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STUDIES ON THE ETHOLOGY OF THE NORTHERN GRASSHOPPER 

MOUSE (ONYCHOMYS LEUCOGASTER)

CHAPTER I

INTRODUCTION

1 P r io r  to the early  p a r t of th is  cen tury , the study of anim al

I behavior was ch arac te rized  by a lack of objectivity in observation, an

anthropom orphic in te rp re ta tio n  of data, and a lack of concern  for system -
i

a tic s . F rom  1911 to the p re se n t tim e the field  of ethology has grown 

and has introduced and developed the objective approach. The ethologist 

is  not in te res ted  in behavior p e r  se, but in  its  su rv ival value to the species. 

E arly  w ork by O skar H einroth, Ju lian  Huxley, and Konrad Lorenz; and 

la te r  w ork by K arl von F risc h , Niko T inbergen, and o thers  have de­

veloped a body of thought and ideas pecu lia r to ethology and on which 

many zoologists a re  cu rren tly  basing ethological studies of a. wide varie ty  

of species. In te re st in the field of ethology is rapidly increasing  and 

such studies w ill contribute m o re  and m ore  to our knowledge of anim al 

rela tionsh ips.

The behavior of m em bers of the rodent fam ily C ricetidae  has 

been studied by many w orkers (Dice, 1932; B urt, 1940; P e tte r , 1957;
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M cCarley, 1958; Kaye, 1961; E isenberg , 1962, 1963), and the ethology 

of sev e ra l species is quite w ell known, p a rticu la rly  m em bers of the genus 

P ero m y scu s. These studies have also  contributed m uch to our knowledge 

of m am m alian  spéciation. Few studies, how ever, have been m ade on the 

behavior of g rasshopper m ice (Genus Onychomys). Bailey and Sperry 

(1929) recorded  observations on the life h is to ry  and hab its  of th is  genus 

from  notes on a group of five individuals collected over a 35-year period. 

S cattered  notes, m ostly  quoting Bailey and Sperry, appeared  in various 

reg ional and local fauna 1 lis ts  and s im ila r  w orks but no detailed studies 

w ere conducted until I960 when Egos cue m ade a labora to ry  study of some 

aspec ts  of the behavior of O. leucogaster u tah en sis . C la rk  (1962a, b) 

studied ag g ressiv e  behavior in the sam e subspecies and exam ined the 

effect of chlorprom azine on th is behavior.

E ibel-E ibesfe ld t and K ram er (1958) and T inbergen (1951) em pha­

sized the im portance of the ethogram  (com plete inventory of the behavior 

pa tte rn s) of a species as a p re req u is ite  to fu rth e r studies on the ethology 

of that species. This idea has considerab le  m e rit when one considers 

that without a knowledge of the ethogram  of a species, iso la ted  postu res 

observed in a study of only one aspect of the to ta l behavior a re  difficult 

a t best to analyze. C la rk  (1962a) has proposed the use  of the g rasshopper 

m ouse (Onychomys leucogaster) for studies of ag g ress io n  and as a  genera l 

purpose laborato ry  anim al.

The purpose of the p resen t study was to determ ine the ethogram  

of O. leucogaster. It is  not m eant to be a definitive study, but w ill serve
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as a basis  for m ore  detailed w ork on various problem s asso cia ted  with 

ce rta in  of the behavior p a tte rn s .

Taxonom ic R elationships 

Onychomys leucogaster fits  into the taxonomic h e ira rch y  as 

follows (afte r Simpson, 1945 and H offm eister, 1944):

O rder Rodentia

Suborder M yomorpha 

Super fam ily M uroidea 

Fam ily  C ricetidae 

Subfamily C ricetinae 

T ribe H esperom yini

G rasshopper Mouse Group 

Genus Miochomys (Extinct)

Genus Symmetrodontom ys (Extinct)

Genus Onychomys

•This a lso  ag ree s  with the rev ised  rodent c lass ifica tio n  of Wood (1955). 

T here  a re  two extant species in the genus Onychomys, O. leucogaster 

and O. to r r id u s . H offm eister (1944) listed  five extinct species: 

p .  m a rtin ii , O. bensoni, O. fo s s i l is , O. gidleyi, and O. p ed ro en sis , 

a ll from  P le istocene, and m iddle and upper P liocene of N orth A m erica.

Wood (1959) proposed that the fam ily C ricetidae  diverged from  

the Sciuravidae in m iddle Eocene and that the M uridae did not evolve until



M iocene. A portion of h is proposed phylogeny of the Rodentia is  given 

in  F igure  1. According to H offm eister (1944), the g rasshopper m ice 

probably diverged from  the genus P erom yscus during o r  p r io r  to Upper 

M iocene as the genus Miochomys from  which Sym m etrodontom ys and 

Onychomys evolved in m iddle P liocene (F ig. 2).

M axim illian, P rin ce  of Wied, co llected  the f ir s t  g rasshopper 

m ouse in  1833 at the Mandan Indian villages n ea r F o rt C lark , North 

Dakota. He placed it with the p resen t day genus C lethrionom ys in 

Hypudaeus leucogaster (Bailey and Sperry , 1929). B aird  (1858) proposed 

the genus Onychomys fo r th ese  m ice, and H o llis te r (1915) rev ised  the 

genus and recognized two extant species, O. leucogaster and O. to r r id u s .

H o llis te r  (1915) pointed out that although in tooth s tru c tu re  

Onychomys resem b les  the old world genus G ricetu lus (T ribe C ricetin i) 

much m ore  than it does P e ro m y scu s . O ther c h a ra c te rs  sep a ra te  it from  

G ricetulus by both P erom yscus and B aiom ys. H o llis te r suggested that 

the subgenus Podomys of P erom yscus was in term ed ia te  between Onychomys 

and P ero m y scu s , but H offm eister (1944) discounted th is.

H all and Kelson (1959) diagnosed the genus Onychomys as  follows:

E x terna l m easu rem en ts  in m illim e te rs : 119-190; 29-62;
17-25; 11-24. Stout m ice with short, re la tiv e ly  thick 
ta ils ; fo refee t with 5 p lan ta r tu b e rc le s , hind feet w ith 4; 
sole of hind foot densely fu rred  from  h ee l to tubercles,,
. , . Skull with distinctly  w edge-shaped n asa ls , which 
extend beyond the p rem ax illa ry  tongues; in te ro rb ita l 
constric tion  narrow ; zygom atic p la te narrow , s tra igh t 
an te rio rly ; m o la rs  m o re  hypsodont than in  P e ro m y scu s;
M^ reduced, coronoid p ro cess  of m andible high.
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!Fig. 1 - -  Phylogeny of som e fam ilies of rodents 
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Fig. 2 ”■ Phylogeny of the genera and subgenera of Nearactic 
C ricetinae according to H offm eister ( 1944).



Egoscue (1963) studied the two color phases of Onychomys and 

described  a pale phase and a dark  phase. The pale phase had the upper 

p a r ts  between A vellaneous and Vinaceous Buff (Ridgway, 1912) e a rs  light 

brown with varying am ounts of w hite, and the underparts  w hite. In the 

dark  phase the upper p a r ts  w ere dark  blackish-brow n heavily  overla id  

w ith black, upper su rface  of ta il  b lackish  a lm ost to tip, and underparts  

w hite. The d ark  phase behaved as  a sim ple autosom al rece ss iv e  in the 

p resen ce  of the pale phase., B urt and G rossenheider (1952), H all and 

Kelson (1959), and my own observations indicated that adults may be 

e ith e r a cinnamon phase s im ila r  to the pale phase described  by Egoscue 

(op. c it. ), a dark  phase a lso  like that of Egoscue, o r a gray  phase which 

Egoscue m aintained w as only a  juvenile pelage. H all and K elson (1959) 

sta ted  that as  individuals grew old, they becam e gray; on five occasions 

I have had adult an im als which w ere  captured  in the cinnam on phase and, 

w hile in  the labora to ry , changed to a gray phase.

The sku lls of 20 specim ens of O. leucogaster averaged  25 m m .

o r m ore  in length, slightly  la rg e r  than O. to r r id u s ; and had a com paratively

narrow  in te ro rb ita l reg ion . The teeth , as com pared w ith 0 . to r r id u s ,

1w ere h igher crowned; the unworn cusps of M being h igher than long; and 

the an te rio r  cusps m o re  coniform  w ith le ss  indication of incipient division 

of the sum m it into two o r  th ree  cu sp le ts . in O. leucogaster w as le ss  

narrow  and elongated, s to u te r and re la tive ly  short, being le ss  than one 

half the length of the tooth row in O, leucogaster and m ore than one half



the length of the tooth row in O. to r r id u s . w as la rg e r  than in 

O. to r r id u s , longer than wide, o r su b c ircu la r w ith longitudinal and 

tra n sv e rse  d iam eters  n e a re r  equal. The ta il of O. leucogaster was 

usually  less  than one half the length of the head and body while the ta il 

length w as m ore  than one half the head and body length in  O. to r r id u s . 

M easurem ents from m ice used in the p resen t study a re  given in  Appendix I.

D istribution  and Ecology

The d istribu tion  of g rasshopper m ice is  re s tr ic te d  to North 

A m erica. O. to rr id u s  (Fig. 3) has been co llected  in the n o rthern  

Mexico and southw estern  United States and the d istribu tion  of O. 

leucogaster (Fig. 3) extends from  ex trem e n o rth ern  M exico northw ard 

through the United States to southern  A lberta , Saskatchewan, and M anitoba, 

Canada. As can be seen, the range of O. leucogaster is  m ore  extensive 

than that fo r 0 . to rrid u s  and covers m uch of the w este rn  ha lf of the 

United S tates. Although the two species have a sym p a trie  geographic 

d istribu tion , many regional and local fauna 1 lis ts  indicate that they may 

be ecologically a llopatric .

The common nam es for tlie species a r is e  from  th e ir  geographic 

range and feeding hab its . The te rm  g rassh o p p er m ouse com es from  

th e ir  habit of eating g rassh o p p ers  which, in som e reg ions, constitu te 

a m a jo r portion of the diet (Bailey and Sperry , 1929). O. to rr id u s  is 

the southern  g rasshopper m ouse and 0„ leucogaster is  the no rthern  

g rasshopper m ouse (Hall, 1957).
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Fig . 3 - -  G eographic d is trib u tio n  of Onychomys leucogaster 
and O, to rr id u s .
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Two subspecies a re  found in Oklahoma: O, _1. b rev iau ritu s  from  

the w estern  half of the state , excluding the panhandle, and O, _1. a rc ticep s  

from  the panhandle. The easte rn m o st reco rd  fo r the sta te  is  from  a 

point halfway between G uthrie and K ingfisher on the north  side of the 

C im arron  R iver in Logan County.

C ary (1911), H o llis te r (1915), Bailey and Sperry  (1929), Bailey 

(1931, 1936), H all (1946). D alquest (1948), and Ivey (1957) found that O. 

leucogaster was re s tr ic te d  wholly o r in p a r t to, o r was very  common in, 

the Upper Sonoran Life Zone. On the o ther hand, Benson (1933) and Baker 

(1956) listed  it a s  c h a ra c te r is tic  of the Lower Sonoran in the southw estern 

United S tates. H o llis te r (1915) and Bailey and Sperry  (1929), however, 

described  O. to rrid u s  as being c h a ra c te r is tic  of the Lower Sonoran.

The extent of the w estern  division.of the Upper Sonoran and Lower Sonoran, 

as  described  by M erriam  (1890 and 1892) and A llee, et. , (1949),

(F ig. 4) ind icates that, the ranges of the two species (F ig. 3) co rrespond  

ra th e r  closely  to these  Life Zones. In the southern  portion  of its  range, 

how ever, O, leucogaster is , in  fact, found in the Lower Sonoran. D etailed 

ecological studies need to be conducted in o rd e r  to elucidate the ecology 

of th is  species.

Cary (1911), Benson (1933), D alquest (1948), Davis (I960), and 

Egoscue (I960) found g rassh o p p er m ice to be com mon in sandy a re a s . 

Jones, et. , (I960) caught O. leucogaster a t 8800 feet elevation in New 

Mexico in an a re a  of Yellow P ine, Douglas F ir ,  Quaking Aspen, Gambel



/©o
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Fig. 4 - -  W estern division of the upper (lined area) and lower 
(stippled area) sonoran life zones. (After Merriam, 
1890 and 1892 and A llee, et. a l . , 1949)
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Oak, and Englemann Spruce. B la ir (1939), H ibbard (1944), H all (1946), 

and B aker (1956) found O. leucogaster com mon in short g ra s s  p ra ir ie  

a re a s . B la ir (1939) found them in m ixed g ra s s  p ra ir ie  w hile Calhane 

(1947), B la ir (1939), Bailey (1931, 1936), B urt and G rossenheider (1952), 

C ary  (1911), and W arren  (1942) listed  O. leucogaster as  a " p ra ir ie  an im al". 

D alquest (1948) and Bailey (1931) found that they avoided heavy cover. 

D esert and Sem idesert was given by Dice (1930), B la ir (1943a), Calhane 

(1947), H offm eister and G oodpaster (1954), B aker (1956), and Davis (I960) 

as the hab itat p re fe ren ce . Egoscue (I960) found that th e re  w as no c le a r-c u t 

hab ita t p reference  and that the edaphic req u irem en ts  which included 

conditions perm itting  frequent dust bathing m ay have re s tr ic te d  the eco ­

logical d istribu tion  m ore  than any other physical fac to r of the environm ent.

In Oklahoma, g rasshopper m ice have been taken from  se m i­

stab ilized  sand dune a re a s  along the north  side of r iv e rs  in the w este rn  

p a r t of the state  and from  P e rm ian  so ils in the southw estern  p a rt of the 

s ta te  (P reston , 1963, and perso n a l collections). Jackson and W arfel (1933) 

co llected  them  in a re a s  surrounding the G reat Salt P la ins in n o rthern  

Oklahoma. In addition, I have collected  g rasshopper m ice from  short 

g ra ss  p ra ir ie  a re a s  with Buchloe dactyloides and Bute loua g rac ilis  as 

dominant g ra s se s  (E. L. R ice and Wm. T. Penfound, p ersonal com ­

m unication) and from  Mixed G rass P ra ir ie  a re a s  with Andropogon 

sco p ariu s , Bouteloua curtipendula, Buchloe dactyloides and Bute loua 

g rac ilis  as  dominant g ra s se s . O thers w ere captured  from  Sand-Sage
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grasslan d  and M esquite g rass lan d s . Collecting points in the state w ere 

in no rthern  E llis  County, cen tra l Woodward and Alfalfa counties, and 

southern Woods County, w estern  Logan and Canadian counties, e as te rn  

Beckham County, and H arm on and Jackson counties.

Table 1 is  a lis t of sm all m am m als that have been found associa ted  

with Onychomys le u co g aste r. These data w ere  obtained from : M erriam  

(1892), Benson (1933), D alquest (1948), Kelson (1951), Ju stice  (1957), 

C utter (1958), Egoscue (I960), Jones, et. a i . ,  (I960), P re s to n  (1963 and 

p ersonal com m unication) and from  my own reco rd s  (those m arked  with 

an a s te r isk ) . P re d a to rs  on Onychomys leucogaster included the following: 

G reat Horned Owl (Finley, 1954, and Long and Kerfoot, 1963), B arn Owl 

(G lass, 1953), Coyote (Sperry , 1941), Kit Fox (Egoscue, 1962) and Swift 

Fox (C utter, 1958).

Methods and M ateria ls  

A nim als v/ere housed individually in s im ila r  cages m easuring  

not le ss  than 6 by 6 by 12 inches. One inch of sand was placed in the 

bottom of each cage. The diet consisted  of a m ix ture  of equal portions 

of sunflow er seeds, wheat and oats, and com m erc ia l ra t p e lle ts . This 

was supplied every five days and was supplem ented a t ir re g u la r  in terva ls  

with various species of in sects and other m ice. Each cage was provided 

with a g lass nozzled w ater bottle. The m ice w ere  never without food and 

appeared  to th riv e  on th is  diet, sev e ra l an im als living in  captivity for 

th ree  y e a rs .



TABLE 1

MAMMALS FOUND TO BE ASSOCIATED WITH ONYCHOMYS

O rder Insectivora

Fam ily  Soricidae

N otiosorex craw fordi

O rder Lagom orpha 

Fam ily  Leporidae

Lepus ca lifo rn icus '‘~ -  Sylvilagus flo ridanus*

O rder C arn ivora

Fam ily  Canidae

Canis la tra n s *̂ - Urocyon c in ereo arg en teu s* - VuLpes 
m acro tis  - Vulpes veLox

Fam ily  M ustelidae

M ephitis m ephitis*

O rder Rodentia

Suborder Sciurom orpha

Fam ily  Sciuridae

Sciurus a b e r ti - T am iasc iu rus  hudsonicus - C itellus 
leucuras - C. tr id ecem lin ea tu s* -  C. sp ilosom a* 
E utam ias c in e re ice llis  - E. quadriv ittatus

Fam ily  Geomyidae

Geomys b u rsa riu s*  - Thomomys bottae

Fam ily  H eterom yidae

Perognathus apache - _P. flavus* - _P. longim em bris 
P . parvus - _P. h isp idus* -M icrodipodops m egacephalus 
Dipodomys o rd ii* - D. spectab ilis

Suborder M yomorpha

Fam ily  C ricetidae

Reithrodontom ys m egalo tus* - P erom yscus c rin itu s  
P . m aniculatus* - _P. tru e !  - Baiomys ta y lo ri - 
Sigmodon h isp idus* - Neotom a lepids - _N. m icro p u s* 
M icro tus m exicanus

14
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O bservations of the m ice w ere  m ade by placing various num bers 

of individuals and com binations of sexes in a 15 by 15 by 3 foot sheet 

m e ta l enclosure (Fig. 5) se t into the ground about 10 inches. A sand 

su b stra te  of sufficient depth to allow u n re s tr ic te d  burrow ing was provided. 

The enclosure was placed ou t-o f-doors in the sum m er and inside in the 

w in te r. A canvas blind a t one co rn e r  allowed the o b serv er to rem ain  

hidden from  the m ice while observations w ere being m ade. R ichardson 

(1958) and G rubitz (1963) successfu lly  used th is type of enclosure for 

m am m al stud ies. A few observations w ere m ade on m ice placed in 

50-gallon aquaria  o r in cages m easuring  24 by 16 by 14 inches, each of 

which had enough sand to fac ilita te  burrow ing.

The enclosu res and observation  cages w ere lighted by 100 watt 

red  bulbs which, p re lim in a ry  observations had estab lished , did not 

noticeably affect the behavior of the m ice. Notes w ere  taken on a tape 

re c o rd e r  and la te r  tra n sc rib e d , and w ere supplem ented by 35 mm. 

photographs. A nim als w ere  perm anently  m arked  by clipping various 

com binations of toes. A p a tte rn  of m ark s  of blue Columbus Vaccine 

Company Chick Dye a c ro s s  the back was used to fac ilita te  identification 

of individuals.

O bservations began in N ovem ber, I960, and ended in August,

1963. During the sum m ers of 1961, 1962, and 1963 the w ork w as done 

a t the U niversity  of Oklahoma B iological Station, W illis, Oklahoma; 

w ork during the academ ic y e a r w as c a rr ie d  on a t the Anim al B ehavior 

Laboratory  on the N orm an (North) Cam pus of the U niversity  of Oklahoma.



16

F I G U R E  5

T W O  V I E W S  OF THE 
E N C L O S U R E  US ED I N T HI S  S T U D Y



] CHAPTER II

!
j SHELTER-SEEKING BEHAVIOR

Burrow  Types

The m ice w ere placed in enclosures which had a sand substra te  

of sufficient depth to allow u n res tr ic ted  burrow ing, and w ere allowed to 

burrow  in the enclosure for a period  of not le ss  than th ree  days, during 

which o ther observations w ere m ade. They w ere then rem oved with 

Sherm an live trap s  and p la s te r  of P a r is  ca s ts  w ere  m ade of som e burrow s 

while m easurem en ts and sketches w ere carefu lly  m ade of o thers  that 

w ere dug up. The length, d iam eter (the m ean of the g re a te s t and least 

d iam eter) a t 5 cm. in te rv a ls , depth below the surface  and size  of the 

en trance of each cast w ere recorded ; and the use m ade of the burrow 

was noted.

F rom  these  data it becam e evident that four genera l types of 

burrow s w ere constructed  by Onychomys leucogaster: a nest burrow , 

a re tre a t  burrow , a cache burrow , and m iscellaneous burrow s including 

those used fo r defecation and signposting.

The nest burrow (Fig. 6) was a shallow U -shaped burrow  with a 

m ean o v e r-a ll length of 48 cm . and m ean depth of 14 cm . a t the deepest

17
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F i g .  6  - -  T h e  n e s t  ( l e f t )  a n d  r e t r e a t  ( r i g h t )  b u r r o w s  
o f  O n y c h o m y s  l e u c o g a s t e r .



19

point below the su rface . N ear the cen te r of the burrow  was the nest portion 

which was a rough fusuoid averaging 12 cm . long, 9 cm . wide, and 7 cm . 

high; the rem ain d er of the burrow , averaged  about 4. 5 cm . in d iam eter, 

and the two en trances to each nest.burrow  m easu red  6 .7  cm . in length 

by 4. 7 cm. in width. The twelve n es t burrow s m easu red  w ere  used for 

sleeping, re tre a t,  rea rin g  of young, and some feeding, and w ere the 

cen ter of activ ity  in the enclosu re . W ithin the nest portion was a sm all 

oval platform  of g ra ss  and a  sm all cache of seeds. Usually, only one 

en trance was used, the o ther being plugged; often both w ere plugged 

during the day. N est burrow s w ere dug and u tilized  by p a irs  of m ice 

w hile individual m ice lived in a hollow èd-out cham ber under a rock or 

g ra ss  clump.

Eighteen re tre a t burrow s had a m ean o v e r-a ll length of 23 cm . 

and a m ean depth of about 20 cm . at the deepest point below the su rface . 

The d iam eter of r e tre a t  burrow s and the size of the single en trance w ere 

s im ila r  to those for the nest burrow . The r e tr e a t  burrow  {Fig. 6) was 

not used fo r nesting and had no en larged  cham ber as  had the nest burrow .

If a m ouse was frightened w hile moving about the enclosure it ran  to the 

n e a re s t burrow  and then, if it had gone into a r e tr e a t  burrow , cam e out 

a fte r  a few m inutes (depending upon what caused the re tre a t)  and moved 

over to the n est burrow .

The th ird  burrow  type, the cache burrow , was used to s to re  seeds 

a t various locations about the enclosu re . Insects w ere never cached in
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these burrow s. They w ere .never m ore  than 10 cm . long, w ere dug in 

the sand at an angle of not m ore  than 45 degrees from  the horizontal, 

filled  with seeds, and covered with a  one-cm . layer of sand. They w ere 

not located n ear the food supply. Cache burrow s w ere  not used as a 

reg u la r source of food if insects and o ther m ice w ere availab le  as food 

in the enclosure.

Several o ther burrow s w ere  observed in the enclosu re . Some 

w ere used as p laces of defecation, these  being about 5 cm . long and dug 

a t an angle of a lm ost 90 degrees from  the horizon ta l. T h ere  w ere also  

many places w here burrow s had been s ta rte d  and abandoned. C ertain  

o ther burrow s, le ss  than 3 cm. long, w ere used to m a rk  a te rr i to ry  

(see agonistic behavior).

An enclosure generally  had one nest burrow , th ree  or four re tre a t 

burrow s located a t least eight feet from  the nest burrow , and one o r two 

cache burrow s. A typ ical a rrangem en t of burrow s w ithin the enclosure 

is  shown in F igure  7 (data obtained from  over 100 reco rded  a rrangem en ts). 

The f i r s t  burrow  to be dug w as a nest burrow . Although the tim e  was 

quite v ariab le , a m ale-fem ale  p a ir, when re le a sed  into an  enclosure , 

always com pleted a nest burrow  within one hour of introduction, although 

the  ac tual digging tim e was le ss  than 5 m inu tes. A fter com pletion of the 

n e s t burrow , one re tre a t burrow  was dug the f ir s t  night. During the 

second night in the enclosure the m ice dug two o r  th ree  m ore  re tre a t 

burrow s and often one cache burrow . By the end of the second night, the 

burrow  arrangem ent was s im ila r  to that in F ig u re  7. N est burrow  en trances 

w ere  never c lo se r  than 1. 5 feet to a clum p of g ra ss  o r  o ther protection.
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F « FOOD
'1 .5  FT

N > NEST BURROW

BS • BLUESTCM CLUMP R > RETREAT BURROW

0 « CACHE BURROW RO « ROCK

W « WATER

Fig. 7 - -  A typical arrangem ent of Onychomys leucogaster  
burrows within an enclosure.
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Burrow C lim ate 

A twelve channel Yellow Springs Instrum en t Company T ele- 

T herm om eter was employed to re c o rd  te m p era tu re s  a t various locations 

w ithin the enclosure and in n est burrow s. Hourly tem p era tu res  w ithin 

a nest burrow  fluctuated 12 degrees and on the sand su rface  fluctuated 

49 degrees (Fig. 8). T em p era tu res  taken a t the su rface  and a t depths 

of one, six, and twelve inches (Fig. 9) showed that the sand acted  as an 

insu la to r and m aintained the te m p era tu re  w ithin a range of 14 degrees 

a t six  inches and only 4 degrees a t 12 inches com pared to a  43 -degree 

range a t one inch deep and a 72 -degree range on the su rface . T em p er­

a tu re s  taken one inch above the sand su rface, a t the sand surface, and 

w ithin a burrow  showed a s im ila r reduced fluctuation within the nest 

burrow  (Fig. 10).

It was apparen t from  these data tha t a burrow  provided a  m ouse 

with an a tm osphere  that was not always coo ler (see tem p era tu res  between 

0100 and 0400 hours), but provided a p lace w here the m ouse could avoid 

the ex trem e fluctuations it would encounter on the su rface  (including 

the ex trem e d iurnal su rface  tem p era tu re ). Equipm ent was not availab le 

to m easu re  re la tive  hum idity w ithin Onychomys burrow .

Burrow ing Behavior 

B urrow s w ere dug in the following m anner. The m ouse stood 

on its  hind legs, held its fo refee t together, and with sim ultaneous
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m ovem ents of the forefeet, scooped sand under its  belly. At in terva ls  

the m ouse held itse lf  up with the fo refeet and with a lte rn a tin g  kicks of 

the hind feet, moved the d irt a s  fa r  as  18 inches behind. While digging, 

the ta il  was held s tra ig h t out behind and appeared  to be ra th e r  stiff.

When a burrow  was being dug, a  pile of sand accum ulated a t the entrance, 

and th is was then sca tte red  over an a re a  of 14 inches rad ius around the 

en trance by the sam e a lte rna ting  kicks of the hind legs. The re su lt of 

th is  was that the en trance was not noticeably ra ised  above the su rface . 

Burrow s began as  a v e rtic a l tunnel which, a t a depth of about 10 cm, 

angled off. This v e rtic a l shaft was elim inated by enlargem ent of the 

en trance.

Nest burrow s, like those in F igu re  6, w ere only dug by a m ale 

w ith the help of a fem ale. While digging within a burrow , the m ale was 

unable to kick sand out of the burrow  unless he moved backw ard as 

he kicked. While digging a  nest burrow , the m ale kicked sand behind 

him and the fem ale followed behind him and m oved it out of the burrow .

A fem ale followed the m ale into an uncom pleted burrow  and began moving 

sand out of it as soon as he entered, and even before he had begun to dig. 

W orking together, a m ale and fem ale could com plete a  nest burrow  in 

five m inutes.

Juvenile m ice, both m a les  and fem ales, w ere  frequently  observed 

"helping" the m other dig a shallow burrow . They moved behind h e r  and 

kicked the sand, although they did not m r ve it very  fa r.
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Use of O ther Burrow s 

In an a ttem pt to determ ine w hether Onychomys would live in 

burrow s dug by o ther species, p a irs  of Dipodomys ord i and Pe rogna thus 

hispidus w ere  re le ased  into en c lo su res. A fter th ree  day periods they 

w ere rem oved and p a irs  of 0 . leucogaster w ere re le ased  into the 

enc lo su res. T hree  t r ia ls  with each species resu lted  in the sam e pa tte rn  

of activ ity . During the f i r s t  night g rasshopper m ice used the burrow s 

of the o ther species as a place of r e tre a t  but dug th e ir  own nest burrow . 

By the second night the burrow s of the o ther species w ere not used a t 

a ll and by the th ird  night they w ere m ostly  destroyed by wind erosion  

and m ovem ent of the Onychomys over them , and the Onychomys had dug 

re tre a t burrow s of th e ir  own.

G rasshopper m ice w ere la te r  re le ased  into the enclosures from  

which kangaroo ra ts  (Dipodomys o rd i) had not been rem oved. The 

kangaroo ra ts  w ere soon killed, but the burrow s w ere not used. These 

data indicated that, under the conditions of th is study, Onychomys 

leucogaster did not nest in burrow s dug by o ther species. One facto r 

of im portance may be tha t the burrow s of D. ord i and P; h isp idus w ere 

not the sam e size  and configuration as those of Onychomys (as de­

te rm ined  from  a cu rso ry  exam ination of ca s ts  and excavated burrow s).



CHAPTER III

AGONISTIC BEHAVIOR

G eneral A spects 

V erplanck (1957) defined agonistic behavior as  a broad c la ss  of 

behavior types that includes a ttack , th rea t, appeasem ent, and flight. 

S im ilarly , Scott (1958b) regarded  agonistic  behavior as  any so r t of 

adaptation connected with a contest o r conflict behveen two an im als. 

A ggressive behavior is a p a rt of agonistic behavior and is lim ited  to 

fighting (Scott, 1958a). Thus, according  to these definitions, te r r i to r ia li ty  

would be included in the broad category  of agonistic  behavior since it 

re in fo rces  dominance re la tionsh ips and reduces sexual fighting (C .R . 

C arpen ter, 1958) among o ther things.
i  '

O. leucogaster, a p redato ry  m am m al, displayed a w ell developed 

p a tte rn  of aggression . This pa tte rn , s im ila r  in in tra -  and in terspecific  

encounters, consisted  of the a g g re sso r rapidly  pursuing the v ictim  with 

repeated  pounces upon it, until he obtained a  hold with the fo refeet.

Should the g rasshopper m ouse in the ro le  of a victim  assum e a defensive 

postu re  in which he stood on h is  hind legs, ta il  stiff, e a rs  perked  up, 

back s tra ig h t and fo refeet ra ised  against the thorax , paws down (F ig. 11a),

28
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the ag g re sso r nipped a t h is ta il  and legs until he was forced  to expose 

h is back to a ttack . Using h is  forefeet, the ag g re sso r  then seized  the 

victim  from  the r e a r  and bit through the p o s te rio r  region of the skull 

(F ig. 11b), Ënd the victim  was k illed  within ten  seconds a f te r  se izu re .

The claws w ere never observed  to  be used as weapons.

O ccasionally, during the cou rse  of a chase, the victim  stopped 

abruptly  and the a g g re sso r  ran  past the victim , apparently  without seeing 

him  stop. This would cause the a g g re sso r to lose the victim  until the 

la tte r  moved again.

The f i r s t  th ree  in traspecific  contacts estab lished  the dom inant- 

subordinate re la tionsh ip  which lasted  the duration  of the encounter and 

ended in death of the subordinate w ithin th ree  days. The dom inant- 

subordinate re la tionsh ips, obtained from  reco rd s  of frequency of contacts 

between m em bers of a group of m ice  re leased  into the enclosure , ind i­

cated that th e re  was one dominant and no h ie ra rc h ic a l a rran g em en t 

among the subord inates.

T w enty-three in tersp ec ific  encounters w ere  staged between O. 

leucogaster and the following species: Dipodomys o rd i, Perognathus 

h isp id u s , Reithrodontom ys m eg a lo tis , P erom yscus m an icu la tu s,

P . leucopus, Sigmodon h isp id u s, and Mus m usculus and inevitably 

resu lted  in death of the subordinate within two hou rs of the f i r s t  contact. 

A ll of the introduced species appeared  to recognize O. leucogaster as  a 

p red a to r on f ir s t  contact and O. leucogaster was never subordinate.
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A

Fig. 11 - -  Two agonistic postures of Onychomys leucogaster.
A: upright defensive posture; B: aggressor biting 
and holding a victim .
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This even applied to Sigmodon hisp idus m ales who w ere th ree  tim es as 

la rge  by weight as the Onychomys. Although th e re  was no observable 

difference in the reac tion  of an individual m ale o r fem ale g rasshopper 

m ouse to an ag g re sso r, if a  m a le-fem ale  p a ir  encountered another 

an im al of the sam e species o r of another species, the m ale of the p a ir 

was the a g g re sso r  and the fem ale rem ained in the nest burrow  during 

m ost of the encounter.

An in traspecific  encounter between O. leucogaster was initiated 

by and in te rsp e rse d  with c irc lin g . In 132 reco rded  lik e -sex  encounters 

the d iam eter of the c irc le  was not le ss  than 36 c m . , and in 174 recorded  

u n like-sex  encounters it was of a 10-15 cm . d iam eter (about the body 

length of the individuals involved). C irc ling  was im m ediate and in over 

100 reco rded  observations never failed to be of the above m entioned 

type, indicating that sex recognition m ust be im m ediate.

Types of A gonistic Encounters 

F o r purposes of quantitating agonistic behavior, in traspecific  

encounters w ere  grouped into th ree  g enera l types; the fight, the chase, 

and the approach. In a chase, as  described  previously , the a g g re sso r 

pursued  the victim  for d istances of th ree  feet to fifteen feet. C hases 

w ere  frequently in te rsp e rse d  with fights. Any agonistic contact between 

two an im als, except nips a t the ta il, was considered  a  fight. In a fight 

the two anim als faced each other, ra ise d  up on th e ir  hind legs, backs 

s tra igh t, ta ils  stiff, e a rs  perked, with the fo refeet ra ise d  against the



32

chin (F ig. 12a), and sp a rred  with each o ther. They then m et and 

assum ed a "lock" position with th e ir  ven tra l su rfaces  together a t right 

o r  n ea r right angles (Fig. 12b). While in this postu re  they ro lled  

around for superio r position and attem pted to bit the back of the o thers  

head . They then separated  and resum ed the chase.

During the th ird  type of agonistic  encounter, the approach, the 

subordinate an im al moyed away a t the approach of the dominant. An 

approach  by the dominant as d istan t as  12 feet could cause the  sub­

ord inate  to move away.

Since one ro le  of a dom inant-subordinate rela tionsh ip  is  to reduce 

the amount of fighting between the individuals involved, a  change in the 

frequency of these th ree  types of agonistic encounters should be expected 

once the dominance has becom e estab lished . It was observed  that 

dom inant-subordinate rela tionsh ips w ere always estab lished  w ithin 20 

m inutes of the f i r s t  encounter.. To m easu re  the affect of th is re la tio n ­

ship on the frequency of agonistic  encounters, situations w ere  staged in 

which th ree  an im als of a ll com binations of m a les  and fem ales w ere 

p laced together and the frequency of each type of encounter reco rded  

during the f ir s t  and th ird  half hour a f te r  re le a se . Of the th re e  kinds of 

encounters, chasing and fighting w ere both m arkedly  violent, while 

approaches w ere non-violent. Table 2a dem onstra tes  that it is  p e rm is s i­

ble to group fighting and chasing together under the single category  

"violent encounters, " since the proportion  of th ese  two types of



33

A

B

C

Fig. 12 Three postures of Onychomys leucogaster. 
A: upright defensive sparring posture;
B: the "lock posture during a fight; C; the 
subm issive posture.



TABLE 1

FREQUENCY OF AGONISTIC ENCOUNTERS DURING THE FIRST 

AND THIRD HALF HOUR OF CONTACT FOR O. LEUCOGASTER

VIOLENT ENCOUNTERS

FIGHTS CHASES TOTAL

FIRST
HALF-HOUR

obs - 28 
ex. - 27.65

obs - 269 
ex. = 269.35

297

THIRD
HALF-HOUR

obs = 3 
ex. = 3.35

obs - 33 
ex. = 32.65

36

TOTAL 31 302 333

b
ALL ENCOUNTERS

VIOLENT NON-VIOLENT TOTAL

FIRST
HALF-HOUR

obs :  297 
ex. = 251- 9799

obs = 42 
ex. = 87* 0200

339

THIRD
HALF-HOUR

obs - 36 
ex. -  31'0200

obs = 73 
ex. = 27-9799

109

TOTAL 333 115 448

34
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encounters is nearly  identica l in the f i r s t  and th ird  ha lf hou rs . It is 

obvious from  Table 2a that the frequency of both kinds of encounters is 

m uch g re a te r  in the f i r s t  ha lf hour than in the th ird , but the re la tive  

frequencies of fighting and chasing a re  not changed. F rom  inspection 

of Table 2a it is obvious tha t the observed values a re  a lm ost in perfec t 

agreem ent with expectation. C h i-square  analysis  of th is  tab le  is  u n tru s t­

worthy because of the low expected frequency of fights in the th ird  half 

hour, but the F ish e r  exact te s t  indicates a probability  of 0.5621 for 

the observed and a ll  m ore  ex trem e tab les.

In Table 2b, "violent" encounters (fights and ch ases  lumped) 

and "nonviolent" encounters a re  com pared, again as  a  2 x 2 contingency 

ana ly sis . Deviations of observed  from  expected values is la rge  ( i .4 5 ,0 2 ) , 

and the resu lting  ch i-sq u a re  (125.94) indicates a probability  of very  

much less than one in ten  thousand. Thus the null hypothesis, that 

violent and nonviolent encounters occur in the sam e proportion  during 

the f i r s t  and th ird  half hours, is re jec ted . The proportion  of violent 

to nonviolent encounters changes d ras tica lly  a f te r  the estab lishm ent of 

the dominance re la tion , th e re  being a m uch la rg e r  p roportion  of non­

violent encounters during the th ird  ha lf-hour.

Under these  conditions, although an an im al was m ore  likely to 

engage in a nonviolent agonistic  encounter a f te r  the dom inant-subordinate 

rela tionsh ip  w as estab lished , the re la tiv e  proportions of violent and 

nonviolent encounters rem ained  the sam e. A lso, the to ta l num ber of
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encounters was significantly low ered during the th ird  half hour. This 

w as tested  as a 1:1 ra tio  by c h i-sq u a re  analy sis , indicating a  probability  

of less  than 0. 0001.

T e rr ito r ia lity

Burt (1940) defined the te r r i to ry  a s  the defended portion  of the 

home range when the la tte r  w as defined as, ". . . that a re a  about its  

estab lished  home which is tra v e rse d  by the an im al in its  n o rm al ac tiv ities  

of food-gathering, m ating, and caring  for young. " O bservations in the 

enclosures indicated that O. leucogaster had a strongly  defended te rr ito ry , 

la rg e r  than the enclosure, but of undeterm ined size . When m o re  than 

one m ale-fem ale  p a ir o r when m o re  than one individual of the sam e sex 

w as placed in an enclosure, the subordinate m ouse (or m ice) was forced, 

by the dominant, to lim it its activ ity  to one sm all co rn e r of the enclosure. 

This co rn e r did not contain burrow s dug by the occupant of the te r r i to ry . 

The dominant an im al m arked  the edge of the enclosure  except fo r a 

portion  in one co rn e r which reached about th ree  feet down the two sides.

In sign-posting  the dominant an im al dug a sm all hole about 3 cm . deep 

w here he then took a  sand bath in which he rubbed the side of h is  head, 

h is  back and h is  belly in the spot. These m arks w ere noticeable to the 

o ther an im als as evidenced by the  fact tha t they did not c ro ss  th is "line" 

when the dominant was out of h is burrow  and when they cam e to a m ark  

they often took a o n e -ro ll sand bath in the spot. The dom inant was not 

■ re s tr ic te d  by th is line. To te s t the  accuracy  of th ese  spots in indicating
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a te r r i to r ia l  boundary, on two occasions they w ere carefu lly  dug up and 

moved to another location w here they w ere respec ted  as  a te r r i to r ia l  

boundary the sam e way they had been in th e ir  prev ious location.

Subordinates en tered  the te r r i to ry  of the dominant when he was 

in a burrow , but ran  to the co rn e r when he cam e out. T e r r i to r ie s  w ere 

not defended by fights, but chases or, in m ost ca se s , approaches w ere 

sufficient to cause the subordinate to leave. F em ales did not estab lish  

a te r r i to ry , nor did they help  defend it, although, if two o r m ore  fem ales 

and no m ales w ere  placed in an enclosure , the dominant fem ale eventually 

killed  the o th e rs . M ice in addition to one m ale and one fem ale could not 

rem ain  in an enclosure m ore  than two nights without being killed.

A m ouse which was defeated in a fight was not killed  during the 

f ir s t  few fights if it assum ed  a subm issive postu re  lying on its  side 

with the fo refeet against the thorax , ta il  stiff, e a rs  back, and eyes 

closed (Fig. 12c). When th is postu re  was assum ed , the ag g re sso r 

ceased  the a ttack  fo r a period  of tim e from  4 to 12 m inutes. A fter this 

period  of tim e, the subordinate an im al would again be attacked . This 

subsequent a ttack  could take place even though the subordinate s till 

m aintained the subm issive postu re .



CHAPTER IV 

SEXUAL BEHAVIOR

Scott (1958b) included in the category of sexual behavior, , .

courtship, coition, and any re la ted  behavior. " T inbergen (1953) 

proposed tha t insem ination, synchronization of ac tiv itie s , persuasion , 

orientation, and reproductive iso lation  w ere  the functions of m ating 

(sexual) behavior. These asp ec ts  as  w ell a s  rep roductive  data and 

behavior of the young w ill be d iscussed  in th is chap ter.

As described  previously , sex recognition took place im m ediately 

upon m eeting, and only m ale-fem ale  p a irs  could be kept together in an 

enclosure . Smell appeared  to be the m ost im portant fac to r in sex 

recognition, since th e re  is  no strik ing  m orphological o r behavioral 

sexual dim orphism . This conjecture was supported by a  s e r ie s  of te s ts  

in which five m ale and five fem ale m ice w ere p resen ted , individually, 

e ither w ith balls of clean cotton, o r with balls of cotton in which a m ale 

o r a fem ale had nested . A ll an im als each ignored the clean  cotton, and 

showed only slight in te re s t in the cotton in which th e ir  own sex had nested . 

In co n trast, te s t an im als showed m arked  in te re s t in the balls  from  

nesting-co tton  that had been used by the opposite sex, and even perform ed

38
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portions of th e ir  p rem ating  behavior with such cotton b a lls . These te s ts  

need fu rth e r e laboration before the full ro le  of sm e ll in sexual recognition 

can be fully defined. Sm ell m ay a lso  have been im portan t in location of 

m em bers of the sam e species. This was suggested by the behavior of 

4 anim als that escaped from  the enclosure and trav e led  150 feet to the 

location of the colony cages. To reach  these, it was n ece ssa ry  for them 

to tra v e l tow ards an a re a  of hum an activ ity , and much of the way through 

an  a re a  of building construction . In the absence of som e a ttrac tiv e  

stim ulus, it seem s reasonab le to suppose that such a re a s  would be 

avoided.

C ourtship  and Copulation

C ourtship behavior followed a v ariab le  p a tte rn  which was stopped 

and resum ed a t various points. The genera l p a tte rn  was as  follows 

(based on 34 observations through a t le a st stage four):

1. The m ale and fem ale m et and moved in a tight c irc le  

(agonistic Behavior) for a  v ariab le  num ber of revolutions followed by 

the fem ale following the m ale w ith h e r  nose touching h is  anal region o r 

the base of h is  ta il. This following response  covered a d istance of 10 

feet to 60 or 70 feet.

2. They stopped and c irc led  again, then ra ise d  up and touched 

noses in a n aso -n asa l postu re  (Fig. 13a).

3. The fem ale then sniffed the m a le 's  genital region and the 

two ro se  up in the n aso -n asa l p o stu re . At this point the courtsh ip  could
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B

C

Fig. 13 Some sexual postures of Onychomys leucogaster.
A; the m ale-fem ale naso-nasal posture; B; the 
posture of a fem ale while a m ale rubbed h is  
back on her belly; C: a fem ale standing on her 
hind legs with a m ale sm elling her genital region.
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b reak  off, e ith e r fo r sev e ra l hou rs  o r fo r a few m inutes, and be resum ed  

a t the next step o r discontinued.

4. The m ale then followed the fem ale and stayed about 1 cm. 

from  the base of h e r  ta il. They occasionally  stopped and assum ed the 

n aso -n asa l postu re .

5. The m ale then sniffed the fem ale 's  g en ita lia  and walked 

back and fo rth  in front of h e r  two to six  tim es while she sat on h e r  

haunches.

6. The fem ale then ra ised  up on h e r haunches (Fig. I3b) and 

the m ale moved under h e r , rubbing h is  do rsa l side a c ro s s  h e r  ven tra l 

side.

7. The fem ale then ra ised  up on h e r  hind legs (Fig. I3c) and 

the m ale nosed h e r  genetalia and groom ed h e r  face with his mouth. At 

th is point the courtsh ip  again m ight be in terrup ted  fo r varying periods 

of tim e, not exceeding 30 m inutes, a t which tim e the sequence could 

again be continued. At th is point, the p rocedure  could also  be stopped.

8. The m ale and fem ale c irc led  and they placed th e ir  ven tra l 

sides together, held each o ther with the forefeet, and the fem ale p e r ­

form ed a very  quick backw ard so m ersau lt w hile, at the sam e tim e, the 

m ale perform ed  a forw ard  so m ersau lt. This stage was observed  only 

th ree  tim es.

9. The fem ale then assum ed  a position on h e r  side and the m ale 

sniffed and nibbled h e r  neck and side.
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10. The fem ale then stood on a ll four feet, ta il to one side, back 

only slightly arched , and ea rs  back. The m ale approached h e r  from  

behind and mounted.

This ten phase pa tte rn  w as in terrup ted  a t the points indicated, 

but if in terrup ted , the m ale often attem pted to mount, but was never 

successfu l. Steps 1, 2, 4, 5, 7, 9, and 10 w ere n ece ssa ry  fo r su c ­

cessfu l copulation, and as long as  th ree  hours w ere req u ired  for 

com pletion of the en tire  sequence. Steps 1 through 3 took from  5 to 20 

m inutes (m ean 10, 5 m inutes), steps 4 through 7 from  3 to 10 m inutes 

(m ean of 6. 0 m inutes), and the final phase took from  2 to 4 m inutes 

(m ean 2 .5  m inutes). ■ •

Copulation followed an unusual p a tte rn  for the C rice tidae . The 

m ale approached from  behind and placed h is  fo re fee t on the an te rio - 

do rsa l region of the fem ale. He then in se rted  h is  penis for 1. 5 seconds 

with a  single th ru s t. Upon insertion , the fem ale ra ised  and stre tched  

h e r  head forw ard  and h e r  ta il  stiffened to one side. Then, while 

in - copula, they ro lled  on th e ir  sides and rem ained  in this position for 

two seconds a fte r  which the fem ale got up and groom ed and the m ale 

got up, but rem ained  hunched up for two seconds, then groom ed h is 

genital region and moved about. This pa tte rn  of copulation was observed 

on eight occasions with six different p a irs  of m ice . On one occasion 

the fem ale got up before the penis was w ithdraw n and dragged the m ale 

about six  inches before h is penis was re leased .
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The m ale stopped the following response  of the fem ale when he 

assum ed a postu re  in which he sa t on h is haunches and placed h is nose 

a t the base of h is  ta il. This not only caused an im m ediate cessation  of 

the following response  of the fem ale, but a lso  caused a perm anent 

in terrup tion  of that p a rticu la r  courtsh ip  sequence. Homosexual behavior 

was never observed.

G estation and L itte rs

Six l i t te rs  w ere born in captivity and these  supplied some in fo r­

m ation on gestation and li tte r  size . The e a r l ie s t  reco rd  of p artu ritio n  

I have was for a l i tte r  of four young born on 11 M arch 1963. Allowing 

fo r a 32 day m inimum gestation  period, th is  req u ired  breeding to have 

occurred  on 8 F eb ru a ry . The la te s t reco rd  of b irth  I have was a li tte r  

born  on 9 O ctober, 1961, which requ ired  m ating on o r before 7 Septem ber, 

1961. L itte rs  for which I have reco rd s  w ere  born  in M arch, May, June, 

August, and O ctober.

Thus, these  reco rd s  indicated breeding occu rred  in Oklahoma 

from  F eb ru ary  through Septem ber and exam ination of fem ales indicated 

that they w ere po lyestrous during that tim e. The gestation  period  for 

two li tte rs  was definitely known. L itte r A was born on 11 May, 1961 

a f te r  a gestation  period  of 34 days and L itte r  E was born 10 August, 1963 

a f te r  32 days gestation .

Of the nine l i tte rs  fo r which I have reco rd s , li t te rs  of 3, 4, and 

5 individuals w ere  observed  4, 3, and 2 tim es respectively , and indicate
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an average l i tte r  size  of about 3. 8. Sex ra tio s  w ere obtained fo r 6 of 

th ese  9 li tte rs , and taken toge ther w ith 65 field  cap tu res , y ie ld  an 

observed sex ra tio  of 45 fem ales to 43 m a les . This suggests a 1:1 sex 

ra tio , o r som e very  close approxim ation to equality.

Successful copulations w ere  observed  fo r two fem ales on the 

night following p artu rition . This has a lso  been observed by J . R. P re s to n  

(personal com m unication) among O. leucogaster kept a t the F o rt W orth 

C h ild ren 's  M useum,

Ontogeny of Behavior

Evidence from  six  li tte rs  of O. leucogaster observed every  day 

from  b irth  to 90 days of age, produced the following data. A behavior 

pa tte rn  was not reco rded  until it appeared  in h a lf of the young observed . 

P r io r  to that date, it was e ither not observed, o r  observed  in only a few 

m ice.

Day 1. The m ice w ere born  naked and he lp less  and th e re  was 

considerab le  squeaking from  the n est.

Day 2. The m ice could move about the nest but w ere very  shaky 

and uncoordinated. The body was covered by a d o rsa l gray fuzz with 

w hite fuzz on the v en tra l side.

Day 3. The young began to gain equilibrium , moving m ore  

easily  about the n est. The ea rs  unfolded.

Day 4. They now rem ained  rig h t-s id e -u p  m ost of the tim e.

Day 5. They moved out of the nest fo r the f ir s t  tim e.
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Day 9. The inc iso rs  appeared .

Day 10. The eyes opened, the m ice s til l  moved about with

ra th e r  je rky  m ovem ents and w ere  easily  frigh tened . They began to eat 

sunflower seeds and the abdom ens of insects which the m other had not 

eaten. While eating, they put th e ir  food on the ground m ore often than 

did adults.

Day 14. The m ice dug in the sand fo r the f i r s t  tim e. They now 

spent as much tim e groom ing as did the adu lts . They s til l  moved with 

quick h u rried  m ovem ents but w ere le ss  je rk y . Some fighting between 

litte r  m ales was observed on th is day.

Day 16. The m ice a te  in sects in the adult m anner, did not

frighten  so easily , w ere very  cu rious, burrow ed readily , and, although 

they now ate a ll types of food, occasionally  nu rsed .

Day 21. The young abandoned the li tte r  n est and dug th e ir  own

burrow  which was a  hollow under a rock  o r bluestem  clump.

Day 24. The m ice w ere weaned and nursing  was not observed

a fte r  this day.

Day 32. This was the f i r s t  day tha t attem pted mountings w ere 

observed . These w ere always h e tero sexual.

Day 43. F or the f i r s t  tim e, the m ice killed sev e ra l of a  group 

of in sec ts  p r io r  to eating any (see ingestive behavior for an elaboration).

Day 60. The adult m olt was observed  for the f ir s t  tim e.
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P a te rn a l C are  of the Young 

P a te rn a l ca re  in Onychomys leucogaster was observed  in six 

l i t te rs ,  four of which w ere ra ise d  by a fem ale alone, one ra ise d  from  

24 days of age (tim e of weaning) by a m ale alone, and one by a m ale 

and fem ale. The adults w ere so lie itus of the young and huddled over 

them  when the nest was inspected. However, if the adults and litte r  

w ere  rem oved from  the n est can, the p a ren ts  im m ediately ra n  away 

and did not attem pt to p ro tec t the young. When the inspection was 

com pleted, both p aren ts  c a rr ie d  the young back into the n est. The paren ts  

held the young in th e ir  mouth by the nape of the neck and on two occasions 

young w ere picked up by one leg. T here  was no observable  d ifference 

in the way m ales and fem ales c a rr ie d  the young. F righ tened  fem ales 

often ran  out of the next with one o r m ore  young s til l  attached  to th e ir  

nipples, but usually the young w ere  detached from  the nipples before 

she left the nest.

Until the young w ere 14 days old, a t which tim e they began to 

groom  them selves, the fem ale p aren t spent considerab le  tim e grooming 

them . H er efforts w ere concentrated  on the young 's head and back.

M ales did not a s s is t  in groom ing the young.

Adults a te  a ll but the wings and abdom inal exoskeleton of insects 

they captured  and la te r  a te  the abdom en. However, when the young w ere 

between the age of ten  days and 16 days, the paren ts  appeared  to leave 

som e of the abdom ens fo r the young.
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At about 16 days of age, the p aren ts  stayed away from  the young 

for longer periods of tim e, and by 24 days, the paren ts  ceased  to ca re  

for the young. At th is tim e, fight caused m o rta lity  among li tte r  m ates 

in creased  and the li tte r  had to be separa ted  a t 30 days of age if both 

the m ale and fem ale paren ts  w ere  p resen t. However, if only a fem ale 

paren t was p resen t, and if  they w ere in a sm all cage, they could be kept 

together fo r up to 60 days before they had to be separa ted .

E&z
s Beach (1945) listed  as  play ac tiv ities  genera l bodily activity
I
j (running etc. ), youthful p rac tice  of adult ac tiv ities , and exploration.
j

i He m entioned that play c a rr ie d  with it the em otional elem ent of p leasu re ,

I was c h a ra c te ris tic  of im m ature individuals and w as non -u tilita rian .

I Young O. leucogaster frequently  engaged in ac tiv ities  described  as  play.

I They did not d iffer from  those described  by Beach and included genera l

! running about, digging in the sand, and, a f te r  14 days of age, included

fighting. P ra c tic e  of sexual ac tiv ities  w as observed infrequently  and 

no hom osexual activ ity  was observed. Young m ice kept in a  cage with
j
I hardw are cloth sides and top spent considerab le  tim e running up one

; end of the cage, upside down a c ro ss  the top and down the o ther end.

They ofen did th is for 30 m inutes w ithout stopping, 

j P lay  began a t the age of five days and inc reased  in am ount until

the age of 21 days when they abandoned the n est. F rom  day 21 it de-

i
I c rea sed  until a t 60 days of age there  was a lm ost no activ ity  that could

I be c la ss ified  as play.
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Adult Molt

The adult m olt (change to adult pelage) began 60 days a fte r  b irth . 

F igure  14 shows the p ro g re ss  of the m olt from  the juvenile gray pelage 

to the adult cinnamon phase pelage, shaded a re a s  indicating the new 

pelage. The adult m olts of 15 m ice w ere  observed and sketched from  

onset to com pletion to a r r iv e  a t th is  com posite pa tte rn . M olting began 

with a thin cinnamon bar which appeared  ju st behind the fo re legs and 

p ro g ressed  p o sterio rly , fa s te r  on the ven tra l end of the bar than on the 

do rsa l. By ten  days the cinnamon co lor had about covered the anim al 

between the fo re legs and hindlegs. At twelve days one sm all spot 

appeared on the rum p, and the sides w ere  cinnamon between the forelegs 

and hindlegs. At day 15 of the m olt (75 days a fte r b irth) the an te rio r 

and p o s te rio r spots had spread  a little  and a  spot of cinnamon appeared 

on the neck, ju s t behind the e a rs . By day 18 these spots had spread  

until a lm ost the whole rum p was covered, the spot behind the ea r had 

p ro g ressed  down to m eet the a n te r io r  shoulder spot and a  spot appeared 

on the top of the head. These spots p ro g ressed  an te rio rly  and po ste rio rly  

to com plete the cinnamon phase by the tw entieth day (80 days a f te r  b irth). 

It can probably be assum ed that the dark  adult co lor phase described  

previously  was m olted in a s im ila r  fashion although th is was not observed . 

Molting from one adult pelage to another w as also  not reco rded .
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DAY I DAY 12

DAY 2 DAY IS

DAY e DAY I 8

DAY 10 DAY 2 0

Fig. 14 - -  P a tte rn  of the adult m olt in Onychomys leucogaster 
(Stippled a re a s  ind icate  new pelage).



CHAPTER V

INGESTIVE, ELIMINATIVE, AND GROOMING BEHAVIOR

Ingestive Behavior 

Kinds of Food

During the p resen t study, g rasshopper m ice killed and ate  the 

following species of sm all m am m als: Perbgnathus h isp idus, Dipodomys 

ordi, Reithrodontom ys m iegalotis, P erom yscus leucopus, P . m anicu la tus, 

Sigmodon h isp idus, and Mus m uscu lus. Ants w ere  the only species of 

local insects not eaten, and although a study of the species eaten was 

not conducted, no o thers w ere refused. Onychomys seem ed to p re fe r  

the la rg e r  in sects , p a rticu la rly  g rassh o p p ers , June bugs, and m oths.

They also  a te  chunks of sand (observed in one 40 day old anim al), a 

leopard  frog (Rana p ipiens), a s ix -lined  race ru n n e r (Gnemidophorus 

sex lineatus), and a dead English Sparrow (P a s se r  dom esticus). The 

m ice could not be induced to eat eggs. Although g rasshopper m ice that 

w ere killed in in traspecific  fights had th e ir  b ra in  p ie rced  and often had 

a s lit in the d o rsa l abdom inal w all through which a loop of the sm all 

in testine had been pulled, no cases  of cannibalism  w ere observed .

50
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Hoarding Behavior 

Onychomys dug cache burrow s in which seeds w ere stored , a 

sm all cache of seeds was found in the nest cham ber and the nests  in 

colony cages usually  contained a  supply of seeds (C hapter II). If in sec ts  

or o ther an im al food was availab le, the s to re s  of food w ere not used.

Method of Eating Food 

Seeds w ere held in the forepaw s, the seed coat was rem oved 

in s tr ip s  with the teeth, and the cotyledons rem oved and eaten. Insects 

w ere g rasped  with the teeth , held in the forepaw s, the head chewed off, 

and a l l  but the wings and d is ta l portion  of the abdom en w as eaten . When 

a m ouse was given sev e ra l in sec ts  at one tim e, he bit the heads off of 

m ost of them before eating any one of them .

F igure  15 shows two postu res  assum ed while in sects and seeds 

w ere eaten. These a re  only rep resen ta tiv e  and indicate the two ex trem es 

of th is variab le  postu re . F igu re  15b was c h a ra c te r is tic  of younger 

an im als but was also  observed in adu lts . A nother m ouse, a f te r  being 

killed, was held down with the fo refeet and the flesh  to rn  away with the 

teeth  and a ll but the skin was eaten.

The young nursed  while the m other stood on a l l  four feet with h e r  

hind legs sp read . The young e ither laid on th e ir  back with th e ir  head 

under the m other, o r they laid on th e ir  belly with th e ir  head stre tched  

forw ard and grasped  a nipple to n u rse . While lying on th e ir  back to 

nu rse , the young e ither held onto the m other with th e ir  fo refeet or held
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B

Fig. 15 - -  Feeding p o s tu res  of Onychomys Leucogaster.
A: the upright feeding postu re; B; the prone 
feeding p o s tu re .
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th e ir  fo refeet against th e ir  abdom en. The grip  on the nipple was sufficient 

to allow the young to be dragged about the enclosure when the m other 

was frightened while they w ere  nursing .

W ater was lapped from  a dish and the paws w ere not used in 

drinking. Food w as e ither eaten on the surface, as was the case  with 

seeds and insects , o r dragged into the burrow . The m ale m em ber of a 

p a ir  killed the sm all m am m als and a te  a little  of them outside the burrow  

before dragging the c a rc a ss  into the burrow  w here, p resum ably , the 

fem ale a te  som e of it. The skin was then dragged out of the burrow  

and left on the su rface .

Coprophagy

On four occasions young g rassh o p p er m ice sa t on th e ir  do rsal 

pelvic region o r laid on th e ir  side, placed th e ir  mouth over the anus 

and a te  the f i r s t  fecal pelle t expelled. These w ere the only four instances, 

in e ither c lose o r casual observation, in which coprophagy was observed. 

On these four occasions, th e re  was no "sam pling" of pelle ts  as  I have 

observed  in Geomys b u rsa iu s , which seem ed to d isc rim in a te  between 

fecal and the favored caeca l p e lle ts .

E lim inative Behavior

In the p re sen t study, m ice used one co rn e r of the cage, away 

from  the food and w ater, for u rination  and defecation and few fecal 

p e lle ts  w ere sca tte red  about the floor of the cage. N est cans or nest 

burrow s never contained fecal pelle ts  and u rine  deposits.
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Four burrow s w ere  found which contained a deposit of feca l 

p e lle ts . Although they w ere never observed in use , they w ere described  

as defecation burrow s. During sev e ra l sundown to sunup observation 

periods, elim inative behavior was never observed.

Grooming Behavior 

Individual Grooming

Individual groom ing followed a definite p a tte rn  which began with 

sev e ra l short wipes of the paws over the nose and mouth and under the 

mouth. Next the paws w ere moved in unison over the face and e a rs . 

Subsequent s trokes began fu rth er back until the whole head was included. 

This was followed by the paws being w ashed and rubbed over the sides 

and abdomen, accom panied by nibbling the fu r. Next the fo rearm  was 

held stiff and the fu r cleaned with the mouth. The m ouse then sat on 

the d o rsa l pelvic region, held the s tiff hind leg in the forepaw s, and 

cleaned the fur with the teeth, s ta rtin g  a t the knee and proceeding 

tow ard the prox im al and d is ta l end. F inally  the ta il  was pulled through 

the forepaw s and cleaned.

Of six  half-hour observation  periods, I I  p e r cent of the tim e was 

spent groom ing. Grooming of the face and paws was alw ays observed 

a f te r  a chase and when a  m ouse finished eating.

When taking a sand bath the an im al stood on a ll four legs, placed 

the side of its  head on the sand, lifted the fo refeet and, while pushing 

forw ard with the hind legs, quickly turned on the back of the neck, then 

the back and got up. The m ouse moved forw ard  about 8 cm . and turned 

com pletely over. O ccasionally, only the base of the chin and belly w ere
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rubbed in the sand. Young anim als began to take sand baths a t the age 

of 12 days. In these early  baths the an im al m ere ly  laid on the side and 

wiggled a b it. At the age of 14 days they followed the adult pa tte rn  in 

sand baths. On th ree  occasions m ice sa t on th e ir  d o rsa l pelvic region 

and scra tched  th e ir  head with th e ir  hind leg, but such scratch ing  was 

not found to be a reg u la r p a rt of grooming.

M utual Grooming 

The back of the head and shoulder region of Onychomys leucogaster 

w ere groom ed by another g rasshopper m ouse using its  teeth . Mutual 

groom ing o ccu rred  in a ll li t te rs  from  14 days of age in which fem ales 

groom ed m ales , m ales groom ed fem ales, and young groom ed th e ir  m other. 

M ale-m ale and fem ale-fem ale  groom ing was not observed . A postu re  as 

in F igure  16 was assum ed by the an im al being groom ed and the an im al doing 

the groom ing stood n ea r him , the g ro o m er's  postu res  being quite variab le .

F requency of Groom ing Types 

During six tw o-hour observation  periods of m a le-fem ale  p a irs , 

the frequency of head and facia l groom ing, whole body groom ing, and 

m utual groom ing was reco rd ed . Of 232 observations, 142 (61 per cent) 

w ere of head and facial groom ing, 46 (20 per cent) of whole body grooming, 

and 44 (19 p e r cent) of m utual groom ing. This averaged  23. 67 head and 

face, 7. 67 whole body and 7. 33 m utual groom ing reco rd s  p e r p a ir  p e r 

tw o-hour period . C h i-square  calculations confirm ed the significance of 

the obvious d epartu re  of th ese  data from  a 1:1:1 ra tio .
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Fig. 16 — Mutual grooming posture of the 
O. leucogaster being groomed.



CHAPTER VI 

MISCELLANEOUS OBSERVATIONS

Com m unication 

O lfactory Com m unication 

A utopsies m ade during th is study revealed  tha t O. leucogaster 

did not p o ssess  la te ra l o r  m id -v en tra l d erm al sebaceous glands but did 

have a  concentration  of glandular m a te r ia l a t the anal region which 

produced the musky, mu ste lid -like  odor c h a ra c te r is tic  of th is species. 

Some indication has a lread y  been given as to the ro le  which sm ell played 

in the behavior of g rasshopper m ice. It was probably involved in sex 

recognition, a lm ost certa in ly  involved in species recognition, and was 

used in m arking  te r r i to r ie s .

A uditory Comm unication 

Several au thors have noted the ca lls  of g rasshopper m ice and 

anyone who has kept them in the labora to ry  is  aw are of the noise a group 

of th ese  m ice can m ake. F our types of ca lls  w ere recognized in this 

study: (I) Young an im als, un til about four days of age; and adults during 

som e fights, gave a  squeak call; (2) a  h igh-pitched chirp ing  ca ll - -  ech, 

ech, ech, ech - -  was an a la rm  note given by individuals during an
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intense fight and when they w ere  being rem oved from  the cage; (3) a 

high-pitched, p ierc ing  ca ll which lasted  an average  of 0. 8 seconds;

(4) th is type was s im ila r to the th ird  but was broken so that it sounded 

like two shortened type th ree  ca lls , one im m ediately  following the o ther, 

and lasted  an average of 0. 9 seconds. The type th ree  ca ll w as, as  h e re  

recognized, a  m eans of in trasp ec ific  localization. This ca ll w as given 

by individuals who w ere alone in an enclosure o r who w ere  o therw ise 

separa ted  from  other g rasshopper m ice. The type four ca ll was given 

when a m ouse had located another but w as unable to make contact with 

it o r  to o therw ise specifically  locate it. To my knowledge, the type four 

ca ll has not been reco rded  prev iously . Although it was possib le  to h ea r 

m o st of the ca lls , a t tim es apparently  ca lls  w ere given (as indicated by 

postu res) that w ere  inaudible.

The postu re  assum ed  while a type th ree  o r four call was given 

varied  considerably . Both sexes held the body in various positions from  

a prone one on a ll four feet (s im ila r to F ig . 16) to an  upright postu re  

standing on the hind legs. O ccasionally the head w as held back, the 

e a rs  back, and the eyes p artia lly  closed while these  calls  w ere given. 

However, the usual postu re  was with the head s tre tched  forw ard, only 

slightly  ra ised , with the eyes p artia lly  closed, the ea rs  lying back, and 

the mouth slightly opened to expose the tee th . No definite postu re  was 

asso c ia ted  with the o ther two types of ca lls .
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i Investigative Behavior

As repo rted  by Egoscue (I960) the in itia l reac tion  of g rasshopper 

I m ice to unfam iliar situations denoted cu rio sity  o r, a t m ost, cautious

} deliberation  ra th e r  than apprehension. This departed from  the behavior

I of m ost o ther C rice tine  rodents under s im ila r  c ircu m stan ces . During

this study, the m ice gave no indication of being diurnal.

Investigative behavior included tac tile  and o lfactory  testing  of 

i objects within an  enclosure and gen era l m ovem ent about the enclosure.

In an  unfam iliar a rea , exploration o r investigative behavior in g ra s s -  

i  hopper m ice was not d irec ted  toward one object but included the en tire

; enclosure, beginning with the edges and p ro g ressin g  tow ard the cen ter
!

I so that within ten  m inutes of introduction, they had moved over the en tire

a re a . In th is way a m ouse quickly becam e acquainted with the enclosure

I
and was, presum ably , b e tte r  able to defend h is  te r r i to ry  and was b e tte r

able to escape from  p red a to rs  in the wild.

F igu re  17 shows four postu res assum ed  by g rasshopper m ice

while looking about an enclosure . F igu re  17a w as assum ed  by anim als

when they w ere not under cover o r  n ear a burrow . The ea rs  w ere

I forw ard, the paws aga in st the chest, and they looked in one direction .

I While they ran  about, the an im als often stopped and s ta red  ahead,

I standing with th ree  legs on the ground and one foreleg  ra ised , the ea rs

I w ere  forw ard and the ta il s tiff (F ig. 17b). F igure  17c p resen ts  a  postu re

'3
I assum ed when a m ouse paused while digging a  burrow , o r  while running
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Fig , 17 — Onychomys leucogaster investigative  p o s tu re s . A: the 
p o stu re  assu m ed  w hile looking about when the  m ouse 
was not under cover; B: the postu re  a ssu m ed  w hile 
running about when the m ouse stopped to look about;
C; the postu re  assum ed  w hile a m ouse w as digging 
and stopped to look about; O: the p o s tu re  assu m ed  
when a loud d istu rbance was heard .
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about the enclosure . The e a rs  w ere forw ard, the fo re legs w ere held, 

paws together, palm s down, against the abdom en. L astly , F igure  I7d 

was the postu re  assum ed  when th e re  was a  loud d istu rbance o r when a 

m ouse was confronted with an  en tirely  new addition to a  fam ilia r enclosure .

One fea tu re  com mon to a ll these  postu res  w as that the m ouse 

s ta red  in one d irec tion  and did not move its  head while looking in one 

d irection . On som e occasions it was possib le  to note that the eyes w ere 

not moved e ither. No p a tte rn  was detected in the length of tim e these

i various p o stu res  w ere  held.
i

Although no quantitative data w ere kept, it seem ed as though th e re  

was as  much as a 50 p e r cent reduction in the am ount of investigative

J behavior when O. leucogaster becam e orien ted  in a  new situation.

I Use of the T ail

i G rasshopper m ice  use the ta il  a s  a prop o r " th ird  leg" while
-j

j sitting  on h is  haunches o r  standing (Fig. 17). The sh o rt ta ils  of this

species (less  than one-half the body length), w ere not observed  to be 

used for any o ther apparen t purpose.

The ta il of g rasshopper m ice showed a degree  of ex p ress iv en ess .

I F igure  18 shows the position  of the ta il  w ith varying degrees of un fam ili­

a r ity  between the m ouse and the enclosure o r the d iffering am ounts of 

supposed " tension". When f i r s t  introduced into the enclosu re  o r  during 

a chase, the ta il  was c a rr ie d  very  stiff and s tra ig h t out behind o r  slightly 

curved up (F ig. I8a, b). A fter m ost of the enclosu re  was explored, the
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Fig. 18 - -  Tail positions in O. Leucogaster under 
differing degrees of unfamiliarity with 
the enclosure. (See text for explanation 
of the various positions)
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ta il  was obviously m o re  re laxed  and curved down o r was ra th e r  loosely 

held (Fig. 18c, d). O ccasionally, when a m ouse encountered a m ouse 

it had not previously  seen, when a subordinate m et the dominant, when 

a m ale  was followed by a fem ale; o r when a m ouse confronted a new o r 

unusual a r tifa c t p laced in the enclosu re  by the o b se rv e r, the ta il  becam e 

stiff and was held v ertica lly  (Fig. ISe). The rig id ity  with which the ta il 

w as c a rr ie d  was positively  c o rre lla ted  with the degree  of unfam iliarity  

between a m ouse and som e o ther asp ec t of environm ent.

Swimming

A study of the ro le  of swim m ing in the behavior of O. leucogaster 

was conducted in  a  half cy linder tank which m easu red  20 feet 6 inches 

long and 4 feet wide, w ith 13 1/2 inches of w ater, maxim um  depth. A 

22 inch wide sta tionary  platform  with the floor a t w ater level was 

constructed  a c ro ss  the cen te r of the tank about 2 feet from  the top of 

the tank. F ou r m ales and one fem ale w ere, a t different tim es , placed 

on the p la tform  and held fo r five m inutes in a bottom less cage. The 

cage was then slowly lifted off the platform  and the an im als w ere  observed 

fo r a 15 m inute period . At that tim e, I attem pted  to catch  the m ice by 

hand. Two of the m ales w ere  read ily  caught, but the o ther m ice, 

apparently  frightened, jum ped into the w ater. They sw arm  to one end 

of the tank and then back to the p latform , clim bed onto the p la tform  and 

did not go back into the w ater. They swam by "dog paddling" with th e ir  

fo refee t and kicking the hind feet in unison with each o ther. D istances
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swum w ere: 16 feet, 20 feet, and 35 feet. These studies indicated 

that swimming while not a usual fea tu re  of investigative behavior, could 

nonetheless be used as a m eans of escape when no o ther was availab le.

M iscellaneous O bservations 

Walking or running involved a diagonal sequence of lim b motion 

as follows: right foreleg , left hind leg, left foreleg , righ t hind leg.

The m ice showed no hesita tion  to clim b and read ily  ascended and 

descended the w ire  sides of cages and during one portion  of the study 

clim bed v e rtic le  logs. Although in th e ir  n a tu ra l environm ent they may 

never clim b, o r never encounter a tre e  o r o ther object to clim b, they 

w ere not re luc tan t to do so.

The v ib rissae  of one m ale w ere cut off and he^was observed for 

a th ree  day period. During th is en tire  tim e he moved about with very  

je rky  m otions and was very  easily  frightened by things such as  finger 

snaps o r jumping in sec ts  which did not frigh ten  norm al an im als . The 

m ovem ents of th is m ale w ere  very much like the m ovem ents of an im als 

less  than 10 days old.

No indication of h ibernation  was observed  and m ice  w ere 

captured during O ctober, Novem ber, January , F eb ru ary , and M arch 

as w ell as w arm er m onths.



CHAPTER VII

DISCUSSION

Review of the Ethogram  

The purpose of this study was to describe  the ethogram  for the 

N orthern  G rasshopper Mouse (Onychomys leu co g aste r). E ibel-E ibesfe ld t 

and K ram er (1958) and T inbergen (1951) s tre s s e d  the im portance of the 

ethogram  o r com plete inventory of the innate behavior p a tte rn s  of a 

species as a p re lim in ary  to fu rth e r ethological studies of the species. 

Hinde and T inbergen (1958) d iscussed  the im portance of the com parative 

approach to ethology in a rriv in g  a t a ten tative descrip tion  of the course 

of evolution within a group. Thus, a descrip tion  of the behavioral 

evolution of a  group of an im als should ideally include ethogram s of a ll 

or m ost of the species involved. Many genera a re  so la rg e  that such a 

p ro jec t would be im p rac tica l fo r an individual investigato r. However, 

the genus Onychomys, which includes two species, is  ideally  suited to 

such an approach both from  the standpoint of the sm all num ber of species 

and the behavioral divergence of the group from  closely  re la ted  genera.

W hitman (1899) proposed that "Instincts, like co rp o rea l s tru c tu re s , 

m ay be said to have a phytogeny . . . the m ain re lian ce  in getting a t the
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phyletic h is to ry  m ust be com parative study. " M ayr (1958) pointed out 

that behavior c h a ra c te rs  have taxononomic re la tio n sh ip s . Also, Simpson 

(1958) showed that behavior was the ac tua l m eans of in terac tion  between 

physical organization and the environm ent - -  the v isib le  expression  of 

adaptation. Thus, it is my intention to p resen t h e re  the ethogram  for 

Onychomys leucogaster as a  b asis  for fu rth e r stud ies on iso la ted  aspec ts  

of the behavior, and to la te r , if possib le , w ork out the ethogram  for 

O. to r r id u s . The two species could then be com pared in an a ttem pt to 

d escrib e  the apparent cou rse  of evolution w ithin the genus.

S helter-seek ing  B ehavior 

Bailey and Sperry  (1929) m ade the following statem ent concerning 

the nesting  habits of O. leu co g as te r. "The strong  claw s of g rasshopper 

m ice resem ble  good digging tools, but th e re  seem s little  evidence of 

extensive burrow ing. They can dig rapidly  in soft earth , and to some 

extent dig out and cap tu re  th e ir  p rey  in th is  m anner. It is  questionable 

w hether they habitually  dig th e ir  own burrow s o r generally  use abandoned 

burrow s o r those of th e ir  v ic tim s. " L a te r on in the sam e w ork the m ice 

w ere  described  as being w anderers  ra re ly  captured  a t  burrow s that could 

be called  th e ir own o r in p laces w here they would be likely to have 

perm anent hom es. However, the sta tem ent was m ade that perhaps they 

did dig burrow s during the breeding season.

L ater, Bailey (1931) sta ted  that g rasshopper m ice evidently 

occupied any burrow  found abandoned o r  from  which they could evict the
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owner, although it was considered  probable that they dug burrow s them ­

se lv es . L a ter, Bailey (1936) suggested that the long front claw s of 

Onychomys w ere  used as weapons ra th e r  than as  tools and that O.

■ leucogaster had no hom es of th e ir  own.

These s ta tem en ts have been in te rp re ted  by many au thors of 

reg ional and local faunae to m ean tha t O. leucogaster did not burrow  but 

ra th e r  lived in abandoned burrow s of o ther an im als or in those of th e ir  

v ic tim s (Jackson and W arfel, 1933; W arren , 1942; Olin and Cannon, 1954; 

H all and Kelson, 1959; Davis, I960).

Since O. leucogaster is p rim arily  an a r id  land m am m al, it seem ed 

evident that it would be of considerab le  adaptive advantage to the surv ival 

of the species to have evolved a  p a tte rn  of burrow ing. Bodenheim er 

(1957) proposed that about 70 per cent of a r id  land species w ere burrow ing 

fo rm s as com pared to 6 p e r cent in wooded a re a s , and gave evidence 

that a burrow  pro tec ted  the occupant from  ex trem e fluctuations of 

tem p era tu re  to which he would be subjected on the su rface . F e tte r

(1953), in a study of the burrow s of M eriones libycus, and H oldenried 

(1957) in a study of Dipodomys spectab ilis  found much th is sam e thing.

The burrow s of Onychomys had a s im ila r  function as evidenced by the 

tem p era tu re  data co llected  during th is study. The burrow  provided the 

an im al a coo ler a tm osphere  during the day and g rea tly  reduced the 

tem p era tu re  fluctuation to which it was subjected. F e tte r  (op. c it. ) 

and H oldenried (op. c it. ) have also  shown that re la tiv e  hum idity was
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higher in  a  burrow  than a t the su rface . Bodenheim er (1957) repo rted  

that the re la tiv e  hum idity inside a  Dipodomys burrow  ranged from  30 

to 50 p e r cent, while that outside the burrow  ranged from  1 to 15 per 

cent during the day and from  15 to 40 p e r cent a t night. Although 

re la tiv e  hum idity within Onychomys burrow s w as not m easu red , it 

should not be expected to d iffer from  those rep o rted  above.

Thus, to an a r id  land m am m al, the burrow , o r som e s im ila r 

m eans of pro tection  from  diurnal heat, is  a necessity . It provides it 

with an atm osphere of greatly  reduced tem p era tu re  and hum idity 

fluctuation and re su lts  in a  reduced w ater loss from  its  body. This, 

accom panied with a nocturnal habit, keeps it out of the d iu rnal su rface 

tem p era tu res  which m ay exceed 150 degrees F . Again, th is  indicated 

that a burrow ing p a tte rn  would have su rv ival value fo r Onychomys.

H errick  (1892) s ta ted  that O. leucogaster burrow ed in sandy 

p ra ir ie s ,  Seton (1909) stated  that ". . . pow erful fo refee t and claws 

certa in ly  proclaim  it a digger. " Bailey (1926) m entioned som e fre sh  

burrow s that he said could have been dug by O. leu co g as te r, but, he 

stated , probably w ere not. L ater, Bailey (1931) stated  tha t Onychomys 

"doubtless have definite hom es, " but perhaps did not dig th e ir  own 

burrow s. His intended m eaning h e re  seem s to be sim ply that Onychomys 

m ay o r m ay not burrow . W arren  (1942) rep o rted  that 0 .  leucogaster 

possibly dug holes of th e ir own and Cockrum  (1952) and D avis (I960) 

both stated  that g rasshopper m ice m ay dig shallow burrow s. B arnes
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(1927) also  said they lived in burrow s, and H offm eister and G oodpaster

(1954) b riefly  described  a burrow  dug by Onychomys.

Four burrow  types w ere recognized in th is study: nest, re tre a t, 

cache, and m iscellaneous (including defecation and sign -post burrow s). 

B urt (1940) com m ented that with sev e ra l p laces of re tre a t,  anim als 

would be n ear one a t any point in th e ir  hom e range w here they happened 

to be d isturbed . This was obviously the case  in Onychomys which, as 

w ill be d iscussed  la te r, had a ra th e r  la rg e  hom e range. The nest burrow 

and re tre a t  burrow  corresponded  to the F ir s t  and Second C ategory hom es 

respectively  of H ed ig er 's  (1950) c lassifica tion . B ourlie re  (1954) for the 

red  fox, Ruffer (1961) fo r P erom yscus leucopus, and A rm itage (1962) fo r 

M arm ota flav iven tris  have described  n est types s im ila r  to those found 

fo r Onychomys.

The p a tte rn  of burrow  digging was very  consisten t and nest burrow s 

w ere  only dug by a  m ale w ith the help of the fem ale. Quite in co n tra s t to 

Sigmodon h ispidus and P erom yscus s p p ., in which the nest en trance was 

in a p ro tec ted  a re a , the nest en trance of Onychomys w as in the open and 

not in the sh e lte r of a  g ra s s  clum p o r rock. Dipodomys o rd i, a species 

associa ted  with Onychomys in the wild, a lso  had an unprotected  en trance.

The study of the rela tionsh ip  between O. leucogaster and the 

burrow s dug by o ther species indicated that o ther burrow s w ere  not used 

by Onychomys. The reasons for th is w ere not explored, but probably 

w ere re la ted  to the d ifferent configuration and size of the Dipodomys
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and Perognathus burrow s te sted . This lack of use of the burrow s of 

o ther species placed g re a te r  im portance on the evolution of a  burrow ing 

p a tte rn  in Onychomys. Thus, it was revea led  that under the conditions 

of th is study, Onychomys leucogaster did have a definite p a tte rn  of 

burrow ing and would not use the burrow s of o ther species.

G rasshopper m ice had a  w ell-developed p a tte rn  of in te rspecific  

agg ression  which consisted  of: pu rsu it by the a g g re sso r, pounces on the 

v ictim , se izu re  of the victim  from  the re a r ,  and piercing  of the re a r  

of the skull. The defensive postu re  of a  g rasshopper m ouse in the ro le  

of victim  (F ig. 12a) failed to stop the attack , ra th e r  the a g g re sso r 

attem pted  to bite the ta il of the victim  to get it to tu rn  around. This 

p a tte rn  was also  observed by C la rk  (1962b), although he did not com ment 

on defensive p o stu res . In in trasp ec ific  encounters, the a ttack  of the 

a g g re s so r  was stopped if the subordinate assum ed  a  postu re  on h is 

side on the sand (F ig. 12c). This postu re  was d ifferent from  the sub­

m iss iv e  postu re  described  by E isenberg  (1962) fo r P erom yscus 

m an icu la tu s, in which the an im al sa t with its  eyes closed, and P. 

califo rn icus in which this postu re  was accom panied by the victim  turning 

away from  the a g g re sso r. E isenberg  (1962) described  a lock postu re  in 

P . m aniculatus and J ’. califo rn icus that was identica l to that described 

in Onychomys (Fig. 12b),

G rasshopper m ice a re  genera lly  considered  not to be very 

abundant except in very  localized instances and my trapping reco rd s
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revealed  a s im ila r  situation in Oklahoma. Both B urt (1940) and H ediger 

(1950) stated that p redato ry  an im als m ust have a la rg e r  home range 

than herb ivorous an im als . B urt (1940) studied sev e ra l herb ivorous 

species and found the hom e range of P erom yscus Leucopus to be less 

than 0. 5 a c re s  in breeding fem ales and 1. 5 a c re s  fo r old m ales, 0. 2 

a c re s  for Synaptomys cooperi, 0. 2 a c re s  fo r M icrotus pennsylvanicus, 

and 0. 25 a c re s  fo r P itym ys p ine to rum . Ruffer (1961) found that both 

m ale and fem ale P erom yscus leucopus had a hom e range of approxim ately 

0. 2 a c re s .  W illiam s (1955) found m atu re  m ale P . m aniculatus to range 

over 0.81 a c re s  while m a tu re  fem ales ranged over 0. 63 a c re s .

B la ir (1953) found the m ean hom e range of four m ale Onychomys 

to rrid u s  was 7. 8 a c re s  while fiye fem ales ranged over 5 .9  a c re s .  F our 

m ale O. leucogaster had an average range of 5. 8 a c re s . These few 

data, coupled with my trapping experience, seem ed to indicate that 

O. leucogaster, being a p redato ry  m am m al, had a la rg e r  home range 

and te r r i to ry  than did closely  re la ted , non-p redato ry  genera.

A gonistic Behavior 

T e rr ito ry  is re la ted  to hom e range in being the defended portion 

of the hom e range. Although home ranges may overlap , te r r i to r ie s  

seldom do (Burt, 1940; Ruffer, I960), and the te r r i to ry  size  and home 

range size a re  not n ece ssa rily  d irec tly  re la ted . Noble (1939) found that 

te r r i to r ie s  offered a c le a r  advantage to subordinate an im als in that a 

subordinate an im al in h is  own te r r i to ry  could win a  fight with a dominant
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anim al. As d iscussed  previously , my data indicated tha t a subordinate 

w as re luc tan t to fight in a  dom inant's te r r i to ry . C. R. C arp en te r (1958) 

included the following functions of te r r i to r ia li ty  (from a lis t of 32 

functions): it d isp e rses  a population, en su res  adequate space, p revents 

overpopulation, re in fo rces  dominance, and reduces sexual fighting and 

k illing . A ll of these a re  c lea rly  advantageous to any m am m al, and a 

p redato ry  m am m al would need a la rg e r  te r r i to ry  since its  food supply 

would be much m ore d ispersed  than would that of an herb ivorous species. 

This is  augm ented in g rasshopper m ice by the developm ent of an  elaborate 

system  of burrow types which a re  a rran g ed  throughout the  te r r i to ry  to 

provide places of re tre a t.

My data indicated that g rasshopper m ice had a la rg e  w ell defined 

te r r i to ry  which was respected  by o ther m ice and defended by non-violent 

encounters. This is  opposed to C la rk 's  (1962a, b) observations. He 

found that la b o ra to ry -rea red  g rasshopper m ice could be kept indefinitely 

in groups of five o r m ore . This would indicate that e ith er the m ice w ere 

not te r r i to r ia l ,  o r that the te rr i to r ia li ty  w as broken down. C erta in  of 

my observations and those of M r. John P re s to n  (personal com m unication) 

indicated tha t if  a p a ir  of g rasshopper m ice w ere  kept in  a sm all cage, 

no la rg e r  than a five gallon aquarium , the te r r i to r ia li ty  appeared  to 

b reak  down and sev e ra l generations could live together, provided th e re  

was adequate food and w ate r availab le . However, I have found that if 

these  sam e anim als w ere  ever re le ased  into a la rg e r  cage o r into the
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enclosure, the te rr i to r ia li ty  was rein fo rced  and the  li tte rs  had to be 

separa ted . This seem ed to indicate that D r, C la rk 's  observations w ere 

affected by the sm all size  of the cages he used.

Smell played an im portan t ro ll in establishing and m aintaining 

a te r r i to ry . Richmond and Roslund (1952) described  a  m id -v en tra l 

derm al sebaceous gland in P erom yscus polionotus and five subspecies 

of_P. m an icu la tus. A utopsies m ade during the p re se n t study revealed  

no such skin glands in Onychomys le u co g aste r. Quay (1953) described  

the activ ity  of the d o rsa l skin gland of the kangaroo ra t but s im ila r  glands 

w ere not found in Onychomys. The scent for m arking  apparently  cam e 

from  a concentration of sebaceous-like  glands in the anal region. The 

sand bath which accom panied the sign-posting activ ity  included rubbing 

the anal region in the sand.

Sexual Behavior 

Sm ell played an im portan t ro le  in sex recognition which was 

im m ediate and com pletely acc u ra te  as  indicated by the c irc lin g  types 

which varied  with in te r and in tra -s e x  encounters. T here  w ere  no o b se rv a ­

ble behavioral differences upon f ir s t  m eeting and no m orphological sexual 

dim orphism  was observed. Smell seem ed to be the im portan t fac to r.

The courtsh ip  p a tte rn  of O. leucogaster w as s im ila r to that 

described  fo r P erom yscus tru e i by T am sitt (1961) but copulation, which 

involved lying on the side while in-copulo, w as s im ila r  to that described 

in  M ephitis m ephitis by Wight (1931) although it did not take as long as



74

for the skunk. To my knowledge, th is phase of lying on the side has not 

been observed in any o ther c rice tid  rodent and I am unable to speculate 

on the adaptive value of such behavior. P erh ap s som e undiscovered 

fac to r accom panyed the p redato ry  habit which n ecess ita ted  o r  made 

possib le  th is pa tte rn  of copulation. F u rth e r  study is  needed to c larify  

th is m a tte r . The n aso -n asa l postu re  observed  during courtsh ip  was 

s im ila r  to that described  in ground sq u irre ls  by Balph and Stokes (1963) 

and G rubitz (1963) but differed from  that described  in  P . m aniculatus 

by E isenberg  (1962) in  which the m ice w ere  on a ll four feet while 

assum ing the n aso -n asa l postu re .

An unusual fea tu re  of sexual behavior in Onychomys leucogaster 

was the lack of hom osexual behavior of any type. This could have been 

re la ted  to the strong  agg ress iv e  behavior which m ay not have allowed 

lik e -sex  encounters to becom e sexual,

Egoscue (1960) repo rted  that, from  trapping  reco rd s , he believed 

that g rasshopper m ice  associa ted  in p a irs . F rom  my trapping  reco rd s  

and observations of n est building behavior, it was evident that Onychomys 

leucogaster associa ted  in p a irs  and that th ese  p a irs  w ere  perm anent, at 

least throughout the breeding season (F eb ruary  through O ctober) and 

probably throughout the y ea r.

The breeding season yaried  from  one locality to ano ther. Egoscue 

(I960) found that Utah m ice w ere  polyestrous from  January  to July and 69 

p e r cent of the litte rs  born in captivity  w ere  born between F eb ru ary



75

and August. Davis (I960) repo rted  that Texas fo rm s had a May to 

October breeding season . C apture reco rd s  from  the p resen t study 

indicated breeding in  Oklahoma from  F eb ru ary  to O ctober.

L itte r size  averaged  3, 78 individuals (6 litte rs )  in the p resen t 

study which differed slightly from  E goscue 's  (I960) m ean li tte r  size  of 

3. 59 individuals (181 litte rs )  fo r which he does not give the variance. 

Egoscue also  repo rted  a  sex ra tio  of 106 fem ales to 94 m ales and the 

sex ra tio  observed in the p resen t study w as 45 fem ales to 43 m ales 

(102. 28 fem ales to 97, 72 m ales on the conventional basis  of 200 p e r 

cent). Egoscue (I960) rep o rted  that g rasshopper m ice w ere the only 

rodents among nine species bred  in h is  labora to ry  which showed a 

secondary and te r t ia ry  sex ra tio  in favor of fem ales (sex ra tio s  a re  

described  as p rim ary , a t conception; secondary, a t b irth ; o r te r t ia ry , 

a t puberty ((Asdel, 1946))).

The two gestation  periods fo r non-lactating  fem ales recorded  in 

the p resen t study w ere  32 and 34 days. Hall (1955) and Svihla (1936) 

repo rted  tha t gestation  in  O. leucogaster w as 33 to 47 days for lactating 

fem ales and less  than 32 days for non-lactating fem ales. Egoscue (I960) 

repo rted  a gestation  of 32 to 38 days for lactating fem ales and 29 to 32 

days fo r non-lactating  fem ales. It was the intent of th is author to use 

labora to ry  born an im als in th is study only for li tte r  observations and 

thus much reproductive data w as not available.

Data on the ontogeny of behavior in O. leucogaster differed
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slightly from  observations m ade by o ther au th o rs , I observed  that the 

e a rs  unfolded on the th ird  day a f te r  b irth  as  did Davis (I960) and Svihla 

(1936). T aylor (1962) observed unfolding of the ea rs  on day 2 in O. 

to r r id u s . Inc iso rs  appeared  on day nine while Bailey and Sperry  (1929) 

rep o rted  th e ir  eruption on day 11. In the p resen t study the m ice  w ere 

covered  with gray fu r on the second day which differed from  Svihla 's 

(1936) rep o rt Of gray fu r a t day 12. Calhane (1947) rep o rted  that the 

eyes opened on day 14; T aylor (1962), H all (1955), and Bailey and Sperry 

(1929) stated they opened a t day 12, and Davis (I960) and Svihla (1936) 

found they opened on day 19. T hese w ere  much la te r  than in the p resen t 

study in which the eyes opened on day 10. Bailey and Sperry  (1929) 

repo rted  that g rasshopper m ice a te  seeds and g reens fo r the f i r s t  tim e 

on day 17; seven days la te r than m ice which I studied. In th is  study, 

m ice  w ere  weaned at day 24. T ay lor (1962) rep o rted  weaning on day 18 

in O, to r r id u s , and Bailey and Sperry  (1929) and Calhane (1947) repo rted  

weaning on day 24. Davis (I960) rep o rted  that the m ice w ere  probably 

evicted from  the nest on the day of weaning. My data showed that the 

m ice  abandoned the nest a t day 21 but som e nursing  was observed  until 

day 24, Taylor reported  fe rtility  at 90 days of age in O, to r r id u s .

The cause of th is varia tion  m ay be due to the m ethod of record ing  

the data. In my study days given for the appearance of a  behavior type 

w ere  the day when 50 p e r  cent of the individuals exhibited the behavior 

w hile the o ther w orks cited  w ere  of single li t te rs  and re fe r  to the f ir s t
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tim e an observation  was m ade. T here  w as very  little  varia tion  within 

a l i t te r  with reg ard s  to appearance of a behavior type. In a lm ost a ll 

I cases , the whole li tte r  began to exhibit a p a rticu la r  behavior type on 

the sam e day.

P a te rn a l ca re  in Onychomys leucogaster was s im ila r  to that 

described  in P erom yscus by H orner (1947), Both m ale and fem ale 

I g rasshopper m ice cared  fo r the young but li tte r  pro tection  was broken

down when the adults w ere  frightened as when they w ere  rem oved from 

i  the nest. At about 16 days of age the li tte r  w as left alone m ore  f re -

quently until day 24 when the paren ts  no longer cared  for the young,

‘: j  The p a tte rn  of adult m olt observed in Onychomys differed con-
j
j siderably  from  that described  for P erom yscus leucopus (Gotteschang,

Î 1956) o r that described  as c h a ra c te r is tic  of the C ricetinae  by H offm eister

 ̂ (1944), In Onychomys the m ain  sequence of appearance of new pelage on

the sides was a n te r io -p o s te r io r  w hile in P erom yscus and o ther C ricetines 

it was a v e n tro -d o rsa l m ovem ent. The m olt on the face and rum p was 

s im ila r  to the C ricetinae  pa tte rn ,

A rm itage (1962) found play to be frequent in young M arm ota 

I flav iven tris  and it is  probably c h a ra c te r is tic  of m ost young an im als,

j P lay  in g rasshopper m ice w as frequent and in c re ased  in frequency to 21

days of age a fte r  which it began to d ecrease  until a t 60 days of age when 

th e re  w as alm ost no activ ity  that could be defined as  play.
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Inge stive Behavior 

Bailey and Sperry  (1929) found that 90 p e r cent of the m a te ria l 

in the stom achs of 96 O. leucogaster was anim al, 80 p e r cent of which 

w as in sec ts  including; 56 p e r  cent c ric k e ts , c a te rp illa rs , and m oths; 

and 20 p e r cent beetles. Fautin  (1946) exam ined the stom achs of six 

individuals and found that 66 p e r  cent of the contents was c rick e ts ,

17 p e r  cent g rasshoppers, 6 p e r  cent beetles, and 2 p e r cent was a 

liz a rd  (Ufe sp. ). W arren  (1942) repo rted  that g rasshopper m ice  ate 

in sec ts  and seeds, and Bailey (1926, 1931) repo rted  that g rassh o p p ers , 

c rick e ts , scorpions, m ole c ric k e ts , beetles, c a te rp illa rs , cutw orm s, 

in sec t eggs, liza rd s , sa lam andars , and m any sm all m am m als w ere  

included in the diet. Egoscue (I960) rep o rted  tha t O. leucogaster a te  

th ese  things as  w ell as darkling beetles (Tenebrionidae) and stink beetles 

and a ll species of local c ric e tid s  and he terom yids. Johnson (1944) 

rep o rted  that captive O. leucogaster a te  snails  (Helicina a rb ic u la ta ).

Olin and Cannon (1954) described  Onychomys as  insectivo rous and 

Bailey (1926) described  them as om nivorous. M artin , Zim and Nelson 

(1951) repo rted  that, from  a sm all sam ple, the percen tage of anim al 

m a te r ia l in the stom ach contents of g rasshopper m ice was 50 p e r cent 

in the w in ter, no reco rd  fo r the spring, 81 p e r cent in the sum m er and 

99 p e r cent in the fall. In com parison, they repo rted  the following

am ounts of an im al m a te r ia l in the stom achs of P erom yscus m an icu la tus; 

6 p e r  cent (w inter), 76 p e r cent (spring), 32 p e r  cent (sum m er), and 

70 p e r cent (fall).
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My data w as s im ila r  to the list given by Bailey and Sperry  

(1929: 13-18). The m ice had a p re fe ren ce  fo r an im al food and did not 

eat seeds when an im al food was availab le . Although they did not eat 

an ts, g rasshopper m ice failed to dem onstrate  the fran tic  behavior 

tow ard them described  by Bailey and Sperry  (1929). Bailey (1926) 

repo rted  a case  of cannibalism  but th is w as not observed  in th is study.

Viek and M iller (1944) found that food deprivation  w as fundam ental 

to hoarding behavior, Bailey (1926) s ta ted  that O. leucogaster s to red  

food but la te r  (1931) stated  it did not. My data indicated that hoarding 

behavior m ay be a c h a ra c te r is tic  of na tu ra l populations. Seeds w ere 

s to red  in cache burrow s and in the n est. These w ere not,used if  o ther 

food was availab le . M artin, Zim and N elson (1951) indicated tha t the 

plant content of stom achs from  O, leucogaster in c reased  in the w in ter. 

Since the supply of an im al food decreased  in the w inter due to reduction 

in  num bers o r inactivity , caches would provide an em ergency food 

supply to supplem ent the w in ter d iet.

Feeding postu res  did not differ from  those of o ther sm all 

m am m als. Bailey and Sperry  (1929) d escribed  the nursing  postu re  in 

which the young stood on a ll four feet but did not observe nursing  when 

the young laid on th e ir  back.

Coprophagy o r reingestion  of feca l pelle ts  has been reported  in 

So rex  araneus (Crow croft, 1952), C rocidura cass ite rid u m  (Booth, 1956), 

many rabb its  (sum m arized  by L ech leitner, 1957), Aplodontia rufa
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(Ingles, 1961), laborato ry  m ice and ra ts  (Geye?., 1947) and in  Geomys 

bur sa rin s  (unpublished observations by R uffer and G rubitz). The 

function of coprophagy is  not known. G eyer (1947) rep o rted  that lab o ra ­

to ry  ra ts , when prevented from  eating feces, grew significantly  m ore  

slowly than the con tro ls. He a lso  found that if the an im als which w ere 

prevented from  eating feces w ere  fed liver, th e re  was no longer a 

significant d ifference in the growth ra te . B arnes (1959) found that fatty 

ac id  deficiency was hastened  when labora to ry  ra ts  w ere p revented  from  

eating feces. M eyers (1959) s ta ted  that coprophagy was a no rm al featu re  

in the biology of the rabbit O ryctolagus cuniculus in  A u stra lia  and was 

im portan t in nutrition  and vitam in  economy. B ou rlie re  (1954) stated  

that it m ay function to provide the anima,l w ith v itam in B. Coprophagy 

was observed four tim es in juvenile O. leucogaster but its  ro le  in nu trition  

was not studied.

E x cre to ry  Behavior 

In the p resen t study, g rasshopper m ice used one co rn e r  of the 

cage for defecation and urination  and feca l pelle ts  w ere not found in 

nests  o r sca tte red  around the cage as  described  by Bailey and Sperry  

(1929). C erta in  burrow s contained fecal pelle ts  and, although they w ere 

not observed  in use, w ere te rm ed  defecation burrow s. R uffer (1961) 

found that P erom yscus leucopus used  som e n es t boxes as defecation 

p laces and many m am m als defecate in one co rn e r of a cage. W hether 

O. leucogaster reg u la rly  used a  defecation burrow  was not known but

K »
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perhaps unlikely since not a ll m ice dug defecation burrow s. Any habitat 

differences that m ay have existed  in those p laces w here such burrow s 

w ere  dug w ere not observed . It was p a rticu la rly  in teres tin g  that e x c re ­

to ry  behavior was never d irec tly  observed . Bailey and Sperry (1929) 

postulated that perhaps the musky odor of g rasshopper m ice cam e from 

the feces. This may have been a contributing facto r but did not account 

fo r.the  burrow s which m arked  a  te r r i to ry  and which contained neither 

u rine nor feces.

Grooming Behavior 

C loudsléy-Thom pson (I960) repo rted  that m ice m ay spend 50 

pe r cent of th e ir  tim e groom ing. In the p resen t study, of six half-hour 

observation  periods, g rasshopper m ice spent I I  per cent of th e ir  tim e 

groom ing. The groom ing followed a. definite p a tte rn  s im ila r  to that 

described  fo r P erom yscus m aniculatus and P . ca lifo rn icus by E isenberg  

(1962).

M utual groom ing, w here one an im al groom ed ano ther, was r e ­

ported  in P erom yscus (E isenberg , 1962) and occurs  in many o ther an im als 

as w ell. Clouds ley-Thom pson (I960) stated  that m utual groom ing was an 

im portan t facto r in  m aintaining the associa tion  of socia l species and that 

valuable sa lts  may be obtained when an im als lick each o thers  fur. Mutual 

groom ing in g rasshopper m ice played a  ro le  in courtsh ip  and helped to 

enhance and m aintain  the p a ir  bond as  w ell as  serv ing  the p rac tica l 

function of cleaning the back of the anim al.
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The data of th is study also  show that head and fac ia l groom ing 

is  much m ore  frequent than whole body o r  m utual groom ing. This can 

probably be explained by the fact that the face is  cleaned a fte r  every 

food item  was eaten and head and face groom ing is  a lso  em ployed as a 

d isplacem ent behavior expressed  during fights and ch ases . In con trast, 

ne ither whole-body nor m utual grooming follow reg u la rly  as concom itants 

of any o ther frequent activ ity , nor a re  they re so r te d  to as  displacem ent 

ac tiv ities .

Com m unication

O lfactory com m unication played an im portan t ro le  in m aintaining 

a te r r i to ry  and in sex recognition. This supported the view of H ediger 

(1950) and B ourlie re  (1954) who stated  tha t g landular secre tio n s  played 

a  ro le  in the in tegration  of social behavior in m ost m am m als.

C onsiderable confusion had a r is e n  with reg a rd  to the ca lls  of 

g rasshopper m ice. Bailey and Sperry (1929) described  the ca ll a s  a 

long, fine, sh r ill  w histle  given in a  high key - - a  wolf howl in m in ia tu re . 

A lso, Bailey (1931) described  it a s  s im ila r  to the hunting ca ll of a  tim ber 

wolf. Many au thors have repea ted  these  descrip tions and Seton (1909) 

described  it  a s  like a calling  h a re , only h igher pitched.

H ildebrand (1961) repo rted  that the oscillograph  curve for the 

ca ll showed 10, 000 v ibrations per second and stated  that it could easily  

be distinguished from  the wolf ca ll. Young and Goldman (1944) described  

four ca lls  of the wolf and none of these  is  like the ca lls  of Onychomys.



83

F our types of ca lls  w ere  described  in the p re sen t study. Types 

one, two and th ree  w ere  also  described  by B ailey and Sperry  (1929) and 

Egoscue (I960), but to my knowledge the type four ca ll has not been 

previously  described . The type th ree  and four ca lls  w ere  used for 

locating o ther g rasshopper m ice as proposed by Olin and Cannon (1954) 

and not as a hunting o r m ating ca ll (Bailey and Sperry , 1929). Calls 

w ere  never reco rded  when g rasshopper m ice w ere  stalking another 

m ouse unless the two had been introduced into an enclosure s im u l­

taneously and then a  ca ll was given only during a break  in the stalking.

The prey species gave no observab le  response to the call, again indicating 

it was probably not a hunting ca ll.

The postu re  assum ed  while a type th ree  o r four ca ll was being 

given has been variously  described . Bailey (1931), Svihla (1936), H ill 

(1944), and Olin and Cannon (1954) each reported  that the m ouse giving 

the ca ll threw  h is  head back, pointed h is  nose up and opened h is mouth 

very  wide. H ill (1944) even com pared it to the postu re  of an  opera  s inger. 

Although th is was observed , it w as by no m eans the m ost usual postu re 

observed  in  the p re sen t study. The postu re  during the ca ll varied  from  

a  nearly  prone position to an e rec t one.

Investigative Behavior

H errick  (1892) proposed that, because they ate  d iurnal in sects, 

g rasshopper m ice m ust be diurnal. This was not supported by the 

p resen t study and has never been seriously  considered . Investigative
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behavior was the m eans by which an an im al becam e acquainted with its 

surroundings and a ll the a rte fac ts  w ithin the hom e range. As reported  

for M icrotus a g re s tis  by Schillito (1963), the investigative behavior 

pa tte rn  of O. leucogaster was not orien ted  tow ard one object, ra th e r  

included the en tire  enclosure . This shortened the tim e requ ired  fo r the 

g rasshopper m ice to becom e o rien ted  in the new surroundings.

O rr (1959) repo rted  that when P erom yscus leucopus becam e 

oriented in a new habitat, investigative behavior fe ll off. This sam e 

thing was obvious from  observations of 0 . leu co g aste r. Although a 

quantitative study was not m ade, th e re  appeared  to be as  much as a 50 

per cent d ecrease  in investigative behavior.

Use of the T ail

H orner (1954) found that P erom yscus used th e ir  ta il  as a  prop, 

fo r balance, as  a tac tile  organ and as  a p rehensile  organ. The shortness 

of the ta il of g rasshopper m ice (less  than one-half the body length) 

probably accounted fo r the lack of its  use as  a balance o r p rehensile  

organ and m ay have reduced the adaptive value of its  use as  a tac tile  

organ. It was read ily  used as a prop,

Schenkel (1947) described  the expression  shown by a w olf's ta il 

and E isenberg  (1962) found that P erom yscus c a rr ie d  its  ta il s tiff when 

f i r s t  placed in an  enclosure . The ta il  of O. leucogaster dem onstrated  

a varie ty  of expressions, a ll seem ingly d irec tly  re la ted  to the degree of 

unfam iliarity  with the enclosure . None of these appeared  to se rv e  a 

signal function.
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Bailey and Sperry  (1929) repo rted  that the ta il  wagged when a 

g rasshopper m ouse cam e to close  q u a rte rs  and said that it twitched 

during p rey  pu rsu it. My data do not support th ese  observations.

Swimming

R ussel and F indley (1954) reported  seeing a g rassh o p p er m ouse 

swim 12 feet a c ro s s  a  s tream . This brought up the question of the ro le  

of swimming in O. leucogaster behavior. O bservations during the p resen t 

study indicated that g rasshopper m ice would swim if frightened, but that 

swimming was not a p a rt of genera l investigative activ ity  when the m ice 

w ere  confined to a sm all a re a . Thus, swimming can serv e  as a m eans 

of escape but probably would not be very  effective since the m ice swam 

ra th e r  slowly and any p red a to r could probably easily  catch them in the 

w ater.

M iscellaneous O bservations

Locom otion in O. leucogaster was the sam e as that described  

for P erom yscus (E isenberg , 1962). The m ice .w ere  very  adept at 

dodging while .running and th is probably served  to in c re a se  th e ir  chance 

of escape from  an ag g re sso r o r  a  p redato r.

Bailey (19311 and Bailey and Sperry  (1929) repo rted  that O, 

leucogaster ra re ly  clim bed above the ground. During the p resen t study, 

the m ice showed no re luc tance to clim bing cage w alls and v e rtic le  logs 

although it was my im p ressio n  that clim bing was not a  reg u la r p a rt of 

the behavior and the m ice did not clim b g ra ss  clum ps. A prey  species 

could escape the p u rsu it of O. leucogaster if it clim bed up in a  g ra ss  clump.



86

Bailey (1926) repo rted  that g rasshopper m ice in N orth Dakota 

probably h ibernated . However, Bailey (1931), D alquest (1948), and 

H all (1955) repo rted  that they did not h iberna te . D uring the p resen t 

study, the m ice showed no indication of h ibernation  and cap tu res w ere 

made during m ost of the cold months of the y ea r .

The v ib rissae  w ere rem oved from  one adult m ale and he dem on­

s tra ted  behavior s im ila r to g rasshopper m ice le ss  than ten days old.

He was not able to becom e accustom ed to the enclosure , m oved about 

with very  je rky  m ovem ents, and was very  easily  frigh tened . This 

suggests that the young m ust learn  to use the senso ry  capab ilities  of 

the v ib rissae , o r that the v ib rissae , which a re  w ell developed a t b irth , 

did not gain a  sensory  function until the an im als w ere  eight o r nine days 

old. This la tte r  postulate seem s the le ss  likely of the two and it was 

m y opinion that O. leucogaster young had to learn  to use the v ib rissae  

as sense o rgans. H a rr is  (1952) found that P erom yscus m aniculatus was 

not affected by lack of v ib rissae  in selecting  a r ti f ic ia l-g ra s s  o r tre e -  

trunk  h ab ita ts .

C om parison of Onychomys and P erom yscus Behavior

Some aspects  of the behavior of Onychomys, a carn ivorous, 

p redatory  rodent differed from  the closely  re la ted  p rim a rily  h e r ­

bivorous genus P ero m y scu s. The behavior of O. leucogaster was 

com pared to tha t of six species of P erom yscus fo r which behavior 

inform ation could be found to show these  re la tionsh ips and d ifferences
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in behavior. The species of P erom yscus used and sources of inform ation 

for each w ere: _P. califo rn icus (E isenberg , 1962; McCabe and Blanchard, 

1950), P . m aniculatus gam belii (E isenberg , 1962), P .m .  ba ird ii (Dice, 

1932; Howard, 1948), P . c rin itu s  (E isenberg , 1962), P . e. e rem icus 

(E isenberg , 1962, 1963), P . leucopus (Burt, 1940), and P. (O chrotom ys) 

nu tta lli (M cCarley, 1958, 1959).

O. leucogaster had a  definite p a tte rn  of burrow ing which included 

four types of burrow s. P . m . b a ird ii nested  in  a hollow under a log 

and califo rn icus built a nest under a log o r o ther sh e lte r from  as much 

as a bushel of s tick s, co a rse  g ra s s , and weeds and constructed  re s t  

sta tions as w ell as the nest. The o ther species built sm all, tem porary  

n es ts  in c rack s  o r c rev ices  o r o ther pro tected  a re a s . The n est en trance 

of leucogaster was alw ays unprotected. P . polionotus a lso  burrow ed but 

the en trance was surrounded by a  mound of d ir t (Hall and Kelson, 1959).

M ost agonistic  p ostu res w ere s im ila r  in form  and function in 

Onychomys and P e ro m y scu s ; how ever, o ther asp ec ts  of the behavior 

d iffered . O. leucogaster had a se t p a tte rn  of agg ression , a strong  

dom inant-subordinate re la tionsh ip  and a w ell m arked  and defended 

te r r i to ry . F o r  both P . califo rn icus and_P. jn .  gam belii, fem ales 

invading a te r r i to ry  w ere  never attacked  by m ales un less the m ale was 

in a pugnacious s ta te , w hile in O. leucogaster the m ale of a m ale-fem ale  

p a ir  attacked both m ales and fem ales w henever they en tered  h is 

te r r i to ry . T e r r i to r ie s  w ere  not p re sen t for P . nu ttalli and w ere
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p resen t only during the breeding season  in P . leucopus. JP, califo rn icus 

m arked  the te r r i to ry  with the p repu tia l glands and gam belii probably 

m arked  the te r r i to ry  with u rin e . O. leucogaster m arked  the te r r i to ry  

with anal-gland secre tio n s . Subm issive p o stu res  in califo rn icus and 

gam belii involved the an im al on a l l  four feet w ith h is  nose fo rw ard , eyes 

closed and ea rs  back. This differed from  leucogaster in which the 

subm issive an im al laid on its  side with the fo refee t against the thorax, 

ta il stiff, e a rs  back, and eyes closed . P , leucopus may live in groups 

during the w inter but 0 . leucogaster apparently  does not.

Strong p a ir  bonds w ere  estab lished  in P . califo rn icus and 0 . 

leucogaster, and tem porary  p a ir  bonds in P . m . b a ird ii, and_P. c r in itu s , 

e rem icu s , and nu tta lli. A weak p a ir  assoc ia tion  was observed  in 

P . m . gam belii. P .jm . baird ii, P . erem icus and nu ttalli w ere  de­

scribed  a s  fa irly  socia l m am m als in which the m ale , fem ale and li tte r  

m ay live together and the o thers  had a d isp ersed  soc ia l re la tionsh ip  

s im ila r  to O. leucogaster and_P. ca lifo rn icu s . In copulation, P erom yscus 

approached from  behind, mounted, and gave sev e ra l th ru s ts  of the penis 

before w ithdraw ing it. O. leucogaster has a  single th ru s t copulatery  

p a tte rn  which was m u ste lid -like  in natu re .

Ingestive behavior differed in that O. leucogaster a te  an im al and 

plant food a t the place of capture, took dead m ice into the burrow  and 

had a  pa tte rn  of agg ress iv e  behavior which was asso c ia ted  w ith the p re d a ­

to ry  hab it. Ingestive postu res w ere s im ila r  in both P erom yscus and
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Onychomys. E lim inative behavior was described  in P . californ iens 

and P . m . gam belii and was s im ila r  to that in O. leucogaster as  to 

location of the feces. F eces  w ere deposited in one co rn e r of a  cage 

and th e re  was none in the nest. Grooming, a lso  described  in P . 

califo rn icus and P . m . gam belii was s im ila r  to that in O. leu co g as te r.

O. leucogaster had a four ca ll re p e rto ry  of vocaliza tions. The 

type one and two ca lls  w ere  a lso  reco rded  for P , ca lifo rn icu s , P . m . 

gam belii, and_P. nu tta lli and P . californ icus a lso  gave whines o r "m ew s" 

a t tim es. P a tte rin g  of the fo refee t was used as a com m unication m ethod 

in P . erem icus and only slightly used in_P, ca lifo rn icus and JP. m . gam belii. 

O, leucogaster was the only one of these  species in which ca lls  described  

h e re  as  type th ree  and four w ere  given.

When placed in a new situation, O. leucogaster exhibited cu rio sity  

o r a t m ost m ild  apprehension  while the o ther species considered  h e re  

w ere  very nervous and frightened easily  in a new situation. O. leucogaster 

readily  inspected unfam iliar ob jects. P . gam belii was described  as 

being "nervous".

Com m ents on B ehavioral Evolution w ithin Onychomys

H offm eister (1944) described  m orphological evolution in the 

g rasshopper m ouse group which includes the Upper M iocene genus 

M iochom ys, the Upper P liocene genus Sym m etrodontom ys and the 

living genus Onychomys which has a lso  been found in Upper P liocene
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and P leistocene deposits. A ccording to H offm eister, the g rasshopper 

m ouse group diverged from  the P erom yscus stock som etim e during 

m iddle Miocene and probably quickly developed the burrow ing, predatory , 

carn ivorous habit. An im portan t m orphological c h a ra c te r  of the teeth  

associa ted  with the carn ivorous habit and best developed in Onychomys, 

but also  developed to a le s s e r  extent in Sym m etrodontom ys and M iochom ys, 

was loss of the m esoloph and reduction of o ther lophs so that the m olar 

cusps appear as m ore  o r less separa te  points ra th e r  than being continuous 

ridges as in P erom yscus. These tooth m odifications w ere accom panied 

by an in creased  size  of the claws on the fo refeet for use a s  digging tools.

It w as in teresting  that the burrow  types w ere  quite sim ple as  com pared 

to other a rid -lan d  burrow ing m am m als, probably because of the short 

period  of tim e since separation  from  the non-bur rowing P e ro m y scu s .

T e r r i to r ia l  behavior was probably accom panied by evolution of 

the type th ree  and type four calls  which, used as  a m eans of species 

location, served  to effectively reduce the agonistic encounters involved 

in te r r i to r ia l  defense. I believe an in tru d er would not attem pt to invade 

the te rr i to ry  held by another m ouse whom he could find through the use 

of the ca lls . This would re in fo rce  te r r i to r ia l  behavior and contribute 

tow ard the evolution of a rig id  te r r i to ry . The su rv iv a l value of a strongly 

defended te r r i to ry  is obvious. It reduces the com petition fo r food and 

provides the m ouse with a g re a te r  food supply.
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B ehavioral and m orphological d ifferences between P erom yscus 

and Onychomys w ere  re la ted  to the adoption of the arid -lan d , p redato ry  

habit by Onychomys. This inyolved the deyelopm ent of burrow ing, 

te rr i to r ia li ty  and predation . • D ifferences in agonistic  p o stu res and 

sexual behavior a re  difficult to account for as is the d ifference between 

Onychomys and P erom yscus in juvenile-adult m olt p a tte rn . P erhaps 

fu rth er studies w ill se rv e  to elucidate these p rob lem s.



SUMMARY

The ethogram  for the n o rth ern  g rasshopper m ouse (Onychomys 

leucogaster b rev ia u ritu s ) was com piled through observations of m ice 

held in 15 by 15 foot enclosu res. L arge cages w ere used to a very  

lim ited extent.

N est, re tre a t,  cache, defecation, and sign-posting  burrow s w ere  

observed and studies of tem p era tu re  re la tionsh ips revea led  that a  nest 

burrow  protected  these nocturnal rodents from  ex trem e fluctuations of 

su rface  tem p era tu re  and, probably, hum idity. N est burrow s w ere  dug 

by a m ale with the help  of a fem ale. G rasshopper m ice did not use 

abandoned burrow s of Pe rogna thus h ispidus and Dipodomys o r d i nor did 

they use the burrow s of these species when they w ere v ictim s of the 

Onychomys aggression .

A gonistic behavior included a w ell-developed pa tte rn  of in tra -  

and in terspec ific  agg ression  in  which p rey  species never defeated 

Onychomys in an agg ress ive  encounter. A gonistic postu res  w ere 

observed  and these differed in some re sp ec ts  from  P erom yscus p o stu res . 

A w ell m arked  te rr i to ry  was observed  which was defended by non-violent 

ra th e r  than violent encounters. The te r r i to ry  w as m arked  by a line of
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short burrow s which was respec ted  by subordinate m ice when the dominant 

was out of the burrow  and is  probably respected  a t a ll tim es in natu re .

A dom inant-subordinate re la tionsh ip  consisted  of one dominant individual 

and the group of subordinates within which no ranking was observed.

A variab le  p a tte rn  of courtsh ip  ended in copulation which involved 

the two anim als lying on th e ir  sides while in -copulo. Two gestation 

periods of 32 and 34 days each w ere observed in non-lactating  fem ales 

and litte r  size of sex li tte rs  averaged  3.78 individuals with a sex ratio  

of 52 fem ales to 48 m a les . Development of behavior and the pattern  of 

juvenile-adult m olt was observed in six  l i t te rs . H om osexual behavior 

was never observed .

A wide v arie ty  of in sec ts  and o ther an im al food was eaten  by the 

m ice . Feeding postu res  differed in no way from  those of o ther sm all 

m am m als. Coprophagy was observed  in four juvenile m ice.

E lim inative behavior w as not d irec tly  observed, but one co rn e r 

of the cage was used for elim ination.

Individual groom ing followed a definite pa tte rn  in  which head and 

face groom ing was much m ore frequent than e ither whole body or m utual 

groom ing. Eleven p e r cent of the tim e was spent in groom ing.

O lfactory com m unication played a p art in sex recognition as 

indicated by the accuracy  of lik e -sex  and un like-sex  c irc lin g  which was 

of a w ider d iam ete r in the fo rm er than the la tte r . Anal gland secre tions 

w ere  probably used in m arking te r r i to r ie s .
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Auditory com m unication included: (1) squeaks from  the young 

and adults during a fight, (2) a h igh-pitched chirping ca ll given as an 

a la rm  note, (3) one prolonged ca ll used as a m eans of locating other 

g rasshopper m ice, and the o ther (4) given if another m ouse was located 

but contact could not be m ade. P o s tu re s  assum ed  w hile these  calls  

w ere being given w ere quite variab le .

The ta il was used as  a " th ird  leg" while a m ouse was sitting on 

h is  haunches.

Swimming was found not to be a p a rt of investigative behavior 

but did serv e  as a m eans of escape.

Studies indicated that the m ice had to le a rn  to use the v ib rissae  

as sensory  too ls. No evidence fo r h iberna tion  was found.

Onychomys differed from  P erom yscus in that the nest en trance 

was not protected , fem ales w ere attacked w henever they en tered  the 

te r r i to ry  of a m a le-fem ale  p a ir, the agon istic -su b m issiv e  postu re  

involved the anim al lying on its  side, p a ir  bonds w ere  probably p e rm a ­

nent, copulation involved lying on the side, and localization  calls  w ere 

recorded .

The behavior p a tte rn s  supported the evolution of the a rid -land , 

carn ivorous, p redato ry  habit of Onychomys as  indicated by tooth s tru c tu re  

and other m orphological s tru c tu re s . A ll a sp ec ts  of the ethogram  served  

to enhance the development of th is  habit.
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APPENDIX

Study skins and skulls of 20 individuals used in the p resen t study 

w ere p rep ared  and the m easu rem en ts  a re  p resen ted  in Table 3. These 

20 adult individuals (8 m a les  and 12 fem ales) had an average body length 

of 104. 13 m m . and an average  ta il  length of 43. 53 m m . Thus, the ta il  

averaged  41.80 p e r cent of the body length and, as stated  in the section 

on Taxonomic R elationships, th is  was c h a ra c te r is tic  of the species O. 

leu co g as te r. O ther m easu rem en ts  in the tab le  also  fe ll w ithin the range 

of those given for the species O. leu co g as te r. These skins and skulls 

w ere deposited e ither in the m am m al collection at the U niversity  of 

Oklahoma B iological Station o r  in my p ersonal collection.
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T A B L E  3

SKIN A N D  S K U L L  M E A S U R E M E N T S  O F  8 M A L E  A N D  12 F E M A L E  

O N Y C H O M Y S L E U C O G A S T E R  U S E D  IN T H IS  S T U D Y

o

T O T A L T A IL BO D Y H IN D  F O O T L E F T
L E N G T H L E N G T H  . L E N G T H L E N G T H E A R

M a le 1 4 9 .7 5 4 3 .  50 1 0 6 .2 5 2 0 .  89 15 , 33
F e m a l e 144 . 64 4 3 .  55 1 0 2 .  00 2 1 .  17 15 .  10
M e a n 1 4 7 .2 0 4 3 .  53 1 0 4 .1 3 2 1 .  03 15. 22

G R E A T E S T B A S IL A R Z Y G O M A T IC ZY G O M A T IC G R E A T E S T
L E N G T H L E N G T H B R E A D T H L E N G T H W ID T H

M a le 2 9 .  26 23 . 05 15 . 63 2 0 ,  15 12 .  85
F e m a l e 2 8 .  89 22 . 80 14 , 03 19. 87 12, 65
M e a n 2 9 . 0 8 2 2 . 9 3 1 9 . 8 3 2 0 . 0 1 12,  75

N A S A L D I A S T E M A M A X IL L A R Y IN T E R O R B I T A L
L E N G T H L E N G T H T O O T H  ROW B R E A D T H

M a le 11. 79 7. 4 4 4 .  56 4 ,  86
F  e m a l e 1 1 .  7 4 7 ,  41 4 .  57 4 ,  79
M e a n 11 . 77 7. 4 3 4 .  57 4 , 82




