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Age Determination of the Dugong (Dugong dugon (Miiller))

Northern Australia and its Biological Implications

H. Marsh

Zoology Department, James Cook University of North Queensland
Townsville 48 1 l, Australia

ABSTRACT
ln  the absence ol  known age mater ia l ,  i t rc isor  dent inal  grorvth layer groups (GLGs) have been eramined f rom 129 dugongs l iom
northern Austra l ia rv i th a v iew to age est imat ion.  Mater ia l  was avai lable f iom animals rvhich died in a l l  months of  the year.

I :ach GLG consists of  a th ick zone of  intermediate opt ical  densi ty fo l lowed by a th in zone consist ing of  one oi  three pairs of
cont iguous layers.  One layer in each pair  is  opaque, the other t ransiucent .  The intensi ty of  haematoxyl in sta in ing,  the suscept ib i l i ty
: , '  rc id etching,  and the radio-opaci ty of  each layer mirror  i ts  degree of  opt ical  densi ty.

i ' r rnr inat ion of  the most recent ly  deposi ted zone in teeth f rom 106 dugongs whose date of  death was known suggests that  one
' ' L ( ; r ' d e p o s i t e d e a c h y e a r , f o r m a t i o n o f  t h e n a r r o w z o n e g e n e r a l l y o c c u r r i n g l i o m J u l y t o O c t o b e r i n c l u s i v e .

The permanent inc isors erupt  and become worn in adul t  males and occasiontr l ly  in l 'emales,  making a tota lGLG count impos-
. t rk ' lor  these animals.  Total  GLG counts in unworn tusks of  females suggest  a l i i -e span of  i i f t l 'years or  more.  The maximunt
: :untber o i  GLGs in a worn tusk of  a male was 34.5.  Puberty in both males and lbmales is  est imated to occur at  a l l t in imunr ot '
. , tout  n ine ) 'ears of  age in the Torvnsvi l le  populat ion.  but  probably not  unt i l  several  years later  in the \ lornington Is land popula-
: r .n.  Thc tusks erupt  in nrale dugongs af ter  puberty at  aboul  12 years (Townsvi l le populat ion) or  14 years or  later  ( \ ' lorn ington
lr lend populat ion).  A grorvth curve descr ib ing the agelenFth re lat ionship,  based on number of  dent inal  GLGs. has been developed
: , . r  bo th  ma les  and  l ema les .

The ontogenr of  thc cheek teeth is  descr ibed re lat ive to the age est imates.  The use of  the pat tern of  cheek-tooth development
. i \  I  r teans ot  est intat ing absolute age is  descr ibed for  animals est imated to be up to n ine years old.  Equat ions have been developed
l . r r  thc predict i , ,n t r f  l ! : t  i rom the s ize of  molars 2 and 3 in animals f rom ten to th i r ty  years of  age.

I\TRODUCTION

1're rlueong. Dtt:,tts c/irgorz (Miil ler), is one of only four
: \ iant  species r ) : 'S i re l t ia  or  seacows.  I t  is  of  par t icu lar  in ter-
j ) :  as the onl r  r . r :sr ins herb ivorous mammal which is  s t r ic t ly
' '  . : :  l t t e  .

l l istoric:rl lr . :h.. range of the dugong was broadly coinci-
.::-:rr \\ ' irh rhe ::. 'r ical and subtropical Indo-Pacific distribu-
:. ' :t ,r i the s!'J-::asses on which it feeds, but it is presently
.  : :s i iere. i  r i : . :  , , \ .er rnostof  i tsrange (Bert ramand Bert ram,

'--: r in.: :: .::reJ as a vulnerable species (IUCN Red Data
: i  . .  l ' l - r ' r

\: ' ::: l  : .: ' . i \ S over the laSt four years have, however,
j i : :^ - t : :  J- :  : : : i r  s izable populat ions of  dugongs st i l l  ex is t
.. .: .: -,.. .\ seas around northern Australia (Heinsohn,

.  : - . . ,  - ,  . :  u  broadly-based programme of  research has
,  j '  - ' . ' .^  . . : ted at  Jarnes Cook Univers i ty  which a ims to

- .  :  : ' ' - 'J I ivc conserr 'a t ionand management programmes
.  -  '  . :  tn  th is  region.

'.. r : :.roblem is that no definitive life history infor-
. .rvailable for the dugong. There have been no

':eld studies of specific individuals over any time
. I '  .. .nss have rarely been maintained in captivity and
,, ' : r.: ' : t-r..d in captivity. Eleven-year growth records are,

-, - '  . r\ri lable for two captive male dugongs in India
. -. i -,,.-. 1976). Fleinsohn (1912) used the body lengths

' '. .:.\: ' i  dugongs accidentally drowned in nets through-
' : : ,: lr to distinguish four age classes. He estirnated

. .  . .  : : : : : , . r r i t1 'a t  approximately  two years and constructed
- ., , '  : irerical growth curve which described the increase

- .:. lencth with age of northern Australian dugongs in
' j:: nlrurtl environment, His growth estimates suggest
: .: jLrrongs grow much faster in the wiid than Jones's

'-.: ' :\ ir ions on captive animals indicate.

Pocock (l 940) used closure of cranial sutures and Mitchell
(1973) a series of skulls and teetl-r to develop criteria for the
determination of relative age in the dugong.

Several workers have counted dentinal growth layer
groups (GLG$ in the tusks as an indicator of age (Scheffer,
1970; Mitchell,, 1916, 1978; Kasuya and Nishiwaki, 1978).
These studies were hampercd by lack of biological informa-
tion about all but a few of the dugongs from which the
tusks were obtained, and it was not possible to establish the
rate of deposition of t l-re GLGs, especially as there is contro-
versy over the deposition rate in tropicai mammals (Klevezal'
and Kleinenberg, 1967 ;Spinnage, 19'73, 1976).

The present study is based on data records, skulls and
reproductive tracts from 129 dugongs, the majority of which
came from two iocations in Queensland, northern Australia,
and aims to estimate dugong life history parameters, such as
maximum longevity and age at reproductive maturity,which
are essential to the developrnent of effective conservation
strategies.

THE DENTITION OF THE DUGONG

Heuvelmans' (1941) classification of dugong teeth is fol-
lowed in this paper.

Two pairs of upper incisors, neither of which is erupted,
are present in all young and some older dugongs (Fig. 1).
The anterior pair is referred to as the deciduous incisors.
The posterior incisors, which are permanent, forn'r the tusks
and later erupt in males (Fig. 2) and occasionallyin females.

The tusks are the only teeth present throughout life in
all dugongs. Up to three pairs of vestigial incisors and one
pair of canines may occur occasionally in the rudimentary
sockets under the horny plate which covers the downturned
symphysial portion of the lower jaw.
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Apart from the erupted tusks, the only functional teeth
are the cheek teeth. These teeth are diff icult to classif '  since
in situ replacernent of the rnilk dentit ion does not occr.rr.
During the life of the animal there is a total of six pairs of
cheek teeth in bothjaws. These teeth are referred to as pre-
m o l a r s  2 , 3 , 4 a n d  m o l a r s  1 , 2 , 3 .

Fig.  2.  The head oi  r  l
22 .5  GLGs  i n  cach  o i

. , ' r - l ( rnc adul t  male dugong, There were
i '  J : . l r ' : a . 1  . , : l . l  l r  o rn  t r tSkS .
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Fig. 1. Anterior ends of the premaxillae of two dugongs showing the
unerupted deciduous incisors and tusks.  (A) 2 year o ld 1.8-m-
long male;  (B) 28 year o ld 2.36-m-long female.

MATERIALS
lsource of material
Specimen rnaterial was obtained between May 1969 and
August 1978 as l isted:

frorn 70 dugongs accidentally drowned in nets (usually
shark nets set for swimmer protection) near Townsvil le
(19 '15 'S ;  146 '15 'E )  w i t h i n  2  h  and  1 .5  days  o f  dea th
(Heinsohn,  1972;Heinsohn and Spain,  1974);

from 39 dugongs speared and drowned for food by abori-
ginals in the Wellesley Islands (16'30'S; I 39'30'E) within
0.5 h and 12 h of  death (Marsh et  a l , in  press) ;

from two dugongs similarly kilied by Torres Strait islan-
ciers at Thursday Island (10"30'5; 142o3'E.; within 0.5 h
and 12 h of death: and

from one dugong cauglit offCairns (16"55'S; 145"46'E)
and held in captivity in the Cairns Oceanarium for several
months prlor to its death.

Four isolated dugong skulls, eleven isolated tusks and three
isolated ribs collected from various northern Australian
beaches are also included in tl i is study.

Collection procedure
Unless very badly decontposed.  eaci r  . t i r :  :  -  - ,  - . .  . ,  j :
sexed,  measured and d issected to col lL ' . l  i l  .  , '  , -  - , ; r -

r  ' h S
r t '

f . S
J  . d

}
, . $ , .

tents,  skul i  and reproduct i \ ,1-  t rects.  T i r ! '  J :  : .  -
t ract  was preserved b1,  in ject ion r r  i t l . .  .  :  '

sea water forn.ralin (S\\ F t. Snrall i ' . 'r.. i- '  . - .

, . - - l \ c

'  .  l r l - -

. . r : l  - - -  i n

the  u te rus .  Large t  te tuses  \ \L ' r . ' r ' . ' . r .  . ! ' - : -  - : :  . - : i \ ! ' d

in  SWF. I f  t l r l . '  per . i r i t t " ' . i .  . : . : . , . . .  . : : . : : .  i  . . rJ ]c 'S
and corpora lu tea o l  eacl l  Jr 'n lJ l ! '  \ \ , r  -  : -  -  : - - . ' . -  ; : :  : r '  i ixa-
t ion.  and a sarnple ot ' r ' r ' t l rnr r . r r r  =1. ,  . . .  . r . ; .  r : r  S\ \ 'F.  In
the  case  o f  each  n ra le .  a  i - e  : : r  , . : ' ' . -  : :  . : .  : ] ] . '  . en t : L '  o i  t he
r ight  test is  was removed anu i l r r ' -  in  [ ' lc land's  solut ion
(Rowley and Hel ler .  1966) T l r '  .ku l l  o i 'each aninra l  rvas
col lected and c leanet l  bv boi l in :  ( l le insolur .  1972:  Heins-
hohn and Spain.  191- l  ) .

Description of material
Bodl'- lengtl i frecluencies lbr the dugongs frorn To*nsvil le
ancl \ ' lornington Island are i l lustrated (Fig. 3). arranred by
sex and in 20-crn body-iength classes for l l l  lnirrrals for
which these data were available.

The age-f requency d is t r ibut ion of  thc sn: : r r le  s  (F ig.4)  is
ref lected in  these length- f requencr  h is t ,  ' - : . . i : . rs  lnd indicates
a pauci ty  of  younganirnals  in the \ lorn in- : :  , : r  Is land sarnple.
No conl i r rned neonateswere avai labl . ' .  : r : . . :  : r i ' ,  t \ \o  1- ! 'n la les
(both from Townsvil le) carrl in': nc.lr-: -" - .". isis 3i! '  i)res-
ented.

The Townsvi l le  sample i r tc l ier t . ' :  l : . r :  : : : : : : . : :  i r i l i rb ! ' rs  of
male and female dugongs r l r t rsn in  t l r . 's l  . : r  : r : rs .  ThE tota l
Mornington Is land satnple e onsis1e. l  , , : '  l :  : : : : ' . 's  lnd l7  fe-
males and ref lects the pract ic . ' . . r . : , , : ' t : . :  : - ' ,  r l  l ! -as1 sonre of
the abor ig inal  hunters.  o1 l ro iJ in, :  i l : . '  l i : , t i t re  , ,1  pregnant
females as a conservat ion nre lsLrr r '  ( \1r :s l .  . , '  11.  in  press) .
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-1.  Body- length l requency diagrams
::r l ie  and female dugongs col lected
\ l . r r n i ng ton  I s l and ,  1  969  -  I  978 .
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Fig. 5. Frequency. distribution of the nurnber of dugongs caught in
each calendar month. All animals collected from 1969 to 197g
are inciuded.

along the curvature in l ine witl-L the centre of the tooth.
using a flexible tape. The depth of the socket was measured
using a set of vernier calipers as a probe. All tusks were
examined for external evidence of growth layers.

Cheek teeth. All skulls in which ntolar 3 had not erupted
were x-rayed using a Toshiba 4-valve, single-phase, x-ray gen-
erator with rotating anode tube with ltfex 90, lg x24cm,
non-screen fi lm. The mandibles were x-rayed from the right
buccal surfac e at 42.*60 kVP and 200 mAS; the crania wire
x-rayed obliquely frorn the ventral aspect at 65_j7 kVp and
200 rnAS.

The cheek dentit ion of each quadrant of each skull in
the collection was recorded. Each tooth was listed as either:
(1)  unerupted;  (2)  par t ly  erupted;  (3)  erupted and unworn;
(4) erupted and in wear: (5) wizened (extensively resorbed);
(6) broken (sturnp onl1, in alveolus); (7) absent, alveolus
empty; (8) absent, alveolus partly f i l led with spongy bone,
or (9) absent, alveolus not visible.

A cheek-tooth index was calculated for each skull as a
quantitative lreasure of the nuurber and state of all the clieek
teeth.  A tooth in  s tate (8)  or  (9)  was scored 0;  s tate (1) , (2) ,
(6 )  o r  (1 )  as  0 .25 ;s ta te  (3 )  o r  (5 )  as0 .5  and  s ta te  (+ jas  i .
The pulp cavity of each tooth was recorded as open. tapered
at  the base,  or  c losed.

Estirnates of the occlusal areas of nrolars 2 and 3 which
were in wear iu the lower right hand quadrant of each skull
were obtained by tracing the outl ine of the crown surface
of each molar. The tracing was then cut out and weiehed
correct to 1 x 10-s g on a Sauter balance. Calibration"was
perforrned by weighing 1-cm squares of the same paper.

Estimates of the central cross-sectional areas oi th. ,^-.
teeth. both including and excluding the pulp cavity, were
o_btained by placing each tooth buccal surface uppermost on
the x-ray plate and x-raying at 60 k\? and 200 mAS. Two
contact prints were made of each x_ray and the areas calcu_
lated by cutting out and weighing as above. The central
cross-sectional area of the pulp cavity of each tooth was
oh ta ined  by  sub t rac r i on .

Preparation of teeth and bones to demonstrate growth layer
groups
The tusk was the ntain tooth selected for this part of the
age determir.ration study. It is present throughoui l i fe. has a
permanently open puip cavity, and is unerupted ancl unworn
in rnost fentales and juvenile nrales. One tusk was prepared
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T S W N S V I L L E  F E M A L E S M O R N I N S T O N  : S  F E M A L E S

F  G R O W - H  L A Y E R  C R O U P S

-  -1.  I i requency diagrams of  5_year age c lasses (determined bv
:unrber of  dent inal  GLGs in the tusks) of  dugongs and isoleted
. : :gong skul ls  col lected t iom near Torvnsvi l le  and Mornington
I . Lnd  1968  78 .  Ma les  w i t h  e rup ted  t usks  have  been  ass rgned  t o' : :e ise c lass u hich corresponds to the number of  GLGs present' I  : he r r  e rup ted  t usks .

l . . r .onal i ty  of  col lect ion
. : lr 'rnthl) ' cl istribution of the dates of death of the speci-

-.: : is shor' ' 'n in Figure 5. Specimens from Townsvil le were',::: lerl in all rnonths of the year; the small nuntber of
, ",s causht in June-July is a result of the rernoval of the

.-:. irr.rS ar rhar time (Heinsohn, 1972; Heinsohn and Spain.-l 
r. The peak period of dugong hunting activity at

" '  .: l l irL)n Island is in July-August, the major period when
^)..r\tr \\ 'as on hand to collect specimens (Marsh et al,

: : 'SS L

METHODS

I 'th grouth and succession
.-+.tt luous incisors. If present, one deciduous incisor was'. ..- t 'ront each skull with forceps. The pulp cavity was
- - :-r 'd as open or closed and any tooth resorption or

: , i , ' :n t l  grorvth layerswere noted.  The length was measured
: ::re nearest 0.1 mm using vernier calipers.

fus*s. Unerupted tusks were extracted from the skulls bv
:inroving a window fror.n the premaxil la above the tusi
::::ns a stnall abrasive disc in a hand-held flexible clrive. The
. : : , l rh  of  each tusk was measured to the nearest  nr i l l i r .netre

rcRxt re to i  t su tD FEULE3 i l  .10

5  1 a  ̂ 5  2 A  2 5  - l C  3 5  r C  r S  5 0  5 5
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from each animal unless there was a large difference in the
size of the two tusks in which case both were prepared. One
deciduous incisor was also examined provided that resorp-
tion had not commenced.

In tl-re sections that follow, both5%HCln10% etl.ranol,
and l0% formic acid were used to etch or decalcify the teeth
with equivalent results. There was also no substantial differ-
ence in the results obtained with the different haematoxy-
lins used.

Etched half teeth. Each tusk was bisected longitudinally in
the mesiodistal plane using a lO-inch diameter saw as fol-
lows: the cutting l ine was ntarked before each tusk was
embedded in ice in the desired orientation prior to cutting;
the optimum plane of section was maintained by holding
the broad flat surface of the ice in contact with the movable
carriage of the saw. Unresorbed deciduous incisors and tusks
less than 4 cm long were mounted on chucks with dental
impression compound and bisected using a 4-inch diamond
saw. After the teeth were cut, the depth of the apex of the
pulp cavity was measured along the curvature of the tooth
using a flexible tape.

The cut surface of one half of each tooth was polished
usir,g progressively finer grades (150-600) of wet ald dry
sandpaper. This half tooth was then etched by immersing it
in 5% HCI in 70% ethanol for 3 h at room temperature
(25'C), washed and allowed to dry thoroughly with the cut
surface uppermost. The resultant relief was emphasized by
rubbing the surface with pencil. The tusks were usually
examined without magnification.

Srnall tusks (less thar-r 6 cm long) and deciduous incisors
were stained with Mayer's haemalum after etching as above
and examined under a binocular microscope (x8; using
oblique light.

Thick sections. The unetched half of each tusk was cut trans-
versely about i cm distal to the apex of the pulp cavity;
tusks less than 6 cm long were processed without further
cutting. The longitudinal cut face of the part of the tooth
which included the pulp cavity was then polished using
progressively finer grades ofwet and dry sandpaper (150-
1200) and glued on Io a perspex slide with cyano-acrilate
monomer glue. The tooth was then cut longitudinally on a
diamond saw to produce a mounted section approximately
1 mm thick which was ground to a thickness of approxi-
mately 500 pm, etched h 5% HCI in 10% ethanol for t h,
washed, stained with Mayer's haernalum, washed and
mounted in glycerol. For two dugongs thick sections were
also prepared of lower left molars 2 and 3.

Thin sections. One deciduous incisor and one tusk from
each dugong less than 2 rn long were mounted on chucks
with dental impression compound and bisected longitudi-
naily using a 4-inch diamond saw. The cut face of each half
tooth was poiished using whetstones (1200 and 4000 grit)
and glued to a perspex slide. Sections 30 to 80 pm thick
were prepared by grinding as above. One section from each
tooth was then mounted in glycerol. The other section was
decalcif ied in 10% formic acid for 2 h to 3 h, washed and
stained for 3 min with Gill's haematoxylin (Lillie and Full-
mer,1976,p.207),  washed and mounted in g lycero l .

Longitudinal and transverse sections frorr.r adult tusks
and transverse sections from three ribs frorr-r uncatalogued
dugongs, one tympanic bone and one malleus froln each of
two catalogued dugongs, one humerus from a catalogued
dugong and one rib from another catalogued dugong were
also prepared and stained as above.

Microrodiograpfts. Four tratlsrersr' s! '. i l ' : l
th ick)  were cut  f rom one tusk.  i . , ' l is | : . :
without gluing to a slide, cleaned uji:r: : :

:  (  l r0  600 pm
, i  l t l l  \ \  hetstones

radiograplred using a Picker XIirri .S/i,,: t\ l  ,-- ' . .
f o r  3 h  a t  1 3  k v  a n d  1 . 5  m A .  T h e  s , . . : r : - :  ' : .

high resolution) distance was l0 cnr. Tl . '  : ::-:
were examined with a contpor.tnd ttt iJ: ' .. : ' :
mitted l ight and photographed.

.1r! l  Ir l icro-
r r,- : lv unit
:' r K'.rlak,

: i - : :  - l l i l l i s

. . : : : l i  t I 0 f l S -

Determination of the pattern of the gro* th hr er sroups
An ontogenet ic  ser ies  was preparec l  o i  t l r i r  s ! ' r i i " : rs  o f  o l le

dec iduous inc isor  and one tusk  f ron t  onc '1 .1 . i i  t ; . ' .1 )  leng th

approrir.nately I  m) and 15 juveni le dugortrs { ir ' r . i r  lcngths

1 . 2 5  t o  1 . 9 8  n r ) .
The sections in this series were ranked in ascen.i ing order

of body length and examined with transrl i t ted l igl i t  Lrsing

both  a  b inocu la r  (x8)  and a  compound mic roscope (x63)

to determine the nature and t l"r ickness of the plenatal den-

t ine ,  the  neonata l  l ine  and the  pa t te rn  o i  GLG dept rs i t ion .

In te rca l ib ra t ion  o f  techn iq  ues

Polished ond polished and etched half teeth. The dentinal
layering seen in pol ished hal1'teeth was intercal ibrated with

that seen in pol ished. etched and penci l-rubbed half teeth

by masklng a port ion of t l ie pol ished surface of onehalf
tootlr  rvi t l i  Poraplast before etching and penci l  Lubbing. The

wax was renrovecl rvi th xylene prior to exanrination.
The e f fec t  o t '  e tch ing  on  the  layers  v is ib ie  on  th . '  sur face

of t l ' re rvorn t ip oi '  ln c'nrpted nrale tusk \\  i rs r ' \ i inined by
n- rask ing  ha l f  th . ' \ \L , r t  r i c i  \ \ i t l t  \ \ ' a r  b r ' : ' ' ' : r  . ' : ; l t i ng  and
p e n c i l  r u b b i n g .  d t . . .  r .  r  ' \ . '

Untreated and decalci.tit'l urtr! stoirrcd thin u't'ti,,ns. Ihe
s t r u c t u f e s  s e e n  i n  t t t ' , . 1 . . . r i . i  : : .  ,  . :  : : . : : - : .  -  . . :  . : . : t  J e c a l -
c i f ied  and s ta ined sec t ions  \ \e i ! '  : r ) r ! ' ra i l i i b : r : . : ,  - r  : lask ing
par t  o f  severa l  th in  sec t i , , l l :  ' ' : l : .  . : : :  : r l  \ \  r r . .  ' : .  :  :  . :eca lc i -
f icat ion and staining. Tl lc sr ' .  t  i '  r  t ls i \  ! '  I  ! '  ic1. i  . :  : .  : . '  .-  :  : :  3raded
ethanols and the \\ 'a\ renr()\ 'eLl \ \  i t l l  xvlL'r j i .  T:. :  sr 'ct iotrs
were  then re l t l ' d ra t . ' t i .  n l r ru r l te  d  in  g l1  cero l  a r , . :  : . \ i : r i r )ed  as
above.

Inter-calibration by performing set,eral treatnrents sr/ccess-
ively on the same section. One face of the 600-gnr section
that was microradiographecl (see above) was subsequently
rnasked with dental wax before etching by inimersion in 5%
formic acid for 1.5 h. The \\ 'a\ \ \ 'es renroved and the result-
ing rel ief on the face which hatl  ntrt  been masked was then
ernphasized by rubbing vu' i t l r  p. 'nci l .  The section was then
exarn ined us ing  bo t l l  t lansnr i t teJ  and Lc f lec ted  i igh t .  The
penci l  rnarkings \\ 'ere rcnrt,rc' t l  lnd a lOOA-thick layer of
carbor - t  was  evapora te . l  on t t ,  1h . '  c ' t . i rL 'J .  sLr r iace  o i  the  spec i -
men.  rv l r i ch  was t l leu  Ih r r t ( r_ : r . .1 r r l r ! ' . :  u  i th  re t le  c te  d  l ig l i t .  The
sec t ion  was then Sr r ) i ln . i  . lL r \ \ i r  tL r  Q0, i r r  h r  g r ind ing  bo th
faces .  n to l tn ted  in  g l r  ie r r )1 .  c \ r : : i i r , ' .1  . r i r . t . : r  a  c ! )n rpound
n r i c r o s c o p e  ( x  6 3 )  a n J  p h r . l , r : 1 . ] : ' 1 . , ' . :  ' . ' . : i : .  : : . i l s : r r i t t e J  l i g l t t .
The sec t ion  \ \ 'as  thL 'n  c lc -ca lc i l l . : . :  S ' r r r : i - . :  . , . : : : i  i r len ia toxy l in
a n d  e r a n r i n e d  a n d  p l t r r t t r l r l l . l r t . l  n  i i l .  : : . :  :  : . i i t e J  l i g h t .  T h e
i n t e r - c a l i b r a t i o l r  \ \ f , s  l . e r l l :  : r t ' .  ' . .  . : : : : r -  t l ) c  | l l o t o -
graphs  o f  each s tac . ' .

Scor ing  the  too th  and bor re  p repr r i t ion \

Counting the la-t 'ers. Each r. i . ' ; ' r- . . ' '  . .

den t ly  severa l  t in res  t  i t l r , , i l l  : r ' : . :  J : . -  -
in fo rmat ion  concern ing  t l r . '  . :  . - :  , : . :  ' :

The GLGs in  t l re  e tched Iusks  r i ' r r  J  -  . . : . :
f i ca t ion .  us ing  ob l iquc  l igh t .  I r  ' :  - .  . : :

: :  r ,  , r id  indepen-
:  : i r :  b io log ica l
: :  , i i r i i h  i t  came.

L , . . 1 -  . , , . . - - ^ ^ - :
J  . .  i l  i  t  I  l {  ' t i  t  l l l d 6 r l r -

: : : : r ls .  scor ing was
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- rrrted by photographing the etched tusk and counting
:.: the convex edge ofthe tusk in the photograph.

l),'rermination of the rate of depositiott of growth la.ver
.,oups. The nature and zone thickr.ress of the dentirte being
. , .1  down at  the t i rne of  death ( i .e .  adjacent  to the pulp
,r:i) ) was examined and plotted against date of death as

' .:::ect evidence of t ire depositional rate of the GLGs. The
' .-\ sections of tusks were all masked with random nurn-

,:. tnd eramined under a binocular nticroscope (x 8) with
' - 'ct. ' t i  l ight without knowledge of the date of death.
.,,1 section was exarnined independently by two people a

-,. ,r i six t imes before the slides were unmasked. For two

-,, 
ltt thick sections of rnolars 2 and 3 were also exant-

*

l:rJ ications of cranial growth
:lch skull the condylo-prernaxil lary iengtl i and the
:r.rt ic width (Spain and Heinsohn, 1974) were measured

:.r to I mm with vernier calipers. The basioccipital
' .-. (between the basioccipital and the basisphenoid),

,,rndyle sutures (between the basioccipital and the
-:ipitals) and the basisphenoid suture (between the basi-

' , 'nrrid and the presphenoid) wete examined and scored
. :)cn. partly fused (bony bridges present, suture l ine
. . : , - l l  ) .  or  fused.

\tersurernent and histological preparation of reproductive
rn lterials
I :;h fixed testis was trimmed of epididymis and fat and
,i :rghed correct to 0.1 g. The Cleland's-fixed specimen
'rtained at autopsy was included with the renrainder of
::re right testis. The length. rvidth at midJength and dorso-

ventral thickness at midJength were measured with vernier
calipers. Tissue specimens were taken as follows: three from
the centre along the longitudinal rnidline and two from
along the transverse mid-line of each testis and one from
each corpus and each cauda epididynris. These specimens
were post-fixed in Bouin's flrative (Lil l ie and Fullmer,
1976.  p.61)  and a long wi th the Cle land's- f ixed specinren
dehydrated in ethanol, cleared in xylene, embedded in
Paraplast, sectioned at 5 or 6 pm and stained with Mayer's
haemalurr and Youtg's E o sin-[i ry thro sin.

The preserved female material has not yet been measured
and sectioned.

Data analysis
Computation was carried out either on the CSIRO C1'ber76
in Canberra or on the PDP 10 computer at Jarnes Cook
University of North Queensland. The Genstat Systern of
programs was used for the multiple regression anaiyses. The
Maximum Likelihood Program from Rothamsted and the
Non-Linear Regression Program from IMSL (Anon, 1975)
w0re used for the growth curves and Tustat II (Koh, 1973)
for the t-tests.

RESULTS

Description of the structural components of the teeth used
for age determination

Deciduous incisor. In the fetus and the juveniles with less
than three GLGs the tip of the deciduous incisor (Fig. 6A.)
is covered with a layer of enantel approximately 100 prn to
130 pm thick; in older animals the tip is resorbed (Fig. 6C).
The prenatal dentine appears reasonably homogeneous and
is of intermediate opticai density but generally less dense

. .  Th. '  de : :L lLrous incisors and tusks f iom young du!r( )nr \ .  ( . . \ )  2.26-cnr- long deciduous incisor and (B) 0.55-cm-long tusk f rom a 1.3-m-long
:- : lc  dur, 'n:  le: r  than three months old.  (C) 4.18-cm-lonr d. 'c iduc'us ineisor and (D) 2.4-cm-long tusk f rom a 1.8-m-long dugong wi th tuo
, I  ( i i  i n  r hc  t l i k .  An  ex te rna lg rou th  l a1 .e r  i s  (D )  a r roued .
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than the postnatal dentine. It is abour 5 nrnr rhick at the
tooth apex.  The last - formed prenata i  denr ine is  general l1 '
slightly more opaque than that fornred earlier and stains more
intensely with haematoxylin. The tteorntal ft ire (Fig. 7A) is
a fine translucent unstainable lay'er about 40 pm thick. It
l ies between the opaque, intensely-stained edge of the pre-
natal dentine and another opaque (intensely stainable) l ine
about 30 pm thick. This tripartite structure forms a groove
in etched specimens, the stainable layers being at the sides
of the groove.

A

1  6Cum

H

Fig.  7.  (A) Decalc i f ied and sta ined sect ion of  a de.-rJ: iu:  in, - r .  :
f r om  a  l .Sm- long  ma ie  dugong  es t ima ted  t o  be , - , : L ' i ca :  . :
showing the unstained neonatal  l ine (arrouedr.  rB '  ( - : : - .en: : : : :
layers in a decalcified and stained transverse se.-:r :. ::om :i.:
midlength of  an erupted and q 'orn tusk t i r r r :  :  1.5- i -n- lor . :
adul t  male dugong. Twenty layers can be seen rn : l - . :  : : : reniu;
34 G.LGs were counted in the tusk.

A GLG in lhe postnatql dentine consists oi bor1l i lne and
thicker accessory layers. The fine lavers are op.rque. srain
strongly with haematoxylin, and are about l0 gnr wide anJ
separated by about  50prm of  in ternrediate l l  s ta inrng ie i r t ine.
About l2 fine layers are follo\\e.l by one or nrore trrr3.lur
(s ta inable)  and th icker  lavers each lbt rut  60 g: : i  * r ; , '  an-
fo l lowed by t ransiucent  dent ine.  T l :e ; , . : : r : i l r r i . r ;1  , r ;  - rg.1-- .3
and t ranslucent  t l - r icker  lavers : ! - : - : : rs  :  i r ' . . ' . r '  : : :  3 : - r r : - -
teeth.  Because of  the promine:r . :  :  : :
layer ing,  the boundar ies o iGLGs: : r ' .  . ' :  :
eu ish in  etched deciduous inc is , ' : :

The base o f  each dec iduous inc isor  i s  coa ted  w i th  cemen-
tum 80 to  130 gm th ick .  In  t r1 .1 : :  . t ; - , r : :11s .  ce lnentum covers
almost the entire incisor e\ar: ' -r t  \ t .  : t . . : . .  : :sorpl ion l-ras taken
p lace .

T u s k .  T h e  t i p  o f  t h e  t u s k . . , : r ) : s : )  i  : : r r ' r : l  : u s p s  ( F i g . 6 8 )
wh ich  may '  be  var iab l l '  t l c r : .  : ' : :  (  .  - : . : . -  : i . . .  i i p  i s  a  layer
o l  enqn le l  up  to  about  - i - : r ,  * : '  : :  - , , .  T  :  - ' : t . t : te l  becomes
th inner  on  Ihe  s ides  o l '  : :  -  '  . . . .  r '  -  - . . r : - : . r - r rs  a l together
a f t e r  t h e  i i r s t  i o r i r  t r :  i l ' . r ' ( , 1 L . : . . - : : ' :  : :  t l t :  r e n t r o m e s i a l
s ide .  where  a  la re : , . r i  : ' : ' . . : : ' r : ' . : ^  - . i  - i - i ,  . . : : :  t l t i ck  cont inues
beneath  l } te  ; : : : r . ' : - . : . . : : :  :  : : . :  r . : - :  .  :  : : - . '  l usk  u r  bo th  maleS
a n d f e r l a l e s { F : - ' \ ,

T h e  t h i : x : . - : . r  :  : .  :  ' .  . - . - i .  , . r ; . . ' . ' ) t :  r r r i e S  a c C O f d i n g  t o
t i t e  J c r . ' i . . : : : : . ' ; :  :  :  -  - : i ' :  : t . . -  : : : i r  b e  u p  t o  5 0 0  p f m

, ' ' . : :  : : r r : t  : ] t . .  pos tna ta l  dent ine
.  : ' : : ' : ' r : i : i . r n S .
-  : : J : . . . . . J ! ' : t i  . : i t s ta inab le  layer

, : : , : : : e d S e f i e s
. .  i ,  r  F r g .  8 )  c o n -

: \r . referred
. 1

J i . ' J ) i  
-

oi  :  , .  '

l r ' r i  -  .

l r , .  .  -

l t  -
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5 :
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: ' - - - : i
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'  - : -  l : l : ' j : :  -  : !  :  J f a C k .
'  ,  ) : i . : : -  : - - ' - : : - ' n S . t h e
. , . - , r ,  ^ : : ;  : : : - ' : 3  d i f f i -
.  . ,  - . . . : ' : . : . r  T l ' - . '  n f ean

i : -  . . :  i : : ' S : S  E i V g n  i n

. .  : .  r \  l :  i . l  . ig! .

- ' : t : : r l  t \ i S
_  - '  ,  . a P r (

S D
1 1 r m )

' i - - : ' ) s . r r )  l a y e f s ,
' : 3 , r i . * h i c h t h e

. ' : . B ; o n s i s t s
.  : . : - : . ' : : f c h  f O l -

_ . : : 3 o p a q u e
.  , : : : : : : lgd  aS

: - ,  l : ' .  S O I T I €

_ . -  : . 3 : t l c u -
, .  : -  l i shed

:--: : I icu_

j  - '  , :  i  . ; r  8 C ,t

L
l1!rt, , I _ t_-.j

_  _ . +

s

4

, i .  7
t . 9
5 . 5
5 . 1

- i l  \ \ J I I I



REP.  INT .  \ \ 'HAL .  CO\1 \ IN

j  r ' ;nentutn covers almost the entire surface of t lte tusk' iJer animals but is absent from the tip of the roorh irl
. ..rr animals. The layering in the cementurn (Fig. 7B) was
' : used to determine age. In many of the specimens studied,
: . r iententum had been damaged, presumably by prolonged
^ ,  , i l i ng .

External growth layers, where present, formed ridges on' : surfaces of the tooth (Fig.9B). They were found to cor-' , . : ' , r nd  t o  Zone  B .

l:itercalibration of strucfures revealed by different tech-
:r lq ues
.: . -:r of the masked teeth showed that the degree of optical
. .: sirv was mirrored by the degree of stainabil ity (Fig. gD).

,.r:: lnation of the tusk section which was subjected to a
, ' : : l r  o f  t reatments to demonstrate the GLGs (Figs.  gA to

.^)r suggested that, for this animal at least, the degree of
::. ' :r l density corresponded to both the degree of raclio_
.-:rr and of staining capacity. However, this relationship

-.. :rot hold for ali dugong teeth. When the section was
. .rJ. pencil-rubbed, and examined under transmitted
: : rhe translucent component of Zone B was found to l ie' : l ie side of the groove. The opaque component was at' , '  Jeepest part of the groove.
Growth layers are visible in the worn area at the tip of

.: ::red tusks as poorly developed concentric ridges and
-- ,.r\ 'es which presumably result from the differential abra_
::,)n of GLG components by the substrate as the dugong
::eds. When half the worn tip was masked by wax before
:' i ihing, it was evident that the more readily-abraded layer
;orresponded to the more readily-etched layer, i.e. Zone B.
i{orvever, it was not possible to determine whether the
,rpaque or translucent component of Zone B was the more
.r  craded.

Scoring the number of dentinal growth layer groups
T:.e first three or four dentinal layers were much rlore diff i-
, : i t to score than the layers formed subsequently. Hence,' : . .ung anirnals it was found to be necessary to use a range

(SPECIAL ISSUE 3) ,  1980 87

of preparations to determine age, i.e. both untreated and
decalcif ied and stained sections of the deciduous incisors
and the tusks; the erternal growth layers (Fig. 6D); and tl ie
half teeth.

The etched and pencil-rubbed half teeth (Fig. 9A) were
used for counting GLGs in older animals. One ridge plus
one groove was scored as one GLG; the ridge only, as half
of a GLG. The layering in nrost teeth could be counted very
easily, and there was usually conrplete agreentent between
repeat counts. Dentine deposition appeared to be occurring
even in teeth with small pulp cavities. It was possible to
count the layers in all teeth that were examined, although
the nature of the zone next to the pulp cavity could not
be ascertained with certainty in the teeth of six verv old
animals.

Counts ranged from zero to 5 I in unerupted tusks. A maxi_
mum count of 34.5 wasrecorded for an erupted tusk from a
male. The two erupted tusks front females had GLG counts
of 37.5 and 45.5. When both tusks fronr the same anirnal
were examined they were found to have the sante number
of GLGs despite any difference in size.

The external growth layers of older animals (Fig.98)
were often diff icult to see.

Rate of deposition of the growth layer groups
Uniformity of loyer deposition in different teeth from the
sqme qnimql. The zones being laid down at the tirne of death
in the deciduous incisor, tusk, molar 2 and molar 3 in two
animals and in the deciduous incisor and tusk of 13 animals
were compared. They were found to be the sarne for all
teeth examined from the same animal. The pulp cavity of
each of the deciduous incisors and molars examined was
open.

Sessonsl pattern of layer deposition. When the nature of
the zone being laid down at the time of death (Fig. l0) was
tabulated against the date of death (Table 2), Zone B was
seen to be almost always formed in the latter half of the
year. These data were obtained from 106 anirnals. 57 of

ffi'

I : ig .  8.  Transverse sect ions f iom the midlength of  the sanre tusk as the sect ion in 7(B).  (A) microradiograph ofthe ground sect ion that  is  etched and coated rv i th carbon and v iewed wi th obl ique l ight  in (c) ,  and thatis  v iewed wi th t ransmit ted l ight  in (B).  The sect ion uas 2 cnr wide at  the top.  The enamel layer is  arrowedin (A) '  (D) Adjacent scct ion v iewed * i lh t ransnr i ted l ight .  The r ight-hano port ion of  the sect ion isuntreated.  The lef t -hand port ion is  decalc i t . ied and sta ined.
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Tab le  2

[ ) ugongs  1 ' r on r  no r t he rn  Aus t ra l i a  ( 1969 -  1918 )
D i s r r i bu t i on  b1  n ton th  o i  t he  den t i na l  GLG zone  i n  p roccss  o l  I o rn r . , : 1

Data are numbr-rs ot  animals recorded

\  i  r l R \ l l \

I \ lonth

Type  o f  Zonc
being tbrmed .l an [ : eb Mar May  June  J  u l y A T I I

Zone  A
(Haernato.r l ' l in  +) t 0

Zone  B
(f{aemato\y l in ++) 1 6

which died in the process of depositing Zone A and 49,
Zone B. Only I 5 of the 5 7 animals (26%) depositing Zone A
died between Juiy and October inclusive, while 42 of the
49 (86%) animals depositing Zone B died within this period
(P < 0.00 I , 12 Heterogeneity Test). These data suggest that
one GLG is usually deposited each year.

u v / c m

Fig.9.  (A) The etched and penci l - rubbed longi tudinal  surfaces ot '
two dugong tusks.  The top tusk is  the erupted and r"orn 14.5-
cm-long tusk f rom a 2.72-mJong male dugong shouing 29.5
GLGs in the dent ine.  The l l .S-cm-long lowcr tusk is  f rom a
2.5-m-long female dugong and has 17.5 GLGs. (B) The unusual ly
c lear external  growth layers in the tusk of  a 2.39-nr- long adul t
male dugong.

The thickness of the Zone A next to the puip cavity was
recorded relative to that of the previous Zone A for all
anirnals laying down Zone A at the time of death (Table 3
and Fig. 10). The zone \\ 'as less than a third as wide as the
penultimate Zone A in l1 anirnals, between one-third and
two-thirds of the penultirnate Zone A in 14 animals, and
more than two-thirds as ri ide as the penultinlate Zone A
in 32 animals. TIie resLrlts indicated that the first third of
Zone A was laid d(r\\n bctween October and January, the
second third betn een Dccember and April and the last third
between FebrLrarr and September, further supporting the
thesis of a onc-rre r-\ r 'rr GLG deposition rate.

In Tables I an.t -r. Jlta fror.t.t both sexes. all areas. and all
years are combin l ; .  T l t . 'Jata were a lso considL ' red separate-
ly ,  but  no d i f tere: : ; :s  : ' ,1 : r  the general  pat ter l r  \ \L ' re found.
However.  data 1-r . ' : : r  . :  i  -ugongs k i l led in  T(r \ \ r ts \ i l lc -  shark
ne tsdu r i ng  i 9 l l  l  : : . : - . : : t J  se l l a ra te l ya rc  eve r l : : : ,  : :  s t r i k i ng
evidence of  an i l : . . . , .  - : : : ' ' rs t t ion rate (T3ble i  r .  T i r . -  only
except ion in  th is  . :  . , '  ' ' i : ls  one ani lnal .  u  i ' , i . : .  . . ' . -erred to
be lay ing do*n , i  1  : ' , l )  in  Apr i l  and ha. l  :  : -  ' :  ' i  two
GLGs.

Lo1,e, 4rrr,t,tion in sick t,r pregnont dugongs. [] ,:: rnirnals

co l lec tc r l  ' ' : ' : r :  \1  : : . :  - :  :  I . land  i r . r  Ju ly -Aug i . rs l  ' , \ ! ' re  des-

c r i b e d  b , '  i l . :  i :  : : - - : . . . :  , r ' i i c k ' a n d  u n i t  I . " i . t l .  T h e s e

an in ta ls  \ \ ( ' : ! '  ' : ' : . ' : \ i ' ,  i . '  : . : J  ;u iCk l l ' .  $ 'e I ! 'L '3S\  tO CatCh,
and had an  r r : r  ' : : : r - : . . , .  l i - i l  l ' l r l s i te  load (B .  R.  Gardner ,
pers .  comm.) .  On i i . . '  

' r . i s i s  . r ;  re tho log ica l  e ran t ina t ion ,

R.S.F .  Carnpbe l l  (pers .  c r ) r r r r r t .  )  I i ; r r r I tBd  tha t  thc l  had oede-

matous fat and r lLtscle. Th.- l .rr  r ' :  . l r ' lLrsit ior.t  pattern of these

animals did not di i ier 1-rol lh. i t  , ' : '  i )r .-  1 I  apparently healthy

dugongs caught at \1,. ,  rningt rrn I  si .r :r . :  . : l r  r ing the same period.

The two females  * ; th  la r l . '  i e t r i s : .  :  ' l l cc ted  f ron  Towns-

v i l le ,  one in  Dece l : : ' . ' : . .  Ihe  o th r ' :  - :  ,1  . : . r .  rvere  bo th  lay ing

down Zone B.

Relat ionship betweerr changes in bodr lensth and the num-

ber of growth layer groupr in the tu:k

O n t h e  a s s u m p t i o n t h e t , , : ' .  [ , [ ( ' : s  - ]  : : '  : . i l t 1  c a c h v e a r ( s e e

,  ' - . _ ' -

A

B
:$*

$
..

$
'":

$,

s
;k
iiil il'
, a

,,*.s

Table 3

Dugongs  $  i t h  Zone  A  be ing  f  o rmed  a t  t ime  o l  dca th
D i s t r i bu t i on  b ) 'mon th  o l  t l l i c kncss  o l  Zone  A  re l a t i ve  t o  t h i ckness  o l  penu l t i n l r : :  1

I )ata arc numbers of  at l in ta ls recorded

Thickness of  Zone A being
lbrmed relat ive to th ickness
o f  penu l t ima te  Zone  A \ lav\1ar.l an \ , , r Dec .A P I J u n e Jr.r lr

Less than one-th i rd

One+hird to two-th i rds

Greater  than two-th i rds

I

2 3 3

6 4

I

3
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T.rble 4

Dugor ls\  kr l lcJ in Tou nsvi l le  shark nets in 19i ,2
D i s t r i b t r t i on  b l  n t on th  o1  n f , t L l r c  and  t h i ckncss  o f  den t i na l  GLG zone  bc i ng  t t r rmed  a t  t ime  o f  dea th

M o n t h

i 8 9

J l n . D c ct e b N{a r Apr May  June J  u l y Aug Sep t .  Oc t .  Nov .

Zone A :  less than one-th i rd

Zone A :  onc-th i rd to two-th i rds )

Zone  A ' .  g rea te r  t han  two - t h i r ds

Zone  B

s.ction on GLG deposition rate), the relationship between
lody length (L) and age (A) (number of dentinal GLGs) was

"'elculated using a standard single-phase asymptoric growth
.urve ofthe form

LA =  L -  +B?A
where LA = length at age A

L_ = asynrptotic iength
and p andT are constants.

This is algebraically equivalent to the von Befialanffy Growth
Equation (von Bertalanffy, 1938, 1957).

For the calculation of growth curves, dugongs were
assigned ages that represented a mid-year point within their
respective year classes. Thus. dugongs with less than one
GLG were aged as 0.5 years. dugongs with one but less than
two GLGs as 1.5 years.  etc .  This  process takes account  of
the range of sizes within a !,ear rather than at the beginning
of a year, which was particularly important for dugongs
rl ' i th less than one GLG as the length at birth was not known
n'ith certainty.

Five growth curves were calculated for the Townsville
ropulation as follows: females;rnales (animals with unworn
:usks only): all males (number of GLGs in wonr tusks used
i\ in estimate of age); males and fentales (unworn tusks

::1r t (Fig. 11); all animals. As all but rwo of the fernales
::.,rn Mornington Island were almost old enough for the
,sr rnptotic length to have been reached, separate analvses
.'ere not performed for males and females from tlt is popu-
.rtion but were restricted to age estimates based on un\\ 'orn
:usks and all tusks as above.

Fig.  10.  Longi tudinal  tusk sect ion used fbr  determining the rh ick_
ness and nature of the GLG adjacent to the pulp cavi t ! . .

N O  O F  G R O W T H  L A Y E R  G R O U P S

O I . 4 A L E  U N W O R N  T U S K S  . V l A L E  W O R N  T U S K S

OFEF1ALE  UNWORN TUSKS .FEMALE WORN TUSKS

I: ig.  11.  Relat ionship between body length (La) in mcrres and age
(A) in years (expressed by number of  dent inal  GLGs) for  dugongs
from Mornington Island and 

'Iownsville. 
The regression fitted

to the Townsvi l le data (unworn tusks only)  is  L4 = 2.69
1.3-5 (0.86).A' .
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Table 5

Es t ima tes .  i nc l ud ing  95 ' .  con i i dence  l im l t s ,  o f  t he  asymp to t i c  l eng th  l L -  ) .  L . r - ' i
and gro* th curve constants lbr  dugong gro\ \  th cur\  es.
The  coe f f i c i en t  o f  de te rm ina t i on  ( r ' ? )  i s  a l so  i nc l udcd

\ O R I  I I I  R \  { T ' S T R , - \ L I A

r : l  i ' l -

Condi t ion of
Sex  t usks L* (9s% CL) Lo Q5% CL) 0 (9 ,s :  c r r

Townsville population

Female Unrvorn 34 2 . 7 2  ( 2 - 6 3 , 2 . 8 2 ) 1 . 3 1  ( 1 . 1 6 , 1 . 4 s ) - 1 . 4 1  (  1 . 5 1 .  l . l - i

NIale Unrvorn 2 5 2 . 3 9  ( 2 . 3 0 , 2 . 4 8 ) 1 . 1 0  ( 0 . 8 6 ,  r . 3 5 ) 1  . 2 9  (  1 . 5 1 .  1 . 0 9 ) 0 . ; 0  ( r ) . 6 i .  { r . 8 0 )  0 . 9 1

Male Un\\ 'of  n + worn 34 2 . 5 3  ( 2 . 4 4 ,  ) . 6 2 ) 1 . 2 7  ( 1 . 1 0 , 1 . 4 4 ) 1 . 2 6 (  1 . 4 2 .  1 . 1 0 ) 0 . 8 0  ( 0 . 7 . 1 , 0 . 8 7 )  0 . 9 1

I :emale + male Unrvorn 5 9 2 .69  (2 . s9 ,2 .79 ) r . 3 4  ( 1 . 2 4 .  1 . 4 5 ) 1 . 3 5  ( - 1 . 4 6 , - 1 . 2 3 ) 0 . 8 6  ( 0 . 8 3 , 0 . 8 9 )  0 . 9 1

Female + male Unworn + worn 6 9 2 . 6 7  ( 2 . 6 0 , 2 . 1 4 ) 1 . 3 5  (  1 . 2 5 .  1 . 4 5 ) - l  1 ) r  1 4 1  1 ) ) \ 0 . 8 6  ( 0 . 8 3 , 0 . 8 8 )  0 . 9 1

Mornington Island

Female + male Unuorn l 6 2 . s 6  ( 2 . 3 7 , 2 , 7 4 )  0 . 9 3 ( - 0 . 3 3 , 2 . 1 9 )- 1 . 6 2  (  1 . 8 1 .  0 . 4 4 )  0 . 8 7  ( 0 . 7 7 . 0 . 9 7 )  0 . 7 1

Female + male Un$'orn + worn 30 2 . 5 5  ( 2 . 4 3 . 2 . 6 6 ) r . 0s  (0 .14 ,  1 .96 ) 1 . 4 9  I  r 3 1 . - 0 . 6 s )  0 . 8 8 ( 0 , 8 r . 0 . 9 s )  0 . 6 7

Estimates and95% confidence intervals of the asymptotic
lengths, birth lengths, and constants based on the above
analyses are given in Table 5 with the coefficient of deter-
mination (r2) for each curye. The estimates of L- and 7
were all significantly different from zero at the 0.00i level.
Those for B were significant at the 0.05 level or 1ess.

The growth curves for Mornington Island dugongs
(Table 5) are unsatisfactory as the confidence intervals for
the birth lengths are too large to support the estirnates of
this parameter. This is not surprising as the youngest animal
in the Mornington Island sample was estimated as flve years
o ld .

At a value of approximately 20 GLGs, all the curves
approach an asymptote. The confidence intervals for the
asymptotic lengths of the Townsvil le femaies and maies,
based on age estimates from both unworn tusks only and
a1l tusks, do not overlap (Table 5), suggesting that the
asymptotic length of the females is greater than that for the
males. When the mean lengths of all Townsville females and
males with 20 or more GLGs are compared using a t-test,
the mean length for females is also found to be significantly
larger  (0.025 <P< 0.05) .

A similar comparison between males and females from
Mornington Island does not demonstrate an)' sex difference
in asymptotic length at the P = 0.05 level, perhaps because
the sample size is so small.

When the confidence intervals of the asyrnptotic lengths
(both sexes combined) of the Townsvil le and \lornington
Island populations are compared (Table -5). thel' overlap,
possibly because of the comparativeiy snrall size of the
Mornington Island sample. However. when the mean body
lengths of ali animals fronr the two populations rvith over
20 GLGs are compared using t-tests. the asvntptotic length
of the Townsvil le animals is found to be signii icantl)i greater
(P < 0.0005;  both sexes together) .  \ \ 'hen the sexes are con-
sidered separately, t l 're differences beru een the tr"'o popula-
tions are not significant. This nrar be related to tire small
sample sizes or r.na!'reflect t l.re dii ierences in the sex com-
position of the two samples.

The asymptotic length estirrares oi rhe Townsvil le
dugongs produced by a l l  the cur \es nra\  be too low.  In the
case of the curve for rnales *irh unuorn tusks only. this is

obviously because anirnals with over l0 GLGs were not
included in the analvses. Two females out of nine and two
males out of f ive u'ith more than 20 GLGs had body lengths
are^tet  than the r ruoer  l i rn i t  o f  the 95f i  coni idence interval
for their respective as\'nrptotic lengths.

Many marnrnals erh ib i t  a  'growth s |Lrr r '  a t  or  around
puberty  (von Benalani i r .  1957) and f i t r ing a s ingle curve
obscures th is  feature and probably leads to rhe underest ima-
t ion of  asymptot ic  lenqth.  A two-stage sro* th curve could
be fitted. but this *oul,l involve making an arbitrary deci
s ion concerning the star t ing point  of  the sectnd sect ion of
the curve. In vie$ of t ire l irnitations of thc' present data, a
single curve seenrs tcr a.icquateiy describe rhe increase in
bodl '  length rc lat ive 1.  . lent inal  GLGs t l i roughour l i fe .  The
values oi r: rrbtetnei l!) i Ihe curves fitted to the Townsvil le
data were high t) 0.9 I ) and tl 're residuals trom the fitted
curves shorl 'ed n.-r 51 51gy11xtic bias.

Relationship between pubern' and the number of growth
layer groups in the tusk

Males. Reproducti le nraterial ironr 5l male dugongs has
been examined h is t t rLrg ical l r ' .  \one o i the 20 animals(13 of
which had GLG c.runts over 10. -l rrer l0) from Townsvil le
and Mornington Islrr- t irrt .] ie; . i i \\ 'een November and
Apr i l  inc lus ive and , : r . ,  ien o:  : l . . ' - l l  an imals f rom the
same areas that  d ied i r  t l :  ienrr in . : l :  . r i  the year  had sperm
in thei r  testes or  epid idr  :nr i . 's .  Inc luJed in these 32 animals
were 12wi th more than I0 GLGs ui r ich rvere col lected f rom
Mornington Island in Jull : onll iour of these had sperm in
their testes and epididymides. These results suggest a seasonal
cyc le of  reproduct ive act i \ i t \  rn  t i te  nt r le  dugong in which
not all males are in rut sinrultanerruslr'.

Male dugongs have been classii i . 'J as irnmature, mature
act ive.  or  mature qr . r iescent  .n rhe basis  of  testes weight ,
tubule d iameter .  s tate o i  tLrbul . '  l . r : r ine.  and the presence or
absence of  mature spernt .  T l t . '  r l : :sr  ln imal  f rom Towns-
vil ie ciassified as inrrnature hsJ sir ,:r 'ntinal GLGs and the
youngest with ntature spernr in Ilr! '  i ... i i .-s and epididymides
had  n ine .  Co r respond ins  i l : : : : . ' , : :  \ l o rn ing ton  I s l and
dugongs were 14.5 (o idest  in l : l j :  .  :  r .  i -1  (youngest  mature
quiescent) .  11.5 ( l "oungeSt nr3 i . . : : '  . , - : ive) .  A l though only
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six animals with between 10 and 20 GLGs have been exan.r-
ined from this population, these preliminary resuits suggest
that male dugongs may be maturing later at Mornington
Island than in the Townsville region.

Two 'mature active' males, one with nine and the other
with 10.5 dentinal GLGs, had unerupted tusks. The tusks
were just erupting in another with 12 GLGs. A 'mature

quiescent' animal from Mornington Island had unerupted
tusks and 14 GLGs. These results indicate that the tusks
erupt after puberty.

Females. Examination of the female reproductive tracts has
not proceeded sufficiently to enable any firm statements
about the age of female reproductive maturity in the dugong.
The reproductive tracts of 20 female dugongs from Towns-
ville have, however, been examined at autopsy. The oldest
which had no follicles visible on the surface of the ovaries
had nine GLGs;the youngest with follicles had eight GLGs.
The youngest dugong with corpora lutea had 13 GLGs and
the youngest pregnant dugong had 16.5 Only seven female
dugongs from Mornington Island have been examined and
of these only three had less than 20 GLGs. The youngest
with foll icles had 14,5 dentinal GLGs. These results suggest
that puberty does not occur befbre at least eight or nine
GLGs are deposited.

Relationship between incisor growth and the number of
growth layer groups in the tusk

Deciduous incisors. In the fetus (body length 1 m) 1.6 cm-
long deciduous incisors were present. The deciduous incisors
were 2.26 cm long (Fig. 64) in the youngest juvenile, with
a body length of 1.3 m and estimated to be iess than three
months old.

The growth of the deciduous incisors is summarized in
Figure 12. The maximum length recorded for the deciduous
incisors frorn a male dugong was 4.25 cm (6.5 GLGs) and
for a femaie 5.72 cm (13 GLG$. After about 2.5 to 3 GLGs
the pulp cavity of the incisor closes and the tooth starts to
be resorbed (Fig. 6C). In males, the deciduous incisors are
l,,st around the tirne of tusk eruption. The sockets of the
-::iduous incisors are lost as the tusks expand. In the fernale.
':::r i l  partially-resorbed incisors may persist unti l the tusk
.rs  la id down up to 30 GLGs (Fig.  1B).

frsks. The tusks exhibit dramatic axiai growth in botl'r seres
,Fig. l3), making transverse sections useless for age deter-
' : : inat ion based on dent inal  layer ing (F ig.9A).  The 1.3 r l
.:r.enile had tusks 0.55 crn long (Fig. 68). A maximunt tusk

.:ngth of 17.8 cm was recorded for two fenrales. one with

.:t, GLGs (tusk unworn);the other 37.5 GLGs (tusk erupted
rnd worn). The maximum tusk length recorded for a rnale
'* as 15.8 cm. The tusk had 26.5 GLGs and was erupted and
worn.

The growth of the tusks is similar in both sexes unti l
about ten GLGs are laid down and the tusk is about l0 cm
long (Fig. 12). The tusk grows posteriorly through the pre-
nraxil la. and, after the deposition of one or two GLGs, a
hole appears in the lateral side of the premaxil la at the root
oi t l.re tusk, enabling its state of growth to be seen. The
increase in length of the tusk is generally accompanied by
an increase in length in the pulp cavity, although the rate
of increase in the size of the pulp cavity is less after the
deposition of about f ive GLGs (Fig. 12).

The female tusk continues to grow posteriorl l, through
the prernaril la. The increase in length of the tusk is accom-
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Fig. 12. Diagram showing the length (in cm) of the deciduous
incisor, tusk pulp cavity, tusk, and the tusk socket at various
ages (expressed as number of dentinal GLGs for male and female
dugongs).

panied by a corresponding increase in the length of the
alveolus (Fig.12) which continues to extend up the pre-
maxilla, the hole in the premaxilla marking the base of the
alveolus. In older anirnals, the width of the GLGs decreases
(Table 1) and the pulp cavity decreases in length (Fig. 12).
The inclination of the GLGs from the long axis of the tooth
aiso increases with time, resulting in the later layers in very
old teeth being almost perpendicular to the long axis of the
tooth. In two females, with 45.5 and 38.5 GLGs, the tusks
had erupted and worn, presumably because they had reached
the base of the premaxil la and could not grow posteriorly
any farther. Tusk eruption cannot therefore be considered
to be diagnostic of male dugongs.

In the male, the tusks erupt (Fig. 2) after l2 to i 5 GLGs
have been laid down. The length of the tusk alveolus remains
relatively constant thereafter and never reaches the base of
the premaxil la. The premaxil lary bones are much thicker
than in the female and the hole in each premaxil la at the
base of each tusk usually disappears around the time that
the tusks erupt. The decrease in the width of the GLGs is
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other  an ima ls  in  wh ich  i t  r ' , . r .  : ' : . . - ' ,  :  \ :  : l '
l o s e s  i t s  o r i g i n a l  b i l o 1 . ; , , "  i  . :  ,  :
The pu lp  cav i ty  i s  ope l t  r t  ; . : : : :  .1 . - : ,  :
by  the  t ime one GLG has  br ' r ' : r  . . : r . .  . :  , , . : .
the  t ime two GLGs l tave  br -c ' r  l r : . .  - :  . , , :  \ ' :
beg ins  to  e rode.  I t  i s  ger r . ' : r l : , .  .  . '  '  .
G L G s  h a v e  b e e n  l l i d  J , ' s n .  .  .  :  . , . .  ' :

l o s t b y t h e t i r n e  t h e  a n i n r l l  l : l i ' '  ( ' l  i ' .  ;

Premolor I (PlIl): P\l-l t []ig: ir \ Il (

and erup ted  in  the  le tus  i i r l J  in  \ \  - ' . r :  : :  : .

,  i , r \ ) t l l  n 'ears ,  i t
: ' J , \ r l l r 'S  peg l i ke .
i . : i ' r ' r  i t  the  base
r:r. l  !)acludes by
: :  :h is .  the  too th
i : : l l r -  S lx  tO t01 l

. '  r l r  eolus being
: :  - '  I  l r s k .

.  I )  t  r r l s  p resent
: l  . ' : i  e \Cept  the

Fig.  13.  The 0.5S-cmlong tusk f rom a 1.28-mJong dugong and the
13.7-cmJong tusk f rom a 2.39-mJong male dugong.

not as great as in the female (Table 1). The inclination of
the GLGs to the long axis of the tooth decreases in o1d
animals. This causes the tusks of old males to taper at the
base. However, the length of the pulp cavity decreases
appreciably iess than in females (Fig. 12).

The anterior erupted end of the tusk is worn ir.rto a chisel
shape (Figs. 2,9A), the cutting edge of whicir is reinforced
by the enamel layer below the cementurn (Fig. 8A) in this
region.

Relationship between the ontogeny of the cheek teeth and
the number of growth layer groups in the tusk
There was no instance of all six cheek teeth having been
erupted and in wear at once in any one of t l ie 107 skulls
examined. Only one skull had all six cheek teeth present in
each quadrant, molar 3 being unerupted. Any unerupted
teeth always occurred at the posterior end of the tooth
row. Teeth in which the roots were resorbed and which
were wizened or broken aiways occurred at t ire anterior
end. X-rays of the crania and mandibles did not reveal any
unerupted teeth that were not visible from superficial
examination. The enamel of all t l iree premolars was usually
present only in very young dugongs. Molars appeared to
lose most of their enamel before or soon after eruption, as
reported by Fernand (1953).

Usually the development state of the cheek teeth was
similar in both jaws of any one skull. When differences
existed, development in the upper jaw was found to be
lagging behind that in the lower.

The development ofeach cheek tooth is considered sepa-
rately below in relation to the number of GLGs in the tusk.

Premolar 2 (PM2): This tooth (Figs. 14,A, B) is cylindri-
cal and considerably smaller than the other teeth. It seems
to be variably present, at least in the upper jaw. being absent
both from the 1-m fetus and from another animal estimated
to have been less than six months old. It was slightly worn
in the youngest of the juvenile animals, and ir.r wear in all
other anirnals with less than two GLGs, except for two
animais with one GLG, in which it was broken. The pulp
cavity is open at birth but is occluded by the tinre the first
GLG is deposited. The tooth is usually lost by the time the
animal has laid down about five GLGs and all trace of the
alveolus has disappeared by the time the animal has laid
down eight or nine GLGs.

Premohr 3 (PM3): PM3 (Figs. l4,A, B, C) was present and
erupted in the I -m fetus. erupted, but only slightly worn, in
the youngest juvenile (1.3 m body iength) and worn in all

youngest  juven i le  duqo i ls .  $ i t l r  : r '
o r ig ina l l y  b i lophodont  sh l r . ' .  T1r . '

. : . : , , : :  : - , . ' : - :  I O S S  O f  i t S

. : l : '  , . ' .  i :  '  l t ; r c r s  a t  t h e

base af ter  aboLrt  t rne GLCi I r : is  r r : . - l t  l l i . :  .1 , , . ' .  l  . rn . i  is  gener-
a l l y  c l osed  b r  t he  t i r t t r ' l , r t n  ( , L ( ' : 1 : . r r r ' l r i ' r ' n  l a i d  down .
The tooth is usull lr :r ' \ r 'rr ' l \ crt.rt lc-J ( Fi-: 1-1D ) bv the tirne
the animal  l ias e ight  CLGs in the tusk tnd nt t \  ! ' \ 'en be lost
at  th is  s tage.  In  sonr . ' rn i : r l ls  i t  renra ins as a \ \ izened stump
for  much longer (Lu.  t , ,  1r ' .  GLGs).  The a l r . .o lus is  usual ly
f i l led by t l ie  t i rne thc '  . r : i l ; r l l  has l0  or  30 GLGs in the tusk.

Molar  I  ( , l I l ) :  \11 tF i .s .  1 .1A.  B,  C.  D.  E)  is  present  but
unerupted at  b in l r .  I r  . ' r r r i r15 and cornes i r tc l  rvear  dur ing
the laying dorrn oi Ih.. s"'c,rnd or third GLG. Its pulp cavity
star ts  to taper  aI  thc b lse l t ter  about  f ive GLGshave been
deposi ted in  th. '  rLrsk . rn.1 i t  c loses at  about  12 to 14 GLGs.
M1 loses i ts  h i l i ) l l t , , . iont  shape as i t  wears and becomes peg-
l ike.  I t  can pers isr  r ' ' r 'J5 or  lnore GLGs but  is  usual iy  lost
by the t inre l :  GL ( - is  i rave bcen deposi ted in  the tusk.

Molar 2 (112). T:',: . inenrpted N12 rvas first seen in skulls
f iom dugongs r i  i l1r  ' l t  rLrsk GLG. I t  erLtpts arrd cotr ies in to
wear dur ing the t i ; r . ' t l t : r t  the four th GLG is  la id dorvn.  The
pulp cavitir renrains !i ' .r.1 thfoughout l i fc ahhttugli i t is very
reduced  i n  o ld  an in r r l :  tF lg .  15A) .  M l  l oses  i r s  i n i t i a l  b i l o -
phodont  shape an.1 \ \ , ' r r :  Jowl l  to  a s intp ie per  shapc (F igs.
14C. D.  E.  F) .  I t  s l t t rs  :  : . : t rnounced axia l  gro\ \  r l l  rhroughout
l i fe .  In  o ld aninra ls  \ l l  : : r r r  be nrarkedlv curved ro the l iont
( F i g .  1 s A ) .

I Io lar  - l  / l / . t i  \1 . :  rF: : :  1 .1C.  D,  L_.  F)  is  l - i rs t  apparent
0S ef l  L l f lc ' ru t t r . . l  i , , , , l l t  r ' . ] ten t i ie  dr . rgor- rg has three to four
tusk GLGs.  I t  . ' rLr . ' ts  l ]nJ t , rntes in to wear at  betrveen seven
and n ine GLGs.  Lnl rke the orhcr  reeth i t  re ta ins i ts  b i lopho-
dont  shape.  the cror ln havins l  character is t ic  keyhole out-
l ine (F igs.  14D. E.  F) .  Hor icver .  rhe occlusal  sur face wears
f la t  as in  the other  teeth.  The pulp cavi t l ,  o f  M3 remains
open throughour r l t r .  l i t 'e  o i  t l rc  rn inta l  but  becornes re la-
t ive ly  snta l ler  s  i r l t  l t . .  (F iS.  l5B t .  \1- l  increases drarnat ica l ly
in  s ize t i r roughtr iL i  l ; : :  (Fr- :  f  - i l l  I  : .  : l  resul t  o f  pro longed
axial and radial gr',r ' .

The ontogenr ' '
nunrber  of  GLGs i : r  :

- : r - : . .  , r l r  in  re lat ion to the
. .  . i  i  .  '  r : i , / ! ' d  i n  F i C u r e  1 6 .

Rela t ionsh ip  be t *een rc l , r r i r . .  { ro r r r l r  c r i te r ia  and the  num-
ber  o f  g rorv th  la -v -er  g roup.  in  t l te  tL r .k
The age o f  .voung i tn l : r . : . .  - , :  -  -  . ' . : : t t teJ  i ro tn  re la t i ve
growth  c r i te r ia .  r i l t i c i t  : . : ,  , . .  -  . , ' .1 . .  ind ica tors  o f  age
as  the  an in ra ls  ge t  o l ; . ' :

T h e  i b l l t t u i n {  t j r '  J . . : . . - .  - -  - - ' g n i z e d b y c o r r e -
l a t i n g  c h a n r e s  i n  . : l : t : - :  : . , : r i l l  s u t u r e s ,  b o d y
l e t i g t l t .  l n J  t r : r : t : . r  t t . , : .  . -  . . J .  e s l i n t a t e d  a s  t h e
n u : t t b e r  , , t  J e r r t i r , : .  t  , l  .  .

0 - l  - t ' ear :  P \ l  I  l ' \ i - :  :  ' .1 . :  - : : . - :  ion te  ln ro  wear
s o o r t  a t l e r  b i r t l r .  - - . - .  .  .  '  . , . .  \ 1  1  u n e r u p t e d ;
p u l p  c a v i t i e s  r r i  r . .  i : :  i  -  . , r i d  s u t u r e  o p e n ;
b o d y '  l e n g t h  l : s :  : ;  . , :  - : . :  * i d t h  i e s s  t h a n
1 5  c rn .
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Fig.  15.  X-rays sho* ing the grouth of  \ {2 and M3 from the r ight  hand s ide of  the lower jaw. (A) M2 f rom
dugongs wi th ( le i t  to r ight . )  7 GLGs. 1- l l2 GLGs, 14 GLGs, 22 GLGs ( tusk worn),  33 GLGs ( tusk worn).
(B) M3 f rom the same dugongs.

wew

*N
t  ig .  1,1.  The upper jaw cheek tooth dent i t ion of  dugongs ofvar ious ages.  (A) presumed neonate;  PM2, PM3,

P\{-{  crupted,  Ml  unerupted.  Wear can be seen on the crown surface of  PM2. (B) 1.5 GLGs PM2, PM3,
P\ l '+.  \ l  1 erupted and in wear.  (C) 6 GLGs;socket  of  PM2; PM3, PM4, M1, M2 in wear;M3 erupted and
un\r 'orn.  tD) 13 GLGs; socket  of  PM3; PM4 eroded; Ml ,  M2, N{3 in wear.  (E) 16 GLGs ( tusk worn);
socke t  P \14 ,  \ { 1 ,  N t2 ,  M3  i n  wea r .  (F )  29  G tGs  ( t usk  wo rn ) ; socke t  M1 ,  M2 ,  M3  i nwea r .
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MARSH: AGE DETERN{INATION OF THE DUGONG (DUGONG DUGOII (N,IUI-LER)) I \  \ORI.HERN AUSTRALIA

-  UNERUPTEO

I  E n u " t E o  A N o  N  w g A e
-  E R o o E D  A N o  w o R N

o 'oro 
o. iJ*r,ro. ;'.*r, ,-^i; o.ourrto

Fig. 16. Summary of the pattern of eruption and wear in dugong
cheek teeth as related to age (number of dentinal GLGs in the
tusks). The ages given for the persistence or eroded and worn
teeth are the maximum observed. In many animals the teeth are
lost before this.

I-2 years: Ml may be erupted; M2 unerupted; pulp
cavity of PM2 closed; pulp cavities of PM3 and sometimes
of PM4 tapered at base; basisphenoid suture closed; body
length 1.5 to 1.75 m; zygomat ic  width 15 to 15.5 cm.

2-3 years: PM2 eroded, may be lost; Ml erupts and
comes into wear; M2 unerupted;pulp cavity of deciduous
incisor may be occluded; pulp cavity of PM3 occludes;
zygomat ic  width 15.5 to 17.5 cm; body length 1.75 to
2 m .

3-4 years: PM2 usually lost;PM3 eroded;M2 erupts and
comes into wear; M3 unerupted; pulp cavity of PM4
usually occluded.

4-6 yeors: PM3 eroded and may fall out; pulp cavity of
PM4 occiuded; pulp cavity of M 1 tapered at base .

6-9 yeors: PM3 usually lost; PM4 eroded, may be lost;
M3 erupts and comes into wear; condylar sutures may
close.

After the eruption of M3, relative growth criteria become
much less reliable. PM4 is variably lost between 8 and 16
years. Although the pulp cavity of M1 tapers and cioses at
12 to 14 years, M1 may persist throughout i i fe; however it is
usually lost by 25 years. In males. the tusks erupt between
12 and 15 years and the deciduous incisors are usually lost
around this stage. In females, the deciduous incisors may
persist for 30 years. The condylar sutures close between 8
and l3 years, and the basioccipital usually, but not invari-
ably, closes by 20 years.

Body length is a poor indicator of age except for young
animals as the range of size at a given age is considerable
(Fig. 1 1). The best nonlinear regression that could be fitted
between body length and age for animals in whlch M3 was
erupted explained only 28% of the variance in body length
with age.

Relationship between cheek-tooth parameters and the num-
ber of growth layer groups in the tusk
An attempt was made to describe the relationship between
age and selected cheek-tooth parameters to see if they could
be used as predictors ofage.

Bivariate scatter diagrams were drawn on linear and loga-
rithmic scales for all dugongs with molar 3 erupted and in
wear to compare the number of GLGs used as an estimate
of age (A) and the following cheek-tooth parameters: cheek-
tooth index (T); crown area molar 2 (C); central cross-
sectional area molar 2 (Xr); central cross-sectional area

pulp cavity molar 2 (P2): crorvn area molar 3 (C:); central
cross-sectional area molar 3 (X: ); central cross-sectional
pulp cavity molar 3 (P3)

Initially. data for males and for females and for the
Townsvil le and Mornington Island populations were each
analyzed separately. but as the analyses showed that there
were no significant (P < 0.05) dif ierences between the
groups, the data were not separated for the subsequent
analyses.

Scatter diagrams (Figs. 17A to D) are presented for the
relationships between A and C2, Cr,Xr, X3 (Fig. 15) on
linear scales. Each of the variables increases with age, parti-
cularly up to about 30 GLGs.

A similar plot of the relationship between T and A
showed that T decreases with age (Fig. 18). I-ogarithmic
transformations of both A and the independent variables
were used to rectify the data and stabil ize the residual vari-
ance in each case.

Least squares univariate lhear regressions were computed
for the logarithm of A and the logarithms of all the other
variabies. Data from animals n ith nrore than 30 GLGs were
omitted from the analyses because the lariance of the cheek-
tooth parameters is so great aiter 30 GLGs have been
reached. Two separate sets of anall ses r', 'ere performed. The
first set included data frorn anrrnals rr ith unworn tusks only;
the second set included data l ionr all animals.

The resulting regression l ines ail erplained a significant
proport ion of the var iance in A (P < 0 01 ) .  except  those for
1og.P2,  and 1og"P3.  Table 6 l is ts  t i r :  3st i r rates of  the in ter-
cept  a,  the s lope b and the coei f ic ienr  . r i  Jeterminat ion ( r2)
for all significant regression l ines. Th.' lsri; late of the inter.
cept a was significantl l dif ierent ir..:: z. 'r.r (P ( 0.001) as
was  the  es t ima ted  s lope  b  (P<0 .0  l t tT rb le  6 )  o f  each  o f
the significant regression l ines.

A step-up multiple regression technique w'as used to
compute the best relationship betn'een rhe logarithm of age
and the logarithms of the various cheek-rotrth parameters.

The best  re lat ionship tor  the animals * i th  unworn tusks
for which estimates oi the intercept and all the partial re-
gression coefficients nere significantl l '  different from zero
(P (  0.05)  u 'as:

log"A = 3.65 + 0.34 log"C3 -  0.62 1og.T +
0.38 1og"X3 -  0.32 1og"C2,  R2 = 0.83

or A = 38.47 C!'3a 1-0.02 X!'sa 6-o'sz

and similarly for the animals with rvorn plus those with un-
worn tusks

log"A = 3.50 + 0.27 1og.C3 -  0.5- l  log.T +
0 .571og .X3  -0 .34  l og "X , .  R2  =  0 .89

or A = 33 .12 C\ 'z t  ,  
-o 'sa 

X0 s 1;o ' :+.

The same technique was used to c!)nrpute the best signifi-
cant relationship between 1og.A anJ the 1og. of those
cheek-tooth parameters that could be tri13i1Ei by x-raying
a live animal, i.e. parameters erclrl.r inr C1 and C3.

The best relationship for anirnals rr l i l i  Lrn*'orn tusks was

1og"A = 4.35 + 0.78 log. \ ,  -  t l  ' r [ l  ] rS"T -

0.44 1og"X2.  R2 = 0.82

o r  A  =  1 7 . 4 8  X ! ' r s  t - 0  ! '  \ - '  : ;

and for the animals with n Lr rr : ' .... :: :: '  * 1111 unworn tusks

log "A  =  3 .94  +  0 .8 :  l o - .  \ ,  
- "  

. . , g "T  -

0.43 log"X,  .  R2 = 0.87

o r A  =  5 1 . 4 2 X 9 8 : T  
- - \ .

c

o
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F tests for all the above regression l inc's *ere siglt if icant
(P<0.001) as were a l l  par t ia l  regression coef f ic ients (P(
0.0s).

Examination of other hard tissues
No GLGs were observed in the hurnerus or malleus. Layers
were, however, clearly discernible in the tympanic bones
and ribs. Twelve layers were counted in the tympanic bone
of a dugong with l T layers in its unrvorn tusk: 23 in a dugong
with 33 layers in its erupted and unworn tusks. Eight layers
were counted in the cross section of rib frorrr a dugong with
nine layers in its erupted and unu'orn tusk. The ribs from
uncatalogued dugongs had six, seven. and at least I 1 layers,
respectively. The counting of layers in dugong ribs is diff i-
cult because of accessory layering and the orientation of
the Haversian systems.

DISCUSSION

The sample
The collection of measurements, skulls and reproductive
tracts frorn shark-netted dugongs from the Townsvil le area,
acquired since 1969 by Heinsohn and his co-workers and

5 5  0  L  8  1 2  1 6  2 A
o R o S S  S E C T  o N A L  A R E A  M o L A R  3  I S q c m l

T T I O R N  E  U N W O R N

used in this study, is the first substantial series of well-
documented dugong material. ln the absence of f ield studies,
it is impossible to gauge how represetrtative this sample of
the Townsvil le dugong population is. When the distributions
of sexes. sizes and estirr.rated ages are considered (Figs.3 and
4) there appear to be no major gaps. From the age determi-
nation viewpoint. it is fortunate that carcass material was
collected in every month of the year. It would, however,
have been desirable to have more individuals from certain
age groups, particularly late fetal and neonatal animals.

Most of the rnaterial from Mornington Island dugongs
was collected in July-August by somewhat selective hunting
and no really young anirnals were obtained from the abori-
ginal hunters. This sample cannot, therefore, be considered
representative of the Mornington Island dugong population.

Age determination using growth layer groups in the tusk
The tusks are ideal for age determination. Tirey are present
throughout l i fe and do not erupt and wear except in post-
pubertal males and occasionally in old females. Except in
the case of some o1d fernales, the pulp cavity remains open
and dentine appears to be deposited throughout l i fe. The
GLGs in tl.re tusks of dugongs from the areas studied are

, : i ,

" l

t

t s

:  ' 5  2 a  3 5  1 5

: A 3 W N  A R E A  M O L A R  3  { S q  c m  )

r  * C R N  o I J N W O R N

Fig. l 
-. 

Bivariate scatter piots showing the relationships between age (A) (the number of dentinal GLGs in
rhe rusk) and the crown area (C) and central cross sectional area (X) of both M2 and M3 from the righl
hand lou er jaw. Measurements are included from all animals in which M3 is erupted and in wear. Unworn
and uorn refer  to the tusks.
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Fig. 18. Bivariate scatter plot of the relationship between age (A)
(number of dentinal GLGs in the tusk) and the cheek tooth
index (T) of all animals in which M3 is erupted and in wear.
Unworn and worn refer to the tusks.

extremely clear and are usually easy to count, yielding
highly repeatable results. Etched half teeth are ideal for this
purpose (Fig. 9A), except in the case of young animals,
where thin sections of both a deciduous incisor and a tusk
should be used.

The description of the dentinal GLG in the tusk of the
dugong is rather more complex in this paper than those of
Kasuya and Nishiwaki (1978) and Mitchell (1978).

The arrangement of a broad zone of intermediate optical
density followed by a narrow zone consisting of contiguous
opaque and translucent layers is very simiiar to that des-
cribed in the Ziphildae (Report of the Ziphiid Group, pub-
lished in this volurne).

U
U + W

Intercal ibrat ion of dif ferent techniques used to demonstrate
growth layer groups

I n  t h e  m a s k e d  s p e c i n r e n '  ! \ r :  : t : . -  j .  : ; . - '  ' i r ' J r . e  o f  o p t i c a l
opac i ty  was n l i r ro red  b1  th r  l r i . : ' . \ r : \  . ' i  i raematoxy l in
s ta in ing  (F ig .8D) .  Th is  h rs  l l s , ,  

" : . ' : .  
. ' aSr ' I yed  in  dugongs

by  Kasuya and \ i sh i r iek i  I  l ( ) - \  r : . . r  : ' . : : .  cornm.  1978) .
However .  th is  re la t ions l l i i r .1 , rs ' i  : , ' , r  : .  - . : : ' , ' :  : i l l  spec iesexam-
ined (Kasu1 'a .  pers .  co t t r t t .  I ' )  

-  r  ) .  T : . . .  : :  : . , r t  i I3 l  l i ne  (F ig .  7A)
seems to  be  a1* 'ay  s  t r lns lu ;en t  .u r -  - : i : s : l ln lb l . '  i n  a l l  mar ine
mammal  spec ies  so  iu r  a \ .1 ; : i i r r ' -  r \  K isura  (pers .  comm.
1978) .  inc lud ing  the  i ' . r1 r r11 i .

In the GLGs r, i  t l t . .  :rn-glc. si .c. i i rr len oi dugong tusk
s tud ied  in  de ta i l  (F igs .  : . \  t t ,  D) .  the  Jegree o iop t ica l  den-
s i ty  o f  the  layers  n l i r  , ,n l \  i r rpeared to  cor respond to  the
degree o f  s ta inab i l r t r .  ! .u t  l l s , r  to  the  desree o f  rad io -opac i ty
(F ig .  8A)  and e tc i r . ib i l i r r  (F iS .8C) .  Th is  observa t ion  must
be viewed with cauti . 'n .rs Ihe nrost and least optical iy
opaque iayers are bot| : . .r : : , ,* lnd contiguous. I t  is similar
to  the  observa t ions  br  l l  ' : : r  t r rL rb l i shed in  th is  vo lume)  o f
the propert ies of the i \ ' : : :r-  ' : r ! . : ' , ts oi the GLGs of Tursiops
t runcatus  except  tha t  I l . ' : . :  - : r . :  : r . r t  use  s ta in .  In  cont ras t ,
in Phocoena phocttertt t  i l ' . :  , : ' : : . ' : l i r  translucent zone was
found to  be  more  rad io - , ,1 ' ; . :  . i : -  r \ ; . ; :5 . ,y i .  1971) .  However ,
Grue-N ie lsen (pers .  conrnr .  |  . , . : : ) , - . ' : )  : l t l t  th is  re la t ionsh ip
may no t  remain  cons tan t  r i  i i : .  : : . - : , ' J . : : . :  :gc  even w i th in
one specimen of this specic's.

A l though the  re la t ionshrps  l - : : r i : : :  : : . :  . : r  e r ing  demon-
s t ra ted  by  var ious  techn iqucs  r :e  :  : : . : j : i ' s r .  thev  are  no t
very  impor tan t  to  t l le  p rac t ica l  : - :  ; . r ' : : .  . . : '  abso lu te  age
determinat ion  as  the  nu lnbers  r , : .  ( ' l  ( , :  : : ' ' :a l r .d  bv  each
method are clearl) '  sinri lar (Fiq. \  t

Time scale represented by the lar en
ZoneB o f  the  GLG r r l s  l1n ' ros t  l l * l r  s  :  : : : . : - :  re tn ,een Ju ly
and October (Table I )  antl  the thickn..ss : Z ,: i . .  . \  increased
f r o m  O c t o b e r  t o  S e p t c n r b e r  ( T a b l c  i r .  B , l I  r h e s e  r e s u l t s
suggest  tha t  one GLG is  . iepos i ted  per  \  r . t : .

Kasuva and \ i s l t i r rak i  (1978)  a lso  rc le  heJ  rh is  conc lu -
s ion .  \ l i t che l l  (1  9 - ( r  rnJ  I  t )78  )  suggested  rhar  rhc  depos i t ion
ra te  was annua l  o r  b iannLra l .  The pa t te rns  o f  lay  e r  depos i t ion
observed b1  \ l i t che l l  (1978)  in  11  dugongs t io rn  nor thern
Austral ia and by Kasu-la and Nishiwaki (1978) in two dug-

1 . 7 6
1 . 6 8

<  0 .001
< 0.001

o

n o
o - o

o

- F - -

o

1 6

I O O i H  I N D E X

Table 6

Est imates of  the intercept  (a) ,  s lope (b) ,  resul t  of  the s igni i icance tesr  for  b.
and value of  the coef f ic ient  of  determinat ion (r '?)  for  the s igni t ' icant  univar iate

l inear regression re lat ionships betu 'een log" age (A) and log.  of  var ious
cheek tooth parameters.

Separate analyses rre presented fbr  dugongs wi th unworn tusks only (U)
and for  those wi th unu'orn and worn tusks (U + W)

r2

Tooth index (T) 7 . 2 2
7.05

0.6 , (
(,. / -\

Crown Area 2
(Cz )

U
U + W

2 . 4 1
2 . 4 0

<  0 .01
<  0 .00  I

i l . 1 6
( l  J I

0 . 7  6
1 . 0 8

Central  X-sect ional
A rea  2  (X2 )

U
U + W

1 . 6 3
1 . 6 8

0 . 8 0
0 . 8  3

<  0 . 0 { } l
<  0 . a ) 0 I

Crown Area 3
(Ce)

U

U + W
2.3s
2.36

0 . 7 1
0 . 7  5

<  0 . 0 0 1
<  l l . t [ ] 1

Central  X-sect ional
Area 3 (X3)

U
U + W

1 . 4 8
t . 4 3

0 . 1 6
0 . 8 2

<  0 . 0 0 1
<  0 . 0 0 1 L l . - 6
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o n g s  : :
and I . ' ,
t h a t  , ' r ' - - -
Austr r  - : .
that  i t  . ' .
Hon'er : :
I t  t h u s  , - ,
GLG r ' : :

FaCto r \  \ \  : t  j -

A t t . ' : :  :  '  .

t n l i l :  -

fui . : : :

'  :  , l u g o n s  i r o n r  L u z o n e  ( 1 6 -  j 0 ' \ )
' :  : '  C e l r ' h e s  ( l  S  ) .  a r e  l l r e  s l r l e  L s

. : . . - : )  .  On. -  duqt rng  f ro rn  nor t l le rn
\ l : : :1 . ' i l  (  1 t ) -E  )  \ \ ,as  e  xcept iona l  in

; r ,  -  : : t r1 . - t r ' t l  Z r t r te  A  in  Novernber .
. , ' . :  l :  , r r  th is  an i r r ra l  i s  ques t ionab le .

. , ^  :  :  J s s , . l n t r '  a d e p o s i t i O n r a t e o f o n e

- ' : , r  i l r i l u r 'nce  laver  depos i t ion
. J j :  :  J . l i \  ( ) 1 ' l a v e r  d e p o s i t i o n  i n  o t l i e r

. '  :  i  : :  : ' i ; s  heve so  fa rbeen unsuccess-
- : .  t  -  -r-t .  ) .  rr 'ho studied offshore tropical
'  \  i :  , . : .  - i  r t i ( ' t ruato. Spinnage (1916) studied
' :  : : : : :slr ial  rnammals in tropical Afr ica. He

Strait area (10"S) were diff icult to read as they had rnore
marked accessory layering than teeth from Townsville
(19"S). This difference was not observed in the two speci-
mens from Torres Strait included in this study, but the one
specimen etched and examined from the oceanic island of
Palau (7'30'N) had so many accessory layers that it was
almost impossible to read using the standards and methods
applied for the major part of this study. Kasuya and Nishi
waki (1978). however, successfully counted layers in the
tusks of trvo dugongs from the Celebes (2"S). It seems likely
that marked accessory layering may be a feature of the
teeth of individual dugongs rather than of all dugongs living
close to the equator.

Age determination in adult males
Although not critical to the conservation and management
of the Australian dugong populations, the accurate estima-
tion of the age of males with erupted and worn tusks is an
unsolved problern as an unknown number of dentinal GLGs
are lost frour the anterior end of the tusk in these anirnals.
Counts of GLGs ranged from 13 to 17 in newly-worn tusks
and from 21 .5 to 34.5 in tusks which had been substantially
wo rn .

Cemental counts from near the tip ofan unerupted tusk
rnay be useful in dugong age deternination (Kasuya and
\ishiwaki, 1978), but the cementum fronr this region wil l,
of course, be worn away as the tusk erupts and wears.
Cementum counts are therefore unlikely to be useful for
aging males with worn tusks (Fig. 7B).

Results obtained from counting GLGs in other hard tis-
sues in the dugong do not appear particularly promising. No
distinct layering was seen in sections of humerus or malleus.
Mitchell (1978) found four layers in the periosteal zone of
the ventral edge of the mandible of a dugor.rg with 10.5
GLGs in the tusks. I counted 12 layers in the tyrnpanic bone
of one dugong which had 17 GLGs in the tusk; 23 GLGs in
another which had 33 GLGs in the tusk which was worn.
Eight layers were counted in the rib of a dugong which had
nine layers in the tusk. Rib layering is, however, diff icult to
count. Kasuya has observed il to 14 layers in an uncata-
logued dugong rib (pers. comm. 1979). Thus the number of
lavers seen in the mandible, rib and tyrnpanic bone are
1 ' r \ \  cr  t i lan those in the tusk.

The nunrber  o i '  la1 'ers in  the r ibs,  tympanic bones and
rh.' tusks should be cornpared in a larger sample of dugongs
i rr)nr a range of ages. If t l 're nurnber of layers in the tyurpanic
Ir)nes is found to be predictably lower than that in the tusk
in dugongs, tyrnpanic bone layer counts may also be useful
in deterrnining age in the manatee. Rib-layer counts may
also prove to be useful in this regard (Domning and Myrick,
1980). although the layering was very indistinct in the one
Triclrcchus manatus rib I have examined. Useful age esti-
nrates cannot be obtained from layer counts in manatee
teeth as they are replaced at frequent intervals (Domning
.urJ \ lagor .  1977).

.\ge determination using cheek teeth
.\ttenrpts to obtain age estimates more accurate than those
:rr)nl erupted tusks, by using cheek teeth, have not been
r erv successful. The equations that have been computed to
Jescribe the relationships between age and the cheek-tooth
paranreters of dugongs with unworn tusks only are not sub-
stantially different from those which include data from
dugongs with worn tusks. Thus the use of cheek-tooth para-
rneters for age determination would seem to be most valu-
able when it is not possible to count the dentinal GLGs in the

p O l r . . . : : .  ' '

S € \ ' C : : -  . l '  :  .

obs. ' : ' .
in  ur . : ; -
l i r r n .  : :

T :  .

: , '  .:: :..1i jar er in the cementum of animals l iving
-: ::.::,r i l  3rc'ds ond two layers per year in animals
j ' r i \  :  ^ r r t t . rdal  ra infa l l .
. .  :  . . : i i i rodal  drop in  sea water  temperature in  the

Tou : . . . : . . :  . : : r i  sh ich reaches a min imum in July  (F ig.  19) .
the : : .  : : : : .  in  uhich the deposi t ion of  Zone B is  thought  to
conr: r . r r i8 .  Both Townsvi l le  and Mornington Is land have
or'1. \\ ' .t season per year, typically bet\\ 'een Decerlber and
Apr i l  r lhen Zone A is  being deposi ted.

\ot  a l l  the dugongs that  d ied bet*c-en Juh and October
in any one year  had conrnrenced lar ing dor l 'n  Zone B.  This
suggests that  layer  deposi t ion nr3\  not  be cued by an exter-
nal  s t imulus hut  nrar  be contro i led bv an endogenous rh)  thnt
of  gror i th  s tar t in l  i rorr r  b i r th .  The asynchrouv ntav thus
reflect the ertended calving season thought to last frorn
.{uslrst to Jar-ruary.
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Bay near Townsville.
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suggested in this paper weakens his arguntr':: '  l  " : ::::L
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tusk. The method should be applicable to captive dugongs,
the teeth of which could be x-rayed.

The relative agingofyoung dugongs based on cheek-tooth
succession that is reported in this paper, does not differ
greatly from that of Mitchell (1913, 1978). Some of the
differences may be attributable to the problems associated
with counting the dentinal layers in the tusks of young
animals, where, of course, accuracy is crit ical.

Growth of young dugongs
Kasuya and Nishiwaki (1978) and Mitchell (1978) appear
to have had some uncertainties about the ages of the few
young specimens that they studied. I share this uncertainty
and regard the growth curves for young dugongs proposed
from the Townsvil le data (Fig. I I B and Table 5) as tentative.
They are cornparable with the observed growth of a mana-
tee born in captivity (Odell, in press).

TlT e upper and lower limits of the 95% confidence inter-
vals for the birth lengths calculated for the Townsville
population ranged from 1.10 m to 1.45 m (excluding the
curve based on unworn tusks only in which the confidence
linrits are very wide). Heinsohn (1912) recorded a near-term
fetus that  was 1.14m long and a cal f  1 .09 m long,  both
from the Townsville population. Unfortunately, material
from these animals was not available for this study. One
female in the Townsville sarnple had the dentition of a neo-
nate and a body length of 1.39 rn, and the sturnp of the
unrbilical cord was still evident in a 1.23 m maie exarnined
recently. Tirus the confidence intervals for the birth length
estimated by the curves appear to be valid.

Attempts have been made to estimate dugong growth
rates by obsewing captive animals. These estimates are prob-
ably less reliable than those obtained for manatees because
of the considerable problems associated with feeding captive
dugongs (personal observation) which eat sea-grasses, the
collection of which is extremely iabour-intensive.

A 1.4-m-long dugong was captured near Cairns, northern
Australia, in March 1978 and maintained at the Cairns
Oceanarium until i t died in July 1978. It did not increase in
body length during this period and it failed to regain tl-re
10% loss in body weight that occurred in the first few weeks
following its capture, despite its being bottle-fed milk and
provided with more sea-grass than it couid eat.

One of the two male dugongs, maintained in captivity at
Mandaparn Camp, Indla and fed sea'grass, increased in body
length from 1.60m to 2.05 m in nearly seven yearsand to
2.07 m after a further four years (Jones, 1967 ; 197 6). Tfus
dugong may have been suckling at the time of capture and
it is possible that the rapid and untimely weaning may have
resulted in growth retardation.

In contrast, the body iength of the other dugong (1.96 m
long at capture) after 11 years in captivity was 2.26 m,
which is comparabie with that recorded for several dugongs
from Mornington and Thursday Islands estirnated to be
more than 20 years old.

In view of the uncertainty of extrapolating the results of
growth studies on captive dugongs to fie1d situations, efforts
should be made to monitor the growth of young marked
dugongs in the wild over several years.

Life history parameters

Maximum longevity. The marinrurl number of GLGs
counted in an unerupted female dugong tusk was 51. Mitch-
ell (1978) scored four such tusks as over 50, the ntaximum
being 57.5. Assuming that one GLG is laid down per year, I
estimate the maximum longevitl, of fernale dugongs as 50

to  60  yea rs .  I n  r i c r r  " '
seems  l i ke l r  l l t l t  t i  :  ' : -

females.

: \ t i :L rn t  n ta le  GLG counts ,  i t
:  : :r l l r 's is similar to that of

Puberty .  On the S311lr '  r : : t : .  : ' . . - , ' : : \  ls  est imated to occur
at  around n ine lears io :  T." ' . : :s ' . : . . :  : : t l les and possib lynot
unt i i  four  or  f ive 1ears l l i . ' :  . :  \1 .  : : t r : . - to l t  ls land.

The lact  that  th . '1us\)  . :  : .  i  . : . . : ' t  t l r t t i l  several  years
af ter  mature spent t  I i rs t  J : ' : ' lJ : :  r : -  : : . . ' tes les and epid idy-
mides of  Torvnsvi l le  t iugon{s.  s l  j - i3s is  lhat  there may be a
di f ference bet$ 'een pubL' I t \  rn :  . : r , r r j  nratur i ty  in  male
dugongs parallel to that trbserr ei it r Siir 'nl rvhales by Best
(1969). The function rrt '  l irr '  ::u'. ' t: i  tusks has not been
conf i rmed b1'd i rect  r ) !s ! 'nJ l i , \n .  ru: ' : r ra l le l  scars are of ten
observed on the dorsal  sur i l . -e  , . :  r . , ih  nra le and female
dugongs.  The d is tance br ' l *  33I t  i1 : . 's :  s ;ars corresponds wi th
the distance betrveen the l:rsks r:t.: i i  s. 'cnts ltkely that the
tusks are used to roll the : '! ' :r ' .f,.3 - '\. ' : l .rI nrating (Anderson
and Bir t les,  i978)  and rn : r : | : : : r -

Information is insul' l i ;;:::: :. '  ::t. i i . '  .r i irrtt estimate of
the age of  sexual  nratur i i "  r : .  : :3  : ! ' : : . r l ! . .  Er  idence so far
accumulated in  th is  s tu. l r  s- . : : . ' ) : ! : : . : i  i t  is  unl ike ly  to be
earlier than nine 1,'ears. It ' . . i .-.-::: r. :r-. rr.:r l l lLIre temale with
seven GLGs f rom t l te  Ceie: : :  : . . !  : . ' . ' : r  : r ' |or ted b1 '  Kasuya
and Nis i r iwaki  (1978 )  \1 i i : : . . ' . .  I  I  ' | i - \  )  repor ted that  an
immature female f ronr  nL)r t i r - i rs i : : : :  \ . .sr r r l ia  had 9.5 GLGs
in its tusk.

Heinsohn (1971).  on thc h i ' r .  :  : ' \ : r ; r rnat ion of  repro-
duct ive t racts of  1-1 , iugongs. : :  , , . : . : - :  i r  To* 'nsv i l le  shark
nets f rom 1969 to l9-1.  sLrrg:s l ; -  : : : : :  serual  rnatur i ty  in
bothmales and fenra les ! r i . i r : : i . :  : i  :  r .  i ' .  i . 'ngth of  approxi -
mately  2.4 m, He cLr l rs l : . lJ :3-  . i : r  : : ' , : -  : : : : : r i r l  sror l1h curve
based on the bodl  len i t l rs  ln . :  . : l t . -s , , :  - : : r t i r  . r i  73 dugongs
and conCluded that  r  t , . j . \  lL . l tg t l l  r r : - l .J : t :  _ . r r r - r ld  be reached
at  about  two ) .ears ! ) i  ege.  Sp:r in  r r :  I I . ' insohn (1974)
showed that  a bodr  1r 'ngth o i  l . '1  : :  ; - , r responded to a
condylo-prenrar i l lar r  L 'n: th o iaboLl t  - lJ  i :1 .  \1 i tchel l  (1978)
showed t l . ra t  th is  corresr . rnJe. l  to  a Jr 'n t in t l  GLG count  of
n ine to ten ar- id  concluJeJ t l ra t  serual  ln l turr ty  occurred at
an age of  about  ten )  errs  ) r t r l id ing that  one GLG is  depo-
sited annuall1 .

The above estinrates oi sexual nraturit l are all based
directly or indirectly on the results of the examination of
reproductive tracts. There is other evidence that sexual
maturity occurs at about ten GLGs. Kasuya and Nishiwaki
(1978) reported that after the ,1ep.,,sit lrrlt of an average of
ten GLGs, the layering in dugong tusks becomes irregular
with conspicuous accessory layers. Tl.us change in layering
is similar to that seen in the maxil larr teeth of many sperm
whales after sexual maturity (Ohsurni tr al. 1963).

The changes in the pattern trl tLr:k growth (Mitchell,
1978) which lead to sexual dinrorphisrr in tooth form also
begin to become obvious at  about  ten GLGs (Fig.  12) .  This
could be expected to occur  near  pubert r  i f  the erupted tusk
is a secondary sexual characteristic tri rnales. as seems likely.

Using body length as an inJicator of age is obviously a
poor method except in verr r oung aninrals. The range in
body lengths for a particul3r age Sroup is considerable
(Fig.  11) .  A sexual lv  l ra ture.  nt rn-capt ive dugong has been
recordedrv i th a body length o i ' l . l  nr  and 33 dent inal  GLGs.
A female dugong 1.59 nr  lons r ias considered to be imma-
ture on gross exanr inat ion ( \ l i rchr '11.  1q-E).

Possible sex and population differences in asymptotic length
and/or age at sexual maturity'
The sex difference in estiniated as1 nrrrotic length observed



within the To*nsvil le population of dugongs (Table 5) has
not been not! 'J irreviously (Heinsohn, 1972) and warrants
further investigation ri rth a larger sample size. The possibil i ty
that dugon;s ::rr1 oe growing longer and maturing faster
near Tori n:'.:..r '  ls .ornpared to Mornington Island should
also be . l \ : r r ' . r i ' . i r .  These d i f ferences,  i f  they indeed occur .
ma,v be l:- ::.: '  :rse to differences in population densit-v.
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tee's cheek teeth wear, they are replaced horizontally
throughout l i fe by an apparently l imitless supply of super-
numerary molars (Dornning and Magor, 1917). ln contrast,
no new teeth erupt in the dugong after seven to nine GLGs
are deposited in the tusk, and tooth wear is countered
principally by the continued axial growtlt of M2 and M3
and the radial growth of M3. The latter allows the total
occlusal surface area of the cheek teeth to be maintained
and ir.rcreased even after the anterior cheek teeth are lost.

hnplications for conservation
The results of this study have important implications for
dugong conservation. They provide strong evidence that the
dugong is a long-lived matnmal which does not reach sexual
maturity for at least nine years, probably later in some areas.
This is comparable with a recent estimate of eight years as
the age of sexual maturity in the manatee (Odeli, 1977).

Definite observations on the gestation perlod of the
dugor.rg are lacking although it is believed to be about a year
(Kingdon.  1971).  In  compar ison,  the gestat ionper iod of  the
Flor ida nrauatee is  est imated to be 13 months.  (Hartman,
1.r-l t Single births are typical in the dugong, although
rs in  i ' . ' ruses have been repor ted (Troughton,  1928;  Norr is ,
1960.  Jarr r ian.  1966:  Thonras,  1966;  Ber t rarn and Bert ratn,
1968).  The co*-cal i  re iat ionship is  bel ieved to be wel l -
developed and long-lasting (Banfield, 1968; MacMillan,
1955;  Thomas,  1966) and cal r 'es est imated to be up to 1.5
years old have been caught in Torvnsvil le sl.rark nets with
their presulrred mothers. The calving interval there is l ikely
to be two or more years, a similar period to that estimated
for the manatee by Hartrnan (191 l).

Dugongs, and probably all sirenians, appear t<t be long-
lived animals with a low reproductive rate, a long generation
time and a large investment in each offspring. Incidental
erploitation caused by net drownings has a deleterious
effect on dugong populations in certain areas, as seen for
the Townsvil le region (Heinsohn, 1977; Heinsohn and Spain,
1974: Heinsoltn et al, 1971).The threats of direct exploita-
tion such as hunting by natives rnay also be considerable in
some areas. Past exploitation, mainly through hunting and
netting by indigenous people, is thought to have reduced
dugong populations to their present low levels over most of
the species' range (Bertram and Bertram, 1973).

Dugongs are specialized, virtually obligate bottom-feeders
(Domning, 1976) which feed principaliy on tropical and
sub-tropical sea-grasses (Heinsohn and Birch, 1912 Lipkin,
1975; Heinsohn et al, 1977), although algae may be eaten
when sea-grasses are scarce (Spain and Heinsohn, 19'73).
The inshore habitats, especially sea-grass communities,
required by dugongs are particularly vulnerable to human
disturbances (Heinsohn et al, 1977).

It is important that rneasures which are adequate to pro-
tect dugongs and their specialized habitats be implernented
before dugong nurnbers are further substantially reduced.

ACKNOWLEDGEMENTS

The Dugong Research Group at James Cook University is led
by Dr G.E. Heinsohn, who coliected rnuch of the material on
which this study is based, and is financed by the Australian
National Parks and Wildlife Service and the Australian
Research Grant  s  Commission.

I gratefully acknowledge the technical assistance of
Messrs B. Gardner, Z. Florian, L. Winsor and P. Channells,
who also drew the graphs. The photographs were prepared
by the Photography Department of James Cook University.

The age : : ' :  - . i J l i r e  r ra tu r i t y  i s  known  to  be  dens i t y
-  : i  . : ' : : r  l5  other  species of  large mammals,

e i g h t , , : : l  . ' ,  ' - . : -  : r : r :ure (For i ' ler  et  a | ,1978).
. : :  :  , : : i : r ' r r 'nces in  as.u*rnptot icbody length
: : r ' i ' . i - .  Fcr  exar lp le,  the asyrnptot ic

( 1 q - '
cl.t:r:. - -
l o l  ,  - - '

' ' ' . . .  , : . -  t 'enra le southern e lephant  seals
,  . .  : : . : : r  ihe erp lo i ted populat ion at  South
i . : ' :  :han those f ronr  the unexplo i ted
- : '  : ' : latirrn (Carrick et al, 1962). Gambell

' .,. e', r ' i . rhat there is l i tt le evidence for a
;  : . . r : '  . r r  \ \ha les at  ph1 s ica l  nratur i t ) '  s ince the
:  : : ' .Jr r ' . ise i  leveis  t r i  erLr lOi tat ror- i .

P t : -  . J  r : : : ' t . i : , ' s . t :  t l t . '  : i z e s , r l  l l t :  - l u i , t n :  i r r ) : ) i l l S t l o n s
i n  t l , .  .  . . . : . . . t . . :  - , : : - :  \ l  : : . . : . : :  : .  I : . : : . -  i : 3 . 1 !  J : : : 1 . ' : : " 1 ' l -

a b l :  l i  , , . ! ' , i ' : .  r " - i : :  - :  i l  l l - .  : r ' 1 . : -  S , . : ' . : " :  : - - j i r ' s i : ' . : 1 . : : 1 . - .

p r r ' , . . : . r : : -  i ' .  t :  r . .  . \  - r :  - 3 i  r i  \ l t r I i lU i , i l . r l l  l s l a l t i  t l t a l t  3 t  TL r \ \  nS -

vil le. .\ ::rnr.ir.;r.r;:r .r i 9E ,iugongs has been counted in 1917
in l5 aerial surveys of the Townsvil le area (Heinsohn, unpub-
lished report). In contrast, a maximum of 374 dugongshas
been counted per survey in the Wellesley Islands (of which
Mornington Island is one) (Marsh er a/, in press).

The mortaljty rate of Torvnsvil le clugongs has increased
markedlv in  rec. ' r ' t t  l  e  ars s  i t i t  t i ie  t r t t r t rJLrc i i t rn  of  shark-
net t i l lg .  \1 . , : . '  : l : . : .  I  ) t l  : : t - : : : . .s  l - . lve beer t  k i l led in  shark
ne ts  s i nce  1 . , ' :  . l  . '  :  .  ' . : . i  r i ' a r  o f  ne t t i ng  ( l l e i n5ohn .
1972;  Heins. , : . :  .  '  i  . , . :  .  .  a- -+ t .  At  \ lorn i ls ton ls land.
rhe number
to have rcrr r : r '  .  . ,  - . ,  -  : - . ) : in t  aI  40 to 50 dugongs per
year  f r . :  r r  : r  .  . .  : : : :  ,  \ : . - i . :s \ ,n  and Hei t - tsohn,  1978:  \ {arsh
et  d l .  t r , ; : :s .  r .  T i r . '  : . : r r : r ls .  as observed subject ive ly ,  seem
similar in botir arers ail i  the dugongs are feeding on the
same species of sea-grases (\1arsh, unpublished observation).
It seems possible that the larger body size and shorter pre-
reproductive period observed for the Townsvil le dugongs
are density dependent. If so, reduction in the Tovu'nsvil le
population caused by shark-netting could be erpected to
exair'rbate such effects.

Tooth u err
Eru: ' : : -  : . . : \s  wear quick ly  on the outer  sur face (F ig.  9A).
This .,. . i : . ' :! 'sulrably occurs when the dugong uses its snout
to i : . . -  ' : : - r r . rSSss f rom the bot tom. The cut t ing edge of
the : - . : ' .  . .  : - : : r lorced wi th enamel  as in  the order  Rodent ia
(Per:: . . '  '  , Tlt is action forms a feeding trail as described
by'  A: . - : : ,  , :  i  B i r t les (1978).  However,  erupted tusks
cann. :  r - :  : i . : '  : : i ,  equipment  for  feeding as they are absent
in a l r r  ' . :  . , .  - ,  '  - , . : 's  lnd in  young males.

Tor i : .  . , . , : -  . .  . :  : .  i l re  abrasive act ion of  food p lants is  a
proble: : :  : . , :  : r .  : :  . . . - :^ i ' . , r rous mammals,  inc luding s i renians.
Abrasi r  e : : tJ : . . : - : - :  ,  : . . . : : : reJ b l  dugongs inc lude a consider-
able amount  . ' :  s : . :  . : : :  srnd ( .Spain and Heinsohn,1973)
and epiplir t ic siir,-:. '-rs *rrr\rnrs rvhich infest the leaves of
most  sea-grasses (Br : l | .  iQ-5:  \ lur ray et  a l ,  1977).  The
amount of abrasive r:rrri:: l :;s in dugong lbod is reflected in
the high ash conteut t l1- iUr!,nL stornach contents, which
has been measured at up t.r lq q'; (Spain and Heinsohn,
1973).

The dugong's cheek teeth harr' a,lapted ro dietary wear
quite differently from those oi the nranaree. As the mana-

E*.
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formed the microradiography at the National \{useum of
Natura l  History,  Washington,  D.C.  Dr A.V.  Spain,  C.S. l .R.O
Davies l,aboratory, Townsvil le and Ms M. Kahn, Matherna-
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