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INTRODUCTION 

The  dental battery of muroid rodents has received more attention 
from a comparative aspect than have other sections of tlle alimentary tract. 
Among earlier works, tlle studies of Toepfer (18!)1), Tullberg (1899) and 
Bensley (1902) are notable exceptions to the inattention usually accorded to 
posterior segments of the gut; however, they sampled relatively few species 
of Muroidea. More recently, Vorontsov (1957, 1962, 1967) has greatly ex- 
tended the number of muroid species examined and demonstrated substan- 
tial variation in different sectors of the digestive system. Such comprehen- 
sive knowledge of this morphological variation provides a franlework for 
comparative physiological studies of digestion which niay lend insight to 
dietary differences betwecn various species. Furthermore, a conlparative 
approacl~ olten discloses additional characters useful in assessing pllyletic 
relationships. 

T h e  diverse lnodifications recorded for the stolnaclls of muroid rodents 
are particularly striking and applicable to both systematic and functional 
problems. In view oT Vorontsov's limited representation of New World 
forms, a survey of gross gastric morphology was undertaken in a group of 
Ncw World rodents, the Cricetinae. Tlle results of that survey, together 
wit11 a discussion of possible lunctional interpretations, form the subject of 
the present report. 

A number of people have contributed to this study. Various stages of 
the ~nanuscript have been critically read ancl conl~nented upon by Drs. D. 
M. Lay ancl E. T .  Hoopcr and fellow graduate stutlents D. G. Huckaby 
and J. A. Lackey. Tlleir efforts and suggestions ;ire sincerely appreciated. 
Special thanks are cluc Dr. D. J .  Klingener of the University of Massachu- 
setts for reading the manuscript and  initially suggesting the problcm. 

7'11~ collcction ant1 facilities of the University of Miclligan Museum of 
Zoology were lrecly opened to me by Drs. Hooper and Lay. Many specimens 
used in the stutly were obtained frorn other institutions and I wish to thank 
the curators oL those collections who made the sarnples available: Dr. G. G. 
Musser, the American Museum of Natural History; Dr. R. H. Baker, The  
Museum, Miclligan State University; Drs. L. de la Torre and K. Liem, the 
Field Museum of Natural History, Cllicago; Dr. C. 0. Hanclley, the U.S. 
National Muscum; and Dr. S. l i .  Humphrey, tlle Florida State Muscum, 
University of Floritla. Peter Dalby of Michigan State University made 
special effort to provide examples of certain Argentinian species, anti Dr. 
G. L. Forman at Kockford College, Illinois kindly supplied the sample of 
Neoton~a @henax from his private collcction. I am also grateful to Philip 
Hershkovitz of the Field Museum of Natural History for verifying the 
identification of fluid specimens contained there. 
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1 am indebted to Martha B. Lackey, the Museum of Zoology staff 
artist, who gave expert advice on preparation of the drawings and plates. 

Financial support for ;I portion of this study was provided by a Title i V  
N.D.E.A. Fellowship wllicll 1 held while a graduate student at  the Uni- 
versity of Massachusetts. 

MATERIALS AND I\IETHODS 

This study samples 145 species of 38 genera of New World cricetines. 
I n  ;rtldition, several species of Olcl Worltl cricetines were studied for com- 
parative purposes. Tlle iuajority of specinlens exarnined are contained in 
the University oi' Miclligan Museum of Zoology, but otllers are in the 
American Museum ol Natural History (ARIINH), Field Museum of Natural 
History, Cllicago (FMNH), F1oritl;r State Museum (UFIFSM), Nluseum of 
Michigan State University (MSU), and the U.S. National Museum (USNM). 
T h e  number and locality of specimens examinetl are listed below and 
grouped ;rlpllabetically by genera under three heatlings: "South American 
a-icetines," "neotomine-peromyscines," and "Old World cricetines." Tlle 
assignment of gencra to tlie two New World assemblages follows Hooper and 
Musser (1964b). 1 have generally used the specific nomenclature of Hall 
and Kelson (1959) for Nortll American forms and of Cabrera (1961) for 
Soutll American forms. I n  many instances, however, the use of a specific 
name observes the jutlgment of a later reviser. 

Soutll American cricetines 

Abrollirix longipilis: Chile, Mallcco PI-ov., 4 (MSU) 
A. rrriinus: Bolivia, La Paz, 5 (AMNH). 
Akorlon net-osus: Peru, Sa~r  Mart in,  1 (FMNH). 
A. nr-c~nicola: Argentina, Bucnos Aires, 2. 
A.  arvic~~loidrs: Brazil, Rio d c  Janciro, 2 (I'MNH). 
A. aznrne: Argentina, Buenos Aires, 2. 
A. benrfactits: Argentina, Buer~os Aircs, 2. 
A.  bolivie~z.sis: Bolivia, La I'az, 3 (AMNH). 
A.  clrrsor: Argentirra, Misioncs, 4 (FMNH). 
A. dayi: Bolivia, Cocllal~amha, 2 (FMNH). 
A. jel.\kii: Bolivia, 1.a Pa7, 4; Peru, I'uno, 1 (FMNH). 
A.  O ~ S C I L ~ I I S :  Argentina, Buenos Aires, 5 (MSU). 
A. o l i u a c e o ~ ~ ~ :  Cllile, Malleco Prov., 8 (MSU). 
A.  urichi: TI-initlacl, San Rafael, 1 (FMNH). 
A. x a ~ z t l z o ~ ~ h i r ~ ~ ~ s :  Chilr, Mag-allanes, 1 .  
Cnlorrl)r.\ collos~rs: Brazil, Matto GI-osso, 1 (I'MNH). 
C. l o~~c l?o :  Argentina, B~lctlos Aircs, 2. 
C. sorellus: l'cric, Huanuco, I (FMNH). 
Cllilorr?y.s insla?zs: Ecuador, Picl~incha,  3 (AMNH). 
Dnptorrz)r.s 71enezrrelne: \'cllczuela, Si~crc.  2 (AMNI-1). 
Eligrrlodontia tyf111s: Argcntina, Ncuqucn,  4. 
E1cizeon7y.s chinchilloides: Chile, Mallcco Prov., 3 (MSU). 
H o l o ~ l i i l ~ ~ . ~  b?-aziliensis: Argentina, Duenos Aires, 5 (MSU). 
Irrnornys t(lrsa1i.~: Chile, Malleco Prov., 3 (MSU). 
Nenconzys guianae: Venezuela, Aragua, 4. 
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N .  spinosus: Colombia, Meta, 1 (FMNI-I); Peru,  I-luanuco, 1 (ITMNH). 
Nectoinys sqzlamipes: British Guiana, Uemar;~, 1 (FMNH). 
Neoton~ys  el>riosua: Bolivia, L.a Paz, 1 (AMNII). 
Nezrslicor17ys n~oiaticol~rs: Ecuador, Picllincha, 2 (AMNI-I); El 01.0, 2 (AMNH). 
N o t i o ~ n y . ~  valdivianz~s: Cllilc, Malleco Prov., 1 (MSU). 
Nyclonlys srl~~~ichrast i:  Guate~llala, Solola, 3. 
Oryzo~nys c~lhigillaris der~irrs: Costa Kica, San Jose, 1; Pananr;~, Chiriqui, 1. 
0. a. 111eridensi.c: Vcnezaela, Tac l~ i ra ,  1 (I'MNH). 
0. nlfaroi: Mexico, Oaxaca. 2. 
0. Oicolol': Colombia, Varrpes, 2 (FMNH). 
0 .  caliginos~rs: Costa Kica, Cartago, 2. 
0. caf)ito lnlireps: Trinidad,  Sar~  Rafael, 3 (FMNII). 
0 .  c. tcrlu~~aoncnr: Costa Rica, P u ~ l t ; ~ ~ - e ~ l a s ,  1; Panallla, C;r~ral Zone, 1 
0. conrolor: Colombia, \'aupes, 3 (FMNH). 
0. f111uesr.en.s: Costa Rica, San Jose, 2. 
0. longirn~rrlat~ls: Chile, C o q ~ ~ i r n b a ,  1. 
0. mrlnizoli.\: Mexico, San Luis Potosi, 2. 
0 .  irigi.if~es: Ruazil, Sao I'aulo, 5 (I'MNIH); Argentina, Huenos Aires, 1. 
0. I)nl~l,slris: Costa Rica, Guanacastc, 2. 
Otoizyctor~rys I~cltti: Cuatel~rala,  l'eten, 2 (IJF/FSM). 
0xy11~yclc~rrr.s 1rlisiona1i.s: Argentina, Misiones, 1 (I'MNH). 
0. filaleiasis: Argentina, Buenos Aircs, 1 .  
0 .  qrrneslor: Brazil, Rio  de Janciro, 2 (FMNH). 
0. nrtilans: Argentina, Ruenos Aircs, 2. 
Pl~ylloti.\ nnrli~cwl: Peru, Huanuco, 2 (ITMNH). 
P .  gri~~c~oflavzrs: Argcntina, La Painl>a, 2. 
I-'. osilae: Bolivia, 1.a Paz, 5 (AMNH). 
I'odoxo~~zys roraii~~cte: Ilrazil, A~ltaronas, 5 (AMNH). 
Reilltrotion f)hy.sorlf,.s: Ai-gcntina, 7'ierra tlcl Fucgo, 1; Bucnos Aircs, 1 (MSU). 
l i l leo~nys hnrti~zu~rni: Costa Rica, San Jose, 3. 
R .  ll~o~rrnsi: Guatemala, Iluehuetenango, 1 .  
R. z~ri(ler~uoo(li: Costa Rica, Alaiucla, 2; Panallla, Chil-iqui, 1. 
Iilzil)ido~irys lnlir~ran~rs: T'enezurla, Carapas, 1 (AMNH). 
R. le~ccodactylu.\: Peru, Ayacucho, 1 (AMNH); Carco, 1 (FMNH). 
R. i~lo.\tacalis: Brazil, Coya7, 3 (AMNII). 
li. ~nacconnelli: Brazil, Arnazonas, 10 (AMNH). 
Sccrf~feron~ys t~tnri(11rs: Argentina, Bucnos Aircs, 1; Uruguay, Canelones, 4 (AMNH). 
Siginodon f r~lvivenlc?r: New Mexico, Hidalgo Co., 1. 
S. hisf)irl?is: Costa Rica, Puntarenas, 3. 
S. lei~cotis: Mexico, I)urango, 8 (MSU). 
S .  ochrogiz(~lh~ls: Tcxas, Brewsler Co., 3. 
Tl~onrasornys nlLr.etrs: I'cru, C,rizco, 1 (FMNI-I). 
T. bocops: Ecuatlor, T r ~ n ~ u r a l i u a ,  4 (AMNFI). 
T. riiterezis: Colo~ribia, Huila, 4 (FMNH). 
7'. hylo/)hi l~ts:  Vene7ucla, Tachirn, 2 (FMNH). 
T .  i.~cl~y~~lrir.s: Ecuador, Cornpaxi, 3 (AMNH). 
T. para11ror1~111: Ecuador, Nal>o Pastaza, 2 (AMNH). 
7'. I-hoadsi: Ecuador, El Oro, 2 (AMNH). 
Zygodontort~ys hre71irai~rl~~: Costa Rica, Puntarenas, 3. 
%. lnsizrrz~s: Rrazil, Matto Grosso, 1 (FMNI-I). 

neotomine-peromyscines 

Bnio~rrys I ~ L I I S C ~ L ~ ? L S :  Mexico, Guerrcro, 3. 
13. tnylori: Mcxico, Sinaloa, 2. 



8 MICHAEL D. CARLETON 

Neltonia izeoloirzodoil: Mexico, Durango, 1 (MSU) 
Neotoir~a albigrila: Arilona, Pima Co., 3. 
N .  nlleizi: Mexico, Colima, 3. 
N. czrrgustal)alala: Mexico, Tamat~lipau,  1. 
N. ciilerra: Montana, Carbon C:o., 3. 
N .  Jloridana: Iiatlsas, Douglas Co., 2. 
N. frlscipes: California, Montcr~cy  Co., 2. 
N .  goldnrani: Mcxico, Nuevo I.con, 1. 
N .  lel~ida:  Calilornia, Los At~gcles Co.,  2. 
N. iraexicann: Arizorra, C:ocl~isc Co., 3; Mexico, Chiapas, 4. 
N .  ir~icrof)trs: Oklaholna, Ci~ l~ar ror r  Co., 3. 
N. j)12~irax: Mcxico, Siualoa, I .  
N .  .tlef)ltcr?li: Arizona, Crecnlcc Co., 1. 
Neolonrotloiz alsto~ri: Mcxico, Morclos, 3. 
Oclri-olojrrys ~rtrtlnlli: l 'exas, Nacodochcs Co., 2; Floritla, Alachua Co., 2. 
Onycl~oiirys lr~lrogasler: Ncl~raska, Custer C:o., 2. 
0. lor?-irl~~.s: Arizona, Pillla Co., 2. 
O l o t y l o ~ ~ ~ ) ~ . ~  phyllotis: <;r~atc~llala, Peten, 2; Costa Rica, Ctrar~acastc, I. 
I-'erorriysc~~s c ~ z t c ~ t ~ s :  Mexico, Hidalgo, 1 .  

P. 1~rri~rlercr111r.s: Mexico, C;uerrero, 2. 
P. boylri: Arizona, Cochise Co., 5. 
P. caliloi-irictrs: C;llil'o~.nia, Alall~eda Co., 3; Monterrey Co., 2. 
P. crinitis: California, 1.0s Angeles Co., 2. 
P. dificilis: Mexico, Agl~acalientes, 3. 
I-'. c,rr~itricrr.c: Mcxico, Sinaloa, 3. 
1'. e.o(r: Mcxico, Raja California Sur, 1 .  

P. uvides: Mcxico, C:uer~-cro, I ; Michoacan, 1. 
P. Jloridni71~s:  florid;^, Alac l~r~a  Co., 2. 
I-'. f t~rv~rs :  M c x i ~ o ,  Flitlalgo, 2; Puchla, 2. 
P. gossyfiiirzrs: I'loritla, Al;rcllr~;~ Co., 3. 
P. gmnrlis: C;uatc~~~ala ,  Ht~ehr~c tenango,  3. 
P. gtrardia: Mexico, naja C,alifornia Nortc, 4. 
P. grtntenlcrlensi,\: Mexico, Clliapas, 3; Guatemala, Huclxuetcnango, 4. 
P. iiaterf~arielalis: Mexico, Baja California Norte, 4. 
P. latirostris: Mexico, San Luis I'otosi, 1. 
P. ~ C ~ I ~ I L T I L S :  Mexico, Oaxaca, 3. 
P. letiroptrs: Michigan, Washtenaw Co., 5; Mexico, Campcche, 3. 
P. lo/)Airr~r.t: Gl~atelnala, Eluehuclcnango, 3. 
P. nrcrniculat~ls: Michigan, Washtctlaw Co., 5. 
P. rizegalol('s aurilus: Mcxico, Guerrero, P i ~ e r t o  Chico, 2. 
P. in. utrritus: Mcxico, Guerrero, Xochipala, 3 (MSU). 
P. in. nrrgcrlof~.~: Mexico, Oaxaca, 2. 
P. r r i .  irrelnnrrrtrs: Mexico, Oaxaca, near Juchatengo, 3 (MSU). 
P. rti. inelnizrrr~ls: Mexico, Oaxaca, near San Gabriel Mixtcpec, 9. 
P. nle lanocczr f )~~~:  Mexico, Oaxaca, 1. 
P. n1elanophry.s: Mexico, Oaxaca, 1. 
P. mrlaiaolis: Mcxico, Jalisco, 3. 
P. rrtrrriarrti: Mcxico, Sonora, I. 
P. rtrrxircrnus angelensis: Mexico, Oasaca, 2 (AMNH). 
P. in. gymnotis: Mexico, Chiapas, 5; Guatemala, Esquintla, 5. 
P. in .  inexicanzr.c: Mexico, Chiapas, 5; Veracruz, 5. 
P. in. saxatilis: Nicaragua, Matagalpa, 5. 
P. 711. leapensis: Mexico, Tabasco, 1. 
P. 771. totonlrpecus: Mexico, Vcracruz, 1 ;  Oaxaca, 4 (AMNH). 
P. nz~dioes:  Costa Rica, Cartago, 3; Panama, Chiriqui, 5. 
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1'. oaxaceirsis: Mexico, C,hiapas, 3. 
P. oclzrauenler: Mexico, Tnmat~lipas,  5. 
P. f)erft~lr~rrs: Mexico, Jalisco, 1. 
P. peeloralis: Mexico, Nucvo Leon, 3. 
P. f~irreilsis: Panallla, I)aric~t, 3 (USNM). 
P. polionolzrs: Florida, Lake Co., 4. 
P. s te f ) l~c~ i~ i :  Mcxico, Sonorit, 3. 
I-'. ll~ottrasi: Mcxico, Gucrrero, 3. 
P. LI.IL(,~: Mexico, Oaxaca, 3. 
P. yc~cc~~aizic~is:  Mcxico, C a ~ ~ t p c c h e ,  3; Yncatatt, 2. 
P. zarlryrtcllzo: Mcxico, Chiapas, 3. 
Reilhrotlonloit~ys breviroslris: Costa Rica, Cartago, 1. 
I< .  crrfjer: Costa Rica, San Jose, 3. 
R .  f1~1vrscen.s: Mexico, GII~I-I-cro,  3. 
li. grctcilis: Mexico, Catn~)cche, 5. 
R.  Irtrttttrlis: l'lorida, Alachua C:o., 2. 
K. tr~ogololis: Mcxico, Oaxaca, 4. 
R.  tt~~xictritris: Costa I l ic;~,  I'unlarcnas, 5. 
I ? .  trric~.orlo~~: Mcxico, Oaxaca, 1. 
R. trloi~ltrit 11,s: Nebraska, Chcrry Co., 2; [olorado, Washitlglon Co., 1 .  
R.  .~~r~tticlrr~r.\ti: Mexico, <:Iliapas, 5; Panatira, Clliriqui, 3. 
Sco/iizotrlys leglrii~a: Costa Rica, Puntarenas, 3. 
S. xerctttt/)c,liilu.\: Costa R i a ,  Cartago, 3. 
Ty1oit~y.s n ~ ~ d i c a i ~ t l ~ r s :  Mcxico, Clliapas, 2. 

Oltl World tricetirles 

Cricc~lz~lzrs barabe?z.sis: Tt~vitlskaya, A.S.S.R., 2. 
C. gri.sc<r~s: Cllilra, Peking, 9. 
Cricelrr,\ c r i c e t ~ ~ s :  Kazakllsl;~n S.S.R., LJual'sk Krai, 2. 
Mrsoctice1lr.s b m n t i :  Gruzinskaya S.S.K., Tbilsi, 1 ;  Arnlyanskaya S.S.R., Yerevan, 1 .  
Pltodofj i~s  s ~ i i ~ g o r ~ r s :  U.S.S.R.. Krasnoyarskii Krai. 2. 

Tlle whole carcasses (mostly adults) listed above are preserved in 70% 
alcohol or 10% formalin. Stornachs were removetl for observation by 
severing tllc posterior entl of the esopllagus and the anterior of the duo- 
denum. Excised stonsacbs were bisected along a plane llorizontal with the 
longituclinal body axis, ant1 the contents washed out ant1 usu;llly saved. 
This plane of section provided the most inforlnation for illustrative pur- 
poses. Figured stomaclls thus appear in conventional anatomical position 
with the ventral llalC cut away. Anatomical observations were ~rlade with 
a Bausch and 1,ornb stereoLoons microscope ( 1 0 ~ - 4 0 ~ ) .  I prepared the 
semidiagr;rmmatic tlrawings. 

The  descriptive terminology einployed attempts to m i n i ~ n i ~ c  confusion 
between tlre gross anato~nical structure of the stonlacll ant1 11articul;lr 
glandular types lourld within it. In describing tllc llnman stomach, for 
instance, the terms cardia, funtlus, and pylorus serve to delineate external 
features of the stornacll as well as to classify the three kinds of gastric glancls 
contained internally. These tersns nlay be misleading, however, when 
applied to a stomacll with a greatly reducecl glantlnlar epitllclium as ob- 
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tains in 111arly ol these ioclents. Anatomic;~l tei-uls usecl in the descriptions 
are illustrated in Figure 1 and defined as follows: 

lncisura angularis-the prominent angle formed by the dextral junc- 
tion of the esophagus and stomacli. 

Corpus-tllat portion of tlie stomacll to the left of tlle incisura angularis. 
Antrurn-that portion of the stomach to the 1-igllt of the incisura 

angularis. 
~ o i n i x  ventricu1al.i~-tlle section of tlie corpus that cxtentls craniad 

bryond the gastro-esophageal junction. 
Bordering fold-a pronounced ridge that marks tlie juncture of tlie 

two types of gastric mucosa (cornifietl squalllous epitlleliunl 
and glandular epithelium) lining the internal surface of the 
stomacll. 

Due to both tlle state of contraction and the amount of food contained 
at the time of preservation, the gross conformation of tllc stomach, especial- 
ly the fornix ventricularis section, may vary substantially bctwcen intlivid- 
uals of tlle same species. T o  achieve some uniformity in comparisons, I 
selected for illustration stomachs that appeared to be maxiirially distended. 
Nevertheless, tlie basic anatoinical features defined above are clearly tlis- 
cernible even in a fully contracted stomacli. No sexu:~l differences in 
gastric morpllology were apparent at tlle gross level. 

L)ESClIIPTIONS OF STOMACHS 

T h e  stomacll morphology of ~rlost specimens exanlined accortls with 
one or anotl~er of two anatomic;~l designs, llerc ter~necl unilocular-hemi- 
glantlrrlar and bilocular-discoglantlular. 

The  unilocular-l~ernigl:~~~~lul;ir  stonlacli is single-cliarnbered with a 
shallow incisura angularis that scarcely extends beyond the esophageal 
opening (Fig. IA). 7'he corpus is spacious, witli a broad fornix ventricularis. 
Distribution of cornified and glantlular linings coincitles closely wit11 tlle 
basic stomacll divisions: cornified epitlleliuin is Sountl in the corpus while 
glanclular epitllelium is liinitetl mainly to the antrum. Tlie bordering foltl 
crosses the lesser curvatrrrc at the apex of the incisrlra angularis and the 
grcater curvature at a locus opposite the incisura angularis. 

A bilocular-discoglandular stomach llas ;I dcep incisura angularis that 
projects well past the esopliageal opcning, thereby imparting a more 
strongly-defincd bipartite condition (Fig. 113). T h e  fornix ventricu1ai.i~ 

PIC. 1. I)iagl.ams of A) tlie unilocular-l1eruiglii1ic1111ar sto~ilacll of a South America11 
cricctinc, O r y z o ~ ~ z y s  nigri@c,.c (IJMMZ No. 110444), arid B) the bilocular-discoglandular 
stomach of a neotomine-pel.oll~yscilie, N e o t o ~ ? l o d o n  alstoni (UMMZ No. 97664). Anatomi- 
cal features indicatetl are: a, incisura angularis; b, corpus; c, antrum; d, fornix vcntri- 
cularis; e, cornifed squamous epithelium; f ,  glandular rpitlielium; g, hortlcritig fold; 
11, 13osterior cntl of esophagus; i, anterior end of duodenum. 
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arclies further beyond the esopllageal orifice tlian in a unilocular stomach, 
and recurves sliglitly toward tlie esophagus. T h e  size of the corpus, especi- 
ally tlie fornix ventricularis section, varies greatly between indivitlu;~ls, tlle 
degree of distension corresponding to the amount of food contained. Tlle 
walls of the antrurn are conspicuously niuscular, p;rrticularly near the 
pyloric orifice. The  zone of glandular epithelium, surrounded by a distinct 
bordering fold, is restrictecl to ;I sinall disc-shaped area on tlle greater 
curvature. Cornified epitlieliu~ll covers tlie 1-em;tinder of the antrum and 
corpus. 

SOUTII AMEKICAN CRlCETINES 

01 the 27 genera investigated, 20 have a stomach conforming basically 
to a unilocular-liemiglaudular pattern. Sliglit differences in the aniount of 
gastric glandular epithelium are evident, however. 

T h e  unilocular-hemiglandular condition described above was observed 
in eleven genera: Abrothrix, A k o d o ~ ~ ,  C~(~lo~t7ys (Fig. 2A), Elig?tlodonti(c, 

FIG. 2. Gastric morphology of four  Sot1111 American cricetines: A, Cnlonzys lazlcha 
(UMMZ No. 115503); B, N y r t o ~ n y s  s r ~ ~ ~ r i r l ~ r a s t i  (IIMMZ N o .  113525); C ,  1'hylloli.s griseo- 

flavzls (UMMZ No. 109232); D, Zygotiontart~ys brevicauda (UMMZ No. 111957). 
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Neacomys, Nyctornys (Fig. 2B), 01-yzomys (Fig. IA), Otonyctornys, Phyllotis 
(Fig. 2C), Rhipido,mys, and Zygodontornys (Fig. 21)). In examples of these 
genera, the bordering fold approximately bisects the stornach on a line 
from the incisura angularis to a point opposite it on thc greater curvature. 
Vorontsov (1962) figured stomaclls of Altodon arenicola and Oryzonxys 
coziesi (=pa,lzistris). The 12 addition;ll species of Akodon and 10 other 
species of Oryzort~ys examined agree with Vorontsov's figures and show 
no marked interspecific variation. 

In  he specimens representing nine otllcr genera-namely Chilomys 
(Fig. YA), Ezi?zeortrys (Fig. YB), Holochil~is (Fig. SC), I?.cnon7ys, Nectornys 
(Fig. 3D), Neotolnys, hrotionrys, Reithl-odon, and Sigttlodon-the glandu- 
lar epithelium covers a sliglltly more extensive area of the stomach. The  

FIG. 3. T h e  unilocular-licmi~1a1~cI111~1r pattci-n ill four species of South American 
cricctitics. 111 tliese forms, so111c glandular el)itlicliutli extentls past the csopliageal orifice 
inlo tlic col-pus. A,  Cl~ilotrrys i~z.,lans ( A M N H  No. 64649); B, Ertneo~r~ys chinclzilloides 
(MSU No. 7561); C, Nolochi l~ts  h~.azilie~zai,s (MSU So. 18(j!)?); l), Nectoniys sclt~atr~ipes 
(l'MNEI No. 4621 8). 
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bordering fold still crosses the lesser curvature at the apex of the incisura 
angularis, but then recurves sharply and passes to the left of the esophageal 
orifice. Thus the corpus contains some glandular epitl~elium. The  stolnacll 
of Szgmodon hispidus has been figured and described by Tullberg (1899), 
Blank (1950), and Vorontsov (1957). Sigrnodon {z~lviventer, leucotis, and 
ochrognathzls resemble hispidus in gastric morpllology. Vorontsov's (1957) 
figure of Nectornys sqzlamipes sllows the bordering fold bisecting the stom- 
ach, but in my example of that species the [old recurves strongly to the left 
(Fig. 3D). 

, . 
1 homnsomys is the only South American cricetine genus studied in 

which appreciable interspecific gastric tliflerences were noted. The  stomach 
in specimens ol T .  baeop.7, hylopl.iilzls, ischyz~rus, pn7.anzorun?, and rhondsi 
is basically unilocular-he~nigland~ili~r (Fig. 4A). In examples of T. cinereus, 

- 
5 rnrn 

FIG. 4. Stomach luorphology in three species of Tlrornasonty\: A, T .  f iararnor t~~n  
(AMNH No. 63366); B. T. cinereus (FMNH No. 72400); C, T .  allreus ( F M N H  No. 75588). 
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some cornified epitheliunl occurs in the antrum to the right of the incisura 
;rngularis (Fig. 413). Tlie bordering fold in this species crosses the lesser 
curvaturc sliglltly anterior to the iilcisura angularis rather than at its 
apex. T. azl,rezrs differs proniincntly froin the previous six species in having 
a stoinach with ;I markedly reduced area of glandular epithelium. Cornified 
epitlleliuin extensively penetrates tlle antrum and separates the glandular 
epitllelium into two zones: ;I small area aclj;~cent to the pyloric orifice and 
a I~ro:rd zone on tlic arltral side of the gi-eatcr curvature (Fig. 4C). The 
i~lcisura angularis is considerably Inore pronounced than in other South 
An~cric;rn cricetincs 11ut the contr;rctetl condition of the fornix ventricularis 
in the one 7'. alsrcus specimen studied llinders close corr~parison with other 
species. 

Tlle stomach in ex;rinples of Podoxo~rrys ~-ol.ai?nae is unilocular but 
departs soinewllat froin n Iicmiglandular Ix~ttcrn. Tllc bordering fold inter- 
sects tlic lesser curvature a t  ;I point iniclway between the incisura ;~ngularis 
ant1 pylor~~s.  Consccli~c~ltly, some coi-ilifietl epitllcliurn occupies the part of 
tlie ;untt.um to tlic right of tile csopliage;~l opening (Fig. 5A) .  

A ~rnilocular ant1 disc-oglantlular sto~ii:~clr was ol~servecl in examples of 
Scclplel.orr~ys tzrn/itl~r.r (Fig. 5R). T11e w;rlls of tlie antruirl are inore tliickly 
~ u ~ ~ s c u l ~ r r  than tl~ose i r i  (.ricetines ll;~ving a Iicinigl;rntlula~- stomacli. In  
;ltldition to the tliscog1;tntlular zone, a sinall area ol glantlular epitlieliu~n 
is situated adj;~cent to tllc pyloric orifice. 

l ' h e  glandular el)itheli~~rri in the stoir~ach of Oxymyc t e r~ l s  is coiifinetl 
to a tliverticriluin located on the greater curvature (Fig. 5C:). A minute 
aperture connects this gl;~ndulai- pouch with the main lumen of the 
sto~nacli. The  diameter of this opening 1ne;isures .55 inrn in the specimen 
o l  0. p1nlensi.r ;~ntl  .35 ant1 .50 lriin in examples of 0. r~rl i lnns.  As in 
Scnf~lel.onrys, the antral walls are conspicuously muscular. Tullherg (1899) 
pointed out the po~~cl icd  stolnacll of 0. 7-r~flss (= r~r t i lans) ,  and Vorontsov 
(1'367) found a gl:~ndular pocket in the storn:~ch of 0. nttsu, t~u.  The  stoin:~ch 
inorpllology of species rcpr-csentctl in tliis stutly agrees with their descrip- 
tions. 

Specimens of tlie icl~tllyoinyinc gcncr;~ Llcrptolnys, Ne~rst icolnys and 
Rhcon,ys  possess :I ~~rl i locul ;~r  sto~riach yet tlifler noticea1,ly lro~ri [lie hemi- 
g1antlul;lr coritlitiorl (Figs. (;A, B, C : ) .  In 2111 tlircc, cornifietl epitlleliuin pro- 
jects  long the gre;rtcr curv;~tun-e sricli t11;lt the bordering fold crosses on its 
ascentling portion r;rtllei- tlian at ;I point opposite t l ~ c  incisura angr~lai-is. 
Tlle degree of cornific-;(tion along t l ~ e  lesser curvature v:~ries. In L)cr;Dtorr/ys, 
tlie bortlering i'oltl intercepts tlie lesser curvature at ;I point onc-tl~irtl of 
the way 1)etwccn tlle incisura ;tngul:rris ancl pyloric: opcning (Fig. GA). 
N(:,~rsticol~~y.s closely rcseinbles l )n f~ lo rnys  cxccpt tllat the 1)orda-in% fold 
crosscs tlie lesser curvature at :I locus two-tllirds of the dist:rnce bctwcen the 
inc i s~~ra  and pyloric opening (Fig. 6B). 111 lilzeornys, cornified epitl~eliu~ri 
cntirely lines tllc rcgioli of the antrulri atlj;rtent to tile pylorus (Fig. GC). 
The  retlucetl area of gl;ulclul:~r- cpitllcli~un foi-ins a broatl I~and  situated 
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FIG. 5. Gastric structure in three species oC Sot~th American cl-icctincs having a re- 
cluced area of glandular epithelium. A, P o d o x o ~ , ~ y s  ~ o r n i t ~ z u r  (AMNII N o .  75584); 
B ,  Scnbteroi~~ys tunlidus (UMMZ N o .  110441); C, Oxyr~~yctc,r t~s rictilans (UMbIZ N o .  115500). 

largely in the antral part ol the stomacll. This condition holtls in all exam- 
ples 01 the three species of Rheornys examined. 

NEOTOMINE-PEROMYSCINES 

Of 11 genera investigated, a unilocular-hemiglandular stomacll was 
observed in four: Tylon~ys ,  Ototylornys (Fig. 7A), Scotinorr~ys (Fig. 7B), and 
Baiornys (Fig. 7C). 

The  stomach of Ochrotomys nuttalli differs from tlie latter four genera 
in the following aspects. The  incisura angularis is appreciably deeper, and 
the bordering fold, alter crossing the apex of the incisura angularis, angles 
into the antrum for a short distance (Fig. 7D). The  glandular epitlleliuin 
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P I G .  6. Gas~ric  tilorptrology in tllice y>cc~c., of the ~ t t ~ t l i ~ o ~ t l y t n c  gioup A, 1)aplomys 
uenezuelae (AMNI1 No. 69908); B, Nr~lctnco~tlyc f?loiztz(olrl~ (AhlN11 No. (i4620), C, Khconiys 
hartnlannz (UMMZ No. 1 1  1987). 

therefore appcars somewhat reduccd compared to a strict llerrliglantlular 
condition. 

The  distribution oT glandular and cornified epithelium varies sub- 
stantially in specimens of Reithrodo~zlon~,ys. In R .  1zunzzili.r and n7ontanus, 
thc bordering fold crosses the lesser curvature at a point just to the antral 
side of the apex of the incisura angularis (Fig. 8A). As in Ochrotornys, thc 
fold slants into the antrum; nevertheless, the incursion of cornified mucosa 
into the antrum of these two species surpasses that in Ochrotorn,ys. Tlle bor- 
dering fold of R .  fulvescens, megalolis, sumichrasti and gracilis intersects 
the lesser curvature at a locus approximately midway between the incisura 
angularis and pyloric orifice (Figs. 8B, C). The  indentation of cornified 
epithelium into the antrum of these species exceeds that of R. hz~mzrlis and 
monlanu.~. Tlle bordering fold extends across tllc lesser curvature near the 
pyloric orifice in R .  microdon (Fig. 8D). About half of the antrum contains 
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7 rnrn 4 mrn 

FIG. 7 .  Gastric n~orpl~ology of foul- ncotol11it1c-l~cro111\sci1lcs: A, Ololylo17iys /~lryllolis 
( U M M Z  No. 63549); 1%, Sco l i~ro~~ryc  .se~c~r~~/)c . l i~~rr.s  ( I l h IMZ Ko. 1117(i2); C, Ilcrio~~rys 1 7 ~ 1 ~ s -  

C L L ~ ~ I A  (UhfMZ No. 108690); 11, Orltrolor~ry.~ irtrl lol l i  (CJMMZ No. 110458). 

cornilied epitlieliuni, while gliuldular epitllclii~ni lies along tlie greater 
curvature and narrows t0~1;ird the pyloric o l ~ e ~ ~ i ~ l g .  R.  O~.(~~il-os~ri .s ,  ttiexi- 
cnn~rs ancl cl.cpel- possess tliscogl;~ntlular stoi1i;~clis (Figs. 8E, I;). l'lic small 
zone of glands occurs in tlie antral portion, situatecl so~iiewh;rt on tlie ;~scend- 
ing part of tlie greater curvature. Speci~ncns of I t .  cl-(:pel- exhibit a relatively 
srrialler glandular zone than tliose of rrrexiccu~~ls antl bl-euil.ostl-is. In these 
three species, particulal-ly cl.cpej-, that section of the 11ortle1-ing fold on the 
left of the glandular perimeter is broad antl covers some o l  tlie glandul;~r 
lining. T h e  incisura angularis is largely unifor~n in a11 species of Rrillrl-o- 
t lontov~ys and comparable in depth to Ochl-oton~ys. Tlle fornix ventricul;~r- 
is appears to arch sornewhat farther craniatl in meinbcrs of the subgc~ius 
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I .  8. Gastric ~r lo i~[>holog~  ill .;ix sl~ecics ol l ic i / i i ro t lorr /o~~iy .c:  A.  I I I ~ ~ I ~ ~ I Z I I . ~  ( U M M Z  
NO. 56675); B, stirriicllrctsti ( U M M Z  No. 109191); C,  g1.cici1i.c (uncat.); I ) ,  ~ r i i c ~ o t l o i ~  (UMMZ 
No. 113723); E, rrrexica~ircs (IJRIMZ N o .  115293); F, r~c, / )cr-  (LIMhlZ No. 111827). 



20 MICHAEL D. CARLETON 

Aporodon but not strikingly. Vorontsov (1957) examined the stomacll of 
~r~egololis. 

Tlle 39 species ol Pe?.ornyscus sampled represent each of the seven 
subgenera recognized by Hooper and Musser (lS(i4;~). Wllile 31 species have 
a bilocular-discoglantlular stolnach (Fig. 9A), modifications of the disco- 
glandular zone are clearly evident in eigllt: P. n~elanocarpus, pirre,nsis, 
grandzs, g~luternulensis, niegalops, mexicanu.~,  nudipes, ancl zarl~ynch~is.  
Still the stomachs in cxaniples of these eigllt species are bilocular like those 
of tlieir congeners. In the one ex~unplc ol 1'. ,rnelnnocaqfms and all specimens 
of P. rncgalops rr~elun,~rrzls, the lelt eclgc ol the glandular field folds slightly 
over on itself (Fig. 9U). In  P. pi?-rerrsis, a glandular fold encompasses the 
eritirc circurrllerellce of tlle glandular zone to form a pocket with a rcla- 
lively wide opening (1:ig. 9C). This measures 3.5, 4.2, and 5.0 mm in 
diameter in tlle tllree speci~rlens at Iland. Tlle glandular epithelium occupies 
an allnost colrlpletely closed pouch locatctl on the greater curvature in six 
species: P. g?.ci7zdis, g~rtltcmalensis, rr~egalops az~ritus and nz. rrzegalops, ntcxi- 
cnnlis, rt~t,dipe.r ancl za~hync.lzzis. Tlle central lurnen ol tlle stolnacll is en- 
tirely linctl with cornified epithelium (Fig. 9D). Tlle opening to tlle glantlu- 
lar poucli is located at its middle ant1 ranges from .45 to .75 mln in diam- 
eter 101. all specirrlens of the six species. 

Species ol Peronlysczis that have received earlier attention include 
1'. lcctcopus (Tullberg, 1899) and nrnniculalus arltl cal i fo?-~l ic~~s  (Voi-ontsov, 
1957). Vorontsov stated that P. ccilifornic~is ltas an incipient three-c1r;lm- 
bercd stomach, tlie third cllamber arising frorn a co~lstriction ol the 
;tntruin. My observations (lo not support this. In the five specimens of 
c~ i l z fo~-n i~z i s  dissectetl, as well 21s in cxanlplcs o f  five otllcr t:losely related 
species placed with ccrlifoviiczts in the subge~lus Haploniylornys, 1 lountl a 
typical bilocular arr~~ngelllent. I l  Vorontsov exalninetl only one specimen 
(he does not report tlle ~luinbcr ol specimens inspected), the constriction 
of tile antrum prob;~bly reflcctetl ;t state of contraction at the tirne of presel-- 
vation. Information on the lriotility of the Ilrunan storrl;icll indicates that 
intense peristaltic waves begin at the incisura angularis and may nlomcn- 
tarily subtlivide t l ~ e  antruru (see Glass, 1968: 49). Such a state ol contraction 
nlay have let1 Vorontsov to interpret tlle storrlacll of californicz~s as three- 
cllambcrcd. 

Tlie stornachs of h'clsonia neoto,rzodon and Neotorrrodon ( ~ l s t o r ~ i  corn- 
pare closely to tlie bilocular-discogl:~ndul;lr arrangement observed in species 
of Pe?-orr~ysc~~s. In Nelsonic~ and Neotornodon, however, the bordering fold 
appears broader along the left side of the glandular zone (Fig. 1B). 

01' the 12 species of A'eotonza studied, 11, representing the subgenera 
Neolorna, Teonornm and Teanopzis, possess a bilocular-discoglandular 
stomach (Figs. IOA, B). T h e  configuration of the incisura angularis and 
fornix ventricularis corresponds in development to specimens of Peronzys- 
cz~s, but the area of glandular epithelium is relatively greater. Tullberg 
(1899) depicted the stomach of N. floridanu, and Howell (1926) illustrated 
the external gastric anatomy of cinerea and supplied comparative measure- 
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FIG. 9. A, Thc stomach of Perori~ysc~~.c /1~011rnsi (IJMMZ No. 113818), representing 
tlic bilocular-discoglandular pattern seen in most spc.cics of Peronlyscus; R, Enlargement 
of thc glandular zonc in P. ~ n e g a l o f i ~  nzelanurrts (UMMZ No. 113782); C, Enlargement of 
the glandular zonc in P. f~irrcnsis (USNM No. 12727); D, Porrchcd stomach as seen in P. 
lrlexicunus (UMMZ No. 111886) and soruc other species of the ~nexicanzcs group. 



M I C H A E L  D. CARLETON 

FIG. 10. Gastric anatomy of A, Neotoirra /Ioridniic~ (UMML N o .  110378); B, N e o l o i ~ l u  
@henax (ECB No. 1592); C, Hor lorr~ys allenz (UMMZ N o .  113820). 

ments ol cineyea, albigula, and fuscipes. Tlle deep incisura angularis and 
arched fornix ventricularis of N. (Hodomys )  c~lleni  reselnble other species of 
Neotoma,  but the area covered by glandular epithelium is more extensive 
(Fig. 10C). The  bordering fold in this species crosses the lesser curvature at 
a point midway to the incisura angularis and pyloric orifice, and then 
angles deeply into the antrum. Recurving tightly, the fold returns to inter- 
sect the greater curvature opposite the opening of the esophagus. 

Horner (1962) and Vorontsov (1962) reported on the pouched contli- 
tion of the stomach of Onychomys.  The  opening to the glandular pocket 
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is wider in Onychomys than in Oxymycterzrs or the six species of Peromys- 
cus. Horner et al. (1964) report that the opening is 1-2 mm in diameter, 
whiIe in my examples of Oxymycter'us and Perornyscus (except pirrensis), 
this diameter measures less than one mm. The  depth of the incisura 
angularis and size of the fornix ventricularis of Onychoni,ys compare to that 
seen in specimens of Ochrolornys and l iei throdonto~nys.  

OLD WORLD CRICETINES 

Toepfer (1891) observed a two-cllambered stornacll in Cricetus cricetus. 
T h e  bisaccular condition ol tlie stoinacll of C. cricetzls and other Old World 
cricetines except Culornyscus bailwardi (Vorontsov, 1967) differs from the 
bilocular arrangement recorded in inany species of neotornine-peroinys- 
cines. The  deep incisura angularis together with a pronounced sulcus on 
the greater curvature forms a narrow channel connecting the corpus and 
antrum (Fig. 11). Such a fixctl inlold on tlie greater curvature is lacking 
in the bilocular stomacll found in neotomine-perornyscines, ant1 conse- 
quently, tllcy clo not display the rnarkecl separation of corpus and antrum 
that typifies the stomacll of rnost Old World cricetines. 7'1le epithelial 
1ining.s of C. cricetus are distributed in a hemiglantlular pattern, but varia- 
tions in the extent of gastric glandular epitlleliunl exist among other species 
of Old World cricetines. Vororitsov (1967) provides illustrations of these 
variations. 

FIG. 1 1 .  T h e  bilocular-henriglanc1111itr storrrach o f  an Old World cricetine, Cricr t~cs  
rricetzcs (UMMZ No. 108461). I.abcls indicate the followir~g anatomical features: a, incisura 
angularis; b, corpus; c, antrum; d ,  sulcus on the greater curvature. 



MICHAEL D. CAKLETON 

DISCUSSION 

STOMACI-I EVOLUTION I N  NEW WORLD CKICETINES AND OTHER MUROIDS 

A bilocular-discoglanclular stonlac11 probably evolved froin the unilo- 
cular-hemiglandular condition. Tlre strongest evidence supporting this 
viewpoint concerns the co~nplement of glands presenl in the stomach. 
The  stonrach in inost mammals contains three kinds of gastric glands: 
iuntlic, pyloric, and cardiac. Histological studies on cricetine species wit11 
a llelniglandular stom;rcll have c1einonstr:cted the presence of these three 
glantlular types (Blank, 1950; Maggcse, 1969). Investigations on species 
having a discoglantlular or pouched stomach, on the other lland, have re- 
vealed only two glandular-types, cardiac and fundic (Golley, 1960; Ileardcn, 
1969; Horner et al., 1964; Genest-Villard, 1968). The  absence of pyloric 
glands associated with the discoglandular or pouched contlition is clearly 
a secondary or derived situation in rriam~nals and strongly suggests that the 
bilocular-discoglandular stoinacll evolved from a unilocular-hemiglandular 
state. 

Toepfcr (1891) originally inferred such ;+n evolutionary transition in 
stolnach nlorpllology based on thc few specimens Ile examined. Subsequent 
studies encompassing additional exarnples of rnuroid species (Tullberg, 
1899; Bensley, 1902; Vorontsov, 1957, 1962, 1967) have corroborated Toep- 
ler's initial perception ancl reinlorced the opinion that the unilocular- 
hcrniglandular plan represents the ancestral state for the Muroidca as a 
whole. Sucli a stomach type is ubiquitous among Gerbillinae exainined 
and common in Nesoinyinae, altllougll the stomach of Brachytarsomys 
albicauda is something other than unilocular (Vorontsov, 1967). Further- 
more, this stoinacll plan has been demonstrated in some species of Murinae 
and Microtinae (Tullberg, 1899; Vorontsov, 1962; Genest-Villard, 1968; 
Dearden, 1969). Wllile tlre stomach of most Old World cricetines is bilocular 
and hemiglandular, illat of Calornysczr~.v bailwardi is unilocular-hemiglandu- 
lar (Vorontsov, 1967). As documented in the present study, a unilocular- 
hemiglandular stomach occurs in numerous species of New World crice- 
tines, particularly those of thc South American cricetine iauna (Fig. 12). 

Species with a reduced zone of gastric glandular epitllelium are also 
found in various groups of muroids. A discoglandular stornacll has been 
recorded lor many species of Microtinae (Vorontsov, 1957; Dearden, 1969) 
and some of the limited number of Murinae studied (Tullberg, 1899; 
Vorontsov, 1967). In addition, tlre Old World cricetine Phodop~is  roboro-i~.vltii 
llas a discoglandular stomach. Among New World cricetines, a discoglandu- 
Jar pattern is common in neotomine-perornyscines but occurs in only one 
South American cricetine examined to date, Scnpterornys turnid~is (Fig. 12). 
A stomach with an enclosed diverticulum Ilas been demonstratetl in several 
species of Perornyscus (this study), both species of Onychornys (Horner, 
1962; Vorontsov, 1962), examples of Oxyn~ycte?-zls (Tullberg, 1899; Voront- 
sov, 1967; this study), and an African murid, Lophuromys sikapzrsi (Genest- 
Villard, 1968). Whatever the functional significance of a reduced glandular 
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zone, i t  seems to have evolved independently froin the hemiglandular con- 
dition in several lines of muroids. 

Increase in depth of the incisura angu1;iris and in size of the fornix 
ventricularis is not necessarily concornitant with reduction of glandular 
epithelium. Among New World cricetines, several taxa provide exceptions. 
Species of Reilhrodonto~tlys, lor instance, diRel- markedly in extent of 
gla~lclular epitheli~un but conform in depth of the iilcisura angularis. 
Scapteron~ys, Oxymyclerus, and species of tlie iclltllyomyine group exanlined 
have stoinaclls wit11 a reduced glandular arca, yet in coilfigt~ration of the 
incisura angularis antl fornix ~.erltricul;~ris tlie sto~nachs in these spccics 
are unilocular. 

TAXONOMIC CONSIDERATIONS 

New World cricctines coinprise an ilupressive asselrll)l;lge ol foi-~ns, 
numbering approximately 310 species of 52 genera. Several stutlies have 
contl-ibuted some insight to supragericric aflinities within this large group. 
Based on evidence of comparative myology, Rinker (1954) suggested two 
initial lines of descent in New World Cricetinae, one cxenlplified by ;I 
" y .  Slgmorlon-Oryzorr~ys" complex and thc other by ;I "Arcolo~~~a-Perorr~ysc~is" 
coirlplex. Subsequent irlvestigations have supported Kinkey's discernlrient of 
;r basic dicllotorny in tlicsc cricetines. A series of papers 1)y Hooper (1958, 
1959, 19(i0, 1962) and Hooper and Mussel- (1961b) focused on the ~norpliol- 
ogy OI the glans penis ;~ntl  tleinonstratetl a sinlple form among neotoinine- 
perornyscines and a complex type in Soutll Alnci-ican CI-icetines. Informa- 
tion derived fro111 the male accessory rel)rodrlctive glantls (Arata, 1964), 
I'rom ectoparasites and tlieir host associations (Wenzel and Tipton, 1966), 
and lroni zoogeogi-apliy (Hershkovitz, 1966a) have also reinforced the notion 
of an early divergellee in the New World cricctine lineage, and Hcrslikovitz 
(1969) llas formally used the tril);il names Perornyscini and Sigmotlontini 
to designate these two assemblages. Data on gastric ~norpl~ology must be 
consitlered in light of tllis evidence. 

Tlle South American cricetine colnplex is less co~npletely representetl 
in tlie study material than is tlle neotolilinc-peromyscine one. Tlle 73  
nominal spec:ies from 27 genera of South American cricetines surveyed here 
constitute only a small sample of tlle 200 species of 40 genera wllicll com- 
prise this diverse group (Hershkovitz, 1966a, 1969). Nevertheless, some 
generalizations emerge from the data. 

The  majority ot South Americ'tn cricetines studied, 21 oL 27 genera, 
have a unilocular-herniglanduldr ~toniach (Fig 12). These 21 genera 'Ire 
so fundamentally similar that gastric morpllology, at least at the gross 
level, provides few clues to the intra- or intcrreldt~onships of prev~ously 
defined generic groups (see Hershkovit7, 1955, 1962, 1966b; Hooper and 
Musser, 190411). The  more extensive distribut~on of gastric glandular epi- 
thelium in Holorhzlzis, Neotornys, Rezlhro(1on antl Szgmotlon agrees wit11 
their dssignrnent together in the signlodont group '1s defined by tlershkov- 
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Baiomys 

Ototylomys 

Scotinomys 

Tylomys 

Abrothrix 

Akodon 

C hilomys Otonyctomys 

Eligmodontia Phyllotis 

Euneomys Rei throdon 

Holochilus Rhipidomys 

lrenomys S igmodon 

Neacornys Thomasomys 

Nectomys Zygodontornys 

Notiomys 

Nyctomys 

"SOUTH AMERICAN CRICETINES" 

? 

FIG. 12. T h e  genera of tlcoto~nitlc-pcromysci11cs asd  South A I ~ ~ I - i c a n  cricetitles 
stuciied ar-rangcd accortling to extcnr of glandulal. cpithcliulrl. Olrly foul- sto~l~;~clr  gratlcs 
;Ire por~raycd: heriiigla~idnlar, intc.rmediatc, tliscoglanc1ul;rr (and retluccd ~1a11dul;rr zone 
rrs scen in Rl~eomy.c), and tllc pouched conditioll. Tlic slil)plcd area equals glandular 
epi the l iu l~~ and the white area represents cornilicti squamous cl~itheliu~tl .  
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itz (1955), but Euneomys, a phyllotine, and Nectornys, an oryzoinyine, share 
this characteristic too. Although most South American cricetines cluster 
in regard to stolnach morphology, a number of forms are set apart; these 
include Thonzasomys azlrezls and species of the scapteromyine, oxymyc- 
terine, and ichthyomyine groups (Figs. 4,5,6). 

The  stoinach of Thorr~asonzys azireus difl'ers markedly from those of 
other species of Thonzasorrlys as well as atltlitional representatives of the 
tllomasomyine group examined (Nyctomys, Otonyctomys, Rlzipidom,ys). 
The  distribution of gastric glandular epithelium in T .  azwezls supplies a 
transitional stage between the hemiglandular plan common to irlost South 
American cricetines ancl the discoglandular stoinacll of Scuptel-owys t t~lnidus.  
Hooper and Musser (1964b) noted that the structure of the glans penis of 
T. aureus contrasted with other thomasomyine species represented in their 
study and suggested the exclusion of T. atireus from that group. The  extent 
of gastric variation in Tho7nasolnys remains unknown since the present 
study treats only seven of a probable 30 species of this unrevised genus 
(Hershkovitz, 1966b). Since the stoinacll morphology observed in T.  cilxerel~s 
diverges slightly from the hemiglandular condition, one might expect gas- 
tric dillerences between otller species of Thorrrasornys as well. If, however, 
furtlier evidence on gastric morphology reveals a pervading hemiglandular 
pattern, tlien the distinctive fe;ltures of the glans penis and stomach of 
az~l-eus argue strongly for its separation frorn Thonlusorrrys. 

Certain representatives of the scapterornyine, oxymycterine, and icllthy- 
olnyine groups depart conspicuously from the llenriglandular condition. 
Nevertheless, cliaracteristics of the incisura angularis and the fornix ventri- 
cularis in these genera corlfornl to the uniloc~~lar  configuration typical of 
other South American cricetines. The  discoglandnlar stomach of Scaptel-onlys 
tunl,itlus warrants special attention. Vorontsov (1967: pl. 120, p. 54) postu- 
lated a form of stomach1 intermediate to a r~nilocul;~r-l~emig1an~1ula~~ storu- 
ach and the unilocular-pouched stomach seen in examples of Oxynzyctel-11s. 
The stomach of Scaptel-ornys t~lrrziclzls exactly fulflls this morphological 
grade. Hershkovitz (19661s) has suggested that Scnptel-omys and Oxyrnyclerzrs 
may be intimately related and derived the scapteromyine and oxyrnycterine 
groups from an ancestral akodont stock. 

The  pouched stonlac11 in Oxy~nyctel-ILS is clistinct from that observed 
in other genera assigned to the oxymycterine group as constituted by 
Hershkovitz (1966b). Indeed, based on evidence of gastric morphology, 
the affinities of Oxym,ycterus appear nearer to Scapterom,ys than to the 
additional members of the oxymycterine group studied, namely Abrothrix 
ancl Pocloxomys. The stomachs of Abrothrix longipilis and mimus  are 
typically unilocular-hemiglandular while that of Podoxonzys rol-airnae is 
only slightly modified from the hemiglandular condition. 

The  position of the reduced glandular zone of Xheomys is unique 
among New World cricetines studied to date. Neither the discoglandular 
stomach of many neotoinine-peromyscines nor that of Scnpteromys ap- 
proaches the Rheornys condition. T h e  only apparent resemblance to the 
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stomach of Rheomys occurs in the hydroinurine Hydronzys chi-ysogaster, 
figured by Tullberg (1899). Hydromys may occupy an amphibious niche 
somewhat similar to that of Rheomys (McNally, 1960). Compared with 
Rlreon~,ys, the stomaclls of Daptornys and Neusticomys are more generalized 
and constitute annectant grades between the hemiglandular state and 
reduced g1antlul;lr zone evident in Rheonrys. In  other cllaracters as well, 
Daplom,ys and Neusticomys qualify as the more generalized of the five 
ichthyomyine genera (Anthony, 1929). 

Of the approxinlately 110 species of 12 genera of neotomine-pero- 
myscines, 1 obtained exalnples of 72 species representing 11 genera. The  
prevalent stomach plan in the neotornine-peromyscines is discoglandular 
(47 spp.) while the least coinmon is tlle unilocular-hemiglandular type (6 
spp.) (Fig. 12). An iilterrnediate grade to these two stonlac11 plans is found 
in 9 species, and 11 forms have a stomacll that is probably derived from 
the discoglandular state. 

T h e  stomachs ol Ototylonrys, Tylornys, Scoti?zorn,ys, and Baiornys clearly 
conform to the u~~i locu la r - l~e~~~ig lancI~~l : i r  plan, a condition found in the 
~rlajority of South clinerican cricetines. Only the evaluation ol other char- 
;~ctcristics cliscloses their align~nent with the neotomine-peromyscines (see 
Hooper and Mussel-, 1964b). 

Three genera, Och1-olomys, Neolornn, and Reithroclontomys contain 
species that display a tri~nsitional stoln;~ch arrangement. With regard to the 
extension of cornifietl epitllelium into the antrum, Ochrotomys n ~ ~ t t a l l i  
f;~lls between 13criorn,ys ant1 species of R.  (Reithl-otlolztonrys). 7'11e stomach 
01: 0clr~otoniy.r contrasts sharply with the cliscoglandulai- stomacll common 
in ~~~~~onlysc~is, wllicl~ once includetl 0. nzrtlnlli. In view of the accumulation 
of evidence supporting the exclusion ol 11rrttalli fi-om Pc~oniysc~rs (Blair, 
1942; Hooper, 1958; Rinker, 1960; Ai-at;~, I!)(j4; Patton and Hsrl, 19f7), 
the clistinction in gastric morpl~ology further emphasizes tlleir separate- 
ness. 

T h e  stomach of Areotomu clllcni tloes not m;ttt:ll that of other slxcics 
o l  h7eolomcl exarninetl. The  distribution of glandular epitl~eliunl in N. 
nlleni recalls the situation ol~served in cert:~in rnerrllxrs of Reithj-otlo~itoniys, 
although in morpl~ology of the incisura angularis antl fornix ventricularis 
alleni resembles otllcr Neotorrra. Altllollgll originally ;illoc;rtctl to the rnono- 
typic genus Horlolt-rys (Merri;~m, 1894), R~II-t antl 13;lrk;r low ( 1  94 2) re1eg;lted 
nlleni to a iuonotypic subgenus of Neotottrcc. Otl~er  investigators havc qlies- 
tioned the placetnent of c~lleni in Ncotonin antl instead have sl~ggcstecl its 
relationsllip to another wootlrat forni, Xenomys nelsoni. Sprag11c (18.41) 
noted similarities of the hyoid apparatus of crlleni and X.  ~ l s o ~ i i ,  and 
Hooper (190 )  coiurr~cntctl on the likenesses of the glans penis of these two 
taxa. I n  a study of the habits of X. nel.so?ri and alleni, Sch~~l(lach (1960) 
urged retention o l  Hodomys at the generic level. In ligllt of tllese studies 
antl current inforniation on gastric ~norphology, the reinstatement of 
Hodoni,ys to its former generic status inore appropriately reflects the char- 
acters tlistinguishing it from Neotomn. Accordingly, I have followed Scllal- 
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dach's recornmendation and subsequently refer to alleni under the genus 
Hoclomys. No stomachs of Xenornys nelsoni were available for comparison. 

The  observed gradation in gastric morphology betwecn species of 
lieithrodontom~ys is harlnonious with Hooper's (1952) demonstration of 
gradation in other characters among species of tlrat genus. Arrangenicnt of 
the species examined according to their relative area of gastric glandular 
epithelium defines the following groupings (in ortler of greater to lesser 
area): A) hurrrrlis ant1 7rlontan1is; B) megcllotis, ful.i/esccns, s~~michrasti ,  and 
gracilis; C) 1nicrotlo7z; D )  7r.rexictlnzrs antl breviroslris; E )  ci.eper. In general, 
this ortler based on nlorpllological grade of thc sto~n;tcll agrees with Ilooper's 
(1952: 196) estimation o l  the degree of divergcnce of species in tllc genus from 
a comlnon ;~ncestor. Only R.  niicrotlon tlel,;lrts conspicrrously frorri liis rank- 
ing oS spccializatiori (;rssu~ning that tllc one specimen of rnicl-otlon is repre- 
sentative); Hooper treatetl this species as lrlorc specializctl than either 
nzexicclnzrs or brcijirostl-is. Considering tllc gastric struc.ture of the tcrl 
species examined, no tlicllotonly Sollowing the currently-;~cccpted subgeneric 
divisions R. (Keilltroclontonzys) and Ii. ,(Aporotlo17) is apparent. Certain 
rneinbers or R.  (lieithl-otlon.tomys), for ex;rmple fu1i~c.rrc~1.s ;lntl .rrrunichrasti, 
resemble grclrilis, a generali~etl f'orlri oC Ji. (Afx~l-otlonj. ' 1 ' 1 ~  data on gastric 
anatomy arc therefore less in agreenlent with the al-r;tngenlent oS K(:ithi-o- 
do~ztonrys antl Aporotlon as separate genera (see Hcrshkovit~, 1962). Still 
other species warrant study of tllcir g;tstric ~norpl iolo~y,  especirilly spe- 
cialized rnclnbers ol K. ,(Zieitlrrotlontonrys) such as elti-y.ropi.s and Irirs~il~rs. 

A bilocu1;ir-discoglantlular storn;~ch occurs in most nlc~nbers of Pel-o- 
nrysczrs (31 of 39 species cx;rmined). Tlle other eight species also have :I bilo- 
cular stomacll, but one with modification of the gl:rntl~~l;tr zone. These 
forms, seven from the P. (PC?-orrrysczis) rr~exicn7zu.s group antl one l'ro~n P. 
(Isthmoniysj, have a stolnacll with eitllcr a well-forrrretl pouclr or what 
appears to represent an incipient stagc in pouch for~nat io~i .  

Gastric variation in the ~izexicanzis group recon~lnentls I-e;rpprais;rl of 
the affinities of species inclntled in it. I examined 12 of the 14 nominal 
species assigned to this group by Hooper (1968). One, 1'. allophyl~r.~, 1i;ts 
been recently synonymized with gymnotis by R/lusscr (1971). Examples o l  
four of these species, namely P. fzcr-i~zis, Inti?-o.rlris, O C I I ~ ( I ~ J C ? ~  t ( : ~  and y~icattrni- 
czrs, possess a discoglantlular stornacll that is unremarkable in conlparison to 
luost or their congeners. 1);lt:t on gastric morpllology of P. oclll-nuenter 
support Baker's (1951) recommentlation of its relationship to P. ~ U Y I J I ~ S  and 
latiroslris but throw tloubt on Hooper's (1968: 5!)) view that tlie aflinities 
or ochi-t~i~~ntel-  lie with the "P. rncxicnn~ts complex of Corms." All six sub- 
species oS P. n~exicanus ex;rmined (P.  rn. cl?7g(:le,nsis, g y n ~ ~ z o  tis, ir~exicanus, 
saxatilzs, teapensis, and totontepecz~s) have a stollracli of tllc pouched 
variety. Musser's (1969) reallocation of the subspecies nnge1cnsi.t to 1'. nrexi- 
canus also proves lnorc conlpatible from the standpoint of gastric ~norphol- 
ogy than its classification by Osgood (1909) under P. Dn~z(le?-crn,irs, a spccies 
with a discoglandular stomach. In addition to P. r.nexican~r.c, a glancllrlar 
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diverticulum was observed in the stomachs of P. grandis, gzlalernalensis, 
rn,egalops (except m. rne lanu~us ) ,  nudipes  and zal-hynchus. T h e  pouched 
stornacll found in these six species suggests a close relationsllip between 
them. Gastric differences were noted between subspecies of P. megalops. 
While 1'. nzega.alops rnegalops and m. azlritzls have a pouched stomach, 7n. 
nl,elanzlrus exhibits one wit11 a sliglil infolding of tlie glandular zone. This 
contlition also occurs in P. mclanocarpzls. T'hesc observations challenge the 
alignment of mela~zzlrzis as a subspecies of P. megalops, but the degree of 
kinship suggested by the ps t r ic  similarity between ~nelan~ll-z ls  arid P. n ~ e l n n o -  
c t r r p ~ ~ s  awaits further clarification. 

intermediate contlition of the stomacll of P. pirren.si.s cautions 
against a premature judgnlcnt of close ;iffinity for the six species in the 
rrzex~ct~71zls group with ;I pouclled sto~nach. 7'11~ possibility of the inde- 
pendent evolution of a gxtric tlivcrticulun~ must also be recognizetl. De- 
spite tlie si~llilarity in gastric structure, P. pirrensi.~ is prob:~l,ly not closely 
rclatetl to species includetl in the r r r ex i r c r~~~~s  group, as consitlcration of 
otllcr characters of pirl-ensis has led to its ;rllocation to a diflerent sul,genus, 
Isth,t~ornys (Hooper ancl Musser, IY(i4a; Lirlzey ant1 Layne, 1969). 1C the 
infoltlctl nature of the glantlular zone tloes embotly an eiirly stage in the 
evolution of a pouclietl stomacll, tlien tlie intlependent acquisition 01 a 
~jou(:h may have occurred in tlle above-rnentionetl six species of the mexi-  
ctrl~zrs group and may now bc occurring in P. pirl-ensi.~ and possibly in P. 
rrrelanoca.ipz~s and P. ~negalops  nrela7z1~1-11s. Moreover, tlie incidence of a 
pouched stomacl~ in other muroids-Ortychon~ys, a neotomine-~~eromyscine; 
Oxyrrrycterus, a Soutll American cricctine; and Lophzll-mnys sikapusi,  an 
African rnurid (Genest-Villard, 1'368)-convincingly attests to the possi- 
bility oS parallel evollltion of this character. 

In  summary, tl;it;t from gastric anatonly support the notion of a 
fundarnclltal tlichotomy in New Worltl cricetines. This tlicllotolny is ex- 
pressed not as a constant difference in stomacll morphology between mern- 
bers oC tlie two asseniblagcs but rather in ternis of tlie frequency of occur- 
rence of the two basic stomach plans: the inajority of South American 
cricetines exanlined exhibit the ancestral unilocular-lleiniglandular contli- 
tion, while most neotomine-pel-ornyscines have the derived bilocular-dis- 
coglalldular forrn. (:onlparecl to the Soul11 American cricetincs examined, 
the ncotomine-peromyscincs contain Inore species displaying intermediate 
grades to the unilocular-hemiglandular and hilocular-tliscoglancI~11:1r pat- 
terns. Furthermore, the few examples of South American cricetines having 
a reduced area oS glandular epithelium still retain a unilocular arrangc- 
inent, wllile in neotonline-peromyscines a stomach with a reduced glandular 
area is usually bilocular. One can derrlonstrate, Ilowcver, a morpliological 
continuum between the unilocular-hemiglandular stomacll general in South 
American cricetines and the bilocular-discoglandular stolnacli prevalent .in 
ncolomine-peromyscines. Atlditional knowledge of gastric structure is 
clearly required for South American cricetines. One might encounter devia- 
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tions lrorn the unilocular-l~emigla1~du1i1r plan in other inembers 01 the 
oxymycterine group, in the scapteromyine Kunsza, or in the remaining 
genera of the icllthyolrline group, Alzolornys and Ichthyonr ys. 

FlJNCTIONAL IMPLICATIONS 

Previous Hypotlleses 

Two major hyl,otheses llave been advanced to explain the trend of 
increased cornification ancl conconlitant glantlular reduction. One, advo- 
cated by Bensley (1902:49), empliasizcs that ". . . the changes have been pri- 
niarily t l ~ ~ e  to t l ~ e  iilecllanical action of tlle Soot1 on tllc m ~ ~ c o u s  1nelnbr;lne 
. . ." His tllcory stresses tlie effect wrought by abrasive foodstufls, for exailple, 
coarse grasses and the cllitinous exoskeleton of insects. In  like manner, 
Horner et al. (1964:534) interpret the e~lclosure of gastric glands illto a 

pouclr in O~lychonrys as an adaptation for ". . . safegu;~rding tlle soft tissue 
of the gastric glancls Sronl abrasion by tlle rough chitinous material ill- 
gested by the rodent." Acceptance of tllis thesis proves difficult in view of tlic 
number of ni;unmals, incll~ding wllole orders, that consLume foods that may 
be equally cllaracterizccl as coarse ant1 abrasive ant1 yet tlo not possess 
cornilied stolliachs. For instance, tlie stonlacll of Costor ctr?rrrtlensis is corn- 
pletcly glant1ul;rr altliough tile beaver typically consumes cjuantities of 
willow and poplar bark, food items that sllould properly qualify as co;~rsc 
and abrasive (Nasset, 1953). Lagomorphs, wllich also llave a con~l~letely 
glandular stomach (Bensley, 1902), ingest many abrasive foods-leaves, 
grasses, sedges, twigs and bark (Todtl, 1927; Dalke, 1942). One might also 
expect the sto~naclls of lnsectivora ant1 insectivorous C;lliroptera to be 
cornified, but recent studies Sail to affirm tliis (Myrclla, 1967; Rouk ant1 
Glass, 1970). If  the physical consistency of the ingested food constitutes a 
sufficient selective pressure favoring cornifici~tion of the stomacli lining, then 
it  is not apparent why si~uilar trends of coi-nificaiion do not appear in these 
and other groups of mammals. 

T h e  other Ilypothesis suggests tliat clianges recortled in mui-oid stomachs 
reflect accommodation to a llerbi\~orous diet. Originally proposed by Toepfer 
(1891), this idea has been more thorougllly elaborated by Vorontsov (1957, 
1962, 1967). Vorontsov's diagnosis of alimentary tract speci;~li~;~tions intli- 
cates an orthodirectional shiit from a protein-lipitl diet to ;i predominantly 
cellulose one. Hc argues that this transition detliandetl reduction of the 
highly acidic glandular zone ant1 increased sacculation in order to permit 
the existence of sylrlbiotic organisms capable of digesting cellulose. His 
supposition draws strongly on analogy to gastric ;~daptations notetl for 
ruminants. Unquestionably, tile function of the ruillcn as a l'el-inenting vat 
for cellulose has been substantiated in the ;lrtiodactyl subol-tlers Ru~ninantia 
and Tylopoda (Cuthbertson, 1959; Vallenas, 1965; Williams, 1963). Fur- 
therillore, ruminant-like digestion has been doc~unentetl in the sacculatetl 
stomachs of bradypodid edentates (Jeuniaux, 1962), colobine primates 
(Kuhn, 1964) and macropodid nlarsupials (Moir et al., 1956). 
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In view of the multitude of myoinorph rodents, i t  seems remarkable that 
there are few coinparable studies on cellulolytic gastric symbionts. In  one 
such study (Camain et al., 1960), the authors isolated a sainple of B a c i l l ~ ~ s  
from the corpus of Cricetorr~ys gam,binnri.r. Enzymatic activities listed for 
this Bacil lz~s include the lernlentation of glucose, production of acetyl- 
methyl carbinol, l~yclrolysis ol st:rrclr and the proteins casein and gelatin, and 
nitrate reduction, but not the fermentation of cellulose. I t  should be noted 
that the corpus 01' CT-icetomys contains a tlcnse inat of cornified papillae that 
markedly increases its surface area, wllereas in most muroids the cornified 
squamous lining ol the corpus is smooth. 1,ike Cricetorr~ys, My.strom,ys albi- 
cnudntzis and Myospalax display these fingerlike projections of the corpus 
(Vorontsov, 1967). In  light of the dcnlonstrated bacterial flora and the 
papillated corpus, some absorption ol fermentation products may take 
place, although they did not demonstrate this. Still, the presence of cellulo- 
lytic gastric symbionts, crucial to Vorontsov's Ilypotllesis, has yet to be firmly 
documented for these rodents. 

A n~rinber of subsidiiiry considerations question the a 'ppr~~riateness  
of drawing analogy to ruminant gastric adaptations in order to explain the 
stonlach modifications observed in muroid rodents. First, the degree of 
sacculation in the muroid stomach does not ;~pproacll the extreme compart- 
mentalization fou~ld in true ruminants. No anatomical division separates 
the glantlular antl cornifietl areas in rnuroids with a unilocular stoin;icll, 
and in those with a bilocular one tlris sep:rr;~tion is less pronouncetl than in 
a rurninant stomach. Only the bilocular stoinaclls of some Old Worltl 
cricetines show ;I marked constriction between the corpus antl antrum. 
As mentioned above, the three-clian~beretl stomach noted by Vorontsov 
(1957) lor Peronzy.scus cnlifornirus is suspect. Present knowledge of gastric 
inorphology in muroitls indicates only one, I.ophiomys irrrhn~csi, that poss- 
esses a stomacll with divisions appearing, at  least superficially, ;~nalogous 
to the compartments of a ruminant stomach (Vorontsov, 1967). St~ltlics of 
gastriic digestion in this rotlent would be particularly interesting. T h e  com- 
paratively weak subdivisions of the nluroid stomacll do not exclude the 
possibility of cellulolytic gastric symbionts, but they do raise questions about 
the notion t11;1t rnuroids h;~ve attained the level of cellulose digestion achieved 
by ;rrtiodactyl ruminants. Sccontl, as recognized by Vorontsov (1967), the 
section of cornified epithelium in the distal area of the antrum of a bilo- 
cular-tliscoglandu1a1- storn;lcll does not have a counterp;~i-t in the ruminant 
stomach. Third, as tliscussed below, a loss of pyloric glands accompanies 
reduction of epithelium to a discoglarltlular state, whereas pyloric glantls 
occur in the abomasum of the ruminant stomach (Bensley, 1902). Fourth, 
it is tliflicult to perceive why two fermenting vats for cellrllose sllould evolve 
in these rodents when in other marnnlals those with caecal fermentation 
disp1;ry ;i comparatively simple stomach, while those with gastric fermenta- 
tion exhibit a complex stomach and unremarkable caecum (Moir, 1968). 
As documented by Vorontsov (1967), in;~ny muroitls, even those with a dis- 
coglandular stomach, possess a well-developed, capacious caecum. Lastly, 
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where tlle diet of a given species llas been fully elucitlatetl, [lie food Iiabits 
tlo not necessarily substantiate Vorontsov's estimation ol the adaptive signifi- 
cance ol its gastric structure. I n  fact, striking colltratlictions are sometimes 
found. The  bilocular-discoglandular sto~nacll present in members of Pero- 
~rrysczis, lor example, should indicate a predominantly Iierbivorous diet 
according to Vorontsov's Ilypothesis. Yet the species P. boylei, Ie7icopzis ancl 
nzniziczilutrrs, for whicl1 considerable data on feecling 11;ibits ;ire available, 
eat mainly seeds and insects and to a lesser extent fungi, berries, otlier artliro- 
pods and cellulose itenis (Hamilton, 1911; .Jarneson, 1952; MTilliains, 1959; 
Hrown, 1964; Whitaker, 1963, 1966). 

111 view of the weaknesses in tlie above hypotl~eses, the 1'unction:il con- 
sccluences ol' the divergent gastric types deserve lui-tlicr consi(Ier:~tion. 
Accorclingly, the lollowing discussion incorporates a survey of rc lcv~~nt  lit- 
erature with ;ittention to other functional possibilities. l 'he purpose of this 
tlisc~ission concerns fruitful areas for subsecii~ent rese;lrch, not tlie I'orm~ila- 
tion of a third hypotllesis. 

Cast1 ic I-Iiatology antl Fun( tion 

ICnowletlge ol' t l ~ e  specific gastric gl;~ntls present coiilniancls forelnost 
consideration in uritlerstanding the functions of the ~.;ii-ious stoiliacll types. 
lnlorln;~tion on gastric llistology for New \i\iorltl cricetines inclutles Sigtrco- 
don /cispicl7rs (Blank, 1950), Akot lo~  c~zal-cte ant1 Cc~lo~trys l(rlrc/r(~ (Maggese, 
1969), and O~~~yclromys tol-ritlzrs (Horner et al., 1964). T h e  liemigl;~nclular 
region of tlle first tliree species contains cardiac, pyloric antl funclic gl;~nds, 
which occur in inost mammalian stoinaclls (see Bensley, 1902). Moreover, 
these glancls are distributed si~nilai-ly in all three species. T h e  c;~rdiac glands 
occupy a sadclle-shapetl area on the lesser curvature near tlie esopliageal 
orihce; the pyloric glands cover the area of the antrum tow;ird the pyloi-ic 
orifice; ant1 the funtlic glands constitute tlie reinaincler of the glaritlular 
zone ant1 extend over the largest area. This distribution of glands com- 
pares basically to that observed in Mus n1~i.scri1rr.s and 1intt1r.s nol--oegicus, 
whicll also possess a heiniglandular pattern (Toepler, 1891; Kamineraad, 
1912), ancl perhaps this sclleine prevails in most rodents with a herniglandu- 
lar stomach. The  concentration of glands located in tlie poucli of 0nychonly.v 
tor~it1.u~ consists of just two types: (1) a srnall zone of cardiac glantls sur- 
rouncling tllc poucll aperture and (2) a close mass of Cundic glands (Horner 
et al., 1964). Pyloric glands, common in most mammalian stomachs, do not 
occur. Similarly, tlie glandular diverticuluin of 1,ophurornys sikapusi lacks 
pyloric glantls but contains fundic glands; cardiac glantls were not men- 
tioned (Genest-Villard, 1968). 

T h e  loss of tlie pyloric glands probably occurs prior to the evolution of 
a pouched storn;~ch. Histological studies on microtines with a discoglandu- 
l;1r stomacll-O~ldatm zi bethicus (Bensley, 1902); Microtzis pennsyluc~nicus 
(Golley, 1960; Dearden, 1969); Dicl-ostonyx gi-oei~lnndiczis antl Lag~irzis cur- 
tatus (Dearden, 1969); and Clethl-ionomys rutilus (Orlov, 1968)-reveal that 
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tlle circular zone contains only fu~ldic glands and a narrow perimeter of 
cardiac glands (the latter two autllors tlo not mention tlle carcliac glands 
but both Uensley and Golley conlme~lt on tllem). This variation in glandu- 
1. '11 - composition . prescribes additional histo1ogic;rl examinations, especially 
on New Worltl cricelines. Species that exhibit an intermetliate stage to the 
l~elniglancl~~lar ant1 discoglantlular stornat:l~s deserve p;rrticular attention 
will1 regard to wliat glantls persist and in what proporlions. 

Tlle lunctioilal outcome ol the loss of pyloi-ic glantls merits explora- 
tion. Investigations on the lluinan stomacll reveal three prim;rry roles for 
tlle pyloric glantls (see Glass, 1968): 1 )  secretion of mucus; 2) secretion of 
electrolytes that confer ;In acid buflering property to surface mucus and 
tllereby prevent c1lemit:al irljury to tlle stomach mvcosa; 3) secretion of tlle 
lror~norle gastrin wllicll stimulates elaboration of Irydrochloric acid ancl 
pepsin by the fundic glands. Since tlle Nluroidea contains species cxhibit- 
ing intermetliatc st;rgcs in the loss of pyloric glands, conlparative studies 
o l  selected species coulcl tliscovcr wll;~t the ;~ppirrcnt lack of these functions 
corlllotes for tlle digestive process of tllese I-otlcnts. 

One possible consequence of pyloric gland loss relates to the effective- 
ness ol inecllanical degr;rd;~tion oS the root1 bolus in the antrum. Tlle re- 
placement ol glantlr~lar cpitlleliunl by cornifietl squanrious cpitllelium offers 
a niore resistant triturating surface as peristaltic waves knead and inix the 
ioocl. While peristaltic waves pass over tlle entire stomi~cli, inost of the 
ellcctive mixing of tlle loot1 occurs in the antral area since tlle strongest 
rnusculirr contractioils 01-iginate at ~ l l e  incisura a~lgularis ancl progress toward 
the pyloric orifice (Davenport, 1966). T'he pro~lounced incisura angularis 
in rodents with a bi1ocul;rr stonlacll c o ~ ~ l t l  incre;~se tlle area lor intensive 
inixing and reworking of tlle foocl holi~s. ~Vloreovel., as notetl in the descrip- 
tion, tlrc prominent rriusct~l;rrity of tlle antral wirlls of lriost bilocular 
stomachs may be significant in this regard. Such an arrangement for pllysi- 
cally reducing coarse loodstuffs is not implalisiblc. V;lrious anteaters, e.g. 
0ryctet.op1c.c and Manis, display hypertroplly of tlle pyloric ~nusculature 
wllicl~ forms ;I gizzard-like mecllanism, sonietimes equippetl with keratinous 
teeth, at  the gastroduotlenal junction (see Gi-ifiths, 1968, Appendix One). 

7'he loss of pyloric glands from a 1lernigl:~ntlular stomach would 
clearly leave ;I lrlorc extensive area of f ~ ~ n d i c  glands tllan exists in a disco- 
glandular stornacll. Tllerelore, in atltlition to yyloric gland loss, retluction 
in ;ti-ea of glantlular rrlucosn indicates a tliminution of tlle funtlic gland 
complement. Dearden (1969) obscrved a relatio~~ship between the ratio 
of zylrlogen to parietal cells and the area of glandular ~nrlcosa in several 
species ol microtinc rodents. In  M~cI-011~s $e~znsyl-onnic~rs, wllicll llas a 
rclativcly greater area of glandular epithelium, the number of parietal cells 
cxcecds that of zymogen cells; Ilowevei-, in I1ic1-ostonyx gl-oe?7ln17tlic-1ts, a 
species, with ;I smaller glantlular zone, zylnogeil cells predominate. Dearden 
(1969:67) speculates that the latter condition ". . . would seem to ilnply tll;it 
a large quantity of pepsin is mandatory ant1 is perllaps more critical than 
tlle llydrochloric acid titre." Further, since the maximal output of HCI 
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correlates with the parietal cell mass in the gastric mucosa (Card and 
Marks, 196O), marked differences in acidity may be expected in the v;lrious 
stonlacll types antl the optimal p H  range of pepsin activity may be alteretl. 

While Vorontsov's hypotllesis focuses on gastric digestion of the polysac- 
charitlc cellulose, it is important to renlenlber that other carbohydr;~tes 
oT high inolccular weight, naimely glycogen antl starch, provitle nutrition for 
mammals. Althougll ccllulases occur in sonle invertebrate animals, mam- 
mals are not known to possess such enzymes. Accordingly, they obtain nu- 
trition lronl cellulose only througll the fermenting ;rction of symbiotic 
organisms inllabitillg the gut. Nlamrnals do possess a battery ol enzymes 
capable 01' degrading glycogen and starch. T h e  enzyme alpha-amy1;lse is 
irlvolvcd in the initial llydrolysis of these polysaccllarides antl is sec.retctl 
by both s;llivary glantls antl the pancreas. Evcn in the human stolllacli, with 
its large area of pepsin ant1 HC1-protlucing funclic glantls, sonle cligestion 
of st;~rch takes place (see Davenport, 1966, Cllal~t. 13). 'l'lle action ol sali- 
vary amylase continues in the stomacll as long as a compar;~tivcly high pH 
exists (Ilr~man salivary amylase remains active over a pH range ol 4 to 
11 with optini;~l activity at 6.9-Davenport, op. cit.). Eventually t-he low 
p H  ol tllc storn:~cll inactivates this digestion. Evidence on passage of foot1 
thro~1gl1 tllc rat stonlac11 indicates that some amylase activity may con- 
continue. <;lass (1968:47) states: 

"Foocl wllicll enters tlie stomacll is lotlged in the innermost core 
of the gastric content. Thus, it is least exposed to gastric digestive 
juices acting on the outside of the gastric content. . . . This 
arrangement makes it possible for the food entering the stom;tch 
to maintain its relatively high p H  and allows continual action 
of salivary ptyalin inside the bolus." 

Due to the extensive ,ires of nonsecretory cornified squamous epitlleliuln 
in the rat stomach (hemiglandular type), salivary amylase (=ptyalin) 
could remain active much longer than in a hurnan stomath. 

A pouchetl stomacll nligllt also function to sustain salivary amylase 
digestion. Conceivably, the enclosure of glands in a diverticulum perrrrits 
the maintenance of a lligll p H  in the rnain lulnen ol the stomach. Since 
the diet of Onychonlys ant1 I,ophz~7-ornys consists largely of insects (Bailey 
ancl Sperry, 1929; Horner et a]., 1964; Genest-Villard, 1968), glycogen may 
be the important carbohydrate upon whicll the amylase acts. T h e  Inass of 
i'untlic glantls in the diverticulum suggests that at sonre appropriate phase 
of gastric digestion the orifice of the pouch may open wider to allow 
unimpeded flow of gastric juice to act on the protein component of ingestetl 
food. 

T h e  studies of Griffitlls (1965, 1968) on Tach~~gloss~rs ctczrlenlus support 
the plausibility of reduction and loss of glands in order to sust;~in salivary 
amylase activity. Tlle echidna's stomach colnpletely lacks gl;~nds of any 
sort and maintains a relatively high pH. Yet the stomacll lining of corni- 
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Iied squainous epithelium has not resulted from inechanical abrasion by 
the ants and terinites in the echitlna's diet but relates to more effective 
digestion of carbohydrate. Griffitlls states (1968:41): "7'he stomacli lining has 
no intrinsic digestive enzyrne activity, but the saliva contains an ;~lplla 
amylase at neutral pH so that doubtless the enzyme is active in the stomach 
degrading glycogen in the hoinogenized insects to carbohydrates of low 
~nolecular weight." Criffitlis also notes that the rate of footl passage through 
tlle echiclna's alimentary tract is slow, another possible meclianisln to ensure 
complete assimi1;ltion of carbollytlr;~tes. In this regard, Kostelecka-Myrcha 
and Myrcha (1964) have compared the rate of passage of green plant parts 
;uld scccls for several species ol nlicrotines and show that seed passage 
takes lroni 2.5 to 3 tin~cs longer; their stutly ditl not, however, isolate tlie 
I-egion(s) of the tligestive tract where retartlation of seetl passage occurs. 

If reduction of glandular epithelium allows prolongation of amylase 
activity, one might expect changes in the salivary glands that correspond 
to tlie type of stoiriacll cllaracteristic ol a species. While an extensive survey 
is lacking, tlle investigation of Siud;~ and Szymanska (19(il) intimates some 
such relationship. Their comparative histological study of Ral tu s  norvegi- 
C Z I S ,  1M1r.s r n ~ r ~ s c ~ i l ~ . ~ ~ ,  Clethrio71ort7y~ gl(~~-eoL~r.s, antl Micl-ot,iis agrestis demon- 
strates that the first three species contrast with the last with regard to 
cell types present in the parotitl ant1 sul~rnantlil~ular glands antl to the 
morphology of their secretory tlr~cts. These tlifferences obviously transcend 
the phylogenetic alignruent oS the sl~ecies stutlied, but do accord with the 
type of stomach they possess. R a t t ~ r s  no7uegiclls, l\/l~is musculus, and Cletll- 
rio77o~tiys glnreo11r.s 1i;lve essenti;llly I~elnigl;indnl;~r storn;iclis (Ka~nln~raat l ,  
19/12; Toepier, 1891; Orlov, 1968), while Micl-otus agre.ctis has a discogland- 
nlar one (Tullberg, 1899). Altl~ougli the significanc:e of the observed salivary 
gland cliffcrences remains unknown, the possibility of a function;ll asso- 
ciation with stomach nlorphology deserves investigation. 

Food Habits 

Ultimately one Iiopes to relate thc gastric rnorpl~ology of tllese rodents 
to food habits. Yet the relationsllip may be more corrlplex than a straight- 
lorward correlation with a certain footl category such as grasses, seeds or 
insects. Some insight as to the functional significance of tlle various gastric 
plans might be gained througll a comparison of food habits of species with 
contrasting stomachs. In  order to attribute any observed differences in pre- 
ferred foods to dissimilar stoniachs, however, one shol~ltl demonstrate 
exact correspondence of the remainder of the digestive ti-acts of the com- 
pared species. Such a close conformity is unlikely, and Vorontsov (1967) 
recounts significant variations in other sections of the digestive tract as 
well. A tl~orough accounting of a species' food preferences, and more 
importantly the nutritional value derived from those foods, would entail 
study ol tlle complete alimentary canal and associated glands from mouth 
to anus (and back again in instances of coprophagy). 
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Tlle paucity of detailed quantitative food studies presents a moi-e prac- 
tical obstacle to such comparisons. Tlle dietary regimen of most New 
World cricetines is either unknown or consists of cursory and anecdotal 
accounts. Still, one colninonly discovers references to a given rodent cliar- 
acterized as 21 herbivore, granivore, or insectivore, often with insufficient 
or no  docuinentation justifying such categorization. The  prevalent yet 
largely unfountled notion that rodents are fundamentally lierbivorous 
exemplifies sucll typological thinking, and 1,:tndry's (1970) extensive survey 
of roclent species that consume various sorts of animal matter forcefully 
disputes this itlea. Unfounded allocation of a rodent to a certain trophic 
category may grossly misrepresent the situation occurring in the wild. I t  
rnay be more realistic to empllasize the diversity in tlie diet, and how this 
diversity corresponds to the availability ol loods in the rodent's habitat. 

T h e  studies of Jaineson (1952) on Pc~.orrrysc~is boylei ant1 .vrranicul(rtu~s, 
Wllitaker (1966) on P. lezicopzis, P. manicu1atzi.s and M rrs ~tr~rsczilu.s, ancl 
Ratzli and Pitelka (1971) on Mic~otzis ca1ifomiczr.s inspress orle not only by 
the variety of foods consumed but also by the teniporal spacing of a given 
food item's importance in the diet. For example, in P. ~trtrnic~tlatzr,~ inli;~l~it- 
ing a coniferous forest, consumption of seeds and :~rthropods equaletl 8lC;{, 
and 1Gy0 (by volume) respectively during January, but in July, seeds ac- 
counted for only 27% of the diet and artllropotls 58% (Jamcson, 1952). In 
a population of ~Microtzis c.alifornicus, grass leaves ancl steins coinposed 
80% of the diet in tlse wet season, but during the dry season, grass seeds 
assumed greater importance, totaling about 80% of tlie cliet. As tliese 
papers lucidly attest, sliort-term food studies may yield an incomplete ant1 
biasetl picture of a rodent's total diet. Information from more critic;(], 
year-round food studies is required, especially on forms displaying a unilo- 
cul;rr-herniglanclular stomach. Do populations of other inuroid species 
encounter the dramatic ant1 regular lluctuations in food sources as tlemon- 
strated for the above-mentioned species? 

In  an envirollment where seeds constitute a large part of the diet, at 
least during some critical part of the year, selection niay have favorctl those 
individuals that could more completely utilize the starch content of the 
seeds. A decrease in the lundic gland complement could serve to protract 
the action of salivary amylase and, tlius, more effectively tligest the starcll. 
Depending on the prevailing trophic regimen in the environment of tlse 
population, the extent of glandular reduction may reflect tlic relative 
intensities of selection favoring llyclrolysis of the protein (by fundic glands) 
versus the carboliydrate (by salivary amylase) fraction of available foocls. 
Equally probable, such a reduction could permit extended salivary ;~~nylase 
action upon the glycogen content of arthropods in the diet. I have sug- 
gested the sustained digestion of starch as a critical factor, since in foocl 
studies on species of Peromyscus and Miclotus califo~nicus, seeds comprise 
the major foocl type common to both. M. californicus also has ;I bilocular- 
discoglandular stomach (unpubl. data). 
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In regard to Genest-Villard's report on the diminutive gastric glandular 
area of Lophuromys, Landry (1970:361) reinarks that "This is exactly the 
opposite of wliat we would expect of animals adapted to a high protein 
diet." Tha t  Lophuromys and other muroids with a glandular pouch are 
adapted to a high protein diet requires substantiation. Given the hetero- 
geneous bioclieirlical cornposition of an insect, the fact that a rodent eats 
mainly insects is not, by itself, adequate proof ol adaptation to a high 
protein diet. Altllougll the ecllitlrla feetls mainly on termites and ants, 
Griffitlls' (1965; 1968) analysis of digestion ant1 excretion indicates mecllan- 
isms designed for maxin~al assimilation of the carbohydrate fraction of those 
l'oods. I n  effect, the concentration of gastric glands in an enclosed diverti- 
culum achieves a stornach entirely lined with corrlified squamous epithelium 
as Sound in the echidna. With tlie large illass oS f'unclic glands of the pouch, 
these rotlents nlay acco~nplisll some digestion of both the carbol~ydi-ate 
(pouch closed) ant1 protein (pouch opened?) fractions of their diet beiore 
the food bolus passes into posterior segments of' the gut. Tlle complex and 
varied composition of seeds provoke similar questions concerning diges- 
tion in the stomach. Perhaps gastric morpllology in muroitl rotlents reflects 
differing degrees in the initial digestion of protein, carbollydrate, or fat, 
rather than digestion of a certain footl class ;is grasses, seetls or insects. 

The  function(s) of the various gastric patterns evident in muroid rodents 
is still much in question. Cllearly inore basic information on gastric histology 
and histochemistry, rate of food passage, nature of gastric symbionts, and 
footl habits is needed to more precisely interpret the adaptive significance 
of the divergent kinds of stomachs. T h e  two major llypotheses to date 
invoke conlinon causal Factors for the different groups of mammals that 
show somewhat similar gastric modifications. Eensley (1902) ultimately 
lavored the physical effect of various kinds of coarse food iteins on the 
stomach mucosa, while Vorontsov (1967) interpreted this similarity as an 
adaptation for processing a single class of food, plant cellulose. Neverthe- 
less, thc occurrence of similar gastric modifications in various mammals, 
i.e. some degree of cornpartmentalization, a variable extent of cornifica- 
tion, and reduction or loss of glands, does not necessarily signify the opera- 
tion of the same selective forces. Certainly, in ruminants and the echidna, 
the demonstrable cornification of the stomacll epithelium relates to con- 
trasting nutritional strategies. Further investigation of gastric function in 
muroid rodents may elucidate still other nutritional adaptations. 
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