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ABSTRACT

A natural h isto ry  study was m ade on. the: fu nn el-eared  bat, 

Natalus stra m in eu s,. in  southern Sonora, M exico. T opics d iscu ssed  

w ere taxonom y, ecology, d a y -sh e lters , night a c tiv it ie s , population  

dynam ics and reproduction.

Findings show N. stram ineus are nonm igratory and lim ited , in 

distribution.to a hum id .trop ical environm ent. Further, findings indi­

cate th is sp e c ie s  have a, reproductive cy c le  ch aracterized  by a gestation  

period  of sev en  m onths. A gesta tion  period  th is long, has not been  

shown among fa m ilie s  of bats.

v iii



FRONTISPIECE. A N atalus stram ineus. in  the striking, red color phas 

• . (Photograph by B ruce J. Hayward)
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INTRODUCTION

The fu nn el-eared  bat, Natalus stra m in eu s  ̂ is  a m em ber of the 

m onogeneric fam ily , N atalidae. M em bers of the fam ily  are r e s tr ic ted , 

geograph ically , to the trop ica l and subtrop ical parts of the New W orld, 

from, northern B ra z il northward to southern Sonora, M exico, R ep re­

sen ta tives of the. fam ily  occu r on many of the islan d s in  the Caribbean  

Sea (see  F igu re 1). A s com pared to m ost other kinds of North A m eri­

can Chiroptera,. litt le  has been published concerning the bats of th is  

. fam ily  and the few ob servation s that have been published pertain  

p rim arily  to g ro ss  m orphology as related, to taxonom y and to geographic  

distribution .of the various, sp e c ie s .

This study, conducted.on a population near the northern g e o ­

graphic lim its  of the fam ily , is  concerned p rim arily  with the behavior 

and b io log ica l adaptations of the sp e c ie s  N atalus s tra m in eu s . Som e of 

th ese  adaptations appear to be unique among bats.

1



F ig u re-1. D istribution  for the bat fam ily  N atalidae.
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TAXONOMY

B ats of the fam ily  N atalidae are sm a ll and d e lica te ly  form ed, 

and have d istin ctly  funnel-shaped  e a rs , noticeably elongated le g s , and 

claw ed thum bs. A ll lack  adhesive d isc s  e ither on the thumb or on the 

so le  of the foot. A ll adult m a les  p o s s e s s  a unique b e ll-sh a p ed  natalid  

organ that is  inconspicuous extern a lly  but which covers the entire  

frontal reg ion  of the head. T here it is  connected by a few strands of 

fa sc ia  to the skin and the underlying m u sc le s . The function of th is  

natalid organ is  unknown, but it  is  thought glandular and /o r  sen so ry  

(D alquest, 1950).

P h y logen tica lly  the fam ily  appears to be c lo se ly  re la ted  to the 

F u rip teridae and the T hyropteridae. T h ese  th ree fa m ilie s  appear to 

be p h ylogen etica lly  in term ed iate betw een the fam ily  Phyllostom atidae  

and the fam ily  V esp ertilion id ae . F urther, a ll three fa m ilie s  have 

much the sam e geographic d istribution , each contains only a s in g le  

genus, and a ll appear ex tern a lly  s im ila r . D iagnostic d ifferen ces  

include the degenerate thumbs in  the F urip teridae and the suction  d isc s  

on.the thumbs and so le  of the hind feet in  T hyropteridae. The re la tio n ­

ships o f th ese  fa m ilie s  are ob scu re . The N atalidae appear to be m ore  

highly sp e c ia lized  than.the others in  that they p o s s e s s  fused  verteb rae
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and a m ore highly developed sternum , but sim ultaneously  appear to 

be m ore p rim itive  in .the structure of the teeth  and. thumbs (M iller, 

1907).

A s currently  understood, the s in g le  genus within the-fam ily  

N atalidae, N ata lu s,, is  d iv isib le  into th ree subgenera: C hilonatalus, 

N y ctie llu s , and N ata lu s. The subgenus C hilonatalus, iso la ted .to  the 

W est Indies, in clu d es.fou r sp e c ie s  as fo llow s: N atalus (Chilonatalus) 

brevim anus, only on Old P rovidence Island, Caribbean Sea; Natalus 

.(C hilonatalus) m acer, confined.to Cuba; Natalus (C hilonatalus)

. m icrop u s, only on Jam aica; and N atalus (C hilonatalus) tum idifrons, 

restr ic ted , to W atling. Is land, Baham as. The subgenus N yctie llu s con­

tains but a s in g le  sp e c ie s , N atalus (N y c tie llu s ) lepidus w h ich .is r e ­

str ic ted  to the islan d s of Cuba and the Bahama Islands. The subgenus 

N atalus includes three sp e c ie s:  Natalus (N ata lu s) m ajor, found.in the 

Dom inican R epublic and H aiti, as w e ll as on the islan d s of Jam aica  

and Cuba; N atalus (N ata lu s) tu m id iro str is , on Trinidad, Curacao, 

and. in Venezuela; and Natalus (N atalus) stram in eu s which occurs, from  

northern B ra z il northward to southern Sonora, M exico. It is  the la st  

sp e c ie s  of the com plex, stram in eu s, that is  of prim ary concern in the 

p resen t study:.



Goodwin (1959) has recen tly  studied-Natalus stram ineus and

has. divided it into four geographic ra ces  as fo llow s: N atalus

stram ineus stra m in eu s,. type- lo ca lity  unknown, but probably Antigua,

B ritish  W est Indies, occurring, on the islan d s of the L e s se r  A n tilles;

Natalus stram ineus n a ta len sis, type lo ca lity  N atal, Rio Grande de 
. .

N orte, B ra z il, restr ic ted , to eastern  B ra z il from  N atal to Lagoa  

Santa, Minas G erais; N atalus stram in eu s sa tu ra tu s,. type lo ca lity  three  

km. ea st of San A ndreas Tuxtla, Veracbuz,- M exico, ranging, from  

Tam aulipas on.the ea st coast to N ayarit on the w est coast of M exico  

south.to the Canal Zone, in,Panam a; and N atalus stram ineus m e x i- 

canus, type lo ca lity  Santa Anita, Baja C alifornia, M exico, and 

known from  Baja C alifornia and Sonora, M exico.

M orphological fea tu res used  by Goodwin.in separating  the 

sp e c ie s , into geographic r a c es  include s ize ,, e sp ec ia lly  the length of 

the-forearm  and. cran ia l m easu rem en ts, and co lor. In gen eral, there  

appears tti be a d in e  of characters,, ranging from  sm a lle r , ligh ter  

populations in  the northern part of the range to la rg er , darker popu­

lations in  the south.

A s show n.in F igure 2 two su b sp ec ies  of N atalus stram ineus  

occur oh continental North A m erica . L o ca litie s  on which th is d is tr i­

bution, map is  based are as fo llo w s . Specim ens, from  lo c a lit ie s  d e s ig ­

nated by an a s te r isk  are-found, in  the U n iversity  of A rizona co llection .



Figure- 2. D istribution  for su b sp ec ies  of Nata^us stram ineus. found in 
M exico and Central .Am erica.



~ N . .§.:. mexicanus 

~ N. s. saturatus 

• Literature reports 

• University of Arizona collection 
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N atualus stram in eu s m exicanus M iller  

. BAJA CALIFORNIA: Las Cuevas (6F, May 2 4 /  Copkrum,

1955); Santa Anita (2, M iller , 1902); San J ose  del Cabo ( 3 S M iller,

1902).

SONORA: La A4uana, 5 m i. W A lam os (2F, May 15, Cockrum, 

1955);' *La Aduana,. 5 m i. W A lam os (1M, Nov-; 5, 1956; 2M, 6F,

D ec. 20, 1957; 2F, A pril 9, 1958; 2F, M arch 29, 1959; IF , A pril 22, 

1960; 18M, 26F, Jan. 27, 1964); * Minas A rm olillo , 5 m i. NNW A lam os,

2 .m i. S P ied ras V erdes (4M, 4F, Nov. 2, 1963; 1M, fF ,  June 16,

1964; 5F, June 29, 1964; IBM, 4F , Aug. 24,, 1964; 3M, Aug. 27, 1964); 

Cueva E l T igre,. 14. 9 m i. SSE Carbo (1M, D ec. 20, 1957; 1M, F eb . 16, 

1958; 1, A pril 11, 1958; IF , Nov. 6, 1959, Cockrum and Bradshaw,

1963); T esia  (1M, 3 ?, Goodwin, 1959); 13 m i. SW U res (2M, D ec. 28, , 

1951, Broadbooks, 1961).

N atalus stram in eu s saturatus Dal quest and H all

CAMPECHE,: Apazote (-A pozote ?) (1, M iller , 19.02); La Tux- . 

pena, (2, D alquest and Hall, 1946). ' .

CHIHUAHUA: M ojarachic (=M aguarichic? ) (1, Knobloch, '1942).

COLIMA: *Rancho T a v ern illa s , 35 km . NW Puebla Juarez  

(4M, IF , A pril 5, 1962); *Tecom an (2M, Sept.. 12, 1959); * Cueva de Aa. 

F ab rica , 4 m i. S Coquimatlan (13M, 7F, Oct. d ate? , 1961); *Rancho 

Nuevo (IF , July 12, 19 64). . .. . . . . .  . ,
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DURANGO:' Chacalor (25, M iller , 1902).

GUERRERO: 4 m i. N C olotlipa (2, Lukens and D avis, 1957); 

A cahuizotla (5, Lukens and D avis, 1957).

JALISCO: *M ina del B aladero, 3 km. NW Talpa de allende  

(IF , Jan. 19, 1964); A m eca (17, M iller , 1902); Itzatlan (=Etzatlan?)

(1, M iller , 1902); 5 m i. S, 1 m i. E E l Arado (1, H all and K elson,

1949); * Cue va de las G arrochas, Soyatlandel Ore (8F, D ec. 23, 1963); 

(Mina Hedionda, 30 km . W Rancho de lo s  O coles (2M, 2F, M arch 17,

1964).

MICHOACAN: *Laqunita (5M, Feb. 17, 1962).

MORELOS: Tequesquitengo (1M, 3F, Goodwin, 1959); 

* T eteca lita  (IF , Aug. 27, 1961).

NAYARIT: Am atlan de Canas (9M, Goodwin, 1959); 6 m i. SSE 

L as V aras (1, H all and K elson, 1949); *H uajicori IF , May 29, 1963; 

1M, 3F, Nov. 5, 1963).

OAXACA: B asilano (= B isilan a?) (1M, Goodwin, 1959); E l 

Salado (3M, Goodwin, 1959); Guingola (-G u ien gola?) (3M, 2F, D ec. 22, 

1950, Goodwin, 1959); San Antonio (2M, 3F, D ec. 15, 19.53, Goodwin, 

1959); Tapanatepec (1M, Goodwin, 1959); Tehuantepec (IF , May 23, 

1957, Goodwin, 1959).

SAN LUIS POTOSL: Rancho N acim iento del Rio Coy, 16 m i. S 

V alles  (150 caught, Constantine, 1958).



TAMAULIPAS: S ierra  de T-amaulipas, 14-m i. W» 3 m i. S 

P ied ra  (2S June; 12, 1953/ A nderson, 1956); Cuevo e l Pachon, 5 m i. N 

A ntiguo'M orelos (22, July 2, 1951, M artin, M. and P . S . ,  1954);

Cueva de-la E speranza 6 km. SW Rancho Santa R osa (20, A lvarez, 

1963); 6 .5  m i. N, 13 m i. W Jim enez (14, A lvarez, 1963); 3 m i. S,. 16 

m i, W P ie  dr a (7, A lvarez,. 1963); 3 m i. S, 14 m i. W Piedra. (2, 

A lvarez,. 1963); 20 m i. N,. 3 km . W E l Mante (20, A lvarez,. 1963);

Ejido ©jo de A gia (20, A lvarez, 1963); 8 .km . NE Antihuo M orelos .

(1, A lvarez,. 1963).

VERACRUZ: 3 km . E San A ndreas Tuxtla (88, D alquest and 

Hall, 1949); San A ndreas Tuxtla (1, D alquest and Hall, 1949); Jalapa  

(73, Ward, 1904); M irador (2, M iller , 1902); T ilapa (1, Sum ichrast, 

1882); 14 km. NW Tuxpan (10, H all and D alquest, 1963); 13 km. WNW 

P otrero  (10, H all and D alquest, 1963); 4 A m . WNW F ortin , (1, Hall 

and D alquest, 1963);

YUCATAN: Balaan Canche Cave, Chicken (9, P e a r se , 1938); 

Hoctun Cave, Hoctun (1M, July 7, 1936, P e a r se , 1938); Muruztun 

Cave, T izim an (1M, Aug. 12,. 1936, P e a r se , 1938).

COSTARICA: Anguilla (3, Goodwin, 1946).

EL SALVADOR: Dept. .Santa Ana: Laguna de Guija and F inca  

E l Narne (1953, F e lten , 1957); Dept. La Libertad: Cueva Hedionda and 

Hacienda San Diego (1953, F e lten , 1957); Dept. M orazan: Hacienda 

Santa R osa qnd N(ineral Los Encuentros (1954, F elten ,. 1957).
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GUATEMALA:' 2 .m i. S F lo r e s , F eten  (8, Goodwin, 1955); E l

P rogress©  (6, Goodwin, 1959); M orelos (reported . M iller , 1907).

PANAMA: Coiba Island (1, June 1,. 1900 or 1901, A llen , J. A. ,

1904); F ort $an Lorenzo (14F, A pril 7, 1953, B loed el, 1955);

C hibibrillo Cave,. 10 m i. N Pedro M iguel (1, Hall and Jackson, 1953); 

Penonom e (5, A llen , G. M . 1935).

A s indicated by Goodwin (op. c i t . ), Natalus stram in eu s m exi - 

panus d iffers from  N atalus stram in eu s saturatus in that it is  sm a ller  

in s iz e  and. is. gen erally  ligh ter  in  co lor . Table 1, a tabulation of 

m easu rem en ts record ed  in the litera tu re  and .m easurem ents taken, 

during th is study, show s that a d in e  is  v is ib le  when com paring cran ia l 

m easu rem en ts with N. s_. saturatus averaging la rg er . In com paring  

hair co loration  a, m arked separation  of ra c e s  is  not as c lea r ly  evident. 

S everal authors (F elten , 1957; Lukens and D avis, 1957; and A lvarez, 

1963) have observed  that hair co loration .in  populations which c o r r e s ­

ponded to N atalus stram ineus saturatus in  m easurem ents, m ore c lo se ly  

resem b led  N. .s. m ex ican u s. The population near A lam os a lso  show s 

an, intergradation  of co lo rs , but m ore c lo se ly  corresponds to Natalus 

stram ineus m exicanus. in .m ea su rem en ts. It m ight be pointed out that 

marked, fading of hair co lor is  observed  when com paring the sam e  

anim al i,n. th e-fie ld  with its  sk in  in the m useum .



TABLE 1. Cranial m easu rem en ts for sam p les of N atalus s tra m in eu s" 
from  various, lo c a lit ie s .in  th eir  ran ge. ■ The top figure for  
each m easurem ent is  the m ean in m illim ete r s  „ The 
figu res in. p aren th esis are ex trem es. Standard deviations  
are given for the m easu rem en ts from  the p resen t study. 
A bbreviations are: GLS, g rea test length of sk u llfZ B ,  
zygom atic breadth; BBC, breadth of brain case; LIC, le a s t  
interorbita.1 constriction; Max B, m ax illary  breadth at 
third m olar; M, m ale; F , fem ale .



Locality ■ N GLS ZB BBC EIC : Max B Reference-
. :

Near Alamo p, 
Sonora, Mexico

M 40 15 .53^ .60  _ 
(1 5 .2 -1 5 .9 )

7. 891.47  
(7. 6 -8 .2 )

7 .8 0 1 .3 4  
(7. 6-8;  0)

3 . 0 4 l . 26 
(2. 9 -3 .2 )

5. 2 5 2 9  Present  
(5, 1 -5 .4 )  Study

. ?i n F 40 1 5 .4 0 t .  97 
( 1 4 .9 -1 6 ,1 )  .

7. 8 l t .  48 
(7. 6-8.  0)

7. 70+.34  
■ (7; 5 -7 .  91

3 .0 6 1 .1 9  
(3. 0-3.  2)

5 .1 9 + .3 2  
(5. 0 - 5 .4 )

i t

Tesia ,  Sonora,  
Mexico M 1 16. 0 7 .8 7 .8 3 .2 5 .3

Goodwin, 
1959 ;

Santa Anita 
.Baja Calif.  , 
Mexico

F 7 15.9  
(1 5 .3 -1 6 ;1 )

7 .9  
(7. 7 -8 .0 )

7. 5 
(7. 3 -7 .7 )

3.25  
(3. 0-3.  4)

5. 3 
(5. 1-5. 6)

Goodwin,
1959

Amatlan,
Nayarit,
Mexico

M 9 16. 0 
(15. 6 -16 ,2 )

7 .8  
(7 .5 -8 .  1)

7. 8 
(7. 3 -7 .  8)

3 .3  
(3. 2 -3 .  4) .

.5 .3  
(5. 0 -5 .4 )

Goodwin,
1959

3 Km. E San Andreas  
Tttxtla, Veracruz,  F10  
Mexico

16. 2 
(16. 0-16.  6)

8 .3  
(8. 1 -8 .4 )

7 .7  
(7. 6-7.  9)

3 .2  
(3. 1 -3 .3 )

5. 3 
(5. 1 -5 ,3 )

Dalquest  
and Hall 
1949

E l  Salvador

n  i t

M10 

F 4

16. 2 
(15. 9 -16 .4 )  

16. 2 
( 1 6 .0 -1 6 ,2 )

8 .3  
' ( 8 .0 - 8 .7 )  

8 .2  
(8. 0-8 .  4)

7. 9 
(7. 8 -8 .0 )  

7 .9  
(7. 8 -8 .0 )

3 .3  _ 
(3. 1 -3 .4 )

3 .4  
(3. 3 -3 .4 )

5 .5  
(5 .4 -5 .  6) 

5 .4  
( 5 ,3 - 5 .5 )

F elten,
1957

11
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DESCRIPTION OF STUDY AREA

The p resen t study, conducted during 1964, is  concerned p r i­

m arily  with the eco logy , behavior, and population dynam ics of the 

N atalus stram ineus m exicanus in  the reg ion  of A lam os, Sonora, 

M exico; m ore sp e c if ic a lly  the population of Minas A rm olillo , an 

abandoned m ine 5 m i. NNW A lam os and 2 m i. S .P e id ra s  V erd es.

Southern Sonora is  w ell-know n as an area  w here exten sive  

s ilv e r  m ining has occu rred . The height of m ining a c tiv it ie s  in  the 

A lam os area  w as during the 1800‘s , A ll m ining operations in  the 

A lam os area  cea sed  in  the 1920‘s . During the period  of activ ity  many 

te s t  tunnels w ere sunk around A lam os and the h ills  'are lite r a lly  filled  

with short tunnels, many of which have s in ce  co llap sed .

M inas A rm olillo  was one of th ese  te s t  tunnels and, as F igure  

3 show s, it is  a horizontal shaft entering the m ountain for  only 250 

fee t. The floor, w a lls , and ce ilin g  are re la tiv e ly  sm ooth except for  

the short m an-m ade sid e  tunnels and at the 200 ft. point a portion of 

the ceilin g  has fa llen  creating a sm a ll cone and a rock  p ile  on the 

floor  under it. Through the y ea rs  the m in e's  approach has f illed  until 

one m ust craw l to gain entrance, though one can stand a fter  the in itia l 

50 feet.

12



Figure- 3„
"k'

A horizontal outline map o f Minas A rm o lillo , 5 m i. N N W  
A lam os, 2 m i. S 'P ied ras V erd es, Sonora,- M exico.
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'In the follow ing sectio n s of th is th e s is  a rev iew  of pertinent 

litera tu re  of each sp e c if ic  topic - is  fo llow ed by orig in al observations  

m ade betw een January, 1964, and F ebruary, 1965, at Minas A rm olillo  

and in, the surrounding, area.



ECOLOGY

L iterature

F igure 4 co rre la tes  the reported  capture data, of Natalus s tr a -  

m ineus taken.in-M exico with Leopold's, tro p ica l-tem p era te  c lim atic  

d iv ision s of M exico (1959). W ith.few exceptions distribution, occu rs  

only in a.low  trop ica l environm ent. Only F e lten  (1957) has reported  

eco lo g ica l data for FT. stra m in eu s . In  E l Salvador, he alw ays found 

. them  w ithin.the-low  dry trop ica l zone, but the collecting, areas d if­

fered  clim atica lly ; th ose lo c a lit ie s  in the coasta l area  w ere  

ch aracterized .b y  m o ist, hot low lan d .forests . The other co llectin g  

lo ca lity  although in .the very  dry ea stern  part of the country r e c e iv e s  

w ater from , the Rio Grande de San M iguel.

N atalus stram in eu s has been .reported  between, s e a .le v e l  in a s e a  

cave under F ort San L orenzo, Panam a (B loedel, 1955) and 5, 500 feet  

at Gerro A m eca, 5 m i. NNW A m ec a, J a lisc o , M exico . (Co ckrum > 1955). 

The m ajority of captures have been below 3, 000 feet.

P r esen t Study

Minas A rm olillo , elevation  1, 500 feet, is. in the S h ort-tree  

F o rest,, a heterogeneous deciduous fo r e st  with a strong infusion of 

trop ica l e lem en ts . P eriod s of growth a lternate with periods of dorm ancy
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Figure,,4. C om parison of trop ica l-tem p era te  M exico with capture 
data for Natalus stram in eu s <,



~ Tropical Mexico 

I I Temperate Mexico 

• Records of captures 



corresponding to the wet and dry sea so n s  (Gentry, 1942). A fter the 

rains com m ence in fate June, the barren  tr e e s  a lm ost im m ediately  

lea f and undergrowth b ecom es v irtu a lly  im penetrab le. The sum m er  

rains continue until la te  Septem ber or  early  O ctober with litt le  ra in fa ll 

until, the follow ing June. F igu re 5, a photograph taken on January 26, 

19 65, show s the typ ica l habitat at M inas A rm olillo  during the dry 

sea so n . In sp ite  of the long dry sea so n  in  southern Sonora there are  

perm anent strea m s and w ater is  availab le from  many of the inactive  

w a ter-filled , m in es.

N orm ally  the* S h o rt-tree  F o r e st  r e c e iv e s  about 30 inches of 

rain  y ea r ly , m ost during the sum m er. R ainfall in the M inas A rm olillo  

area in  1964 was atyp ical. In A lam os, 3. 7 inches w ere-recorded , from  

the f ir s t  of January to February 17 and betw een June 24 and O ctober  

17, 15. 45 inches fe ll.  No other m easu rab le amount w as recorded .



Figure 5. W inter habitat at Minas A rm olillo , 5 m i. NNW A lam os, 
2 m i. S Piedras" V erd es, Sonora, M exico .





DAY-SHELTERS

Literature :

Even, though natural caves and. mine tunnels are reported as the 

day-shelters used by Natalus stram ineus very little  descriptive informa^ 

tion  is  available other , than that they prefer a dark, damp area of the 

sh elter  (Groodwim. 1940; Lukens and D a v iir 1957; Eelten,. 1957; Bread™ 

books, 1961; Hall and-Balquest, 1963; and Gockrum and Bradshaw, 1963), 

• Goodwin- (1934) reports the only exception to the dark, damp 

condition of day-shelters: a collection of bats.from  Progress© , Guate­

m ala, was taken from  under an overhanging rock which the collector  

said "could hardly be called a cave, " The degree-of illumination and 

relative humidity were not given.

F rom  Dr. G. G. Goodwin.it is. learned that T.- MacDougall found 

5 Natalus stram ineus, occupying hollow trees as day-shelters from San 

Antonio, Oaxaca, Mexico,. Three were in a hollow8 gu ir isin a ,(Cordia 

elaeagniodes) on Decem ber 15, 19.53, and two w ere in a hollow zompante 

on January 22, 1954; thus these bats may also use hollow trees as day- 

sh elters .

In their day-shelters bats of this species, have always been

reported as hanging from, the roof or sid es of the-cave or tunnel as
/

individuals or in a .loose association ,(F elten , 1957; and Hall and

19



D alquest, 1963). Fe.lten (1957) and Goodwin-(1946) con sid ered  the 

capture ■ of N . stram in eu s as d ifficult s in ce  th ese  bats fly  at the 

s lig h test disturbance; but Hall and D alquest (1963) in  a capture from  

V eracruz sta te  that individuals w ere u su a lly  plucked, from  the w all as 

they tw isted  about, watching the light, although on m ost occa sio n s a 

few took, fligh t when an o b serv er  approached. When those too high to be 

reached by hand w ere shot,, the others hanging nearby ra re ly  took fligh t  

at the sound of the gun.

Other bats found occupying the sam e d a y -sh e lter  with Natalus 

stram in eu s are D esm odus rotundus , G lossophaga so r ic in a , M orm oops 

m egalophy 11a, C hilonycterus rubiginosa, P teronotus davyi, C arollia  

p ersp ic illa ta , and A rtibeus h irsu tus (Ward, 1904; Lukens and D avis, 

1957; Constantine, 1958; A lvarez , 1963; and Hall and D alquest, 1963). 

The only d escrib ed  relationsh ip  of th is sp e c ie s  with other bats in .its  

d a y -sh e lter  was an unusual a sso c ia tio n  betw een a m ale C arollia  p e r ­

sp ic illa ta  and a fem ale stram ineus reported  by H all and D alquest (1963). 

The stram ineqs was a s in g le  found in a cave occupied by a colony of (3. 

p ersp ic illa ta  and was hanging with the one m ale C arollia  sep arate from  

the o th ers. When disturbed enough to cause them  to fly , they flew  

sim u ltan eou sly  and then hung up together.



P resent Study;

.As previeusly sta ted ,, Minas Armelill©. is  a short mine.tunnel, 

som e 250. feet long (Figure 3). A ir tem perature and.relative humidity 

were m easured, in Minas; A rm olillo with a Bendix Hygrothe'r mo graph 

(F riez lnst. D iv.v Bendix Aviation Corp. ,• B altim ore, Md-.) on F eb ­

ruary 29, April 16, and June; 16, 1964. These m easurem ents were

taken at a point 200 feet from. the. entrance, ©n all three dates the

oair tem perature rem ained a constant 81 F. for the 24 hour periods.

The relative humidity on February 29 rem ained a constant 84 per cent 

except at night when.it was between. 81 and 84 per cent due to turbulence 

with the bats flight activity. On April 16. the relative humidity r e ­

mained at the 82 per cent level,, but on June 16 the humidity had dropped 

to a. constant 74 per cent. Whether this drop, in humidity is  normal 

during the year, coinciding with the dry season , or whether it dropped 

. during 1964 when the rainfall was som e. 12. inches below normal, is  

unknown. However,: with.the, drop in humidity a noticeable reduction 

. in the population of N. stram ineus was observed.

When rem oved from  Minas A rm olillo natalids demonstrated very  

low tolerance to desiccation. At 10:00 A. M. on February- 29,. 1964,

. the relative.hum idity at the m ine's entrance was 65 per cent compared 

..to 84 per cent at the 200 foot point in.the m ine. Most of the bats r e -  

moved from. the mine at this tim e expired within an hour even, though 

Sheltered, from. the. sun. Novick (1964) found 'he could, keep bats of t h is .......
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species. ai;ive. in  the laboratory only by placing: their cage under a 

dripping; faucet. Tbis low d es icca tio n  to leran ce has m ade laboratory  

experim entation  on. the sp e c ie s  v irtu a lly  im p o ssib le .

Adult natalids w ere n ever observed , in  Minas Ar mo Hilo before  

reaching the 125 foot point (F igure 3). F rom  th is point to the end of 

the m ine they w ere found hanging from  the w alls and ce ilin g  with two 

to three in ch es betw een ind ividuals. Adults w ere hanging, at lea st  

five  fee t from  the flo o r . No ob servab le change in  hum idity or te m ­

perature in  th is  area  of the m ine to points c lo se r  to the entrance w as  

noticed^ but le s s  illum ination  was. found in  the. la s t  125 fee t and other  

bats using  Minas A rm olillo  as a d a y -sh e lter  a lm ost always, occupied the 

in itia l 125 fee t.

Table 2 g iv es  estim ated  populations of bats u sin g  Minas 

A rm olillo  as a d a y -sh e lter  during 1964. T hree s p e c ie s , L eptonycteris  

n iv a lis , G lossophaga so r ic in a , and N atalus stram ineus w ere found 

occupying, the m ine during each v is it , but th eir  populations varied  with  

the sea so n . n iva lis  and G. so r ic in a  reached  th eir  maximum, in  

num bers in. the sum m er m onths with the 1, 000 n iva lis  on June 29, the
c ■

population containing, m any young, • N atalus stram ineus had a sm all 

population during the sum m er months and reached its  m axim um  of 

approxim ately 1, 000 from  N ovem ber to May. M acrotus w aterhousii 

was. the only other sp e c ie s  found, in  the m ine during, m o st of the year. 

This sp e c ie s  m aintains a sm a ll population during the fa ll, in creases, in



TABLE 2, ■ Monthly population estim a tes  of bats found in  Minas
: Arm olil-lo, 5 m il NNW Alamo's,. 2 ,m i. S 'P ied ras V erd es, 

' Sonora,: M exico. The m ale  and.fem ale colum ns are
num bers of each sex.found, in  a random  sam ple of 50 
adult .Natalus stram ineus taken on each date. Question  
m arks indicate p resen ce  but no estim ate  of num bers • 
was m ade.
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Date

Jan. 27, ,1' 

Feb. 29., 1964 

A pril 16, 1964 

May 31, 1964 

• June 16, 1964 

June 29, 1964 

July 20, 1964 

Aug. 7, 1964 

Aug. 24, 1964

50 

60 

100 

'• 100

?

1 , 000 

:? 

100 

10

200

?

200

50

o
A
u(D

4-1d

100

100

500 

50 

0 

0 

0 

10 

. 10

Nov. 27, 1964 ? 50 10

33
. ,  ?  

20 

• 2.0 

20 

0 

0 

0

. 0 

.0 

10
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30)

0

0

0
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0

0

0-

200

200

0
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IO
u
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Pi I

0

0

. 0 

20 

0 

b 

0

O'

0 

• 0

to 
0 ©

tQ I M I

111
1 , 000  

1 , 000  

1-, 000 

• 300 

300 

200 

200 

200 

500 

1, 000

to<D

22

23 

25 

28 

20

24 

28 

.24

20

24

CO.<D
.13

©

28 

■ 27

25 

22 

30

26 

22 

26 

30 

26



24

num bers in  the sprin g , and is  absent in  sum m er. The other sp e c ie s ,  

C hilonycteris p a rn elli, M yotis v e life r  and Pteronotus davyi occupied  

the m ine only b r iefly  during the yearn M yotis v e life r  w as found in the 

m ine only during August and te s t ic le s  of m a les  w ere scr o ta l on th ese  

d ates. Though other bats w ere alw ays found.in.the m ine on each v is it ,  

no gregariou s n ess  was dem onstrated by N atalus, which p referred  to 

stay  in  the area  w here few other sp e c ie s  w ere found.

Each tim e that we v is ite d  M inas A rm olillo  during the day our 

f ir s t  p assin g  through the m ine found the natalids quite tim id . Even  

when a ligh t was d irectly  shone on one,, it  would tw ist and appear 

irr ita ted ,fo r  se v e r a l seconds before re lea s in g  from  the w all or ceilin g , 

dropping a few in ch es and taking flight. This tim id ity  was lo s t  quite 

rapidly and on our follow ing p a sse s  through the tunnel it  was im p o ssib le  

to get w ithin 10 feet of a Natalus before it  would take fligh t. Once a 

bat was in. flight its  capture with hand. net was difficult even  though the 

m ine is  quite narrow. M em bers of th is sp e c ie s  are exce llen t f lie r s  

and even when capture appears inevitab le they m anage to elude the net.



NOCTURNAL ACTIVITIES

L iterature

V ery l it t le  has been reported, on the night a c tiv it ie s  of this 

sp e c ie s . In an abandoned m ine near U r es , Sonora, a N. stram ineus  

was observed, leaving at deep dusk, about 6 P . M .,, then, fly ing back 

■ into the m ine. - No individuals w ere taken leaving the m ine, but two 

w ere caught trying to enter the m ine, one at 7:00 P .  M„ and another at 

9:00 P .M . (Broadbooks, 1961). M artin and M artin (1954) caught 22 

N. stram in eu s, within an hour’s tim e after dusk,, trying, to enter a 

cave in T am aulipas; the cave had a pool, one of the few so u rces  of 

w ater in  the reg ion . Constantine (1958) captured. 150 N . stram ineus in  

a bat trap as they w ere leaving a cave in San Luis P o to s i. The trap  

was le ft  erected .fro m  5:30 P .M . to 11:30 P .M . and the natalids 

captured betw een 9:00 and 11:30.

F e lten  (1957) g iv es  the only observation, of N. stram ineus  

using a night roost. Two w ere-ob served  in a w ater pipe under a r a i l ­

road bank at night, but w ere never ob served  there during the day.

Hall and Balquest (1963) record ed  finding one.individual of th is  

sp e c ie s  in a cave at night w here, reported ly , it  had retired  after the 

evening hunt with its  stom ach  cram m ed with, in sect rem a in s.

25
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P resen t Study

O n.four d ifferent o cca sio n s in  19 64 (January 27, F ebruary 29, 

A pril 16, and August 24) the evening flight was ob served  at Minas 

A rm olillo  and in each case, the sam e pattern was fo llow ed. W ell after  

dusk, 10 to 15 m inutes p rior to total darkness,, the natalids began  

. their flight. C h a ra cter istica lly , one bat le ft the m ine, c irc led  and r e ­

entered, then in a m inute * s tim e the fligh t began, la stin g  for  

approxim ately 10 m in u tes. On January 27 I entered  the- m ine just 

follow ing the flight and only one N atalus rem ained out o f the estim ated  

1, 000 population.

Upon, leaving the m ine the bats c irc led  and darted in  and around 

. the tr e e s  and surrounding cacti rather than im m ed iately  leaving the 

v icin ity  of the m ine. Undoubtedly they w ere feeding on the in sec ts  

availab le c lo se  by.

- No bats were- ob served  reen terin g  the m ine p rior  to two hours 

gfter the in itia l flight, but after th is tim e th eir  activ ity  in creased .w ith  

m ovem ent in and out and continued, for the rem ainder of the night. A ll 

the natalids returned, to the- m ine sh ortly  after the sky began, to lighten  

with dawn.

©n February 29, 1964, I en tered .the m ine at ea r ly  dusk to obr 

se rv e  activ ity  p rior to the evening flight. V irtually  a ll the natalids 

w ere quite-active with many leaving upon my. entrance. Rather than ' 

startin g  th e ir  Jorgging. at this, tim e sorpe reen tered , but many hung in
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. the tr e e s  and cacti nearby until the night darkened.

Each time' M inas A rm olillo . was v is ited  the sw im m ing pool at 

Las D elicias. in  A lam os was m ist-n etted  for bats. Although sev er a l 

N atalus were- observed, dipping for w ater at night,, e sp ec ia lly  during, the 

dry sea so n , few w ere captubed. Even when, two nets w ere se t  the bats 

s t i l l  avoided co llis io n  with the n ets, show ing th eir  a g ility  of flight by 

sharply dropping, at a lm ost a 45 degree angle then ascending in as  

sharp an angle. On the few o cca sio n s when they did hit the net, they  

,■ a lm ost im m ed iately  flew  off without becom ing entangled. It was alw ays 

com pletely  dark before any Natalus w ere ob served  o v er  the pool.



POPULATION DYNAMICS

L iterature

Four estim a tes  have been m ade of populations of N . stram in eu s  

in th eir  d a y -sh e lte r s . Goodwin (1946) found only 3 individuals, in  a 

cave at A nguilla, C osta R ica , but the date of capture w as not given. 

A lvarez (1963) reported  400 in d iv iduals'of th is sp ec ies , from  Cueva- La 

E speranza, near Rancho Santa R osa, Tam aulipas, M exico, and 

B loedel (1955) reported  what he thought to be a large m atern ity  colony 

in  Panam a on A pril 7, 1953, as no m a les w ere captured and all 15 f e ­

m ales exam ined w ere gravid . Hall, arid D alquest (19 63) found the N. 

stram ineus population at a cave near San A ndreas Tuxtla,- V eracruz, 

to vary greatly  from  day to day, reach ing a low point of two bats on 

January 2,. 1948, and a high of about 300 on January 10, 1949.

P resen t Study

On each date which Minas A rm olillo  was v isited , in 1964 e s ti - 

m ates w ere m ade of the Natalus population. Table 2 show s the m ine 

m aintained a population of around 1, 000 from  N ovem ber through A pril, 

but in  May a marked, reduction  occu rred  and. only 200 individuals 

occupied the m ine throughout the sum m er. ' T hese population fluctuations  

w ere not daily o ccu rren ces  as the m ine w as v is ited  on subsequent days 

during each trip to the area .

28
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On F ebruary 29,. 1964, one hundred adult N. stram ineus (56 

m a les , 44-fem a les) w ere banded and re le a se d  at Minas A rm olillo . 

N orm ally  a band is  p laced  on a bat's forearm , but s in ce  .these bats are  

so sm a ll the band was placed on the upper arm  for fear  the forearm  

banding would in ter fere  with fly ipg. Banded individuals did not se e m  to 

be hindered and no s c a r  t is su e  developed, w here the band was p laced.

A fter the in itia l banding date, an estim ated  20 banded bats w ere  

ob served  each tim e the m ine was v is ite d . A ll the banded ones presen t  

on a given date w ere  not recaptured  b ecau se of d ifficu lties  in  capturing 

. and. fear of injury to the bat. In s ix  in stan ces banded bats w ere k illed  

during capture.

On A pril 18, 1964, 7. m a les and 4 fem a les  w ere reco v ered  from  

those or ig in a lly  banded; June 16, 4 m a les and 6 fem ales; July 20, 3 

m ales; August 7, 1 m ale; August 24, 3 m a le s , 2 fem ales; January 26, 

1965, 7 m a le s , 6 fem ales; and F ebruary 26, 1965, 2 m a le s , 2.fem a le s .  

In a ll, 35 o f;the orig in a l 100 w ere reco v ered  som etim e during the y e a r 's  

study, 25 w ere found once, 7 tw ice and 3 w ere reco v ered  three t im e s .  

On January 26, 1965, 13 r e c o v e r ie s  w ere m ade, with 6 of th ese r e ­

covered  for the f ir s t  tim e sin ce  the banding date of February 29, 1964.

On August 27, 1964, a banded bat w as k illed , for  no apparent 

reason , by a M exican guide who had led  another U n iversity  of A rizona  

student to Minas A rm o lillo , Just how many , died in th is m anner is  

unknown but it was. observed , that the m ine had been ep tered  by others
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after each ef our v is i t s .

Located .5- m iles-w .est of A lam os and approxim ately 2 m il08 

south of M inas A rm olillo  are La Aduana. and Y eger' M ines, le s s  than 

on e-h a lf m ile  ,apart and,, typ ical of inactive-m ines, in the area , p artia lly  

f illed  with w ater. La1 Aduana' Mine is  a day roost of natalids throughout 

the y ea r , but Y eger Mine, which appears to be quite s im ila r , is  used  

. only in  the sum m er • m onths by this-- sp e c ie s  , Y eger Mime: is  the- day 

, roost of a sm a ll colony of vam pire bats, D esm odps rotundus, and 

N atalus m ay avoid u sin g;th e min©: for a-perm anent colony becau se of 

them . However,, in other a rea s , the two sp e c ie s  have been taken.from  

. the sam e cave (A lvarez, 1963;and-Hall and D alquest, 1963).

La Aduana and Y eger Mines; w ere v is ited  by m e each  date that 

M inas A rm olillo  was v is ited . F rom  A pril to July, during the dry sea so n , 

I found natalids. in  Y eger M ine, but they w ere not p resen t on other  

dates, and during the sam e p eriod .th e population at La Aduana Mine 

vincreased . Though a ll the banded N. stram ineus w ere n ever observed  

at Minas A rm olillo  on any one date, no banded.individuals were' ©b> 

-se rv e d .in  La1 Aduana p r  Y eger M ines except during, the sum m er when 

the population at Minas A rm olillo  dropped. ' As p rev iou sly  stated .the  

d ecrea se  in  population at Minas A rm olillo  coincided w ith a d ecrea se  in  

re la tiv e  hum idity, ©n June 29 banded individuals w ere ob served  in  

both La Aduana and Y eger M ines and on July 19 only in  La A duana...



REPRODUCTION

L iteratu re

V ery lit t le  has been published about reproduction in  the 

N atalidae. Only two r e feren ces  are m ade to the m ale cycle: one 

rep orts sm a ll te s te s  in  January (Hall and D alquest, 1963) and the other  

g ives te sticu la r  m easu rem en ts from  D ecem ber being 2 m m . long and 

1 m m . wide (Broadbooks, 1961). Data concerning the fem ale  cycle  

are equally scanty . F e lten  (1957) found pregnant fem a les  on January 

4, but Hall and D alquest (1963) reported  that fem a les  taken in  early  

January w ere non-pregnant. Cockrum  (1955 and 1963) reported  gravid  

fem a les  taken in M arch, A pril, May and June. B ioed el (1955) a lso  

reported  gravid fem a les  taken in  A pril.

P r esen t Study, Male

M em bers of the fam ily  N atalidae have v ery  sm a ll t e s te s .  D ur­

ing the height of the breeding sea so n , D ecem ber and January, the 

la r g e s t  te s te s  I m easured  w ere only 2 .4  m m . long and 1. 5 m m . w ide.

During the breeding sea so n  the te s te s  are not scr o ta l, but l ie  

sligh tly  la tera l and anterior to the penis on the pubic c r e s t . During the 

inactive period  they l ie  one to two m m . la tera l to th is position . Table 

3 l i s t s  te sticu la r  m easu rem en ts from  N atalus taken during the w inter

31
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TABLE 3, C om parisons of te s te s  s iz e  and quantity of sp erm  presen t  
from  w inter sam p les of N atalus s tra m in eu s . M easu re­
m ents are in m illim eters: length by width.

L ocality N
Quantity of 

Date M easurem ents p^es'ent
Source

Cueva de La F abrica  
4 m i. S Coquimatlan,
Colim a, M exico 1 O ct. ?, 1961

La Aduana Mine 5 
m i. W A lam os, S o n .,
•Mexico 1 May 4, 1957

Minas. A rm olillo  1 June 16, 1964

1 . 7 x 0 .  8

Minas A rm olillo  1 Nov. 27, 1964 2 .0  x 1 .0

U res , Sonora 1 D ec. 28, 1951 2 .0  x 1 .0

M inas Armolillo"' 1 Jan. 27, 1964 2 . 4 x 1 . 5

M inas A rm olillo  1 A p ril 18, 1964 2 .1  x 1 .3

1 . 6  x 1 . 0  

1. 0 x 0 .7

many

many

many

A lcoh olic

P resen t  
r study  

Broadbooks, 
1961

P r esen t

P resen t

1 ? A lcoh olic  
P r e se n tnone
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and spring m onths. F rom  June to O ctober the te s te s  are so  sm a ll that 

identification  is  ex trem ely  d ifficu lt, even with a d issec tio n  m icro sco p e , 

and m easu rem en ts p ra ctica lly  im p o ssib le . In O ctober they begin in ­

creasin g  in  s iz e  and the epididym ides becom e c lea r ly  v is ib le . U nfor­

tunately te st icu la r  sm ea rs  w ere not m ade during the fa ll months 

(August, Septem ber and O ctober) so  degree of sp erm a to g en esis  for 

th ese  m onths is  unknown. F rom  O ctober through January there is  a 

m arked in cr e a se  in te s te s  s iz e  and in the quantity of sperm , p resen t.

The la r g e s t  ob served  w ere m easu red  on January 27. A fter th is date 

the s iz e  of the te s te s  and quantity of sp erm  p resen t d ecrea sed . By 

June 16 no sperm  w ere found and the epididym ides w ere not v is ib le .

P r ese n t Study, F em ale  

In the on set of th is study, it  w as thought that the N atalidae had 

a long gesta tion  period . With, the m a les at the height of sp erm atogen esis  

in  D ecem ber and January and em bryos only reported  from  January  

through early  June, it w as.postu lated  that June was the month of p a r­

turition . A fter co llectin g  reproductive tra cts  and em bryo data through­

out 1964 it  was found that th ese  bats are m onestrus m am m als and that 

they have the lon gest gesta tion  period reported  for any fam ily  of bats. 

Im plantation occu rs in D ecem ber or ea rly  January and parturition is  in  

la te  July or early  August; a gestation  period  of som e sev en  m onths.
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With sp erm a to g en esis  at-its height in  D ecem ber and January it  

w as assum ed.that fer tiliza tio n  and. im plantation a lso  took p lace during 

these-m onths. .Five reproductive tra cts  taken, from  adult fem ales on 

N ovem ber 27». 1964, w ere section ed  and none proved.to be pregnant. 

Unfortunately no reproductive tra cts  w ere taken  in D ecem ber or early  

January but exam ination of reproductive tra c ts  of te n  fem a les  taken  

January 27,. 1964, show ed.that a ll w ere pregnant; the developing em bryo  

was e a s ily  v is ib le  in:the: le ft horn of the u teru s. Each tim e pregnant 

fem ales, w ere exam ined, during th is study only one em bryo per fem ale  

was found and it was alw ays in  the le ft horn of the u te r u s .

• P resen t Study, Em bryonic  

In utero developm ent from , implantation, through early  A pril is  

quite slow . R eproductive tra cts  exam ined on February 29 showed ^

..little em bryonic growth. F rom  A pril, 1964, through February, 1965, 

em bryos and young w ere co llec ted , w eighed, and m easured, to determ ine  

p r e - and p ost-n a ta l developm ent. W eights w ere taken in  gram s with a 

T orsion  Balance .(Style R X -1, The T orsion  Balance C o ., Clifton,- New  

J ersey ) and. forearm  m easu rem en ts w ere taken in m illim e te r s  with 

c a lip e r s . The w eights given, in -F igure 6 are- of em bryos, taken.from  

fresh ly  k illed .fem ales,,, with the exception  of the ea r ly  May and early  

June- sam plesx T hese two sam p les are from  a lcoh olic  sp ec im en s.in  

the U n iversity  of A rizona collection.. P r e -  and p ost-n a ta l forearjn



F igure 6. • Monthly p re-n ata l and p ost-n a ta l developm ent of Natalug 
sfra m in eu s, gram s. The em bryos and-young w ere  
co llec ted  in  1964 and 1965. F em a les  w ere pregnant in  
January, but w eighable em bryos w ere not found u n til 
A p ril. ■ P artu rition .is. in  la te  July or  ea r ly  August and 
adult s iz e  is  reached by la te  February. The- figure •under 
each sam p le is. the sam ple num ber. H orizontal lin es  ape. 
m ean s and v er tica l lin es  are ex trem es.
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m easu rem en ts, for those em bryos and young weighed, are given, in  

F igure 7. M easureab le-forearm s w ere not found until the: May 31 c o l­

lection .

By A pril 8 both anterior and p o ster io r  lim b buds w ere w e ll-  

form ed. Each of two em bryos taken on th is date w eighed 0 .0 1  g m s. 

This slow  developm ent continued during the next month. • ©ne embryo  

on A pril 16 w eighed 0. 02 gm s. and two on May 4 averaged 0. 055 g m s. 

B y  May 31 the weight had reached. 0. 3 g m s. and lim b and wing m em ­

branes w ere w ell-fo rm ed . F orearm , m easu rem en ts on th is date w ere

5 .0  m m . This rapid, developm ent continued until parturition.

• On June. 16 the average w eight of two em bryos was. 0. 55 g m s . 

and. in  the next th irteen, days the weight a lm ost doubled, with five  

em bryos taken June 29 averaging 0. 99 (extrem e w eights, 0 .9 -1 .  15) 

gm s. F o rearm  developm ent was equally fast: from  6 .0 m m . on June 

: 16 to an average 8. 2 (ex trem es, 7. 0 -1 0 . 0) m m . on June- 29.

- Gravid, fem a les  on July 12. flew  with difficulty about the m ine 

: and.tired  rapid ly. Though no newly born w ere found, . the em bryos 

w ere quite large , two averaging. 1. 625 gm s. This rep resen ts  nearly  

25 per cent of the adult fem a le 's  w eight w hen.com pared with the 

average w eight of 40 fem a les  taken on February 29,. 1964. The 40 

fe m a le s , w eighed betw een 10:00 A. M. and noon on.that date, averaged

6 .1  (5. 7 -6 . 6) gm s.



F igu re 7. ■ Monthly p re-n ata l and p ost-n a ta l developm ent of N atalus 
stra m in eu s, forearm , m easurem ent in -m illim eters . 
F em a les  w ere pregnant in  January but fo rea rm s w ere not 
m easu re able until May. Explanations are given, for numr 
b ers and sym bols under F igu re 6.
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P r esen t Study, P o st-n a ta l 

Shortly after noon on July 20 a c lu ster  of som e 50 h a ir le ss  

young was, found, in  M inas A rm o lillo . It was situated, on the w all 60 

- fee t from  the entrance and 3 fee t above the. flo o r . This is  an area  in  

the m ine w here adults w ere n ever found, as adults alw ays occupied  

..the la s t  125 feet of the m in e .( s e e  F igu re 3). Why a p osition  away 

■from, the adults was used, for the  ̂m aternity c lu ster  is  unknown, but 

until the young w ere able to fly  for th em se lv es  they w ere alw ays found 

at the same- location . D evelopm ent of young, in an aggregation  

sep arate from  the adults has n ever been shown in bats. Other bats, 

M yotis v e life r , Tadarida, and L ep ton ycteris, are known to deposit 

th eir  young co llec tiv e ly  p rior to the even in g’s, flight, but upon return  

. from .foraging, rem ove th em  from  the group. The fem ale  and young 

then rem ain  together until the-next forage. When the c lu ster  of young 

ob served  was approached, 3 or 4 adult fe m a le s , which w ere nursing  

th eir  young, took flight carrying, the young with them . The fem ale  

only c a rr ie s  her young if disturbed w hile nursing, as the young weigh  

over half the w eight of the adult. A verage weights, for 10 young was 

2 .1 ( 1 .  7 -2 . 6) gm s. A pproxim ately 50 per cent of the fem a les  had 

jgiyen birth on July 20. ■ Two em bryos taken averaged. 1. 425 gm s. and 

when com paring th ese  em bryos w eights to newly born w eights it appears 

the weight at birth, is  between. 1. 4 5 -1 . 75 gm s. F urther, when com par­

ing the forearm , length-for the new ly born (m ean 13. 0, extrem es.
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11. 0 -1 6 . 0 m m .) to that of the em bryos (both 11. 0 m m .) the em bryos 

are a lm ost as. fu lly  developed as the young.

©n August 7 nine m ore young w ere rem oved .from  the c lu ster .

It then contained .ligh tly  haired  anim als with byes opened as w ell as 

blind,, naked, individuals.. Though, the haired  young w ere much advanced  

they s t i l l  could not fly . W eights and m easu rem en ts of nine haired young 

showed an a lm ost doubling in  s iz e  from  the July sam p le. The-m ean  

w eight was 3. 9 (2. 8 -4 . 4) gm s. and m ean .forearm  2 2 .1  (18-25) m m .

©nly one gravid, fem ale  w as captured and th is was- probably an overdue  

as. the em bryo w eighed 2. 6 g m s . , a lm ost a gram .m ore than the average  

w eight of the newly born exam ined on July 20.

By August 24 the m ore advanced, haired  young could, fly  a ctive ly  

in. the m ine and w ere hanging sep a ra te ly  from  the m atern ity  c lu ster .

M ost of th ese  advanced young w ere s t i l l  nursing, but a. few had .insect  

rem ain s in th eir  d igestive  tr a c ts . ' A ll the haired  young w ere uniform  

in..their juvenal pelage: the hair Deep M ouse Gray to D arkish M ouse 

Gray on the tips and near Smoke Gray b asa lly  (color nom enclature  

after Ridgway, 1912). T hese bats had in crea sed  in s iz e ,  but not in  

w eight over those m easu red  on August 7. The mean, forearm  length  

was. 34. 3 (34-35) m m ., an in crea se  of 11. 2 m m . over that of the 

sam ple taken on August 7, but the -m ean w eight was 4 .1 5  g m s . , an 

in crea se -o f only 0 .2 5  gm s. This s ligh t in crea se  in  w eight is  probably  

ind icative of the end of the nursing, period . No gra v id .fem a les  w ere



found on. th is date.

By N ovem ber 27,. the young, w ere subadult in  s iz e ,  with the 

average w eight being 5„ 1 (4„ 9~5„ 3) gms„ and the fo rea rm  m ean.length  

being 34„ 3 '(34-35) m m . T heir pelage was m ore P a le  Sm oke Gray 

has a lly  and near Drab at the tip s . This ligh ter  pelage w as not produced  

' by a'm olt of the juvenal pelage, but ra th er the fur had grown longer and 

becom e ligh ter .

On January 25, 1965,. the reproductive tra cts  of 10 young w ere  

i exam ined: 4 m ales and. 6 fe m a le s . None of the fem a les  was pregnant 

and pone of the m a les w as undergoing sp erm a to g en esis , thus, it  appears 

that the young are not sexu a lly  m ature in  th eir  f ir s t  y ea r . ■ Growth had 

continued, but m uch.m ore s low ly  than.in .the f ir s t  month after birth. 

W eights averaged 5. 8 (5. 6 -6 . 0) gm s. and the forearm s averaged 36: 9 

(36-38) m m ., in length. The pelage rem ained  Drab on the hair tip s, 

but was s lig h tly  ligh ter  at the base^ a m ore Light G rayish  O live. On 

th is date 15; subadults w ere banded in order to follow  th e ir  developm ent 

in la ter  m onths.

On February 26,. 1965,. the term in a l sam ple was taken from  the 

subadults. •• By now fu ll adult proportions had been reach ed  and it was 

difficu lt to d istinguish  adult and subadult, though, the pelage of the 

young whs s t i l l  Drab on the t ip s ,and Light G rayish O live at the b ase . 

F ortunately m ost of the.young banded on January .2.5 w ere s t i l l  presen t  

and a samjale was. taken. C om parisons w ere made of the w eights



and forearm  m easu rem en ts of 10 subadults taken on. th is date with 

.40 adults weighed and m easured .on  F ebruary 29,. 1964. The subadults 

weighed. 5. 9 (5. 7 -6 . 2.) gm s. and. fo rea rm s a v eraged .36. 9 (35-38) m m . 

The adults weighed 6. 1 (5. 7 -6 . 6) gm s, and.the m ean of th eir  forearm s  

was 37.. 3 (36-39) m m . W ithin th is s ix  to sev en  month period  follow ing  

birth, the young w ere near fu ll developm ent.



DISCUSSION

A llen  (1939) thought that the th ree c lo se ly  related , fa m ilie s  - -  

Thyropteridae^ Furiptpridae and N a ta lid a e --  w ere iso la ted .in  South 

A m erica  during parts of the T ertiary  and only recen tly  have m oved  

into southern North A m erica . If th ese  fa m ilie s  w ere iso la ted .fo r  

such a. length of tim e, certa in  d istinguish ing external ch a ra cterss 

the elongated leg s  and in crea sed  body m em b ran ess are understandable. 

Since the bats of a ll th ree-fa m ilies  are rather sm a ll in  volum e, 

averaging le s s  than 1 0 .0  g m s . , elongated, le g s , with a la rg er  in te r -
f  .  V.

fem ora l m em brane, and in crea sed  w ing-m em branes would in su re  

su ffic ien t heat lo s s  in .the humid tro p ic s . H ow ever, when natalids 

invaded northern M exico with its  m ore arid environm ent,, the large  

surface area and the a sso c ia ted  d esicca tion  becam e a handicap. In 

su ch  a habitat a. d ecrea se  in tota l su rface area , and e sp ec ia lly  w ing- 

m em brane a rea s , would r esu lt  in le s s  m oistu re lo s s  and a greater  

chance for su rv iva l. Thus Goodwin's findings (1959) that the northern  

population of N atalus stram ineus has evolved  to a, sm a lle r  ra ce , N. s_. 

m exican u s,. i s  quite lo g ica l. This study was conducted on the northern  

.ra ce  and many of the ob served -.activ ities- are p o ssib ly  unique to th is 

S u b sp ecies. ’
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With the la rg e  surface: area  fo r  such a sm a ll anim al, the 

natalids are defin itely  controlled  in. th e ir  range and choice of sh e lters  

by re la tiv e  hum idity. Those taken in m ore trop ica l M exico w ere using  

. m in es, ca v es , and hollow tr e e s  as d a y -sh e lte r s . The -m ines and caves  

w ere alw ays damp. Hollow tr e e s  are u sed  only in the m ore trop ica l 

areas w here the re la tiv e  hum idity is  constantly high, but in  southern  

Sonora, the daily and sea so n a l fluctuations, in  precip itation  and. re la tive  

hum idity are so  great that such  habitats probably are not used  as day- 

sh e lte r s , In Minas A rm o lillo , w here the p resen t study was conducted, 

the re la tiv e  hum idity rem ain s high throughout m ost of the year , but 

drops som ew hat in  fjie sum m er. This corresponds to fluctuations, in  

the ob served  population s i z e : . about 1, 000 during, m ost of the year but 

only about 200 during,the sum m er,

B loed el (1955) thought the population he found.in Panama, in  

A pril w as a m atern ity  colony as no m a les  w ere captured and a ll 15 

fem a les  exam ined w ere gravid . If seg reg a tio n  of the s e x e s  did occur  

during, gestation  and parturition, th is m ight account for the. low  

sum m er population at M inas A rm olillo , However,, as shown in Table 

2, no seg reg a tio n  of s e x e s  was found at any tim e during, the study.

A fter in terpreting  hum idity and banding data it is  thought that a hum i­

dity drop gave r is e  to a lo ca l m igration  by m ost of the population, from  

the m ine. The population d ecrea sed .fro m  1, 000 to 200 from  A pril to 

June and a drop in  hum idity in  the m ine from . 82. to 74 p er cent



o ccu rred  during the sam e period. F urther, bats banded at Minas 

A rm olillo  began appearing;in m ines w here they w ere n ever observed  

b efo re--m in es , which have a perm anent high hum idity, due to w ater- ' h '

being-present throughout the yea r . The population at M inas A rm olillo  

did not return.to its  m axim um . 1, 000 until w e ll a fter the rainy sea so n  

was under way. . It i s  not understood what gave r is e  to the daily  

' fluctuation, in  the population of N atalus that Hall and D alquest (1963) 

found, in  V eracruz; this, w as not true for the population in  Minas 

A rm o lillo .

In .their d a y -sh e lter , bats of th is genus are .found hanging se p a ­

ra tely  from , the w alls  and ce ilin g  and rem ain ing iso la ted  from , other  

bats in  the sam e sh e lter . The a sso c ia tio n  of a fem ale  N atalus with a 

m ale Caro Ilia  p ersp ic illa ta  reported  by H all and D alquest (1963) is  

probably atyp ical behavior. Seldom  w ere any other sp e c ie s  of bats 

found occupying the sam e area  in  Minas A rm olillo  w here natalids w ere  

taken.

M em bers of th is sp e c ie s  are in active  in. th e ir  d a y -sh e lter  until 

dusk,, then they becom e quite active in  the m ine but do not leave for  

the evening's, foraging, until near tota l darkness. Probably this, late  

flight tim e is  a m eans of protection , as those with red  pelage would be 

e a s ily  identifiab le by predators if it  w ere e a r lie r . It is  not understood  

why Constantine (1958) did not catch any' Natalus in h is bat trap until 

9:00 P .M . u n less  the activ ity  at the cave entrance disrupted the bats



enough, to cause a la ter  flight than, norm al. Findings at .Minas A rm olillo  

■indicate a la te  flight tim e but n ever th is . la te  after dusk. • A s darkness 

n ea rs, a ll the adults leave the d a y -sh e lter  in  unison and forage c lo se  

by. Rather than.flying high above the tr e e s  they dart in  and around, the 

tr e e s  and cacti. P o ss ib ly  th e ir  a g ility  of flight g iv es them  a source of 

food w h ich .is not availab le to la rg er  bats that need .m ore room  to 

effec tiv e ly  navigate. . This, low fly ing, among;the tr e e s , a lso  g ives  

added protection  from  predators;

Although no night ro o sts  w ere ob served  in  southern Sonora, they  

have been, reported  by F e lten  (1957). On F ebruary 29,. 1964, when 

M inas A rm olillo  was entered  p rior to dusk, many natalids: le ft the 

m ine and hung in  the tr e e s  and cacti n ear-b y  rather than reen terin g  the 

m ine or beginning th eir  nightly foraging. This activ ity  and the fa ilure  

of a ll to return to the m ine until dawn se e m s  to im ply night ro o sts  are  

a lso  u sed .in  southern Sonora.

F rom  the banding data it appears that th ese  bats do not undergo 

any-m ass m igration  and that they do dem onstrate som e hom ing tendem  

c ie s . S ince many com parable d a y -sh e lters  are- found, in  the area it is  

probable that individuals m ay u se  an a lternate roost after foraging if  

it is  c lo se r . This could account for the many r e c o v e r ie s  for the f ir s t  

tim e se v e r a l m onths a fter banding.

F or an organ ism  to f i l l  a niche su c c e ss fu lly  it m ust be able to 

reproduce, and for su c c e ss fu l reproduction certa in  eco lo g ica l



requ irem ents m ust be met; the: tem perature range-m ust be one which  

is  conducive to reproduction and a food supply- m ust be availab le. The • 

:food supply is  c r it ic a l in two r e sp e c ts . It m ust be su ffic ien t to allow  

the fem ale  to adequately provide food, for the developing em bryo, and 

there m ust be an adequate- food supply for the young to develop to the 

point of su rv iv a l. ' If th ese  requ irem ents are not m et an anim al can not 

su c c e ss fu lly  inhabit an area , un less, the organ ism  it s e lf  adapts. • M ost 

anim als have adapted th eir  reproductive cycle  to th eir  environm ent. 

Shown in F igure 8 are five  exam ples of m am m alian adaptation of r e ­

productive cycles , to environm ent. The graphs are highly diagram m atic  

and do not g ive exact dates of events d iscu ssed .

Graph A (Figure- 8) rep resen ts , the reproductive cy c le  of the 

- m em b ers of the: fam ily  M olossidae and many m em bers of the fam ily  

' P hyllostom atidae. T hese fa m ilie s  show a pattern fa ir ly  typ ica l of m ost 

placental m am m als, in  that sp erm a to g en esis  and ovulation both occur  

in  early  spring, a short tim e before im plantation. Rapid developm ent 

follow s with birth in  ea rly  sum m er. The - young then develop quite 

rapidly and can surv ive  a dry or cold sea so n .

T ypical V esp ertilion id ae bats. Graph B (F ig u re .8) have becom e  

adapted.for a :. tem perate environm ent, w herein  no. food is  available  

during w inter m onths and su rv iva l depends on storage of energy, in the  

■ form  of fat. The m etabolic drain of gam eto gene s is  ju st leaving h ib er-
X

nation in  the spring, at which tim e stored , fat has been; exhausted, is



F igu re 8. A diagram m atic rep resen tation  of reproductive cy c les  in  
five  fa m ilie s , of m a m m als, Graph "A" is  pattern  follow ed  

. in M olossidae and-many Phyllostom afidae,' Graph “B11 is  
typ ica l V esp ertilion id ae developm ent. Graph ” CM is  

. fo llow ed.in ;M ustelidae. Graph-’'D'1 is .sh o w n  in M acrotus " 
w aterhousii and perhaps other m em bers of Phyllostom atidae-. 
Graph HEn'is. the pattern in  N atalidae, P er iod  of growth is  

. indicated'by the broken l in e s . A bbreviations are: 1, 
insem ination; G, gam etogen esis; O, ovulation; F , fertilipatiop;  
Im». im plantation; b, birth, ! . • . ’ 1
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avoided by having the p r o c ess  of sp erm a to g en esis  and o o g en esis  o ccu r­

r in g  in la te  sum m er or fa ll o f the year,, just before the anim al en ters  

hibernation. The sperm atozoa m ay su rv ive  the w inter m onths in  

epididym ides or within, the. fem ale  a c c e s sa r y  ducts, thus, in sem ination  

m ay occur in fa ll, w in ter, or spring when, the fem ale lea v es  h ib er­

nation. O vulation, ■ fer tiliza tio n  and.im plantation then occu r in  the 

spring, after h ibernation is  over and.food is  again availab le . As in. the 

ca se  of M olossid ae, growth is. rapid and birth occu rs in  ea r ly  sum m er.

Not as y et known among fa m ilie s  of bats, but known among 

ca rn iv o res , e .g .  M ustelidae, is  s t i l l  another m ech an ism  of p lacing.the  

m etabolic drain of gam  eto genes is . in  a d ifferent sea so n  (Graph. C,

(F igure 8). This p ro cess, term ed .d elayed  implantation, is  s im ila r  to 

the pattern seen  in  V esp ertilion id ae (Graph B), but d iffers in. that actual 

ovulation an d .fertiliza tion  occur near the tim e of g a m eto g en es is . The 

resulting, zygote does not im plant at that tim e, but rem ain s in  a r e ­

la tiv e ly  in active sta te  for se v e r a l w eek s. • Upon.im plantation the em b ry­

onic growth is  rapid and birth is: in. the spring.

Bradshaw (1962) d isco v ered .in  M acrotus w aterh ou sii a m od ifica ­

tion, that appears in term ediate betw een types B and C outlined above.

In th is phyllostom atid: (Graph D, F igu re 8) im plantation is, in  the fa ll of 

the y ea r , but the rate of em bryolog ica l developm ent is  extrem ely-slow  

throughout the w inter m onths when m in im al supplies of food are a v a il­

able to th is non-hibernating bat. In sprin g  when. food, is  again availab le.
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developm ent proceed s at a rapid, ra te .

- The pattern shown by N atalidae (Graph E, F igu re 8) appears to 

differ from  any of the above m entioned patterns. ■ Here: the pattern of 

m etabolic drain of the developing embryo: is  not concentrated.into a 

period  of th ree m onths or le s s ,  but fs spread  over a sev en  month period . 

Such a. pattern could have developed only under environm ental condi­

tions. w here there w ere very- litt le  sea so n a l d ifferen ces evident in. food 

supply or tem perature. Further,, this type of reproduction g iv es sup ­

port to. those paleon to log ist who fee l this, fam ily  was r e s tr ic ted  to the 

trop ics during, the ea rly  T ertiary . With the: P lio cen e reconnection  of 

North and South A m erica ,, the natalid bats expanded.their range north­

ward. They reach ed .th eir  lim its  of the northward expansion when they  

encountered an environm ent that had a.fluctuant tem perature and. food
i

supply. In a ll probability the N atalidae, u n less  they undergo a m ajor  

m od ification .in .th eir  reproductive cy c le , m ay never invade the tem ­

perate reg ion  of the New W orld.

E xtrem ely  l it t le ' is  known about the reproductive cycles, of the 

T hyropteridae and F u rip terid ae. Without any rea l data to support my 

view , I w ill pred ict that the reproductive cy c le s  in. th ese  two. fa m ilies  

of bats will..be. sim ilar, to that found.im the:N atalidae.



SUMMARY ,

' A ̂ natural h isto ry  study was, m ade on.N atalus stram ineus. in. the 

A lam os, Sonora, M exico, area in 1964 and early  1965. The study was 

concentrated on the population at M inas A rrnolillo , an abandoned m ine  

shaft 5 m i. NNW A lam os and 2 ,m i. S M ed ras V erdes w here a m axim um  

population of 1, 000 was. found.

F rom  m easu rem en ts taken on 40 m a les and 40 fem a les  from  the , 

A lam os area, it was. learned  that th is population is  a m em ber of the 

su b sp ec ies;N . s . m exicanus as opposed to N. s . saturatus which is
I

found throughout m ost of M exico and C entral A m erica .

F rom  re la tiv e  hum idity and banding data it was. found, this bat 

does not have a m a ss  m igration  but do have som e lo ca l m igration  in  

seajrch-of a m ore favorable d a y -sh e lter . ■ M em bers of th is sp ec ie s

requ ire a d a y -sh e lter  w hich.m aintains a constantly high r e la t iv e .hum !-
)

dity and a drop in  re la tiv e  hum idity w ill produce a drop in the population. 

A lso  shown w ith  the banding, study, natalids dem onstrate som e hom ing  

ten d en cies. ,

At the on set of the study, it  was postulated.that the N atalidae  

have a,long, gesta tion  period  when the litera tu re  reported  pregnant 

fem ales, from  January-through June. • A fter collecting, reproductive  

tr a c ts , em bryos, land young throughout 1964 and ea r ly  1965 it was found
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that they have the lon gest gestation  period  rep orted .for b ats. F e r t i l i ­

zation  and im plantation occur in  la te  D ecem ber or early  January and 

parturition, is. in  late. July or early' August; a gestation  period  of Some 

sev en  m onths. The young.m ature quite rapidly, are able to forage in  

a .m onth 's;tim e and.reach gdult proportions by s ix  months..

This study show s that in the habitat req u irem ents of high r e la ­

tive  hum idity in  environm ent and in the type of reproductive cyc le  

indicated, the N atalidae are w e ll adapted, for an in sectivon ou s diet, in  

a. re la tiv e ly  uniform  environm ent, a c lim ate such as. found in  the. trop ics . 

• of the New W orld. :,

/
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