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TI-II~ report, the third of a series describing Inale phalli of cricetid 
rodents, deals with the genera Neolornn, Xenornys, Ototylort?ys, 
Tylonzys, and Scotinonzys. I n  these and other genera treated to date 
(FIooper, 1958, 1959) the glans is colnparatively simple, with few or 
no  processes or adornments, and its baculu~n consists o l  no more than 
two parts, a proximal osseous segment and a terminal, usually conical, 
mass ol cartilage. With few exceptions, other genera ol New World 
cricetids possess rnore elaborate glandes that are enlbellished with an 
assortment of solt and spinous adornments, and the baculum in each 
is comprised of a proximal unit and three distal segments, the lour 
partstypically osseous or cartilaginous. Phalli with those character- 
istics will be described in detail in  subsequent reports. 

MATERIALS AN11 AtIETHODS 

T h e  phalli described here are in the Museurn of Zoology, Univer- 
sity o l  Michigan (UIVIIVIZ); Natural History R~luseunl, University of 
Kansas (ICU); Muscunl of Vertebrate Zoology, University of Cali- 
fornia (MVZ); I.,os Angeles County h/Suseum (LAM); and U. S. 
National Museum (US). I am indebted to the custodians of those 
collections and to other colleagues and students who graciously made 
special effort to provide me with Iorm;~lin-fixed atlult specimens. 
Thosc persons are : J. S. Findley, N. L. Ford, E. R. Hall, C. 0 .  Hand- 
ley, Jr., R. S. I-IofTmann, C. J. Jones, J .  K. Jones, W. Z. Lidicker, Jr., 
C. A. McI,aughlin, A. P. Olson, R. K. P;rtterson, \iV. B. Quay, W. J. 
Schaltlach, and A. Starrett. T h e  illustrations (Pls. I-XI) are the work 
ol W. L. Brudon, expert staff artist of the Museu~n of Zoology. These 
studies receive financial support lrom the National Science Founda- 
tion. 



2 Emrnet T. Hooper Occ. Papers 

T h e  specinlens represent species and geographic areas as follows: 
Neotonza albigzlla: Arizona, Coconino Co., 1; New Mexico, Val- 

encia Co., 1, Bernalillo Co., 2; Mkxico, Aguascalientes, I ,  Zacatecas, 2. 
N. alleni: Mdxico, Nayarit, 3. N. ci7ze~en: Moiltana, Carbon Co., 3, 
Missoula Co., 1. N. floridana: Florida, R4onroe Co., 1; ILansas, Douglas 
Co., 2. N. fuscipes: Calilornia, Monterey Co., 2, San Diego Co., 1. 
N. lepidn: Calilornia, Los Ailgeles Co., 2. N. mexicana: Mkxico, 
Chiapas, 2, Durango, 1, Guerrero, 2. N. rtzicropus: New Mexico, Eddy 
Co., 2; Oklalloma, Citnarron Co., 1. iV. plzenax: Mkxico, Sonora, 2. 
N. stephensi: Arizona, Coconino Co., 1. Xenonzys nelsoni: Mexico, 
Colima, 1. Ototylomys phyllotis: El Salvador, 1; Guatemala, 1; Nica- 
ragua, 2. Tylon7,ys /7~luivente~-: Pananxi, 2. T. nudicaudatzls: Mkxico, 
Chiapas, 2. Scotinornys teguiixa: Costa Rica, 1; El Salvador, 1. 

Procedures arc described in detail elsewhere (Hooper, 1958, 1959). 
T h e  phalli were processed through solutions of ICOH ancl alizarin 
ancl transferred to glycerine lor permanent storage. Camera lucida 
tracings were rrlatle 01 selected examples and all specil~lcns were 
measured by means of an ocular inicro~neter. T h e  ineasurements 
(Table I )  are as lollows: 

Length of hind Soot: Conventional heel to claw-tip length o l  the 
right hind loot. 

Length o l  tlistal tract: Length of that part ol pcnis extending 
beyontl its ventral flexure; measured from tip ol glans to a plane 
touching the proximal face ol the flexure (Hooper, 1958:fig. I ) .  

Length ol glans: Greatest length o l  glans on mid-longitutlinal plane; 
measured from its base, where it  joins the prepuce, to its tlistal liinits 
(Hooper, loc. cit.). 

1,ength oU os penis: Chord length o l  basal, osseous segment of the 
baculuni. 

Length oU cartilage tip: Length, distal to os, of the cartilaginous tip 
ol the baculurn. 

Diameter ol glans: Greatest transverse diameter of glans, including 
spines. 

I'lates I-XI are scale models of translucent specimens. They are 
rendered directly from camera lucida tracings froin which irlost arti- 
facts have been deletetl. T h e  baculum, situated deep within the glans, 
is indicated by dense sti~jpling (osseous part) and sparse stippling 
(cartilaginous segment). Broken lines extending proximad lrom the 
bone's base mark positions of the corpora cavernosa penis; and less 
distinct broken lines outline the terminal and internal craters and 
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other parts within ~ h c  glans. Faint horizorltal bars, situated vel~ti-a1 
to the corpora ant1 baculurri, indicate the urethra. Spine-1)e:lring areas 
on the surlace ol the glans arc delimited by bold dashed lines; ancl ;r 
lew of' the sl,ines, Ilighly magnified, are sliown in insets on the plates. 
Since the specimens are drawn to different scales, vertical bars are 
lxovitled to indicate relative sizes ol glans and baculum with respect 
to length of hint1 Loot. Absolute sizes as well as ratios are statetl in 
T;I hlc 1.  

A Sew ;~naton~ical ternls (bolt1 face type below) require definition 
;~ntl ;im~>lification: Fro111 the mi~sculus 1)ulbocavernosus the penis 
courses crani;rtl arltl vcntratl antl then, ~vhen  at rest, it llexes sllarply 
cauclad and shortly thereaSter is enveloped 1,y the prepuce. Tha t  part 
01' the penis that lics beyond this ventral flexure is the distal tract. In  
  no st cricetids, two-thirds or nlorc ol' thc tract is glans, but in some 
specics, Neoto711tr phel7cr.x and N. fuscipe., lor exali~ple, the glans con- 
stitutes n o  Inore than one-hall' ol' the tract and, thus, i t  is situated 
some t1ist;rnc.e from the ventral Ilexure. 

The  s~~rS;~ce  ol' tile glans typically is ;rl-lried with low conical tuber- 

cles or, 111oi-e ol'ten, with sharply pointctl, proxinlally directed spines, 

eacll usu;~lly projecting Si-on1 ;I tlepression in the epidermis. Charac- 
teristics o l  these surface spines vary anic;ug the species. They inay be 
conic;ll or keeled, longitutlinally cllrveil or straight, broadly spacetl 
or closely p;~cketl ant1 ovei-lapping, ant1 n;rrrowly or widely distributed 
on the glans. VVhen they occur tl~roughout the length of the glans 
il~ey ;Ire typically graded in size, the largest bcing near the base ol 
tlle g l ;~r~s  ant1 the srn;~llest situated distally. The  extreirle basal part 
ol' the glans, at its junction with the prcpuce, is non-spinous. So is the 
lour, I I I ~ C I - V C I I ~ I - ; I I  ridge, the ventral raphe. 

'The ui-ctllr;~ courses along the ventral [;Ice of the baculu~n and  
tern~irlatcs :IS the meatus urinarius somewhere near the tip of the glans. 
111 all species treated here, except Ototylo~l~ys  phylloli.~, the urethra is 
conlli~elzt clistally with a chamber, the internal or terminal crater. These 
cr;llel.s c.ont;lin the tlislal p;trt of the bac l~ l~un  (including its cnvelop- 
iiig tissues) atit1 us~~al ly  a urethral flap antl other structures. Configura- 
tion of the ci-;ltel. and its contents vary specifically ant1 generically. 
Tlic urethral process or urethral flap is an  extension of the n~id-ventral 
lip o l  the Illeatus urinxrius. I t  is situated either at the confluence ol 
the urctllra and thc crater or at the external opening ol the crater. 
At either location it apparently acts as a flutter valve at the terminus 
ol' the urogenital canal, typically abutting against some part of the 
cartilaginous spine ol the baculum. 



'J'lle dorsal papilla is 2111 elo11g;tte cone ol sol't tissue situated lnitl- 
tloi-s;tlly on tllc floor ol a terlr~inal crater 1)etwecn the crater wall ant1 
the illo~lnd ol tissue that houses the tip ol' the b;iculun~. I t  contains a 
vascular sinus ant1 is erectile. Typical of sl~ecies that have ;L con~pountl, 
three-pronged baculu~n, it is usually absent in species wit11 coln1)ara- 
lively si~nple b;~cula L I I I ~  glandes. 01' the species treatetl here, it occurs 
only in Xe?ro?rrys rlelsoni ancl N e o t o r n ~  allc?ri. 

T h e  baculurn al)l)roxi~riates the ~iietli;~n longituclinal axis ;untl, in 
nlost species, is the structural core ol the glans. When fully grown it 
tyl>ically consists ol at least two parts: ;r I~one and, :~ttacl~ecl tlistally to 
the bone, a cap or spine o l  cartilage. The  expantletl proxi~ii;~l part of 
the bone, relerretl to as the base, tapers tlist;ttl into a narrower shaft 

whicll Inay be;~r ;I ter~llinal enlarge~nent or head. I 'he  proxi111;11 face 
of the bonc, wl-rel-e the corpora c.averllos;l insert, is usually enlargecl 
1;tter;tlly ;IS ;I pair ol condyles; tllese are tlirectetl tlol-solateratl. The  
b ; ~ c ~ ~ l u n i  nl;~y be conll)letely inlbetltletl in tlors;~l tissues o l  tllc glans, 
as i t  is in Tylof17ys, or vasio~rs parts ol i t  may be free in the terminal 
crater, 21s in the other sl~ecies tre;~tetl Ilere. Ally lsee part is enclosetl 
ill an e~lvelope ol solt tissue. 

l 'herc is c.o~isitlerable tliversity in Ncotor~rn in 1.eg;ri-tl to ~ ~ ~ o r l ~ l l o l o g y  
ol' the phallus. Soille of the species ;Ire closely s i~ni l :~r  while others 
contr;tst inarketlly in m;rny le;ttui-es ol' glans ant1 I~;~culumi. In the 
I'ollowing ;rc.counts the species ;Ire ;1ri.;1ngetl ;~p l~roxi~~ia te ly  accortling 
to degree ol rcseniblance of their pll;1lli; ;tny other systematic arrange- 
irlent is tlisregi~rtletl. 

Ncolol17(i trlhig111a ant1 Allies 

1x1 nlorphology of ~jhallus, albig~rln,  /lo~idn17(1, ? I Z ~ ( . T O ~ I ~ S ,  ;111d I I I C X -  

i (~i17n a1.e 111ucll alike. In e;~cll the glans is rol~ust ;und oblong, its 
lerlgtll twice the greatest dianreter and ;tl)l)roxi~~~ately 2/5 the hind 
l'oot length. I t  is allnost as large as the pre11uc.e ant1 it constitutes most 
o l  the tlistal tract (Titble 1 ) .  Almost all 01' the surlace is spinous, the 
spines irlotleratc in size. A s~nootlr-walled, i11terli:tl crater opens to the 
exterior betwee~l a tlors;~l llootl ; ~ r i c l  :I ventral urethr;~l flap; the flap 
either is entire or it is tlivitletl tlistally into two processes. There is 
no urethral process at tlie confluence o l  the urethra and the floor ol 
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the crater. The  baculum is colr~paratively gross (its length approxi- 
nlately 1/3 that ol the foot) and   no st or all ol its cartilaginous tip 
and envelol~c o l  salt tissc~e lie within tile internal crater antl are 
cntircly Srec ol its walls. The re~llai~ldcr ol the bacululn is buried 
in tissues of the tlorsal sector ol the glans. 

01 tllc lour species, ti~exicana is the most distinctive. The  other 
~hree,  crlOig~rln, [lo~.idrri7o, ancl 111i(~i~opz1~, ilre SO silnilal- as to suggest 
t1i;rt they arc cons1)ec:ific or are sibling species. The  samples of tlle 
species arc co111p;ered below. 

N. crlOig1~1n.-Glans ol~long and coi-l~ulent (PI. I), almost as large 
as its prelx~ce :mtl constituting 311 the extent of the tlistal tract; its 
length twice the gre;rtest t1i;tnletcr ant1 2/5 the hind foot length. Basal 
3/'4 tol~ogr;~l)l~ic;~Ily pl;tin, covered tlensely with moderate-sized, 
curvctl, sll;trp spilles, belt ~vithout lobes or ridges other tlra~l a low 
mid-ventral raphe. 1)istal 1/4 sculptureel, its wrinkled, mostly non- 
sl)i~ro~ts, and rcntl~rl~rting ventral sector sloping tlistatl ant1 dorsad to 
the urogenital opening ;mtl to a large hood overhanging that opening 
(PI. I a, 0). Ventr:~l lip ol the opening equippetl with a pair ol attenu- 
ate e~rethr;il processes. Internal crater smooth antl spineless, without 
processes at its conl'le~ence with the 11retIir.a. Head of the os penis ant1 
all o l  its ter111inal cartil:rginous spine contained within the crater ant1 
lree ol its w;rlls; rcn~aintler ol baculunl inibetlded. 

U:rculun co~rll)osetl of a bone capped by a long c;rrtilaginous spine 
(Table I ) ,  their conlbinctl lengths 3/1 that ol glans and 1/3 the hint1 
loot length. Base of bone nlucll wider than cleep and with lateral facets 
antl contlyles, the tlorsal face between the111 slightly concave and the 
ventr;tl I'acc tleel~ly ant1 broaclly concave. ?'he base tapered graclually 
into ;r cylintlric;~l sllalt, this slightly enlarged distatl and terminating in 
a broaclly rouncled hcatl. Terminal cartilage consolidatetl in a sym- 
~netrical cone, its length 2/5 that ol the bone. 

N. /lor.idn17n.-Glans and baculum closely similar to those ol rclbiguln 
but for slight differences as l'ollows: Gl;rns larger (Table 1); its ter~ninal 
lioocl relatively smaller and laintly clelt (not entire) dist;~lly; urethral 
processes shorter and wider; crater shallower, occupyi~lg ternlinal 1/11 
(rather than 1/S) 01: glans; a shorter segment of baculum (distal 3/11 
of cartilaginous spine) lree in crater. 0 s  penis slightly shorter and 
cartilaginous spine l;rrger, relative to lengths of glans ant1 foot (Table 
I), liorid(r7zn being between nlbigz~lcc and nzicropzts in tliese characters; 
the bone also slightly different in configuration. (Pl. I g), with a wider 
ancl more angular base avhicll usually bears lateral Ranges that join 



the sitles o l  the slialt sonlewhat ;rbrtrl)tly, ratllcr tli:111 gratltr;~lly; a 
s~lial l  knob projects distatl lroin the 1le;ttl 01' the I)oac. 

'I'llcre ;Ire lewer tlistinctions between /lo).id(r,lcr ant1 rtric.~.op~rs; 
//o1.idnrra has sllortei- ~rre thra l  processes, ;I s h a l l o ~ ~ e r  crater with less 
exposure o l  I~aculunl,  ;tilt1 :L slightly dilferent os penis, in whic.1~ char- 
acters i t  tliit'crs equally lroill both  uaic~o1>11s :incl nlOig~rln. 

N. ttzic.7~op~rs.-Glans ;ind baculuin like tllose o l  trll~igitln (Pl. I tr-c) 
except lor  sligllt tlilferences as iollows: g1;ins 1zrrge1- (T;lble I ) ,  its 
te~.minal Ilootl relatively smaller and  slightly clelt distally (not ciltii-e); 
o s s c o ~ ~ s  lxti-t of  I)acrrlu~~l shorter ;tntl its spine longer, ~.elative to both 
glans and  loot length (T;rble 1). 

ILS 1)hallus is also similar to tll;rt o l  /lo7-idn,rtr b ~ t t  lor  sligllt tlistiilc- 
tions as lollows: urethral processes longer ant1 ~i:irrowc~-, crater deeper 
(oc,cul)ying tern~inal  1/3 rather tlian 1/-1 o l  glans); a lollgel- segnient 
of the baculunl-heat1 o l  os penis ant1 2111 o l  cartilaginous spine-free 
of crater ~1;ills; configuration o l  the os slightly tliffercnt, the b;rse nar- 
rower antl Illore evenly taperecl distatl antl the telntinal 1le;~tl without, 
or with, a s~~ ia l l e r ,  distally projecting knoll. 

N .  traexicnr~n.-Glans (Pl. 11) robust, oblong, ant1 s1)inous. Gener;~lly 
s i~n i l a r  in  sh;ipc, surface arnlature, t l i ~ ~ ~ e i i s i o ~ l s ,  ant1 iiiost prol)ortions 
to the glandes oT nll~igz~ln, /lo,-idn~rrr, ant1 I I L ~ C Y O ~ I ~ S ,  I ) L I ~  cliil'ering lroni 
t l tc~n as follows: 11iternal crater cleeper, its floor situatctl below tip o l  
os 1)enis; t1ist;il part  of bone and  all ol' its ternlin;rl cai-tilagiilo~~s spine, 
tllus, contairiccl within the crater and  lrec of its walls. Uretlli-;11 flap 
s l~or ter  (1101 protrutling outsitle m o u ~ l l  ol crater), l)lunt, and  entire 
(not clivitletl tlistally into two processes). Osseous l);wt o l  b:iculu~~l 
different (1'1s. I1 ant1 I). T h e  bone is dest.ribetl below: Slightly sinuous 
in lateral view ant1 l~atltlle- or  violin-like in  ventral aspect, its sllape 
tlilr'erei~t in e;tcll specinlen a t  hantl, all o l  the~i l  Iro111 adul t  : ~ n i ~ n ; ~ l s .  
1Sasal 1/2 sl);itulate antl angular; its ventr;il surl'ace cssenti;illy 1 1 ; ~ ~  in  
one speci~nen, sliallo~rly concave in two, ;mcl niol-e tlceply concave 
between I;iter;~l Il;iiiges in  a lorrrth speci~ilen; its tlors;il c11rI'ace rial-row- 

ly concave I)ctween angular, lateral contlyles. Distal 112 club-like, 
sn~;illcst l~ rox in~ ;~ l ly ,  l a rges~  s~rl)apit:ally, ant1 c.onst1-ictetl just ~,roxilnal 
to a tei-~~iin;tl cnlargenlent, illis lightly clelt tlistally (1'1. 11 1)). 

111 ;I cl;~ssificatiori based on  morphology of gl;i~ls ant1 l~aculuni,  A'. 
steplrorsi shoultl be placetl between N. tt~exiccrtrtr ;itid N. p l~ennx ,  as 
suggestetl by Hoffnleister ant1 tle la 7'oot-e (1959),  lo^. its ch;rr:tcters 
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arc in various degrees shared wit11 those two species. Its glans is smaller 
than t11;1t ol 7ticxicn71n antl plielztix, but the exterior proportions and 
spiny coats ol the three are similar. I n  length ol glans and baculum 
with respect to Soot lengtll (Table I),  and in shape o l  the os penis, 
s l e p l ~ c ~ i s i  is nearer pllel~nx.  I t  is between those two species in regard 
to length of glans with respect to length ol distal tract. It is like 
~nexiccr7in alone in configuration of the tip of the glans: there is a 
ternri~ral hood above the uroge~lital opening, rather than a ~>roboscis 
through which the urogenital c;tn;rl passes to the exterior; the bacullun 
lacks the long, terlrrin;rl, soft process that is present in phennx; ant1 
the urctlli-a1 process is stubby ant1 is situated at the mouth ol the 
ir~ternal crater, rather than IIeing longer, tlistally clelt, antl located 
at  the floor ol the crater. Finally, ste;bhe17,si is unlikc both nzexica~in 
anti p h e ~ i n x  arlcl like Olotylort~ys in that t l ~ e  cartilaginous spine of the 
bacul~um is short (about l / 4  lengtll ol' bone) and only its tip is lree 
o l  tllc crater walls. T'hus, N. .rle;blrensi is unique, I ~ u t  principally 
bec;r~rse ol intem~etliacy aiitl recoinbinations of traits of other species. 
Its glans antl lx~culunr are tlescribetl below. 

Glans oblong anti conrparatively slrrall, its length twice its grcatesl 
dianieter, 2/3 the extent o l  the distal tract, and 1/1 the hind foot 
lengtll. Ventral surkice with a rriitl-ventral raphe, this tenninating 
tlistally at a slight shcll situated ;tt the junction ol the spinous ;~ntl  
(the illore distal) non-spinous areas. Terminal antl basal parts oC the 
gl;~ns sj~ineless (Pl. l l I ) ,  tlic re~r~aintler arlned with sharp, curved, 
non-overlapping spines, each emerging Iron1 a circular pit. Urogenital 
opening boundetl (lorsally by a protr;lctile, globular hoot1 antl bordered 
ventr;~lly b y  Sol(ls of sort tissue bearing a few iriinute spines. Uretllral 
j x o r e s ~ ~  sl~ort, waler-like flap (thin tlorso-ventrally ant1 conical in 
ventr;rl ;rspect) situatetl nl id-ventral1 y just below the urogenital open- 
ing (PI. I l l  e). Uretllr;~ confluent with a shallow, smooth-walled in- 
ternal crater, the conflueilce witllout a urethral process. Tentrir~al half 
of c.artilaginous s l~inc ol l)aculutrl lree o l  crater walls, the ren~aintler 
of the baculum in~bedtletl. 

Kacultun colnprised ol a bone antl a terminal c;trtil;tginous spine; 
its total length .3/4 that of glans ;tntl 1 J6 that ol' hind foot. The  I~one 
unevenly tapcretl ancl patldle-lilte (Pl. III), witler than deep through- 
o [ ~ t  its length; both dorsal and ventral faces ;tlnlost il;tt, but lxrrt or 
dorsal face oC base ol bone concave between angular lateral condyles; 
teru~i~lat ing in a sligllt heatl. C:artilaginous cone synnrrctrical ant1 
short, its length 1/4 that ol' bone. 



111 shape ant1 prol'ortions of gl;111s ant1 I,;tculu~n, AT. p l~ennx  rcsem- 
Oles N. steplleli.si and,  to ;I lesser extent, N. trlle,rii antl N. rrrexiccr?~cr, 
bu t  i t  differs from those ant1 all other species of Neototrlci in several 
characters, of which the following ;Ire examples: T h e  glans constitutes 
only about  1/2 of the distal tract, it being sq);tratetl 1'1-or11 the ventral 
I l c x ~ ~ r e  by a co11lp;iratively long expanse of the stalk o l  the penis. I t  
tcrlninates distally in  ;I protractile l)rol,oscis withill which is the 
urogenital canal that  leatls lroln a n  internal crater ;111tl opens a t  the 
tip o l  the proboscis. T h e  clater contains a long uretllral process and 
the distal 1/2 of the cartilaginous spine of the baculum together with 
a long attenuate process (ol solter tissues) that caps that spine. A 
tlescription o l  the glans antl baculunl follows. 

Glans, comprising ternlinal I/', o l  clistal tract, oblong and so~r~ewlla t  
swayback, ternlinating in a dorsal proboscis whic.11 when ;I[ rest is 
llexetl ventrad over the truncate ventral sector of the gl;~ns (PI. IV (1); 
its length (proboscis in llexetl ~ x s i ~ i o n )  ;tpproxim;itely ~ w i c c  the great- 
est tlia~lleter ant1 1/4 the hind loot length. Its surface intlentetl ~ni t l -  
dorsally by a shallow l o n g i t ~ ~ d i ~ l a l  trough ant1 I-clievecl micl-ventr;~lly 
by a l'u11-length raphe, ant1 n ~ o s t  ol it armed with sharp, keeled, non- 
overl;~pl,ing spines; these absent ;IL extreme I121sc ant1 tip of glans. 
Proboscis wider than tleep, attenuate ;rntl cle;~rly ~)rotracti le,  its clistal 
ant1 tlorsal sectors fillet1 with erectile tissue. LJrethr;~ confluent with a 
small internal c h ; ~ ~ r ~ b e r ,  this containing ;I part  o l  the baculunl (tlistal 
1/2 o l  c;lrtilaginous cone ant1 its attenu;tte sol't tip) ant1 a l , i f~~rc.;~te 
urethral flap (PI. IVe). T h i s  Il;rl, opposes the cartilaginous cone o l  
the baculum, ant1 both the flap ant1 the distal lxlrt of the bacu lu~n  arc 
lree ol' tllc c h : ~ n ~ l ~ e r  walls; the remainder of the 1~1cul111n is i~lll)etlcled. 

13;1t.ulum co~llposetl o l  a bone ;r11(1 a long cartilaginous cone, the 
latter tippet1 with a n  attenuate proc.css ol' softer tissue; le~lgtll of the 
two (exclutling ternlirlal solt spine) 1/5 that  o l  g l ~ ~ n s  ancl l/(i the 
hind foot length. T h e  bone shaped like a violin (PI. IV b) ,  wider than 
deep throughout ~ ~ o s t  of its length; its length 1/10 that o l  foot; in its 
basal 1/3, thc dors;~l  face concave ailtl ventral lace a1111ost [Lit; in tlistal 
2/8, the ventral lace concave between ventrally directed 1ater;ll ritlgcs, 
thcse ridges antl the t r o ~ ~ g h  betweell then1 tlinlinishing distatl ant1 
terminating on the rountled head ol: the bone. C:;~rtilaginous cone 1/2 
the leilgth of the bonc, its rountled tip cappet1 hy a n  attenuate process 
(112 the length of the cone) composed o l  lairly dense, 11ut apparently 
not  c.artilagino~~s, tissue; this spine curled in one  s p e c i ~ ~ ~ c n  (PI. 1V c) 

;und extcndetl witllin the proboscis in  nothe her ex;ln~l)le. 
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Neotonza fzr.rc.ipes 

Tlle glans ol: N.  [uscipes is an elegant, Ilowcr-like structure (Pl. V) 
unlike that o l  any other woodrat. Moreover, whereas in inost other 
neotonlines (R/lei-riam, 1894) the glans constitutes most of the distal 
tract antl is alnlost as large as the prepuce, in j'ziscipes the glans consti- 
tutes only the terinirlal one-hall' ol  the tract ant1 it  occupies a ininor 
part of the prepuce cavity. Following arc features of the glans that 
set /~rscipes apart lroin other species o l  the genus: Its peculiar, squat, 
lobate body l r o ~ n  wllicll tllere extends ;I flexible, tapered tube, the 
external surlace rnostly snlooth and non-spinous; the baculuirl is entii-e- 
ly imbedded, no part oS it extentling into the urethra or into an inter- 
a1 chanrber; a short, pec i~ l i~~r ly  shapetl, urethral ilnp (Pl. V g) opposes 
an attenuate ~niddorsal protesq that extends distatl into the flexible 
tube. And finally, botll the glans anti the bacululn ,Ire stubby (T'able 
1). They ale t1escril)ed below. 

Clans a srrlall flower-like structure coinprisetl of a graceful lobate 
botly and a tlistal tube (Pl. V), its total lellgth 1/G that oS the hind 
loot. Its body short and thickset (length 3/4 to 4/5 the greatest d ian-  
eter and about 1/8 the foot lcngth), cylintlrical basally ant1 [lareti antl 
lobate tlistillly, the lobes as lollows: 21 ventral pair separated mid- 
ventrally by a distal, longitudinal groove and a lull-length raphe; a 
dorso-lateral pair, these concave tlistally, forming a basin from whicll 
extentls the tubular process. This smooth, pliable tube slightly ex- 
panded antl llexecl about rrlitlway in its length, the structure appar- 
ently sliglltly ~lrotractile. Surlace ol' glans corl~parativcly sn~ooth, the 
weak armature consisting ol: small, sparse tubercles that occur only 
on dorsal and lateral parts o l  the glans. Meatus urinarius situated at 
the tip o l  the distal tube, contractile tissue arountl the canal appar- 
ently giving rigiclity LO the tulle. T w o  structures present within the 
urethra, namely, a sllort rnitl-ventral flap ccjl~ippetl with a pair or 
ininute processes (Pl. Vg)  and, opposing this li;tp, a long attenuate 
cone oU solt tissue that einerxes lrorn thc ~niddorsal wall ol the ~rrethral 
canal and extends into the distal tube. 

Batulmn tolnposecl 01 'I <mall Imne capped by an oblong Inas\ or 
cnrtilage, its totnl lengtll sliglltly less t l ~ n  that 01 body 01 glans 
(extlutling tube) and 1/20 the llintl loot length. Rone shorter than 
cartilaginous segment; its basal part ~rlucll 1)roatler tllnn deep, the 
dorsal and ventr'tl I,~tes concave bctwcen Literal condyles; its dist'11 
13alt s l lor~ and cylintliit,~l. 'l'he entire baculum inibedded in dense 
tissue ol tlorsal sectoi 01 glans a n d  app'1reiltly essentially imnlobile. 



Ernrrzet 'I'. Hoopc.r 

T h e  glans of Neolo~rin 1c;bida also is unique alrlong woodriits. I t  is a 
long, slentler, gently curved and structlrrally simple cylinder (PI. VI). 
Its linely annulated surlace, reselllbling that ol an earthworm, suggests 
that the glans is highly protractile. Its surlace arrrrature consists of 
small tubercles, these occurring only on the basal part of the glans. 
The  urethra is enlarged distally, fornling an elongate crater which 
surrounds a part ol the long baculum and ~ ~ h i c l l  terminates apically 
between a bilurcate tlorsal lip ant1 an attenuate ventral process. These 
and additional characters set Iepidu apart from other species ol 
Neotornn, and they lend support to the suggestion of Hurt and Barka- 
low (1912:290) that lepidn perhaps shoultl be segregated subgeneric- 
ally. Its glans and baculurn are clescribetl below. 

Glans constituting all-riost all oS distal tract (Table I), the base of 
the baculum situated within the ventral flexure. Its shape that ol a 
slender, gently bowed cylinder (PI. V1); its length 10 times its greatest 
dialrleter and 315 the hind loot length. Basal 1/1 armed with short 
tubercles, each recessed in a c:ircul;ir pit. Distal 3/1 without armature, 
but finely rugose, encircletl by nurnerous accortlian-like Solds which 
apparently allow lor consitlerable protractility of tlle glans. Urogenital 
opening guarded mid-ventrally by a conical process and bounded 
dorsally by the bilurcate tip ol the glans, the ventral surlace of this 
tip concave, forming a channel leading from the ~rrogenital opening 
and the internal crater. Crater narrow ant1 tleep, alnlost completely 
filled with distal 1/3 o l  os penis ;rntl its cartilaginous spine; basal 2/3 
of the bone imbedded i n  tissue below illc crater floor. Urethra con- 
fluent with crater at crater floor. 

Baculunl n curved, osseous rod c,rl,ped by 'I cnrttl,~glllous splne, the 
length o l  the two slightly less th,rn that 01 the gl,rlls ,rrid 1 /2 the hint1 
Soot length. Osseous segtrlent K / 1  the length 01 the gldns, 1)'rsal part 
eniarginate proximally 'rnd but slightly exp'rnded I,rtcratl, its tlorsal 
and ventr,il faces slightly concave; the shnl t c yllntll lcal ant1 gently 
bowecl ventracl, its bluntly roundetl tip coveretl 11y an ,tttcnu,ite, 
~artil'lginou\ splne; in the two ,11ectnrcns '11 Il'rl~tl, lengtli ol spine, 

re\pectively, 1/K and I/(i thdt ol the bone. 

Neotoma cinrren diner, markedly 1ro111 o the~  woodl,tts not only in 
~norl~hology ol skin ant1 ski111 (Goldtrran, 191 0) I I L I ~  also ill st1 uctule 
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of the pl~allus. The  glans is slentlcr, awl-shaped, and esse~ltially spine- 
less (PI. VII). I t  is illucll slrlaller th;tn its prepuce. l h e  urogenital 
opening is situatecl a t  the c11cl oC the glans' slender, flexible tip, and 
the short rotl-like os is capped by an attenuate cartilagiilous spine that 
equ;tls the bone in length. There is an undivided urethral process 
sit~r;~ted at the c.onfluence ol the urethra and the tubular internal 
csatcr. This tlistinctive glans, seen only in N. ci~zerea, is described in 
tleti~il below. 

Glans a tlclicate, elongate, ;twl-sha~~etl structure constituting most 
of the disc~l tract (Table I), its l eng~h  4 times its greatest diameter 
ant1 111 the hint1 loot lellgth. Slightly sinuous and gradually tapered 
tlrrougliout most ol its lei1gt11 (Pl. VII), but rather abruptly constricted 
in two strcas: ( 1 )  a l~ont  1lalf-m~;iy in its length, just beyond a pair of 
slight, lollgit~~tlin;tl, ventral ritlges bortlering a mid-ventral trough and 
(2) ilnnietliatcly distal to ;I subapical, tloi-sal swelling. i\ few, narrow, 
long sl~iries scat teretl in a s~li;tll area near its base, the surl'ace other- 
wise sllrooth, without tubercles or rugae. [Jrethra confluent with a 
long, snlootll, tubular crater th;tt surrountls the cartilaginous spine of 
the I~acnlum iuntl that opens between two trianguls~r lips at the tip oC 
thc glans. fin :rttenu;tte, ]nit[-vel~tral, ~lrethral process presei~t at the 
conl l~~e~lce  of urethra ant1 cr;~tcr, the process opposing the base of the 
bacul;~r sl~ine. 

Bac~~luirl  col~rl)osccl of a I)one cal~petl by ;I cartilaginous spine, the 
two :tl)l~roxinratcly eclt~al in length ant1 their total extent allrlost as 
1o11g as the glans ant1 114 the llintl loot length. 'l'lle bone a slightly 
colrtortetl rod, ils lcngtli l i 8  that oI the foot; its basal p;wt exl~anded 
lateratl, wider than tleep, coocave tlorsally, ant1 esserltially plane 
verltrally; rcrrlaintlcr ol bone cylirlclsical, the distal part slightly 
enlargetl. 

In two s~eciniens the clistal 1):tl.t of the glans is flexcd, partially so 
in  one antl Irlore co~lrl)letely in thc other (Pl. V l l  f ) .  Since the glans 
occupies only a small l x t r~  ol rhe prcpuce c.;lvity, there is ntlequatc 
roo111 within tllc c;~vity lor Ncsion ancl extension or its tip. 

'I'lle .rv,~il,r\,le 1)llalli o l  Neolorr~a nlle71t inny be \uspeLt, bctause all 
01 tlielrl mfe~e oht,rinetl Irom tlrictl study skins. ni ter  receiving special 
rieat~uci~t,  llowevel, they 11'1ve become p11'1ble antl tuinescent and 
vel y 111 ob'thly they 11,tve 1,ugely i eg,~inctl their true shapes. In  basic 
plnrl nlld sliuctuie they die clear and relidble, but their ~ ropo r t i o~ l s  



inay remain slightly distorted, and they should be checked against 
those ol fluid-preserved specilnens when such becoine available. 

0 1  the fifteen species treated here, N ,  allelzi is perhaps nearest 
Xe??omys nelso?zi in regard to inorphology of glans. The  reseinblance is 
not as close as that between nlbigz~la and /?oridn?.ln or, even, between 
pl1e17nx and stephensi ,  but there are iinportant traits in both N. alleni  
and X .  nelsonl that are not seen in the other species. For example, in 
these two only there is a dorsal papilla, situated nlitldorsally on the 
floor 01 the terininal crater (PI. VIII a, a ' ) ;  the cartilaginous part 01 
the bacul~un is broad and rather diffuse distally, and it is enclosed in 
a large bulbous inass of- softer tissue that largely fills the crater; and 
a long, distally divided urethral process is present at the confluence 
01 the urethra and the crater. The  aforeinentioned arrangeinent (of 
crater, dorsal papilla, bacular inound, and urethral process) rese~nbles 
the plan that is seen in inicrotines and other rodents that have a three- 
pronged baculuin. Noth~vithstanding these similarities, AT. nlleni is 
phallically distinguishable froin X .  nelso?zz and lronl all other species 
studied to date. Characteristics of its glans and baculu~n iollow. 

Glans oblong, somewhat swayback, and slightly constricted about 
inidway in its length (PI. VIII a,  b ) .  Its surlace indented by shallow 
inidtlorsal and mid-ventral troughs, the latter bearing a raphe. Its 
length approxiinately twice the greatest diameter and 1/1 the hind 
loot length. Epiderinis arinecl with spines, each nlinute, sharp, and 
almost entirely recessed within its pit. The  spineless, shallow ter~ninal 
crater almost colnpletely filled with a bulbous mass 01 solt tissue 
covering the tip of the haculum; this inass entirely Lree ol crater 
walls. short, conical, solt papilla present inidclorsally at the base of 
the bulbous mass. Urethra ternlinating on floor 01 crater, the mid- 
ventral lip 01 its ineatus prolonged distacl as a pair of thick, obtuse, 
urethral processes (Pl. VIII d). 

Baculuin coinprised of a bone capped by a inass 01 cartilage, its over- 
all length somewhat less than that of glans and 1/5 the hind foot 
length. The  bone rather angular, and wider than deep throughout, its 
length 1/6 that of foot; basal part expanded laterad, the dorsal face 
deeply concave between lateral condyles and the ventral face with a 
shallow, longitudinal trough on each side 01 a pronounced mid-ventral 
keel which decreases in height distad on the shalt of the bone; the 
dorso-ventrally flattened shart terminates in a bilobed head, its two 
dorsally directed lobes separated by a median groove. This head 
capped by a coinparatively large Inass of tissue ol various densities, 
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the lan-shaped, c;u-tilaginous, basal part blending distally with less 
dense tissue, the outernlost clearly non-cartilaginous. 

The  glans ol Xeno i t~y s  ~zelso?zi is thickset, truncate, and nlinutely 
spinous, spines being present not only on most ol' the exterior surface, 
but also occurring on the lateral walls of its shallow terminal crater. 
T h e  crater contains a coil~paratively long dorsal papilla, a large bul- 
bous irlound that houses the tip of the baculum, and a lour-pronged 
urethral process (Pl. VIII d') ~vhich is situated mid-ventrally where 
the urethra opens onto the crater floor. In  i~lorpllology of glans, 
X e ~ z o ~ n y s  is distinctive, but some ol its traits are essentially rrlatched 
in other neotomines, especially in Neo tomn  nlleni (lor which see the 
account ol that species). The  lone phallus at hand was obtained froin 
a tlry study skin. Now pliable ant1 tul-nescent, i t  likely has regained its 
true shape; its length and diameter, however, may remain slightly 
distorted. I t  is described below. 

Glans stubby anci barrel-shaped (Pl. VllI a ' ,  b l ) ,  the greatest 
dianleter approximately 3 ~ - 1  the length, ant1 the length approximately 
1/5 that ol hint1 foot. A lull-length raphe present mitl-ventrally, and 
all of exterior of glans, except a narrow band at its base, arrrled dense- 
ly with sillall spines, each containetl in a pit. Lateral walls of the com- 
paratively s h a l l o ~ ~  ternlinal crater also spinous, the spines occurring 
in rows running Irom floor to rim. Othel- contents of crater as follorvs: 

(1) A large bulbous ~nouncl ol solt tissue housing tip ol baculum. (2) 
An elongate dorsal papilla, arising from middorsal base ol the bulbous 
niountl ant1 extentling clistad alnios~ to crater rim; its tissues soft ant1 
s~ineless. (3) Meatus urinarius, situated at crater floor inlmediately 
ventral to bacular mound. (4) The  meatus guarded mid-ventrally by 
a thick urethral ilap, its distal part comprised of 4 short processes, the 
illeclial pair snialler than the lateral ones (Pl. VIII d l ) .  

Bacululn consisting ol a bone capped by a lnass ol cartilage, their 
total lengths approximately equal to that of glans, ant1 1/5 the hind 
foot length. Osseous part 1/G the length of the loot; its basal 2/3 
wider than deep, the ventral face broadly scooped between proinineilt 
lateral flanges, and the dorsal lace narrowly and deeply concave be- 
tween lateral condyles; its distal 113 wider than deep and with a mid- 
dorsal longitudinal groove that terminates just short of the gently 
rounded tip o l  the bone. Cartilaginous mass mushroom-shaped in 
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ventr;~l view (1'1. VJII c l )  ;uncl t r i ang~~lar  in lateral aspect, the inass 
ellclosed in noll-cartilagino~~s tissue. 

111 Ototylo~rlys the glans is fusiform and heavily spinous. T h e  urethra 
empties into a smootll-~~valletl internal crater which opens at  the tip 
of the laterally conlpressed, soine\vhat blade-like, tlistal part of the 
glans (Pl. IX). T h e  crater colltaills a part of the baculum, but only 
the tip of the cartilaginous spine is completely free of the chanlber 
walls. There is no urethral process or dorsal papilla, In  shape, and in 
a few other traits, tlle glans of 0totylol11)ls is unique, but its strongly 
spinous coat is like that of Tylonlys,  and other characters are essentially 
irlatclled in glandes oi' species of A'eotot~ln. A description of the glans 
and bacul~ull of 0 .  phy llotis follows. 

Glans constituting lr~ost ol' tlistal tract, ant1 aliilost as large as its 
prelx~ce; its total length 1/3 to 2/5 that of hind foot and its greatest 
diameter apl)roxiniately 2/5 its length. Basal 2 /3  cylindrical and 
witllout lobes, but wit11 a full-length mid-ventral raphe ancl a shallow 
illiddorsal trough. Distal 1/3 tapered and conlpressed (dorso-ventral 
dialrletcr exceeding tlle transverse one), its ventral sector with numer- 
ous folds, irlost of these trending toward the terillinally situated 
urogenital opening (Pl. IX b). RiIost of surface, excepting areas at tip 
ant1 Imse oS glans, densely arnletl wit11 long, sharp spi~les, these spaced 
such that they (lo not overlap one another. Urethra enlarged distally, 
fonlli~lg a sniooth-~'valled internal cllanlber containing the cartilagin- 
ous spiilc ol the baculum; tip ol the spine free of chanlber walls, the 
renlainder attachetl by a sept~um to the tlorsal wall. All of osseous 
portion oi' baculum inlbedtled in dense tissues ol' tlorsal sector of glans. 

1Saculun1 consisting ol a bone capped with a spine of cartilage, their 
total lengths 415 t1l;it ol  glans and slightly less than 113 the hind loot 
length. Base of bone ~liucll wider than tleel~, the dorsal lace narro~vly 
concave between lateral condyles and the ventral face shallowly con- 
cave bctrveen lateral fl:tnges. T h e  wide base tapered into a narrower 
shaft, this also wider tll;\ll deep, but becoming cyli~ltlrical near its 
I-ountletl tip. Lengtli ol' carti lagino~~s spine 115 to 1: 8 that of bone; 
tlle core of the spine partly osseous in one ol the four available speci- 
illens. 

TJ 'LOMYS 

L-ilthougll the glans in Tylonzys resembles that of hTeotot~zn f?o?-idann 
ancl allies in absolute s i x  and in soille proportions, it differs markedly 



Iron1 any species ol Neolon7n in illany leatures. Among these are its 
cxteptionally bristling toat ol apparently hollow spines, coinpletely 
burietl I);~tuluiil, and its pcculiar tlistal poi tion which lacks a terminal 
crater (Pl. X). Details ol its structune a ~ c  given below. 

?'ylo??zys lrrl~~ivoi,lel-.-Glans co~nprising inost ol' tlistal tract (Table 
1) ant1 almost as large ;IS its enveloping prepuce, its length 1/3 that ol 
lliilcl Soot. Oblong, largest subapically, the diailleter there 1/3 thc 
total length. Basal 2/3 plain, without grooves or ridges other than a 
lull-length nlitl-ventral raphe. Distal 1 J3 with several grooves antl 
elevations, including ;L low initldorsal nlound that covers the tip of 
tlle baculum and a 1;rrger iilitl-ventral 1)ronlinence. I\/Ieatus urinarius 
~ r n ~ ~ s u a l l y  witle, extellding across lrlost o l  distal lace o l  glans; this open- 
ing gu;li-tlctl doi-solaterally by a pair ol small, sost, spine-tippet1 
papillae; ;tntl its mid-ventral lip set off as a thin, elongate plate, only 
the lateral antl distal I~;II-gins ol mrhich arc Sree. All ol' exterior ol 
glans, except for sniall areas a t  its base and tip (Pl. X), densely armed 
with unrrsually long spines (thosc on proximal hall oU glans as nluch 
as 1 inin. in length), each overlal,l~irig its neighbor ant1 each apparent- 
ly l~ollow basally. Bacululrl coirlpletely imbedded in dense tissue, no  
part 01' it 1xojccting into urogenital canal, and that canal approxi- 
irlately the same diameter throughout length ol glans, there being no 
terlrlinal or internal crater. 

13aculuin composetl ol a bone capped by ;I cone ol cartilage, its 
total length 2/3 that o l  glans ant1 1/5 the llind loot length. T h e  bone 
short ant1 bl-oatl, its lcngtll sliglltly less than 1/2 that of glans aild 
1/6 the loot length; its base witler tllan deep, essentially llat dorsally, 
and concave ventrally between angular, lateral condyles; its distal 2/?1 
sul)cylintlrical ailtl slightly keeled ventrally, the tip 11ro;ldly rounded, 
but not tliff'erenti:rted as ;I distinct head. Proxinlolateral parts o l  tern~i- 
nal cartil;tge so~newll;lt less tleilsc than the inetlial (:ore, but all ol' it 
consolidated into a sylnnletrical cone, its length 1/3 or 2/5 that ol 
1)orie. 

T. nz~dicn~ldnt~ls.-Tl~e single adult specinlerl a t  hand closely resem- 
bles the two ;~v;til;~ble :rtlults 01' T. /zrlviventer. T h e  two sam1,les dilt'er 
slightly, ljut the distirlctions inay not be truly interspecific. I n  the 
specinlen o l  ~zudictl~ldnt~ls, both the ventral pi-oininence antl tlle pair 
ol: 1)apill;te on the dorsal lip ol the llreatus urinal-ius are absent. Tlle 
baculunn is longer relative to glans length ant1 it  is solnewliat more 
ornate distally (bearing several small projections, ant1 strongly con- 
stricted sul>apically) t1l;tn in tlle examples oC / I I / I J ~ ~ J ~ ~ ~ ~ c Y .  



T11e glans o f  Scoii~~ottrys is quite simililr to t11at o l  Uaiornys 
(tIooper, 1959); the resel-nblance ol the two exceeds t11;lt o l  some pairs 
of' sl~ecies of' ei tller Areototnn o~ Pe~ot77~~(.1ls (Hool~cr, 1958). Principal 
clilfei-ewes between S(.otinorti,ys and Bniot~rys are in proportions of 
sol't 1);lrts and in configur:~tion o l  the baculum. T h e  glans of Scoti- 
,rorrrys, occupyilig most of the distal tract (Table I), is ;In elongate, 
spinous cylinder wit11 a small tern1in;tl crater that contains the meatus 
urin:trius anti a mount1 which incloses the tip ol' the baculunl (PI XI). 
There is no dorsz~l papilla or urethral process. The  baculunl is coln- 
l);~ratively sirrrple. Speci~nens oC S. tegllinc~ ;Ire described below. 

Glans oblong, slightly expanded su1)apic;tlly (PI. XI), its Icngth 
twice the greatest diameter ant1 apl,roxilnately 1/5 the hind foot 
lcngth. Exteriorly without lobes or grooves, other than a shallow, 
n~itltlorsal, longitutlinal trough and a I'ull-length tnid-ventral raphe, 
but densely armed with short, sharp spines; tliese absent, however, at  
extrcnre 11:ise of glans and within its terminal crater. T h e  crenate 
crater 1.il11 S I I ~ ~ O I I I I C I S  a bilobed rrtountl of solt tissue; the larger dorsal 
lobe houses the tip ol the baculum, and the ventral part contains the 
Ineatus ~lrinarius, its obtuse ventral lip op1)osetl dorsally by a keel on 
ventral lace of the dorsal lobe. Thus, the urethra opens terminally, 
1101 onto the crater iloor, and that part of' it distal to the floor (within 
tlie bilobetl nlountl) is c.on~pletely free of the crater w;~lls. 

B;iclrlun~ ;I co~npar;~tively sitr~ple bone capped by cartilage, its length 
sorriewhat less than that o l  glans antl approximately 115 the hind loot 
length. Its base expanded lateratl antl scoop-like, the ventral face 
bro,~tlly concave ,~nt l  the doisal late nai~owly concave between lateral 
contlyles. l'lle broad, thin base taperetl into a tlclitate cylindrical 
shalt that Let 111in;ttes in a ~nedlally clelt head covered with c,11 t i lqe.  
'1 111s cdrtilage occurs as a thin and r,~ther intlistilic t I'rye~ in one speci- 
men (PI. XI) <~nt l  as a distinct cone In another. 

DISCUSSION 

A glitns that contains a lour-part baculun~ is dissi~nilar, in the 
positions ant1 shapes o l  solt parts, to one in which the baculurn 
consists o l  no Inore than two segments. They represent two tlill'erent 
architectural schemes, one sirr~ple, the other con~pai-ativcly complex. 
111 tlic con~plex type, the bacululn is conlprised of' :I proxiliial bone 
antl three tlistal units which are colnposcd ol I)one, c;~rtilage, or solt 
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non-connective tissue. The  glans, typically stlrbljy and Irecluently 
lobate, tertrlinates in a crater in whicl1 there are several nlotul~ds, 
paljillae, and other processes o f  v a r io~~s  shapes ant1 sizes. These struc- 
tures are erectile, ant1 their nlovenlents apparently are governed, in 
part at  least, by sets ol large, sac-like, vascular sintises that are present 
below the floor o l  tllc crater. 

I n  the sirnplc typc of phallus the baculurn consists ol no more tll;ln 
two parts; the bony l~roximal part typically is capped by a segment 
of cartilage, btrt this apical unit is absent in sonle species. T h e  glans is 
not divided externally into l~aired lobes, and usually there is no 
terlrlinal crater. I t  never has both the array of processes and cmbellish- 
rnents within the crater and the sac-like circulatory sinuses below the 
crater that are seen in the corrrplex type ol glans. This basic arcllitec- 
tural plan is sirnpler than that centered on the three-pronged bacull~nl, 
and it apparently also is more plastic, niore amenable to modification; 
lor among species with the simple type therc is a wide variety ol 
shapes antl sizes of the glans and of its co~nponent parts, an array that 
is not matched in kind or magnitude in the complex glans. Scenlingly, 
the three-pronged baculmn does not allow lor major differences in 
external form of glans, while the sirnple baculurn i~nposes no  such 
close restrictions. 

All ol the cricetid glandes that are now known, representing several 
huntlrctl specics of approxirrlately 50 genera, are constructed according 
to one of thcse two Insic plans. The  coniplex plan is the conimo11 and 
geographically widesljread one. I t  is predominant in cricetids (scns~r 
Simpson, 1945) in both the Old and New worlds, and likely it  is 
typical ol murids. It occurs in Mzi,.r, Kattzis, Aflodemus, M i c ~ o m y s ,  
Aco?trys, A~vicnszllr is, Nesokin, Me?.io?zes, li ham Oonzys, C ~ i r e l z ~ s ,  
Crircl~rl~rs, Mesoc~icel~is ,   most if not all microtines, antl most if not 
all South American cricctines. 

While the complex plan is widespread, both taxononiically and 
geographically, the simple type is restricted to a few North A~nerican 
kinds. Of the 50 or Inore genera studied to datc, the following twelve 
are characterized by simple glandes and bacula: PC?-onzy.rrus, Reitll- 
rodontonzys, Neolom,odon, Oclz?.otonzys, Onyclzon~,ys, Bniomys, Srotin- 
ornys, Nelsonict, Neo to~na ,  Xenon7,ys, Ololylonzys, antl Tylomys. 

GROIJPINC; 01; TIII:. 12 Gr;~r;~ii\.-These twelve genera are distinguish- 
able lrom other New World rodents on the basis ol lundariiental 
design of the male phallus. They t1ilFer from each otllel in various 
motlifications or el;~l,orations ol that lr~ntlanlental design; those 



iiiotlific;~tions are described in detail in this report and elsewhere 
(Hooper, 1958, 1959). Following is a sunlinary o l  1.ese111l)lanc.es and 
tlilf'erences of the genera ;IS intlicatetl solely by the glans and its 
b ;~c~r lc l~~i .  

Keill~?.odorlto~t7ys is similar to l'c~o1113~sr.11s, l,artic~rl;~rly to tllc 
~ t r t r  r1ir.ri11~l11.s tlivisiori (Hooper, iOitl.) ol t l i ;~ t genus. 7'he I-esenil)l:~~ice 
Ijetween those two exceeds that I~ctwccn sollie pairs oC sl~ecies o l  
I'e~.on1yscrrs-l)a~7~de~nrtz~s and cnli/o?.~lir.rrs, for cx ;~~~ l l ) l e .  'l'lie two gen- 
era are unecl~~al  in regard to tliKereiiti;~tion of the phallus, but tllcy 
clcal.ly belong together in a morphological group. 

N~olo?tioclo7z ;mtl Orl l~o to~rry s  a150 fit with Pclo?trystzrs antl Reli l t -  
~ o d o n t o ~ t ~ y ~ ,  closest ~eseiilblante ol iV. rrl\torrr 11eill.11js being wit11 1'. 

/lo?r(lc1rz1~s or P. bn7zdelnn1~s (Hoopel, ~ h t d . ) .  077]1(1ro?17]~~ illso III'IY IIC 
included in this group, but pcculiaiities ol its g1'1ns antl 1)~1culu11l 
suggest that it be set apart slightly fto111 the othei gencia. 

Urrionrys arltl Scoti?zomys constitute a secolitl group wllicll is not lar 
reliiovetl from the preccding one. These two gencr;r are iliorpholog- 
ically close. They differ from eac:h otllcr ;rbout :IS n1uc.11 21s (lo Rei th-  
rodolltonlys and Peromy.rczrs (n1n1~ic111rr.l~r.v tlivision). 

A third group includes thc wood rats, Nelso7~,icl, Neoloni,a, and 
Xenoni,ys. 'l'lle tlegree of tliflerence between these genera is highly 
unequal, arid largely because oC the tliversity witllin Nrotonicl. 7'h;it 
genus, as now constituted (Hall and Icelson, 1959), is like l'el.o~r~ysc~rs 
in that several of its species are closely sii~lilar while otllcrs are strong- 
ly diiferentiatctl froin one another; all, however, ;Ire morpl~ologically 
interrelated, and lor this reason it inakcs sense to retain them in a 
single gcnus. If this l ~ e  done, then tlic species ( X e n o ? ~ ~ y s )  7zrlsoni 
should bc ;rdtletl to Ncoto7rzn, because it is no 1lloi-e distinct Iroln N. 
nlleni ant1 N.  phc~1n.x than some other species ol Ncoto117(1 21-e lro111 
each other. illlinities of the woodr;~t species, :IS intlicated by the glans, 
are approxiln;~tely as indicated below. 

N ~ l ~ o t l z ~ r  n (~o ton iodon  is set apart sl~ghtly. Its g1,rns is wootlral-like 
in lorlrr arid s i ~ e  (Hooper, 1959), but i t  is well dillel enti,rted 11o1ll tlic 
glandes 01 the other species. Baretl on gl'lns ,rnd b:~tulrnn there ir no 
major argulrlent against placing Neotot/iodo?7 in Nrolor~irr, but tlieie 
is irluch inore justification tor adding X .  ?7e/50172 to that genlrs 11 N.  
a l l m i  is rctainecl in it. 

Neo tomn  nlhig~rln,  N .  niicl-op~rs, N /lol-idnun, ant1 iV. 71ie.~i(.(171(1 are 
;\I1 basic;llly simil;~~-. N. vzexicnr7n is the most tlistinctive, but  i t  is not 
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st1 ongly tlem,rl ketl G om the other thi ee specics. The  lout cleai ly 
belong together, ~n contrdat to a setoild sul~grol~p tonipoaed 01 N. 
steplt e n  c i  ~ n c l  iV. pltrnnx. T h e  phalli 01 those two spec les are re'idlly 
distinguishable, l,ut they ale tonstructetl according to the snille ljlan 
and ]>lol)ortions. 'I'hrough nzexzrni7n they connect wrtli the ~ l b l g l l / ~  
slil~groul), the resemblance being p,~iticul,rily evitlcnt in the sh'lpe ol 
ihc bat uluill antl ol the tllstal part ol tlle gl'rlli. 

N. trlleni antl X. 17elsol~i share char;rctei-s wllicll suggest tliat tlle two 
specics have close aflinities. Tlie stubby glans with its terminal crater, 
dorsztl papilla, ;rntl large ~liountl ol soft tissue that encloses the wetlge- 
sh;~ljetl c;~rtil;iginous segment o l  the baculum arc exairiples in point. 
01 these two sl~ecies, 7~elsoni is farther renloved iiiorl11lologic;illy lrom 
other woot1r;lts. Its 2rflinities with the111 appear to I>e through nlleizi 
and ?17~x/((r77(r. 

'I'he bpecles [ r l r t  rpes, czlzc.7 rn, and lepztln ale niarkedly dlstlnct iron1 
othei species ol Ncoto~t7cr. I n  ;r morl)hological seiies extend~ng froill 
n lol)~rst, spinous glans cqllil~ped with a gross bcr(lll~;lnl (ai seen in 
/i'o7tdn77n) to a long, t~lbular, esuenti'tlly spinele5s glans and iod-like 
b,~culumi ('1s scen 111 lepzdn), the sequent e of specte5 woultl be as 
lollows: {lorzdnntr, [ltrczpe~, riilrretn, and, hnally, lepzda. T h c  sequencc 
may or ])lily not be me~rnirigkul lrolll the point o l  view ol evolution o l  
tlic pli;~lli, lor the t h ~ c e  species are highly speciali/ed, cnch in its own 
w'ry, 'rntl ;rfIinitics ol the thrce are not apparent. E,rch nlust be arranged 
alone, but pl~rtetl nearei the nll~zgzrln slibgroup lather t l ~ ~ r n  tlie nllpnz- 
t~cl\orlz sul~group. 'I'lie tlistinction between .uly two 01 the three species 
-lrr st rpe~, t rilm err, ant1 lepzdn-cxccetls that between m y  species 
within other woodl at subgroups. 

0lolylorny.s ant1 Tylot17ys constitute a lo~i r th  group. These are well 
dill'ercnti;rtetl Irolrl e;rch other ant1 I'i-0111 ;ill other spec:ics. T h c  pec.uli;rr 
sh;rpe o l  the glans and the completely buried bacirlu~n of Tylonzys 
arc tlistinctivc, hill thcse and its other cliaracters are appro;rclletl in 
0lolyloniy.r. Ololy lorny.r, thus, morpliologically teiitls to connect 
Ty1onry.c wit11 Ncoto~~zn, but the connec~ion is not conlpletc. 

I n  summary, the alorelnentionecl 12 gencra, or 11 if Xenonry.~ nelso17,i 
be assigned to Neolomn, are phallically diverse; nevertllelcss they con- 
stitute ; t i  assemblage that is distinct f'rom other cricetid rotlents in 
ch;uactei-s oT the penis. Ccrtairily neither the assemblage nor any part 
ol it fits with akotlont, sigmodont, oryzolnyine, R1~ipidon~y.r-Thorn- 
rr.sot17y.s, or other Neotropical groups wit11 which aut1ioi-s have associ- 
;~tctl it on tile 1,;rsis o l  cranial characters. Instead it has the aspect ot 
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a distinct n ~ t u r a l  unit, 01 sublarriily or fainily rank, which like the 
I-leteromyidae and Geomyidae is entlenlic lo the New World. T h e  
possibility that i t  is a natural group now requires intensive invcstiga- 
tion, ulili/ing all pertinent anatonlic;~l data. 

I,I T E R A T U K E  CITE11 

Bulvr, WILI~IAM H., AN11 F. S. BARICALOW, JR. 

I942 A cornparativc study of the  bacula of wootl rats (subfamily Neotominae). 
Jor~r .  Mamm., 23: 287-297, 3 figs. 

GOI.I)MAN, EI)WARII A. 
1910 Revision of the wood rats of the genus A'eotottlcl. U .  S. l lept .  Agr., N. 

Arlrer. Fauna, 31: 1-124, 8 pls., 14 figs. 

I - ~ A I . ~ . ,  E. RAYMOND, A N D  K. R. KEI.SON 

1951) T h e  lnarirmals of North America. New York: llotlaltl l'ress. Vol. 2, 
pfx viii + 1083 + 79, figs. 31 5-553. 

HOFFMIIS-I~III<, I>ONAI.D F., AND L. DI': I.A TORIII~ 

1959 'I'hc baculum i n  Ll~e wootl rat  Nrolottln s L P / I / ~ ~ I ~ s ~ .  1'1.0~. Biol. Soc. Wash- 
ington, 72: 171-72. 

H O O I ~ I ~ K ,  E N I M I I .  T. 

1958 rrlale 1~hallus i n  mice oC ~ t l c  genus Pcrortly.tr.us. Miscl. I'ubl. Mus. 
Zool. liniv. Mich., 105: 1-24, 14 pls., 1 fig. 

11159 T h e  glans penis ill five genera of cricctid rodents. Occ. J'ap. Mus. Zool. 
IJniv. Mich., G13: 1-10, 5 pls. 

MI'IIRIAM, C. HART 

1894 A new subfamily or mnrine rotle~rts-tlrc Neoto~ninac-with dcscri]~tion 
of a nelv genus and  species ant1 a synopsis of the known forms. Proc. 
Acad. Nat. Sci. l'lriladclphia, 1894, 1'11. 225-252, 1 pl., 5 figs. 

1945 T h e  principles of classificatio~l ancl a classification of ~ i ~ a m ~ n a l s .  B~rl l .  
A ~ n e r .  Mus. Nat. Hisl., 85: xvi + 350. 





PLATE I 

(ilans 1 ~ 1 1 i s  ill h'c~o1o111n cr l l~ i~r~ln  ((1-(1, I )  ant1 N .  /lo7-irlri?rcr (3 ,  11) as seen: n,  

latcx~ally; 0 ,  vcl~trally; r ,  g ,  in  lo~lgituclinal sectiolr, the spcci~nen incisetl mid- 
vent~ally c x ~ ~ o s i n g  lunren of uretlit.;~, crater, and  b;~cl~luln.  (1, e ~ ~ l a r g e m e n t  of 
spi~les wl~iclr covcr most of s ~ ~ r r a c c  o f  glans. I, 11, urrthral  processes. I\'. crlbiguln, 
ITMAT% N o .  110:180, 13~1-nalillo Co., New Mexico. A'. / l o~ - i~ lo~~ t r ,  IJMMZ No. 110379, 
l )o t~gl ;~s  C:o., I(;~ns;ls. 
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C;I;IIIS pc~ i i s  in .\'r,o!otti/r tttcsiccinn as vicwecl: n ,  laterally; I ) ,  iri longitudinal 
section, the sl)cci~iier~ incised ~nicl-ventrally exposing lumcti o f  r~rethr;~,  cratcr, 
l ) i ~ ~ ~ ~ l l ~ n l :  (.. ~.cntl-;~l ly;  and (1 .  apically. P, urethral procc:ss. Esrcl-1ia1 spines arc as 
in .\'. n1l)iglrln (1'1. I ,  (1). ITJIJIZ No. 109669, near Sari Cristohal, Chiapas, ;lIi.xico. 
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(ilans penis in i\'r.olo~~irr .\tr./)lrr,??si as secrl: m ,  laterally: 11, ventrally; c ,  in longi- 
t ~ ~ d i t i a l  section exposing lumen o f  urethra, crater. and I,acr~lr~nl. d ,  cnlargen~c~it  
o f  spines which occur on moqt o f  ~ul-face of glans (those areas 1)ctwccn I,ol(l tlast~ctl 
l i ~ i c s  in n and 6 ) .  4, urethral process. ITM;lf% No. 110984, Coconino Co., .\ri70t12. 



L foo' olons boc bone 

rs' 

( ; l i ~ ~ i s  p(>liis ili . \'VO/OI)I(I / ) 1 1 ( ~ ~ 1 ~ 1 , ~ ,  as \ , ic~vc( l :  ( 1 .  l ; i t c~~ :~ l l \ . :  I ) ,  \ C I I I  I.;III\.; c, i n  
I o ~ l g i t ~ ~ ( l i ~ i ; ~ l  S C C I ~ O I ~  ~ x p o s i ~ i g  1 ~ 1 1 1 ( ! 1 i  o f  ~ ~ r c t l i r ; ~ ,  I ) ; ~ c I I ~ I I I ~ ~ ,  CI . ;I~CI. ,  ;111(1 ilitci.ior o f  
~ ~ o l ) o . ; c i s .  (1,  c.~iIargc*nic~it of spines whicli occr~l.  o ~ i  Inos[ o f  s ~ ~ r f a c r  of  gl;ins ( ihosc  
: ~ r ~ : i . ;  I ) ( * I T ~ C ( S I I  l)ol(l ( l : ~ s l i ~ ( l  li~ic,s ill / I  : I I I ( I  1 ) ) .  v .  I I ~ C I I I ~ ; I I  proccss(~s.  \ i \ 'Y ,  So. Sf;O?S, 

C'  , I I , I ~ ~ I I I ; I ,  . . S o ~ i o ~ . : i ,  J f C ~ i c o .  



I'I.;l-I-E \' 
C.l;~tis penis in S o ) l o t u n  ftisci/)(.s ;IS \ficlvctl: (1,  dorsally; b,  li1tcr;tll~: c. vc~ i t~ - ;~ l Iy :  

(/, i l l  lo1igil11(li11:11 scctioli cxposilig I I I I I I ~ I ~  o f  ~ I I . C I ~ I I . ; I .  I ) ; I C I I ~ I I I ~ ~ .  :11l(1 tlie at I C I I I I ; I ~ C  

clo~.s;~l I M - O C C ~ ~ ;  and (,, al)icallv. g. 111.ct hixl process. '1'1tl)el.clcs (slio~vn ctll;~i-gc.ctl 
ill I) ; I I T  limitctl t o  arcas c~~c losc t l  1)y I)olcl tlnsl~ctl lilies. IT3131Z No. 10!)700. 3lon- 
t c ~ ~ y  [lo., Chlifornia. 



l ' I ~ l ~ - I ' ~ ,  1'1 
Cl;tns p c ~ i i s  in  S c ~ o l o ~ ~ r t r  le/)it111 ;IS \ric~vctl:  ( I .  1atcr;tllv: I ) ,  clit r ;~ l lv .  c, crilargc- 

1iic~111 01 sttrI.;tcc titl)crclcs wliicli o c c t ~ r  o ~ i l v  011 1)aq;tl 1x1~1 of g1;11is (;trca I ) ( ~ ~ I V ( Y ~ I ~  
I)oltl tl;t.;l~c.cl li~lc-u). 1 13 I \ I l  No. 10!)20X, I,oq . . \~igclcs <:o., <:alil'oi niit. 



foot glans boc bone 

l ' l , .~~71~I< 1'11 
Clans penis in ,\'r,olort1c7 rin~).rtr ;IS S ~ C I I :  11, l ~ t c r i ~ l l ~ ;  b ,  ventrally; r ,  in longi- 

tr~tlinal section c s l ~ o s i n g  Itlnncn of 111.cthri1, crater, ant1 I)acr11111n. (1, enlargement of 

sr~rri~cc spines which occur in arcas I)et\veen 1)oltl tlasllcd l i~ l c s  i l l  tr alitl I ) .  r., urethral 
~xoccs5.  f ,  c~ilargetl 1atcr;ll \,iew o f  flcsctl clistal ]'art o f  g1;11is. 17;1f;1f% Nos. 11019i 
((I-c, P )  , I 1020.5 ((1. /) , C I I . I I O I I  (-:o., hf011 t i111;1. 



C l ~ u l s  pc11is in  Nroton~rr nIIf,~zi ((1-(1) a s  vicwctl: n, 1;1lc1-ally; I), tlorsally; c, in  
long i t~rd i~ la l  section cxposing 1111nen 01' urethra,  crater, ;111tl hac111um. (1, urctlli-a1 
~ x o w s x s .  1<11 No. (i-1.544, 13alidcras, Nny;~riL, Mexico. 

(;I;IIIS p e t ~ i s  ill X c ~ ~ o ~ t r y s  ~~eZ.so??i ((11-(11) as scetl: n l ,  I;~lcrally; h l ,  venll-ally; 
cl,  ill longitutli~ial scclion exposing 111mc1i of ure~111-a, cralcr, a ~ ~ t l  Oacu1111n. (11, 

u~.e r l l~ . ;~ l  proccsscs. I.AM (UMMZ No. 1'-3!)14), I'ncblo Ju;irc/, (:olill~;~, Mexico. 



foot glons boc bone 

foot glans boc bone 



foot glans bac bone 

< ; l a ~ ~ s  pcliis i l l  O f o t y l o r ? l y s  / ) lr ,y l lo t i . t  as ~~iclvct l :  (1.  Interall!.; h ,  \,cntr;~ll!; c,  i t 1  

Iongi~r~tl i~inl  scctioll cuposing 111rnc1l o f  111-cthl.i1, c.l.;itcr and I ) ; I C I I ~ ~ I I ~ .  d .  e~~l;~r.gccl 
S C ~ I I W I I I  o f  spiliy coat ,  which O ~ C I I I . ~  0 1 1  those a~.c;rs I)et~t~ccli 1)oI(I cI;ishccl Iillcs in 
(1 ; I I I ( I  I ) .  hf\'Z NO. ! )8 i !K ,  Flacic~i(Ia C:lii~lilta, I < ]  S;II\';I(IOI-. 



j d foot glans boc bone 

Glans ~wt i i s  in rl'y1ot1ry.v frrlr~ir~crrler its vie~vccl: r r ,  dorsi~lly; I). late~.al l \ ;  c,  in 
lo~igitridin;~l scctioti exposing lumen of urethra atid untlerlyitig 1,aculum. (1, en-  
Iargetiietit o f  spines \+lhicli occur in areas 1)e~~vecti 1,old dashed lines in tr and 6 .  
L;S (1JMhlZ No. 1'-.791)2), l)a~-ietl I'I.o\.., 1'annnt;i. 



'oot alons boc bone 

< ; I ; I I I S  pcliis in . S ~ O / ; I I ~ I I I ~ Y  1(2g11i11(1 :IS sccti: ( I .  1;1tc~1~;111\: 11 ,  ( Io~~s ;r l l~ ;  r ,  i t ]  l o ~ ~ g i -  
ttrcliri;ll section into I I I I I ~ ~ I I  of' rr~.cth~.;r; cs .  ;rl)ic;~ll\. t l .  c n l ; ~ ~ ' g u ~ r c r ~ t  of sl>ilics \vliicli 
OCCIII. on outer srrrfacc csccl)t cutrc~irc I)asc. of gI;rlrs ;r~i(l \vi~lriri its crater. ;1I\'% 

So.  !18XJ9, 1.0s Esesmilcs, I 1  Sa l~~;~t lor .  






