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r .  

During t h e  examination of t h e  tongues described in  the  pre- 
ceding papers of this  series two main objects were kept in  view. 
I n  the  first place, a t tempts  were macle t o  discover characters 
which can be added. t o  those which are employed in  cla.csifiicstion. 
The success which followed my effoits i n  this  direction va,ried con- 
siderably, as is shown on lip. 729- 733. I n  the  second place, data 
were accumulated for phylogenetic purposes. Many hundreds of 
tongues were examined, and  niy own observations, coupled with 
those of other anatomists, gave me a good knowledge of the  range 
of variation exhibited by t h e  lingual structures i n  many species. 
Very few genera were not  represented in  my own material. 

I attempted to give expla.nations of t h e  meaning of the  features 
which were observed, but  I was unable t o  exp1a.h the  significance 
of many conditions, for our  knowledge of t h e  comparative embry- 
ology of the  tongue and mouth is very poor. So many of t h e  
features which I described ninst remain as recorded facts only 
till we know more about t h e  development of the  tongue. 

A .  SUMMARY OF ANATOMICAL AND PHYSIOLOGICAL CBARACTERS. 
The tongue fills t h e  mouth in  all Mammals except some of t;lie 

a.dult; Odontoceti, Rodentia and  OrizitJiorh?/7ichus. In some 
Rodents it is excluded from t h e  front of t h e  mouth by inward 
prolongations of t h e  hair-clad lips through t h e  diasterriata. In  
t h e  young O~nithorhyncl~us t h e  tongue reaches t h e  end of the  
mandible t o  permit of suckliug, but  it lies fa r  ba.& in t h e  adult 
because of t h e  growth of t h e  bill. I n  all Odontoceti i n  which 
I examined t h e  part.s i i ~ .  sit7s t h e  tongue lay far back, but  its t i p  
overlaps t h e  sympliysis mer1t.i in the  fwt.us. 

&‘i 
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I n  many Mammals the tongue so fills the  mouth that i ts  
dorsum bears the imprint of the palatal ruga, and one must be 
careful not to mistake these marks for natural 1ingii:i.l structures. 
I n  all Anteaters except Orycteropus and Xcmis inwardly-pro- 
jecting folds of mucous membrane derived from the gums and 
cheelis form a sheath for the  long vermiform tongue. 

CoZour of the l 'ongue :-In several Priinates and Ungulattn the  
tongue is pigmented in whole or in part, arid the colour may form 
a definite pattern on the dorsuni or  inferior surface. Sometimes 
the  gustatory papilla alone are pigmented. The colour varies, 
sometimes very considerably, in  each species, so it is of no 
taxonomic value. In  my paper on the Cebiile (4), I figured 
several pigmentary patterns, and I pointed out that  the colours 
vary iu  their resistance to  the bleaching action of preserving 
fluids. 

Sometimes the  colour of the tongue is similar to that of the  
hairs and epidermis, the most striking illustration being the 
tongue of Cercopithecus putccs. The pigment cells or granules 
lie in tha t  part of the epithelium which corresponds to the 
stratum Malpighii of the epidermis. Sometimes the pigment 
cells are branched. 

Shupe of the Y'ongzce :--The tongue is tn.pering, spztnlnte, 
rectangular or vermiforni, the la.tter being the only il.tlnptation for 
a particular kind of diet, namely living writs. It is thin in the  
Polyprotodont Marsupialin and in the Cnriiivora. And it is thick 
in the Brdypodidze, Rodentiil. and Mystacoceti. In tlie otlier 
Orders the thickness is not unduly small or great. I n  the Pelitlie 
the apex is very frequently gripped tightly by the incisor teeth 
after death. 

Divisiom of the Toiigue :-The upper surface of the tongue is 
divided into oral and pharyngeal parts, the division between them 
being the circiimvallnte papillnry area ; and the lengths of these 
parts vary considerably. Thus the pharyngeal part or base is 
short in the Rodentia, Chiroptera and Hapalid%, so that the cir- 
crimvallate papillse lie close to the epiglottis. The base is long in 
Munis, and there is a long tract of mucous membrane between 
the  tongue and epiglott,is in the Lion and Jaguar, a n  arrangemelit 
which is supposed to be associated with their rowing habits. I n  
many 'Mammals the posterior part of the oral division is raised 
up t o  form a n  intermo1a.r eminence. 

When no circumvallate papillae are present, as is the case in 
many of the Cetwea, it is impossible to distinguish the two parts 
of the tongue j so i t  is only by a study of development that one 
ca.n observe them. I n  other Mammals the 1iistologiai.l structure 
without any macroscopic examination will help us, because the 
base is glandular and the o rd  pavt is not. I n  iriariy (ktncea. (7)  
niost of the tongue is very glandnl:i.r, so histology does not help 
71s a t  all, and will mislead u s  unless we krrow very :iccnmtely 
from what pirt. of the tongue sections have been taken. Agaiir, 
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t h e  oral pzrt of tlie tongue ha& conical and fungiform papillae 
wliicli are  tlihtinrtiye, h i t  mRny Otloritoceti rlo not, possess these 
strrictiirew. Hence one can see ttiat a stndy of development is 
frequently t h e  only means of distinguishing between t h e  t w o  
pi.irnary divi\ions in  t h e  Cetacea. There is no other Mammalian 
Order to  which th i s  condition applies, for  all have characteristic 
pitpillac on the  oral par t  of t h e  tongue. 

T.ext-figure 31. 

nnfinm A. 0 C. D. 

~ 1 , ~  apex of tlie tongue i n  v:irions hianitriala. A, Homo and Sisiia; B, Monkeys; 
C ,  Physster sirrcrocepka7~s (letus) ; I), Myrrnecoplingida aiid Manis ; 
E, nraiiy Pinnipedis; F, Tzrpaia mino?.; G, Sirenia; H, many Odontoceti; 
1, some species ot SOAS ; J, Girafla ; K, Cercopithecidm; L, OmitAorkpehus. 

The oral pa.rt in Man is  developed from t h e  first bra.nchia1 arch, 
ancl t h e  pliaiyngeal part> or G:we springs from t h e  second a.nd third 
al&es. It is prolxble t h t  t h e  same rule holds good i n  other  
Mariinials. The relative proportions of these pai,ts to one another 
Va.ry greatly. The base is very short, thns bringing the  circum- 
va1l:lte p a p i l h  c b r e  to t h e  epiglottis in  t h e  Roderitia, Chiroptera 
a.nd Hapdidze; t h e  base is long i n  lllcciris; arid there  is  a long 
stretch of mucous membrane between t h e  tongue and epiglottis 
in  the  Lion and Jaguar ,  the  1a.rg.e space at the  back of tlie wouth  
being associated with t h e  roming habits of these animals. I n  
niany i\fammids the posterior part of t h e  oral division of ths 
torigrle is greatly t,liiclrened t o  form the  intermolar emiaence. 

Tlie i~iteiwto1cc.r enzineizce is present in  Or?zithorh?jiichi!s, IIp-nx, 
R,nrl many Sirenia, Wgstacoceti, Ungulats  and Rodentia, ; and it 
is :lhsent in all Marsupialin., Insectivorn, Uhiroptera, Edentattt, 
fiirnivom nnd Primates. ltelatively t o  t h e  size of the  tongue it 
is largest in  O,.)zithoi.A?iilc1~2~~ and some Rodeiits. It is not  a 
cha.mcter of primary import:i.nce in  classification. I t  is supposed 
t o  raise t h e  food u p  t o  the  level of t h e  grinding teeth. In  the 
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Mystacoceti i t  helps t o  expel t h e  water containing t h e  small 
Yteropods and other  auimals on which t h e  Whales feed through 
t h e  baleen plates. The eminence may be as wide as t h e  tongue 
a.s i n  many Rodents a n d  Ornithorhynchm, or it may be i n  thf  
centre of the  dorsum only. 

The surface of t h e  eminence is smooth, or covered with papillae 
of different kinds;  and it has markedly pointed strnctures. in 
Ornithorhynchs a n d  c'nvicc coha,yn. 111 the  forinel. there a re  two 
strong, pointed horny structures called lingual teeth on t h e  
anterior border of the  eminence ; arid these a re  sripposed t o  direct 
insects anii other food material in to  the cheek-pouches when t h e  
aniniitl is feeding under watei'. No other Xanimal has these 
strnctrires. I n  C'avia there a re  rows of sharp conical papillce on 
t h e  anterior border of the  eniinence. 

I described several indivitlual peculiarities i n  t h e  eminence i n  
m y  account of t h e  nilurine tongues (10). 

The circumvallate p a p i l h  and lateral organs lie on t h e  
eminence, bu t  fungiform papillae :we varia.ble thereon. 

The region in front of the  eminence varies in  length. Thus it 
is short in  t h e  Beaver, bu t  it is long in  some Ungulates. It is 
divisible into two parts. Most anteriorly is t h e  tactile area 
including t h e  apex of t h e  tongue, and t h e  posterior par t  is 
niech;tnical in  function. I n  Zccytosstcs t h e  tongue has a. solid 
posterior pa.rt on which lie t h e  ciiwimvallate papillz, 1a.ter.nI 
organs and dense spines, and a long, cylindrical, very mobile 
anterior par t  ; and I believe t h a t  the  posterior par t  corresponds 
t,o t h e  intermo1a.r elevittion. 

The upez o f  the tongibe varies in slmpe, being rounded, triin- 
cated, pointed or  plobuhr  (text-6g. 31). Sometimes i t  has a 
sniall notch, bn t  i t  is deeply cleft in  t h e  Pinniperlia. I n  a fcet,al 
Ph,!yseter ~i,,ccci.ocepWalics i t  had a very pronounced medim process, 
hiit I did not  have t h e  opportunity of exa.mining an adult animal 
t o  see whether i t  i s  present or not. It certainly does riot exist 
in any  other  Cetacean tongue examined by myself. 

In  liuninn development t h e  tnbercnlnm impnr, derived from 
t h e  mandibular arches, becomes buried by two laminre which fuse 
t o  form t h e  oral pa.rt of t h e  clorsum. Sometimes the  laminae do 
not  uni te  anteriorly, so t h e  apex of the  tongue becomes cleft,, 
resembling in  a slight degree t h e  condition which exist.9 i n  
Liznrds and  Snakes. This occasional occurrence in Man is t h e  
rule i n  all Pinnipedia. It must have some physiological signifi- 
cance, bu t  i t  is not apparent t o  me. 

The apex is bound down t o  t h e  floor of t h e  mouth in all 
Odontoceti, b u t  it was free in a very young f e t u s  of Physeter 
nzncroce;l&,cclw. It has been suggested tha.t t h e  tongne is no t  very 
mobile in  the Odontocet,i hecnnse of the  binding down to t h e  floor 
of the  month. Such a condition alone is not  conclusive, for t h e  
tongue of the  Elephant, which is mobile, has no , f ree  anterior 
lnxt. \\%en t h e  Elepliant ~nastiiiites, a piece of t h e  dorsuim 
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becomes converted into a.n apex. The reason for the  poor mobility 
in the Odontoceti lies i n  t h e  condition of t h e  muscles. I n  t h e  
Sirenia the  mobility is slight, bu t  I suggested (7) t h a t  the  hard, 
retroverted apical papillae enable it t o  exert it,s maximum 
mec11anica.l action when t h e  animals crop t h e  vegetation o n  which 
they subsist. 

The apex a n d  t h e  dorsum behind it may be destitute of obvious 
structures, but t h e  following appearances a re  noteworthy :- 

1. There is a marginal row of fungiform papillw in Metachirus  
opossimz, Mff i~~nosa  eleyans, Tupaia minor a n d  C’ewopithecus 
la,stcLllls. 

2 .  Thereis  a thick cluster of fungiforin papill= i n  t h e  Simiidae, 
Cercopitlrecid;e, wine Cebidw, Lenirtridse and Ungultlta. These 
papills hare  taste-buds antl tactNile nerve-endings. 

3. There is a thick clnster of large conical pnpillw i n  t h e  
Sirenin., Pirinipedia, Ungnlnta antl O~iai~f tor? i~~nci~z t . s .  

4. There are margina,l lobnles in  Galeopithaczts and some 
Cetit.ce:i. In Y’icrsiops t w s i o  there is a 1n.rge blunt median lobule, 
corresponding perhaps t o  t h e  long media,n process in  t h e  f e t a l  
I’hyseter oict,c~,ocei,lLctlzes nientioned a.bove. 

5 .  There a re  long, pointed or club-shaped papillae in some 
species of A’us :ind C;i.st~s. 

l l i e  apica.1 pn.rt of the  tongue is prehensile, tn.ctile or gusta.tory 
in fiiiiction, 01‘ it, 1ns.y perform two or all these fnnctions, but  t h e  
cliief :i.iid most \vitlesprea.cl nse is no doubt toiich. Nerve-endings 
of wrioris kinds hn\.ve I)een detected, and i t  is possible t h a t  certniii 
types, wliicli only occur in  Ma.n, a,re associa.tetl \vittli speech. The  
tactile fnnction probably reaches a. high tlrgree of perfection i n  
tlie Anteatei.s. whose t,ongiies a re  really glntinous, exploring a n d  
prehensile organs. Hut there w e  differences i n  the apex i n  
v;i.rio\is Ante;~ters. Thns tdie apex is poiiited in Zuglosszts and 
O i y c t e i o p s ,  but  it is globular i n  ikfyrnaecopliagn, Taccmidzta and 
J1ctni.v. 

The prehensile function of the  tongue for solids is grent i n  t h e  
Mor~otrenia.tous and Etlentate Anteaters, the Giraffe a.nd some 
Bats. Owen points o u t  tha t  the apical pa.pillrr in tlie Bat  Moiio- 
ph?yllus are  employed for probing night-blowing flowers for insects. 
All these auiinals have very mobile tongues, biit t h e  Rodentis., 
Orlontoceti and Sirenia have tlie least protriisihle tongnes. It 
will be shown later t h a t  there is  :L relation between t h e  prehensile 
function of t h e  tongue and the characters of the lower incisor 
teeth. I n  Ma.rnma1s which drink the  tongiie plays an important 
part in  t,he process ; 9 n t l  i t  is nsed eit,her for 1a.pping 01- for suction. 
In the  Prinin.tes we find t1ia.t the  Lerniiroidea,, which h i t ~ e  cleft 
uppel’ lips n.dliering t,o the  gnni, dr ink by lapping, whereas t,he 
Aiit,lii.opoiden, xvliicli Imve r i i t i ~ e ,  non-adherent upper lips, d r ink  
by siictrion. The degree of mobility varies in  each Order, ant1 t h e  
tliff‘ereilces niny he very striking, a s  ca.n he seen by compax,ing 
tlie tongiie of O,.~Li~hoih,?/~~cI~zLs with those of Zctylosszts a i d  
A caii ill oylossiis. 

I ,  
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I n  D U S ~ ~ L S  pehu there  a re  two pointed structures under t h e  
apex of the  tongue. Muscle fibres pass to  their  bases, and Mayer 
suggested t h a t  they are  useful for killing insects. 

,Szdci :--The dorsum of t h e  tongue may have a median longi- 
tudinal sulcus o n  i ts  anterior pa.rt, on its base or on both parts, 
but  there is never a complete sulcns extending from the  apex 
r ight  back t o  t h e  epiglottis. The circumvallate papillae interrupt  
tlie sulcus i n  its complete form. W h e n  a.n intermolar eminence 
is present there  is never a sulcus on it. These sulci may be 
r e p r d e d  as traces of bilateral origin of both t h e  oral and  
pharyngeal parts of t h e  tongue. I n  the Lemuridz and %miid= 
there  is a Y-shaped group of circumvallate papillre, and  t h e  
vertica.1 limb of the Y lies over t h e  positioii of t h e  median dorsttl 
sulcns on t h e  ba.se of the  tongue. 

There is frequently a median ventral snlcus ; indeed, it is more 
often present. than  the  median dorsal sulcus. It receives t h e  
lingual attachment of the  frenum l inguz in i t s  posterior part. 
In Celogenys pnccc alone the  median dorsal a n d  median ventral 
sulci are continuous round t h e  apex of t h e  tongue. 

Permanent transverse sulci radia.te from t h e  median dorsal 
sulcus in  :Wustala erminea ; they indent t h e  mucous membrane, so 
they cannot be mistaken for the  shallow, wide grooves, which a.re 
formed by t h e  p l ~ t i i l  rugw. Permarlent transverse ventral sulci 
exist i n  Cu:logen?p ~ G C L  and Ga1eopith.eczi.s volam. I n  illanis and 
Za~loss ics  there  is a deep groove or tunnel on the  a.nt,erior par t  of 
tlie tongue, and the  w:\lls a1.e formed by the  npwtrd folding of tlie 
sides of t h e  doi.sum: i n  t h e  former the  floor of the  groove is 
smooth, bu t  i t  has long spines in t h e  I:t.tt'er. No trace of t h e  
tunnel exists in  ~ll!/ri)reco~hc~gga, Tunaairclica or  O r y t e T o p s .  It 
may a.ct as a t rap  for insects. The presence or rLbsence of sulci is 
of little value in cla 

I n  some cases 
they a re  undoul)tedly artefacts produced by the  action of pre- 
serving fluids. I n  other cases they a r e  vestigial structures, being 
remnants of t h e  lyttn or snhlingua. 

The luteral borders of the  tougtce are  th in  or massive, and they 
lodge t h e  foliate papilla or lateral o r p n s  at their posterior 
extreniities when these organs a re  present (see p. 714). Tliey 
h a r e  conicd arid fungiform pnpillw, and they have lobules 
anteriorly i n  G'aleopitlmus and some Cetacea. W h e n  the  npex of 
t h e  tongue is fixed the lateral borders ma.y he quite mobile. 
Thus the apex is bound down t o  the  rnantlihn1;w sympliysis in  
Platuiristu quwgetica, hut  t h e  edges w e  free and mobile. The 
a.ninia1 is blind, aiitl burrows in mud a t  tlie bottom of rivers 
for small fishes and criistacea, which const.itiite its diet. A n d  
tlie sensitive edges of llie tongtie m:ry be o i p n s  of exploration. 
Tlie 1:ttei.al 1ol)~iIes in the  :idiilt Cetiicea are  not  present in some 
ftrt,nses which h:i ye i ) i w )  clesaribcd. 

~ i ~ ~ t c : r Z  I'cq)ill(r. :--The iniicoiis meni1)rane of t h e  mouth and 

Ili'edirm we??,trril viclges occnr in many Mammals. 
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tongue is in reality t h e  modified skin of t h e  stomodmim, so a 
compa.rison between the  cutaneoiis and lingual papill= is impor- 
tant .  There is, moreover, as far a.s I can ascertain, no definite 
account of the  difference to  be found anywhere. I n  t h e  general 
skin surface the  p:ipillE a re  all buried beneath t h e  surface of t h e  
smooth epidermis. Some papillle have blood-vessels arranged i n  
loops, and others have sensory end-organs, bu t  papillze with 
blood-vessels have n o  end-organs. Nerves pn.ss into the  epi- 
dermis, but  none of these have a more noniplicnted mode of 
termination tlian a small varicosity. The sudorific arid sebaceons 
glands do not  end in close association with t h e  special end-organs. 
T n  some special t,actile areas such as t h e  skin of t h e  hill of 
OnzithorJLpch'us and the  snout of the  Mole there  are  special end- 
organs near the  surface. I n  t h e  tongue, particularly on t h e  h s e ,  
a few papilla are buried, but  most stand u p  prominently on t.he 
surface of t h e  mucous membrane. 'l'he coriuni centres have both 
vessels and  nerves, b u t  all the  special sense-orgains lie i n  t h e  
epithelium. The serous glands open alongside the  gnsta,tory 
organs, and are  never found anywhere except in close relation to 
these structures. Their degree of development corresponds more 
or less to  that, of t h e  gustatory pa.pilla, and  there  is a. theory 
t h a t  the  lateral organs were evolved from serons glands. No 
cutaneous pnpills c w r y  out  a.ny mechanical fur,ction. These 
notes show t h a t  the  adequate stimuli demand tha.t the  1ingiia.l 
papill= should lie elevs.ted, aiid have their sense-organs near  t h e  
surface ; in  t h e  skin thats is not  necessary. 

From the  pliysiologica.1 point of view the  papillae fall into two 
great groups as follows :- 

A. Mechanical pnpillse. 
U. Gustatory papi l la  

a.  Fungiform pnpi lh .  
h. Circumwllate papille. 
c. Lateral organs. 

Of t,her;e t h e  meclianical ant? fungiform pnpillz occ11i- in sereral 
.es of Vertebrates, 'bu t  the  c i rcnm~allnte  papillre and I n t e i d  

o r p n s  are only found in  ,Memrn:ils. I t  is iritei.&ing to  note tha t  
t h e  inechanical papillze remain, whereas t h e  gustatory papill% n1.e 

alisrnt or straiigely modified in  t h e  Cetacea in which t h e  tongue 
has degrneiated. 

The papillir may be described in any  order, lint I have hrgrin 
hero witah the fungiform papillre, as t'liey represent early stages in 
t h e  evolution of the  circunirallate pa.pillz. 

The Fungiform Papillae (text-fig. 32). 
The fungiform p p i l l a :  nre bright in coloiir in the  living tongue, 

I,nt they nre t?e:itl nlriie in piewrvetl ones;  nnd the  dead-white 
colour is of iniportnnce in enabling us to detect them when tljey 



708 DR. C. F. SOSNTAC 0s THE COMPARATIVE 

are  very sinall, as they are  in primitive Mammals. They vary in 
a.ppenrance, iiiiniher and nrraiigenierit. They :we hemi::plierical, 
globrilar or pedunciilaterl bodies st,nntling on the  flat siirfn.ce of 
the  tongue, or contained within pockets in  t h e  mncous nieinhrme. 
Those whicli lie in  pockets near the  junction of t h e  oral and 
p1i:rryngeal parts of the torlgoe ;],re npt to he niistnken for circuni- 
va.lIate pi,pill:e, and histological exnmina.tion may be necessary t o  
determine the  t rue  natrire of a p;l.rticular pnpilln. The  siirfxce 
is smooth, gra.nular or urribilicated, the gmnules being formed by 
seconda.ry pipi!l:t.. 

The differelit forms a.re not  characteristic of particular Orders. 
Tli~ili the  lieiriispliernl form ~ C C I I I ' S  in all Orders, and peduncul:itecl 
fomis are  forind in ZIot~iot the  Siiniide: Ceicocehus, i\-u,s)ctc, a n d  
tlrr smal l  grorrp of FeIitlE cont;tiniiig t h e  Domestic, Wiltl and 
Caflre Cats, t,lie L y n x  and  t h e  Car:i.c:rl. I n  tlwt group of FelitlB 
pedunculated p x p i l l ~  witli taste-buds lie i n  t h e  positions of the  

Text-figure 32. 

Types of funpiform p;ipillz. I, Iietnisplirrical on plan aid section ; 2, grandat ion 
Iij- secoiid:iry p:ipiiI:t?; 3 ,  uitibilicnted papiila ; 4, elavate type ; 5,  oiiibi1ic:ited 
clarate type; 6, depeiidiiig papilla ; 7-9, relations to coiiical p:ipillz. 

Ia,teral o r p n s ,  and I suggested t h e  m i n e  of papill% c1avat:e 
for tlieiii (8). Their value in cl:issifica.tion is desci.ibed on 
p2ges 729-733. It rimy he dificult or impossible t o  tlet,ect 
papillx~ macuxcopic:illy, either hecniise they a re  v e y  minnte, or 
tlley are conce:r.led by over1i;mging conical pipillrp. I could not  
dot,ect tlieni evar  with :I. pwei~l 'u l  lens i n  GuZropitJieots, some 
C;riiid;e and tlie &Tonotrematla. I n  tlie h c t i c  Fox there  a r e  
indiviclud v:ri-ia.tions, some specimens having minut~e, bnt  visihle, 
pa pi1 I R ,  where3 s others ha.re noiie visible ni acimcopic:il 1 y . The 
converse condit,ioii is ol)sermble i n  sonie Rulerits, t h e  sninll 
fnirgiform pzpi1l:e hirig tlrrowri into prominence by tlie sin:r,il 
size of the  eonic:il p:ipill:e wonnd. 

1':ipill:e nre present on the  01x1 pnrt of t h e  tlorsiiin, the 1ntei.al 
~ > O I Y J P I . B  :rnd a. grea.tet. or less extent  of the prripliery of tlie 
irifwioi. srii.f:ice. As none are forintl heliiiitl tlie circiirlivnllate 
ppi l l ie ,  tlir~y a i ~  liiniterl to  tlie p r t  of  tlie tongue wliicli is formed 
froiii tlic lirst pair  of l.rr:inclii:rl ai.clies. 
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On t h e  ora.1 part, of t h e  dorsnm t h e  papi l ls  may corer tlie 
ent'ii-e surface from before backwa.rils and from side t o  side, btlt 
in many specimens they a re  a,bsent from the  centrol part. They 
may or may not exist on t h e  intermolar eminence. The extent 
of the  surface contnining them v:iries with nge in M m .  Thus t h e  
infant h:ts them all over the  rlorsiim, bu t  t h e  d u l t  11ns not. 
These ohservntions on the :I.ge-clianges in  Mnn have n o t  been 
supplemented by obsermtions on otlier Ma~nmnla. In  lower 
Orders t h e  papillz may cover the  clorsiim. 

The central area, of the dorsnm whicli is free from fnngiform 
papillre may extend back into t h e  area of t h e  circtimvalliite 
papillre; or i t  may be shut  off by a posterior cluster or rows of 
pqdlz. And t h e  presence or absence of these groups is of value 
in classification. 

The  pipill% on and behind t h e  a,pex ma,y be sparse, or they niay 
he irregiilarly grouped i n  a, cluster of wria.ble size. In t h e  lower 
Orders the  cluster is very small  or ahsent, bnt in higher 0i.der.s it 
is  siriall or  large. Moreover, in some of the  higher Orders tlie 
niore primitive :mimais have smaller clusters than the  speria,lized 
ones. Tliese statements are illustrated in the subjoined table. 
On t h e  dorsum behind the  apex t h e  pzzpilh a re  ar imget l  in rows 
of varying degrees of oliliqriity ; anti they increase in size, a.nd 
perhaps in number, as we proceed from t,he lower Orders t o  t h e  
higher. On t h e  1atera.l borders of t h e  tongue they are  iiuinerons 
or scanty, and are  disposed in one or ]?lore rows. 

On t h e  bounding zone on the  inferior surface of the tongue t h e  
fnngiform pwpill:~ map be scanty or numerous. Tliey rnay he 
iri-egula.rly disposed, or t.hey niay be :trrangetl in  one or two ~ O W S .  

Of these rows both mny have papillre of eqw3.l size, a s  in tl e 
Gorilla., or the  inner  row ma.y contain larger elements t h a n  the  
outer one. There may be a thick cluster of p a p i l k  beneath 
t h e  apex of' t h e  tongue, a.nd this  group is largest in the  higher 
Primates. 

When t h e  p n p i l h  in  the vn.rious Orders a re  compnred, one sees 
tha,t they vary i n  numbers, in size, a.nd in concentration on 
various p r t s  of t h e  tongue. Of specinl interest is t h e  size of t h e  
apical clnster. The a.i~ra.ngements are  shown in the  following 
table, which deals with all Orders except tlle Chiropterx, of 
wliich too few specinlens were availa.ble to enable me t o  draw a11y 
conclusions of \ d u e .  

From a s t d y  of t h e  snbjoined table the  following conclusions 
can be drawn :- 

I .  I n  t h e  lower Orders t,he 1 ~ p i I I z e  a re  relatirely fewer and  
sina,ller tha.n those i n  the  higlier ones. 

2. A.s we proceetl from tJie lon-er Orders t,o t!re h!'gher ones we 
notice a coiicer~t~ratioii of p:lpilln, :it, 11ie Rpes of t h e  toiigne. 
The :ipical clnster is 1:iigest in the  Cervidw and Uatarrhine 
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Remarhs. A p i c a F  Later07 dorsal 
ctavter. pnpi l le .  Order. 

Monotremata ........... 

0. Didelpliyida ......... 
Marsupialia. 

h.-Dasyuridat ......... 
c. Perarnelidae ......... 
d. Plialangerida ...... 
e. I’Iiawolarcti(1z ...... 
f. Macropodidz ...... 

0. 1)asyyodidz ......... 
6. 1hadypcd;da. ._. . _ _  
C. MyrinecoyIiagid:e ... 
d. X i ~ n i d z  ............... 
e .  Oryctwopodidz ,.. 

Insectivora ............... 
Tkrinoptera .............. 
Rodentia ................. 

Carnivora. 

Eilentnta. 

a. Feliilz ......... 

f. Jlnstelidae ............ 

f i .  Ursicts .... . . .  
Cetacea ..................... 
C~rgalata. 

,Q. Procyonids ......... 

n .  Perissadactyla ...... 
h. Suiua ................. 
c. ‘I‘ylopoda ........... 

b .  Cliiromyidw ......... 
c. Lorisk1:e ............... 
(7. Galagid:e ............ 
e .  Lemnridz ............ 
.f. N:ipalidz ........... 
9. Cebidw .............. 
k. Ceri,opitlit.cida: ...... 
i. Siniiid::! ............. 
i. Iloiniiiidic . . . . . . . . . . . .  

absent. 

slight. 
abseut. 

,, 

moderate. 
absent. 

small or 
absciit. 

small or 
moderate. 
sinall when 

present. 
not large. 

sinall or 
abst~nt. 
small. 

,> 2, 

absent. 

small. 

1:iri.e. 
allsen t . 
s 111 >I1 I. 
nbse11t. 

minute. 

n;o.leratc. 

large. 

absent. 

fern. Papilla all minnte. 
numerous. l’a1iilla larger tlian in  a. 

P;ipill:e larger tlisn in a aid b. 
l’apillat all very miall. 

,f 7, 

9 ,  i, 

a few. 

absent. 

a few. 

a1i.ent. 
variable. Papillze alaays small. 

Papill= larger than in a. 

Papi l le  larger and more than in a. 
P a p l l z  very sninll. 

,, Papillae sniall or of medium size. 

I,  1, ,, 99 ,> 9 ,  

,, Size moderate. 
a few. 

2 Papillz usually very small. 

numerous. ,, ,, ,, ,, 
,, Papilla aniall. 

mridile.  Size moderate. 
s~itall or 
abaeut. 

Papillz z l w s ~ s  small wbon present. 

nnnierous. Size moderate. 
0 ,, 

not numerous. ,, ,, 
,, ,, Papilla large. 
nunierous. ,, ,, 

Size nioderatr. 
very few. l ’ap i lh  very sinall. 

6ranty. 

variaLle. 

numeronq. 
S u l l l t  y. 

Ilnlllerous. 

P a p i l l s  of moderate size or large. 

,. 

, , 
I ,, 

I 



ANATOMY OF T E E  TONQUES OF T E E  MAMYALIA. 711 

? * h y ? ~ h t ~  the conical papill= have become highly developed ; in  
the  Monotremiitous and Edentate Anteaters, except Ol-?/cteropus, 
the tongue is mainly a prehensile. exploring organ and the fungi- 
form papillw have vanished ; in the Cetacea the reduction in 01- 

complete loss of the papillae is part of a degenerative process, 
which lias involved the lingual structures. 

When the papillae are examined histologically it is seen how 
imny  hnx7e secondary papilla: composed of epithelium done, or  
of epithelium and corium. Taste-buds are present in aninia.ls 
belonging to  most of the Mammalian Orders, and the nerves may 
be large and provided with ganglia. Tlie taste-buds have fewer 
gustatory cells than the  buds in the circnmrallate papillw, arid :).re 
nearer the surface. No glanrls are connected t o  the fungiform 
papills. I n  lower Vertebra.ta the epithelium niay consist of a 
single layer of columnar cells, or it may be stratified a s  in the 
Manimalia. I n  Oppel's ' Text-book of Microscopic Anatomy ' 
many buds and papillae have been figured. 

The Circumvallate Papillae (text-fig. 33). 
The circumvallate papilla occur only in Mamwals, but, not in 

all species. They differ greatly in structure, number tirid 
arrangement : and there is a, complete series of transitional forms 
between the various forms, and between them and the fungiform 
pa,pillw. I n  many Mammals there a.re transitional forms between 
them and the lateral organs. It is therefore necessary in the  
first place to describe the characters of a typical circumvallate 
papilla. And the pp i l l a  in question must not he selected from a 
Monotreme or  a h'Larsapia1. 

A circumvahte papilla lias a body, whose form varies con- 
siderably, lying in a hollow or fossa in  the mncous nienibrane. 
The mucosa of the tongue covers the papillary body and lines the 
fossa. The outer wall of the fossa may be raked up to form a 
ridge or vallum. Serous gla,nds alwa.ys open into the depths of 
the fossa, and the presence of these gla.nds is one of the feirtures 
which distinguishes the papilla from a fungiforin papill;\.. Tnste- 
buds lie in the epitheliuni of both sides of the fossil, whereas they 
are never i n -  the angle between the body and the tongue surface 
in the fuugiform papillw. It is sometimes stated that taste-buds 
are on the upper surface of the fungiform papillw, but a.re not 
there in the circumvilllate pa.pillrt?. That is, however, not true, 
for authors have described or figured them on the upper surface 
of the ci~c~umvalliit,e papills in Oririthol.h?li~chzcs, Cuprcc, i lhs,  Owis, 
I'cLlpa, Meles, Felis, C'awis, Xusts la  arid in the new-born child. 
These burls are more numei~ous at birt,ll than in adult life, so their 
diulinntion is one of the age-changes which occnr in the tongue. 
The dermis component of the papillw contains corinertive-ti.Fu~, 
blood-vessels Rntl nerves, arid the nerves iiiay be plexiforln 01' 

provided witli large ganglia. 
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The vnllate papike mark t h e  boiintlary between t h e  par t  of 
tlie tongiie developed from the first arch and  that arising from 
t h e  seroud nnrl third arches. I n  the  higher Primates t h e  bilateral 
origin of the  la t ter  may be indicated by the  vertical stern of 
the  P-shaped group of pspillze. 

The papills may s tand up higher than,  be flush with, or he 
recessed below the surrounding dorsum of t h e  tongue, but t h e  
protruding form is commonest. W h e n  it is recessed, as i n  t h e  
Alonotremata, the  object attained is  protection. It must, how- 
ever, be noted tha t  preserving fluids may niake t h e  pap i l l s  
contract into a smaller voluiiie and  shr ink clown into the  vnllunl. 

6 

Text-figure 33. 
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The macroscopic characters of circumsallate pzpilh. 

The papillary body may be hemisphei ical, as in Or&thorhyiichics, 
globiilar as i n  Yespertilio, Xeles ,  arid Ilfc~cfficz~.s,  cylindrical or 
conical. I n  conical types t h e  apex or base may be attached t o  t h e  
torigiie. The fossa is shaped according to  t h e  form of t h e  body, 
as  i t  undermines t h e  papillary body when the  latter is conical 
with the  apex attached. These forms are showii i n  text-fig. 33. 
It will he shown later t h a t  a series of phylogenetic stages includes 
several of these forms. 

The fossa usually appears as  a slit around the  papillary body, 
hiit i t  is sometimes very patulous in tongues removed immediately 
a f t e r  the death of the  animal. And this  would seem tobhowthat  
vaiiatioiis iu  tile fossa may accoiiipliy the  act of inastication. 
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in ;IJacccc?/,s r7iesTts and X.  fascicislwis the  fossie Imve pa.tn!ous 
recesses at  tlie anterior and  posterior papillary poles, but  these 
close iip when the  tongue is immersed in preserving fluids. 

Each fossa may contain more than  one papilla, nritl these papill2 
may be completely sepa.rate, or  they may he lobes of one large 
papilla. The two may he of the  same dimensions, or the sizes 
may differ. These ninst not  be regarded, however, a.s stages in 
the extra-uterine division of a papilla, for such a phenomenon 

fr'L/NE DOUU?UCOUI i 

. .  

f i  CCMMON BRDGER 
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Text-figure 34. 
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Ariangeinents of the vallate pxpille. On p. 739, wIiieh deals with piiyiugeny, 
these are grouped as follows-3=A; 2 . z  B ;  1 = C ;  0 : z); 6 = X ;  l = F ;  
7 = c;. 

does not  take place. They represent tlie end of some process 
which took place in  development. Probably one of tlie divisions 
is a greatly enlarged secondary papilla, and i t  is analogous t o  tlie 
long pointed summit of tlie papilla in  D a q t ~ ~ m .  

Tlie surface of t h e  pitpillary body is smooth, polished and  
glistening, or it is grannlatetl by secondary papillz. I n  many 
Marsupials i t  is drawn out  into it lorig point. Soinetinies t h e  
centre is umbilicaterl. Secondary papill= are  very well marked 
on t h e  sunken papilla: in J ~ ~ o L I s .  
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The vallum may not be raised, but  when i t  is i t  is smooth and 
entire, or divided up into one or more concentric circles of 
lot,ules, which a re  circular, o ~ a l ,  reniforin or  qu:~di-airgnl:rr. 

The greatest numbers of papike a re  found i n  the  Giraffe, 
which has 50, and in A d l o p e  americamx, which has 52. On tlre 
contrary Bymx and some Cetacea a n d  Pinnipedia have none at  
all. 

The papillae a re  slit-like i n  ~Moschzcs, t h e  Caviida and some 
Cetacea ; and they a.re sac-like in t h e  Sirenia and some Cetacea. 
The other arrangements are :- 

A. A single mediuiz pupillu :-some specimens of XCLC~.O~LS  
and Phuscolarctos, some specimens of Aotus, t h e  1CIurida. 

B. A pair of pupillm:--New World Eclentata, Lagoniorph and  
Rystricomorpti Rodents, Perissoditctyla, Tragulida:, Ailuroidea, 
Cynoidea, Mustelida, Chiroptera entoniophaga, Lemuridtr, 
CebidE, Cercopitliecidw. 

C .  Pairs of pupilla? in chevron :-CiLmelich, Cervida?, Bovida?, 
Carnivora excspt Ursida: and  Pinnipedia, Lemurida?, Cebida, 
Cercopithecicla. 

D. Three pupilla in a triunyle :-all Marsupiidia and Old 
World Edentata, Sciuromorph Rodents, Dipodicla, Sptlacicla, 
Viverrida:, Pinnipedia, Insectivora, Chiroptera j+uyi.z;ora, all 
Primates except Man. 

E. Severul papilla zit a V :-Tapiridce, Pinnipedia, Arctoidea, 
Viverrida:, Anthropoidea except t h e  Hapalida?. 

F. PapilliE in line :--Tapiridz, Yursius. 
G. Papillti in clusters :-Ehinocerotida:, Girsfidfe. 
H. Several pupillR in T :-Lemuridm, Cebida, Cercopithecidre. 

I n  t h e  above list I have taken in to  account all patterns 
recorded by myself and others. I n  t h e  following table PO= 
no papilla? ; PI, a single median papilla ; PP, a pair of papilla: ; 
C H ,  peirs in  chevron ; LI, papilla i n  line ; 133, slits j PCL,  
clusters. 

I .  Several pupvillae in Y :-Lemuriclae, Simiids. 

The lateral organs a re  also shown. 
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........ + + 
Order IiVSECTIToEA. 

Erinaceidw 

- i  - 
- i  . .  - I -  - '  - 

Ta1pid;u ......... 
Tupai idz  ............ 

Order DEEXOPTEEA ... + 

: Chineliillidm ...... - - . Dasyproctidae - - - 
1 CaviidE ............ 
i Leporidz - 
~ Order ~ A i c N I v o a A .  

...... - -  - 

............ - 1 -  

PROC. ZOOL. Soc.-l925, NO. XLVII. 

+ + 
+ 
+ 

- -  - -  
+ - variable. - -  - -  - 
- -  
- - variable. 
- -  - 

+ + + 
- -  
- -  - -  
- - variable. 
- - variable. 

+ + 
- -  
- -  - - variable. 
- - variable. 
- - variable. 
- - variable. 
- + variable. 
- + -  
- -  - 
- - variable. 

- - variable. 
- -  - 

+ + 
- -  - -  
- -  - - -  - 

+ .  + 
- i f  

- -  
- -  

- - variable. 

+ - -  - -  - - -  - 
- -  - - -  - 
+ -  + + 

f + + + 

- -  
- -  - -  - -  - -  

47 
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The following table contains observations of Tuckerman a n d  
myself relative to  t h e  number of taste-buds in the  vallate papillre 
and  lateral organs :- 

Peramsles nnsuta ......... 
Didelphys uirginiana ... 
Phascolomys wombat ...... 
Phascolarctos cinereus ... 
Dasypus peba ............... 
Dasypus uillosus ......... 
Piber eibethicus ............ 

Lepus campestris ......... 
C,ynomys ludouicianus ... 
Tamias striatus ........... 
Vespertilio subulatun ...... 
Pteropus pselaphon ...... 

Ouis aries .................... 

Capra hircus ............... 
Antilocapra americana ... 

Canis lupus ............. 
Canis latrans .............. 

Putorius vison ............... 
Lutra canadensis ........ 
Jfacacus cynomolgus ...... 
Hncacus rhesus ............ 

Hephitis mephitica ...... 

Homo sapiens .., 

hlirmber of 
uallats 

papilla. 
3 
3 
3 
3 
2 
2 
1 
2 
2 

2 
3 
2 
3 
2 

24 
24 
12 
62 
6 
4 

477 
2 
7 
2 

4-5 

7-9 
4 
3 
9 

Xumber of 
buds in the 

papilla. 
2,160 
2,900 

3,600 

4,200 
2,400 
2,500 

520 
2,500 
1,200 
1,100 

750 
800 

3,500 
10,760 
9,600 

35,200 
15,500 
48,000 

600 
9,500 
8,000 
2,900 
6,000 

4,OOo 
2,000 

2,44?43 
4,000 
1,800 

6,000 

iVumber of 
buds in  the 

lateral organs. 
no organs. 

I ,  I, 

organs variable. 

800 
14,500 
16,800 

4,800 
organs absent. 

,, , I  

11 ,, 
,, , I  

3,000 

A series of obqervations was made t o  determine whether t h e  
members of an Order, which are primitive or specialized in other 
features of bodily structure have ditferences in the patterns of 
t h e  vnllate papill%, and the  following table contains the  results 
of t h e  investigation. The examples selectecl were those chosen 
by Pococlc in his studies of t h e  relations of t h e  various tactile 
arrangemeiits in t h e  Marnmalia. I have omitted t h e  Cheiroptera, 
for  the  material at my disposal was scanty, and  I have left out 
the  CetaceR, i n  which the  papilla? have been lost as the  result of 
degenerative processes. 
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' A. Primitive ! species. 
I 

Marsupialia . . . , . , ! Trichoszirus. 
Edentata ... . .. . , . I  Dasypus. 

Insectivora .._... Centetes. 
Rodentia ... , .. .,.I Atlierura. 
Carnirora. ... ... . .. ~ Vkerridz. 

Procyonidz. 
Canidze. 
Tajassu. 
Tragulus. 
Tayiridz. 

I " 

Tarsius. 

Ungulata ...... 

Primates ... .. 

Remarks.  B. Specialized 
species. 

-- --- 
Patterns identical in A & B. Dendrolagus. 

Tarnamha. 
Braclypus. 
Sorex. 
Erethizon. 
Felidz. 
Ursiclz. 

Hippopotamus. 
Pecora. 
Equidz. 
Rhinoceros, 
Lemuridre. 

B has more patterns than A. 
Patterns identical in A & B. 
A has more patterns than B. 

,, 

Both have one pattern. 

A has more patterns than B. 

A has fewer patterns than B. 

,1 3 3  2, ,> 

, 

I n  t h e  above selected forms of Marsupials, Edentates and 
Rotleiits t h e  number of papilla: is ideiitical in each Order. But 
in the  Ungulnta the  single pat tern and t h e  number of papilla in 
each wries. 

There m e  transitioiial types betmecn t h e  fungiform and circum- 
rnllate pnpillz. 

The conclusioris regarding the  circumvallate papillze a re  given 
on page 718. 

The Lateral Organs (1, text-fig. 16). 
Like t h e  circunivnllate papillre these gustatory organs a re  

found only i n  Namnials, b u t  not  iii all species. J'hey vary in 
appe:wmice and tlevelopment. They are  found at the  posterior 
extreniitieF of the lxteial borders of the  tongue or on the  sides of 
the  intermolar eminence. Soinetiines they a re  replaced by rows 
of club-shaped fungiform papillre containing taste-bids. 

In tho table 011 p ige 714 i t  is seen how lateral organs are  
absent i n  dl Polyprotodont hk~rsnpials, the vast majority of 
Lipotgphlous Insectivoix, some Rodents arid Uiigulates, t h e  
Cetncea, the  Tarsioitlea and the  Lorisifoi-m Letnuroidea. They 
show individual vaiiations in most of the  aninixls formerly 
grouper1 i n  the  E lentatn, t h e  C'xrnivoin and some of t h e  
Ungnl.itx. They are  invariably present, though cliff'ering in type 
in  t h e  Nonotreinat?, Diprotodoiit illarsupials, most Rodents, 
Hyracoidex, Proboscidea, Lemuriforni Leniuroidea and Anthro- 
poidea. 

In  snme lLrarsupials (e. g. Hc(In~cctzc~~~s arid J f a c ~ o p s )  there 
appears on each side of the  tongue at tlie posterior extremity of 
each lateral border R row or rows of small orifices like t h e  mouths 
of the  ducts of glands, and the  row may be straight or curved. 

47+ 
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Some of tliese orifices are  glandular, but  others represent t h e  
lateral organs. The organs are arclied over by a fringe of long 
filiform papill%. When sections are made tlil*ol1gli t'he tongue i t  
is seen liow each duct receives ductules and l i n s  taste-burls i n  its 
wall. Poulton poiitts ou t  t h a t  1:orizouia.l sections show t h a t  t h e  
narrow ducts, which open into tire circular ilepressioiis on t h e  
surface of the tongue, w e  r e d l y  slit-like. The tast.e-buds are i n  
tiers, ;rnd nerves approach ttiein froin t h e  sides ; and t h e  nerves 
have sinall gflnglion cells. The secreting alveoli are  of tlie serous 
type. The gland-ducts wliicli receire tlie secretio~rs of alveoli of 
the mucous type liare n o  ttste-buck. In Xrtcroptcs t h e  organs 
a re  more like depressions t l ~ a n  glantl-duct,s. In Trichostcrus 
uz~lpectclcc the organ is i t  row of slits, hut noiie of the tongue in  or 
around the  organ is elevated. Taste-hiids are  on each side of t h e  
slits, a.nd seroiis glands open into t.he bases. Tlie slits are  not 
absolutely regular as in  higher &Iaiiin,:Js The Marsupin1 forms 
are shown i n  P. Z .  S. 1921, p. 556, text-fig. 58. 

I n  tire higher Mnminals t h e  orgRns niay he identical, or one 
may be larger than  the other. 'I'hey consist of fissures separating 
Inminfe of varying degrees of proniinence. I n n  former paper (1) 
I called tliese sulci primary fissures for they separate la.minae, and 
I nniiieil fissnres pnrtinlly clcariiig tlie l a ~ i i i i ~ ~  secont1;iry fissares. 
The prii1i:ir.y i'ssiires :we rlisposetl in  a stixiglit, liiie or ix: a n  arc. 
The 1aiiii;ize iii:iy lie long nu(l narrow,, or tliay may be sniall oval 
botlies. FiinII>T t'lie whole oigan ma\- be raised up to  form a body 
of an oral, crescentic or wedge slinpe. Tliese folms occur as 
follo\vs :- 

A. Laniinw not  elevated-Cdogenys, S'imin. Go14la. 
B. Laminw ele\7atJecl-niost ;\Iamma!s. 
(3. Littei-al orgaiis elevated i n  toto-Lemw, L e p s .  

The form of t h e  organs is of d u e  for purposes of classification, 
as i5: shown in section 2 of this  paper. 

The slits niay h v e  no diverticula froni them, or there may be 
several recesses, which, as they a re  lined by bulb-contniiiing 
epithelium, extend tlie silrface available for t'he performance of 
t h e  gustatory function. These are  very well nrarked in the  
Racooii. 

I n  all adult aninials the  taste-lmds lie down i n  t h e  laniinz 
bounding t h e  sulci. I n  the  new-born cliilcl they also occur on 
t h e  s u m ~ n i t s  of t h e  lamin2 ( i  I ,  and text-fig. 36), biit they diminish 
as age advances. So me have here another example of t h e  
degenerative changes whicli occur with adv:tncing years in t h e  
human tongue. It probably occurs in  other Mammais as well. 

I n  t h e  Caviids the  vallate papilla and lateral oigans resemble 
one another inacroscopically . 

The following conclusioiis can be drawvn froni a s tudy o f ,  t h e  
circuinvallate pa.pillre and lateral organs :- 

1. The commonest pattern is three vnllate papillw i n  a tria,ngle 
with t h e  apex directed backwards. These have been termed t h e  
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central or apical papilla and the  basal or lateral papillre. This 
t j  pe is  present in members of a11 Orders except the hlonotrernata 
and Uiigulnta, and it is the  primitive type. Next  in fieynency 
is a pair of papillse, the  central papilla being absent. The type 
i n  which t h e  central papilla :done is present is iiot very widely 
distributed, for it only occiirs in  tlie M n r i c l ~  and in  some examples 
of Xacropzbs, Phascolarctos and Aotics. The remaining types of 
most frequent occurrence are tlke V ancl several pairs of papills 
i n  a chevron. These C ~ J J  be derived from the  triangle by filling 
i n  of t h e  side limbs by papill:?, thus giving the  V-type, and by 
loss of the  apical papilla: of the V, tlius forming tlie chevron. 

2. In the  lower Orders the nnniber of patterns is snia11, whereas 
it is large i n  the  higher ones, as cnn he seen by coinparing t h e  
Monotreniata, Xar.upiaIia, Insectivora anti Edentnta with t h e  
Carnivora, Ungulata imd Primates. Not  only S O ,  but tlie species 
i n  the lower Orders have a smaller range of inrlit idiid variation 
t h a n  those in the  higher ones. 

3. When a group of animals bas one fixed papillary pattern, 
t h e  number of papillw may vary in  individuals. 
4. It is iinpossible t o  correlate the pzpillary pnttein with t h e  

type of food, as can be seen from the  following examples :- 
CL. Man conmines a more varied diet than any other 

Mammal, and IIP never has any otlier pattern tlian a V ;  
tlie only mi-iations which he exhibits is the  number of 
papill= in  t h e  V. 

b. hnimnls  nliich coiisiime one kind of diet niay have 
several patterns. 

c. The same pattern exists in  frngivorous, phyllopliagous, 
cnrnivorons or insectivorous :iniinnls. And tha t  type i s  
usually t h e  primitive triangle. 

5. Theie  is XJO fixed relation between t11c p,ipillary pattern and 
t h e  tlegree of specialmitlon of tlie species in each Order. Thus a 
primitive species iiiny lmve more pattei 11s t,lian a specialized one, 
or  cice versa; or the  type may be the  sniiic in  all species. IIJ t h e  
&7arsupialin, Edentata  and Rodentia t h e  primitive species have 
the  snine pntteimq as  the  hpecinlizecl olleb; in the  Caii!ivora there  
is  no fixed ride ; i n  the  Insectirorn and Priniates t h e  primitive 
species I r a v ~  fewer pi t terns  t l inn  t h e  nioi'e atlvaiicetl forms ; and 
i n  tlie Ungulatn tlie variations :iffect only the  iinmber of pnpills. 

6. I n  the  Xarsnpialia tlie pattern is const:int, butJ t h e  p ip i l l s  
theinsel\ es show g a l e s  of specialization. Some papillse are of 
the  low Atatsupin1 type, bu t  otheis  appi oxininte to those in  t h e  
higher illaninialia. 

7. The Y and T types occur only in the Leinuritla: a i d  Siniiida:. 
8. The number of taste-buds i n  tbe  vallate p p i l h  and lateral 

organs have been counted i n  ninny aniinak, b u t  no genera1izatio:is 
can be made from the  figures gi\ en. 

9. There is no relation between the  nuniber of vallate papills 
arid the  presence or abience of lateral organs. ?daily species have 
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both structures, some Iinve va lh te  papillz and no organs, and 
H y w x  has orgnns and no papillz. i lor  cnii one associate t h e  
presence or  absence of organs with particulai, kinds of diet. 

10. The taste-buds in the  hninan lateral organs diminish as  
age advances. 

11. From t h e  above it mi!l be seen tliat there is no rela.tion 
between the  arrangement., presence or absence of t h e  main 
giistntory organs (vailate papil!= ant1  lateral organsj and diet, 
but  there  a re  vnryiiig degrees of persistence of priiiiit'ive features. 

12. There are probably, thong11 we do not know them, differ- 
ences in  the  physiological conditions of the  taste-buds in  animals 
consiiining different kiiids of diet. 

The Conical Papills. 
Tliese pnpilla? are present in menibers of all  Vertebrate Classes, 

ant1 t!iey are  the most iiiiiiierous uf all lingual papilla in  the  
112ammali;l. Fiom tlrg physiological point of view they are  tactile 
or  mechanical, Init never gustatory in  function. They vary in 
size, cliariact er, ant1 arraiigenient. They occur 011 t h e  oral par t  
of the dorsriin i n  a.11 i\iaiiiinnls except the  Cetacea, whicli l a v e  
none. Sometiiiies tliey occur on tile base of the  tongue and on a 
boiinrling zone of tlie iiiferior surface., 

Ar~cc~,yeazent :-In most 8Ia111ri1n Is the  papilla w e  aggregated 
i n  acluster of variable size on and i)eliintl tlie apex of tlie tongue;  
they a re  disposed in  transrerse rows on the  niitltlie of the  dorsiim j 
and they are  i n  oblique chains posteriorly. They are thus  clis- 
posed iii a niannei yery similar to  t h t ,  exhibited by the  fungiform 
papilla?, but  they are also present on the  centre. In Aeropus 
they a re  all in  transrerse r o ~ s ,  in iVzistsZa e~9rzi7tecc all t h e  rows 
are  oblique, and in  Cercopitheczis cethiops tliere a re  no regular 
rows. I n  t,he Primates, Sirenin and niany Ungulata tlie apical 
c1uat.w is Iaige. On the  hRse of the  toiigue there  may be no 
definite a~.ra~igemeri t  or the  papille mag .be in oblique chains. 

Size :--There are rarions groupings a.ccording to  size, and these 
are of d u e  in classificat.ioii. l h i s  niatter is niore fuliyconsidered 
in section 2 of this paper, so oiily a list of the  types is given 
here :- 

1. ' h e r e  is a steady increase in  size from tlie apex of tlie tongue 
to t h e  base and froiii the  edges t o  the niiddle liiie. . This is tlie 
commonest foim. 

2. The papillze a1.e small a11 crer. 
3. The pnpille on tlie o ~ l  part, of t h e  dorsnm are  s n d l  and 

4. The papilla? on the  oral pa i t  are  large, bu t  those on tlie base 

5 .  There a re  no papille. 
6. The Ia.igest, pnpillw forni R ceiitral p t c h  cn tlie 0181 1:il.t of 

those on the  base a re  Ini.ge. 

are  small or absent'. 

t h e  dorsiini or on the  apex of the  tongue. 



ANATOMY OF TEE TONQUES OF THE MAMYALIA. 721 

7. There is a gradual decrease from before backwards. 
8. Papillse may be present or absent on a n  intermolar eminence. 
The grouping of papi lk  on the  sides and inferior surface of 

the  tongue has no taxonomic value. 
Cor~~iJicatio~t :--The conical papi lh  are cornified to a variable 

extent, aiiil confer a rough feeling on the dorsum. One side alone 
may be strongly cornified, or the whole papilla mag be surrounded 
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The marroscopic characters of the  conical papill=. 

by a horny sheath, and the sheet is frequently thickest on its 
posterior aspect (e. g. OrwithorhpciLus, Camis, Eri?iucem). I n  
Erinaceus there is also a horny septiim passing down into the 
epitlieliuln from the  back of the papilla, and a smaller one 
descends from in front. Oppel reproduces Csrlier’s illustiation 
showing the relation of the keratin sheatli to the eleidiri-cori- 
taining cells in  the deeper part of the apitheliuni. I have been 
unable to discover an  account of the transformation of the eleidin 
into the keratin in the tongue. 
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F0'ol.m of the Papillce:--Numerous kinds of papillw exist, but 
no form is characteristic of any Order, and transitional forms 
occur. Each group has simple and coinpound types, the latter 
possessing secoiidary papill=. 

Group. I. Filiform Papilla. 
Division A .  Simple Papillae (text-fig. 35) :- 

a. li7uir-like pupillce (I) .  They taper from base to apex. 
A number may radiate from a single fixed point on tlie dorsiim ( 2 ) .  
They occur in several Orders. They help to distiriguisll Hulnia- 
~ ~ W U S ,  iJfacropus, Petrogcde and Dusytcrzts from other Marsi~pials. 

b. Pa~~illce spinoscz ( I  1-13) in mliich horny spines project 
from an  elevated base. Seen in Uidelphys and Ailuroid Carnivola. 

The stout pnpillary body is surmountfed by a bunch of hair-like 
papills (fasciculate type) (4) or  by a ring of hairs-the coromte 
form (29). 

Division R. Compound Papilla. 

Group 11. Cylindrical and Fosiform Papillre. 
Body cyliniirical or fusiform and may have no secontlary 

papilla-simple type (5-S), or ;in apical hair may be present- 
the  compound type (9, 10). 

Group 111. Globular Papillre. 
Only compound forms exist ( 2 0 - 2 3 ) .  

Gio~ip  IV. Tiiangular Papills (15-18). 
Simple forms have 110 secondary papillq but Compound types 

have these papillae or a clivided apex. 

I n  most Mamrnals the  points of t he  papilla m e  directed back- 
wards, or backwards and inwards. But in many Ruminants there 
is an  area on the bacli of the tongue in nhich the pnpillac point 
in all directions. 

The relntions b e h e e n  the epithelium and the connective-tissue 
core of the papills vary in complexity. They are considered fully 
in section 3 of this paper. 

When we considh tlie pipillce iu the various Orders home 
interesting conclusions can bo matle. 

1. The lower Ortlers have simpler papilla and a smaller range 
of types than the higher ones. 

2. The increase in the complexity follows the same rules as the 
vallate and f ungiform papilla. 

3. In  some of the higher Orders the  primitive species have 
simpler papillae and  a smaller range of types than the higher ones. 
This can be demonstrated a s  follows in the Primates :- 

1. Lorises and Gnlagos have a less complex arrangement than 

2. The Platyrrhini are less complex than the Cntarrhini. 
3. The Lemuroidea a le  less complex than the Anthropoidea. 

Thus :- 

the Lemuridle. 
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)n t h e  inferior surface of the  tongue the  following structures 
land consideration :- 

1. Bounding plpillary zone. 
2. F r e d  lamella. 
3. Sublingua. 
4. Plicae fimhriatze. 
5. Lingual combs. 

?he bounding pupillury z m e  is best marked in  the  Primates. 
mries in extent anti in  its degree of development benea.tfh t h e  
x of t h e  tongue. It has conical papill= in every case, bu t  
giforni papillse ma,y be absent. The arrangement of t h e  fungi- 
P papillw, when these are  present, has been described above 
3 p. 709). 
Che frenal lamella is present i n  all Primates except Man and  
ie specimens of Orang. And i t  is a.bsent in  all other Mam- 
Lia. It is a triangular or complicated fold of mucous msml)rane 
ich is set astride the  frenuui, and  Wharton's ducts traverse i t  
]pen on i ts  anterior border upper surface or under surface. 

apex is frequently cleft and one salivary 'duct opens on each 
f .  It is not  t o  be mistaken for the  sublingua, and some 
hors including Burineister h v e  rmde tha t  mistake. In iVycti- 
!IS there are  suppleriientary lamellze. Pocock points out t h a t  
lamell= overlie tlie ducts of the submaxillary and sublingual 

nds, but I passed bristles through t h e  ducts and lamell= i n  
ny Primutes. 
: suggest t1is.t the  occnrrence of the  Ianiellit. in tlie Lemuroiden, 
.sioidex and Anthropoidea links these animals together as 
isions of the Order Primates, m d  is against t h e  view t h a t  t h e  
nuroidea and Tarsioirlea form a sepnrite order Prosimise. And 
; obserwition is to  be atltled to  existing obseri-ntions on t h e  
in  a.nd f e t a l  membranes which led anatomists t o  a similar 
clusion. 
!he Iniiiella is forrried partly from t h e  niucosa. of t h e  tongue 
1 pnrtly from the  inucosa of the  floor of the  mout,h. It is not  
?innant of t'he sublingna, for i t  is present in a well-develqped 
m i n  t h e  Leinnroidea, which have t h e  best sublingna. I am 
tble t o  explain its t rue  nature, for we do not possess a good 
)lyletlge of t h e  comparative embryology aiitl comparative 
.siology of t h e  Mammalian niouth. It is, however, certain 
t there is no sti.ucture i n  lower Vertebrata with which i t  ca.n 
homologized. It is probably connected in  some way with t h e  
elopment of t h e  salivary appm-atus. I n  Man and tlie Orang 
na,y hn.ve been absorbed into the  floor of t h e  mouth, leaving 
y t h e  points projecting as  tlie salivary papi l la  
;zcblinguu:-On t h e  under surface of t h e  tongue i n  some 
wupials, Rodents and Primates there a re  t o  be found complete 
ictnres representing a complete sublingua or remnants thereof. 
ey a m  of great importance, for they help us to  understand 

Sometimes the  zone is pigmented. 
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t h e  phyloyenp of the  tongue. I n  t h e  present section only t h e  
anatomical data  a re  considered, the  phylogenetic aspect being 
described later (p. 744). 

The sublingual structures a re  as follows :- 
1. A sublingual plate which is large or small. 
2. A central ridge ancl plicz fimbriatw. 
3. Plicae alone. 
4. A ridge alone. 

All these rariet,ies are  really stages in  tlie degeneration of tlie 
sublingua, and the sta,ges can be seen in members of families, and  
at different periods i n  tlie age of individuals. 

In  the  Marsupialia the  sublingua i s  soft, and i ts  apex is bound 
down t o  the under surface of the  tongue. It shows various 
degrees of reductioii even in  genera of t h e  same family. I n  the 
Didelphyidz i t  is complete i n  all genera except Philander ; its 
apex reaches as far forwards as t h e  apex of t h e  tongue, and it is 
split up  into processes ; on ;he ventral surface tlie1.e is a median 
keel, and  t h e  edges a re  free posteriorly. In  Philander t h e  median 
keel alone exkts .  I n  t h e  Peramelidz t h e  keel reaches the  npex 
of the  tongue, ant1 t h e  lateral parts a re  slightly reduced. The 
Dasyurida: have a median keel rencliing tlie apex of tlie tongue, 
and t h e  lateixl parts are  reduced, but  not  as much as in t h e  
Peramelidze ; but t b e  reduction is greater in Sumoph.iZus than  in 
Dmyurus. It is thus evident tliat tlie reduction of t h e  sublingua 
i n  t h e  Polyprotodontia proceeds in the  order Dirlelphyitlz, Dasp- 
uridae ancl per am el id^. It will, however, be shown later that ,  
taking all chaixcters of the  tongue into consideration, the Dny-  
uridze have more primitive tongues tlran other Polyprotodontia. 
In  n o  forms is the  retluction such tha t  plicre fimbriat'm are  present, 
so the  reduction invol\,es tlie l a t e r d  parts of the  sublingua, 
leaving the central parts alone. 

In the  Diprotodoritin t h e  sublingua presents greater variations 
than  tha t  in  t h e  Polyprotodontia. In  Cenolestes and t h e  Phalxn- 
g e r i d s  the  con(1itions a re  most primitive, there being a good 
centra.1 keel and lateral flanges. I n  tlie Macropodidz t,he keel is 
present and tlie lateral p r t s  are  grea.tly reducer!. I n  I'hascolon,ys 
there is no keel, the  central p y r t  of the  sablingua is tJhin aiiti the 
laterd p w t s  a r e  exceedingly thick. And in Ph(rsco2arctos there 
are merely diiniriutive plicw fimbrintw. Hence Phascolomys, and 
t o  a greater extent Phascolarctos, ma.ke a nearer approach to  the  
Primates tliari t o  other Marsripialia i n  the  characters of the  sub- 
lingua. 

It 
h a s  no gustatory organs, and although muscle fibres pass iiito it 
i n  some species i t  is immobile. So we must regard i t  as entirely 
vestigial. 

Gegenbaur did not  observe any trace of the  sitblingua. i n  the  
Insectivora, bu t  Vogt  and Yuiig saw it i n  several species. In 

I n  no Marsupial does t h e  sublingua perform any function. 
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T a k a  and Rhynchocyon there is a median ventral ridge which 
may be a remnant. Owen arid Garrod described sublingual 
structures i n  I’upaia, and I found t h a t  it had a niixture of 
Lernuroitl a id  Tarsioid features. Owen described plica: fimbriatz, 
but  Garrod described a complete sublingua siiiiilar t o  tha t  in 
Chimniys. 

Gregory stated t h a t  t h e  sublingua in  Gnleoplthecus is siini1a.r t o  
t h a t  i n  Y’h~puia, but  I did not see a n y  trace of i t  in young or adult 
animals. 

I n  all Cliiroptera examined by myself there is no trace of t h e  
sublingua or  its rudiments. 

I n  the  Rorlentia I observed a sublingua i n  the  Dormice alone, 
and  this is t h e  first occasion t h a t  t h e  sublingua has been seen i n  
this  Order. I n  characters it resembles tha t  i n  tlie Marsupialia, 
particularly Phascolonzys. That is to sa,y, i t  is a tliick, soft, 
adherent, immobile plate without a median ventral keel. 

The Edentatii niicl Sirenin have no trace of the  sublingua or of 
pl ics  fimbriatze. 

I n  tlie Cetacea the sublingua is absent in  t h e  adult nniinw!, b u t  
Scliulte described a small trinngular plate i n  t h e  fetus of Balm- 
moptern borealis. I n  t h e  young f e t u s  of Physeter nraci-oeephalus 
examined by myself there were two ridges of mucous membrane 
which niay represent pl ics  fimbriats. 

No sublingua nor plicse fimbriat,a? h a r e  been seen in the  a.dult 
Carnivora, but  Nussb;~uni observed plics in  fcetal dogs measuring 
4-5 cm. 

I n  tlie Primates the]-e is a. great iange of variation in  t h e  char- 
acters and degree of retlnctiori of the  sublingua. 

I n  the Lemuroidea. it, is a. structure wilich has become speci;tlized 
for the  purpose of cleaning t h e  hacks of the  procumbent lower 
incisor teeth, which are used for coiiibing tlie fur? the nails being 
useless for t’liis action. It is consequently better rlereloped than 
tha t  in  other IVammals? i n  ivliicli i t  is pwely a vestigial structure. 
It is a strong, horny plate of ii Iyrate or qi i~~drai igulxi~ shape, 
whose apex a.nterior bortler is divitled iip into R variable number 
of stjrong, pointed dent,icles, wliicli fit in between tlie teet,h. On 
one or  both of i ts  upper a.nd lowei- surfaces there  is r2 ridge. I n  
Ckiromys t h e  anterior border is  sniooth, hit, there  is  in its centre 
a strong iiooked process. In many species i t  is quite free from 
t h e  tongue, bu t  in tlie otiiers it adheres to  i t  iry i ts  central ptirt. 
The anterior par t  is always free. !Ute consisteiice of the plate 
and  t h e  freetloni of the  anterior part distinguish i t  from the  snb- 
lingua i n  t h e  Ma.rsupiali:c. The L e i n u i ~  cair 1:e tlihtinguishetl from 
t h e  Lorises, Galagos arid Chimnzys by t h e  chctrncters of the sub- 
lingua, In the  fcetal Ch.ironiys the  sublingua is well dex-eloped, 
bu t  its characters d i f e r  from those in  tlie adult ; they resemble 
the  less specialized state i n  the  Lemurs. The anterior border is 
serrated, and  the  strong Iiook is replaced by a soft, Straight 
point. 

Possibly Z’upaia shows variations dependent on age. 
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When a section is iiiade through the  sublingua in  the  Lemur- 
oidea it is seen how tire stratum corueuni is. greatly thickened 
on the  under surface of tlie sublingua, particularly i n  t h e  median 
keel or  keels. I n  Stenops 
and Ckironzys there is an internal cartilaginous rod, but  in Lenzur 
t h a t  structure is absent. 

In the  Tarsioidea t h e  lower incisor teeth a r e  not procumbent, 
nor are  tliey entirely used for combing the f u r  as i n  the  Lemur- 
oi(lea. The snblinguii is reduced, soft, and only delimited 
laterally from t h e  under surface of the  tongue by a groove on 
each side. Anteriorly i t  has no denticles, bu t  there  is a small 
knob or  blunt point lying i n  t h e  position of the  hoolr i n  Chiromys. 

In none of t h e  Platyrrhini examined by me was there  any  
trace of the  sublingiia or i ts  remnants. As regards the  Cerco- 
pithecids I on!y saw plics fimbriats in  one young Cercopith,ecw 
patas which still had i t s  inilk dentition. The Gibbons have 
neitlier a sublingua nor plice in  t h e  post-natal state, but Deniker 
saw a sublingua i n  the  fe tus .  

I n  all other Sinliidae and  in tlie Honiinirlre there is a well- 
marked snblingua or there a re  plicz fimbri:rtse:and these structures 
a re  better marked i n  yoiitli tk1:t.n i n  adul t  life. In the  Hominidze 
they are  better nmrketl in the  lowver t,hnn in tlie higher races. In  
tlie child they linue taste-buds, hu t  these orgaiis disappear, and 
tlint is one of tlie reasons why the child has a more acute gustatory 
sense than  t h e  d u l t .  W h e n  the  sublingua is rerlriced the  central 
pzrts suffer more than tlie latefit1 parts, atid a inerlian ventral 
keel is usually absent. 

The par t  phyed by t h e  sublirigna in  evolution will be described 
later (p. 744). 

Froin the  above reinnrks the  following conclusions can be 
drawn :- 

1. The sublingua is functionless i n  t h e  Marsnpialia,. 
2 .  111 the  Lernuroitlea i t  is functional throughout life. 
3 .  I n  3Tn.n it is a gustatory organ in  t h e  early- years. 
4. Srificient observations have been made t o  show tha t  i t  is 

present i n  tlie f e t u s  in  :\ninials born without any trace of it. In  
existing woi.ks on the  tongue one gets a disjointed view, for it 
is  only describeti in  Marsupials aiid Primates, as  these obser- 
vations nialre things inore harmonious. 

5. I n  the  Marsupinlia and Primates the  piiniitive species have 
larger sublingti2 tliari the  specixlized ones. 

6. The lower liurnan races have larger sitblingure than t h e  
higher ones. 

7. Diminution in the  snhlingua is, therefore: a sign of speciali- 
zation ; and tlie degradation involves tlie centrwl or  lateral par ts  
of the  plate. 

8. The Monotremes, i n  having no sublingua, a re  specialized 
aninials. 

Xuscle fibres pass in to  t h e  sublingua. 
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Xztblinguccl Combs :-In t h e  Leniuroidea tlie sublingual plate 
has its apex or  anterior hortler divided up into a variable number 
of sharp dentizles, n hicli fit into tlre interstices below tlie postero- 
superior aspects of the  procumbent loiver incisor teeth. And i t  
appears, froru tlie mritings of Flower mtl Pococli, t h a t  their 
function is t o  free tlie teeth, which are  employed for coiiibing the  
fur. from scurf and other foreign ninterial. 

I n  many Tjngulata there  is a tlenticulated fold of mucous 
meir~brane on eacli side Liiidei the toiigue. It is formed fioiii the 
mucosa of the  tongue and  floor of t h e  mouth. The processes 
into which the free etlge is divided fit into tlie grooves betneen 
t h e  backs of the  incisor teeth. The processes are  triangular in 
tlie Tyloporla and Tr,rgulitlre, bu t  they a re  long. sliarp, spiny 
processes in the  Bovick and Cerritls. Tliese folds are  absent i n  
t h e  Perissodactyla, Sriina, Proboncitlea and  HJ’I acoideii. So 
they exist in runiinating Ungulates. 

Lingual Glands :-Three gbndnlar  masses niaj occur in  the  
Nammalinn tongue : - 

1. Basal serous glands (Ehner’s glands). 
2. B , L ~  niiicous glands. 
3. Apical gland of h’uhn or  B h d i n .  

Serous glunds,  i t  is said, are  i.elated t o  the  papilla: which hear 
taste-bnds. B u t  i t  is only in  relation to  the  circumrilllate papilla: 
and lateral org:tns tha t  they are found. There a re  none con- 
nected t o  t h e  fungiforni papi l la  ‘rhis IS probably related to  t h e  
position of t h e  taste-biids. The buds in the fungiforni pxpilla: 
come into close relatioil to  t h e  footl mliile i t  lies on the surface of 
t h e  tongue, bu t  the  constituents of tlie footl can only excite the  
deeply-placed buds in the  rallate papills and lateial organs after 
they 1ias.e been dissolved in the  glandular secretions ‘I he glands 
open in to  the  bases or outer sides of tlie fossa of the  rnllnte 
papillze and  into t h e  bases of the  sulci in  the foliate papille. 
In a r e r y  few animals tlre glands are  found n p  in  the  bodies of 
t h e  papill=. Their cells hare  large nnclei. Podwisotzky regarded 
them as salivary glands, but  Raiivjer considered them t o  be 
sensory rather  than  salivary i n  function. Flemining detected a 
granular structure i n  the  cells, wliich h e  likened t o  appearances 
i n  the  pancreatic cells. 

Ranvier detected serous glands which have no relation t o  
gustatory organs. 

The mucous ylands are  found on t h e  base of the  tongue. Their 
cells have sinall nuclei and a thick basement membrane. They 
are  molli6erl tubular glands, whereas t h e  serons glands are  of the 
acin ous type. 

naked eye on t h e  base of t h e  tongue. 
I n  many animals glandular orifices aiid pits are  risible to  t h e  

And the  following list, 
shows some examples drawn from various Orders :- 

Order Prinzcdes :-A few pits a re  present in  the Hominida: and 
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SimiidE. They are  nunierous in the  CercopithecidE, and  they 
may be large or small, diffused all over or concentrated close t o  
the  konsils and faucial pillars. They are  particularly large in t h e  
Langars ant1 Guerezas. No pits are  present i n  the  Platyrrhini  
nor in  t h e  Lemuroiclea and  Tarsioidea. 

Order Ungulata :-The Perissodnctyla have numerous pits, b u t  
t h e  Artiodactyla, Hyracoidea and Proboscidea have few or none. 

Order Simzia :-Dorsum has orifices singly or  i n  pairs. None 
on inferior surface. 

Order Cetaeecc :-Orifices more nuiiierous than i n  any  other 
Order. They are  present all over the  dorsum. 

Order Cnmiaora :-0 rifices numerous, scanty or absent. 
Order Edentata :-Orifices only seen in Bratlypus. 

Rodents, Insectivores, Marsupials aid Monotremes have few 

It must, however, be emphasized tha t  orifices do not demon- 
or n o  orifices. 

s t ra te  the  t rue  extent of lingual glands. 

The Lytta. 
Under  this  heacliilg authors have included a number of more 

or  less hupporting structui es, wliich have diferent  origins and 
strnctsre. They are  present in very many, but  not  in  all 
i\ilammals. They can be arranged i n  three groups :-- 

1. Lyt tE  which are  only specialized portions of the mucous 

2. Lyttze which a re  diffeientiated parts of t h e  septum of t h e  

3. Lytta: which a re  remnants  of tlie 0s  entoglossurn of lower 
It is t h e  only group which should really be 

meinbrane of the  tlorsum of the  tongue-Horse. 

tongue --Mole. 

vertebrates. 
termed the  lytta. They m e  of two kinds :- 

a. L y t t z  of t h e  tongue. 
b. Lyttse of tlie sublingua. 

The structural elements contained in t h e  lgt ta  a r e  variable, 
for they include in  each case one or  more of t h e  following- 
muscle, fat, fibrous tissue and cartilage. 

The following list shows t h e  presence or absence of l y t t z  of 
the  third group in the  tongues of Mammals :- 

,Ilonotrenzatrc-Lytta present. 
;Ifarsz~pialia-Lytta absent. 
Edentata-Lytta only present i n  Xanis. 
Rodeha-Lytta  absent. 
c~L~nivorcL- 

Ailuroidea :-Small lyt ta  lying i n  the anterior third of t h e  

C p o i d e a  :-Large lyt ta  may have a thread running back t o  
tongue, 

t h e  hyoid bone. 
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Aiztoidea :-Lytta very large in Cercokp!ipfes (Potoa). 
Pinnipedia :-Lytta absent. 

G‘etacea -Lytta absent. 
Ungulatce-No lytta of the third group. 
lY!/rcccoidea and Proboscidea-No lytta. 
Sire nia- No I y tt a. 
litsectivora-Lytta of second type present in Talpo. 
I’,.i~~-in2ates-C’hii.o??~~s lias lingual and snblingual lytta. 

Stenops lias a sublingual lytta. 
Tarsius lias two  lingual cartilage rudiments. None 

Lyttre absent in Lemuridw and Anthropoidea. 

First type in Horse. 

in sublingua. 

B. THE VALVE OF THE TOECUE IN CLASSIFICATION. 
It must be strongly emphasized at the outset that lingual 

characters must iiot be used alone for purposes of clnssificdtion. 
And any system which, based on them alone, would be suspect, 
especially if it diEerecl from one whicli was drawn up after 
organs cliosen from inany parts of the body had been examined. 

Several animals lmve such characteristic tongues that they can 
be recognized at  a glance. And it is a curious fact that  these 
animals are of pnrticwlar interest from other points of view. 
They are Ornithorhynchus, Phascolomys, il!faiais, Orycteropus, 
Hydrochwzcs, Custor, any Cetacea n and Sirenian, Hyrax, Proteles, 
HyceiLa, Gnleopinithecus, Ihvsiecs, lhpaia ,  CJ&-oinys and Eomo. 

Order Primates. 
With the exception of Homo and home specimens of Orang all 

Primates have well-mni-lted trenal lainelis, nntl there are other 
points in which the tongoe of the Orang is most similar to that 
in  Man (2). If one finds in a given tongue that there are many 
fungiforin papills at  the tip, no papill= a t  all on the base, 
several rallate papilla in  V, presence of lateral organs and 
traces of a soft sublingua one can decide that i t  belongs t o  
Homo or Simia. And one distinguishes between them by the 
characters of the lateral organs (2). If one gets an Orang 
tongue with f iend  lainellie the didtinction is still further 
emphasized. 

The other Primates from Lemur up to Gorilla have well- 
marked frenal lamellre. 

The Lemuroidea differ from the Tarsioidea and Anthropoidea 
in  the characters of the sublingua as follows :- 

Lemuroidea-sublingua functional, is free and has a variable 
number of processes on its anterior border. 

Tursioidea-sublingua not functional, is fixed and has one 
process. 

Anthropidea--sublingua not functional, is absent or only in 
traces. 
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The liemurich can be distinguished in several ways from the 
Lorisidse, Galagide and Chiromyidze (5). Rut I am unable, from 
lack of material, to say anything about the Indrisida. 

It is difficLilt, and in  the cwe of some specimens, apart from 
the  characters of the sublingua, t o  distinguish the tongues of t.he 
Loriside and Galagida: from that of Tarsius. 

A s  regwds the Anthropoidea the tongues fall into four 
groups :-- 

1. Plntyrrliini. 
2. Cercopithecidse. 
3. Hylobatidze. 
4. Gorilla. and Chimpanzee. 

The separation of tlie Gibbons is not in accordance with text- 
book teaching, but many anatomists believe that the Gibbons 
should form a separate family. 

The Phtyrrliini, Cercopithecide and Gibbons have no sub- 
lingua whatsoever. The Platyrrhini are distinguished from the 
Cercopithecide by the characters of tlie Iateral orgniis and the 
absence of a tliiclr apical cluster of fungiform papilla. The 
Clercopithecitle are distinguished from the Gibbons by the 
characters of the lateral organs, and by the fact that  the Gibbons 
have their vallate pxpille in it Y, a form unknown in the Cexo- 
pithecitle. The genera of the Phtyrrhini and Cercopithecidtx 
have special lingunl differences (3, 41, but one cannot distinguish 
the  species of the first three groups by lingual characters. 

The Y type of vallate papille occnrs in both Hylobitticlz and 
the  Simiida except Sinria s c c t p i s .  

The tongues of the Gorilla and Chimpanzee can be distinguished 
from one another by the characters of the lateral organs (2). 

It is thus evitlent that  the lingual characters support other 
views on the divisions of the Order Prinixtes, and they are of 
value for distinguishing the  genera of Monkeys from one 
another. 

Anatomists have drawn attention to the resemblances between 
Tzcpaia arid the Lemurs. On examining the tongues one finds 
that the cliaracters present are a mixture of those in the 
Leinuroiciea and Tarsius, together with some of those in  the 
primitive Mani malian tongue. 

Order Insectivora. 
Of the  suborder Menotyplila I could only examine the tongue 

of Ttipaia, and I found that the good sublingua distinguishes i t  
from the tongues of the  Lipotyphla. As regxrds the  Lipotyphla 
the  tongues are not sufticiently distinctive for taxonomic 
purposes. Some structures are constant, but others vary ; and I 
found that classifications of the tongues conflicted with those 
based on skeletal characters. The only forms which stand out 
prominently are Erincccezcs arid Chrysochloris. 
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Order Chiroptera. 
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Insufficient material was available for me t o  draw any  con- 
clusions of value. 

Order Dermoptera. 
Gccleopithecrcs has Insectivore and Primate characters in  t h e  

toiigue, t h e  Iiisectivore which i t  resembles being Ihcpuia. 

Older  Carnivora. 
The value of tJie tongue in  the  classification of t h e  Ailnroidea, 

Cynoidea., Arctoidea anti Pinuipeclia varies considerably ( 8 ) .  
I n  the ililrrroitlea tlie tongue is of great value i n  ciassification. 

Indeed, i t  is of greater value in  tlie classification of these animals 
than  of any  other RIanimalian group. It enables u s  t o  dis- 
tinguish t h e  families from one another. I n  the  F e l i d ~  it enables 
us to  arrange tlie large nuinber of species in  a riuinber of groups. 
The most striking feature is the  separation of t h e  Domestic a,nd 
Wild Cats, t h e  Lynxes and  the Caracal from tlie others. The 
grouping of t h e  species by their lingual cliaracters is almost 
identical to  t h a t  drawn up by Pocock a.s t h e  result of the  exanii- 
nation of external ancl crnniological cbaractei-s. 

I n  t h e  Cynoidea the  tongues present such homogeneous 
features th:tt they a re  quite useless for  classification. In  t h e  
Arctoidea i t  is possible t o  distinguish t h e  families from one 
another ; it is possible t o  distinguish between t h e  subfamilies ; 
and it is possible t o  grCJl1p t h e  genera in each subfamily. The 
genera of the  Pinnipedin hare definite lingual characters, a.nd 
these mark oft' T&hechzis from the  others. 

Thus i t  can be seen t1ia.t tlie value of t h e  tongue i n  the  cla.ssi- 
fication of the Carnivora is consideizble, ~ n d  it agrees with 
classi6cations based on external and skeletal clia.racters. 

Order Cetacea. 
It is  only possible t o  distinguish the  Mystacoceti from t.he 

Ocloritocet,i by liiigual characters, for tlie tongue gives no assist- 
ance in  t h e  cliaract'erization of families a.nd genera. 

Orders Sirenia, Hyracoidea and Proboscidea. 
As regards the tongues the  Sirenia and  Hymcoidea have 

some features i n  coininon, b u t  t h e  Prohoscidea differ entirely 
f rom t h e  others. In fact, Elephas lias peculiaities not  found in 
other Mammals (7) .  The Sireriia have characteristic tongues, 
ancl one can distinguish t h a t  of the  Manatee from tliat of t h e  
Dugong. 

Order Ungulata. 
It is a simple ma.tter to  clistinguish between t h e  tongues of 

t h e  Perissodactyla aricl those of the  Artioclactyla.. 
Of tlie Perissodactyla tlie Rliinocerotirh h a r e  lingual char- 

acters which differ from those of t h e  E y u i d a  snd Tapiride. 
PROC. ZOOL. Soc.-1925, KO. XLVIII. 48 
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with better binocular vision than Lenazcr. Its colour senbe is 
probably absent. When inspecting food it moves its hear1 about 
whereas Lemur usually keeps it steady. What it does in the 
dark we do not know, but the apex of the tonque does not get so 
much work to do as in  Lemur. Tarsius is similar to ilTycticebzLs 
in  its lingual characters. 

Leinnzcr can use its tongue as an explorer and detector of taste 
impressions because of its procumbent lower incisors. The human 
infant can do so because of its toothless jaxs, and its fungiform 
papills are more nurcerous than those in the adult. When teeth 
develop the hand places the food past the teeth and the tongue 
touches it. 

The observations recorded in this paper clenionstrate tlie close 
inter-relation of eye, tongue and hand : and the progressive 
increase in these structures is intimately related to the loss of 
olfaction and the ateady increase in tlie neopalliani. 
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