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A b s t r A c t

We d es cri b e t o ot h i m pl a nt ati o n, r e pl a c e m e nt, a n d att a c h m e nt i n a s p e ci m e n of t h e pr o c ol o -
p h o ni d Sc ol o p ari a gl y p h a n o d o n . Th o u g h a n e arli er d es cri pti o n of t h e s p e ci m e n m a d e m e nti o n 
of t h e d e nt ar y, s pl e ni al, a n d c or o n oi d, w e i d e ntif y a s m all sli v er of t h e a n g ul ar t h at is als o pr es -
e nt. We o bs er v e t w o m o d es of t o ot h i m pl a nt ati o n ( pr ot ot h e c o d o nt y a n d a cr o d o nt y) a n d n o 
t o ot h r e pl a c e m e nt, t h o u g h it is li k el y t e et h w er e a d d e d p ost eri orl y o v er ti m e. Pr e vi o us i nt er-
pr et ati o ns of t o ot h i m pl a nt ati o n i n pr o c ol o p h o ni ds w er e c o n fl at e d wit h r e pl a c e m e nt p att er ns 
a n d m o d e of i m pl a nt ati o n. A d diti o n all y, t h e c o m bi n ati o n of d e nt al c h ar a ct ers of t h e s p e ci m e n 
s u g g ests Sc ol o p ari a gl y p h a n o d o n  h a d a n h er bi v or o us di et.

K e y w o r d s

Acr o d o nt, t h e c o d o nt, a n k yl osis, r e ptil e, d e ntiti o n, m ol arif or m, h er bi v or y, t o ot h w e ar, Tri assi c, 
t o ot h r e pl a c e m e nt

I nt r o d u cti o n

T o ot h i m pl a nt ati o n, att a c h m e nt, a n d r e pl a c e -
m e nt ar e i m p ort a nt c h ar a ct ers i n d et er mi ni n g 
t h e di et a n d lif est yl e of e xti n ct v ert e br at es, a n d 
d e nt al  f e at ur es  pr o vi d e  i m p ort a nt  p h yl o g e -
n eti c i nf or m ati o n. H er e, w e pr es e nt c o m p ut e d 
t o m o gr a p h y  ( C T)  s c a ns  of  a  s p e ci m e n  fr o m  
t h e Di visi o n of Vert e br at e P al e o nt ol o g y Pri n c-
et o n C oll e cti o n, P e a b o d y M us e u m of N at ur al 
Hist or y, Yal e U ni v ersit y, N e w H a v e n, C T, U S A 
( Y P M  V P P U  0 2 4 5 0 1),  a  m a n di b ul ar  r a m us  
of  t h e  pr o c ol o p h o ni d  st e m-r e ptil e  Sc ol o p ari a 
gl y p h a n o d o n  fr o m t h e U p p er Tri assi c W olf vill e 
F or m ati o n  of  N o v a  S c oti a,  C a n a d a.  S o m e  
d e b at e s urr o u n ds t h e d e ntiti o n of pr o c ol o p h o -
ni ds, p arti c ul arl y wit h r e g ar d t o h o w t h eir t e et h 
ar e i m pl a nt e d i nt o t h e s urr o u n di n g b o n e, h o w 
t o ot h r e pl a c e m e nt i n fl u e n c es a n k yl os e d d e nti-
ti o n, a n d h o w t h e e xist e n c e of d e nt al r e pl a c e-
m e nt p ert ai ns t o tr a diti o n al us es of t h e t er m 
“a cr o d o nt” ( G o w 1 9 7 7; C a br eir a a n d Cis n er os 
2 0 0 9; M a c D o u g all a n d M o d est o 2 0 1 1). B e c a us e 
m a n y  s p e ci es  of  pr o c ol o p h o ni d  ar e  k n o w n  
o nl y  fr o m  t e et h  a n d  t o ot h- b e ari n g  el e m e nts,  

i nf or m ati o n a b o ut t o ot h i m pl a nt ati o n, att a c h-
m e nt, a n d r e pl a c e m e nt p att er ns g ar n er e d fr o m 
t h es e el e m e nts is cr u ci al i n r e v e ali n g t h e p at-
t er n of pr o c ol o p h o ni d r a di ati o n f oll o wi n g t h e 
P er m o – Tri assi c m ass e xti n cti o n.

M at e ri als a n d M et h o ds

Th e  s p e ci m e n  ( Y P M  V P P U  0 2 4 5 0 1)  w as  
s c a n n e d usi n g a Ni k o n X T H 2 2 5 S mi cr o C T 
s c a n n er, h o us e d at Yal e U ni v ersit y. A s eri es of 
3, 1 4 2  c o m p ut e d  t o m o gr a p hs  w er e  t h us  pr o -
d u c e d.  Th e  st a c k  of  t o m o gr a p hs  w as  t h e n  
i m p ort e d  i nt o  V G S T U DI O M A X  v ersi o n  3. 5  
( V ol u m e  Gr a p hi cs  2 0 2 1)  t o  cr e at e  t h e  t hr e e- 
di m e nsi o n al  ( 3 D)  v ol u m etri c  m o d el  of  t h e  
s p e ci m e n  us e d  i n  t his  st u d y.  3 D  r e n d eri n gs  
w er e cr e at e d usi n g t h e S c att er H Q s etti n g. Sli c e 
i m a g es ar e s h o w n as is.

R es ults a n d Dis c ussi o n

Th e  s p e ci m e n  is  a  p arti al  ri g ht  m a n di b ul ar  
r a m us  ( Y P M  V P P U  0 2 4 5 0 1)  m e as uri n g  3. 2 8  
c m i n l e n gt h wit h a m a xi m u m h ei g ht of 1. 6 8 c m. 
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Th e  s p e ci m e n  w as  pr e vi o usl y  d es cri b e d  i n  
d et ail b y S u es a n d B air d ( 1 9 9 8). Th o u g h pr e vi -
o us w or k m a d e m e nti o n of t h e d e nt ar y, s pl e n -
i al, a n d c or o n oi d, a s m all sli v er of t h e a n g ul ar 
is als o pr es e nt a n d is i d e nti fi e d f or t h e first ti m e 
h er e o n t h e b asis of t h e 3 D v ol u m etri c m o d el 
( Fi g ur e 1 D). S e v e n t e et h ar e pr es er v e d, w hi c h 
i n cr e as e i n h ei g ht a n d wi dt h p ost eri orl y al o n g 
t h e t o ot h r o w, t h o u g h t h e pr es e n c e of a n al v e-
ol us l ar g er i n di a m et er t h a n t h at of pr es er v e d 
t o ot h 1 s u g g ests t h e pr es e n c e of a n ot h er m or e 
a nt eri orl y l o c at e d, c o ni c al t o ot h ( Fi g ur e 1 C a n d 
Fi g ur e 2 A). Th e first pr es er v e d t o ot h is i n cisi -
f or m a n d c o ni c al, w hil e t h e s u bs e q u e nt t e et h 
ar e pr o gr essi v el y m or e tr a ns v ers el y e x p a n d e d 
a n d m ol arif or m, wit h t w o c us ps l o c at e d o n t h e 
li n g u al a n d l a bi al p orti o ns of t h e o c cl us al s ur-
f a c e, r es p e cti v el y ( Fi g ur e 1 C).

A nt eri or t e et h ar e m or e h e a vil y w or n t h a n 
p ost eri or  t e et h,  wit h  t h e  t w o  a nt eri or m ost  
m ol arif or m t e et h (i. e., t e et h 2 a n d 3) p oss ess -
i n g gri n di n g s urf a c es t h at ar e n e arl y fl at as a 
r es ult  of  w e ar.  O n  t h e  first  t hr e e  m ol arif or m  
t e et h (i. e., t e et h 2 – 4), w e ar is gr e at est o n t h e 
l a bi al  p orti o n  of  t h e  o c cl us al  s urf a c e.  T o ot h  
w e ar o n t h e first t w o m ol arif or ms h as r es ult e d 
i n a s q u ar e d- o ff a p p e ar a n c e, b est s e e n i n c or o-
n al-sli c e d vi e w ( Fi g ur e 2 B). Th e l ast t w o t e et h 
of t h e t o ot h r o w (i. e., t e et h 6 a n d 7) s h o w littl e 

w e ar, a n d t h at w hi c h d o es e xist is gr e at est o n 
t h e li n g u al p orti o n of t h e o c cl us al s urf a c e ( Fi g-
ur e  1 C).  Gi v e n  t h e  h e a v y  w e ar  o n  t h e  m or e  
a nt eri orl y l o c at e d t e et h, a n d t h e littl e w e ar o n 
t h e p ost eri or d e ntiti o n, it is li k el y t h at s u c c es-
si o n al  t e et h  w er e  a d d e d  p ost eri orl y  o v er  t h e  
a ni m al’s  lif eti m e.  Alt er n ati v el y,  it  is  p ossi bl e  
t h at t h e u n e v e n distri b uti o n of w e ar is a r es ult 
of c h e wi n g m or e fr e q u e ntl y or m or e h e a vil y i n 
t h e a nt eri or p orti o n of t h e m o ut h.

T o ot h  i m pl a nt ati o n  i n  t his  s p e ci m e n  is  
a cr o d o nt  (s e ns u  J e n ki ns  et  al.  2 0 1 7 ) i n  t h e  
m ol arif or m  d e ntiti o n,  wit h  t e et h  l o c at e d  at  
t h e a p e x of t h e b o n e, a n d t o ot h i m pl a nt ati o n 
is a c c o m plis h e d b y a n k yl osis as e vi d e n c e d b y 
t h e fir m t o ot h att a c h m e nt at t h e t o ot h – b o n e 
i nt erf a c e ( Fi g ur e 2 A). H o w e v er, t h e a nt eri or-
m ost, c o ni c al t e et h p oss ess s o m e w h at d e e p er 
i m pl a nt ati o n, t h o u g h t h e y ar e n ot i m pl a nt e d 
d e e pl y e n o u g h t o b e d esi g n at e d as t h e c o d o nt, 
b ut r at h er ar e b ett er d esi g n at e d as r e pr es e nt -
i n g  t h e  pr ot ot h e c o d o nt  c o n diti o n  w h er e  t h e  
h ei g ht of t h e t o ot h r o ot is l ess t h a n t h at of t h e 
cr o w n.  Th er e  ar e  n o  r es or pti o n  pits,  a n d  n o  
r e pl a c e m e nt t e et h ar e visi bl e i n t h e C T s c a ns 
f or  a n y  of  t h e  t e et h.  As  s u c h,  t o ot h  r e pl a c e-
m e nt i n S c ol o p ari a gl y p h a n o d o n  w as u nli k el y. 
S e cti o ns r e v e al t h at t h e d e nti n e l a y er is t hi c k 
i n all s e v e n of t h e pr es er v e d t e et h, p arti c ul arl y 

Fi g u r e  1.  Thr e e- di m e nsi o n al  r e n d eri n gs  of  Sc ol o p ari a  gl y p h a n o d o n,  Y P M  V P P U  0 2 4 5 0 1.  A .  L at er al.   
B.  M e di al. C.  O c cl us al. D.  Ve ntr al. Gr e e n o v erl a y h as b e e n a d d e d t o hi g hli g ht t h e a n g ul ar.
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n e ar t h e o c cl us al s urf a c e of t h e l ess w or n t e et h, 
a n d t h e p ul p c a vit y i n e a c h t o ot h is r el ati v el y 
l ar g e ( Fi g ur e 2).

T o ot h  i m pl a nt ati o n  a n d  att a c h m e nt  h as  
b e e n  a  s u bj e ct  of  d e b at e  i n  pr o c ol o p h o ni ds  
( G o w  1 9 7 7;  C a br eir a  a n d  Cis n er os  2 0 0 9;  
 M a c D o u g all a n d M o d est o 2 0 1 1), l ar g el y r es ult -
i n g fr o m t h e c o n fl ati o n of g e o m etri c t er mi n ol-
o g y  ( a cr o d o nt,  t h e c o d o nt,  pl e ur o d o nt,  et c.)  
wit h r e pl a c e m e nt p att er ns a n d m o d e of t o ot h 
att a c h m e nt. F or e x a m pl e, “a cr o d o nt” — a t er m 
stri ctl y  us e d  t o  d e n ot e  t h e  a pi c al  p ositi o n  of  
t h e t o ot h i n r el ati o n t o t h e j a w b o n e —is o Th e n 
ass o ci at e d wit h littl e t o n o t o ot h r e pl a c e m e nt 

a n d a n k yl osi n g att a c h m e nt, p arti c ul arl y a m o n g 
l e pi d os a urs (J e n ki ns a n d S h a w 2 0 2 0). H o w e v er, 
t his is n ot t h e c as e f or all t a x a wit h a cr o d o nt 
t o ot h i m pl a nt ati o n. I n pr o c ol o p h o ni ds, a c o m-
bi n ati o n  of  v ar yi n g  t o ot h  i m pl a nt ati o ns  a n d  
r e pl a c e m e nt p att er ns ar e s e e n a cr oss di ff er e nt 
s p e ci es,  wit h  s o m e  e x hi biti n g  a cr o d o nt  d e n -
titi o n  a n d  r e g ul ar  t o ot h  r e pl a c e m e nt  ( e. g.,  Li  
1 9 8 3;  S m all  1 9 9 7;  M a c D o u g all  a n d  M o d est o  
2 0 1 1),  or  b ot h  a cr o d o nt  a n d  pr ot ot h e c o d o nt  
i m pl a nt ati o n  wit hi n  t h e  s a m e  j a w  wit h  n o  
t o ot h  r e pl a c e m e nt,  as  is  s e e n  h er e  i n  Sc ol o -
p ari a gl y p h a n o d o n . H o w e v er, a n k yl osis s e e ms 
t o  b e  t h e  m o d e  of  att a c h m e nt  f or  all  k n o w n  

Fi g u r e 2. C o m p ut e d t o m o gr a p h y sli c es of Sc ol o p ari a gl y p h a n o d o n,  Y P M V P P U 0 2 4 5 0 1. A.  S a gitt al s e cti o n 
ori e nt e d a nt er o p ost eri orl y. B.  C or o n al s e cti o ns ori e nt e d m e di ol at er all y. N u m b ers c orr es p o n d t o pr es er v e d 
t o ot h p ositi o n. Th e al v e ol us r e pr es e nts a n e m pt y t o ot h p ositi o n. Yell o w d ott e d li n e h as b e e n a d d e d t o t h e b as e 
of t o ot h 1 t o s h o w t h e i m pl a nt ati o n.
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pr o c ol o p h o ni ds.  S e p ar ati o n  of  t h es e  f e at ur es  
i nt o  s e p ar at e  c h ar a ct ers  will  c ert ai nl y  ai d  i n  
f ut ur e p h yl o g e n eti c a n al ys es of r e ptil es.

S u c h  a  c o m bi n ati o n  of  d e nt al  c h ar a ct ers  
(i. e., l a c k of r e pl a c e m e nt, h e a v y w e ar, l o w t o ot h 
c o u nt, a n d m ol arif or m m or p h ol o g y of m ost of 
t h e t e et h) i n t his s p e ci m e n is c o nsist e nt wit h 
Sc ol o p ari a gl y p h a n o d o n  h a vi n g h a d a n h er bi v-
or o us di et —li k el y o n e c o nsisti n g of hi g h- fi b er 
pl a nt  m at eri al,  w hi c h  w o ul d  r e q uir e  gr e at er  
or al  pr o c essi n g  t h a n  c ar ni v or o us  or  i ns e cti v -
or o us  di ets — as  w as  s u g g est e d  f or  ot h er  t a x a  
wit h a si mil ar s uit e of d e nt al c h ar a ct ers ( S u es 
a n d R eis z 1 9 9 8).

A c k n o wl e d g m e nts

We  t h a n k  D.  L.  Bri n k m a n  f or  a c c ess  t o  t h e  
Sc ol o p ari a  s p e ci m e n a n d L. R. Yo h e f or s c a n-
ni n g it f or us. We t h a n k D. L. Bri n k m a n, a n 
a n o n y m o us r e vi e w er, a n d P. S w e e n e y f or pr o -
vi di n g  f e e d b a c k  a n d  e dit ori al  c o m m e nts  t h at  
i m pr o v e d t his w or k. F u n di n g f or t his w or k w as 
pr o vi d e d b y Yal e U ni v ersit y.

R ec ei v e d 1 8 Oct o b er 2 0 2 1; re vis e d a n d acc e pte d 
1 7 N o v e m b er 2 0 2 1.
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