), and 
silver-haired bats (Las[onycreris I/ocliva
gcms). Cir~umstantial evidence of migration 
j 11 1ree bats began accumulating over l50 
years ago (Howell 1908; Jones 1884; Lin
sley 1842; Mearns 1898; Merriam 1887: 
!\liller J897; Rhodes 19(3). 

Evidence of migration in L. cinereus typ
ically involves its appearance on rel1lOEe is
lands and distant locations. These occur
rences include scattered records from Ber
muda (Junes 1884; Van Gelder and Wing<1te 
1961), Newfoundland (Maunder 1988), the 
Northwest TenilOries, Canada (Hitchcock 
1943). Iceland (I-Tayman 1959), and the 
Orkney Tshlnds ofC the coast of Scotland 
(Hill and Yalden 1990) In addicion [Q these 
records of apparently wayward migranb, 
other evidence of migrutiun includes diur
nal tlocks (Hall 1946; Howell 19(8), colli
sions wid) buildings (Saunders J930; TimID 
1989), and the regular appearance of hoary 
bals on the Far<1Jlon Islands (Tenaza J966; 
P Pyle, per". conUI1.), which are approxi
mately 32 krn ofT the co<:\"t of California. 
The nl<IJority of these encounter" occur dur
ing anLUllIn. Although repons or apparently 
migratory L. borealis are k:nOWl1 from 
spring, most encounters also ou:ur in au
1Url111. Examples of encounters with L. bo· 
reali,\, that were apparently migrating in
clude diurnal flocks (Mearns 1898), season
aJ peaks in local abundance (Barday 1984), 
bats landing on ships at sea (Carter 1950; 
Mackiewicz and Backus J956; Nonon 
J930: Peter"un [970~ Thomas 1921), colli
,~ions with buildings (Crawford and Baker 
1981: SaLlndcr.~ 1930; Tern:" J956; Timm 
J989), and occasional appearances on Ber
ll1uda (Jones J884~ Van Gelder and Wingate 
1961). Observations ur migration in L. 
blossevifiii are few, but evidence indicates 
that seasonaJ movements may occur in Cal
ifornia (Constantine J959; Grinnell J918) 

and that L. !Jfossevillii move.s south out of 
New Mexico during wimer (Findley et a1. 
1975). Evidence of migracion in L. noeti

v{/gan.~ includes records of bats landing on 
ships at sea (Mackiewicz and Backus 1956: 
Thomas 1921), seasonal peaks in local 
abundance (Barclay et a1. 1988; Bogan and 
Cryan 20(0), collisions with buildings 
(Saunders 1930), and their occasional ap
pearance on Bermuda (Van Gelder and 
Wingate 1961). 

Despite snch evidence or mi gration in 
tree bats, few studies have det.:t.iled their 
seasonal movements in North America. 
Much of what we know about movement in 
tree bats comes from ob!>ervations of dif
ferent re!>earchers working in relatively Jim
ired areas and during different season!>. Not
withsLanding the scupe or these individual 
observations. when compiled, they can re
veal general trend~ in seasonal disrribmion. 
The most comprehensive study tu date on 
movement in cree bat,'; used museum re
cords 10 map the seasonal discribution uf 
huary bacs a1 the continemal scale (Findley 
and Jones 1964). This method proved suc
cessful in uncovering pTe;Yiously undocu
mented pattems of di"tribution and poten
cial mOvement of L. cinel'eus, but there have 
been few subst:qucm dIorts of its kind. In 
hopes ur expanding on the work of Findley 
and Jonc!> (1964) and cl,u'ifying the season
al distributions of otber species, T used a 
similar method and mapped the monthly 
distribution of museum OCCUlTence records 
of L. borealis, L. bfossel'ilfii, L. eil/erellS, 
and L. Iloetil'agans in Nonh America. 

MATERIALS AND Mr::nmDS 

I requeSTed data pertaining [0 species, ~ex, 

age, reproductive status. capture date, and cap
ture locality from ;,pecimens of l.. l1ocllvagall.\ 

and Lasillrus species housed in mammal collcc
liuns lhroughout Ihe America". Specimen re
cords were IncOIlJor;Hcd into a computer dala
hase. Geographic coordinales v"ere a,,>,iglled IO 
each rcconl baseJ on place names lhal were re
~~orJed as the colleclion locality; la1ituJe and 
longi tude coordinates were assigned to each re
cord using tbe United States Geological Sur
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vey's Geographic Names Information Server 
(GNIS at Internet '>He http://geonarn~s.lIsgs.gov/ 

index.htm!.) for localities in the United States, 
the Geographical Names Board of Canada's 
name server (hHp://gcollame..,.nrcan.gc.ca) for 
,ires in Canada, and the United States National 
Imagery and Mapping Agency's GEOnet Names 
Server (http://164.214.'2.59/gn~/html/indcx.htm]) 

CO!' all other COlllllrie.". J<.ecord<, were c'ategoriled 
by species and mnpped for bOlh male and female 
bals using a geographic information sysrcrn 
(GIS-ARCIINFO 8.1. ArcView 8.1, EnVIron

mental System'> Research Institute, Redlands, 
California). Records \,>,ith no specific locality in
formation were mapped in the center of the state 
or county frolll which they came. Records for 
"ih.ICI1 there \>'erc no a.ssociated date or sex, data 
were not mapped. All maps are presented in 
Lam oert-,u.i Illutha] projeCli on (cen ter hni tude 
45", Ct'i1t~r longiwde - I 10"1. There is u broad 
area or' potential syrnpatry hetwe~n L. horea!i.l' 
and L h!o.nevillii in western Texas. New Mex
lCD, and MeXICO (Genoways and Baker 1988; 
Ramirez-Pulitlo and Castro-Campdlo 1994; Val
dez et al. 1999). Because I have not examined 
specimcns from areas of pmcmial syrnparry, 
identifications from these regions ';IwlIld be 
treated cautjously. Only daw from ~ourl'CS as
sociated with mUseum voucher specimens were 
included in this analysis. Multiple individuals 
wcre collected from many or the localltie~ 

,boWl! in Figs. I -·3. Therefore. areas of relative
ly high record density 1'01' each month and ,e)., 
",:ere cOl'nputed and mapped uSing Lhe density 
analySIS functIon of ArcView Spa[)al Analyse 

sofrwur~ (Environmental Systems Reseal eh IIl
,tilUte). Areas of relativdy high density were de
lith~atcd by raking the range of available density 
vaillCS for each month and sex, classifying that 
range of va.lllc.s into 4 equal-imcrva) categoric" 
and then plotting the extent of ehe highe;;.t-vaJlIc 
category. These density areas arc reiaLi ve to the 
number of recol-d~ 'lvailahle ror a given sex each 
month and are n01 comparable among months or 
belv,,·ee.n s~:~e". Becaus~ the focus of Lhis article 
is 1lI0vemenl of tree ba1s in North Ameril'a, N~
arctic seasons art' implied: spling (.\.1ilrch-May); 
suml1lt>r (June-August): autumn (Seplemher
l'\(lvember); winter (December-February). 

RF.SULTS AND DISCUSSION 

Data were acquired from 127 mammal 
collections (Appendix I) throughout North 

and SOUdl America. Records for which 
lh~re were adequate locality and sex data 
(Figs. 1-3) are as follows: L. cine.reus (n ~ 

3,217)~ L. blossel'illii (n = 935); L. borealis 
(n. = 4·,778); L. nouivagans (11 ~ 1,627). 
Although museum records otfer a conve
nieM and previously undenlsed means of 
mapping the seawnal distribUlions of bati., 
interpretarion of these data should be treat
ed cauLiously. Museum records indicate 
presence only; absence of records from an 
area does not necessarily mean thal bats do 
not occur there. Biases associated with var
iable collection techniques (e.g., shooting 
or hand capture versus netting) and varia
uon in seasonal activity leveli. of both bats 
and biologist~ must <lisa be considered, For 
example, many of rhe6e bats are likely ca
pable of torpor or hibernation (Genond 
1993; Kunz 1982), and som~ of the north
ward progression of records during spring 
may simply incticate previously donnant ill
d ivicluals becoming active with the north
ward progression of warm tempaatures 
(Baker 1978). Other potential biases to 

these data likely include underrepresenta
tion of records from seasons during which 
biologists are nOl conducting fietdwork or 
Jack of records from areas where specimen 
collection is not commonly practiced. In ad
diLion, the age and reproductive condition 
of bats may also affect likelihood of en
COUnler (e.g" pregnant females and juve
niles may be more likely to be captured). 
Despite these inherent biases of museum re
cords, mher trends in the data, such as the 
summer disappearance of records from win
tering areas or disappearance or only I sex 
from an area, probably indicate actual 
movement patt~rns. Regardless of pot.ential 
biases, musenm records are abundant, ver
itiable, and relatively traceable since the ad
veil{ of GIS technology. Consolidation and 
analysis of ,',tlch data present a coarse yet 
undenl.'ed means of smclying. bat distrihu
tion. 

La,riuru.\' c;lIereus.-Hoary bat" range 
throughout dle Americas fro111 northern 
Canada south to Argentina and Chile (l-Iall 
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FI(;. 1.-i'l·10nLhly distribullon 01' hoary baL~ (La,nurus cinercl./.\') 111 North Amenca, occurrences 
ba;,ed Oil museum reL'ords~ dOSed cirl'les = males, open circles == l'emale5, Halched art~a;, represenl 
regions with the highesl number or occurrences per unit area; horizontal hatchmg == <Jreas of high 
rnnJe density, vertical hatching = areas of high retnale density, See "Materials and Methods" seclllHl 
Cor de:;criptioll or density calculation, 
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FIG. 2.-I\,'fnrnhly disu'ibmion of red ba~ IT.asiurus borealis and l.-llsiurus bh'ssevilliil in North 
America. occt1l'rcnce~ bascd on museum records; closed clrclcs -=- male L. borealis. opel1 cjrclc~ ~ 

female L. horeolis, closed Il'iallgle~ "" male L. blosst'villii, open (TiangJes ~ female D blosst'villil. 
H,ltch ing as in Fig. I. See lex l 1'01' descriplion of den~ilY calculalion. 
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FIG. .l.--rvlomhJy di~ll'iburiol1 or silver-haired baL\, If..asiolty('tt'ri.~ nr)(,livagans) in NOl"lh America, 
occunence~ based on museUlll Iecord~. Symbols and hmchlng as in Fig. J. See text for description 
of density calclllation. 
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1981, S11l1rnp and Shtlmp 1982b) During 
wimer. they are found :H scattered localities 
throughout Nonh America. indncting eastern 
regions of the United States, California (Fin
dley and Jones 1964). and Mexico (Palaeo 
el a.!. 1992; Watkins et al. 1972). Records 
from winter in the eastern half of U1C con
tinent ll1 = 48) are widely dispersed, \vhere
as records during this "eason from California 
(n = 71) and Mexico (n = 47: Fig. 1) arc 
more concemratcd. Before confirmation that 
L. Cln(:I'f'US occuned in Mexico dllTing win
ter, Findley and Jones (1964:470) suspected 
that "an extensive undetected wintering pop
ulation of hoary bats exists south of the 
United States." However, the imparlance of 
Mexico and points f<u-th~r wuth as wintering 
areas for L. c.inen,:,us remain!> undetermined. 
Although records ::,how UUlI overwimering 
occurs in fvlexico. available eviclence does 
not indicate that both sexes frequent Mexico 
during winter. Records of male L. cinereus 
dtlJing winter (11 = 43) outnumber those of 
females (n = 4) in Mexico, whereas sex ra
tlOS in California during winter are more 
even (n = 38 males, 33 females). California 
wa,~ also the only stale in the Uniled States 
ii'om which ulcre were more than 3 records 
of both male and female L. cinereus during 
WImer. 

During spring, L. cinereus has been cap
tured in concentrated groups (>20 per 
night) in southern California (Vaughan 
1953), Al1zona (Mumford 19(3), and New 
J\:lexico (Findley and Jones 1964). suggest
ing migratory movements (llrough the:-.e ar
eas. Although such concencra(iom may rep
re.<;enL migratory "waves" moving LOward 
their summer quarters, the origins of thes.: 
migrants are unclear. A paucity of records 
of females from Mexico during winter and 
:,;pring does not support the comention that 
all these spring migrants are coming from 
Mexico. It seems more likely thal some L. 
Cill ere u.s. particularly females, observed in 
southwesLern United St:ates during spring 
are migrants moving ea~t from wintering 
gronnds in California. Given 'lvailable data, 
tIllS i" the most parsimonious explanaLion 

for the lack of records of females from Pa
cific coastal regions during spri ng and sum
mer (Dalquest 1943). Whereas record!> 
show that mak L. cine reus disperses north 
from California during ,;pring, there are no 
records of females from regions north of 
California between March and Jnly. Fur
thermore. there are fewer records of fe
males from California in summer (11 = 7) 

than during any other season. This apparent 
lack of female L. cinereus in California and 
the Pacific Nonhwest during summer re
mains a mystery. Although males apparent
ly move LO higher elevations during SUlll

mer (Dalquest 1943; Vaughan ancl Krutzsch 
1954L there is 1i ttle evidence thaI females 
give birth and raise young in California (E. 

D. Pierson. pel's. comm.). 
In summer, L. cinereus is found in many 

parts of lhe United States and in the south
ern half of Canada. although it is relatively 
uncommon during this time eai>t of the Mis
sissippi River and south of the OhlO River 
(Findley and Jones 1964; Zmn and Baker 
1979: Fig. 1). Reasons for this lack of re
cords from the southeastern United States 
from the months of June through September 
remain unclear. Distribution of the sexes 
during summer is relatively segregated; 
males occur primarily in mountainous re
gion" of \-vestern NorUl America, whereas 
females occupy more eastern areas (Findley 
and Jones 1964: Fig. 1). However, adults of 
both sexes occur during summer in the 
Black HiIJs and surrounding areas of the 
Great Plains (Bogan and Cryan 2000; Cza
plewski et al. 1979; Jones eL al. 1973; 
Sparks and Choate 2000; Turner 1974). 
Parturition in L. cine reus generaIJy ranges 
ii'om mid May to early July (Shump and 
Shnmp 1982b), and scattered records of 
males in more eastern areas during summer 
may represent young-of-year (Findley and 
Jone" 1964). However, presence of adult 
males in eastern parts of the range during 
summer is likely. 

Distribmion of records indicates coast
ward movement during late summer, al
though lllovement toward the Pacific Coast 
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i!'> more pronounced than movemcnl toward 
the Atlantic Coast. Records of females 
along the northel'll Pacific Coast during Au
gust suggest their anival from poims east 
and north. Both sexes of L. cinereus occur 
on the Farallon I!'>lands off the coaM of Cal
ifornia during autumn (Tenaza t9(6), and 
co]mbtory activity ha::. heen observed there 
(P Pyle, pen. comm.). Il remains to be de
[ermined where female L. cinel'€us migrm
ing down the Pacitlc Coast in autumn spend 
spring anel "ummer. Given the paten tial for 
the Rocky Mountains to serve a::. a barrier 
to dispersal. some female L. cinerells may 
remfl1 to California by circumnavigating the 
Rocky Mouutaius to the north. Such a mi
grmion pmtern would help to explain the 
lack of c1i"ti net autumn migratory W8ves in 
area~ of "outhwestern United Slales thar ex
perience spring migrants in larger numbers 
,Findley and Jon~s 1964). 

The museum records do nO[ poim to ma
jor movemem by L. cinereus between North 
and South America. Lack of records from 
Central America, despite the relatively fre
quem detection or L. b/O.l'sevi/lii in the re
g)on (Fig. 2), does not support the idea that 
migrants move through that area. Further
11l0h\ therL' i .., Ii ttk compelling evidence 
[bat I)lIg.ratory groups maY.: into and out of 
th,~ soutbeas,ern United State::. from the Ca
ribbean. Although evidence exists ot'migra
tory movement through Florida during 
spring, reL'orcis are hmited and few female~ 

were involved (Zinn and Baker 1979). The 
level of genetic divergence (3.5%) found 
betwe.en L. c. cine reus from North Americcl 
and L. c. vil/osissimus from South America 
(Morale" an(I Bickllarn 1995) suggests Ii m
iled exchange between contll1ents and war
rail(, further re.~earch concerning the spe
Cit1L' statU" or these groups (Bradley and 
Baker ?,OO l). 

Lasiurus /;orealis.-Easlern red bats oc
cur throughout much of eastern North 
America, generally east of the Continental 
Divide from southern Canada somh to 
northeastern Mexico (Baker et a1. 1988; 
Hall 1981: Ramirez-Pulido and Castro-

Campillo 1994). During winter. L. horealis 
occurs tbroughom the southeaslem Unit.ed 
States and northeastern Mexico. but con
centrations are highest in coastal Atlantic 
anel Gulf oJ Mexico regions (Fig. 2). As 
poimed out by previous amhors (Davis and 
Lidicker 1956; LaVal and LaVal 1979: 
Padgett and Rose 1991), males lend (0 be 
more common in northern areas dllling 
winter, whereas concemrations of females 
generally occur in more southern areas (Fig. 
2). 

Duling spring and summer, the range of 
L. borealis expands into the Great Lakes 
and the Great Plains regions (Baker 1978: 
Whitaker and Hamilton 1998). followed by 
further expansion to the north ancl west dur
ing summer (Fig. 2). Unlike L. <:inereus. 
there are no dear (utfercl1ccs in the Jistri
bmion of male and female L. borealis at the 
continental ,scale during spring and summer. 
Skewed sex ratio" observed in local sLUdies 
during the walmer months (Czaplewski c[ 
a1. L979; Ford et a1. 2002; Jones et a1. 1967: 
Kunz 197 1) probably are the result of dif
ferential distributjon at i>maller scales. 

After apparent expansion onto the north
ern Great Plains by some L. borealis during 
Augus[, movement::. dllring autumn arc ori
ented toward the east and >.Quih (Fig. 2). 
Relatively high densilie" of L. horel11is after 
June along the Atlantic Coast, north or New 
York City, may indicate shoreline migration 
during autumn. The high proportion of 
male records dllling late autumn in northern 
regions previously occupied by both sexe" 
again suggests that some males may not mi
grate as far somh as females during amumn. 
Although L. horeolis disperses as far ,"vest 
a" the Great Plains. the majority or records 
occur within more mesic C>90 cm of rain 
per year-Baldwin 1968) eastern areas, 
Arid regions of lile western Cnited Stmes 
may limit disper;,al of L. !Jorealis from the 
east and possibly serve a.s a reproductive 
balTier between eastern and we.<,tem species 
of red bats. 

Lasiuru,\ h!ossevillii.-Western red bats 
regularly occur in California, Arizona, New 
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r"Tcxico, and throughom western and central 
Mexico to Somh America (Baker et al. 
1988: Hall 1981; Ramirez-Pulido and Cas
tro-Campillo 1994). Much of our under
~tanding ot" L. b!ossel'iflii comes hom stud
ie~ in Ccdifornia, where it apparently resides 
year-ronnd (Constantine 1959). Both sexe~ 

a.rc togetber al 10'vver e1evation.~ in Califor
nia during winter (Grinnell 1918; OIT 1950) 
but segregate during spring "nu ~llmmer: 

femalei> remain in lowland area~, whereas 
male~ apparently move to higher elevations 
(Grinnell 1918; Shump and Shump 1982a). 
L bfossevif!ii also winters in central Mex
ICO (Fig. 2), but lhe lack of records from 
aT~'as belw<:en California and Mexico 
makes it diHiculL [0 determine whether 
dlc"e wintering groups represent a contin
uous wimer range or disjunct populatiom. 

Fcmale L blossevillii gives birm and 
raises young in California and parts of 
southwestern New Mexico (Constanti ne 
1959; Findley et a!. L975). Accumulation of 
rccords in ~outheaslern Arizona anu south
western New Mexico during »pring indi
cate::, movernem in[O the region ii'om else
where, most likely southern areas (Fig. 2). 
It appears as thongh Californian popUla
tions clo not disperse out of the state during 
the year, and they may be resident there 
year-round, as suggested by Con~tantine 

(1959), Given the diMribution of available 
records during sununer, it is difticult to de
termine whe{her Californian breeuing pop
ulations arc con tinuous wi tll population:> to 
the south and east. 

lvlmaks and Bickham (1995) recom
mended that populations of L. hlcHsevilfii in 
North and Central America should bc as
<;igned to the subspecies L b. fran/~ii. 

Based on this assignment, it \vould be ex
pected that interchange occurs between Cal
ifornia anu other areas of southwestern 
Cnited States and west-central Mexico. 
However, analysis by Morales <lUU Bickham 
(J 995) did not include specimens from Cal
ifornja or anywhere else in the United 
States, and given the apparently limited 
movement of populations out of California, 

judgment concerning subspecific status of 
bats in California should be reserved until 
funher study. Unlike any odler species of 
LasillTus studied, lhere are numerous (n ~ 

39) records of L. blossevillii from countries 
in Central America. Although the close 
proximity or L. b. ./i'wr1z.{/ to South America 
ll1ake~ movement onlO that continent from 
the north ~eem likely, genetic smdies pro
vide e\'idence (0 the contrary. A relatively 
high level of genetic divergence (5.4%) be
tween L. b. frontzii from N011h and Central 
America and L. b. blossevillii from South 
Amelica provide.~ evidence that these may 
be separate species (Bradley and Baker 
2001: Morales and Bickham J995). Addi
tional genetic comparisons among popula
tion~ of L. hlossel'illii throughout its range, 
inclnding California, may help clarify mi
gratory movements by establishing levcls 
of genetic excbange between populations. 

Lasionycteri.l· noc! ivagan.y.-Silver

haired bats range from soume.astern Alaska 
and much of Canadll south to central Cali
fornia, northern JVlexico, and east through 
Georgia (Hall 1981; Y"te::; el a!. 1976). L. 
nocril'0Rans wimers in the Paei lie Nordl
west. in ~cattered a.reas of the sOllmwestern 
United States, and at middle latitudes of the 
eastern United Srales, approximately south 
of Michigan and east of tile Mississippi 
River (lzor 1979; Nagorsen et a1. 1993; 
Szewczak et al. 1998; Tyler anu Payne 
1982; Fig. 3). There are occasional repons 
of L. nocfiwlgons hibernating in caves. 
lIlines, and trees (Beer 1956; Cowan 1933; 
Go,~ling 1977; Nagorsen et a1. 1993 l. Ap
pearance of both sexes in soudlwe~tcrn 

United States in early spring indicate~ eidler 
arOll.~al of previously dormam bats that 
wi nter in these regions or an'ival of bats 
from other wintering grounds. However, 
captures from sonmern New Mexico revcal 
mar both sexes are resident in that area dur
ing winter (W. Gannon, pers. comm.). With 
the progression of spring, it appears that 
populations of L. f/octi vaKans from eastern 
parts of me range disperse east and north 
from wintering areas, whereas movement in 
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western parts of the range is northward. Re
cords generally support earlier observations 
that. at least in ea<;tern populations, males 
slay behind on some parts of the wintering 
range as females move north from southern 
wintering gronnds (Whitaker and Hamilton 
1998). As with L. einereLl.\', there an.: strik
jngly few records of L. nOC1iIJagans from 
the southeastern United Slates during spring 
and summer. Females begin moving south 
into areas occupied by males during late 
summer and early amumn, when the distli
bminns of the sexes tend Lo overlap. As au
Hlmn progresses, the ranges of both sexes 
generally shift south. Appearance of re
cords along northern parts of the Atlantic 
Coast dnring autumn shows that some L. 
nouivogan.1 may migrate along coastlines. 

One region consisteutly 110[ed for rela
rjvely eveu sex ratios of L. noctivClf;ans 

year-round is British Columbia. suggesting 
thm migration does nO[ occur in that area 
(Cowan 1933; Nagorsen et al. 1993; 
Schowalter et al. 1978). Given the distri
bmion of rccords of L. noc/ivugans (Fig. 3), 
the possibility exisL-; that populations of L. 
noetivagans in the Paci(-ic Northwest and 
along the Pacific Coast are somewhat iso
hlled fmm populations in more eastern re
gion.~. Circumstantial evidence in >.upport 
of limited interchange between western and 
eastern populations includes disjunct distri
bmion:-. of bedbug species (Cimex-Kunz 
1982; Usinger 1966) and the presence of an 
endemic fiea (Eptescops)'llo vallcouveren
.~is) on L. nouivag(lns in Bridsh Columbia 
(Jackson 1961). Further research into the 
relationships between western and eastern 
groups of L. noctiHrRans may facilitate in
Lerpretation of seasonal movements. 

Overv/(n"".-Borh L. lLOctil'ugan.\· ancl L. 
cinerelts cxhibited differing disrributions of 
the sexes on a continental scale during sum
mer, but distributions of male and female L. 
b/ossevilfii and L. !Jorealis in summer ap
parently differ at smaller scales (Ford et al. 
2002: Grinnell 1918). Reasons [or different 
di.~tribuLions of the sexes in bats are unclear 
bm may involve lim.iting competition for 

resonrces (Yalden and Mon-is 1975), differ
ing energy or thermoregulatory needs (Bar
elay 1991; Thomas 1988), and perhaps <ld
ditiona} reproductive and social factors hy
pothesized to cause f>exual segregation in 
other mammals (Main et al. 1996). Regard
less of disparate distributions during sum
mer. both sexes of L. eif/ereLl,S and L. noc

livag(//,/s apparently come together during 
late sLImmer and early autumn. when cop
ulation in these species may commence. 
CopUlatory acrivity in L cinereus and L. 
noctivagans likely occurs dUring au [umn 
and winter (Druecker 1972; Kuuz 1982; P. 
Pyle. perf>. COlTI 11 1. : Shump and Shump 
1982b), and delayed fertilization may fore
stall pregnancy until spring (Bouchard et a!. 
200 I; Racey aud Entwistle 20(0). This rd
ati ve independence and differential distri
bution of bat sexes during spring and "um
mer is a unique and understudied phenom
enon, with both ecological and management 
implications. 

Among the species studied. it appears 
that distributions ot" females change more 
than those of males. f>uppol1ing earlier 
claimf> thar female bats some(ilTIe~ move 
farther bet\veel1 winter and summer areas 
than males (Baker 1978: Constantine 1967; 
Strelkov 1969)_ Female bacs may need to 
move farther than males in their search for 
adequate conditions to give binh and raise 
young. Reprodtlctive females likely have 
greater energy and nutritional needs than 
other bars, a~ well as more restrictive phys
iological requirements (Barclay 1989.1991; 
Grinevitch et al. 1995; Kunz 1974: Racey 
and Entwistle :WllO; Thoma;; 1988). In ad
dition, thermal environments in which 
young bats are rai.sed influence their growth 
rate and potentially their likelihood of sur
vival (Kunz and Hood 2(00). Thus, strin
gent habitat requirements may forCe repro
ductive females to pass up nearer habi tats 
that m£1Y be i>uitable to other b<lts. Absence 
of female L. cine reus and L noctivagans 

from mountainous region" of western North 
America dming summer might reflect thejr 
inability to raise young under the climatic 
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conditions and relatively low productivity 
experienced in these regions. Likewise, it 
rcma.ins to be determined whether abiotic 
(e.g., cLrnatc) or biotic le.g., competition) 
forces are inIluencing the apparem absence 
of L. cinereus and L. !locripagans from 
southeastern United States during the 
wanner momhs. Further research into the 
physiology and energetic needs of these 
spe.:ie.<; may help to explai n such seasonal 
distribution patterns. 

Records mapped for each species in this 
study showed some degree of range expan
sion duri ng late summer and early alHumn 
V\ugu"t anJ September). This expansion 
may be }Ji:lftially the re'mIt of breeding ac
liviry or populacion increa!,e after the birili 
of young, or it may also be associated with 
exploratory migration, which has been not
ed in other bats and vertehrate groups (Bak
er 1978). \Vith the exception of L. blossev
ill;i, occnrrence records also show that tree 
bats occur along northern coastlines more 
during autumn than dnring spring, which 
may be associated with (:oa!'tal navigation. 
Stl"eJkov ( 1(69) noted bat!' migracing along 
coastlines in e?!'lern Europe. The combined 
effec[s of coa"tal and exploratory migra
i ion, as well as increase in popUlation size, 
may accounl for the fact that the majority 
or encounters with apparently migratory 
lrec hats occurred during autumn. 

In the ab.~ence of otllef metllotls, map
ping museum records is a viable means of 
formulating hypotheses of seasonal di!>lri
bution ancl movement in bats. Because such 
recorels arc d".~ocjated with cataloged spec
imens, materials aTe availabk for hypothe
sis testing using other research techniques, 
such as stable-isotope analysis (Hobson 
1999) anti genetic analysi:-- (McCracken et 
al. 1994). In addition, further research into 
energetics (e.g., flight costs, foraging, ther
moregulation). behavior (e.g., inter- and in
lraspecific interactions), and habitat use 
(e.g., roosting needs) of tree bats may help 
lO i I1crease onr understanding of their sea
sonal rnovernents. 

Museum dal(J are biased, but they pro

vide a framework on which to refine our 
understanding of migration in bats. It was 
beyond the scope of this project [0 incor
porar.e occurrence records from published 
and nnpublished sources not associated 
with museum specimens, but fmure etforts 
of this kind would undoubtedly benefit by 
incorporating such data. The imponance oJ 
consolidating such widely scattered occur
rence records <lnd observations was be!>t 
summarized by one of N0l1h America's ear
ly naturalists, E. T. Seton (1909: 1176) who 
wrote, "Thus [bats1 are being traced on 
their rome and marked down in their sea
sonal barnes. Before long the fragrncntary 
observations of many nalllralists PHt togeth
er will "pell the [ruth and show us that the 
Bats are as migratory as the birds, and 
though long despised, lllay be also as inter
esting and beaUlifuJ." 

RESU~H:N 

Aunque existe informacion bien estable
cida sobre los patrone:;; migratorios de Olur
ci61ago.s norteamericanos de los general; 
LasiurLlS y Lasion,vcteris, los detalles can 
respecto a los movimiento~ estacionales en 
eS!as especie SOil poco ..:onocidos. EI obje
tiva de esk esmdio es determmar los movi
miento:;, estacionales de especies en e~to!, 

dos generos trazando .~us registros de OC\1
nencia mensual en base a los datos exiskll
te" en museos de historia natural. Los cam
bios meosuales en la distribul:i6n de estos 
registros son una manera inclirecta de eva
luar los movil1lientos est,'Kionales de los 
miembros de eslOs dos generos. Durante el 
invierno, la l1layor{a de los registros de La..\'
iurus citlereus se cOllcenlran en Califofllld 
y Mexico. Durante el verano, la mayor{a L. 
c;nereuJ machos se enCllen [.ran en el Oeste 
lllientra" 1a mayorfa de las hcmbras oculTen 
en el Este. Lasiurus borealis ocurre en el 
slireste de Estados Unidos durante invieruo, 
de donde luego se 11l1leVe a regiones mas 
septentrionales tlurante el verano. Contrario 
a otras regions donde Lasiurus blossevillii 
habita. las coIecciones en California sugi
eren que eSla cspecie es nn residenle per
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l11anente del ,::slado. Lasionycle.ris l1(leti\'a
guns mUestra lam bien un J11ovimlemo de 
cscala continentaL <lunque en esta especie 
,;c pueden difercnciar dos grupos (occiden
tal y oriental). Las d.isuibucione~ de cada 
especie wgicren que no existcll movimi
cOlos de largo aJiento entre None y Sud 
America. Los especimenes ck museo son 
6tiles para fcpresentar los pmrones de mo
vil11j(~nIO estaciooal en lllurciclagos. 

ACKNOWLEDG\1EKTS 

I exrend ~pecla.l thanb to all the mus<;~ums and 

museum pef';onncl thai helped make rhi~ project 

pos.~ibk; although rhey arc (DC) I\umcro\l~ to 

name here. I have attempted {o credit. in Ap
pendi" 1. tho"e who helped. Thanks 10 M. A. 
Bogan antl J. S. Ah.:nhach for advice and Uln

(InUOlJS SuppOI1 lhroughoul [his project. r am 
graleful Lo J. S. Findley, D. M. Arml-lrong. R. 

tv!. Tilllrn, and an anonymous reviewer for pro
v!Jing useful input on earlier drafts of the man
llscript. P. Pyle.. E. D. Pierson. and W. Gannon 
kindly provided unpublished information. 
Thanks [() J. Salazar-Bravo for help with Spanish 
translation. E. Valdez, R. Sherwin. B. Wolf. L. 
Barker, and A. Hurlbert a,;~i~red with variOUl> :J.~

PCCl~ of this rc~ea.rc:b. The BaT Con;;crvation 111
rernalional Stutle11l Scholar;;hip Fund. Uniled 

Sl,lles Gcological Survey Velllure Capi tal Funtl, 
and University of New MexLco Graduale R¢
"earch Alloealion Committee providetl panial 
funtling f()r this pr(1jee~1. l'1,e rnanusclipL has 

bec~11 .;ublliitted lil partial fullilll1lenr of requIre

ments for a Ph.D. degree al rhe University of 

New Iv1exlco. 

LITERATURE CITED 

l3f\KER, R J, J C. PAl roN. H. H. GLNOW,\Yc, ""Il.L 
W BICKHAM I<)l,;~. Gel1lc sllldJe~ of ulsiuru5 lChi
roptal\: V~\perl.Jli()njdde) Occa~lOnai l'dpa<, ThG 
Mu""urn, Tb:"" Tech Univt:r,'ty 117:1-15. 

BAKel<. R. R. 1978. The evolulionary ¢cology of lUIl

mal mIgration. Holmes & Meier Publishers, New 
York. 

BAl.[)WIN, J. L. !'.J6X. Clilnulic atlas of lhe Un,tcti 
St"rc;. Unilcd StaLe~ Department 01 C'lrnnlcrcc. En· 
VJrOUlnelllal SCience Scrvl.;es t\ctrmoistratlon, En
vlron01~nl.:l1 DaL" Service' 1-80 

B,II,gO] '1<, R W. AM) \V. H. D·, VI, i <J69 BaL~ or 
J\m.:ric:l. llnlvcr~'I)' Prc~s of KelHucky, Lexington 

B ....'<CL~y. R. M. R. 1904. Ob"erval.lOl1S on the migra
lion. ecology and behaVIor of b:lts at Della Mar.~h. 

Man'tohll CanaJJall Fidd-~al"UraJi~l98 331-3:16. 
BM,CLAY, R. M. R. )989 The effect of r¢protiul~live 

condition on [he foraging behaVIOr of female hoary 
hal~, [..fll·jun", rmereu.'·. Behavioral Ecology and So
CIobiology 24 '31-37 

l3ARCLAY, R . .\1. R. I l)<J J. Populallon ~inlClun:: Dr tem
perate ZOlle inseetivoroul- bals in relation to roraging. 
behavior and energy 'ielnand Journal or Animal 
Ecology 60'165-173. 

BARClAY, R. M. R .. P /\. F ..lulu:.. A~I) D R. FARR 

1<)88 Roosling behavior and roost seleClion by nll
grating 'dver-haired bal" ([..o.H(l/ly(./ui,· ,j()cliwT

,;,alls) Journal or Mamrnalogy 69:821-825 
BliI:.R. 1. R. 1956. A record of a sLlver-haired bat in a 

CdVe. Journal of Mammalogy 37:282. 
l30G-\N. M A, AND P M. CRY~N 2000 Bal~ or Wy

oming Pr. 71-94 in Rcilecl.ion' (11' :l natural.ll-i· pa
pcr~ honoring P1'Ofes~or Eugene D. Fleharty (J R. 
Choate. ed.). Fon I-l:ty~ Studie,. Spee"ll Is,uf.' 1_ 

BOUCI-JARD, S.. .T. ZIGOPRIS. ·~Nf) M B. FI.~Tu", 20(IJ 
AiltlllTlIl mating and likely reCorpllOn of "11 crnb. yo 
by a tlo'lry bal. Losiuru< Lil/.ereu.\ (Ch'Wplera Ves
perlilionidae) American MIdland Namralisl 145: 
210-212. 

13IL.1I>I.. t;}. R. D., ..WI) R . .I. B,,[(c.ll 200 I. A le~r of Ihc 

gCTI(:lIc ~pecjcs cOTlecpt: c~l[odtrolne-h sequence, 
and mammals. Journal of Mammaiogy 82:\)60-973 

C\RTER, T D. 1950 On the mlgratioll l,f the rell bal. 
L(lsillrtJs borealis horea!is. Journal of Mamrnalogy 
J 1:349-350. 

COJ'S'I AKTINE. D. G. 1951). Ecological Ob$GfVal.ions on 
1a.'>lu.ri.ne baL'> in the North Bay arc" of CaJifomia. 
Journal oJ Mammalogy 40'13-15. 

CONST,\NTINl:.. D. G. 11)67. Activity patterns of the 

Mexican free-l.<1..iled bat University of :'-lew ,\.iexico 
[,ubl.icali(lt), ill Biology 7 1-79 

COII.\-",1.. M 1933. Sumc oolc, on t/i(' hlbern:llion of 
L(J~ionycleri.\ 110Cl1l'a;.:ans. CaniJ(liao FIt:ld·Naiur;'I)
lSI ·.8'74-75. 

CR-\WFORO. R. L. ...,:-:0 w W. 8A"~R 1~81 B,Il' k,lIcti 
at a nonh FlOrida lclevi~1oll (o,ver" a :?5-yenr record. 
Journal of Mammalogy 62:651-05'2. 

C"YA>.;, P. M .. M. A. BOGAN. ANi) J. S. AUENB.'CH. 

2000. EITcet of elevatIon on dlMribuliOIl of femak 
bal~ III che BI:lek Hills, Somh Dakota. Journal of 
Mammalogy 81:719-725. 

CZ"PLEW~l<1. N. 1., 1. P. FARNEY. 1. K. J0"I':S. JR .. AND 
J. D. DRl:ECKER. l 'n9. Synopsis of bats of Nebra;k,l. 
Occasional p,tpers. The .1I,.1nsculTl. Texas Tech Loi
versi[y 61: ;-24. 

OAf QU'oST, "v. \1{ 1943 Sea>anal dIstrIbution elf the 
hoary bm along the Pacific Coast. M\ln'elct 24::'1
24. 

D"'VIS. W. H., ANT> W. Z. LI.OICKER. JR. 1956. Willler 
range of the rcd but, l.nsiUlu.I' Imreniis. .!l)llrnal of 
Mamonaiogy 37:280-281. 

DRUJ:CKJ.R. J. D. 1972. A'pCClS urrcproctucl1on In My. 
ofi." v()lan..~~ [..t.J.Sh)n.yclerz.<, nocliv(.Igans, and J-£lslunls 
nnerel/.\- Ph.D_ Jlsserlalioll, Un've.r,>ily of New 
Mexico. Alhllqucrquc. 

FINDIYY, J. S .. A. H H.\!lR/S. 1) E. WilSON. AND C 
JO;'FS. 1975. Mallllnal~ of New Me:-<ico. 1'nlversl[y 
of New ]I:lex,co Pre,;s. Albuquerque. 

fl'iOLt.Y. J. S ..'1NIJ C. JOM,,~. 1964. Sca,ollal t1i<,rn
bullOI1 of [0<." hoary bat. Journal or Marnmalogy .:15: 
461-470. 

FO/lD, W. M., M. A MI:.:-<ZIoL, J. M. \ ..IL:.I<Zbl.. 'NLl D. 



,1411\' !.OO.i CRYAN-SEASONAL D1STlHHlITJON OF TREE HATS ~91 

1. \VELCH 2002. Influence of SUlTuner temperature 
on sex rar.io;; In eastern red bacs (l..asiLlors !>CH·ealis). 
American Midland NarurallsL 147:179-184. 

Gr:SfJUD, M. 1993. Temperarnre reg.ul'llion ill subtrop
Ic,;1 tree b'll~. Comparali\'e Biochemlst,y and Phys
iul')!!-y. A. Comparative PhySIOlogy 104:321-33 J. 

Gi'NnW~YS, H. H., ~ND R. 1. BAKErc 1988. LaHllrlls 
hi"., levrf/il iChiroptera' Ve,perrilionidae) )11 Texas 
rna,; Journal or SCJence 40:) ll-J J3 

GO\V\G. N \;1 1<:)77 Wimcr rccord o[ ,;[w,-ha,red 
h,LL Lil",/OJJY( len,' not !fVn~lf,.n {lX~C(HILl:), Hl l\..1Ich

19.~.m. Journal of !\'1ml'lnlalogy 53 6-:17. 
eLl I,:!",,,. D. R 197(1 Migr'-'tinn and hOI11:ng oC bal.., 

Pp 2J3--264 111 BIOlogy of halo> (W A. Wil11s,,[t, eu. l. 
AcademIc Press. New York, 

G:<iNIOVtTCli. L., S L. HOLHOYU. ANi.) R. M, R. 13"'d<
CLAY. 1995 Sel( dlffcn,ncc In thc usc of ddily torpI)r 
and rl)r~ging [lJn'c by big brown bal~, JonrnaJ or Zo
(Jlogy (London) 235:30J-309 

(iRIN.,TLI. H. w. 1918. A ~ynop.,i, of the bat, of Cal
Iforma. Lllive!'sity of California Public,uions III Zo
ology 17:nJ-404. 

HM'NLR. :,,1. S. \V L GA:-.NON . .J S,'l.,',;C,\l~·BRAYO, 

.~'l) S. TAl ,'\lU /-c."'''I.\-\rDA. 1997. fI·1ammal col.. 
l~ctj()o"" l,J( the we:;o,\crn h~lnj"pherc' a ....ur\'cy and 
dlre...~l(Jry or e,,<tsting ..:ollecl.;on~ Americ:tJl Sociery 
of Mammcdogists, Lawrence. Kansas. 

H ..,u., E. R. 1946. M:unlTlals of Nevada. Univer~ilY of 
CaLifornia Prcss. Berkeley. 

HM.r., E. R. 1981. The mammal.~ of North AllIenca. 
John \Viley & Sons. Inc., New York l: 1-600 I· 90. 

HAYM,~N. R. W. J1)59. American balS reported ill Ice
land. Jomnill of ~vl"mma\ugy 40:245-246. 

HILL. J. E., <\ 'D D. W.. Y ALl)r:;I~. 1990. The ~lmus of 
dlC lloary bat (U.l\'llO'{,l.\" ('int'leu",") a~ i.l Brilbh -'pe
CIc,. TOI1rIl'lI or ZI)O]Ogy (Lo"J()JI) 22?:()94~697 

HITCl·jOXK, H. H. 1943. Ho,") haL l.llSII.lrUS dllerru.'. 

,11 SOUlhampiol\ [,I:."d, N W T C"nacli;ill f'ield-N,u
urall::"l 5"7:H6. 

HnI1\~ IN, K. A 19q9 Tra~lr:g or!gln~ anJ In'gral1on of 

\vJldhtc 1I .... 1nS ."l:abh.: 1.... dlope ... a review Oc(:otOg~~l 

120:314-.326 
Hnl'F~-JJ"bTFR. \.) f 1970 The .,~asonal d.,tnhutHJl\ of 

bat.':) tn Ari7Qni.l: a Ct.i~C' ror Illllxoving In~'I1l1lnali(Jn 

range maps. Southwesrern Na(malis! 15: 11-~2 

HOWiOLL. ,\. H. 1l)0~. Narcs on dJuf[\nl migratIons of 
balS. P'occcding, of the Biological Soci~ty of\Vash.. 
ingilln 21 :3.:'i-.18. 

l:mr<. R J 1979. \Vinter range or the ,ilver-haired bat 
JO\llllaJ or M:unm:d,)),'y 60'641-643. 

JACKSON. H. H. T 1961 ;I:lammal<; of W,sconSIn. Uni
"e,rsll.\-· nt Wi~cullsjn Pres..o;;;:, !V[.:ldl'\l)[l 

Jo",·.S. J. K ..IH ,E D FU,.H·\I, n·. ,'if) P B. 01"i'i,-rCc<\~ 

1967 ThG dl:-:.lnbLillollul ';;~Htll~ (lr haL~ jl1 l(.uns~v·•. 
\-1i~,:elianeou, Publication" M U'~"m or Namral 
H"Lory. l:llIver,iLy 01" Kam;:iS 46:1-33. 

Jo:-:'Os. J. K.. JR., R. P L\MPE, C. A' SI'El':RATH. ~Nl) T 
H. KLNL. ICJ73. Nmc~ OJ) Lhc ci.lsrriblHion alld natural 
ltiMory of bat, in .,oltl'h"",rcrn tvToHwHa. Occ",ional 
Paper" The Ml"'~I"l1, Texas T"'ch lJnil.'",rsily 15: 1
12. 

JO''[$, J. M. : 884. The m.lllllllais of Bermuda. United 
SWles National rVfuseulll 13ulJeun 25: 143~161. 

KV';L. T H. IY71. R~prodllcljGn of SOniC YC'~pertilion,d 

baL. in eentnll Iowa. American Midland Naturalisl 
86:477-486. 

Kll'lZ, T H. 1974. Feeding ecology of a temperate In
,eclivoruus bat (M)'Ofis velifcr). Ecology 55:693
711. 

Ku'iz. T. H. 1982. Lasiollrefens !/(}cril'agans. Mam
malj~n Specie, 172.1-5 

KuV{.	 T. H .. ·\ND W R. HOOD. 2000. P,irenlal C"re and 
poslnMal growth ,n rbe Chiroptaa. Pp. 415-46~ In 
Reprodncuvc biology nr bats (E G. erichio" and P 
H. Knl[z.,ch, ed,.). ACitdcrtllC Prc.,~. San O:cgo, C ",1
1I\:",rnla. 

.... V.,!.., R. K. A~f.) M. L. L"VAJ. 1979 NOlc' 0'1 re
production, behaVIOr. and abund..tnct' ,)t lhc red bal. 
LllSlIlrUS bor"aU, Journal of Manullalogy 60:2(1)
212. 

U"SLEY,	 .I. H. 1842. A catalogue of rbe Marnmaiia of 
CunneCtll'ur, alTanged accordmg to thclI narural 
famiIJc~: furnished for tbe Yale Na.tural Hi>lory So
cieLy. Americ,)ll Journal or Science and Ans 43:345
354. 

MACKIEWICZ, J., AND R H. 13,'CKI.\ 1956 Occn'llc rec
ord" of L<I.)lOH)'(,'terij JJO(:til'(JgOfl.) and Lu,juru~ h(J~ 

real;s. Journal of Mammalogy 37:4~ 2-443. 
\ilAIN,	 Ivl. B., F W. WFCKI,Ri..Y. .\ND V. C. B!.E<Cl1 

1996. Sexual ,egregalion in ungulate., new dire.c
lions for rc>earch. Journ,:l of l\·1arnlllalogy 77:449.. 
-~6J. 

M.\rrNDER, .I. E. 1999. Firq NewfllllHclland record of 
the hllary bat. l.LII·/unis c;nereus, wilh a JiSl'tlSsion 
of t'l.her records or migratllry Ire", bals in Al.lanlic 
Canada. Canadi,111 Field-Naturali.)t 102:726-728 

MCCRACKr:N, G. f, M. K. MCCRACKEN. AND A. T 
VAWTbll. 1994. Gellet;c ,tmcwr" in migracllry pop
ILlations I)f the bar Tad"nd" bru\·;lien.l·l.l· mo:ic"'''' 
Jonmal or Mammalogy 7.';500-514. 

M[ARNs, E. A. 1898. A .'Iudy Ill' tile vertehrate r"Un" 
of the Hudson Hig.hldnds, wtth ob"e, ":triol,; on lhe 
Mollusca. CnlsLacca. Lepidoptera, and the !1ora o( 
thc region. 13uJlclin of the American MlI,;eum of 
f\:.1t"l1ral HI<.i[ory 10:.103--3:')2 

l'vl1,i{\{I'\M, C. H. !887. Do .IllY Canadian bat' mlgmte J 
Evidence in the a.flirm:H.i\·e. Tran,aClion, of th" Roy· 
'II Sociely or Can.lda 4:85-87 

MILLEr<_ G. S., JR. I ~97. Migration of hats Oil Cape 
Cod, Mn,"achnscus. Science 5·5-~1-543. 

MOIIAH,S, 1. c., Mil> J. 'W BICKHAM. 1995. Molecular 
systemaLics of Lhe genu~ l.a,fll/.I'lI,\' (Chiroptera: Ve,,
per1.iliOilidae) based on re,lriclion-,ile maps of I.he 
tnrrochondrial ribosomal ge.nes. JOllrnal of M;II11
malogy 76:730-749. 

ML 'H-(l~U. R. E. 1963, A conCeillraltOIl o!' h,)nry bat~ 

III ArtZOlld Joum:d of V{,mllnall)gy 44:272. 
N ..\(l()Rsr ", O. W.. A. A. BR".'''-'T. D Kt:lU<iJ)Gl.. G 

ROIH:RTS. A. RnHLl{ rs, Ar"[J :vI [ S.~Rl·.Ll... 191)3. 
Winter baL records for Hriti"h Columbi.\. NorLh
westefll NarurallsL 74:61-66. 

NOIt'I()~', A. H. J930, A red bal at sen. Jl)urnal of Marn
malof:Y 11.225-226. 

ORR, R. T 1950. Noles on the >ea\onal (lCCUrrence of 
red bats in San Flancj~(;o. Journal of Marnmalogy 
31:457-458. 

PADGEH, T M., AND R. K. RosE. 1991. Ba1~ (Cbimp
tera: Ve:;pcrLilJonid3e) of the Great Dismal S"""mp 



25 

JOL'RNA[. OF MAMMALOCiY Vol 84, No .; 

of Virg.lni~, dnd .'Jonh (":lrolina Brimkyana ! 7'17

!'\·:n,1{,oN. R. L 1')70. AnOlhcr ret.! bal, UIHltr"" !>o
re".IL" Laken aboard .~hip off Ih~ Cl)aSl of Nova Sco
Lla. Canadi.111 held-Nalllraltst ll4:40J. 

POL~\O. O. J . 1. ARROYO-CADR.\LCS, Al'D 1. K. JONI.:S. 
IR. 1')92. Notewunloy records of ~ome bats 1''''''11 
Mexico. Tcxa.~ Jl1Urnal of Science 44:33 1-3J8. 

i{·\CCY, [' A., -\ND ."'. C £:'\/\\'ISTLf:. 2U()<). Lif,,-hiSlOry 
and reprc:dlJc'i\c: str:llqne" of b~t\. ['po 363-~14 in 
Rcpro,luCiI\c bIOlogy or hal> (E G Cr;chtnn :lnd P. 
H KnJll,,,h. cds. I. :\cademic Pre". San Diego, Cal
1I"Grl1i~. 

R \\IJREI.-P,:Il1l,,_ .r., A"D A. C.-\STRO-C~MPILLn. 1994. 
BibhogJ'affa r<':(;llOnte de Ill.' mamikro' de Mexio.:o 
19R9-Il/Y3 L!niv<:r;adad /\1l16noma tvktropoht:ma. 
:\-1cX1CO CiLy. tvkX1CO. 

RLlOD.!'5. S. N 190J. The mammals of Penl1sylv:lnia 
lind Kcw kr",y. Pnvmcly publi\hed. Ph.ibdclphi'l. 
Penn:;y IvaniLl. 

SAUI'IJERS, W. E. J930. Bats in migLll.ion. Journal of 
J\If::Jlnrn:.llogy 11·225. 

SCIIOW~IJt:R, D. B., \V, J DnRW;\IW, /\}.'l) 1. R. (JL:N
~nN 1978. Se,u;onal ,)CClirrence of <ilvcr-lJaircd bat!' 
({""';Oll)" fen\' II0CIII'''/:(IIIS) III Alberta and BritIsh 
Columni:l Canadian Flcld-Nalurali~1 92.288-2') I. 

SVIU.... E. T. i 90\J Llfe-hl~lOrilO' of Ill'rlhern anim:II~: 

an accourIl of the mammal.' of Manitoba. Charles 
Scrihl1er'o SOliS. 1\'.:,-" York. 

Sl-JilMP, K. /\., JR. -\"D /\.. U SIfl'MP. 1982d. Lnsl!lrI-/s 
h"reaiil'. M:.Ir\llllalia.n Spccie~ I :n·I-6. 

SHlI"'f'. K A .. J,~., "ND A. lJ. SHu~1P. ! 9H2b. Lasiuru., 
cmereus. Mammalian Species 1:55.1-5. 

SP.\IlK~. D. \If., ->.ND J. R. CflOATh. 2000. D,,'ribution, 
mLtural history, con~crvation ,lalU~. and hiog~ogra
phy of hal' in Kansa,. Pp. 173·-22!i in Rdkcl1on~ 

of ~l n;.Hurali,,(" p,lpcr\ honoring Profe.~s~)r Eugclll:: D. 
Fleharty II R. Ch()~tc. eeL). Flln Hay, 5lUUIC" Spc
e.~.:Jj r.'(lll~ J. 

SIR".I"'lV, P P. 19()9. Mi~r:llOr.v ~nd ~tatlon<u'Y bal' 
(Chir"I'!£'ra) or the European pim ,)t" the SO\'lct 
Union. Ar.:w Zoofogn:.a Cra~o\'Jen:--.td 14.}93-436. 

SZLWl"l'"K, J. M , S. M. S'1.FWLZAK. \1. L. ;-,IORRlSO'>, 
~;'<u L. S. lL\Ll. 1998. Bats of the While 3nd [nyo 
Moumains oi California-Nevada. Great BaSln Nat
uralisl 58:66-· 75 

TE",~ZA, R. R 1966. Migrat.ion of hoary bats on Soulh 
Farallon J~l,md, California. Journal of M:unml1logy 
47:533-535. 

TERRES, J. K. 1956. M.igrallon record~ of the red bal, 
Lasiunls borealis. Jonmal of Mammalogy 37.442. 

TIIOMAS. D. \'1. 1988. The dis(rlbution or b,m in Jii
r,"'~111 "-gc., "I' DougI3,-fir fore;;t, ..[ourn:ll of\Vildlife 
i\1(lnagt~nlcnt '52 619-626 

THO"I~S. O. 1921. Bal..' l.>n ll11gralioll. Journal orMant
\TIa!(lg~ 2 167 

ThlM.. R M. 1989. Mignlti(ln alld ml,11 patl~rn, 01' red 
bat,. UISIW w· borealis \Cbiroplna: Ve'pcmlJ()ill
(j'lC) in Jllin'li,. BlIlIetlll of the ('tHcag,) !\cudl:rny or 
Science'S 14.1-7 

T,'R',U\, R. W. 1974. i\hlrnrll:t1s of the Black Hill,. or 
Sonth D'lkol~ ilnd WyOlYling MI~cull,li\t;[)L1S Publi
cation", MU\Cllm of r-;aLUrai Hi,l.ofY. Unlversi{y of 
K3rl'a~ 60: 1-178. . 

TYLEi~, J. D., ..\Nll L. P'\YNE. 1982. Second Okl3hotTIa 

record for the ~il ...er-haire-d b:I1. ulsiOJI)C1f'n; "loclI

~·a8ans. Soulhwe~L.ern NaluraJisr 1';:245 
USI"G~R, R L. ! 966. MUlllJg.raph of CtrOlc,d:IC Thom

as Say FounJaLicJn, Enll'tnologieal Society of Amer
ica, College Park, Maryland. 

V.><LDl-2, E W.. J. N. STUART, AND M A. BOGAN. 1999. 
!\dditional records oi bag from the Middle Rio 
Grande Val.lcy New Mexico. Southwestern NaLUr31
isl 44:J9ll-4UU. 

VA'> GEl nm, R. G., AND D. B. WrNGATL 196J. The 
laxonomy and ~lalUS or bat., )l) Bermuda. American 
Museum !\ovita[e.~ 202'): J-9. 

VAlGH-\N, T A 1953. UI1l1S11al eonccnLralion of ho~r); 

hal'. Journal df Mamm;llogy J4 256 
VAU>lIAN, T !\_. AND P. H. KRI.'·I/};CI/ \954. Sca~llllal 

distnbution of the hoary bac In ~ourhcrn California. 
Journal of Mammalogy 35:431~432. 

W HKINS, L c., J. K. JOI'o:ES, JR., AND H. H. Gt:.....(iWAYS 

1972. Bat, of Jalisco. Mexi"o. Special T'ublic:mon,. 
The J'v1I1SCIIIYI, Texas Teeh University I: 1-44. 

\\:IOTAKER. 1. 0 .. JR.. AND W. J. HAMILTON. Jl<. 1\!98. 
Mammals or the eastern United Stal.es. 3rd ecl Com
stock Publi~hillg Associates, IlhalOa, Ncw York. 

YAWEN, D. W., ANIl P. A. MOltRIS. J975. The lives of 
bal,. The New York TJlne~ Bool.. Co., ,'Je\\· York. 

y ~TE$, T 1..., D. J. SCIIMIDLY, ;\NIl K. L. ('lilllr:WI<;0N 
1976. Sliver-haired hal in MeKl~·o. Joum:,1 of Marn
lllalogy 5Y:>05. 

ZI;>;N. T L., A"ll W W. EAKle.R 197\!. Sea""1-ll m,gra
L.ion (l[' til<: hoary hal, l-A.l:Iiuru.1 on.preu." thf<Jugh 
F1onda. Journal llf Marrtrn:Ilogy 60:634-635 

Submitted I Arml 2002. Ae'<"t{lled 31 luI) 2()02. 

AHOCWle EdilO" wax Thoma\" 1. O'Shea. 

f\PPENDfX 1 

Fol1O\ving is a liq of museums and museum 
personnel that cnnu'ibuted data un trce bal;, from 
lh':::Jr collcclioll~. Unlc~, othcrwn·c nOlcd, mu
sellin acronym" follow lho'-e liMed in Haenel' el 

al. (1997). ACUNHC, T. E, Lee, .IL; ArvrNH, T. 

Pacheco; ANSp, N. Gilmore: APM, R. D. Slrick
land; ASNHC. R. Dowler; BMNHC. B. Wil
liams; BSNS, A. R. Clark; CACA, D. Kayser; 
CCVC, A. B. McPherson; CCW, D. Crowe: 
CLNP, M. Merryman-B.; CM-MVUp, V Tejera
N.; C1\1tN, M. Gosselin, D. BalkwiJl; eM
UMSNH, A. Nlifiez-G.; CSUE C. Kronberg, J. 
Hoguc: CSULI3. D. Huckaby: CUMZ, J. Tyler; 

CUSC, S. Millee CUVC, C. Dardia: DEVA, n. 
Davcnport; DIX, A. Barnhulll; DMNH. If. 
C,)(Jverl: DMNH I, L. Skibinski; EBRG, J 5"jl
chez-H.; ENe'B, T. Alvarez-S .. N. Goozalez-R., 
N. Sanchez-C.; FLC, J. Onega; FMl\'H, W. Stan
ley, L. Heaney: GBNM, W. Howell; GRSM, D. 
DeFoe; HCMZ. K. Winncu-M.: HCNHSC. R. 
Glotzhober; HMNZ, T. Sordahl; HSU. T. Lawlor, 
P. Holahan; IBUj\,-AM, F CervanLes. J. Vargas



lv/ay 2003 CRYAN-5EASClNAL DIynum.iTION OF TREE HATS 59J 

Q., lEEUACH, M. Gallardo, F Momlnea-L.; 
[l\'"HS, L. Page; IOWA. G. Schrimper, C. Opliz; 
JMM. J. IVl'!",<'lln; KU, T. Holmes, R. Timm; 
l.SUMZ, M. Hafner; MBUCV, R. P~rez-H.; 

\'1C7., M. RULI.1ll0ser: MECN. I. Cnslro: MHP. J. 

Chome; MN BioI. Surv. G. Nordquist: MLF~ D. 
Verzi; ]"IL7., J. Hafner; l\HvrNH. A, Brunet; 
!\:IM1'.'S, S, PeYLOn; MMP, 0, Romero: MSV. L. 
AtIHl'l.inskas, E, LundL'igan, MSUMC, T. Delt
ing, MU, P Daniel; MUSM, E. Viv::u-, V. Paehe
eD; MVZ. J PalLOn; !\fWSlJ, F: SLangl, Jr.: 
NEM, D. MCAlpine; NCSM, M. K, Clark, L. 
Galem; NDt'S. W. Bleier; NEI\:1SlJ, S. Burt; 
NMI'v1NH. D, Harnel~ J. McConachie; NSMC, 
G. Eaumgardller: NZCS, P. Oubmcr, S. Sahdcw; 
OM"lH, J. Braun: OSU. S. Hoofe.r, A. EeheHe; 

OSUF\V. D Mark.1c, B. CobJemz; PGMNH. P. 
M. Finllegan; PM. E. Webb. J. I-'[all: PM A, W, 
Weimann; P]\:lNH, L. Thomas; PMS, J, Will
chdl, 1'51" R. Forb<~s. ;\. Cramer; P\VRC, J'vI. 
Perry; QCAZ, L. Coloma, 1'. Jarrin-V; RBCM. 
D. r\agor,en; ROM. S. WOlldward: RPPMC, S. 
Dobbyn, R I'bn; SBMNH, 1'. Collins; SDAKS, 
S. Pedcr~nn; SDNH.\fl, P. Unill: SDSll, M, Van 

Pallen; SETON, S, Zimmer; SIUCM, G. Fcld
hamer; SJUBC, P. Chu; SM, D. Linlz.; SMM, F 
JanneU, Jr.; SRSU. J. Mueller; SUVM, G. Paul
son; TCWC, R, Honeycull, D. Scbliller; TMM, 
E. Lumlelius, 1'. Owen. L. Ernest; TIU, R. 
Monk, R, J. Baker; VA, Y. PeLry.,zyn, M. Bucci, 
UAFMZ, N. Glover-Moo UAM, D. rv1cDonald; 
l'r'\MZ, W Roten!>; USc, C AdkinS; UCLA. F 
Hene!; UCM, R. Humphre.y; UDEL. N. Naz
dro\\.-icz; LiGAMNH, E. ReilL.. E. MeGee, 
UGDZ, G, Nacekivell; UlD, A. D. Johnson; 
UIMNH, .T, Hoffmann, C, Mayer; UMA. K. 
Doyle: U.MMZ, P Myers, S. Hinshaw; CMNH, 
E. Rickart; UMZM, D. Dyer; UND. R, Sea
bloom; UNH, M. PelJissier-S.: UNK, J. Spring
er; UNM, C. Ramomik, W. Gannon; UNO. K. 
Geluso; UNSM. 1'. Freeman. T. Labedz: 
UOMNH, P Endzweig; US!' J. Bandoh: USNM, 
R. Fisher, C. LudWig; UTA, J, A, Campbell. L. 
Ammerman: UTH~ A, Hnn'is: L'WBM, G. Ken
agy, A Sehwandl-r'\.: l:'WSP, c:. l.ong: VelI . .J. 
Pagel,. M. Hackett; wew, c. Drabek; WSC, D 
Lovejoy: WSU. S. Zeveloff. C. Harri5-E: 
WVMS, M. E. Hight; WWF S. Glasscock; YNP, 
B. Berow. 


