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(STENELLA ATTENUATA AND STENELLA LONGIROSTRIS) FROM TEETH 
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P r i s c i l l a  A. Sloan, Makoto Kimura and Drew D. Stanley 

Southwest F i she r ies  Center 
Nat ional  Marine F i she r ies  Service, NOAA 

La J o l l a ,  C a l i f o r n i a  92038 

ABSTRACT 

Th is  paper i s  an account o f  p repara t ion  and examination techniques and 
c r i t e r i a  used t o  est imate age i n  d e c a l c i f i e d  and s ta ined  t o o t h  t h i n  sect ions 
from spinner  and spot ted  dolphins.  A dent ina l  growth l a y e r  group (GLG), 
composed o f  two t h i n  l i g h t  and two t h i c k e r  dark-s ta ined layers ,  i s  deposi ted 
annual ly .  The GLG component l a y e r s  are v a r i a b l y  v i s i b l e ,  b u t  t he  " i d e a l "  
p a t t e r n  and successive t h i n n i n g  o f  den t ina l  GLGs are  used as a guide t o  
determi ne GLG 1 i m i  t s .  Age-speci f i c  th icknesses o f  den t ina l  GLGs found i n  
Hawaiian spinner do lph in  t e e t h  seem t o  be app l i cab le  t o  t e e t h  o f  spo t ted  
dolph ins and can be used as an a i d  i n  l o c a t i n g  GLG boundaries. Cementa1 GLGs 
are composed o f  a dark-s ta ined and a l i g h t l y  s ta ined l a y e r  and usua l l y  a re  
deposi ted a t  a r a t e  o f  one per year, b u t  may be deposi ted every o ther  year  o r  
two o r  th ree  t imes per  year. Two s l i g h t l y  d i f f e r e n t  methods o f  count ing  
den t ina l  GLGs are  presented, along w i t h  guide1 ines  f o r  determi n ing  whether 
dent ina l  o r  cementa1 GLG counts p rov ide  the  bes t  est imate o f  age f o r  a 
specimen. 

INTRODUCTION 

Age determinat ion i s  a branch o f  research upon which do lph in  popu la t ion  
b i  ol ogy depends heavi ly. Without a c l e a r  and accurate understandi  ng o f  age 
composition, age a t  sexual matur i t y ,  age a t  f i r s t  reproduc t ion  and na tura l  
l ongev i t y ,  the  dynamics o f  a popu la t ion  cannot be determined. 

There are a t  l e a s t  f o u r  requirements t o  determining age from growth l a y e r  
groups (GLGs, terminology o f  P e r r i n  and Myrick,  1980) i n  a do lph in  tooth.  
F i r s t ,  one must be f a m i l i a r  w i t h  the  t i m i n g  o f  depos i t ion  and the d i s t r i b u t i o n  
o f  dental  t issues.  Without knowledge o f  p r e c i s e l y  where prenata l  t i s s u e  ends 
and pos tna ta l  t i s s u e  begins, f o r  instance, there  can be no assurance t h a t  GLG 
counts are begun a t  t he  c o r r e c t  p o s i t i o n  i n  the  too th .  

Second, a r e l i a b l e  and e f f e c t i v e  system o f  p repar ing  t e e t h  t h a t  g ives 
c l e a r  r e s o l u t i o n  o f  GLGs i s  necessary. Over the  years, many techniques have 
been developed (see P e r r i n  and Myrick,  1980, Report o f  the  Workshop). Some 
have proven unsa t i s fac to ry  i n  r e s o l v i n g  GLGs e a s i l y  (e.g., P e r r i n  e t  a l .  
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19771, w h i l e  o thers  p rov ide  e x c e l l e n t  r e s o l u t i o n  o f  GLGs b u t  are too  t ime 
consuming o r  p r o h i b i t i v e l y  expensive f o r  l a r g e  samples o f  t e e t h  (e.g., Hohn, 
1980a). 

Th i rd ,  t o  count  GLGs wi th  consistency, one must de f i ne  i n  d e t a i l  t h e  
s t r u c t u r a l  p a t t e r n  o f  a GLG as i t  appears i n  prepared t e e t h  f o r  a given 
species. The d e f i n i t i o n  o f  l a y e r s  counted f o r  determinat ion o f  age i s  vague 
i n  much o f  the  l i t e r a t u r e .  

F i n a l l y ,  t o  r e l a t e  GLG counts t o  age, the amount o f  t ime represented by a 
GLG should be demonstrated. With few except ions ( i n  which the r e s u l t s  have 
been i nconcl us ive,  see references i n  Myri ck e t  a1 . MSl), age-determi na t i on  
s tud ies  have been unable t o  e s t a b l i s h  the  t i m i n g  o f  GLG deposi t ion,  l a r g e l y  
because o f  a lack  o f  s u i t a b l e  ma te r ia l .  Commonly, GLGs as counted i n  most 
s tud ies  have been i n t e r p r e t e d  as y e a r l y  increments desp i te  the l ack  o f  
experimental support. 

Over the pas t  several years the  Marine Mammal Age Determinat ion P r o j e c t  
(SWFC, La J o l l a ,  C a l i f o r n i a )  has conducted s tud ies  t o  improve techniques i n  
p repara t ion  o f  t h i n  sec t ions  o f  t e e t h  f o r  microscopic examination and t o  
develop a rea l - t ime  bas is  f o r  es t imat ing  ages from do lph in  tee th .  Th is  paper 
prov ides an account o f  p repara t ion  and exami na t i on  techniques and t h e  c r i t e r i a  
developed t o  i n t e r p r e t  age from the  t e e t h  o f  spot ted and spinner dolphins,  
Stenel 1 a a t tenuata  and Stenel 1 a l o n g i  r o s t r i  s .  A study o f  seven cap t i ve  
Hawaiian sp inner  dolphins,  S .  l o n g i r o s t r i s ,  i n  which denta l  l aye rs  were 
c a l i b r a t e d  us ing  mu1 t i p l e  t a r a c y c l  i ne l a b e l s  and p e r i o d i c  e x t r a c t i o n s  o f  
t e e t h  (Myr ick e t  a l .  MS1), forms the bas is  f o r  d e f i n i t i o n  o f  annual GLGs and 
age i n t e r p r e t a t i o n  descr i  bed be l  ow. No d i r e c t  ca l  i b r a t i  on o f  dental  GLGs has 
y e t  been poss ib le  f o r  spot ted dolphins o r  f o r  spinner do lph ins from the w i l d ,  
b u t  the  GLG p a t t e r n  i n  such samples c l o s e l y  resembles t h a t  o f  the  cap t i ve  
sample. We have assumed t h a t  the  t ime represented i n  GLGs i n  the cap t i ve  
sp inner  do lph ins i s  the  same i n  those o f  the  w i l d  samples o f  both species. 

DISTRIBUTION,  DEPOSITION, AND UTILITY 
OF POSTNATAL DENTAL TISSUES 

Dental t i ssues  i n  a l l  de lph in ids  have a common bas ic  p a t t e r n  o f  
d i s t r i b u t i o n  and depos i t ion  (F ig .  1 ) .  The t o o t h  o f  a new-born do lph in  
cons is t s  o f  a t h i n ,  ex te rna l ,  con ica l  mantle o f  enamel, formed p rena ta l l y ,  
cover ing  a th i cke r ,  basal ly - tapered cone o f  p renata l  dent ine  and p a r t  o f  a 
th in ,  inner ,  layered  cone o f  neonatal dentine. These in te rna l l y -nes ted  cones 
surround a c e n t r a l  pu lp  cav i t y .  

lMyr ick ,  A. C. Jr., E. W .  Shallenberger, I .  Kang, and D. B. MacKay. MS 
Cal i b r a t i  on o f  dental  1 ayers i n seven cap t i ve  Hawai i an sp i  nner dol  ph i  ns, 
Stenel 1 a l o n g i  r o s t r i  s ,  based on t e t r a c y c l  i ne 1 abel s.  
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Dent i  ne 

The neonatal cone, i.e. the  "neonatal l i n e "  i n  t h i n  sect ions,  i s  the  
f i r s t  i n  a se r ies  o f  i n te rna l l y -depos i ted ,  layered cones compris ing the  GLG o f  
pos tna ta l  dent ine,  the  number o f  which i s  dependent upon the  l eng th  o f  the  
do lph in ' s  l i f e  and depos i t ion  ra te .  

As a do lph in  matures and dent ine cont inues t o  accumulate a t  the  wa l l  o f  
t he  pu l  p c a v i t y  , the pul  p-cavi  ty vo l  ume decreases gradual l y  and successive 
GLGs become th inner .  Typ ica l l y ,  i n  reg ions o f  the  la te- formed dent ine o f  
o l  der do l  ph i  ns, the  ti ssue shows i ncreasi  ng ly  i r r e g u l  a r  GLGs. Far ther  inward, 
the  dent ine may be convoluted and l a y e r i n g  may be i n d i s c e r n i b l e .  The pu lp  
c a v i t y  tends t o  be exceedingly narrow o r  occluded. I f  a do lph in  l i v e s  beyond 
the  t ime t h a t  these cond i t i ons  commence, the dent ine may n o t  be usefu l  f o r  
e s t i m a t i  ng the  dol  ph i  n ' s age accurate ly .  

Cemen turn 

Cementum i s  deposi ted pos tna ta l l y ;  i t  i s  no t  known t o  occur i n  tee th  o f  
unborn dolphins.  It i s  app l i ed  i n  concent r i c  l a y e r s  t o  the  ex terna l  surface 
o f  the  roo t ,  below the  "neck" o f  the  tooth.  Because i t s  depos i t i on  i s  
ex te rna l  and apparent ly  unconfined, i t  i s  thought t o  form a cont inuous record 
represent ing  a d o l p h i n ' s  e n t i r e  l i f e .  Cementum, then, may be used t o  est imate 
maximum ages o f  o l d e r  do lph ins f o r  which maximum den t ina l  age est imates are 
n o t  poss ib le .  

PREPARATION OF THIN 
SECTIONS OF TEETH 

Se lec t ion  o f  Teeth 

I n  dolphins,  the  l a r g e s t ,  most un i fo rm ly  layered t e e t h  occur i n  the  
c e n t r a l  reg ions o f  the  m a x i l l a r y  and mandibular t o o t h  rows (Hui, 1978). 
Dent ina l  l a y e r i n g  may cease e a r l i e r  i n  m a x i l l a r y  t e e t h  than i n  t e e t h  o f  the  
mandible (Gurevich e t  a l .  1980); there fore ,  t ee th  from the center  o f  the lower 
t o o t h  row are recommended f o r  use i n  age determinat ion ( P e r r i n  and Myrick 
1980, p. 40). The standard sampling procedure we use f o r  spot ted and spinner 
do lph ins i s  t o  remove a f o u r  o r  f ive-cm-long sec t i on  con ta in ing  approximately 
e i g h t  t o  ten  t e e t h  from the middle o f  the dental  se r ies  i n  the  l e f t  mandibular 
ramus. Such sampling prov ides an adequate supply o f  t ee th  i n  case repeated 
preparat ions f o r  a specimen become necessary. Any too th  from the  mandibular 
sec t i on  may be chosen f o r  preparat ion.  It i s  removed by break ing the a l v e o l a r  
bone away from the tooth.  Utmost care i s  exerc ised t o  i nsu re  t h a t  the  t o o t h  
i s  n o t  chipped o r  otherwise damaged du r ing  removal. 

C1 eani ng 

S o f t  t i s s u e  i s  scraped from the  t o o t h  t o  be prepared w i t h  a sca lpe l  or 
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fingernail a f t e r  the t issue has been made pliable by soaking i n  water. Care 
is  taken t o  insure tha t  the cementum is not damaged dur ing  sof t - t issue 
removal. 

Label s 

Each tooth is  accompanied by an identification label of pure, cotton 
f iber  bond t h r o u g h  every step of the preparation procedure. The specimen 
number is  recorded i n  so f t  lead pencil. 

Containers 

Each tooth, w i t h  i t s  label ,  i s  placed i n  a c lear  p las t ic ,  hinged 
container 2.8 cm on each side. To allow the free flow of f l u i d s  through the 
container, a l l  sides are perforated w i t h  a teasing needle, or other fine metal 
probe, that  has been heated. The holes must be small enough to  prevent t h i n  
sections of teeth from being los t .  

Decal c i f i c a t  i on 

The teeth are decalcified i n  RD02, a commercial rapid decalcifying agent 
containing hydrochloric acid as the principal active ingredient. 
Approximately 10 spotted dolphin teeth,  each i n  i t s  own container, may be 
decalcified a t  one time i n  500 m l  of RDO. (Species i n  which teeth are larger,  
e.g., Tursiops truncatus, require a proportionately larger volume of RDO per 
tooth .I To increase c i  rcul ation , contai ners are  agitated i n  the sol ution 
every 1-3 hours. Decalcification times vary w i t h  the age of the animal , 
because the thickness i n  the tooth is a function of age, and w i t h  the species- 
specific s ize  of tooth. For spotted dolphins, teeth of the youngest animals, 
such a neonates and calves, require only 1-3 hours decalcification. These 
from body-1 ength classes 140-150, 150-160, 160-170, and 170-180 cm can require 
3-5, 6-8, 9-13, and 11-13 hours respectively. Teeth of the oldest animals, 
180-190+ cm i n  body length, require 11-15 hours for full  decalcification. The 
500-ml volume of decalcif ier  tends to  lose strength a f t e r  20 hours of 
continuous use on 10 specimens a t  a time. 

When decalcification is complete, the tooth i s  f lex ib le  and s l ight ly  
translucent. A ful ly  decalcified tooth may be pierced to  the center w i t h o u t  
resistance w i t h  a f ine,  sharp needle, b u t  t h i s  t e s t  d i s r u p t s  the tissue of 
small teeth and i s  not recommended for routine use. Undue flexing of the 
tooth may damage internal t issues.  Overdecalcification i n  RDO a1 so causes 
damage and renders the tooth useless for age determination. 

2Reference to  trade names does n o t  imply endorsement by the National Marine 
Fisheries Service, NOAA. 
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Complete removal o f  a c i d  from the  t e e t h  i s  necessary t o  prevent  RDO from 
i n t e r f e r i n q  w i t h  s t a i n i n g .  A f t e r  d e c a l c i f i c a t i o n ,  t h e  t e e t h  are r i n s e d  i n  
running t a p  water by p l a c i n g  t h e  conta iners  i n  a l a r g e  beaker under a 
faucet.  The water f l o w  causes the  conta iners t o  tumble and opt imizes 
c i r c u l a t i o n  through the  containers.  R ins ing  t ime i s  a t  l e a s t  3 hours. 

Sect ion ing 

Th in  sect ions are c u t  w i t h  a sledge-type f r e e z i n g  microtome. A 
d e c a l c i f i e d  t o o t h  i s  mounted on the c u t t i n g  stage o f  the  microtome, w i t h  t h e  
kn i fe -b lade s e t  a t  about a 65" angle t o  t h e  long a x i s  o f  t h e  tooth,  and f rozen 
w i t h  l i q u i f i e d  C02. S e r i a l  l o n g i t u d i n a l  t h i n  sect ions,  24 pin t h i c k ,  are c u t  
and discarded u n t i l  t h e  pu lp  c a v i t y  i s  revealed. Sect ion ing i s  cont inued 
u n t i l  the e n t i r e  e x t e n t  o f  the pulp c a v i t y  i s  encompassed and t h i n  sect ions 
c u t  subsequently f a i l  t o  show t h e  c e n t r a l  c a v i t y .  This process y i e l d s  a 
maximum number o f  near-center t h i n  sect ions,  which are re tu rned t o  t h e  
conta iner  and r i n s e d  i n  tap  water t o  remove any res idua l  RDO. The r e s t  o f  the  
t o o t h  i s  removed from the  c u t t i n g  stage and discarded. 

S t a i n i n g  

The conta iner  o f  t h i n  sect ions i s  immersed i n  Mayer's hematoxyl in (see 
Appendix I f o r  formula)  f o r  up t o  30 minutes, u n t i l  adequately stained. 
Excess s t a i n  i s  removed by a tap-water r inse .  To enhance the  c o n t r a s t  o f  the  
s ta ined layers,  the  t h i n  sect ions are "blued" i n  a 0.5% s o l u t i o n  o f  ammonia 
water f o r  2-3 minutes. Prolonged exposure t o  the  ammonia w i l l  reverse t h e  
s t a i n .  A f t e r  blueing, the  sect ions undergo a tap-water r i n s e  f o r  several 
minutes. 

G l y c e r i n  exchange 

Sta ined t h i n  sect ions r e t a i n  t h e i r  c o l o r  bes t  when mounted i n  pure 
g l y c e r i n .  Th in  sect ions and l a b e l  are f i r s t  t r a n s f e r r e d  from t h e  conta iner  t o  
a p e t r i  d i s h  conta in ing  1:l s o l u t i o n  o f  g l y c e r i n  and d i s t i l l e d  water t o  soak 
f o r  5-10 minutes. Then they are placed i n  a p e t r i  d i s h  o f  100% g l y c e r i n  t o  
complete t h e  exchange o f  g l y c e r i n  f o r  water i n  the  t h i n  sect ions.  

Se lec t ion  o f  t h i n  sect ions 

The p e t r i  d i s h  i s  placed on t h e  stage o f  a d i s s e c t i n g  microscope and t h e  
t h i n  sect ions t o  be mounted are selected. I d e a l l y ,  those se lec ted  should be 
mid-1 ongi t u d i  nal  . Each sec t ion  should have a sharp ly-poi  n ted apex. The 
dent ina l  m a t r i x  should be l i g h t  blue, w i t h  c o n t r a s t i n g  dark ly -s ta ined and 
1 i ghter  s ta ined 1 ayers appearing as sharply-poi  n ted chevrons a1 ong the  mid- 
l i n e .  Changing t h e  foca l  depth by adjustments o f  t h e  focus ing knob o f  t h e  
microscope shoul d produce only s l  i ght  re1 a t i  ve d i  sp l  acement o f  1 ayers and pul  p 
c a v i t y  margi ns. The cementum shoul d reveal  more deeply-s ta i  ned t h i n  1 ayers 
aga ins t  a l i g h t  b l u e  background. Thin sect ions w i t h o u t  a pu lp c a v i t y ,  those 
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s ta ined too  dark o r  too  l i g h t ,  o r  c u t  o f f  mid-center are n o t  used. 

Mounting 

Several t h i n  sect ions are placed i n  100% g l y c e r i n  on a s l i d e .  Wrinkles 
a re  smoothed o u t  w i t h  a small b l u n t  inst rument  so t h a t  each specimen l i e s  
f l a t .  Excess g l y c e r i n  i s  dra ined from beneath the cover s l i p ,  and cove r -s l i p  
margins a re  c leaned w i t h  ethanol  and sealed t o  t h e  s l i d e  w i t h  Permount*. 
Specimen numbers and coded prepara t ion  i n fo rma t ion  are  recorded i n  waterproof  
i n k  on the  f r o s t e d  g lass surface o f  t he  s l i de .  The f i n i s h e d  s l i d e s  are placed 
on racks t o  dry. 

Appearance o f  the  mounted t h i n  sec t i on  

The t h i n  mant le o f  enamel o r i g i n a l l y  cover ing the  apex o f  the  too th  i s  
absent, having been d isso lved completely dur ing  d e c a l c i f i c a t i o n .  The prenata l  
den t i  ne occurs as a dark ly-s ta ined,  re1  a t i  ve ly  un l  ayered chevron, t h i c k e s t  a t  
t he  apex, w i t h  two tapered legs  po in ted  basa l l y .  Adjacent and i n t e r n a l  t o  the  
prenata l  dent ine,  the neonatal l i n e  appears as a t h i n ,  d i s t i n c t l y  unsta ined 
chevron. The remainder o f  t he  pos tna ta l  dent ine occurs as a se r ies  o f  
i nterna l  ly-nested, e l  ongate chevrons o f  decreasing th ickness w i t h  a1 t e r n a t i  ng 
dark ly -s ta ined and 1 i g h t l y - s t a i n e d  l a y e r s  (F ig .  2A). 

Cementum occurs a long both s ides and a t  the base o f  the  r o o t  ex te rna l  t o  
the  den t i  ne. I t s  p a t t e r n  cons is ts  o f  a1 t e r n a t i  ng da rk l y -s ta i  ned and 1 i g h t l y -  
s ta ined  1 ayers o r i en ted  subpara l l  e l  t o  the  r o o t  and o f  f -1  apped basal l y  
(F ig .  26). 

DEFINING DENTINAL GLGs 

GLG appearance 

I d e a l l y ,  each o f  our GLGs, (which i n  these species we have c a l i b r a t e d  as 
represent ing  one year- -  see above), cons i s t s  o f  an ex terna l ,  t h i n ,  l i g h t l y -  
s ta ined  o r  unsta ined boundary 1 ayer (begi  nn i  ng w i th  t h e  neonatal 1 i ne), 
fo l lowed i n  succession pulpwards by a t h i c k ,  dark-s ta ined laye r ,  another t h i n ,  
1 i g h t l y - s t a i  ned m i  d-GLG 1 ayer (usual l y  l e s s  d i  s t i  n c t  than t h e  boundary 1 ayer)  , 
and a second t h i c k ,  dark ly -s ta ined laye r .  A GLG i s  considered t o  be complete 
when it conta ins  a l l  f o u r  l aye rs  (F ig .  3) .  

Commonly, however, the  f o u r  components a re  v a r i a b l y  v i s i b l e .  I n  most 
reg ions o f  the  f i r s t  several  GLGs, the  two t h i c k  dark ly -s ta ined components may 
be l i g h t  near the mid-GLG laye rs  and darkest  a t  the margins near the boundary 
layers.  This  g ives the  GLG an appearance o f  con ta in ing  on ly  the  l i g h t  
boundary 1 ayer and one broad 1 ayer t h a t  i s  s ta ined  s l  i g h t l y  darker.  
Exami n a t i o n  o f  the  GLGs through t h e i  r e n t i  r e  1 ongi t u d i  na l  extent ,  especi a1 l y  
i n  the  ap ica l  reg ion  where components may be fo l lowed basa l l y ,  o f t e n  permi ts  
i d e n t i f i c a t i o n  o f  a l l  o r  some o f  the layers.  Usual ly ,  a t  l e a s t  t he  boundary 
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layer or the contrasting dark margin of an adjacent darker-stained layer  i s  
recognizable. Such landmarks are most reliable in delimiting a GLG. Despite 
the problem t h a t  a l l  GLG components are not  equally apparent, we have f o u n d  
t h a t  the "ideal" pattern and the progressive t h i n n i n g  of the GLGs pulpwards 
are important aids i n  defining GLGs. For adjacent GLGs, the later-formed GLG 
should be the same thickness or thinner t h a n  the earlier-formed GLG. 

The eighth t o  sixteenth GLGs are almost uniform i n  thickness, less 
vari ab1 e i n  component pattern, and easier t o  d i  s t i  ngui sh. Usual l y  , thei r 
boundary layers or strong, dark adjacent margins are sharply demarcated. 

Age-speci f ic thickness of GLGs 

Studies of tetracycl i ne-1 abel ed teeth of seven Hawai i an spi nner dolphins, 
- S. longirostris, have shown t h a t  each GLG (as defined above) has a rather 
specific thickness and t h a t  the thickness of a given GLG varies l i t t l e  between 
teeth of the same i n d i v i d u a l  or between teeth of different individuals (Myrick 
e t  a l .  MS1 1. GLG-thickness measurements were made perpendicular t o  the long 
axis of the teeth, from the base of the neonatal line, inwardly and downwardly 
a t  a 20 t o  40" angle t o  the wall of the p u l p  cavity.  Measurements made on the 
1 abel ed Hawaii an spinner teeth yielded the f o l l  owing thicknesses for GLGs: 

First GLG 
Second I' 

T h i  rd 'I 

Fourth 'I 

F i  f t h  'I 

Sixth 'I 

Seventh I' 

E i g h t h  'I 

*Sample sizes o 

z S 

240.0 f m  0 
238.6 3.8 
171.0 'I 11.0 
145.0 'I 10.5 
119.6 'I 8.4 

95.4 'I 16.5 
87.0 'I 5.6 
71.3 I' 10.3 

N* 

7 
7 
7 
6 
6 
6 
6 
4 

z 
N i n t h  GLG 61.3 pm 
Tenth 'I 58 . 1 'I 

Eleventh " 55.0 I' 

Twelfth 'I 65.0 I' 

Thirteenth 'I 55.0 'I 

Fourteenth 'I 40.0 I' 

Fifteenth 'I 40.0 " 

Hawai i an spi nner dol p h i  ns used. 

S N* 

2.5 4 
2.4 4 
5.0 3 

1 
- 1 

1 - 1 

- 

Aae-SDecific measurements of GLG thickness have been shown t o  have some 
4 ,  

constancy i n  S. longirostris (Perrin e t  a l .  19771, Pontoporia blainvillei; 
(Kasuya and Brownell , 1979) , and Tursiops truncatus (Hohn ,  198 Ob 1 , a1 though 

*e studied. neither labeled nor known-age specimens wer 
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Constancy o f  GLG th ickness f o r  spot ted and spinner do lph ins 

GLGs i n  w i l d  nor thern o f f sho re  spot ted dolph ins appear t o  have the  same 
component-1 ayer p a t t e r n  and thicknesses as those i n the  Hawaii an sp i  nner 
do lph ins s tud ied  by Myr ick e t  a l .  (MS1). As shown i n  F igure  4, when the  
dent ine from one o f  the cap t i ve  Hawaiian spinner do lph ins i s  compared w i t h  
t h a t  o f  a w i l d  s p o t t e r  do lph in  the resemblance between t h e  two pa t te rns  i s  
s t r i k i n g .  When the  GLG measurements determi ned from the c a p t i  ve sample were 
app l i ed  t o  t h e  den t ina l  p a t t e r n  o f  spo t ted  dolphins,  they corresponded 
approximately w i t h  the  boundary l a y e r s  o f  each o f  the  f i r s t  15 GLGs. By 
con t inu ing  t o  apply the  same 1 a s t  measurement on subsequent GLGs, boundary 
l a y e r s  f o r  up t o  the  e ighteenth GLG cou ld  be i d e n t i f i e d  i n  cases where 
1 ayer ing  remained undi  s to r ted .  Despi te  the  problem t h a t  experimental work on 
t ime c a l i b r a t i o n  o f  dent ina l  l a y e r i n g  has been poss ib le  on ly  f o r  the  cap t i ve  
Hawai i an sp i  nner dol ph i  ns , u n t i  1 known-age o r  1 abel ed spot ted  dol  ph i  ns become 
ava i lab le ,  we assume t h a t  a GLG represents the  same amount o f  t ime i n  sp inner  
and spot ted dol  p h i  ns. 

E x t r a p o l a t i n g  i n  t h i s  way prov ides a method f o r  d e f i n i t i o n  o f  GLGs i n  
spot ted dol  p h i  ns. Nevertheless , because some v a r i  a t i  on occurred i n  GLG 
th ickness between i ndi v i  dual sp inner  dol ph ins s tud ied  and because the degree 
o f  i n d i v i d u a l  v a r i a t i o n  i s  unknown f o r  spo t ted  dolphins,  the  se r ies  o f  
measurements i s  recommended on ly  as an a i d  i n  l o c a t i n g  GLG boundaries. 

Methods used t o  count dent ina l  GLGs i n  spot ted dolph ins 

To i d e n t i f y  and count dent ina l  GLGs i n  the  tee th  o f  spot ted dolphins, two 
s l i g h t l y  d i f f e r e n t  methods have been used (by Hohn(AAH) and Myrick(ACM)). 

a. Method l(AAH). The whole t o o t h  sec t i on  i s  f i r s t  inspected t o  
determine the  general p a t t e r n  o f  l a y e r  groups. Then the  l a y e r  groups are 
examined t o  de f i ne  GLGs. Use i s  made o f  the  " i d e a l "  GLG p a t t e r n  o f  component 
layers,  depending heav i l y  on the  p o s i t i o n  and spacing o f  the dark margins o f  
t h e  darker-s ta ined l a y e r s  and on the  progress ive narrowing o f  l a y e r  groups 
pulpwards. The f i r s t  two GLGs are  i d e n t i f i e d  us ing  the  prenata l  dent ine as a 
guide. Each o f  these GLGs i s  approximately the th ickness o f  the  prenata l  
dent ine measured a t  a p o i n t  about two- th i rds  o f  the  d is tance down from the  
apex t o  the  basal end o f  the  prenata l  wedge. A l l  GLGs are examined throughout 
t h e i r  l o n g i t u d i n a l  ex ten t  before making f i n a l  i n t e r p r e t a t i o n s .  

The c h i e f  advantages o f  t h i s  method are  t h a t :  1) i t  does no t  requ i re  an 
ex terna l  a i d  t h a t  may a f f e c t  i n t e r p r e t a t i o n s  i f  app l i ed  r igorous ly ,  2 )  no 
s i n g l e  reg ion  i s  used p r i n c i p a l l y  t o  l o c a t e  boundaries, and 3 )  GLG d i s t o r t i o n  
has a minimal e f f e c t  on f i n a l  i n t e r p r e t a t i o n s .  However, l o c a t i n g  boundary- 
and o ther  component-layers may be d i f f i c u l t  i n  reg ions w i t h  f a i n t  dent ina l  
l a y e r s  and some GLGs may be overlooked, r e s u l t i n g  i n  an underst imate o f  age. 
The r e l a t i v e  order  o f  magnitude o f  decreasing GLG th icknesses i s  evaluated 
w i thou t  the  a i d  o f  q u a n t i f i e d  reference po in ts .  I n  add i t ion ,  the method i s  
n o t  ex t rapo l  a ted  from rea l  -age s tud ies  o f  re1 a ted  species . 
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b. Method 2(ACM). The whole too th  sec t i on  i s  inspected t o  cha rac te r i ze  
the  p a t t e r n  o f  l a y e r  groups. Although n o t  app l i ed  r i go rous l y ,  the  se r ies  o f  
GLG measurements der ived  from the study o f  Hawaiian sp inner  do lph ins i s  used 
as an a i d  i n  l o c a t i n g  GLG boundaries. The segment o f  dent ine enclosed by each 
successi ve measurement i s  i nspected f o r  GLG-component 1 ayers throughout i t s  
l o n g i t u d i n a l  ex ten t  and i n  r e l a t i o n  t o  the  general l a y e r i n g  p a t t e r n  o f  t he  
whole tooth.  Adjustments t o  the "standard" th icknesses are made on the  bas is  
o f  the general dent ina l  p a t t e r n  and s p e c i f i c  layer-component pa t te rns  observed 
r e l a t i v e  t o  the " i d e a l "  pa t te rn .  The f i r s t  measurement inward o f  240 pm from 
the  prenata l  edge o f  the neonatal l i n e ,  taken a t  a p o i n t  near the base o f  the  
prenata l  dent ina l  wedge, gives the approximate d is tance o f  the  external ,  t h i n ,  
l i g h t l y - s t a i n e d  boundary l a y e r  o f  t he  second GLG. A 240-pm measurement f rom 
the  ad jus ted  boundary l a y e r  gives the  approximate d is tance t o  the  ex terna l  
boundary o f  the  t h i r d  GLG. Successive GLG boundaries are l oca ted  us ing  the  
appropr ia te  standard th icknesses as a guide. 

The advantages o f  the  method are  tha t :  1) progress ive t h i n n i n g  o f  GLGs 
can be quan t i f i ed ,  a i d i n g  dec is ions about the  l i m i t s  o f  successive GLGs, 2) i t  
prov ides a means o f  l o c a t i n g  GLGs i n  f a i n t l y  s ta ined  reg ions w i t h  r e l a t i v e  
ease, 3 )  it i s  ex t rapo la ted  from GLG th icknesses i n  a r e l a t e d  species w i t h  a 
s imi  1 a r  dent ina l  p a t t e r n  f o r  which rea l  t ime was determi ned. Nevertheless, i n  
app ly ing  the  method r i g o r o u s l y  t o  de f i ne  GLGs, i d e n t i f i c a t i o n  o f  component 
l a y e r s  may tend t o  be fo rced by a n t i c i p a t i o n  o f  t he  pa t te rn .  This  i s  
e s p e c i a l l y  t r u e  i n  cases where l a y e r s  are v a r i a b l y  v i s i b l e  o r  compressed and 
i n d i s t i n c t .  I n  add i t ion ,  GLG th icknesses are n o t  un i fo rm from apex t o  base. 
Natura l  reg iona l  d i s t o r t i o n  i n  a too th  o r  imposed d i s t o r t i o n  f rom o f f - c e n t e r  
sec t ions  a f f e c t  GLG th ickness, causing v a r i a b i l i t y  t o  be high. 

D i f fe rences  between the  methods 

Method 1 uses dark-s ta ined boundary layers .  Method 2 uses l i g h t  boundary 
layers .  Method 1 uses no ex terna l  a id ,  b u t  does use the  prenata l  th ickness t o  
est imate the l i m i t s  o f  each o f  the  f i r s t  two GLGs. Method 2 uses the  
measurements as a guide. Method 1 was developed w i thou t  e x t r a p o l a t i o n  from 
rea l - t ime  documentation o f  GLGs. Method 2 i s  a ided by rea l - t ime  documentation 
o f  GLG th ickness i n  t e e t h  o f  s i m i l a r  p a t t e r n  represent ing  a r e l a t e d  species. 

S i m i  1 a r i  t i e s  between the methods 

Despi te  the  d i f f e rences  , both methods are bas ica l  l y  s i m i l a r .  GLGs are 
de f ined w i t h  re ference t o  the  same " i d e a l "  p a t t e r n  and progress ive GLG 
t h inn ing .  Both methods r e q u i r e  i nspec t i on  o f  t he  whole t o o t h  t o  i d e n t i f y  
general l a y e r  group pa t te rns .  Both r e l y  on p o s i t i o n  and spacing o f  boundary 
layers .  Both methods have r e s u l t e d  i n  the  determinat ion t h a t  t he  f i r s t  two 
GLGs are  o f  s imi  1 a r  thicknesses. F i n a l l y ,  both evaluate subsequent 1 ayer 
groups s u b j e c t i v e l y  a f t e r  the regu la r  l a y e r i  ng p a t t e r n  ceases. 
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CEMENTUM 

I n  general, each cemental GLG cons is t s  o f  two components: a da rk l y  
s ta ined l a y e r  and a l i g h t l y  s ta ined layer .  The problem w i t h  such a simple 
d e f i n i t i o n  i s  t h a t  a l though the  number o f  cemental GLGs o f t e n  may equal the 
number o f  den t ina l  GLGs counted, they are  n o t  always equal. There i s  no 
regu la r  th ickness f o r  a cemental GLG as there  a den t ina l  GLG. I n  
several  reg ions along the tooth,  cementum may con ta in  GLGs i n  mu l t i p les ,  1.e. 
w i t h  two o r  t h ree  times the number o f  GLGs observed i n  the  dent ine.  I n  o ther  
reg ions i t  may be t h i n ,  w i t h  no d i s t i n c t  l a y e r i n g  o r  w i t h  on ly  h a l f  the  number 
o f  GLGs observed i n  the  dent ine.  Myr ick e t  a1 . (MS)1 have made s i m i l a r  
observat ions i n  Hawai i an sp i  nner dol  p h i  n t e e t h  u s i  ng t e t r a c y c l  i ne 1 abel s t o  
c a l i b r a t e  cementum and dentine. 

SUGGESTED PROTOCOL FOR DETERMINING 
AGE FROM GLGs 

The f i n d i n g  t h a t  cemental GLGs may occur i n  m u l t i p l e s  o r  halves and the  
problems w i t h  pu l  p-cavi  ty occ lus ion  o r  l a y e r  i n d i  s t i  nctness i n  den t i  ne p o i n t  
up the hazards o f  us ing  e i t h e r  t i s s u e  independent ly f o r  age determinat ion.  
Before ana lyz ing  the  l a y e r i n g  p a t t e r n  o f  cementum, we recommend t h a t  one 
should f i r s t  eva luate the dent ine and c o n d i t i o n  o f  the  pulp c a v i t y .  I n  t e e t h  
w i t h  c lea r ,  regu la r ly - fo rmed dent ina l  GLGs and w i t h  an open pu lp  c a v i t y ,  
den t ina l  GLG counts should be r e l i e d  upon f o r  es t ima t ing  age. The cemental 
count may be used t o  check the  count from dent ine;  i t  should be the  same as, 
o r  h a l f ,  o r  exact  m u l t i p l e s  o f  the dent ina l  count. I n  o ther  cases, cementum 
should be r e l i e d  upon f o r  the  bes t  es t imat ion  o f  age, w i t h  the  bes t  dent ina l  
count used t o  evaluate whether the cemental GLGs were deposi ted as m u l t i p l e s  
o r  halves i n  the  cementum. 

Speci f i c a l  l y  , we recommend the  f o l  l ow i  ng pro toco l  : 

1. I f  the  pu lp  c a v i t y  i s  open: 

a. and r e g u l a r l y  layered dent ine i s  present  throughout the  tooth,  the  
den t ina l  count should b e used as the bes t  i n d i c a t o r  o f  age; the  
cemental count should be used t o  check the  den t ina l  count. I f  the  
cemental count i s  h a l f ,  two times, o r  t h ree  t imes the dent ina l  
count, assume t h a t  t he  cementum has been deposi ted as halves o r  
m u l t i p l e s  o f  the  dent ina l  GLGs. 

b. and i r r e g u l a r l y  layered dent ine i s  present,  p revent ing  a complete 
count of dent ina l  GLGs. count the  den t ina l  GLGs as f u l l y  as 
poss ib le ,  then count the  -cementa1 GLGs. Use the  number o f  cementa1 
GLGs as the  age i f  i t  i s  l e s s  than o r  more than an exact  m u l t i p l e  
o f  the  den t ina l  count. I f  i t  i s  equal t o  a m u l t i p l e  o f  t he  
dent ina l  count, use the dent ina l  count as the  age. I f  the maximum 
cemental count i s  much l e s s  than, b u t  g rea ter  than h a l f  o f  t he  
den t ina l  count, assume t h a t  cemental GLGs are  halves and double the  
number t o  est imate age. I f  the  cementum i s  unlayered o r  
i n d i s t i n c t l y  layered, the  only  age est imate a v a i l a b l e  i s  a minimum 
age as i n d i c a t e d  by the  dent ine.  
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2. I f  pu 

a. 

b. 

p c a v i t y  i s  narrow o r  almost occluded: 

and r e g u l a r l y  l aye red  dent ine occurs throughout t h e  sec t i on  , use 
t h e  same procedure as i n  l a .  An except ion i s  i n  cases where the  
cemental count i s  more than the  den t ina l  count b u t  l e s s  than a 
m u l t i p l e  o r  more than h a l f  o f  the den t ina l  count, then use t h e  same 
procedure as i n  l b .  

and i r r e g u l a r  dent ine i s  present,  use the  same procedure as i n  
I b .  

3. I f  pu lp  c a v i t y  i s  c losed o r  i s  f i l l e d  w i t h  i r r e g u l a r l y  l aye red  dentine, 
use t h e  same procedure as l b .  

Since a l l  o f  the c r i t e r i a  f o r  f i n a l  determinat ions o f  age r e s t  c h i e f l y  on 
the  accuracy o f  the den t ina l  counts, i t  i s  essen t ia l  t h a t  c a r e f u l  eva lua t i on  
o f  t he  pu lp -cav i t y  c o n d i t i o n  and scrupulous d e f i n i t i o n  o f  den t ina l  GLGs be 
c a r r i e d  out. A t o o t h  i n  which the pu lp  c a v i t y  i s  i n t e r p r e t e d  i n c o r r e c t l y  as 
being c losed and i n  which the  den t ina l  GLGs are miscounted, may l e a d  one t o  
use the count o f  cemental GLG m u l t i p l e s  as the  est imated age. 
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F i g .  1. Line drawing of d o l p h i n  tooth i n  t h i n  section showing d i s t r i b u t i o n  
of tissLies and s t r u c t u r a l  anatomy (from Perrin and Myrick, 1980). 
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F i g .  2 .  D e c a l c i f i e d  and stained t h i n  section o f  tooth from a female northern 
o f fshore  spotted dolphin (specimen no. SWM 0001) viewed i n  p l a i n  
transmitted 1 i ght (composi t e  photograph). 
A. Dentine showing 11 GLGs. (39x1 N=neonatal l i n e .  
B. Cementum showing 11 GLGs. (150x1 
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F i g .  3 .  Decalc i f ied  and s t a ined  t h i n  s ec t ion  of tooth from a six-year-old 
female northern of f  shore spot ted  dol p h i  n (specimen no. SER 0059) 
showi ng six dent i  nal GLGs (composi t e  photograph). 
two dark-stained l a y e r s  (arrows)  ( p l a i n  t ransmi t ted  l i g h t ,  39x1. 

Each GLG contai  ns 
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Fig .  4. Swatch from t h i n  sect ion o f  tooth o f  a c a p t i v e  Hawaiian spinner 
dolphin (specimen no. SWFC 104) imposed upon l e f t  "shoulder"(HS) of 
t h i n  sect ion from a northern offshore spotted dolphin (specimen no. 
WHB 0025) taken from the w i l d ,  showing almost i d e n t i c a l  dent inal  
1 a y e r i  ng pa t te rns  (composite photograph 1. 
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APPENDIX 1. Formula for  Mayer' s hematoxyl i n  
(Modified by Helen Gruel 

Hematoxylin 
Dist i l led water 
Sodi um ioda te  
A l u m i n u m  potassium sulfate  (alum) 

1.0 gm 
1000.0 cc 

0.1 gm 
50.0 gm 

Dissolve hematoxylin i n  water, us ing  gentle heat i f  necessary. Add the sodium 
iodate, then the alum. Stir u n t i l  the alum i s  dissolved. Store s ta in  i n  the 
refr igerator  t o  retard overripening. Stain may be used immediately a f t e r  
preparation. 
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