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ABSTRACT 

The life history of th~ narwhal Monodon monoceros was studied 
util1zing animals captured by the Inuit in northern B~ffin Island. 
Segregation by age and sex within/this' population i~ evident, with 
sUmmering groups con~tirf9 of mature females w{th ,calves, illlllêlture 
and maturing males, an arge mature males. Thé,diet consists of 
arctic cod, shri mpp4 a squid during June and July, but feeding 
activity declin~s markedly dur1ng the open-water mon~hs of August 
and September. Growth' layers in the unerupted teeth and periosteal 
zone of the mandible were found ta be relatea- ta age but apsolute 

,1.) " 

rates of accumulation of these layers are ~ncertain. The maximum 
life span 1s est1mated to be 40 to 50 years. Male navwhals, which 
mature sexually ~t lengths exceeding 390 cm and àt 16-17 growth, '" 
lay~rs. display p~otracted maturation and a possible annual cycle 0 

spermatogenesis~ Fem~Jes, which mature sexually at lengtns 
exceeding 340 cm and at 12 growth layers, are seasonally , . 

polyoestrous, e~periencing up to four consecutive ovulat1Q.ns dur1 
the breeding season. 'The gestation perfod 1s estimated to' be 15.3 

months. The season of ~oncePtions is Harch to May'ànd calvfng 1 
, , 

occurs during July and August. Since.the lactation period exceeds 
12 mo~th~t the interval between successive conceptions is usuâlly " . , 
three years. but about 20~ of females conceive at ~he first breeding , 
season fallowing birth of, their calves.' The annual populaUon bfrth' 
rate 1s calculated ta be about 0.07 •. ' The. basic life history -
features of the narwhal are similar tri those of other.medium-s~ 
toothed.. whal es. 
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RESUME 

,Une étude du cycle v~ta1 d~ narval Monodon monoceros a été menée 

à' parti r de spécimens obtenus' durant 1 a chasse condui te par,' 1 es 1 nuit 

de la partie septentriona,le de l'Ile de Baffin. Il existe une. 

ségr~gat1o~évidente entre les groupes d'âge et entre les sexes dans 

c,ette popul ation durant.,l a période e, tiva,l e; certai ns groupes sont 

constitués de feme11 es mat~s et 1 eu -bal~i neaux, d' ~utres d'animaux 
immatures et de Jel:U!~s mâles ér de maturation; enfin d'autres 
œ gros mâles .matures~\ la diète est con'st.'1tu~e de saidas (morues 

, ' 
arctiques), de/G~~~ett~, et ~~/calmars (encornets) dura~t le~.mois 
de juin et juillet, mais l'activité alimentaire dfmiF1l,1e de façon ' . , 

marquée durant la période dl eau libre de glace en août et sept~re. 
Les couches de croi ssance observées 'sur la dent enfouie (qui, ne perce 

\ ' 

pas) et sur le périoste de la mandibule sont 'associée$ à'l l ,âge mais 

les fréquences absolues de dépôt .de ces zones'n'ont pu être

déterminées avec certitude. La longévité maximale est estimée entre 
\ , 

40 et 50·;ans.' Les' mâles, qui atteignent la' màturité sexuelle à de$ . , 

longueurs dépassant 390 cm et à 16-17 coucftes de croissance, ont,une 
, t ( , 

maturatfonjllrogressive qui ~e prolonge su~ ,une lQngue période de. ' . 

tèmps et ont possiblement uP.cycle ann~el ,de spe~togénèse. les' 

~emelles, qui:atteignent~la maturi~ se~uelre à des longueurs 

excédant 340 cm ·~t ~ 12 zo~es de crof$sance, :s~rt polyoestrê~ sur une 

base saiso~ni~re a6n't jusqu"à 4 ovul~tfons con~é~utfves' ~endant la . 

sÎtison 4' accouplement. la périOde de gestati~n est esti~ à,lS.3 
mo}s. L\ saison de fécondation s'étend de ma.çs à mai et, les mise, bas. -( 

ont lieu-len juill~t et ,août. Etant donné que 'la laètation dure p~~ , 
de 12 mois. l'interval1é entre ~eux fécondations successives· est· 

. - " 
géné~alement de 3 ans(mais 20$ dès feine.lles sont féco~dées dès la 

première saison d'accouplement suivant la naissance d'un baleineau. 
Le taux annuel de natalité_pour l'ensemble 'de la population a,"été 

calèulé c.o. ét~nt environ'O.07.' les è~ractér1st1qUeS ctè base"du 
cycle vital du narval sont semblables à celles d'autre~ oQontocètes 
de taille moyennè. ,..1 
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INTRODUCTION 

" 
/ 

• 1 

~The \'narwh,l'l Monodon monaceros L. has tradftioriaTly been. ~u~ted l' 
i • 1 

. and uti'lized by the 'Inuit (EsW!mo) of the,\eastertl Canadian, arctic and 

Green1an<f It is still hunted today by:the Inuit of 'north~rn B~ffin , . 
1 • 

ls1 and~, primariTy for its mu~tulc (the e.dible skin)' and the .. valuable , -' 

-" ivory tuslc. . , ,," , ~( 

, THe substanti al annual catch of narwhal s by ·th; Înuit .... 'Of the 
.. ..~ .... !' 

northern Baffin regi-on allow~d the-' opportunity ,to col1ect bio10gîcal 

m~teria1s' and' data,which were"used ta study ,the 'biology and 1ife 

h1story of t~'e' population in ea~tern àn~aran arctic' ~aters~ ô1hes'e 

data and specimens were cof 1 ected 'from narwha1 s taken by Inuit '~', 
huntë'rs d~r1rrg 1974-76 and c~ptur~d ~y a sctentfffc nettfn~ o~eritio~' 
,du ri ng 19~3-65.' ..... It was necess~ry ,to '<leveloP a ~e-thod of '~ge'" . 'c ... 
det'enti,i nati on . S?, tha~ 1 i fe history, parameters cou1 d' be ~ed,urd from 

saqJj>l es of animal s of knoWn' age. rhe study of the reproductive 
( ..... '".;j , ~ ~ ~" 1 

organs of bath male and fema1e nar.wha1s allowed the elucidation'of 
(~~ Cl '.",' • 

certain features of. ~he reproduçtive biology and 'the estimation of 

life history parametéts, espe~ia1ly 'tbe age at the att~'inment '~f 
'.) 9 J 

·sexual {I\éltu'ftty, ,the birth rate,' and 'the durations iof ,thè vartous 

stàges ,of the rep~odu~tiV~ cycle~ /~eter~{nation of these bas'ic ~, 
features of the i.ife history may be"helpfu1 'in, providing a rationa;, 

·basis 'for management of the natwhal p~pulation in thé eastérn 

Canadian-arctic. J , 

During the 1 ast 15-Z(Lyears n'lJRe'rous studies of the' lffe' hfstory 
• l ," \ 

of the smaller odontoce:tes.have,beerr carried out. In spite of many, 

• 1 

çontr~versiaVpoin1!S regarding a~e ,determination -(see Perrin an<!,, __ ~':" , 

Myriclc, 1980) and the, est'fmat~(m, ,of ;;11~e history p,arâmeters, s~yeral 
,genera l features qf. the ,1 i fe hi stori es of odontocetes are begi nni ng 

, 'r" .. ... ~ ~ J t • -

to emerge,. This stu~ attempts not on1Y tç> ~describe the "lire history 
1 

" of the narwhal but al so t() pl ace the results in the framework. of the 

gene:al patterns of odontocete life his~ory. 

This thesfs' represents the fitst comprehensive, 'quantitative 

stuqy" of' :the basic., lfio10gy 'and lifé hfstory of' the narwha1.· ' Thi s 
op J ____ --- _ 1 . ( 
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~:study was fnitfated by Dr. Arthur Mansfield, Director of the Aretie' 

'Bi010gfCal station, Ste- Anne de Bel1~~u~, QU~bec; a pr~n'li~ary" ' 

,report on hfs e'àr,1ier studies' hàs be~n p~b1ished (Mansfield.' Smf.th . . . 
and Beék 1975). Most prevfous~accounts,o" the narwhal ~eal with such. 
qualitative ~spects ·as morphology and anato~; distribution, . 

" '. 
'migration', feedi,"g, and exploitation. Sorne general literature', 
revièws are' available_ among the best of whieh a.re Tomflin (19~?> J • 

~eeves an'd Tracey (1980), ànd Arvy (1978) •. Bru'ermr~r (1966', 19.69) ,ha s 
written. excell ent general accounts as well'. ~ ,. 
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STUDY AREA' 

, " The stucb' area, c,ompri ses the coàstal, waters of northern Baffi n , , 

Island, especially Admiralty Inlet,Pond Inlet,. Navy Board Inlet, and 
Eclipse Sound. These localities' are frequented in summer by large 
nurnbers ~f narwha'l s wt)i ch are hunted bj the lnuÙ of Atcti c Bay a'nd 

f ~ ~ _ ' , • 

Pond, In1 ~'t. -, The, hunt ~ccurs ai the 'floe ,edge- 1. n, Jun,e and, JUly, and 

, in' shall~ coastal waters in sUIl)mer.· A map of the generaJ stu«y area 
.'1s, pr~sented in Fig~re i. Thé IntiitéoOlJ!1uriiti~s of-A~ctic B~ ànd 

, Pond l'1let. and' ,the loc~tions ~f th~ !I1a.in st.al1mer whaling ,c'~ps 
O(ak1ak Pofnt and 'Kàunak). arb 'indicated on th1s map.. ' 

l' i • 

i For usêful 'soè.i~economic' and' other bàckground lnfonn~tion the 

re~der i s referred to tlie' Area Economie' Survey Of' ,B' ssett (1970) and 
an, hi~to'rical acë~unt 'by 's;"od.Y ('1.976). 'Pùb'Ùshéij accounts of 

• '" 1 • 1 .. 'l # 1 

wildlife surveys i'n the region 1ncluae ttrose by .Ellis (1957) and 
~ine~ (i9~5) on. the mamm~'ls. ' Tucle '<Ù57) ~ep~-rt~d ~on seabi~ds ~n'd' 
mari,ne mammals at Càpe Hay,' northwest Bylot Islan~ •. Oegérb61 :and 
FreucneI1'.(1935l .rep<lrted- on the wildlif~ observed -in the Pond' Inlet 

, ',Il' 

. ,region-"during 'the Fifth Thule Expedition, 'an'd reference ~'o ·,this. same , 

Tria té ri al is made- by 'Freuchen,'and 'Sal,onÎons~n (1'958}. GeTIE~ral' " 
kn~ledge' of mar:,ine rnamm:al dist,..ib'utions if'! th~ ~r-e'a, lias ,exp'anded ' 
,~ , ~ 

'recently, with the rep~rts '~f Greendale and B~ousseau':'Greendale " ' 
, • 1 l ' 

Ü976}, Webb (1976)" Johns-on; Renaud" Davis and Ri-ehardson (1976), 
O' ... , 

and, Renewà,b 1 e Resources Consul ti n9 Services L td.' (l~77 f. 'Severa 1 
, go~ernment expedi ti ons ~ notab l~ • those rep'orted' u,Pon by Lôw (1:906) and 

" -Anderso~ - (1934), t~~k n~te ot the, mal"1 ne maim1a 1 s en"coUJ1tered.1 n the' ~. 
',-'stucb' are~.' Wilkinson (-1955) 'anq 'Sch~~(1 (1956) wro;t~ gOO<1 p~PUl ar 
aé~ou~ts' based·on' ttwir personal' exp~d1tio~s 'to the prea.' . 

• • l , l ' " ' • . ' 
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Figure .1. Map of .the stu'~ area. 

. , 

J 



" 

(-

Data Coll ecti an 

"'/ 
( 

5 

-
MATERIALS AND METHODS 

The interpretation of the 1ife history of the,narwhal was based 

upon'stuqy of specimens co11ected from narwhals ne~ted-at-Ko1uktoo 
- - '~ v 

Bay (1963-65) or killed by Inuit hunters of Arctic Bay and'Rond"Inlet 

{1974-76}. Sixty-two narwhals werf,! netted dur,fng the- sumn~rs pf- ,-

~ 1963-65, usi'ng double nylon nets' 91.4 m long and of 36 or 46 cm - "'u' 

stretc~ed mesh (Ma~sfi el d !l !!.: 1975). , These nets were 25 or 

( 

50 mesnes dee~ and were set in deep water-from points of land; BrOce 

Head,was the best,nett'fng locality (Fig. 1). D~ifting ~ce in the bay 
~ , 

was often a probl em and, caused sorne damage to the nets. ,'A canoe" was , 
, " 

often used to tow ice aw~ from the nets, but more often the nets 

wer, 1 ,f fted whenever i c~ menaced nearby'. . , " " fi' 

, ' Durfng the Stll1l1lers of 1974-76, 131 narwhal s taken by- the Inuit 

of Arctic Bay and Pond In1et were sampled. Most-of these' were.,killed 

near the sUlTITIer c,amps at Kak i ak Poi nt and Kaunak but, in 1976, 43 

were taken at the f10e edge ne,a'r .GuyS' Bi ght .. Table l pr@sents the 
" distribution'of na,rwhal samples by year' a,nd"locali.ty. A total~of 194 

'narwhais was s~P1ed in this study., . ", . 

The harwha1 s were hauT éd onto the be,ach or i ce by man p<1fle r, ~r 

occasionally by block-and-.tackle. Each whale wa-s 'assignéd
o 
a, séri~'l 

. n~ber; thê sex of the whale, 10~ation and'dat-e of kil1, ,weather, ' 

seâ and ice conditfàns, and the tfme after' death wer~ recorded., ' 
/' .. - -

Befor~ flensing and dissection, the 'fol1awing measurements were 

taken: 

1. Boqy 1 ength' from ti p of, upper jaw ta notch caf tail fl ukes. 

measureêl. i,n' a, strai ght Une" to, the. nearest cm. . ' 

Gi rth or -ci rcumférence, riteasured ta the ne'arest cm, at the - -,", . " . .;~:-

axi11a (just posterior to t~e pectoral flipper), umbilic~s. ~nd 

2. 

anus. Because of the ·difficul,ty· in- handl1ng larger whales, 
, "-

,measurements were usua11y made ,from the dorsal ri dge to· the mi d-. ' 

ventr.a 1 . ,1 i ne on one s.ide, and m~l tl p lied by two ta -Dbtai n the 

gi~th. 

" ' ..... 
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,Tab1e 1. ~Umber'Of narwhals' sample4'during this stuqy, bas~d on 10cality,'method of,captbre, and year. 

Year' 

1963-6~. 
-"1967 

. '1974, .. ' 
. 1975 . 
'1976: 

_ Total " 

, , , 

Met~od àf 
captl:Jre 

net 
net 

, 'hunt 
hunt 
,hunt . 

" 
location 

rOTUKtoo~-Cl<ak1ak.---~ -----~ '-----l'oM-ri11et Culriberland 
Bay Poi nt Kaunak, Floe Edge Sou'nda 

62 
1 " 1f .-

25 40b 
7 3 43 

62 32 " 56 43 1 
. , 

~ 

Total . 
. -----. 

62 
1 

13 
65 " 
53 

194 

a One female narwhal, was net~ed during a stu~ of white whales at Cumb~~and Sound, near Pangnirtung, 
. N.W.T. The data for this specimen were provided by Dr. P. F. Brodie. ' 

c 

b Three of these specimens were captured near the settlement of Pond In1et. 

" 

, l' " ~, 

&. 

';, 

, 
l' r~ 

y 

.' 

"'--

.; 

Cl 

l' 

'<; '! 



" 

{ 

7 

3. Lateral spread of the tail flulces from tip to tip in a straight 

line, measured to ,the nearest cm. " 

4. External tusk l~ngth to the nearest cm, and cross-secti onal 

basa l di ameter to 0.1 cm. ,"Il 

Also prior to flensing, colour patterns, scars, and other 

markings were noted and occasional\y photographed. The thickness of 

the blubber was measured to the nearest 0.1 cm in three locations: 

.mid-dorsal, mid-lateral, and mid~ventra1. 

After flensing (removal of skin and blutibeq, the carcass was 

--------- available to the field technicians for dissection~The'abdomina1 
'- ' 

wall was opened and the viscera were exposed. The contè~> of the " 

forestomach (storage compartment) were removed and preserve~irt 70';t 
"-

ethyl alcohol. The ovaries of females were removed and preservedin· 

IO'}; formaHn. Right and 1eft ovaries were distinguished and the 

presence of a,corpus luteum was recorded. The length of a foetus was 

measured to 0.1 cm fn its natural position witQin'the uterus,. and its ~ 

sex and the uteri ne cornu (l eft or ri ght) in whi ch i t oêcurred were 

also recorded. The weight of a foetus was measured 'with a spring 

balance, and foetuses were preserved in 10'}; formaHn. > T-he interna1 . , 

di ameter of each uteri ne cornu was measured to 0.1 cm ,at the - . 

. "mi d-poi nt of i ts anteri or arch. The manunary 91 ands were exposed and 
" 

sectioned, and the thickness of each gland was measured"to 0.1 cm 

Just anterior to the mammary slit. -The nature of àny fluid seen in' 

the mammary duct~ or seen.exuding from the nipples w~s noted; this 

was usually the turbid green mi1k of 1a~t~ting fema1es or the 

translucent oily fluids of postlac'tation females. -

The ., testes were removed from male nanolha 1 s. As f.here seemed to 

be no consistent difference in size between the two, that of the 

right side was selected for measurement and stuqy'. The length. 

width, and depth of the testis was measured to 0.1 cm;, weight was 

determined with a spring balance, and volume was measured'by water 

-. .. di spl acement. The ep; di dymi s was eut and ex ami ned for the presence 

or absence of a white, vi scoùs f1uid. .A 1 cm thiék transverse 

section of the testis and epididymis was removed at the m1~-length of 

J 
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the organ and preserved in Bouin l s preservative for 48 hours. These 
samples were the~ placed in 70% ethY1 aleohol with daily changes for 
three :0 four days. 

As time permi tted, e.eto- and endoparasites were exam; ned and 
preserved in 95% ethy) ~leohol or 10% form~lin. Nematodes were 
preserved in lOt glycerine-alcohol (10 ml of 100% glyeerine in <90 ml 
of 70% ethano 1 )., 

After the head of the narwhal was eut off an unerupted tooth 
was ~emoved. This smaller tooth or tugarrusirq (the Inuit name for 
"small tusk'l) is hidden in the maxillà("from whieh it is extracted by 

, using a hatchet. f"emales have .two unerupted teeth, one embedded in 
each ma~illa, while males have one unerupted tooth 1n the right 
max; 11 a and an erupted ,tooth in the l eft maxi1l a whi ch deve l ops f nto 
an elongated tusk. Only the right tooth was removed from ,most 
animals. In addition, the distal 15-20 em of the left mand1ble was 
removed and cleaned of fat and muscle tissue. Both the tooth and the 
mand1ble were collected for purposes of age determination. 

" _ l 

Of the 62 narwhals ~etted at Koluktoo Bay during 1963-65, 41 
,(21 females and 20 males) were weighed 1'n pieees using a tripod and 
spring balance. The weight of each animal was obta,ined in th1s way, 

, . 
as well as the weight of integument, meat, skull, skeleton, and 
individual visceral organs. Estimates of the weight o~ skin and 1 

blubber were dérived frOm weighed subsamples of each and the measured 
tota l wei gh t of the i ntegument (sk. in and b 1 ubber) " 

Associations between the whales eaptured by t~e nets were noted. 
,-', This was espeeially valuable in interpretat10n of fern,ale reproductive 

data, ' s1 nce several femal es were netted with calves ')of various 1 ikely . ' 

ages (neonates, one- and two-year-olds). 

Narrative of Field Work 
Sampling of netted narwhals in Koluktoo Bay was earried out from 

5 August ta 2 Septe~ber, 1963 by D. Robb, B. Beek, and 
A.W. Mansfield; from 9-26 August, 1964 by D. Robb, B. Beck and 
A.W. Mansfield; and from 13-25 August, 1965 by o. Robb, B. Beek., 

Je, 
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1 F'. Bru~mer, C. ,Ray and A.W. Mansfield. From 22-29 August, 1974 

R. McClung and 1 sampled 13- narwhal 5 at the Kaunak hunting camp on 

the western shore of Ecl ipse Sound. ,In 1975, W. Daidge and R. Adams 
sampled 25 narwhals at Kakiak Point. from 23 J'uly ta 28 Aùgust, wh1le 
D. Stendahl, P. Brodie and 1 sampled 37, narwhals near Kaunak'from 

-26 July to 1 September. Seeana Attagootak of Pond Inl~t sampled 
th~ee male narwhals at Pond Inlet on 22 September:-1 thus, a 
total' of 40 narwhalS were ·sampled near Pond Inlet in 19 5 (~hown 
under Kaunak in Table 1) . 

. From 15 July ta 1 August, 1976, H. Silverman 
male and '31 fema~e narwhals taken at the floe edge near G s B1ght. 
We 'preferentially sampled nan-tusked whales (females) on a random 

basis. Due ta hea~ fee conditions,'we did not,reach the sunmer camp 
at ,Kaunak until 25 August. Here we sampled one male a~d two females. 
We spent the period 2-6 September~_1979 near the head of,Trembl~ 
Sound, where narwhal observations were inad~ and physical 

, ' 

oceanographie data, werè eolleGted tO.a depth of about 90 m. From 12-

17 August, 1976 seven narwhals wer~ sampled near Kakiak Point by 
W. Doidge and R. Greendale. 

Duri",g August 1976, 20 h~rwhal s, 16 at Kakiak Point and four at 
Kaunak, were tagged wi th sma 11 numbered monel meta 1 darts with orange 

pl.astic-eoated meta1 stre~ers about 1S--em long, thrust into the 
animal's bl ubber by hand harpoon. This is the same type of tag as 
was. used successfully on white whal es in Hudson Bay by Sergeant and 
Brodi e (l9~9 ) • Na rwha l s were dri ven el ose ta shore by, one or two' 

canoes to facilitate the tagging, whieh ~~e done at close range. 

Laboratory Analysis Î 
~ ~ 

Age determination - The unerupted (embedde~) teeth were c.ut in 
half' 10ngitud1nall"x.{",us1ng a jewe1ler' s eircular saw of. carbon steel 
(0.635 mm x 12.7 cm)s rotated at 1725 revolut1ons per mfnute by a 

f , 

0.25 horsepower motor. Care was taken in positioning.the tooth ta 
" . 

ens~re a median longtt~dinal (mid~sagitta1) eut fram tip to rtot. , 
The ~ut surfaces were then ground with medium and 120 grade sand aper' 

. . 
~ --' 

'! ,. 

• ; 

" 
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ta remove the saw marks; they were then pol i shed with 220 and 320 

grade waterproof sandpaper until perfectly smooth, and preserved in a 

mixture of equal parts of water, absolute alcohol, and glycerin. 

·Examination of the teeth and counts of growth layers were carried out 

using an i1luminated lens of low magnification. In selected teeth 

the thfcknesses of suc,cessive dentinal layers were measured using 

vernier calipers. and the nature of the most recent dentinal zone, 

adj,acent to the pul p cavity t was noted. 

The mandible was also used for determining age in the narwhal,' 

Transverse sections about one cm thiek were eut from the anterior 
, , 

part of the mandible between the mental foramina. These sections 

. were embedd~d in acrylic resin (Ward's bioplastic) and cut 

p~rpendicular to the mandibular axis using a Gillings-Hamco dental 

sectioning machi.ne to obtain sections of 75:-125 1.1. in thickness 

(Pl ate IV, ,a). These sections were stored in 70'1, ethyl alcQhol and 

examined microscopically with a Leitz Wetzl ar m?del 1XQ2 

trichinoseope in order to count and measure the periosteal growth 

layers. The scale on the projection sereen of the t'rfehinoscope was 

calculated from the magnfffcation, which could be set 'at 50 or 
, 

80 diameters. For the mandibles of selected whales, thicknesses of 

successive growth layers and the thickness of the periosteal bone 

were measured directly on the screen. In addition, a few thin 

sections of unerupted teéth were obtained and studied in this 

fashion. Also, bioplastic-émbedded longitudinal thin sections of an 
, l 

unerupted tooth, the polished cut surfaces of a longftudinal1~-

bi sected unerupted tooth, and thi n mandi bul ar 'sect'i ons were staf ne4 

with s11 ver nitrate by the m~dified von Kossa method (Drury and 

Wal1ington 1967) to demonstrate the distribution of calcium salts in 

these ,ti ssues and to ascertai n thé physiologi cal basi s of hard ti ssue 

layering (i.e. differential mfneralizatfon) •. This method' stains 

calcified tissues black. 
, " 

Male reproduction - Initial examinati9n' of hist91,ogical 

mâterials from all 27 males captu'red during' 1963-65 inJiic~ted t~~t 

post-mortem degeneration of the seminiferous and epidiqymal epithelia 

-{ 

: 
1 

,/ 

',_J 
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was substantial after four hours post-mortem, and in the 1974-76 
sarnple-only males that were examined within four' hours of death were 

i' \ ' 

selected for hfstological stuqyJ Only 13 males in this' sample 
~atisfied this criterion, giving a total sample of 40. 

,-The testes and epidiqymes collected in the field were proce~sed 
by ~io-Research L~boratories Ltd., Senneville. Quebec. The tissues 
were embedded in wax,' and thin sections were cut with a micr-Otome 'and 
stained with-haematoxylin and eosin. The mounted sections,were 
examined with.a Leitz Wetzlar Orthoplan Universal ~idefièld 
microscope, and photographs of seminiferous and epididymal tubules - , 

were taken with a Leitz Wetzlar Orthomat-W'automatjc microscope' 
c~mera, at ·magnifications of 125, 500, and ~250 diameters. The 
diameters of t~n seminiferous tubules and ten epidiqymal tubules per 
male, chosen at random, were measured with a calibrated eyepiece 
micrometer. In addition. the relative diameter of the lumen of the 
seminiferous tupules, develo~nt of interstitial tissue'between th~ 

........ . " 

tubul es, and amount of spennatozoa and cellul ar de,tritus i n_ the .l,umen 
, u ~ 

were est~mated. The extent of folding of the epididymal epithelium 
and the relative amounts of sperma'tozoa and detritus in the lumir'la 
were al sa, estimated~ 

Female reproduction - All 108 pairs of ovaries were sec~ioned at 
approxi~ately 311111 intervals with a scalpel and examined u'nder an 
!1Jumfnated lens at low magnfficati,on. The diameter of 'the largest 
follicle in each ovary was measured ta 0.1 mm using vernier calipers. 
All corpora lutea, corpora albicantia, corpora atr~tica and : " 

, ' 

lute1nized follicles were identified andmeasured. Desc,r~'pti,ons, 

drawings, and photographs were-made of these variou~ ovarian 
structures. 
. Sections of representative ovaricin structu.res, fixed in 
formal~n, were sent ta Bio-Researth Laboratories Ltd.-~or 

- . - " ,,' , , 
h1stological preparation. These tissues included two sec~ions' of 
ovarian cortex for the stuqy of follicular growtry and'atresia, a 

, : secti on of él' foll i cl e that appeared to ~ave recently ~vul ated; tw,o .
sections of corpora lutea of pregnancy, five sections of luteinized -

# 

J' 
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follicles in various stages of atresia, four sections. of corpora 
albicantia in different stages of regressi~n" and one corp~s 
a~reticurn., Mounted sect1ons.were exarnined and studied 
m1croscopical1y and photQgraphea. 

f "~ 

. Stomach con~ents .. Items in the pres'erved stomach contents ~e're 
\ 

sorted in the labora~ory. Repr~sentative sp~cimens wère examined and 
1 dentff1ed by other 1nvestigatars-, u'sually ta species • 
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, GENERAL BIOLàGY OF THE NARWHAL 
, ' , 

Identity, Nomenclature, and Evolution 
The llarwhal'beJo~gs tO,t~e suborder Odont~ceti, family' 

Monodonti dae, and s'uperfamily Monodontoi dea. (Tomil in 19S7l.. The 
, ," ~ l , _ • , - (l 

scientific' name ts Monodon monoceros linnael1S, 1758, and the -type 

JJ 

locality is Arette Seas (L1nnaeus) (Tomi11n 1957). . ~ _. , 

The etYlIu;>logy of the name"narwhal is Scandinavian, "nar", me~ning 
"corpse". Thus ,oarhval means "corps~ whale" which re'fers to "the 
presuinéd likeness 9f it; mottl'ed s~in to ',that of a drowned miln 

(Mansfield.et al. 1975). -- " 

Wing~ (1921) outlfned the-evolutiQn and taxonomi~ characters o~ 
,the Monodontict'ae, the most pr1mitive of the Delphinid li~e. The 
evolutfon' of the, f'amily 15 further dfscu'ssed by Kulu (197,2), who 

pof ~ted out that the monodonti d stock apparently ~r.ose fr~m a 
primitive, blunt-snouted, lower Miocene extinct delphinid " . ' 

.(Eurhinodelphis). The white whale Deiphinap~erus leu~as ,appeare~ in 
upper Mi~cene while the na~hal appeared' later, in th~ Plioeene, from . , , 

which perfod narwhal fossils have been recprded (Kellogg 192~). Th~ 

similarity of the narwhal karyotype to those of othe; species of 
whales (Andrew's, 0i11, Masui and Fisher 1973) adds 5uppor.t ta the , . 
'contènti on ~hat, the' 'cetaceans are monophyl e~i.c in ori gi n. 

Morphology , . ( 

Appearance and calouration '- N~LbOrf1' calves (Plate l, a) are ....... _ .... _----------. \~ 
·unifannly grey or brawni sh-grey, white young> suck li n9' animal s 

(Plate.I. b) are unifarmly dark grey or black. White patches first 

,appear a~ound the ge~i.tals. ilflUS,' ~~d ·u~bilicu~.and gradually extend 
ta the rest af'the ventral side and, then up thé flanks ta the back 
• . ' l ' 
(Plate l, e). "The ~adc., ~eadJ neck, and edges of flippers and flu,kes 

9f the adult uSU~T1Y' remain .b.1ack while the v~ntral sid~,'r~tcÙns a 
• ,1 " 

few faj nt smuç1ges ôf g~'ey and a thi n dark -d 1 ~co~i nuous m~ d-ventra l' 
lfne.' A mottled effect 1s seen on the lateral suirface (dark spots on 

. , "- ,- , 

a ,whit~ background>. while the back .may be almost salid black. The : 
, su'rfaces of ·tffe f11pp~rs aj:ld fluke's, are<white with sorne dark smudges. 

,l'" 
--l~' 1 
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, .. ' 
and striations. 

.' .(" 
Males tend to'become whfter in old age than'do the 

females. ' In older anfmal s, especially males, the tfps of the 
" 

pectoraf'flfppers are ofte,n curved upwa.rds afld ~he flukes may overlap 

in, the 'r~gion of the tail noté,li. The adul~ 'col oùrat1 on 1s . 

demonstrated in Plate 1., e and f. 'Post-natal aniinals are hairless 
, , 

(Eales 1950). 

, Dimensions - T,he mean length at birth. 15 161 cm. Adult males 

1 aehi e~e. a Hmgth of 470 cm. and a wei ght of about 1600 kg; adult· 

/, .' females, 415 :~m and 900 kg. ' The tus'k m~ be u~ t~ 210 cm in external 

length with a basal cross':'s,tional d1ameter of a'cm. : All 'these· 

values refer to.narwhals sampled at Pond Inlet and Aretic Bay. in this 
l' stuqy. Accordln~ to Tomilin (1957), males may·~each.600-cm in le~gth 

~ . ....... 
and females, 500 cm; he also stated that,tusks can be up' ta 300 cm 
.' _ , f.i: 

. ' 
long, of whfch 30-35 cm is'socketed, with a basal diameter of 10 cm. 

t.' '\ - - - ~l ' 

TU$ks of northwest Greenland narwhals reach··a-·1en~tp of 315 cm or . . ~ .. 
10 ft~(Bruemmer 1971). Tusk weight may exceed IO'kg (Bru~r 1971) 

or it may ~chfeve values of 12-14 kg (Ivashth, PQpov, a/rid Tsapko . ,/ . ~ 

'.19,72)J One of' the bi99'ist .. na~hal tusks, th~t was'~xamined in"th1s ' 

s~u~ weighed ~.2 kg •. ' , J..' -', 1 • ' 

Ànatonr,t 

Tusks and teeth - The' dent)ti~n ~f' t~e narwhal has' received 

,conSiderable--attention .in most pubÙshed' accounts deal ing wi.th thfs 

species. Thè presence of a remar\c.able ~usk. that may exceed·a length 

of 3 m has undoubtedly cot1ir1bute~ to much of the public and 

• scien,tiffe intèrest,in this species. -'The narwhal· is related. to'and-
. " ' t 

11kely responsible for the myth of the unicorn (Bruemmer 1~69). 

Banner (1951) has g1ven a ~09d histo~1cal a~count of the unicorn's 

. ,horn. 

, The develoJX1lènt of ~he Ilarwhal' s dentition' has·· been described by 
, -- , .~ ~ r • ~ 

several'authors. In very ear,ly foetuses, six pafrs of 'dental 

papillae are present in the maxillae (Eales 1950).' On1y the first' 
1 • 

two 'pairs of dental papil1ae devel.op and, pers1st, the last four pairs 
l '. 

'remafning rudimentary and eventuàlly disappear1ng. Two 'pairs of . " 

\ 

• 

.. \ . 
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,taoth genns ar a'l S9 round n the mandib'l~~J\t eÏnb~yOS but these~ too 

nil ta develo ('[al es 19 0): Howevef;r'Mitchell ~nd Kemper (19aO) .. , 
repo~ted ~he ré~en~e of sciall curved erù~ted tusk fram -the right' /: ' 

mand1bl,e of a adu\lt\ m~l nat'whal:, Furth~r stuqy, of foetal dent~tion 

in the narwh 1 {Turner, 1872, 1873, 1.876, 1912; Fraser, 1938; Gervais 

1873; Eal es, 9S0» i,nd1cates 'that the anteri or pa1 r of' dental papi1l ae, 

fornis the t sks whiOe'the posterior teeth remain small and vest{gial 

, and may ev'e, tual"}' be ,rrs~, in the ad~l t.' The ful1-term' foetus 

and early neonate _have ~ pa1rs of max111ary ,teeth:. the anterior. 

teeth, which âre elongate (up ta 10 cm in l~ngth), tone-shaped, and, 

fi 11 ed' wi th dental' pul p, 'aod ~he posteri or téeth,' whi ch are sma 11 and

occl uded. 

The-left tooth usualiy erupts as â tusk on1y 1n males. M9st 
, , 

. ' a,uthors recogn1ze -that 1t 1 s a eani ne ,tooth si nèe f ts soeket i s' in 
• 1 ~ ~ ... .. 

th.e rqaxfl1a (Turner 1873; .Tomilfn 1957)." The pulp .cavi-ty 1s broad ~ 
1 • 

anç:( coniea1 near 'the base, 10-20 cm 'from which 1t 'narrows to a canal 

of 0.5 cm d1ameter,that pass~s near1y to the tip of',the tusk (T~IJ1i1in 
1957; ,Owen 1868; Home' 18i3). In 'very '01<1 males, the t'fp a,nd ;oot 'of. 

, , 

the ttlsk are so11d and its pulp canal 15 nearly fi,l1ed (por.sild 1922; 

Home .1813). Ine ceH~1ar structure C?f t'he pul p ti ssue 'of the 'tusk 

has recent'ly been studied by' Dow -and Hollenbe'rg (1977). 

" Althqugh the narwha1' diSP1,ays' a pronou'~ced s~xual ,dimorphism:4 

with rega,rd to the presence of an erupted tU,sk., tusk' ess mal es, . 

females with one tusk. ~nd narwhals with two tusks (~le and fema1e) 

have been reported (Pedersen 1931; Clark 1871; Scoresby 1820, 182l; 
, , 

Fraser 1938; E~les 1950; PQrsild 1922;'Degerb~1 and Freuchen 1935). . ' ' 

'The right tusk" of 'two-tusked whales 1s nearly always shorter and less 

robust than' the'-left (Porsild 1922;, Fraser 1938), - and the' tusks of 

, . females ,~are sho~t~r and n~rrowe~ than, thos~ or~les (fÙrk 1871; 

.'Pedersen 1931). In the present stuqy, 'WO yo~ng tliskless males 

. ,. 

(336 cm 'and 338 cmf were capturea.. . Emb,ed,ded 1 n the maxi 11 ae 'of each 

young mal e were ~he two tee th characteristic of femal es. A-young 
.. f .' ", • 

m~le of leh9th'372~cm nad two erupted tu~ks (extern~l lengths of 

85 cm on the. left, and 53 cm on the righ't),' Al so, three females with 
, ' , 

• r 

• r 

.\ 
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o'ne tusk emergent from the 1 eft: maxi.1l'a wer~ taken: a' pregnant -

fema1e, 372' cm boqy,length, t4sk qa cm; 'one of bo~-lengtr'370 cm, 
o , ' , 

tusk 100 cm; and a 390 cm female in 1at~ pregnancy', tusk length 
~ • ,l,,, 't. . 

141 cm. A~ ~akiak Point in 1975, Inù1t- took' a ,two;-tusked narwhal 

which they claimed was a fema1e. The fi~ld tech,nicians: saw only the 
, • . co ' 

,sk~11, however"and they meas~red ~he external,tusk 1engths, ar-135 ~m 

and ~47 cm for, the '1 eft, and 'right ,tusks j respective 1y •. ' , ... 
, , 

On the, basi s of the occur~ence of ttiese den~ ~ condi t,;'ons in the 

s'ampl e from 1963,'-76" H' 1s estiiilated' that tne 'frequ!!ncy of whal~s 
with, t~OI tusks is 1.03%,- that the frequency' of tuskle'ss mal-es 1s 

2.47't. a'1,(that the frequency of t'~Sk~d female~ is 2.65% or 3.5~i-
. ,-(excluding and 1ncluding the two-tusked whale (claimed to' be a 

fernal'e) fr~m K~kiak Point~. respectfve1y)" , Also, 1.23$ of the males, 

had two tusk~. ' 

Thé surface of the tusk 1.s marked with a series of spira1 r 
, , 

grooves,wh1ch,turn .clockwise 'from the basal end when the tusk is. 

viéwed from its ~ip. This,'si~1stra1 s~piral iS[(vident on'both tusks 

of two-tusked specimens (Gervais 1873; Clark 1871). in apparent . 

vjolation of the laws of bi1atéral's~metry. Thompson (1952) 
, . .. 

attempted to explain the origin of the spiral markings of, the tusk· by 

assuming that'there exists a rotatory component of .eacb beat '~f the 

tail dùring locomotion. and that the skull and especially ~he tusk 

,re,spond to this compor'lent with a I~torque, of inert.ia'~: This 

'effectively -results in the rotation of' the tusk within fts socket as ' . ' \', 

i t grows l ongi tudi na 11y, and the sp,i r{ll patter~ i s supposed to' be 

impressed onto ~he tusk by a spiral set of ridg.es on the wall of the -

alveolus. No evfdence for a rotatory movement of the taH 'of wha1es' -
J, .. "",, 

.ex1sts, and ft 1s ltkely that the spiral pattern 1s the result of a 

specifjc gene~ic growth' function. 

The, structure and (fe"e 1 opment 'of the embedded teeth have .. 
, lo' ~ •• • 'il 

received 1ess attention than the tusk. TIte males usually have one of . . 
these teetH et1Îbedded horizontally in'the right maxilla'whl1e females', 

have one embedded horizontally in each maxilla. These teeth st~p 
pJ:"owinjJ re'latively' ear1y in' postnatal life, ac.hieving a ma~imum 

.' 

) 
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, 1 ~ngth' of about 29 cm in 'm~le,s and '23 c~ in- 'females., The 1 eft tooth 

of'fema1es is lori~er-than' 'the right 'and 1S c10ser ta the tip of the 

rostrum (Frase~' 1938). 'A' spir~r pattern of ri<lges and gr~ovès 'is 

present on' the surface of sorne embedded teeth, as was noted al sa by 
'" - ~ , .' t _ 

Home (1813), and Brown (1868). ' 

Sku11 ~,and ske1etOn - ,Ea1es \1950)' !las described the anatolI1Y 'of 
, , ô ' 

~he skul1 of the ear.ly foetal narwha1. The mand~bles of sma1l 
'y , 

, foet'uses cont~in ~even pairs of hair genns, but, postnatal narwhals 

,are hairless. Frasèr (1951) also described foetal skul1 anatomY and 

dentiti 01). ' 
~ . \ . 

The skull of the narwhal di sp1,'ays a marked asymmetry., manifested 

'by 'the. greater development of -the maxi 11 ari es' and premaxi 11 ari es on 
-' . ' - ' 

, ~he 1eft a,nd of the ~r:ain ca~e on the right ,(Tomil,in_ 1957). Ness 

"(1967) found that the relative asymmetry of the narwha1 skul1 

increases with ~kull 1ength ~u~ is equallj deve10ped ,ip bath sex~s. 

,Th'e'mid-line'of the nasal bones was displ~cea an 'average. of ,33 mm to 

~he 'left, 'of· the mid-dorsal skull axis. Due-ta twisti'ng of thes~ 
bQnes, the 1eft naris 1s sma11er than the ,right (Ness 1967). 
Apparent1y, the number and position of the erup~e~ tus~s do~no~ 

ïnf1uence the sku11's asymmetry (Ness 1967; Clark 1871) • 

. Scor~sby (1820)' realized that ,the cervical vertebrae of the 

narwhal are 'unf~fed, one of' the distinguishing characteris~i~s of the 

Monodonti dae .. His dissectlon of ·the vertebral column revealed the . , , " 
presence of 7 ,cervical, 12' dorsal,' 23 1umbar and 12 caudal vertebrae, . , ' 

for a total of 54 vertebrae.' Turner (1912) gave ·the number of 

vertebrae as '50" the formula being '7-11-6~26 for the respective 

vertebrae. 

Jomilin (1957) made some'remarks on other aspects of the 

narwhal 's Ske1eton: the number of phalanges decreases with age; the 

sternum is segmented; the pelvic bones are rudimentary and 

'asymmetrica1 in silze, and are located be10w th~ last lumbar and the 

first two'caudal vertebrae. Eales (1954} has studied the anatomY and 

arr-angement of the bones of the narwha 1 ~ s manus.' 

t .< 
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Intern~l 'anatàmy - Publ ished accountS ~f the intern~l anatomy of 

the nàrwhal fnclude, déta1led studies of the muscles (HoWéll 1930),~ 
the larynx and urogenital' and digëstlve systems (Hein 1914,' 1915),' 

the digestive system frur~er 1889; Woodhead and' Gray 18.89, 1890}, and, 
, ' 

the thoracic,retia miraMl1a (Wilson 1879; Vogl and ~isher 1976)., • 

Turner (1876) dissected and 'studied the placenta of a· fema1e with- a 
, , 

165 cm foetus. Eales (,1950) examined the brain of ,foetal narwha1s 

and concluded that oJfactory lo~es and ner~es were absent. '

Anatomical studies'~a~e also been made' of thé eyelid (Huber , , 
1934), eye (Jamieson and Ffsher 1972), ear' (Huber1934; Fraser and 

:~;::;::9!:~~:::~:~:::~::~g~~::;h:::~~::::!:~~~:i~c:::::ed ~t 
Kol'uk.too Bay~ northern Baffi~ ISlanb~~S-2.99 k.'g: r'epresenting 'O.19%' 

• \ <-

of the me~n b~«y weight. Brain weights are proportion~,tely l~rger in 

youn~er,animals, reaclJing a va1\ue of·0.5~'f, of',bo«y weight of.a 290, cm 

female. , ' ~ 

Distribution and Migrati~ns \ . 

,Range ,"" The genera1 range, of the narwh~l in Canada Ihas been 
, - , 

summarized by Mansfield et A. ~1975). 'Narwhals 9c~ur ,regu1 ~rly in 

Lancaster Sound, Baffin·BaY, Ôavis Strait, nort~ern Hudson Bay, Foxe' 
1 _,' 1 

~as; n, .Jones Sound, and prince Regen~ In1 et. They have als~ been 

9bserved in Peel Sound and Fra~K1i~ Stra)t (Manning and MacPherson 

1961), in Hudso-n Strait (Low 1906), along the ~st coast of Baffin .> 
" ~ 

Is1 and (Deg,erb6l and Freuchen 1935; Webb 1976), and .in smith Sound 

and Kane Basin (Vibe 1950). Finley"Davis and Richardson (1974) have' , ' 

documented the spri ng and SlJt111lef di stri but; on of the narwha 1 ;'n 

Barrow Strait, Wellington' Channel, Peel Sound, ànd McDougal Sound. 
~ -. , ' 

Narwhals also frequent Creswell 'Bay, southeastern $omerset Island., 
• ~..., fI;.-

and Bellot Strait (Finley et, al. 1974; 'Davis, Finley, Bradst~eet, 
, --

Holdsworth and McLare~ ~975). 

; . Recent observations of the 'occurrence of narwhals at the 

"extremities of the1r, range in Canada include those of Mercer (1973), 

J 
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, , 
who' docu,mented tre strandi ng .of a 486' cm male n'arwhal with a 216 cm 

tusl< 'at Bell 1,sland; Newfourîdl~nd- (5-o°40IN~ 55~301wr on" 12 June 1969; 

Merdsoy, Lien and Storey ,(1979); w~o recorded a young, male narwhal 
1 - _ r' .,.... 

trapped by. ice in Halll,s Bay, Newf.oundland (49°30 IN, 56°00.I'W), during - - \ " - \. 

March·1978; smith (1977) who.discovered.a skull with tu~k 'on a. beach 

along th~ western coast of y'fctoria Island; and Roe and Stephen 

(1977'-"'wtlo observed 1Ô rarwhals 1n Maclean Straft.{77°201~. 

lO3°20 IW) on 6 September 1976. Mor.e recently, an.·adult m~le n'arwha'l, 

became ~Î1tangled and"drowned in a ne,t set for seals on 19 Oecember' 

197,~ near t,he settl eme~t of Westport, Whit'e' B~. Newfôundl and 

. r49°4:7 IN, 5~38'IW)'." The bocbt length of th,'s narwhal was 453' cm:and , . 

:' t~e exposed po'rtion of, the tusk was 192 cm' long (unpubli.Shed data)'; . 
l ' , 

,,~ ,The na~ha1.,allso occurs infrequèntl~ in :the c?astal waters of Alaska 

(Gei st, Buckley and Manv11le 1960; Huey, 1952). 

The distribution pf .~he_n~rwh~l, in the SOYiet'arctiC/has- b1een ! 

outlined ,by 10mtlin_(1957). It occ'urs in the Barents, White; Kara, 
, ',',/, 

Laptev; East Si berian. and Chul<chi Seas·, usually ,well offshore 

(Fig. ,2). rt,fs rare'fn"the wat~rs'of th~ Sfberiân arctfc and the 

Beau'fort Sea' (Sc~on 1874~ Tomil in 1957). Narwhals aBo oc<;ur 

occasi-onally"in the ,-aering Sea (Johnson,' Fisc!Js, Ostenson .and Barbour 
1 - ) _ 

1966; T0!l1ilin.1957);,the south~rnmost Soviet r:ecord 15 from Berfng 

Is;and (TOmilin' Ü'J57); 

The narwhaT occurs regularly in the waters of west Greenland 
f3 -'" -

,(Vibe 1950) and east Greenland (Gray 1887, 1889; Boyd 1932). The 

narwhal iS.known to'penetrate tg high latit!Jdes in swrimer, at least 
'~. v' . 

up ta 8SoN -1 n the Eurasi an arcti c (Nansen 1897; CMpsk i i . 1946 ~ 

Rutilevskii 1958; Herbert 1969). ~ 

, . The 'narW~al occurs rarely i fi European wà.t~jrs. Fraser {!'949J ';fj • -

documented five. narwhal strand,ings in the British· !'sles sim~e"1588 ,', . . 

an<;t cOl1lllented upOO t~efr occasion~l occurrence in th~ No,rth Sea, . 

whi 1 e .Fl emi n9 (181~) ,docum~nted a- stranding at 't~e 5hètl}~d 1 51 an~s 
in 1808. The stranding of a two-.tusked pregnant femal è narwha1 in 

\ ' ~ - - ~ 

the Elbe ,River in 1736 was noted by Johansen (1912) é!-nd Eales' (1950)." . 
'-l! _ 

Schu'ltz (970) presented et ght records of the narwhal in the North 

, " 

" 

<, 

, 
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- , 
Séa and Baltic Sea, the earliest from Norfolk, England in 1588 and 

, f 

the most recent from Essex, England in 1949. 

Few winter records of narwh~ls existe Vibe (1950) and Freuchen 
and Salomonsen (1958) stated tha,t narwhals- spend the winter in the 

'':North Water" (an area of 1 ight ite coverage or opef( water ~ln ' 

northern Baffin- Bay and Smith Sound); Davis Strait, Baffin Bay, and 
Lancaster Sound. Winter sightings in the Canadian arctic have bee~ 
recorded by Davi s (1876), who se men, while dri fting -southwards on 

pack ice in Baffin Bay, observed narwhals during February-March 1873 

at 63°47'N and 68°S0'N, near the coast of Baffin Is1~nd. W~bb 

(1976), considering the fall migration of narwhals south a10ng the 
" :;, Baffi'1 Is1 and coast, sugg:ested that narwhal s may winter off Cape Dyer 

within the pack ice, while Renewab1e Resources Consulting Services 
1> ~ '" ' 

" 

L~d. (1977), co'nsidering satellite imagery, suggested that a- small 
- , 

proportion of 'the.population wintered in the North Water while most 
'individuals wintered in Da'vis Strait -(in the, vicinity, ,of Disko 

Island). Turl (1977) has recently observed narwhal s in the _ pack ,ice 

of Davts Strait during winter. 
Vi bel s (1950) observation of white whales on 6 February 1923 

near Cape Parr,y, northwest Greenland suggests that'some narwhals may 

also spend the winter in the North, Water. Observations by Degerb~l 
(h 

and Freuchen (193S) of narwhal s at the ~Admi ral ty Inl et f10e edge and 
Cape York, Lancaster Sound, ,i n April 1924, and by Renewable R~sources 

Consulting Services Ltd. (l977), of nanfhals in the Devon Island flaw 
lead in April 1976, suggest that sorne narwha1s spend the w1nter in 
the North Water. ,IOn the basis 'of aer1al surveys of the North Water , '( 

- in March-April 1978 and' March 1979, Fi n1 ey and Renaud (1980) suggest 

that"this arealnas extemely 1imited patential -forJ'supporting marine 
'_ mammals during winter.. They saw on1y 12 narwhals during their 

"'-. 

'sur-y~s of the North Water and suggest that most high arctic narwha1 s 
, -

must winter in regions with less severe' ,ice conditions. Some" 
narwhals also overwinter in northern Hudson Bay and Foxe,Basin 

(A.W. Mansfield, ~. ~) and in the mouth of Hudson Strait'and 
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.. 
in the offshore waters of southeast Baffin l'sland (MacLàren Ma~ _ 
Inc. 1979). 

The question of the wi ntering range of narwhal s whi ch summer in 
the eqstern Canadian Aretic and at ·northwest Greenland has ree~ntly 
been resolved by McLa~en and Davi s (t982, 1983).' . Their extensive: 

aerial surveys durin.9 March .of 1~81 and 1982. showed, that the great 
majority of narwhal-s overwinter throughout the heavy pact< ice of 

r"':.J .,. 
northern Davis Stra1t and southern Baffin Bay, w,hile few narwhal s 
overwinter in the loos~ pack. iee off West ,Greènla,nd, and-Jlone; in the 
open .water. 
~ Il / 1 

The wintering r.egion of narwhals in Eur.asian waters 1s n.ot well-
, l' • ~ 

known, although Gray (1931) suggested Oenmark Stràit as a Uk-ely 
place. They rnost probably overwinter in the pa~k ie~ of :the , 

Greenland and northern Barents Seas. 
f ~ ~ • 

Migrations - Lancaster So.und fs the' main rou:te by whlch:marine'. 
mammals enter ~he Canadian arctic archipelago fr.om ~affin Bay. ( ,Tuck 

, ~ '" -

(i957) estimated that 6,000 narwhal s passe~ Cape Hay., northwest Bylot 
. . 

Island, from 3-19 July 1957, whi.le ,Greendale ~n~ B,rousseau-Greendal_~ 
(1976) recorded 6,145 at the samé location du~in9 June _'and '~uly 1976. 

, Prior to this movement past Cape Hay, lar.ge nùmbetS-,of narwhals "pa,ss . . 

Bu~ton Point, south~ast Byl ot· Is1 and, in June and .July JFreuchen and 
Salomonsen 1958; Anderson 1934). 

-' The westward movement of narwhals 'throügh Lancaster Sound durfng 

1976 has been i.~vestigated by Johnson!!.!!.. f1976)"whose aerial 
surveys on seabi rds prov1 ded i nèi dental. but ,excell ent ,i nformati on or. 
mfgrating marine marmia'ls in the eastern part' of the sound. During -
May and June, they saw a few narwhals a10ng the fast ice edges of 

[ . ~ , ~ ," .. . ~ 
so~thern Lancaster Sound, but in~ l ate June the mi grati on i ntensïf1ed, . 
and ·the maxfl1lJm, number of n~~ha~ s was recorded on 4- 5 JÙly. The 
migration at .Capè Hay peakèd on 15 July" after a gradu~l 1ncrease in 
'the nllllber of narwha 15 whfçh were 1111 grati-ng (Gr:eenda le and , -
Brousseau-Greendale 1976) ... ~ccordtng to Johnson et al. (1976)'- 67.4% 

.., " "" --'-
of' the narwha 1 s whi ch they 'obser~ed. weré near the coast; but the 

" total number. ~fgrating in o'ffstfore waters was calcu-lated ta be 
,-

" ' 

! , 

./ 
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consi derably greater than the number mi grating near the coast. 

,Migrating narwhals were- seen to occur predominan~ly near fast ice 

edges '(Johnson et~. 1976). On the westward mfgration, 

appro·ximately eqùal numbers were observed înigrating along the south . , -
and- north shore.s of Lancaster Sound (38._3% and 33.8'1. respectively), 

. 
while 27.9t were seen in 'offshore waters. Large conce~trations of 

m1grat1ng narwhais w,ere o,bserved along the ica edge at Navy Boar:d 

Inle~ and near southeastern Devon Island (especially Dund~s Harbo~r). 
\ • • 1 • , • ,-

Very few whales were- éncountered further wést,along the Devon Island 

coast. i_mplyi~g that many' na~hars mu~t cro.ss Lancast~r ,Sound from 

Devon Island. After 4-5 July, the migration in Lancaster Sound 
4 _ 

decreased in intensity as narwh~ls began to enter the fiords of 

northérn Bafiin Island (Navy S'oard,Inlet and Admiralty Inlet). 
. " '\. 

~ Observations by Renewable Resources Con~lting, Servicès Ltd. 

'(1977) confirmed this mai~ migration during July; in addition, this 
" . 

group ?awa small number of "narwhals on' the.sou.th side of Lancaster: 

Sound dùri ng May and June 19,76 .... , They al sa obser~ed ~arwha1 s in the 

Devon' ISland flaw lead during .April 1976. 
.. ~ ~ ~ r 

Narythals.énte!' the fi,ords and-bajs of,riort~ern Baff,in Island .. 

during the breé\k""up of coas:tà1. fast ice 'in ',the spring (Wilkinson 

1955; Degerb61 and Fr:euchen, 1935). Large numbers ent'er Navy ,Board 

- Inlet (Tuck 1957) and Admir.al~y ,Inlet (Johnson et !l.. 1976) after 

passin~ Cape Hay. Relati~el~ few 'na~hal~ migrate furfher west. in~o 
Barrow Strait, Prince Regent' Inlet, ,and ,Peel $ound (F}hley 1976). 

When lce conditions ~ermit,' narwhal s .m1grate t~, th~ ~ads of/J certain 

fiords, such as Tay Sound, Milne Inlet, Koluktoo B~t, ,Tremblay Sound, -

and Adm1 r~lty In1 et' (Bi,ssett' 1970) • El 11 s (1957) found that narwhal s 

enter Eclipse Sound from Pond Inlet 'durlng July, when the Inuit ~atch', 

con~ists iÎ1os'tly orcows and thèir yoùng. According to Ml'11er· (1'955)0,', 
'\ \ 1 • 

the range in date ~f arrivaI Qf narwhèlls ts' 18 J-uly to 1 August 1n 
the company of bear:ded seal s Er1gnathu's barbatus', while break-up of 

the ice (defined as the ffrst' day that a Canoe c~n safely -cross 
, l, . 

Eclfps~~Sound) can vary ~y 25 days·(l7July tOll 'Àugust5.-. .. , 

-~ . 

, " 

-, 
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The observations of this stuqy tend to confirm most, of those 

cited above. During early June 1975 smaJl numbers of ri~rwhals were 

observed at the flo~ edges of Admifalty, Navy Board, and Prince 
" 

Regent Inlets and ·eastern Barrow Strait .. ' In May and June 1976~ there 

i were small numbers of narwhal s at the Pond Inlet fl oe 'edge, and 

during July Many, whales were moving through the bre'aking ice of Pond 

Inlet and eastern Ecl1pse Sound; ,the se whales were migrating to the , -
.heads of the fiords where they spend the sUl1I1ler., 

1 " . 

According to Bissett·(1970), narwhals begin to MOye from the 

fiords ~f nort~ern Baffin Island to Lancaster Sound and Baffin B~ in 

September. Johnson!! al. (1976) observed ,several hundred narwhal s , 

swil1l1ling north along. the western .shore 'of Admiralty In1et on 

19 'September 1976. They also reported that Many narwhals were moving 

eastwards or northe~stwards through Lanca.ster Sound dur1ng lflte 

. Sep~mber. Of the total number observed at thi s time, 33% were 

migrating along '1!Le south shore of Dthe sound, 50~ offshore, and 17% 

a10ng the north shore. The observations of ~enewable Resources 

Consulti~g Services Ltd: (1977)' also ëonf1nn this faÙ migration of' 
the narwhal •. · " ' 

Webb,(1976) has ~hed additiona1 light on the autumn movements. 

He documented the distribution of the narwhal' in Pond 'Inlet' and 

E~lipse'Sound during late Sep~ember 1976 ,and documerited a movement 

(during September' and October) southwards along the Baffi,n' Island , 

coast as far as Broughton Island, where narwha'l sare usually hunted 
-' , 

from mid-O~tober' to mid-Novemb-er. There May a1so be êlr return spring 

migration along the same coaS,t. Webb (1976) also ,noted the autumnal 

èastwar~ migration of narwhals along the southern Devon Island and 

nQrth~rn BYTDt. ~sland coas,t~. \'" _ _, _ , 
- M1gratory routes of the narwhal in Hudson ,Bay ~nd Foxe Basin are 

.... 4' • ' !"I 1 

not known~ Degerb~l and Freuchen (1935) stated that narwhals are 
- . . 
ORly seasonal vfsftors to Hudson Bay 'and Foxe Basin, implying that 

t~ey utll ize Hudson 'Stratt as' a mi gra'tory rou'te. 

Nafwha) migrations along the west coast of Greenland have bèen 

summariz~d ~Y Vibe (1950). Apparently the y move northward during 

l' 
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March ,and April_ in the offshore waters of, Davis Strait following the 
retreating edgè Of the -ice (Freuéhen and Salomon sen 195,a; Raven 
1927). During June narwhals migrate.northwards alon9 the ice edge of 
M~1~i.11e Bay (see Meldgaard and Kapel 1981) en route to 'Inglefield ' 
~ - \. ,r ~ 

Bay, 'where 1! 000, t~ 2', 0'00 na~ha 1 s spend thÈ! s~,r (Vi be 1950: 
Bruelllner 1971). Sorne whales ma,y continue as ,fàr as Smith 'Sound' and
,occas~on~lly into Kane Sas'in and Hall ~_asin (Vibe ~950L 

, , 
Narwhals leave Inglefield Bay and the Thule' area of northwe~t 

Greenland in mid-September to late October (Vibe 1950; ~ruemmer .. , 

1971). They are sometimes hunted 1n Melville Bay while on their , ' 

southward migrations during November (Freuchen and Salômonsèn 1958). - ~ 

Acc?rding to Tomil;n (1957), narwhals r~ach Umanak by Novemb~r and 
Disko Island by Oecember. 

The narwhal catch statistics tabulated by K~pel (1977) provide a 
general indication of the migration pattern of narwhals a,1ong the 
west coast of Greenla~d, ,S"owing that narwhals occur in the DisKO Bay 
are a from January 'to Ma,y, in the. Umanak area in April-May «(1orthward 
migration) andOctober-Janua~ (south~ard migration), and in ~~
November in the Upernayik_r~gion. They may be see~ in'the Thule_ 
region from June to' September. Ther~fore it ~an ,reaQily be' sèen that 
the narwha,1 migration octurs ov~r a protraéted period along the west 
coast of Greénland, and they may be found in certain loéalities' , , 

throughout the year (e.g. Uperr:JèÎvik). ' ... 
Vibe (1967) d1scussed the effects of recent climatic warming in 

the arctic on the migrations of the narwhal and w~ite whal~. showing 1 

. that the di stri buti ons of these wha 1 es have shi fted towards the north 
and that the timing of the migrations chang~d; narwhals departed for 

, . 
the north earlier and returned south later than they did prior'to th~ 

G .' 

period-of-cl,imat1c warming ... 
The migrations of the narwhal in the seas east of Greenla~d are 

not well,-known. The whaling captain R. Gray (1931) described the1r 
migration patterns in the Greenland Sea. Narwhals migrate southwards 
during' autu~n to the Denmark Straits between Iceiand and Greenlandi 
, 1 

where they are,pelieved to spend the winter. ,In spri'ng, narwhals ,-

, , 

• 

" " 

- ,~ 
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, , 

migrate north into the iee fields' o'f the Greenland Sea. Apparently , 
males head these' mtgrations, with t~ female's'and yOijng following 

(Greendale and Brousseau-Greendale (1976) observeq a similar pattern _ 
, ' 

at Cape H~. Bylot Island). 'They head north or northeast. into the 

pack ice searching for food, particul~rly squ"id (Gray 1931). So~ 

whales migrate ~astwards from th~ Greenland Sea'to the north and east 

of Franz Josef Land (where Nansen (1897) a150 observed eastward , 
migrating narwhals).' Some 'narwhals may even reach the New Sfberian 

, , Islands o~ thi~ migration. ln addition, many narw,h,als migr~te " 

northwestwards in spring from the Greenland Sea, visiting the fiords 

of éast Gr.eenland ,., n summer (Pedersen 1931). They reap'pear in the 

northern Green1and Sea in autumn (Gray 1931). . 

Savssats - Savs'S'at 15 t.he Greenlandic word for an aggregatfon of 

dnima1s at an opening or polynya 1n the sea i~è (porsild ,1918). Th~ 
occ~rrence and origin of savssats conS,isting of white w'hales àndlor 

, , 

'narwhah in, Disk.d-B!l,Y, wes't'Gre~nrandt have :been d,escribed by Pors'Il,d 

(l~Hi) • sa vssa~s a:e formed when ~h~ 1 es becolne trapped 'wi thi n the " 

nëw'ice near the'head of a bar durfng a,s~dden cb1d spell ,in calm 

~eather, and the' whal es are forced to mai ntai n breathi n9 ',ho1 es at- ' 1 , ' , 

'which they may come into close contact as, t~ey comp~te for breatMng 

'space. ' 

Savssats occ~r fàirly oftert- in certain fiords and 9ayS a10ng the, 

~oast of West 'Grèënland, such as Disko' Bay (Por'sild 1918).' They 
\ F " , 

occur rarely ~n the Thule,region of northwest Greenland '(Bruemmer 

1971; 'VUle ~950). and occasional1y fn fofel'vil1e-"Bay 'Cyibe' 1950).' In 

April 1860, ,hundre'ds of narwhals and white",whàles 'were 'found 'at such 

a -breathing hOle near Chri st1anshaab (Brown 1868) ~ : Po~sÙd (1918) , 

described ,several sa~ssats which were fôund'in,D1sKo 'B~y during the 

very., cold- wf ~ter _ of J914~15, \ and he '~ntfol'\ed '.one instance where ' " 
• ," "; 1· .... t- _', \ JO 

1,-000 narwhals were shot and harp,oone~ hy the !nuit, a1thou'gh mal1Y 

narwhals were killéd but not retrieved.' Kapel (19n) documente<1 

several savssats which-.have ocèurred more re~e~ly alo~g th~ west _ 

coast of Greenland. 
l , ~ ) 

. " 

, ' 
", 

'\ 

r_ 

- \ :: 



" 

, " 

sa'vssats 'in the -,CanadJ an easterri' aretie ~ré ree'orded 

i~frequently~ Degerb~l and Freuehen (1935) reeorded savssats at 

Lyon lnl et, 'Foxe Basi il in 1916 and_ ~t Mo.ffet Infet, a fi ord of 

southern Admiralty Inlet,'in April 1924. ,This latter savssat 
" 

,in,itialJY ç?mprised 600 nal"'!"hals u:ti1:iting ,a b~eatrying hQlethe size 

'of "tw,o t,ents", but a' tide crack 'allowed many ,'tio escape. They" 

, reported that ,the ,inoit se~u.red 203 narwhals wi:th t~Sks 'and an equai 
- '- ~ 

number of tuskless whalés, while many other'narwhals drowned.' Twp 
" 

narwhals were seen in a tjde-produeed hQle in the' sea, iee a1;, the , 
. , . ' ... ( . ~ ", -~ 

mou th of Pangnirtung Fiord'on 24 Decèmber 1925 (Anderson 1934). , , 

R. Harrington (in'litt. 27 September 1962) documèn~ed the occurrence, 
, -

of narwhal sin a smaH" regul ar]y,-oceurri ng polynya.., four. mHes north 

of càpe Coul'man '(in 'Peel 'Sound, near Stanwell-Fletche,r, Lake, Somerse't 
, " 

, hl and), duri-ng Oecember 1961. The ..most reèent savssat f n the 
• ' , , 1 .. 

Canadian arctic, comprising about 115 'narwhals (mbstly females' with '" ' , '. , , 
n~born); occurred on about 9 Octaber 1979 at Agu' Bay, Gul f of 

Boothia, at JOo18 1 N, 8ôo30'W (Mitchell 1981)., AJmôst all of these~' 
~ -' ....... '" 

narwh,als were 'secured, ~y l,nuit ,hunters. 

The ,importalic~ 0.1: savssa1;s ~s 'a so~rce of n~t'ural l'nortal ity in 
, , ' 

,narwhal popul ations 1..5 ~ifficul t to~ assess, 'but ft' coui d bë 

S1,gnifica~t 'in \"e~ .cold(ear~'in reg~on.s ~here lar.gé numbers of': 
narwhal s spend the winte (e.g. Di sko Bay 'area). 

, . 
'f " 

Food ,and Feed{ng 
\ , 

. ' 

Previous studies - The -feedfng ttabits ,of ,the narwhal "are fairly 
~ • - -- Cl < 1 

. well-known for those 'seasQ~s duri n9 whi ~h f nvesti gators hav~ had ' , 

'~access to this specle~ (i~e spring -eo fall). The prey species eaten 

by narw~al s durting wfnter are not as well-Jc:nown, but the wi nter diet 
~ • J • , < " 

1s pre'sumed' to bEj maihly oceantc cephalopods·.. . 

" To'mi11n (i957) outlined t'he- gerler~l ~f~èd1ng habfts of th~ 
" 

narwhal, whiéh h~ cla~s'ifies as a "~euthop~age" or squid- eatêr. ~ ThE;! 
• • 1 ~ • 

reductfon in 'teeth, wide rostrum. coarse palatal $urfaces, and deep' . ' 

diving 'aQil1.kY èxhib1ted by ,the narwha1 oare aH adap.tations for 
fi, ' 4 

feecUng on,sq'u1d (Tomil1n 19~7); TomililJ (1957), cHing ,o-t~ers, 

" 

" 

, , 

" . 
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sta'ted that the naJ'whal feeds on squid Gonatus fabri'cii (Lichtenstein 

1818)., cod, flollnder, skate Raja batfs; halibut, salmon and herring. 
- ... ' ~ ~--

The food of the narwhal in the Thul e 'area of northwestern 

Gr~enland incl'udes mainly arctic cod Boreogadus saida (Lep~chin) ,and 
in addition shrimps and Greenland halibut Reinhardtius", 
hippoglossoides (Walba"um) (Vi'be ~950; Brue/lll1er 1971). "The arctic .cod 
becomes accessible to the whales when the ice breaks up (Vib'e 1950):, 

At Scoresby Sound, east Gre~nland, nanwhals feed on arc~ic cod . ' 

(Pedersen 1931) and squi ds (Scoresby 1820). 'Gray (1887, 1889) has 
" "' "- ' <1 

. examfned the stomach contents àf'narwha1s'which 'were flarpoonedin the 

'. 

Greenland ?aa ~uring July and August of 1886 and ~88·8. He foufld, that 
remains of Gonatus fabric;i were predominant, while' the pelagie' 

, • l 

shrimp Pasiphaea tarda Krpyer and the surf~ce-dwelling erustaceaQ 
. ' . 

HYfllOurdora, glacialis Buchholz oceurred in several ,stomachs. Clarke 
., Q> 

(1966) stated ~hat ·narwhal S. feed on Gonatus' fabric; i ; n the Norwegi an· 

The' st"mach con'tents' of narwhals in' the Canadian arcti~ have . , 

been recorded by Dege~btSl and Freuchen (1935), who reported that 
narWhaTs feed on,;~all 'lItomcod" .(aretic cod?) and shfimi> dùring June"" 

, • '~ # 

aryd July in ~e,lipse Sound~ They saw groups of ~p to,nine narwhals in. 
a. line, chasing "t~mco,d". However, the stomachs of 2~ narwhals killèd 
near Button Point on 5 July 1924 were empty. Degerb6l and Freuchen 
(1935) stated that 'narwhals feed on "salmon trout ll (arct1c char' 
Salvel ;nus, al pinus?) and Greenl and halibut in f;c11pse Sound in the 

autumn. Brown (1868) rep9rted on the ~tomach contents of a female 
" l ' 

narwhal taken at Pondis Bay (pond Inlet) in August '18~1~ Cr~stacea, 

, fi sh bones, sqi,ti d beaks (from S~pia 1011 go) and polychaetes ,were' 
found in this stomach. At'Wager Bay .(western 'Hud~on Bay) narwhals 
f~d upon "salmon ll (arctie char?) an~ sea scorpions (sculpins) 

, (Deg'erb,sl and Freuchen 1935). ' .. , . 
Analys1s of stomach' contents ..;', The 62 n~rwhals netted at 

Kol'u~too Bay dur1ng 1963-65 ha<l mostlY, empty ,~tomaChS, al'though a .' , 

small n~ber of otoliths (from arctic cod) and squid 'beaks (frOm 
Gonatus fabricii) were found .. in ten s~machs and small anlo~nts pf 

, , ' 

" 

, , 

" 

, ' 

, . 
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uni der1tifi'éd fi sh rema 1 ns, 1·n another three stoinachs. In addi ti on, .: \ 

'two specimens ,contai Qed re~ai n~ 'of :the d.ecapop. Sabi nea, 

septemcarin~ta (Sabine 1~24)·. No remains Qf arctic é"har Saivelinus 

a1pinus' (~.) ·were found in the stomachs o.f these netted narwhals.·in 
i 

spite of extensive runs of char from the Robertson River into . ' 

Kp1uktoo. Bay (Mâ!1sf1eld ét al.,1975). . , -.--- . 
The stomachs. of narwha~s'taken in open wa~er during Augu~t and 

, . , 

· " September of 1974-76 weré al~o' empty, except for ~ma11 nu~bers of 

otoliths ,of arctic cod .and squict beaks (Gona.tus fabricii) a~d 

~ometimes fish bories or par.tlY-digested fi'sh" Finley.a'nd Gibb l1982) 

found that most narwhal s. taken duri ng the open water' seasons of 
" , 

:'1978-79 at Pond' Inlet had empty or nearly-empty stomachs. Vibe 

,(1950) observed that the stomachs of .narwha1s.kil1ed in summer in 

northwestern Greenland were' often empty, but he implied, t~at this was 

d~e to regurgi'tation of th~. food during ,the stressful pursu1t of,thè 

hurit. 
, , ;p 

Narwhals were feeding heavi1y as they migr4ted through the 

,b~ea~ing fast ice in Pond'In1et d~~1ng July 1976. The stomachs were 
" -

usually full of undigested or par:t1y-<iigested food; the Most 

important items' were arctic cod 'eoregadus saida, the p'elagic shrimp 

Pasi phaea 'tarda Kr,syer, and the squi d Gonatus fabri ci i " Sma n 
'numbers of the decapod Eual'~s gàimardi' bel cheri ,(Bell, 1855) were

found in one specimen and, in addition" the I11Ysid' Boreomys1s nobil 1s 
" 

G.O. Sars was recorded in several stomachs. On1y' one intact spe~imen ~ 

of' Gon~tus was. recovered;. thi s species was generany répresented 1 n . \" . 

the stomachs ~y large numbers. of beak~, eye le~ses; and sorne 

semi-digested tissues; Beaks were identified as bel~ngfng to the 

family Gonatidae, wh1le the intact specimen was referable to Gonatus., 
, ... e 

Con,sideration of the geographical distribution of Gonatus led to the 
- , ' 

conèlusion that· thesè specimen's were GonatU's fabricii (Dr. C.C. Lu., ' 

.!!!. Ùtt. 7 Ja~uary '1977'). Arctic co! specimens 'were' nearly intact 

or partly- digested, ,while the crusta'Ceans were often intact or in. 

,various st~ges of digestion. Vibe (1950) and Bruetlll1er (1971) a'lso 

observed full stomachs of narwhal s whfch were take'n at the floe edge 

-. 

, : 

" 
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of Ingl,efield Bay, northwest Greenland. Durin,g the open wat~r 

(summer) season, narwhals evidently feed lightly, and the few 
, ' 

ot.olith~ and s'quid beaks oM~rved may have'been retained in their 

s.tomachs, since their last matn feed~ng ,i'fl the spdng. Finley and 

Gibb (1982) suggest that squid beaks may be retafned in the stomach . , 

for a long period' aft~r Jngestion. ' 

No remain~ o~ Greenland halibut ~er~ deteeted in any of the' 

narwhal stomachs'examined, but at the floe edge of Pond Inlé~ on 
• t <" , 

28 May 1976, Inuit hunters'shot a male hooded seal Cystophora 

cristata. the stomach'of whfeh eontafned six large' Greenland halibut. 

It J s possible that at the floe edge,' prior to break-up of the ice .. 

narwhals feed on Greenland halibut and squid,'for whfeh they'must ' 
, ) 

probabl~ div~ to a cons'derable depth; dur1ng the break-9P'period ' 
" / 

parwhals mave through th~ ice field and feed pel'ag1cally, mainly on 

1 arctfc cod and Pasi phaea, and perhaps the occas i ona1 squi d.' The 
, . 

" 

'majority of squid beaks in their stomachs at this time have,probably 
'V ' ' , ' 
been r~tafned since feedîng at. th! 'f10e edge or in Baffin Bay, w~ile . . 
on northw~rd mi grati,on. ' .' 

'FtnJey an~ Gi.bb (1982) 'rep~rted on stuaies -of fee~in9 habit~ of , , ' 

narwhals:taken in, the ,Pond Inlet area duririg 1978 and,1979. They 

found that the diet consisted of ffsh (93'.t) and Gonatus, fabr1cfi . -----' ----
.(7%), with negligible quantit1es 1of decap,ods and, mYsids., Arct1c cod 

was a' maj~r food ,item of narwhals ~ken at the ice edge, whfle polar' . \ - . 
cod (Arctogadus glacial1s) was important for whales.takeri in the iee 

cracks. Greenland halibut .wa~ ~mportant at _ fc~ e~ges 'and in cracks 
and occurred 'predomi nantly in adul t mal es.. Gonatus fjl~r'i c11 was . , 

found ln the stomach contents of narwha1s taken àt the iee edge 'ând . . 
in 1ee cracks (Finley and Gibb 1982). 

There ~is' apparently nO' infonna,tlon on the distribution and 
, ,,. , 

abundance ,of these prey species 'fn the ,l'~ncaster Sound-Baffin Bay, .-
area. Squi~es .(1957) stated t\hat pas1phaea ~rda 1's a bathjtpelagic ' 

(800-1200 ml species that occuts ,fn' reg10ns influenced by water of 

Atlantic' ori 91.n. 'The di stribut1 on and depths of occurrence of thf s· 
specie~ in Pond In!et and Eé~ipse Sound are not known: On the other 

J 
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hand, Boreogadus saida is pehgie (underneath the' iee) while .' 

Greenland halibut i~ demersal (at depths of 200-600 m} and tY~ieal of 

Atlantic- influenced subarctic seas (Andriyashev 1~54). Gonatus 

fabricii 1s eurybathic, occurr1ng from 'near the surface té> deeper 
- ' 

than-4000 m (AkjmUs~kf~ 196~); adult squids oeeur at greater depths 

than.larval 'Or, Juvenile squids, whicti are' fouRd near'th~ su~f~ce 
(Aklmushkin 1963; Clarke,~966)~' Probably the feeding behav1our'of 

l , ~. ..' ~ 

the narwhal dur.ing spring is a eombi~atioo of pelagie and deep-water 
, , 
feed1ng: More work on· the spatial and depth,distributioh of prey 

,.spee,ies in relation to' na..whal feeding' habits will help ta resolve 

thi~ problem; 

'B'ehavi our 

. Many accounts of 'the narwhal deal with the ,behavio.ur of thi s 

species, but the majori~ of the descriptions are anecdotal in nature 
• ~ '. # " , 

and of little scientif1c value. An 'investigation of the social , , . 
b~havio~r of the narwhal has reeentiy been completed by Si 1 verman, 

~ " ~ 

(1979). who stU,d~èâ in' .grèat depth most of the tapies, reviewed _here. 

,Groùp structure and size - Narwhals usually occur'in groups of 

th-ree or four., ocçasionally up to'lO (Tomilio 1957). Sexual 

segregatiçn in ,the 'nar.whal has been obser.ved by Scoresby (1823), who 

~ecorded schools of 15 ta.20 maies 11fencing" with t~eir tusks and 
, , 

o.ther 'groups of up ta 's'ix 1ndfviduals; all of one séx. Pedersen 

r (193~), on the other hand, described mixed school? of 50 individuals 

Îleaded by old males. Sexual segregat1oJ"l 1s éllso evfdent in herds of 
migrating narwhals. Large- 9~QUPS 'of males héad the migration, 

fol1owed by the fernales and younQ (Greendale and Brousseau-Greendale 

1976). On the other hand, migratorY schools may consist of 6 ta 10 

animals 'of all .age/s~x' classes (Degerb61 ~nd Freuchen 1935); 3 to 
- .. >l, " 1 ~ , 

10 animals in large h~rds ,(B~uertl11er' ~971);, 10 to 20 anfmals of al1 

age/se.x classes' (Vibe 1950); or up ta 15 to 20 narwhals (Pedersen 

1931). Fo~ag1ng narwhals are found in groups o~ up to n1ne animals 
- 1 _ ' 

(Degerb61 and Freuehèn' 1~35). 

----------- - - ---_._--- J' 
-------- ~--~--~--
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Su!"mer:ing'groups of narwhals Il'ay also be segregated by age and 
.sex. Vibe (1950)' stated tha't females and calves are usually found 

J -

in swnrner at the head of)nglefield aay ia the Thule,region, while 
ma1es occupy. the outlYing regions. Gray (188n also noted that male 
narwhals segregate from the females and ~alves in east Greenland 
waters during J~ly. 

Tables 2 and 3 present the composition of groups from the netted 
sample (1963-65) and the hunted sample (1974-76), respectively. The 

, '" \ ~ 

floe edge catch of 1976 was not analysed in this way since. at this 
hunt, usually on1y one animal 1s ~emoved from each group and fema1es . ... . -
were'sampled s,electively. This analysis was carried out with the 
assumption that the '1ear-simultafleous captu,re of sevE7ral whales, of 
the Same age or sex in the same net or in the same hunting area would 
reflect the occurrence 9f,groups of narwhals of different age and sex 
structure. Table 2. which is based on the netted samplè, strongly 
suggests the exï stence of segregati on by age and sax wi thi n the 
swnmering narwhal population. 'Tllese groups include innnature-and 
ma~u~ing males,' mature females with young, and adul t males (T~ble '2). , 
Evidence'for segregation from the ~omposit10n of the hunted sample is 

,., 1 ~ .. 

1 ess convi nci ng. si nce daily catches here are often selective and 
1 • 

tend to consist of a mixture of males and females in various stages' 
,,, , ' 

of maturity (Table 3). - These da1ly catches probably.consist of 
individuals from several djfferent pods. while. nets are mor~ likely 

-' . 
ta capture several'individuals from the same pod. Hence ,the non-

'the hu ted sample. "Appènd1x 3 provides statistical evidence for ,'- '(il 

sel~.ive hetted sample provides 'better evidence for seg,regation than 

segr ti on 1 n the' s~mer1 ng popul ati on. ' ,- '. 
~1be (1950) and Mansf1el d !l!l. (1975) found that 'mature femal e 

narwhals tend t9 segregate from the her~. selecting ~he heads Qf the 
fiords as summering places~ Sexual segregation similar to that' 
observe~ in the narw~~ i has al ,sa béen n~t~d i n-thELp_ll ot' ~ha 1 é. _ _ 
Globicephala melaena (Sergeant /1962). the spenn wha~e Physeter - , 
catodon, (Ohsumi 1966; Best 1979), and dolphins of the genus Stenel1a 
.(Kasuya 1976). . ' 

v 
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Table Z. Ag~ and~sex composition of narw~als captured in each net set in Koluktoo Bay, 1963-65.a 

- Number of mal es 

Date Calves Imature Matur1n~ 

A~g •. 9/63 2. . 
Aug. 10/63 1 - 2 
Aug. 13/6l 
Aug. 16163 
Aug. ,19/63 2 
Aug.' 9/64 1-
Aug. 10/64 
Aug~ 12J~4 1 
Aug. 25/64' 1 i 
Aug: 13/65 1 1 
Aug. 14/65 
Aug. 19/65 1 
Aug. 19/65 

aexcl'ud1ng-n~t ~ets -capturi'ng only one individual. 

~'def~ ne~ 1 n sec~~ on '~lIftepr:oduct1 ~n 1.n the, Mal e" • 

/ 

,#'~-::..---

" 

.... ''', " 

, .. \~ .. , 
'. 

Number ,of fema 1 e's 

Mature - Calves Immature 

1 

4 

~ 

~ 

:;\ 

---~--~~-~ 

1 

L 1 
. 2 

1 
1 

1 

..;, 

, '" 

Mature 

l 
2 

1 
1 
3 

~-," 

1 
4 

" ' 

".-... 4, 

Total 
Cël:ptured 

3 
4 
3 

'4 
2 
2 
2 
5 
2 
2 
4 

- 3 
4 

~ 

w 
w 
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Table 3~ Agé and ;ex composition of nanihals captured by l,nuit huntèrs on a. single d~ and 1n a particulat' area, 
, 1974-76. a /1' 

• - ; t........ 

'NumberAQf ~l~s' 

Date ,Calves' 1111J1ature Mëlturi~g15-'----Mature 

Aug. 27/74 
Aug. 27/74 
Au.g. 03/75" 

,'Aug. 04/75 
Aug • • 04J75 
,Aug. 14/75 
Aug. 20/75 
Aug. 27/75 
Aug. 29/75 
Sept. 01/75 
Sept. 22175 

• 0 Aug. 28/76 

July 27/75 
Aug. 02/75 
Aug." 11/75 
Aug. 15/75 
Aug. 12/76" 
Aug. 16/76 

'\. ....) 

~ ~./. 

1 

1 

i 

6 

2 

1 
1 

1 
2 

,2 

1 
0 

1· 

1 
1 

ç;~ 

2 
1 

aexcluding hunts captur1ng only one fndfv1dual • 
. ' 

bdeffned fn section "Reproduction 1'n the Male". 

'\-...J 

,." ~~;--r 
, "-\\ 
'. , 

,. 

Pond lnlet , 
" 1 

, 1 

1 
2 

'" 

Aretfe Bay 

3 ç 

~J: , 

c 

Humber of f.emales 
Total 

Calves Immature,' '.Mature" Captu~ed 

1 ,- ~>8 

1 3 4 
2 

1 2 3 
1 1 2 5, 

2" 4 
3 4 

2 
.3 6 

1 2 7 
3 

1 1 .2 

3 
2 2 

6 ' ~;~"7 
2 3 

1 3 
l' 2" 

y? 

( , 

-J, 

w 
+:>' 

~ 
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Diving and swimming - Vibe (1950) r~corded that narw~a1s ~ 

dive for up ta 15 minutes or about.îoo m between successive

surfacings whi1e on migration. Rutilevskii (1958) gave the diving 

, time as 7-8 minutes and occasionally ,up to 20 l1linutes; he a1so 

c1aimed that narwhals can swim for 2 km under the ice. Scoresby 
L 

(1820) noted that harpoaned narwhals could dive ta a depth of 

200 fathoms (366 m). , 
1 

Many observers have noted "sleeping" behaviour '1!1 the narwhal 

(Gray 1889; Degerbpl and Freuchen 1935; Miller 1955). This often 

occurs when a group of whales surfaces at a hale in the sea ice or 

near the f10e edge. The narwhals remain at rest for up ta 

10 minutes, with only part of the back above water; this position 15 

resumed after a brief respiratory period. Occasionally, the tusk may 

be rai sed above the wàter... A group of whal es will div~ i ft oni son 
, , 

after 5uch a resting peri ad. In rough seas, narwhals rest at some 
.1 , 

depth and on1y come to the surface for respiration' (.Gray 1889). 
Bruemrner (1971) has related narwha1 swimming behaviaur to 

different activtties •. During feeding, narwhals move errati-cally and 

spend little time near the surface; during migràtion,-swimming is 
T "', 

rapid, directional, and near the surface. Narwhal 'h~nt1ng 1s most' ' 

successfu1 when the whal,es are movi ng slowly or miJ 11 ng ,around, 

spending ~p ta one-third of their time at the sur~aee. 

Uses of th~ tusk.- J"he tusk of the l'tarwhal' has eapture<!, t_'!.é' __ ,_ ,-" 

imagi nati~n of many natUraU sts and 0numeraus suggestlons have 'been ' 

put forth a's 'to how f.t i s emp 1 oyed. , Tomf 1 in (1957)' sugges ted that i t -, 
- ... '-' 

may be used in fighti~g or ,for ~efense against shark~, but Degerb~1 

and-'Freuchen (19"35), and Porsil d (19221. p~inted out that a, tuslc: - -

cOl11P.osed of such brittle materlal a~ narwhal ivory. wou1d not']ikely , 

be IJsed '-in thls way. The possible rale of the tusk in- feeding has 
'-' -' ""-, , 

,been diseùsse~, by many obse~vers. Tomi1,in (1957) thought that the 

tusk m~ have·been used early 1n the narw~al's evolutionar,y history .. L ~,., 

,for feeding,' but that ft now serves as a ,weapon. Degerbpl ·and 

F-reuehen (1935) and Wl nge (1921) suggested that the tusk f s ,used to 

seour the bottom for benth1c food organ1sms. as evidenced by the faet 

, 1 

. ' 

D 
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1 
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that the tip fs always,.worn smooth and flattened ventrally. In 
addition, porsil~ (1922) found that 34% of a- large sample of tusks 
were broken but that the fracture was irivariably worn ~ooth and 
pol ished, while Degerb~l anq Freuchen (1935), noted that- the cavity 
at the fracture si te ~as often pl ugged wi tIr s'and or other bottom ' 
material. These observations suggest that the'tusk may be used in 

, . 
foraging near the bottom, although,Mansfield et al. (1975) pointed 

, ,--
out that, since the tusk points sl ight1y cfownward, wear at the tip 
and occasional breakage could be, caused by the tusk accidentally 
scraping the bottom as the narwhal pursues Gre~nland halibut or 
bottom shrimps. Jardine (1837) and others speculated that the' 
narwhal may spea~ prey with its tusk, but thfs has never been 
observed. The ro1e of the tusk in feeding must be quite minor for, 

, , , 

as Scoresby (1820) pointed out, female narwhals, segregated from 
'-males for a considerable part of the year, get along witho!Jt tusks 
quite wel1. 

In order to explain tusk wear, Scç~esby (1820) and qomilin 
(1957) suggested that it was used to break thin ice. This 1s 
unlikely fo'r, as De9~rb.sl and Fr,euchen (1935) have .stated, the tusk' 
is extremely britt1e, and observations on savssats (porsild 1918) 
show tha t narwha l s il,se the~ head or back. to break thi n i ce, 
manipulating their tusks ve~ carefully. 

PosS1,bly the tusk is used' in aggressive male displiU' (Mansffeld 
et al. 1975}'s1nce the narwh~l- is probably po1ygam~us, âs evidenced' -- ~ '{ ( \ 

by the male's Ja'rger sfze and later attafnment of sexuaLmaturi1iY 
compared ta females (see' section on "Repr04uctiôn in the Malën

). 

Possiblé 'evidence,of this usage is ind1çated by th~ oceur~ence·of 

nurnerous'scars, ~elieved ta be made by the tusk, on the melon, , head, 
and flanks of some ma,les. These are thought to result from 
accidental p~sical encounters as adult males display' to each other. 
Silverman (1979) ha's studied this probl~ fn detail, and her findings 
coneur with this hypothes1s. 

Pors1ld (1922) 'and Knudsen (1958) have docume~ted the unusual 
occurrence of the tip of a tusk inserted into the fractured t1p of a 
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large broken tu~. 'rhere have Qeen, specu'ati~ns as to how thfs:,mf~ht 

happen, but 'a sj\n~le"explaoation cou1d,-bè that one tusk 1s 

occasionally ra~ by another, ff 'head-to-head aggressive d1splay /,~~ '; 

practi ced by adul't males. 'O~ ~nd Ho llenberg (1971) have i ncorrectly _ ! . 
attributed these p1ugs in fractüred tusks to the .depos1t1,on of new , , 

dentine. ' \ ,1 -
!, 

Recently, Sil verman' and D~nbar -(1980) presen'ted convi nci ng ',' 

evidence that,the tusk i~ used in aggressive encounters 'between àd~lt ,\ 
- ,1 

male narwhals, especially during the breèding seasol'l. Best (1981), 

uti11zing observations 'from the 1iteratute includ1ng thos~ of 'the 

above' authors, conc1uded that the tusk functions as a secondarY 
sexua1 char~cter for non-aggressive assessment of hierarchica1 status 

among mal es. 
, , 

Acoustic behaviour - The narwhaJ does not seem to be as vocal as 
, 

its rel,ative the white whale, but its _1 im1ted repertofre does i nClude' 
various cOIII1lJnicative whist1es and shrieks and the II rusty hinge,1I 

, ' 

.sounds used in echo1ocation. The rèader 1s re!erred to .Watkins, 
Se hevi 11 and Ray (1971 L and Ford and Fi sher (1978)~ who have recorded 

, , 

and ana1yzed the sounds of 'free-ranging narw.ha1s. ,RobJsch, Mal ins, 
Best and Varanasi (1972) hB:ve fnvestigated the biochemical nature of 

-

the 1ipids that may be involved.with sound reception through the 
, . ' 

mandible of the narwha1. 
" 

, Behaviour at mating and bir.th' - The o"ly publ'i shéd observation 
of ,copulation by narwha1sis that of\Vibe (1950), who recorded "that .a 
Polar Eskimo observed, narwhal,s copulating vertic,ally,_belly ta 'belly; 

the location was Melville Bay,. but the sea~on was not stated. 
-' '. ". ... . 

Pedersen (1931)" probab1y on th~ basis of Eskimo lore, .cl-a1med that" 
narwhals are born ~a,il-first and that birth lasts several weeks. 

Predators . ' 

Other than man n the main predator of thè narwha1 1s·probably th~ 
killer whale Orcinus orea •. According to Broqy (1976). the' Inuit of f 

, - -) " 

Baffin Island believe that harwhal's are anx,1o:us to enter the ice-' 

eovered fiord,s 1'n spring because killer whales are 1urk1ng offshore 
~ ~"', , , 

, " 
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in the open water of Baffin Bay. Because of the high dorsal fin, 
kJller whales' are not adapted to living wtthin the pack ice. They 
are, present in srnall numb~rs in the eastern Cana4i~n arctic in 
summer, but-the\rnagnitùde 'of their predation on ~arWhals has not been 

; 

'a~sessed. Acc~rdlng ~o Inuit, informants ktller whales ,occasionally 

drive nar.whal s i nto vèry shall ow water "where they' ~trand, becon11 ng -
~ . " , l ... f ~ \ ... 

easy vi étims for hunters-.- OegerbtSl ,_and Freuchen (1935) documented-
several instances of' ~arwhals driven fnshore by kil 1er whales in 
Eclipse So'und, n~r.thern Baffjn Isran~, and, in' addition, 'Royal 

~ . 
Canadi an Mounted Pol ice game repor,ts make- occasi onal r~ference to 
this phenomenon. ' Polar bèars occasionally att~pt to' catch' narwhals, 
si nce s~ecimens :have been seên wi th charaéter1 st1 c claw marks on the 
head (personal observation and H.D. Fisher, .!!!..l.!.!!.). -/Inuit hunters 
reported that-a polar bear ca.ught a' narwhal from a holeîQ ~he sea 
{ce neat:' Pond Inlet 'dlJring spring 1976. Acco'rding to Gray (1931> 

walruses jnftequently atta~k and'kill sleeping riarwhals. 
, .' 

The Greenland shark Somniosus m1crocephalUs 1s ,rret an act1v~ 
pre,dàtor ~f the, narwh~l-; as sorne a~t~ors may have tho~ght. Beek and 
Mansfield (1969) reported on 18 sharks captured in the sarne nets 
which were set for narwhals in Koluktoo Bay fram 1963-65; sorne of the 
sharl<s had 'fed _on blubber ~nd offal from the ,whal 1ng ~per~,ti9n while 
others had attacked dead narwhal sin the nets and tor-n huge chunks of 
sk1~ a,nd blubber 'from tnetn. , Greenl and -sharks are l~thargic 
scavengers, and thèy fl"equent--the edge of the ice or bea,ch 'where dead 

~,.. - --

n-arwhal sare bei ng proèessed. 
The predation on narwhals -by walru-ses, polar bears and killer-

~ , , ... 

whales -probably does not ~omprise a significant ,proportion of the 
annual natural mort~l.i ty of narwhal popul'ations: 

,. " ,~' 

Parasites" -
The narwhal carrie~ ~,substantial burden of ecto- and endo

paras1,te's. 'The c1mph1pod wha'le 1 tc~ Cyam~s monodontis Lütken and, 
C. nodosus- L:Utken -(Leurig 196n are found, in the fol d of the -skin at, 

;he ,base of _the tusk ~nd in' s~p~rfi,~ia~ healed wounds. The inter.naf 

• 
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• 
parasites are l fste,d in Table 4. 'Th~' ffrst four spéèi~s, shown as 

- ,'- occurring 'in the sinuses ol the middle ear, are all 'sYl1onymous. 
, ... r -, 

- AniSakis simplex a,nd Asc~ri,s, simplex are àis,o synonymous, ,as are 
T~rrano~a dec1pièns and Porrocaecumdecipiens. ' 

Vfrtually n~thin9' i s known about qiseases in, natura1 narwhal 
populations. 
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Table 4. :_Endoparasités of the narwhal. 

'(ocati'~n 
1 n ~o<tY 
, . 
Middle ear 
si o..us~sa . 

.Stomaéh 

lnt~stine 

Species , Source' 

Stenurus alatus (L~uckart, 1848) , . " 
Oa11ey,and Brownel1 (1912) 

r • 
, 

Pseuda,l1 us al atus (Leuckart) - Gray' '<1889) 
T0!1nurus alatus (Leuckart, 1848), . Tomtlin "1957) 
Pharurus alatûs U.euck,art, 1848L 1 Arnold and Gaskin (1915}~ --

" " . -
Anisalds' s'inplex (Rudolph1, 1809), Oailey and Brownell ~1972) 
Ascari s simp-l ex· ,(-R~dol'phH Gr~' n,8e9) '. . ~. 
Anisakis s~lex'1Rud01Phi, 1809} ., "Tom11in cl957) 

'Terranova 1p1ens (Krabbe, 1878) . 'Tomilin (1957) 
, Porrocaecll11 deC1p1ens (Krabbè, .1878) 'Oailey and' Brownell (1972) 

- 'i ' - j. -

'Lung "Haloc~rcus monocer1~ sp~ n. '. Webster', N.eufeld and 
. ~ ~acNe1J 1 '(1973) . 

. a~ i~cluding eustachian.tub~ (Gray 'UiS9; Tomilfrl 1957) and véins .ànd )ûngs ,(T~milin' 
1957) • \ ' ". , '. . . 

b, ide~tified fram the cran1al sinuse.s of 'narWhals ,captured"at K~lûktoo Bay, 
1963-65. ' ", '" 
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AGË DETERMINATIONl 

l ntroducti on 

The use of growth l~ers in the teeth of pinnipe~s fo~ age 

determi nat; on' was deve'loped i ndependently. by Laws (1952) and Scheffer 

(1?50L a~d has been ,e)(tended,to o<igntocetes,' See Jonsg~ard (1969) 

for a 'revi ew of 'ttr~, use' of, the tech'ni que in sea mal11l1als and' Sergeant 

(1959a) .for studies of age determination, in odontocetes. A .symposi~ 
, vol' ume on r'ecent age étete'rm; nati on studi e~ in toothéd wha 1 es and 

sirenians, incJuQing the proceedings of a wOrkshop, has :recently been 
l , • ~ _ \ 

,pub Hshed (Perri n and My ri ck' 1980). The embedded tooth, and m~ndi bJ e 

,of the narwhal contain well-defined growth layers ~hich s~em·'to be 

related to age in this species. 2 

The Embeddea Tooth 
, 

The structure an,d development of the teeth' of the narwhal have 

been historically reviewed ; n an earl fer s-ection "Anatof11YtI. This 

section deàls mainly'with the structure of the growth l~ers which 

are observed on the cut surface of the longitudinally-bisected 

,embedded tQoth. 

Description'of 9ro~h'and growth layers - The embe~ded tooth of 

the newborn narwhal is about 9 ta 10 cm,long and consfsts of an 

elongated cQne of dentine, which 1s 2 to 3 mm thick at the.apex of 

,the tooth in à medi'a'n longitudinal (mid-sagittal') secti ~n. It i s , , . 
covered wi th a' ~ery thfn, 1 àyer df 'c~ntum from, ro'ot ,t,O 'tip, wh-ere' 

r' " there may al sa be some, enaJTJe 1 t i.ssue. il n the nèwborn, tooth 

(Plate II, a) ,a s~al1" amouni of post:-natal dentine may b~ present 

beyond the thtn, dark, often double, neonatal 'line,' which is a'l5o : 

distinguishal:!le in older teeth •. An external c1rcwnferential 
" . 

depressfon on tthe root corresponds to thè intersection of the 

neonatal li\~'with the ,surface of the tooth. The neonatal line may 
,i ' 

reflect a transient retardàtfon of gr<?wth of the, newborn narwhal for, 

,a ,few hours or. perhaps a feW,d~s after birth. The prenatal 'dentine 
" , 

,lTh1s section has been published in modifièd form as H~ (1980) • 
. 2Bada. Mitchell and Kemper (1983), provide pr.el.1minary results on the 
use of the aspartic acid racemization technique ~or, 'determining age' 
of the narwhal., 

.' , 
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, 
is urilform in appeararrce (Plate ,II, a), tra'nslûcent (Plate ~II. aL 

'and hignly calcified, as shown by its "stainability wi'th silver' 
, ' 

nitrate, by the von'Kossa method (Plate III, dl. The neonatal line-is , , ' 

poor1y calcified (PJate Ill, d) ,and transparent (Plate Ill, a). 
, , 

, The tooth of the n~ona~e subsequently elongates rapi dl,Y with 

deposit1'o'n of the fir,st four or five dentinal growth layers" as nested 

elorigatec,1' c'one~. :Each ~t'owth layer cOl'ilsists, of a b!"oad light band 

and a narrow darI< band, as seen' in reflected 1 fght (Plate II, b· to 
, -

hl. On c1'oser inspection, each nàrrow dark-band is' co~,osed of a 

wi de <bri ght or foalllY lIh i ~ band bounded by a, pa; r of narrow dark 

Unes, as vjewed in reflected llght (Plate II). Examination of thin 

s'ections of dentine fn transmitted 1ight reveals that the f9'al1f('white 

band {s extreme ly 18paque and that the ,bound i ng nar~ow -darK 1 i nes are 

translucent, (Plat~ III~' b). Si-lver nitrate s't~ining of bi's~cted . , . \ ' 

_ teeth (Plate IIt, d to f) reveals that, the narrQW dark"bands Çlre ", . ,'. l ' , 
paorly calcified comp'~red to the wide bands~ In young ani~ls 

sampl ed during StJ1Imer, ,such a narrow dark .band <lccurs at ,ttf edge of 
the 'pûlp cavity (Plate-' II, b)~ - ,. 

Cement\,lll i s depos; ted around the growi ng tooth, but itt does not 

S'e~,'to be' useful for,'agè determination because of i:ts thinness (0.5 

to 1.0,II1II) and also 'oecause 'cemental 1 ayers are not uniformly, 

represented along the 1 eng,th of the tooth, due. 'to' rapi.d e.l ongation of 

~he tooth during early postnatal 1 He.' i,n addition, cementa1 layers 

àre diffi cul t' to reso 1 ve on the mè~1i an 1 on91 tudi na 1 secti ons oi the 
. '" . . 

embedded,teeth. 'Moreover, the 'cementum in the root portion of the' 
- " 1 _ - .. 

tooth 1s lrregular, formfng a nodular coat1nf).~''to 3 lI1ll thick ,with" a· 

marl>l ed non,;, 1 ami.nated a'PP~arance." ,The embedded teeth, cease the1 r 

growtn rel atively' early in postnatal 1 ife. -owin~.to- growth of the " 

cementum which eventual1y cavers the root, leading ta a cessation of 
" . ~ 

dentinal depos1tion (oé:élusi~n). T~is 1s evident in ~late III, c. 

Cemental layers and dentfn~l layers are equal in number 1n the tèeth 

of very young -ànimal s. 
• _ J • 

Prom1nent circumferential ridges on the root of the embedded .. . ~ . . 
tooth which'corr.espond ta the internal narrow dark ,bands.may also 

provi de a meaos of detenn1 ~i ~g, age, but in '01 der wha i es' th~se ri(dges V 
" ~ . , .. 

, , 



, , 

( 

( 

. ' 

became obscured by c~en't~. Longitudi l'lal ri dges and gréaves an the 

externalsurface of the toath ate al sa pr-esent, accasio,na11y 

produclng a spira11ed surface pattèrn'whic~ alsa'tends ta obscure the 
.. ., ... 

ridges. 
, \ 

The apen pu1 p' cav; t 1 es af the tee th of young ani ma 1 s are fi 11 ed 
<' Q 

with pulp tissue. In 01 der teetn, if depositlon of dentine is,st111 

occur~lng,- a ~all cane ef pulp "tiss~e remain~ at the pro~ima( end of 

1 the tooth, whil e cementum s 1 àwly encroac~es upon the denti ne at t,he 

root. 

Sorne denti-nal layers conta.in faint .zones which are considered to 

be accessory and are thus i gnôr~d in counts ,of -denti na l 1 aye~s ~ , 

, 'These, acc~ssory' bands are variable betwe~n animals and between 
.. ~' , 

1 ayers'. with re'garCl ta _ their "preSence and defi"nftion", and they 

'u~ua11y present no prob1E!!l1s in cou~ting the dentina1 layers. 

How~vert the ,group whicli examine"cI- materi~l from the. narwhal at the 

~orkshop o~ Age Determinâti~n of Odontoc~tè ~hà1es,~onsldered this 

question ln detail (~ee Appendix 1)." , 

The first-formed dentina1' l~ers are deposited at an acute ang1è 

to the long axis of the r~Pid1Y e1o"gatfn~ tooth; later-fo~d l~ers 
.. . - ~ ! , 

are parallel to each other and thlnner.' These 1ater-formed layers 

f~rm a knot of dentine at the root"of: the, tooth;, the pr~xi~l end'of 

this knot usual1y curves mediad-(towar.ds the long-axis of the 

rostrum) from the, 1ang axis of the toath, to which ft may be a1most, . 

perpendicular (Plate II}. Sma11 nodules of osteodentlne occasionally 

forro within the ortho~ent1ne'of the proximal, portion of, the knot. but, , ' 

they· do not fnterrere with caunts of growth 1ayers. 05teodent1r1e 15 
• , .. ' • , " 'II. • 

cOl11IlOn i,ri the teeth of the sperm "whale Physeter catodon (N1shiwaki, 

Hibiya: ~nd ,Ohsumi 1958), the pflot whale Globicephala melaena' 

(Sergeant 1962) and the bealced whale Berardius bairdff, (Kasuya 
1977). .---

1 
~ l , , ,. • 

, Agè determfnftion of marine maflllJals bas~d. on dentina1 growth 

1ayers is a diffi'cu1t and controversial field of, investigation. T~e 

InternatfonaJ Whalfng Commission (1969) has standard1z~d te~inology 
, ~ \ 

for the component zônes of the dentinal growth layers' which) has tleen 
, , 1 
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foH~ed'by most'investigators:tq (Iate. The dentine consists of-
4 ' - • - , _ -

al ternati ng wi de,_ dense,. 'opaque ,bands and narrow tr,ansl ucent gands,. 

The opaque band~ appear' iight in refle,ct~d light and dari< in . . , ,;", 
transmitted li g~t. whil ~ t~e tranSIT ucent bands ~ppear . dari< in· 
refJected·light-an<;llight in tr,ansmitted .light (I.W~C. 1969; Sergeant 

• 1959a). ~ 1\5 a resul't of ,a .. workshop on odontocete age detenni nati~,!. 
- new' standardüed tenninol ôgy hàs been, proposed, ('see P~rri n and .Myrick 

~ ... (~.' 

1980) • 
, ' 

The relative degree' of mfnera1izatfon of the component zones 'of 

a single growth layer,;s al$o unresolved. Accord1ng ta Bloom"and 
.A 1 r ," .. • 

Fawcett (1975) and Sognnaes (1960), h1ghly calcified denti,ne 'is more 
- , 1 

transparent 'than 'poorly calc1fie<t denUne.· Most investigators in 

·this field-tend tp agree th'at 'the var:ying opticpl 'opacfty of. the 

~rowth zones ref~ ects vari at; on ·i 11 mi nëra 1 i zatj on or, content of 
l , • ~, 1 

cal cium sal ts, but, there i s con_s1..de.ra~l e disagreement as ·tQ which 

ione of' a g~owth l~er is 'the ~ore heavl1y calcified • 

. ,La~s (l~52, 1953) examined the- strusture of the dentin~l growth ' 

1 ayers (}f the southern él-ephant se~l Mi rounga l eoni na. By . . . 
e~amination of tbe polished cut surface of the canine tooth of this . , 

species, he found that dark, poorly-calcified Il:fnter-globular" or 
1 

"marbl edIt dentinal lones alternated with l:fght. well-""cè11cified . 

"col umnar" or dense dent1 nal zones. Laws (1962') added that the 

dense, columnar, wel1-calcif1ed dentine fs more optically 

.... transparen~ than the I)Iarbled dentine. In certa--in pinniped-s. such as-
, .. . 

the ringed ~eal PhQca h'isp1da (McLaren 1958); a ,thin, poorly 

c~lcified reticulated ~r,vaçuolated dentine m~ be fonmed; this type 
- .. \ 

of dentine appears foantY white in reflected light (Klevezal and 

Kleine~berg, i96'7).. Brodie (19io). fo~nd t~at th:is type ~f denti~e 
... ~ \ .. ~ ~ 

occurs occasion~l1y in the, teeth Of th,e white whale Del ph:fnapterus 
~ ~ ; 

.1eucas., / _ 

The neonatal line of the- narwhal i5 ,transl~cent and poorly 
, , ~ 

calcffied (Plate U1. a and dl. Each postnatal 'dentinal groWth layer, 
, . , 

coq>rises one wide. wel1-calcified translucent ~one and one narroW. -

~~orly-calcifiéd'opâque 'zon~. Howeve~,' ~h, n~r~qw zone is fo~my 
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whit~ ;i~'<~efleC~ed Hgnt (Pl~té If) and, appears to fit the 

descri?tlon of m~rbled or int~rglObUlar dentine, which is poorly 
calci ned but optically de'nse ,(Laws 1962): This type of dentine 

_ consists Of a loôse assemblage of mineralfzed\ spheres cal1ed 
, ,. 

calc'ospherites, between'which' ther~ i'5 III.Ich' non-mineralized, organic 
, ,," ~ - Q 

'tissue (Klevezal'and f<leinenberg 1967)~ Possibly the high optical ...... " .. . 
,opacity of such poorly-mineralized dentine 1s due to the higher 

, _ • ' • l 

çoncentrations of ground substance and collagenous tissue. The 

prénàtal ,dentine is more transparent ~iid 'poss1bly more heavily 
, , 

calcified than"the'postnatal dentine (Plate,~Ip, a ~nd·d). 

" The neonatal line is usually the mo·st. 'cô~~istently-identifiable 
structure visible in the'tee~h of od~ntocetes~ I~ 1s transparent, 

nârrow, and ,ÎJnstainabl~ with haematoxyl ln in l1I9st odontoce~es (Kasuya 

. 1977; K!Jbota.· Nagasak. i, Matsumoto' .and Tsuboi. 19~1; NJ shfwâk. i and Vagi 
, . '"' / 

, 1953, 1954; OhslJlli. lÇasuya and Ni shiwak.'i 1963;' Sefgeant 1959a). 
, - . 

Haematox,Ylin apparently stai ns wel'l ... cal ciffed t1 ssues after 

d~calcificaÙon which apparently exposes the collagen matrix to the 

{(ye (Sergeant 1959a). Most i nvesti ga~ors attribute the neonatal l,ine 

to the stress ,of birth-and âssociated reduèed 'feëding (Kubota et al.-. ---' . ' 

1961; ,Ni shiwald and Yagj 1953, 1954). The prena~l den:ti n~ of 

odontocetes i 5 u5ually opaque (OhslIDi !!.!L. 1963; S~rgea-nt 1959a) 

and uniformly well-calcifi~d, hence st~ining fntensely with 

haemato~l fn (e.g. Ni shiwa"i and Vagi 1953,' 1954). . . 
The"degre-é'of mi~erali~ati.on in relation to optical opacf~ of 
. ...." . -

the de,ntine i5 also a controversial point., Som~ studies show that, 

thé,transparen' zones" ~re .hfghly c~.1c,ified- and' poor in organic ' 

matrix; these,bands therefore stafn heavily with haematoxylin in 

decalcffied séctior1S ang with sflver nitrate 1 (Klevezal and ' . . , 

Kl ei nenberg 1967).' The opaque dentinal bands', whi ch 'conta in the 

dentinal tubl:lles an~ odontoblast proces5es~ are poorly mioera,lized 

and stain w~akly, wfth ,~aemato~l i~ (Klevezal and Kl etne,r'lberg 196?). 

Other studi es -wlth sirn1 i ar 'êonc.l usi ons are those of Kubota et al. 
.. _' li: • - ..... _-

,(1961) for the Jur 'seal r, Ni shiwak'f and. Yag1 (1953, 1954) for the 

s:tri ped dol phi n Stene 11 a coeru'l eoa l ba'~ -Oh5~mi ef al. (1-963,1 and _ Bow 
i ---

" 

.. 
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, .< 

and Purday (1966) for the sperm whàle. and Ka~uya (1976) ,for dolp/':lins' 

of the genus Stenel1a. G~ue Nielson (1972) h~d~onstrated by 

mi cro- rad; ographi C s,tuqy of the teèth of the harbou r porpoi-se 

Pho€oena phocoena that the narrow.,optically~transl~cent zones are 

radio- opaque to X-rays and therefore have a higher 'content of ' . , 

ca l ci um salts than the mor,e radi 0-1 ucent broad "opti ca 11y-opa~e' 

zones; however, -the la~ter zones s,tained better with ~~~a1um than 

the narrow zones. 

O~ the other hand". some studi es shaw that the ,op,aque bands ar~ 
" 

better èa1cified ànd stain' wel1 with haematôxylin (e.g. Sergean,t, ' 
• '" .. l , 

1959a). Treatment,of sp~nn whale half-teeth wi~h 5% formic'acid 

reveals a pattern of g~ooves correspondfng to, t~e well-calcffied 
", 1 . ' 

opaque,zones and ridges corresponding to the poorTy ca1cified 
, , -

translucent bands (Gambe}l ànd ,Grzego"rzewska 1967). This' c.onclusjon 
r..... .' .' f ~, .. 

-àlso applies to the white whale Oelphinapterus, leu~as (Brodie 1970) 
_ of ) tE ~ 

, and"the.bot~le~oseq do~phin Tursiops truncatus (Sergeant 1959a). 
~ • 1 i 

SchQur ând Hoffman (.1939) obtained similar res~1ts for a variety of 

vertebrates, includtng' fish, crocoQite$; various rodents. d9mestic 
. , . " 

../'" 'animai,s" and· ·man. . 
. " ln add i ti on ta ;the ma in growth 1 a,Yers descri bed above, 

'- 1. ~ 

supplementary or accessory translucent bands sometimes,occur within " 

the wide ~paque bands and shotfl d not be counted {Klevezal ând' . ' , 

K lei nenber:g .196~' Sergeant 1~62}. ' Th~se accessory bands dq no t 

create ~ny probl~ in counting the gr~th layers on the polished eut, ' 
,'surface,'of the bisectèd ~edded' iooth of the 'narwhal'., , . " 

, '.. . ~ , . 
It is-believed that the optimal 'nutrition of the suckling calf - _, . ' \ ~ , 

~ decrease the clarity of the earl1est denti~l layers. For '. . '\. ' 

,~xamPle, the fir,st 2, to'.4 dentinal layer~ in ,the t~eth of t~e'w~ite 
" whalè may be faint '(Sergeant· 1973; Brodie 1970). Ser,geant (1962) 

- J ~ - ~ 

believed ~hat thè first opaque band in the teeth of the pilot whale 
; ,- -, ~ J> _ - _ ~# 

Globiceph,ala melaena represents the two year sucklin.g period;, 

hOflèvér, he occasionally noted) fai·rit translucent band within this 
fi rst opaque band~ In contrast ta· the~e resul ts. ' a 11 of 'the -growth " 

l ayers' i ri the embedded tooth' of the narwha 1. are ëons~i cuous 'and ' 

, . ~ 

, , .. 
, . 

Il 

( 

~)-

. " 

, .~ , -...J:. 



\ ; 

l, 

, ' 

" ' 

,(' , 

{ -
, " 

l, 

, ' ' 

.' -, 

47 c~, 

spatial1y cons(stent, wi-th the exception of the first' layer;' whiçh "i,5 

oecas~ona~ly faint bu~ usually detectable.-

Eaeh dentinal 'growth layer of the e~bedded tooth of ~hè narwhàl 

is eomposec,1 of a multitude of fine laminae (Plate III, b). The Ume .-
./' ' . ' 

bas~s of this-fine zonation is not k.nown but could'be, the order of a 

few' d~s., In the,teeth of the beaked whale Berardius bairdii~ the 

r prenatal, dentine, contai ns 12 to 15 fine 1 ayers;, each postnatal 

, dentinal growth layer contains 22 ta ,31 fine layers, and' èemental . 

1 aYers'. éqntain, 'on averàge, '12.4 fine layers JKàsuy~ 1977). ,T~ese 
j ... " f 

-fi ne 1 a;yers. arè also present, in the, teeth of 'the suékling Al~s~all fur 

seal CalTorhinus ursin'us;' each of an average of 11 nursing cycles is", 

',reco-r.ded aS' a narrow layer withi~ ',t~e C\e'n1:1ne during the fo~r-~eek ' 

, 1 actati on peri od (Sçheffer, and Pe~ers6n 1967). Schour and Ho,ffman \ 

(1939) -foun,d that the dent1 ne and enamel 'of var; oüs v'ertebrates from 
.... . ' r _ .. • ~ 

fi sh to man 'were 'èomposed of a, success.ion of ';fine 1 ayers that 

averag~d Ù; ~"fn',width. "Sorne -of these fine layers wè~e accentuated-. ~ , . ~ 

at regular 11lI1tiples ,of'16,' ~<especial1y in wild as opposed to_ 
- , 

Taboratory~reared animal~. Schour and Hoffman (1939) maintained that 

this 16 j.l' pattern 15 il restJ1t of a co~stant'p~s;ological rh~thm of . 

ca 1 ~i um ~ep~s i ti on al)d secreti on t ând thàt the acCel1t1.!ated q~.n~s 1 
(Owen,' s contOu.r n nes 1 n human teeth) are caused" by endocr1l1Ei:, 
... ) " . '.... .... 

nutritfonal, 'or pathological dfsturbancés"to growth ana c'ali:ium 
,r 1"."" -;.r 

m~tabolism. ' , , : .. ",' -,' . 

. ' I~ ",summary, each dentfnal growth layer of {the emb-edded:tooth of:

the narwhal consists of a wide, translucent, ~well-calcified zone"',and 
- a, narrow, opaque, poorly calcified zone.' T~e prena,tal dentine fs ,'" . 

~ ~ 1 _ , • ~ 

particularly transparent and wel1-calcified, as' are the n~rrow lfnés : 
, -. 

(dari< f n rèfl eeted 1 i ght) whi ch bound the nal"'row opaque zàne~ (bri ght 
~ " ,- ..' 

or ,foal!ff' white in refle~t~~ light, and sfmilar to the marblèd or _ 

,int~rglobular dentine described by other researchers). ' 

Occlusion and knot'development - In the teeth of'older animals, 
; 

aftèr th~ pulp cavity has"dfsappeared, dentinal làYers continue to'be 
• c,;. "\11','" _ _ 

'deposited but they comprise an enlargfng knot at the. roo-t.· : 
{ , ,1' l' 

Deposition continues until the encroaching ~ntum'covers the entiré . . -. '" - -- . 
" 

.. ~ ." 

~ . " 
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root including its proximal end. In teeth with oçcluded pulp 

cavi'ties, dentinal layer counts provide mi'ninwm, estim~tes of àge. 

,The mechani'cs'of den,t1nal deposition in the knot are unknown, and the 

r;easons for. th~,persiStence of"pulp tissue at the proximal end of the 

,tooth, long 'after the pulp ,cavity has disappeared, are also unknown. 

Tabl~' 5 summa~izes the changes in knot development, closure of 
, , ' 

the p~lp cavity, and dentinal occlusion with increasing body length 
, ' 

and 'n~mbe~ of dentinal 1ayers. The age (numbèr of dentinal growth 

layer.s) at'which .occlusion o,ccurs is" lower than that predicted 

from the Jength~age relation (see section on Growth) because, of 

,~ourse, the actual age of animal s whose teeth, have occl uded ; s 

greater than the count 'of denti na l l ayers, ançl ft is not known how 

long these teeth- have ~een occ1 uded. The onset of forma tian of a 

knot ,(dentine and irregu1ar cementurn at the root) occurs, on âverage, 

at àbout seven l,ayers in malës and ni,ne layers in females (Table 5). 

Maximum knot development in male teeth occurs at body lengths greater 

than 400 cm, (17-18 layers) '; however, the teeth of a few large' old 

males 'h~ve ~OO~lY-,deVeloped knots. ~~ males, the pulp cavity usually 

,closes at a body length of about 330 cm (nine layers), although the . 
p~lp cavities of the tèeth of'a few males, with up to 15 ~entinal 

- J 

growth l ayers, are still open. 

. The nll1lber of dentinal 9rowth layers that are laid down prior to ' 
occlusion fs quité"',v'ariable, as shown J:.n Table 5. This 1s al~o ... ' 

tlemonstrated by the observation that, although the size of the 

dentinal knot increases with bo~ length in male whales with' un-

"oGcluded teeth, sorne large ma1e narwhals 'have occluded teeth and 
, 1 .. ~ 

" small dentinal knots, implying cessation of dentine deposition a't a . . 
relativ~ly early ,ag~. while oth~er large màle narwhals with occluded 

te eth have large denti.nal knots, imp1yi ng more recent cessation of 

dentinal,deposition. 

Thé 'dentinal knots of females dev~lop in a manner similar to 

·those of males, but in general they are smaller.· Pulp-cavity closure 

occurs after nine layers ha~e been deposited, or at a body length of 

~b.OU~ ~20,: cm. Table 5 d~nstrates that the embedde~ teeth of 

/ 
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Table 5. Dent1nal development in the embed~ed tooth. 
>. 

, Males Females 
f!' 

BodY length No. dentrnif BOqylength No. dentinal 
(an) 1 Gayers (cm) 1 ayers 

Sample size 75 77 94 97 
Knot devel0p!ent 
Mëan 290 7 300 9 
Range 290-290 7-7 ' 290-310, 7-11 

/ Pu12 cav1!l closurea 
fi> 

Mëan - 330 9 320 9 
, Range ~1(}-390 7-15 310-330 9-9 

( 

Deritbal occlusion b 
Mean c 400 16.0 370 13.8 

. 'RarÎse 390-430 13-19 350-410 11-24 ... .~', -
1 .a no v1s1bly open pulp cav1ty, but deposition occurring. 

b cessation ~f dentinal deposftion (cementum covers root) • 
• 
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females occlude earlier in life than those of, males. However~ a'few 

larger females (380-400 cm) were still depositing dentine with 15 to 

24 dentinal l3,Yers present in the embedded teeth. The incidence of 

dentinal occlusion increases greatly after the attainment Qf sex~at , . 
maturit,y in both sexes. The average number of dentfnal l~ers in the 

occluded teeth of 29 males 1s 16. corresponding closely to the 

average age at the attainment of sexual maturl'~ by,males (17 

composite growth layers). while the occluded teeth of 37 females had 

an average of 13.8 dentinal growth layers. whicl1 15 2.0 lK,yers 

greater than the average age of sexual maturity in femal es (see 

sections dealing wi th mal e and female reproducti on for methods of ;l" 

estimating age at sexual maturity). 

Thus. the embedded teeth are potentially useful for age 

detenni nati on to a mi'nimum age of 11 growth l ayers. al though most 

teeth are useful untll sexual maturity in both sexes. Several teeth 

may be useful beyand this age (up ta 19 layers in males and 24 layers 

in females). due ta variability in the number of 13,Yers laid down 

when occlusion occurs (Table 5). 

Dentinal,occlusion is a1so a problem for detennining age of many 

other odontocetes. The maxi1lar,y teeth of'female sperm whales 

occlude after 30 dent1nal layers have been depos1ted. whl1e the " 

maxillary teeth of males do not occlude (Nishiwaki et.!l. 1958; Best, 
1970). The teeth of pilot whales occlude when 12 dentfnal layers. "on 

average. have been deposfted (Sergeant 1962). whfle tee th of 

Berardius ba1rdfi occlude at from 3,to 17 years of age (Kasuya 1977). 

The teeth of Stenella attenuata occlude when 18 dentfnal layers have 
, . -

been deposited (Perrin .!! .. !l: 1976), while the tee th of., 

~. coeruleoalba occlude after the deposit1on of 14 dentinal layers. 

on average (M1yazak i 1977). 

Growth in tooth length - The embedded tooth of the male achfeves 

a maximlIII length of 17.2 to 28.7 cm after the accumulatfon of six 

. ' dentf nal 1 ayers (280-290 cm boctY Je~gth). whil e 1 n the fema 1 e the 
, ~ 

maximtln tooth 1 ength of 16.3' to 22'.8 cm 15 achf eved after four or 

five layers (260-270 cm bcxty 'length) have been depQsited. In five 

l 
J 
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young males whosé tusk had not yet erupted or which were'tusk1ess, 
t~e 1eft tooth was longer than the right tooth.· In 10 females, the 
left tooth was longer t~an the right,in five cases; the right was 
longer in four~cases; and in the other. case they were equa1 in . 
1ength. Seventy-one' right embedded teeth of màles averaged 21.67 cm, 

, " while 83 right embedded teeth of females, averaged 19.24~cm in 1ength. 
Quantitativè,analxsis of dentinal growth - Figures 3 and 4 show 

the increases 1n total apical thfckness of postnatal dentine with 
bo<b' length a,nd number of growth layèrs~ respective1y. These values 
represent, for each whale"the sum of thicknesses of al1 postnatal 
dentinal layers, measured at their apices perpendicular to the' axis 
of dentinal layeriog. 

In both sexes; the total th1ckness of dentine fS proportional 
, : 

to bo<tY length and age (ùp ta 15 d~nal layers); the maxi~um amount - '" 
,-~ 

of dentine deposited, i5-39-lIl1i'1n the tooth of a 340 cm male wfth 14 
denti nal 1 ayers. The tooth of a 338 cm, femal e with 11 1 ayets had 

~ " 
deposited 32.6 mm of dentine. In females there is an indication of a 
decreasing rate of dentfnal deposition after 12 ta 14 layers and 
350 cm bo<b' length, b~t data points after'these values ~re few owing 
to dentinal occlusion. The rate of d~ntfne deposition 1s s1m1lar in 
both sexes unti1 about 10 layers have been depos1ted, at a bo~ 
length of' about 330 cm, 'after which dentfne deposition rate decreases 

" ' 

in female embedded teeth while that in the male remains relatively 
hi9h. However, as seen in Figures 3 and 4. the accumulation rate of 
d'entine is highly varfable a~oung indivfduals and' the rate of dentine , 
deposition in the teeth of females is lower th an that in the male • .--------- , 

The change in thiçkness of dent1nal layers wfth age in both 
sexes 1s shown in figure 5. The thickness of each dentinal l~er 
varies wide1y among animal s, but the 'mean layer t~i.ckness decreases 
as layer' number, increases in both males and female·s. In males, the 
mean l~er thickness decreases from l~er one (3.0 mm) ~o layer three 
(2.35 mm) and then fncreases slightly ta l~er six (2.88 mm). After 
the sixth 4entinal l~er, the mean value declines steadily to layer 
14 (1.35 mm). The fncrease in layer thickness fram l~er four to six 

/' 
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,1 ' 
Figure 3. Total th1ckness of postnatal' dentine in the embedded 
tooth plotted aga1nst bo~ length in oarwhals. The linear 
regressions of dent1nal thfckness (y) on length (x) are 
(exel uding tusks' and occludèd teeth): . 

y = O.17871x - 33.98135 (males) and 
y = O.16062x - 30.73124 (females) 
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, '. 

Figure 4. Total thfckness of postnatal dentine in the embedded 
tooth plotted against number of dentinal layers in narWhals. 
The.lfn~ar re9ression~ of dentinal thfckness (yl on number of 
1 ayers ex) are (excluding tusks and occluded teeth): 

l 
/ 

;-, 

- 'f> \, 

y:l-2.35730x (males) and 
y = 2.15265x {females} 

" 

, 1 

) 

Il> 



• 
.. 

5r.:, 
~'"' 

" . 
'" 

" 40 * MALES (n :;;14) '. ( 
0 tusk • 

~ . 

30 

• 
~O -E 

'E -w 10 Z -.... 
Z 
w' 
C 
..J 

~ 
ct 
Z 

.C ln FEMALES (n =17) 

~ • A tooth occluded 
..... 30 .. 0 

~ 

i 
oC( : 20 

10 * 

5' , 10, 

NO. OF DÈNTINAL' LAYERS 

,,/ 

• 
r:J 

. . 

• , 

,. 

15 20 
.~ , . 

'- -. ~. -,"-' 

' l. 

~,.i" "~l 

\ 

~' ' 1 

:~~k .. ~ 

, 

! 
1 

} 

, 
j 
1 
l 

""'/"' 

() 

i -

'1 



" 

" 

56 

" 

" 

( 

Figure 5. Dentin~l layer.wfdths ,plotted agaf.n~t layer n,umber . 
. in mal e and 'female narwhal s. The mean i s represented by a 
.close4 .c1rcle. tr1an~les ind1cate two 'standard errors, [) 
horjzontal l1nes,represent the range. and open'circles represent ' 
single values. , S~mple. s1,ze 15 -given. at the top- ~f the graphe ", 
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- . -
does not refl ect 'a true fncreasè' in thé groWth rate but more 1iJ(~ly a,,"· 

decrease, ~1nce the's~ layers âre dep'osited o~er a s~all' surface area' 

at the roott resu~ting in an incr-ease in ~p1cal width but reduction 

in the vol ume of dentine dèp.ostted (and decrease ,in dentfnal _ 

. depositioo rate). The small surface area resu1 ts from ,a' deérease in 

the axial growth rate of the too.th af,ter three or four layers have 
" . 

been'~ep~sited, a~d the' toot,h at.:ta~ns .1ts:~ximum-length when about 
six denti na 1 1 ajers, have been depos i ted (see above). K.l eveza l'and 

Kleinenberg (19671'~ave attrjbuted this'increase in thickne~s of 
] ater denti nal l ayers ~o a sudden redu'cti on in axial growth rate of 
the, tooth, and they, dèmonstrate' that ,layer thi ckness reflects 'actùal 

growth rate when ax1 al growth of the tooth 'fi na lly becqJ11E!S 
" . .. 

n~gligible. 

In the embedded teeth of females, mean dentinal- layer thickness 
J ( ~ J 

'declines steadi1y from layer one (3.1 mm) to layer'oine (1.84 mm). 
then more rapidly to l~er 14 (0.7 mm). The th1ck~ess,of succ~ss1~e 

~, , ~ , , , 
de~ti na 1 layers decre~ses more', ~a,pi dlywi th, age in fema les than. in 

mal~s. partfcularly after 1~er 10 (Figure 5). 
fi gure 6' dem,onstrates,' the i ncrease in cumulati ve th; ckness of 

, , 

den~1nal layers with age in 90th s~es. ' Cum~lat1ve thiy:k.nes,s , .' 1 

increases f,rom layer one (3.0Imm) to .layer 14 '(3~.O 'II1II) ,in ma]es~ 
• r 

w1th a v~r,y slight reduction in dentine depositfon rate after layer 
" , , '" \. 

12. ln females, .the cumulatfve- thfckness'fncreases from layer one 

. / J3-~O JII'!I} ta layer 14 (29.0 ;ml. ,w1~h' a pronQu~ced, reduct;f~n· 'i n - " 

dentine deposît1on rate after the tenth ,layer, up to' wh1c~h age the 
, , . 

dentine deposjtfon rate is near1y th~ samè/ in males and' female~~ It, 
.. 6. ~ • ~ , 

will be shown later that the ag~ at, which female dent1nal growth rate 
_ 15 reduced cor:responds .élosely with t~ ag~ at sexu~l ma~u'r,ty (l~. to 

12 dentf~al 1aye~sJ. 'Klevezal and Kleirientierg (1967) indicated that 

the tnflectfons in- these types of curves 5ho\ll d occur near the age of 
l' • _ • 

sexual maturity. " 
! ,-' , 

Klevezal, and Kle1nenberg (1967)' p,redfcted that the ratio of the . 

'th1 ckness o'f each dentf na 1 1 ayer tq th~t~ 'Of the pr~vf ous 1 ayer shoul d 
• .J LI' , 1 ~ > .. .:.. 

dec1ine ma.:Ked1y whe~,sexu~l matur~ty is' açhi~ved. but this was not 

~, ' 

, , 

- " 

, , 
; 

, , 

. III 

)
,:1, 
" • 
". 

" 



" " 'C -, , , , 
<1 

, 59 

0 -- . 
. 

-~ 0 If) 

--... -, 
" ~ ' ........ 
'f " 
'''-

If) , • ~ .. N .. 
" 

cc • • .. • '\--:. J ·i 

•• • .. 1_. 
,) 

, " = " ' 1 

= .. -. ., • 
Q --,= • .. • .. 1 

en 1 .. . ~ 1 

en 1 ... . .. • , 

-- 1 .. ... 1 --CV) : 
If) -- fa ...... 1 

, , 
If)' • ~ ~ -- «' O· cc ........ , -- ':E" <Z <0 

r-' W' 
~ 0::' 

, --' u.. 
r-, w 

-ç \, - --, " .... ,)00 
-,' 

" 
. .ie( 

~ 

~ ,« , 
. - . Z. 

0.0 an -( " --, ~I-

-.t • III '. , 1" Z 
UJ , 
Q' , 

-.t • • . - .. 
cc • .. c • 4' 
CC . .. • ~I . 

J' 0 r- a ... .. 1 .. . / .... ' ... III 1 
en •• • 4 1 
c ••• 4 .. ':. 

'. 
-C). • ... l1li, 1 .. 

0 • .. .- 4' &ft .. en , ,~ , ;: W ~ ~ 
'C") <C- ..... ~l ,-

:E' 
'; 

'~ .... , , .. { 
,; 

:1- .... -'Ï 
, ~ ,,".,. 

'\ -
0 0 0 Q ... C') N --

(-
(Wuil H~aIM '\fNl~N3(J 3J\I~YlnWn:> 

~~ 

·F1gu~ 6. Cumulative dent1nal width plotted against layer nunber in l' , male, and fema 1 e narwha 1 s. The mean i s represented by a closed -f 
.1>:1 c1rcle. triangles ind1cite tw standa~ errors •. horizontal 11nes - ~b; 

represent.the r.~nge. Ind open c1rcles represent single values. ":l "- Sample size 15 g1 ven at the top of the graphe ~ • ~ J;. 

'-

~ L ~. - ~ -- - - ... ~~.... .- .. ... ~~--; , .... , " . 



( 

L 

" ' '6~ _ 

observed in the embedded ~ooth of,the narwha] where, for. the mo~t 

part, the values of this ratio reflect fndividual layer-thickness. 

In females. thfs ratio declfnes after l~er nine to'less than 0.8, 

wnile in the teeth of mal'es this ratio 1s -0.9 'to 1.0 until layer, 14. _ 

Sexual dimorphism in dentinal growth rate has been noted in ma~ 

other odô~toc~tes, including the spenn whale (N'ishiwaki ~!l. 1958; 

Ohsumi et al-. 1963) and the whHe whale (Brodie 1971; Sergeant 1973): 
-6'-' , 1 

in which males have greater dentinal growth rates than females p 

especi a lly after the age of fema 1 e sexua l maturi ty. On the ot~er 

hand, female harbour porpoises Phocoen~phocoena demonstrate greater 

dentinal growth rates th~n the males (G~Sk.in and Blair 1917). '~L'ike-
- 1 

the narwhal, mo~t species of odontocetes in which tooth growth has 
, . 

been studied quantitatively show a pattern of decreasing thickness of 
, ' 

-- s~ccessive dentinal layers with increasing age. This 1s true of the,. 

white whale (Sergeant 1973), although in this speci,es dentinal layer' 
, " 

thf ckness i ncreases to 1 ayer 15 and then decl i nes . gradua lly (Brod; e -. ' 

1970). 
" The most recent ~entinal zone and sea'son ~- It was po.ss,ible' ta : 

1 • 

determine the nature of the most recent dentinal 'zone (narroW dari< 
, , 

band or wide light band) in the teeth of 47 young whales (24 males' 

and 23 femal es). Overal1. a narrow dark band was being' depo'sittld 1 Hl 
... J'. .. 

. the teeth of 81'1 of these whales (92~, of males; 70~ of females). .The 

teeth of young anil1'Ïal's (300 ta 340 cm males and 280 to 320 èm 
J , 

females') had ttle thickest bands at the edge of the pulp cavity,(O.5 , 
to 1.5 mm, occasi ona 11y to 2.0 11111» The .teeth of four males cap'tured 
d~ring July' were deposit1ng a narrow dark band 0.5 to 1.5"1lIII 'thick~ .' 

~ , 

while the teeth of four females captured during July were dèpositing 
a wide 1 ight band of 0.05 to 2.0 mm thick~ess. l'n August' an~ . 

September, the teeth of 15 of 18 (83~) females ~nd 18 of 20 (90~) 

males were ~epositing ... a narrow dark band of thiclcnes~ 0.3 ta 1.5 nIn. 

There was .. no detectable corr:elation between th~ th1cknes~ _ of, the ~st / 
. receqt dent1nal'zone~and date of capture.' • ~ 

For some ,odontocetes ft haslbeen possible ta estimate ~& rate· 
at whlch <tentinal, growth l~ers are deposited by analysing the 
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• l 

seasonal formation of"the compone nt .zones of a growth laye,r., - , -

K1ev~za1 ~nd, K1e1nenberg (1967). ~eviewing age deterid{nati,on, udies, 

in most orders of Mammalia. concJude~' that'the trans1ucent entîne'is 
, , 

~eposit-e,d during-a period of reduced growth or fèedi!\g'd ring wi~ter 

" anc;l/or ~pring •. The t.ra,nslucent dEmtfnàl' zone 'in the " et,h of- the " 
\ ~ ~ r _ ' { ~ 

~arbor, porpoise fonns during the sunmer (Gaskfn and lair 1977);" , 

whi1e it forms .. during ~he wirtter, io the,bott1eno whale HyperoodoiL 

amp411at~s (Christe~sen"1973). ~he p~ ~t wha1 ~/ serge~nt. ~962,:, ',and ." 

in dolp~ins: of t~e' genus Stepe11a (Kasuya 1912; KasllYa et.!L. "~974,~. " 

Miyazaki 1977; Kasuya 1976'),' 'The -translu9é~t zooe in the tee.th'of'" ,\,' 
" " /' " , 1 , 

the spenn wtiale forms during ,sprfng ($~ptell1b,~r-Odober) rin,the: ,."" 

southern hemisphere (Best 1970) and' during, wi nter (peak in, Janu~ry') 

i,n the northern 'hemi sphere '(Ohsuini ,et al. '19631,. Gambell and, 
~ "r , /'__ 1 

, Grzegor.~e~ska ,( 1967), demonstra~ that two trans,l ucÈmt ',de,n~illa,l b~nds, 
were ~eposited ,annual1y ,in the' _~ern hemi sphere sperm wt'!al e,,' _ 

in Vece~ber-Fèbruà~ ,and in;.{une-AugUst. More recentlY,' Gambell 
, 1 l " ' 

, '. (1977) ,has ShoWn that the/se~son ~,of formation of the, traM1 ucent , 

, " 

., .' , 

, 
l. ' ., . 

, ~~ ~ / 

. ' 

-, .', r ,dentinal zQne varies in/'dffferent ,age/sex groups of southern: ' ','" 
~ • 1 ~ '\ • ~ - ' 

~ " 

, , 

, hémispherê sperm wh~les which he:.attr-ibutes ta diff~r.ences i~ the'fr -',', . '. ,,' 

, mtgratory, behavi'our. 
, ' 

\!i ' , o 

JI' , ~~ ~It 

The s~asonal depds 1 ti,on ' 'of ,growth 1 ayers in the' teèth of, ~he' 

white wha1e has been· s1;~d1ed by Brodie, (1970), '~nd se~geant' Ù973'), ',' ~ 
~ ;,' , ~. ~' , 1 ~. 1 , 

Brodie, (1910), noted that white whah!s dur1ng sunmier, hav~n;Qmplete~ a 

, , 

wicfe':opaq,ue déntinal bànd and are begiifning to'dépQ~.ft 'a tr~o~lucent" ' 
• , J .... -, 

- b'and, while sergeant' (1973) noted that white wha] es fn western Hudson " 
• '.1_ ,.' , _ -

. Bay nad completed, a translucent dentina1 band after an autumn 

'migration nart~ards'O . 'Sfnce it 1s'l i.ke1Y tha.t, two ,de~tinalgrpWth' 
,1 ay~r$ ~re d~posited. a~nuà'1Jy" fn the teeth of the whi~e wh'alè, a, " 

, ," . , , ' ' " 

'seéond translucent zone must be,laid clown in mHt-winter
J 

{Bro'die 1970.) -' 
- l ' j" ~ -

, : ,. 

or d,ur1ng a spr1ng migration (Sergeant 1973). "'80th auth6r~' bel1eved : 
.' that t'rans]~~ent den,t'lna ,1s 0 depos1ted" w~~r'I, ,fe(!ding 'actt~itY'""is" " :' " _~-__ ~_ 

greatly, reduce~.., ' " 

The'ev~d~nce'from dentin~l struct~re'1n the nàrw~al suggests' 
.. , ~ ~ 

,that a na'frow dari< ba'nd,.fs' depo~1ted 1 n 'August ·~nd 'sep'te~er,~', when:, 

" 

r 

, , 
, \ 

\ " 
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. '\' 

these whales are .feeding'l ightly and depositing poorly mineral ized 
" , 11 • • ~ 

" -

< -. 

- - ~ut -optically ~paque d~ntine ilJ their teeth (Plate II, b). 
~ -~ • j , " .... ~ 

, l 

,-, tlnf~rtun'atery, th'is anaJysis provides no cluè ta the time basfs of 

, ': ': ~_: : the ~èntin~l ,growt~ lay~rs because of the short samp1ingcse~4son and 

-. , ,'/ t~,h1gh"inci~r:Ice of dentinal -occlusion. , 

,~' , 

,! " Prodmate factors in 'dentine d~position - Various hypotheses 
hàve' been, 'advanGed te éxplain the cause of the heterogeneous, layered 

appea!,arce' of the teeth of mari ne manina 1 s. These i nc 1 ude sea sona 1 

i • _ varfa~ions in' endocrine' hormone balance (Carrick and Ingham 1962), 

,~~ndoge~oas--,annual' rhythms. (Gaskin and Blair 1977), and specific ' • 

. , gèn:~tj ~ 'grow.t,~- cycles wi th peri od i Clio' •• enhancement of sorne of the 

sho,r.t'cycle layers •• ~11 by'environmental change or seasonality {Kasuya 
" ~ • ' o.' (If" 

-1~77J. ' The ntos~' ,comn explanation for the l~ered appearance of 

, ,dentine a~ cement~ réates to seasonal changes in nutritional state 

or feeding't~tensity (Laws 1953; McLaren 1958; Fisher 1954; Mansfield 

-, 1958; Schéffer 1950)' but 1 ittle direct evidence 15 available. 
, , 

However, Scheffer and Peterson (1967) found a direct correlation 

, " 'bet~eeo outritiQn and postnatal dentinal layering fn. suckl1ng PUpS--:C)f---

the Ahskan fu'r s~a1 Callorhfnus ursinus. Between birth and weaning 

of' th~ pUPs ,eàch. of an aver,age of 11 nursing cycles (eâéti cycle 
" . 

cQnsistirig q,f one' nursing period and a period when ;the femal~,_..goes to 

se~.to feed) wa~ reco~ded as a nar~ow l~er within the postnat11 

,dent'fn~ of the pup's ~anfne tooth.. Kubota !!.!!. .. (1961) bel1eved 
'that differential calcifi'cation of the dentine in the canine tooth of 

the f~r s~al refl ects alternating',periods of nonnal and disturbed 

, calcitJl1 metabolism, wh1ch in t",rn reflects the nutritional sta~ of 
, . 

the animal~_ For ex~le, a deficiency of vitamin C leads to a 

reduction in the dentiriâ,l deposition rate-and subsequent' pathologtcal : 

hypercalcification (Shaw 1955). 

The depositJon oT'wel1-calcified dentfne in the teeth of 

i:;> odontocetes i s genera l1y attributed to good fe~di ng condi ti ons or 

inca:-eased feeding activi.ty, whl1e poorly m1neralized-=<lentine is . ~ - ---- ~ 
deposited wheR fee~ing copditions are suboptimal or when feeding 

â'ctivity j s' ~ed~ce.(t' (Brodie 1970; Sergeant 1959a, 1962, i973; Ohsumi 
" ' , 

)' 
=1. 

i 
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et'a1.' 1963). The- ~bs~ity of the first several layers in the tee th -.- , ' 

of ~uckling animals 15 considered to be evidence for the importance 

'of optimal nutrition in building 'wel l-calcified ~eeth (Brodie 1970; 

Sergeant 1962, 1973). On the other hand, Klevezal and Kleinenberg 

(1967) and Kubota et al. (1961) attri buted the deposi tion of well-
-- 0 

calciffec:t dentine to seastmal reduct.ions in boqy growth rate (and by 
~ 

inference, feeding rate) ifd deposition rate ~f dentinal organic 

matrix, assuming that the rate of mineralizatibn is constant. 

One çan only specul ate on the proximate factors which are 
, ,-

responsible for differential; calcification in the dentine of the 

embedded tooth '-of, the narwhal." The avaflabl e evi dence 'suggests that 

low feedfng intensity in mid"""SUIIII1er is.correlated with the deposition 

of' a narr~ hy-er' of poorly-mineralfzed dentine'; th'is is ~ cor~Oborated 
by the obsèrvation that the narwllals are becom1ng th1nner at this ' 

season (see data in section on MGrowth~). Reduced food intake in . . 
sU/III1er coul d resul t 1 n a defi ci ency of vi tam.i ns and mi nera 15 neede d . 
for the elaboration of well:-calcified dentine. These variations in ..... , 

mine~al ëontent are then èxpressed as d1fferences in optical opacitYI 
of the' dent; ne. ' '. "t\ 

" 
Analysis of Growth of the Tusk 

Tusk length and age - In Figure 7. external tusk length 1s 
pl~tted against DOc(y length for 72 male and 3 f~l.e narwtials'. '. 'Th~ 
regress'on line f1ttêd ta the data ,for 56 unbroken tusks indiçates , v 

that the tusk erupts at a b~Qy "e~gth of 264 cm. A captive male 1 

narwhàl of length 277 cm had a.tu~k 10 cm 10n~ (Vancouver Public 

" AlIuarilJ11 Newsletter, September-October, ~970). The three tusks of 
, ~ 

fenta1e.s fall above the'-regression li ne. The largest tusk (210 cm) 
, \ 

" belonged to a 470 cm male.. 1t 15 evident that several unbroken tusks 

o~ large males (> 410 cm) fa11 above the regression lfne, suggest1ng 

a spl;'rt in tusk growth of sexually-tp'ature males (see also Silvennan 
ro-- ". .:.. 

and Dunbar 1980) • . , -- r ' 
~ _ The relatfon be~een exttfrnaJ ·tusk' length and number of grC1flth 

layers in the enmedded t150r mand1~1e .(the ,latter 15 used when the 
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tooth 1 S occ l uded) 1 s shown in Fi gu re 8. The cu rve fi tted ta the 

data by ey~ pred1cts that the tusk would erupt at about 3.5 growth 

layers. The tusk ~ttains a max1l11Am external length Qf about 215 cm 

at 50 mand1 bular growth 1 âyers • . 
Compar1 son w1 th the embedded tooth - Dent1 na] l ayer1 n9 1.n the , 

-embedded tooth was compared w1 th that 1 n the tusk 1 n two young males. 

The first ·was a 230 'Cm animal w1th three growth layers in both the 

tusk and the embedded tooth. The tusk was 20.0 cm long and the 

embedded tooth, 17.1 cm. The apical thicknesses of the three layers 

, ,in the tusk were s11 ghtly greater than those .1n the embedded tooth 

(3.5 YS 2.7 II1II, 2.5 YS 2.5'IIII1,'and 2.5 YS 2.0 nm for layers one to 

three, resp~ct1velyl. A 287 cm .male had a tusk of 55 cm (total 
. length) and an enOedded tooth of 21.5 cm, both conta1n1ng seven 

dentfnal growth layers. The apical thfcknesses of the growth layers 

from layer 1 to 7 (tusk fo11owed bY tooth) ~re as fol1Ows: 4.5, 3.0; . 

3.5, 2.5; 2.5, 1.3; 1.5, 2.2; 2.5, 2.2; 2.5, 1.5;' 2.0, 1.8 (a11 in l1l1I). 

Incidence of tusk breakage - Of 73 tuslc.s, 13 U7 .81) were 

~ sessed a~_ broken. Considering tusks less than 60 cm in external 
le g.th, one of 24 (4.21) was broken, wh11e 12 of 49 (24.51) tusks 

lon et" than 60 cm were broken. Therefore. longer tuslc.s are more 
pr ne ta breakage. S~ lvennan and Dunbar (1980) reported a h1gher 

• in 1dence of broleen tusks in adult mal'es (61.51) than in 111111ature 
" ,,' 

les (10.3'l.) witn.}an overall incidence, of tusk breakage of about 

401. Porsfl d (1922) found that 34'1. of a sample of 314 tusks' were 

broken. 

The Mandfble 

Deser1 pt1 on of growtb and growth 1 ayers - The 1 ayered structure 
of bone has recefved far less attention in âge detennination than 

have the teeth. Laws (1960) pofnted out the growt layer in e 
( 

ventro-lateral area of the mandible of the spenn whale. wh11 

N1shfwakf, Oshumi and Kasuya (1961) and Brod1e (1969b) exam1ned 

mandibular growth l~ers in the sperm whale and white whale, 
~ . \ 

respectively. Kle:lnenberg and Klevenl (1962) investigated 

.. 



~ 
w' 

~.r 

~ ... 

66 
~ .. !, 

JI:, 

t v' s 
• --• c - - ,. .. • , - - • -~ c: .. .. - E • - .1 ~ c: • 1 - c: j • 0 .! - ... 

1 .st -1 • 
1 ë .1& J ' 1 

t 
• • :1 .'" c: .. 

.1 O. i :! • f;-. - -i..~ ~ . - .. ... ... S .! ~ .. 
.' • • 0 ~ D • en œ 

k.fil" • ~ .. il( -' ... 
/ 

,/ 

0 0 :r: 
~ ~ .. 

( 
~ .,/ 

c:) 

• ) ci 
Tri Z 

\ 
) > • • .. \ - 0 

• • 0 
0 

0 
o • • 

• 0 

, - j 

j 
~ 

" , , 

q .. 
• ! • 1 == .. 
N .. 

( (~) H.L!)NJ:1 lISRL '1YNMi.lXJ 
1 

Figure 8. Externel tusk length plotted agafnst RUllber of grawtb 1 . , 
layers in dentine or -.ndibl. ,fn the nlNhal. Cur" _s f1ttec1 ." r 

---~.J 
p .,e to the points representing ....,rat.n tIIsks. , , 
t ,1 • • L_ , , 

".., ,r: .. " .. _, 



, ( 

( 

'-

... . 

67 

mandibular periosteal l~ering in Delphinus delphis as a means of 
detennining age in this species. Petersen an-d Born '(1982) ûsed 
mandibular growth l~ers to ~etermine age of the walrus Odobenus 
rosmarus. 

L~eriflg was examined in thin sections taken From the mandible 
between the mental foramna, where the periosteal bone 15 thickest 
(Plate IV, a). ,rhe periosteal growth l~ers are most pronounced on 
the ve~tro-lab1al and mid-lab1al aspects of the mand1ble~nd are 

l , 

virtually absent,in the dorsal and lingual regions (Plate IV). In 
all regfons of the cross section. haversian canals surrounded by 
concentr1c systems of osteoc,yte lacunae and resorption cavities are 
abundant (Plate IV). In old an1mals, thfs secondar,y bone formation 
causes sorne discontinuity and frregularfty of the periosteal 'l~ers, 
thus interfering wfth interpretation and counting • 

The perfosteum deposits intramembranou5 bone on the surface of 
the mand1ble, a dfscont1nuous process as revealed by the laminated 

1 

appearance of the bone (Plate IV). The fntramembranous trabesulae 
enlarge rapidly by further bone deposftion 50 that periosteal bone 
soonObecomes compact. Bloom and Fawcett (1975) provide a good 
description of the formation of per~ostéal bone •. 

The 1nnermost, fir~t-formed postnatal periosteal bone cons1sts 

1 

.of alternatfng wide opaque and narrow translucent zones; these 
fnitial l~ers have a corrugated or irregular appearance (Plate IV). 
later 1 ayers are more nar,rlllf and f1 attened as the rate of' bone 
deposft10n decreases. The narrow translucent zo~es are called 
adhesion lines by Klevezal and Kleinenberg (19~7). The corrugated 
appetrance of the growth l~ers. partfcularl~ the ffrst-formed. seems 
to be aSs9cfated with the development or paralle1 arr~s of the 
havers1an sys~s. The adhesion lines are relatively wide in the 
1 ater-fonned. more co~act 1 ayers. 

In ma~ mandibular sections a presumed neonatal line 1s evident 
near the mandfbular canal (Plate IV, cl. This clear, narrow line 
separates the prenatal and postnatal bone wh1ch are opt1cally 
translucent and opaque, respect1ve11. However. this line disappears 
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as periosteal bo'ne fO""tf-on progresses, due ta resorption by the 
enlarging màndiQyl~r canal. In addition, there 1s substant1al 

, .~ 

reso~ption of tissue w1thin the per10steal bone. The presence of 
7, , 

on1y a few--growth 'layers and the th1nness of bone on the lingual and 
~ . 0 

dorsal aspects of the anterior part of the'mandible seem ta be 
fndicative of either negl1gible appositional g~owth and internal 
resorptfon or el se' a balance between rel atfvely rapid rates of 
apposition and resorpt1on. ~ retenti on in the lingual-dorsal 
region of the mandib1r'Dr â few 1~.er5, siml1ar to the early labial 
layers, favours the f1rst altern4tive. Appositional growth exceeds 
resorptfon on the labial surface of the,' lower jaw, where old animals 
may 1ack the wide, irregu1ar layers which are deposited in early 
postnatal life, and the l~s adjacent to the mandibular canal a~ 
therefore narrow and flattened. Further evidence for internal 
resorption in old animals i5 indicated by the fact that the layers 
adjacent to the en1arg1~g mand1bular canal are discontinuous or 
i nterrupted. 

The ra~es of perfosteal deposftion and internal resorption by 
the marrow cav1~ are greater in :the mid-labial area than 1n the 
ventro- labial area. ln consequence, 'mi~labial growth layers are 
quite wide. but the neonatal line and several of,the earl1er 1ayers 
may be remoNed by osteoclast1c activi~. On the other hand, 
ventro-labial growth l~ers are more narrow, but the neonatal l1ne 1s 

1 
more,often preserved in th1s area where, however, the ~low 
appos1t1onal growth rate rèsults fn extreme compression of the 
late-formed 1ayers. wh1ch are thus difficult or impossible to count. 
10 pr~ctice. counts of growth tayers beg1n at the f1rst ,adhes1on Tine 
in the ventr"o-labial area and eventually sh1ft to the mid-labial area , .' , 

when the zones of-thé former area become tao compressed. 
Unfortunately, in old narwhals in whfch the mand1bular neonatal 1fne 
cannot be d,tected. the counts of growth layers provfde minimum 
est1mates of ~ge; , 

The most recent per105teal '~one at the man~1bular surface i5 
usually a., adhesion 11ne. However, in a few young animals caught 1 n 

" spr1ng, the most recent zone fs opaque. Treatment'of' thfn sectfons 

1 J. 
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of the mandible with silver nitrate reveals that the narrow .adhesion 
lines are po orly calcified; th~ are probably formed during the ~id
summer perfod of reduced feeding. at the same Ume as the narrow darlc 
band in the embedded teeth .. 

K1evezal and Kleinenberg (1967) reviewed the use of periosteal 
growth l~ers for age determination in a varie~ of mamma1s. In the 

. taxa that the,)' revi ewed or studi ed, the peri ostea l adhes i on 1 i nes 
stafned fntensely with haematoxyl1n ,and were thought to be heavily
calcified. Havfng examined several other bones with per10steal 
grawth, th~ advocated·the use/of the mandible for most ~ammals as ft 
shows the 1east ~unt of periosteal resorption. 

Mandi bul ar peri ostf!a l 1 ~eri ng in the narwha l 15 i denti ca] to 
• # 

that descr1bed for the white whale by Brodie U969b). who stained. 
thfn mandibular sections with aniline blue-acid fuchsin; he . , . 
attributed the layering to differentia1 calcification of the 
stafnable opaque and unstainable t~ansluce~t zones. 'Mandfbular 
periosteal growth in the narwhal 1s a1so similar to that desçribed 
for the spenn whale by Nishiwakf .!l!l: (1961). Examinat10n of thin 
ground transverse sections of the upper ,1 ateral area of thé mandi,ble 
of the spenn whale revealed the presence of a neonatal 11~ne whfch . 
separated the endosteal from the periosteal zones. although,it was 
difficult to confirm thfs line in most specimens. In older sperm 
whales. internal resorption had removed the neonatal line and a few -
of the earliest l~ers. and the extent of resorption and number of. . 
periosteal growth layers varfed in dffferent parts of the mandfble. 

~eabo~ (1961) attributed the deposition of the narrow, highly
calcified, translucent laminae of the periosteal bone of 
poik1lothenmic vertebrates to reduced growth rate during w1nter or to 
breeding cycles. and Klevezal and Klein~nberg (1967) put forth the, 
s~ argument to explain hard tfssue'layerfng fn mamals. Sfssons 
(1949) demonstrated that ~he narrow 1 ami nae in radfographs of 
perios,teal bone lesions represented a cessation of periosteal 
activity. 

... , 
\ , 
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Quantitative analys1s of pt;riosteal growth, - The thickne.ss of a 

periosteal l~er equals the sum of the thicknesses of one opaque zone 
, ' , 

and -an adjacent translucent zone in the, area between the ,mid-labial 

and ventro-lab1a1 regions of the mandible. The total, thickness of 

periosteal bone, from the 1nner mar~in of the ear1iest-formed 

~ postnatal l~er to the outer surface of the mandib1e, was a1so 

!1Ieasured in th1 s area. All measur~nts were made perpendicul ar to 

the surface of the mand1ble. 
Figure 9 ind:fcates that the total thickness of postnatal " ' 

per10steal bone is propor.tional to bo~ length in both,sexes, and 
4" , 

males accumulate a greater thi'ckness Of bone (6 to 7 ~) than females' 

(5 Il10). In Fi gure 10. the total thickness of postnatal per10steal ' 
bone 15 plotted aga1nst the number of periostea) layers. The ~ate of

depos1t1on of periosteal bone decreases greatly afte~ the 

accumulation of 18 .. 20 layers 1n males and 10-12 layers in females, -
" 

altbough the growt~ rates are about thesame for both sexes until the 

accumulation ~t about 1§ periosteal layers. , , 
.. ' . Successive perJosteal bone layer t~1cknéss 1~,seen to' ctecrease 

w1th number of l~ers (F1gur~s Il, 13). In male~,' the mean th1ckness 

of each 1 ayer decreases from 0.58 Il1O (1 ayer 1) ta 0.18 "" {1 ayer 8) . 

and decreases yery slightly ther~after (Figure 11). In females, the , 
' .. d~ct'ease in layer thickness from layer 1 to 8 is nearly the same ~ 

. , ~ 
(0.56 to 0.18 JIIJI) às in ',males, but there 1s a tendency for layer 

thickness to decrease s10wly from layer 8 to 16 (Fi gure 13). The 

.rate of decrease of layer thickness 'With age 'Increases after layer 12 

in female narwhals, coincid~t with the number of layers at sexual 
" , 

matur~~. . ' 

In males naNhals, cumulative periosteal bone layer thickness .; '. 
, increases from OJ~e. nID '(layer 1) to 4.16 rrm (layer 16), after WhiCh\ 

the rate of depositfon of bone decreases greatly (Ff gure 12). 

" Cumulative layer thickness of the periosteal bone '1 n females 

i ncreases from 0.56 l'lili (1 ayer 1) to 3.75 rrm '(l ayer 16) but the rate 

of depositfon 1s much 10wer after 12 layers have accumulated 



.,. 
f 

\ 
\ " , . 

71 
j 

\ 
.,.. 

l ,.) ) 

-.J 
\ 

V , \ ... 0 , 
J 1· ,', 

• J 

• (J> ~ • • 
-é .. 11ft 

~ 

• • '~ • 
• 1· • ~ 

• -;J • /J 

1r: '? E 
~ u • =~ .' 

:c 
• • i ... 

lAI .. ... 
( • !i • • 

• 
• '7 ~ 

\ 

- 1 

= 
t'II '-~. • • C 

Il -C - fi) \ ., III 
1/) ... a c ,,0# 

"" :1 t'II ... .... i "" "" 
,c 

0 
11ft ... .. 11ft •• (lit t'II .. 1ft .. (lit N .. -

(ww) 3N08 'Y3J.SOIHid 'Y.LYNJ.SOd 
'. 

Figure 9~ Total thickness of postnatal pe':~osteal bone plotted ~, 

( /' aga1rist body length in narwhals. The l1near regressfons of 1 

perfosteal thfcknéss (y)'on body length (K), are: . 
-

y • O.01694x ~ 2.5fJ6e5 Culest and 
. y • O.Ol408x • 1.314'4 (f8l81es) 

""C 
... .. 

" ,-
~r_ - -'-................... --_~ .. .;r.: 



( 

1 

.. 

f 
\ 
.\ 

... 

... 

, " 

. , .. 

• 

• ~ 

~ 

. / 

• 
• , r, 

• 
• 

-

, \ 

• 

--

o 
1ft 

o .... 

'~ 
• !oU 

~ 
"'" 

~'"' 

.) 

c' 
"~ 

fi) 
'!12 
~ 

r 
i 

• fil 

= ,.: .. 0 c: .. 

,.. 

Il -c: , lm ..,., 
fi) -' c 
YI :E ..a 
C .... 
:lE ~ "" 

• 1ft ~ fit ~ - 1ft .... .., ... -(wW) 3N08 1Y3J.50U.3ct 1Y.1.YNJ.SOd 

Figure 10. Total, th1ckness of postnatal perioste.l bone plotted 
against nUiber of periosteal l~ers in narwhals. The curves are 
fi tted by eye. 

, .. 
" , 

\ , , 
\ ] 

~ 

;' 

, 

t 
1 

. ,.SJ 

1 
t 

1 



" ",' 

" 
Ir 

J, 

1 ~/ 

" 
, " ;. 

il 73 .. /' .' 
1 /-

1" <' 

,1 
~ 

t 
. 

1ft 
eN 

fiÎ 
" 

o· 
" 
'" 0 .' 

() ,~,. .... ;- • Il 

'" 
0 

0 Q 
eN . 

0 0 
Z 

0 

0 • 0 Il:: 
LI.I 

~. ~I., I~ 
>. 
ct 

~ • 1 t
l • iii - 1ft .... .. .... ... <l' 

') .... 1 .. • 1 f LI.I 
f-

\ 1 " .... •• -: ~i CI) 
\ 0 
(\ u:t 1 .. • 41 -Il:: 
. \ u:t ~ • • Q LI.I ... Q. 

\ , ..... • \ 1 .. .. • \ 
\ 

\ ..... 1 • • .. 1 
, ..... .. • .. 

..... • • • 1 
\ 

..... • • • • 1ft 

CIO 1 • • ~ 1 "-

\ ~ • • • \ 
~I • • .. 
QI i • • .. ~ ... , 

~ 
Q CIO fO ~ N l ... . t 

(ww) H.LOIM H3AVl 1'13.LSOIH3d J 

1 _._-~-~-- - - - - -~-- - . -

F1gu~ 11.·~ ,P.~r1osteal .bone layer- w1dth p10tted .against layer nllllber 1 
in 1III1e ,narwhals. The lllea~ 1s represented by a closed c1rc1e, t " 1 .. triangles indfcate ~ standar-dterrors. hqrfzontal 1ines represent 

( the range, and open c1r-cles represent single values. Sa~le sfze fs 
gfven at ,the top of the graphe . 

" . " 



.( 

;} 
." -

( 

f 

1 
74 

7 10 10 9 8 7 7 7 7 7 6 6 " " " 3 3 

- 6 E 
E -
ri) 
ri) 
loU 5 z 
~ 
u 
% ... 

" 
~ 

,/ 

i ' 
; 

0 

'. 
0 

0 
0 

o 0 
0 

,0 

) . 
! 

C, 
loU _ ( ... 
ri) 

2 
œ 
&la 
A-

loU 

> -~ 
~ ::» 
::E ::» 
u 

3 

I 2 

il 
" 

1 

i 
5, 1. 15 20 25 

1 

\ PERIOSTEAL LAYER NO. , ' 

Figure '12. Cumulative périosteal bone thfckness plotted against 
layer nIlDber in male narwhals. The mean fs represented by a closed 
circle, triangles ind1cate two standarWerrors. horizontal lines 
represent the range~ and open circl.s represent single values. 
Sample size 15 given at the top of the graphe 

+4 

-' ~ \ 

1 
i 

J 

" 

" 



, ' 

" 

75 
/' 

. , 

. ~. 

p , 
" 1 

L . \ 

, ' 

, ) 

, Figure 13: Perfostèal bone layer width ,and cumulative . 
thickness plotted >against l~er ntaber in female nàrwhals. 
The mean fs represented by a closed cfrc1e, triangles 1nd1catè'· 
tW9 standard errors, horizontal lines represent the range, and 
open. cfrc1e$ represen~ ,single values. Sample size 15 g1ven at 
,the top of the graphe B 
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(Figure 13). The rates of deposition of periosteal bone'are nearly 
. . .. ' 

the same in both sexes until the accumulation of about 14 ~ayers. 

, No clear trend emerged from a plot of the ratio 'of each 

successive layer thickness to that of the previous layer. A 
0-. 

~ pronounced decrease in this ratio 1s supposed ta be correlated with 

~the onset of sexual maturfty (Klevezal and Kleinènberg 1967). 

~ 

Relation Between Dentinal, and Mandibular Layers 

Dentfnal and mandibular periostéal layers are approximately 

'equal in number until the accumulation of about 14 layers in males 

(Figùre 14); beyond thfs point,. the nll11ber of rnandfbular la.yers 

j
eXCeedS that of dentinal layers due ta dentinal occlusion. In 

females, the number of étentinal layers increases with the number of 

peri ostea l 1 ayers unti l' the accumul ati on of 12 1 ayers, wh en the 

incfdence of dentinal occlusion fncreases, resulting in a RUch larger 

f.lumber of periosteal than dentinal layers in old females. However, 

f n young fema 1 es wi th l ess than 10 l ayers, the munber of peri ostea l 

1 ).ayers 1S, inexplicably, si1ghtly greater th an the number of dent1nal 

layers (Figure 1'4),_, The initial equality of dentinal and mand,ibular 

layers, with t~e exception of' young fémales, permits the conclusion 

that the frequency of 1 ayéri"9 i s the same for both tissues. Th i s t / 

" 

conclusion 1s 1.0 marked contrast ta the conclusion that two dentinal 

layers and one mandibular periosteal layer are deposited annually in 

the white whal,e Delphinapteruj leucas (Brod1e 1969b) and, ,in Delphinus 

del phi s (Kl ei nenberg and Kl ~vezal 1?62). 'On the other hand. 

Nishiwaki et al. (1961) found that. in the spenn whale, dentinal and --, -
mandibul,ar periosteal. 'growth layers are equal in ntll1ber untf1 . 
layer ~4, after which the,number of mandibular layers 15 constant 

because of a balance between apjlOsi'tfon and resorption rates. while 

dent1nal 1ayers continue ta accumulate., Mandibular and' cemental 

gr<*~h, l ayers are equa 1 i fi _ number' if'! the "t 1 anti ~ wa 1 r~s (Petersen , 

and ,Born 1982) ," "" 
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Frequency of Dentinal and Periostea1 Layering . " 

The frequ~ncy dfstributions of boctY length of 'postnatal male and 

female narwhals captured 'fr~m 1963-76 a're presented in 'F1gUr'e 15. 

Most of the newbarn cal ves (represented by the 1ength group 150-. 

180 cm ;,n Figure 15) were taken by netting. Females comprise 55% of 
/ ' ~ 

the total catch, excluding the anima1s captured in 1976. at tne floe 

edge where fema1es were selectively sampled. 

An'analysis of the data in F1gure-15 us1ng the method of Cassie 

(1954) di stin,9Uj shed 3 year-classes: newborns~ one-y~ar"'olds, and 

two-year-01ds (Hay 19~0). However, only the newborn c~ass iSIObviou~ 

fram these data while extr~ly smal1 sample. sizes shed doub~ on' ttre 

valid1ty of this analysis (see Fig. 15). Although Cassie's method . . 
does provi de evi dence that young animal s have a higher, frequ'ency of 

dent; na l 1 ayeri ng than 01 der animal s (~ee Hay 1,980), no fi nn: 
con'élusion .on the frequency Of dentfna1 laye,ritig can be made based on 

these length-frequency data, owih9'to the uncertainties of Cassie's 

method as appl i ed to th~s~ ver;;, srnall sampl es (Fi g. 15). " ' 
- , 

The annual ovulation rate is estimated ta ,be about 0.7 and the 

acc~ul ati·on rate of corpora 1 utea f s. ~alcul ated as D.76 per growth _ 
, . , 

layer (see "Repcoduction in the Female"). 'Assuming that the 

, accumulation rate of corpora lutea may be a slight' overe~timate due 

to underestimati on of the ages of sorne very 01 d fema1 es (see 

"Growth")., it appears that one denti na 1 layer and one mandi bul ar 
, 

perfosteal layer may be deposited annuallY' in- mature females. Using. 

growth 1 ayer coun~s in the erupted tusk sand asparti è ac~ d ' 

racem1zation ages of two adult male narwhals, ~ada !1:!1 .. ' (1983) 

calculate a deposition rate of O. 7-0.8 gr~th 1 ayers per year. 

The rate of deposition of growth layers in the teeth and b~nl}S 

,!f 'odontocetes i s still unknown, mainly becau~e the rel atioflship 

-between the vari ausly-de~i ned growth 1 ayers and time (age) has not 

{ 

been examined directly. An exception is the work of Best, (1976')~ who' 

established that one dentinal growth layer 1s depos1ted-ânnually in . 

the teeth of captiv~ Lagenorhynchus 'obscurus, using the technique of . , 

tiine-marJdng thè.-teeth w1th tetracycline. 
, ' 
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Figure 15. Frequency distributions of length of postnatal male and 
female narwhals, 1963-65 and 1974-76. Class interval 1s 10 CIR. 
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Based largely on indirect evidence, dentfnal growth layers are 
/ ' 

believe~ to accumul~te at a rate of one per anpum in Globicephala 

melaena (Sergeant 1962), captive Tursiops truhcatus (Sergeant 1959~; 
Ser.geant, Caldwell and Caldwell 1973), Stenella attenuata (Kas~a !! 
al. 1974; Perrin et al. 1976), S. coeruleoalba (Kas~a 1972), - -_ ... 
s. longirostris (Perrin et~. 1977), wfld and captive Phocoena 

phocoena (Gask,1n and Blai,:" 1971; Grue Nielson 1972), Hyperoodon

ampullatus (Chr1stensen 1973), and Berard1us baird11 (Kasuya 1977). 
<C 

However, two denti na 1 growth 1 ayers' and one mandi bul, ar peri ostea 1 

.1 ayer are thought to be deposi ted annua lly in Del phi napterus 1 eucas 

(Brodie 1971; Sergeant 1973) and Del phinus delghfs (Klefnenberg and 

Klevezal 1962). 

The rate of dent i na 1 1 ayeri ~g in the sperm wha le Physeter 

catodon 1s a matter of considerable controversy. Ohsum1 et al. 

(,1963), considering thè recruitment rate of the stock, and Best 

(1970, 1974). consider1ng' the ovulation rate. concluded that,one 

dentinal layer -fs' depqsite,d an~ually in this specfes. On tbé other 

'hand. Nishiwaki et.!l. (1958), considering young whales near weaning, 

and Gambell and Grzegorzewska (1'96]), analysing the seasonal 

depos1tion, of the most recent translucent zone, concluded that two 

'-dentinal layers are deposfted annually. More recently, Gambell 

(1977) has concluded th,at southern hebisphere spenn whales deposit 

one dentinal 1 ayer pel' year. s1nce all sampl e.s showed only one annual 

peak of formation of each type of lamina (translucent and opaque). 

There is considerable evidence that the frequency of deposition 

of hard-tissue layers 1s higher or more irregular dur1ng early " 

postnatal life of marine mammals.. Hay ,(1980) concluded that young 

, na.:whals may have a higher deposit,ion rate than 'oldèr. whales. Brodiè 

(1969b) referred to secondary la.minae in the early post-natal growth 

of the mandi bul ar peri ostea 1 bone, of the wh He wha 1 e' De 1 phi napterus 

leucas (h1s rig. 1), so that s~ch a possibili~ exists for this 

species as welle In addition, Laws (1952, 1953) found that the 

frequency of dentlnal layering was h1gher and more irregular 1n 

immature than 1n' adult elephant seals Mirounga leonina, correlated 
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wfth the more regular pattern of seaso~al haul-out of the adults. 

Best (1970, 1974) calculated that two dentinal layers are deposited 

duri ng the fi rst year ,of 1 He- of the spenn whàl e, al though subsequent, 

layers are annual. On the basis of theoretfcal or indirect evidence, 
v 

Perrin !1~. (1976) and Perrin et~. (1977) have suggested that, "in.", . 
dolphins of the genus Stenella, the frequency of dentinal layer , 

deposit1on 1s higher during the first year of postnatal l ife than in·' ' 

subsequent years. The presence of frequent mi nor 1 ami nae and, 

irregularities in the early postnatal growth layers of the ear p,lug 

of sQuthern fin whales is attributed to d1fferenc~s in behav10ur and 

physiology of immature and mature whales (Lockyer 1972). Juvenile 

fin whales produce only very small amounts of sex homones which may 

influence the gra-.th process, and in addition they are little 

moti vated" to ,participate in the regular annual migrations of the 

adults which are necessitated by the annual cycle of reproduction • 

. For example, juveniles may arrivè late at and depart late from 

Antarctic waters, and some may even overwi nter in the Ahtarctic. 

Feeding activity of fin whales during winter at low latitudes is 

usually at a very low level, but those animals found to bê feeding 

are frequently j uvenfl es (Lockyer 1972). As regards the na rwha 1 , 

there i s 11 ttl e knowl edge of behavi ou ra 1 an,d physi 01 ogi ca 1 

differences betweel1 j uvenfl es and adul ts that coul d be man1-fested as 

differences in hard-t1ssue structure and deposition rates. During 

the summer, narwhals occur in 'groups of different sex and maturity 

composition (see earlier section dealing with Behaviour) but there is 

no indication ,of large-scale spatial segregation of Juvenile from 

adult ~arwhals •. Behavi<?ury of narwhals' dur~ng the rem~inder ()f the 

year remains unstudied. 
1 

In conclusion, the frequency of ~eposition of gra-.th layers in 

the' dentine and mand1bular periosteal bone of the narwhal is not 

known with certainty. In future studies, it 1S recomnended that 

attempts be made to determine the rate of layering by direct methods, 

suCh as tag91"9 ofjlcal ves and tetracycl ine-i njections. Larger 
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s-"les of knQltn mother- calf pairs ma.v ,aho s'hed more light o~ .. age .~ 
determinat10n for th1s specfes. . . , 
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GROWTH 
Foetal Growt~ 

l , 

The foetal growth curve 1$ presented in the section 
• ~ 1 1 1 ~. 

, ,_ "Reproduction in the Femal'e" si nce it relates· to the' calculat·ioo of ,')~I 
- .. 

gestation period., In thi s section the r~lation between, foeta~ we~ght 

and length is 'discus,sed. . 

, ';, For'21 sma11 foetuses .(9.5, to 35.0 cm bo<tY length) the .rela.tion 

, 6~tween 'Weight, (W in kg) and l"erigth '(L'in 'cm) 15:' " , 
, W = 0.000039884 L 2:86937 . 

, For',23 fo~tU$es df a11 siies ('9.5 to 182 cm) 'the 'relation 15: 
, ',' W' = ·0.000056506 L 2. 755~9' : 

.' Foetal wei,ght ranges from 25:g (9.5, cm)! to 80.;; kg' (182. cm). 

< , ' 

Postnatal Growth 
, 

1 , Weight-length relation- - The relation between the boqy we1ght (W 
1 t 

in kg) a~d )engt~ (L in cm) of '41 postnatal animal s ,f s shown in 
" 

~igure t6 and is represented by the.following equatfon: 
W = '0.,0003231 L 2.48038, . 

The regr~ssfon line fft~ the po~nts quite well, alt~ough'it is 

ev1 dent that the poi nts representi ng the' 1 argest mal es are f.arthest: 
, "n ' , ' "., ' '. . 

from the regression line: These are probably old males which are 

approac,hfng physical maturity and therefore growing little 'i.n' length 

but continufng' to increase in weight, probably by dépo~'fÙon of ' 

blubber. Uripublished analyses of wef~hts Of meat and blubb~.r 

obta.1ned from,na~hal,s ,sh~ that older; largér whales h~ve 

, proP9rtionately more blub~er ~~an you~ger, smallér'whales. 

We1ght and age -figure 17 pre~ents the relationsh1p betwee~ 

bOqy we'ight and -age ,of 32 postnatal nârwhals. Age is represented by 
, , 

: the number of COJl1),OS i te grQ\t(~h 1 ayers whi ch refer.s to the number of 

mandibular 'per10steal layer~'{f the e~bedded too~h'js judged 'to b~ 
occludedj otherw1se, 1t 15 the number of dentinal growth 'layérs. 

There seems to b~ no_d1fference in growth raté"betweeo thé sexes. 'but. 
, 1 • 0' 

few males are represented after 12 growth,layers, after wh1ch a9~ , 
! 11 ,-

(female·sexual maturity) onè would"elitpect such a difference-in growth 
T 1 ~ • ~ ~. \ -
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,Figure 11. Wefght and number of growth layers in the narwhal. 
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rate. The small samp~e size precludes any detailed a~alysis of this 
relationship. . " 

, \, 

~ength and age - The growth. curves 'of postnatal na~hals ~re 
. presellted in Fi gures, 18 an,d 19. Growth rates Qf both 'sexes are 
approx1ma'tely equal until the accumlll ati~n of 10 growth layers, after 
wh[ich the growth rate of femal-es declines relative to that of males. ; 
Th~re are a la~ge' ~umber ~f females in the ~ample between'370 ~nd 
390 cm'in boqy length with 14-20 ç,ompos1te gr~wth, layers (Figure'19); 
.these arè proba'bly females 'that a're approaching phys,~cal maturity and 

" ' 

which comprise the'prono~nced m9de in the length-frequencY,hfstogram 
.e 
(Figure 15): This observ.ation suggests efther the possibility of a 
cessation of perfosteal activfty or the attainment of a balance - ~ , .. - ----.-- \, ' 

between- the depos1t10n and resorPt10'~ rates of' periosteal growth . 
layers in old females approaching physical maturity. Thus, the ages 
of ma~ old females may be undere~timated and the true growth curve, 

, . , 

would be further to the right than that ind1~ated in Figure 1~, 

especial1y after about 370,cm boqy length. / On the other hand, 
although the ~ample 1s small. ther.e is no great number of'large, old 
mal,es over a narrow range of ages, indicat1ng t~at periosteal layers 
probably continue to accumulate throughou~ the litè.of the mal~ 
narwhal.· This is corroborated by the attainment of as, many a's 45-50 , " 

periosteal layers by males and only 30 by fem~les (Figures 18 and 
1~). Kasuya et '.!l. (1974) alSo underestima~ed the ages 'of- f~~lê 

- Stenella àttenuata approaching or at physical maturity :(12.5 .years), , , 

at which time poorly calcified postnatal secondary dentine is 
dep9sited and age determination becomes d1fficult. No pubertal 

. gr.owth spurts are evident· in the narwhal (FJgures 18 and 19). 
Physical maturi~ - Inspection of the growth curves (Figures 18 

and 19) reveals that males achieve asynîptotic boqy size (p~sical 
maturity) after 30 composite growth 1 ayers. and females, after 20 

..(> 

growth layersr Table 6 lists the approximate age at phYsical 
> " 

maturity of sorne other ,'odontocetes.' Sorne of these 'val ues were . 
1 

v'i su~l1y extracted fram the
l 

1 ~ngth-age curves provi ded in various 
i \,. 

publica~ions and are' approximations ~nly • 

• > 
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Ftgure 18. BodY length and number of composite layers of 65, 
postnatal male narwhals. 'The tr.iangle fnd1cates the mean bQclY 
length at b1rth., The curve 1s fitted by eye. 
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• No. dentinal growth l!yers 

Spec1es 

eroodon tQSUllatus 
setër ca on 

Stenella coeruleoalba 

Stenella attenuata 

Stenella long1rostr1s 
Delphinaptërus leucas 

Globicephala melaena 
Phôcoena phôcoena 

Male 

20 
40 
35 

14-15 
13 

21.5a 

12 
13 

22.Sa .. 
9-10 

20 
25 

16-17 
7 

a Number'of cemental growth layers. 

~. 

Female 

15 
30 

28-29 

14-15 
11-12 
17.5a 

11 
13 

I2.Sa 

7;.8 
20 
20 

13-14) 
7 

rd 

~ ... ~~~ ....... ~'" 7 ... ry....,.1'I:'_:t.,~" ",,4--'<-" 10-' .... '" 

~~ 

" 

Author 

Chr1stensen 1973 
Nish1waki et al. 1958 
Best 1970--

Kasuya 1972 
Miyazak1 1977 
Kasuya 1976 

KasuYa et al~ 1974 
Perri n ë{ "il. 1976 
Kasuya l'976 

Perr~n_et al. 1977 
Brodie mr 
Sergeant 1973 

Sergeant 1962 
Gask1n and Blair 1977 
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It is ev1dent (Table 6) that the ~les of large-si~~d sp~c1es ' 

grow for a longer t1me than, femal!!s,' while males of' small-s1zed ,', \ 

specfes le.g .. Stenella) achieve physical maturity at 'the same age as 

females, or slightly later. Sexu~l dimorphism in 'size 1 S', better

d~v,eloped in the'large-sized spec1es,' accountfng for the grèat . 
differerice in, the age at physica,l maturity ~etween the 'bita' se}(es'. 

, Longe~ity 

The oldest male narwha~ recor~éd in th1s' stuqy'had 45-50 

postnatal mandibular' periosteal layers and a'boqy ,length of 463 Cnf, 

wh'ne the 'ol~est female~hâd 301ayers and a' boqy len9t~ of 415 cm .. , 

80th whales were probab.1Y phYsically mature. 'As pointed out earl ier. . ' 

,r-it is probab.le that large, old fema.les are 'no longer accumulating 

peri osteal 1 ayers~ .Max1oom m,lmb~r$3f dent,i nal growth 1 ayers , 
l , 

recorded are 18 (un-occl uded) ~nd 20 (occ 1 uded) for males dnd 24 ,(un ... 

,a9ccl}Jded) and 17 (occluded) for' females. 

'For, cpmparati ve purp,oses 1 Table 7 li sts the' maximl)ltl, number 'of 

dentinal growth l~ers reco!"ded for various ,odontoce,tes., ' As~~ing " 

that one'dent1nal growth layer 1s,'dep,osited annûally. many 

odontocetes probably have a rongevity of about '40 to 50 years. 

Although the rate of hard-tissue, layering 'in narwhals' is 'not êer~in' .. 
- ,- ,,' . ( ~ 

appl~cation of this asslIllpt10n would suggest'~hat the longevity, of 

the narwhal is about 50 years~ Bada ~!l. (1983) give the _aspa~tic ' 

aci d racemiz.at1o","dete~ ned ages of 4 narwhal s as rangi n'g ~rom ,25 to' 
/ -

52 years., 

A ml ni,l11.Im esti.ma te of l onge~i ~ for th~ fema'l ~ n,antha lis 

21.5 years. given the maximum number'of corpora albicantia 'recorded 

iJ\ the ovaries (l9) and thé. annua-l ovulation rate of 0.69' (see ' 

"Reproductit;ln ,in the Female U
). ,', , , " 

Seasona 1 Chân'ge~ in 'Conditi on "", . 

. - \. 

, ~ , . , ,~. \ ' -
, ·SeasOnal changes in' body condition (fatnessY are 111ustrated ,in' , 

Figure 20 for b,oth se~e~ ... C'~ndi,tfonïndex 15 calcul.ated ~s, ~'x~~m'- " 
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Table 7. Maxi~um'number ,of dentinal growth laYers recOrded for 'sOrne odontocetes. 

\ 1 ~ .. 

Max. no. 'dentinal growth la,yers 

Spec1es Male, Female 
, 

~peroodon ~Ullatus 
ërardius b~d11" 
;~se~er catodon 

, ~n~ la,coeruleoalba' 

Stenel1a longjrostris 
Stenel1a attenuata 

Glob1cephal'a melaena 
Oelphinapterus leucas 

J 

Phocoena phocQena· 

a cemental l~ers. 

b poss1bly-occluded.: 

c occluded~ 

37' 
na 
,42 
25b . 
5oa' 
18 
laC 

. 40a 

2ld ' 
41 
49 

13 

_, ' 27 
' /' 71 a 

35b 
26b, 
49a 

21 
' laC 

46a 

2ld ' 
3.3 . 
50 

9 

:'<1 occluded; max1111Ïm of .50 cementa; la,yers. . , 

, 
; 

~ . 

, -
" 

, 1 

, . ' . 

Author 

Christensen 1973 
Kasuya 1971 
Best 1910 
'Kasuya 1972 
Kasuya 1976 

Perrin et al. 1917 
Perrin et ir. 1976 
Kasuyà ml) 

Sergeant 1962 
Brodie 1971 
Sergeant 1973-

fiask1n and Blair, 1977 ' 
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. Figure 20. '_Seasonal variation tn condition index (maximùm' 
girth/boqy length) in ,the narwhal. 'The mean, 1s represented by a 

.' "closed point, triangles iridfcate two s,tandard errors .. , and horizontal 
,l1nes represent the, range.' The 1 ettel'" Jlel~ refers' to, the fi rst hal f 
of each month while "l'~ refer.~ to the second half.' The sample sizes' '. 
ar~ 9!ven at the top of the graph., 
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~~rth/bo~ length. This index peaks in the first half~of August in 
ma'-è'ha'rwhal's, and declines slowly thereafter. :Males sampled durfng 
the first half of August had significantly higher condition indices 
,(at the 5~ signfficanèe level) thah males sampled during late July 

• 1 

(F test for homogeneity of vari!~n'6es was '{ot significant at the s'X. 
levei, p > 0'.5; t = 5.00, P <: O'~OOrY '~nd~atê A~gust (F t~st not , 
significant! p > 0.5; ,t = 2.31, 0.05 > p > 0.q2). Males sampled in 
late August were in significantly better condition than males sampled , 
in late July (F test not significant, p > 0.5; t = 3.16, . - , 

0.01 > P > 0.001). Females sâmp1ed during early August had 
significantly hfgher condition indices than females sampled in late 
yuly (f test sigryificant, '0.01 > p > 0.002; t =-2.28, 
0.05 > P > 0.02), while females sampled in late'July were not 

J' 

, significantly in better conditi<>n th an females sampléd in late August 
(F' test signlficant. 0.01 >-'p >.0.002; t = 1.54~ 0.2 >.p > 0.1). 

F~al,es sampled in'early Al:lgust andJate August had condition indfCes 
that were not statistica11y differen~ (F test not significant, 
p > 0.5; t =·0.70, 0.5 > p > 0.4). Therefore, there seéms to be no 
seasonal change in condition index in females, for female 

. ,~epro?Ucti ve' conditi on 'i s more important in detennf ni ng b.ody , 
con~ition. These chan,ges in-màle condition !DaY ,be correlated with 
intenslve spring feeding (June and July). followed by fasting duri,ng 
A49US~ and September. Finley and Gibb (1982) found ~hat the blubber 
thi~kn~ss of female narwhals (but not males) declined,over the ' , 
season;,they attrfbuted this'to reduçed fe~ding o~ the addftional 
demands placed o~ femafes wfth calves. 

Di scussion 

-
" . ; 

, <' 

" , 

Sexual dfmorphism in boC\}' sf:ze and growth rate i.s ~vfdent fn the~ ~,," ; . , ".-. 
narwhal ar:ad many other odontocetes, the -males usually attalning a ~j . ," , 

larger size than females. Examples inc.1ude the bottlenose whal'e 
Hyperaodo'n <IIIpLill'atus JChristensen 1973), the pilot whale 

,Globicephala melaena (Sergeant- 1962), the spenm whale Physeter 
catodon -(Nishiwaki et al. 1958; Best_1970), and the white whale ---

" . 

, \ 
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Delphfnapterus leucas (Brodfe 1971; sergrant 1973). In these" 

specfes, the growth rate of the male èxc~eds that of the female after 

the age of female sexll'al matur1ty. This lite h1story fea~u,r.e, , 
, . 

although of lesser magnftu~e, 1s character1stic of the striPed:J 

dolphin Stenelh coeruleoalba (K'asuya 1972:<l(.asuya 1976; Miyaza i 

1977) and the spotted porpoise SteneTla ~ a,ttenuata (Kasuya' et al'~' 
, 1 -........ ~ 

1974; Kasuya 197'6). HO}riever, females, of the beaked whale Berard1ùs' 

ba1rdii (Kasuya 1977)' ,an'd the harbour porpoi.se Phocoena phocoena ' 

, (Gaskin and Blair 1977) atta,1n grea1;:er sizes than the males. 

As a consequence of the marked reductlon in female growth rate 

at' the attainment of sexual maturity, ~he boqy' size of females ~t 
physical ma~uri~ i5 not'much greater than thei~ size ~at sexual' 

" '. 0 .. 

maturity. Laws (1956a), has shown, for several species of marine 
, , 

mammals, that the boqy length of females a~ sexual maturitY,avérages 

8~.U; of the asymptotf~ b~«y length. The ,average length of the 

female narwhal at sexual maturity 1s 340 .'cm, whiçh is about 82'l. of 
, the maxiJ'(lJm boqy l engtn. ' ' ' 

Male' nàrWhals do not appear to demonstrate the accelerated 

, growth at puberty found to be characteristic of the males of many 

other odontocetes, such as the pilot whale (Sergeant 1962) and the 

sperm whale (Best 1970). 

It has been ~pecula ted that 1 arge-'s i zed odontocetes whi ch 

demonstrate sexual dfmorphism in bod,9 size have developed polygyny as 
, , 

a reproductive tactic, and there is good d1re~t evidence that th~ 

male sperm whale ,1s polygynous (Best 1969, 1979; Ohsum1 1966). Male 

narwhals are probably polygynous, each sexually mature male defending 

, "several females (a "harem") during the breeding season, but di rect 

,observations are not presently available. 
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REPRODUCTION IN THE MALE 

Calc~lat1o~ êlnd:MeasuremÉ!nt of Testfs Volume as a èr1ter1on of-Sexual 
, " 

Maturfty " > 

Testis ~olume was measured by water displacement in thê field, . 
and if mèasureme~ts were not available, the volume was calculated 

from, the'measured length" breadth, .aJ1d thickness of the testis,· ' 

assumtng the testis'to be cylfndrical wfth hemisphertcal ends (Brodie 

1970). The measured volume usually 'exceeded the calculated volume by 

a' small amount, and calculated values were corrected using the 

relatfonshfp between the llleasured and calculated volumes. ' 

Figure 21 indicates a te.ndency for the"èft testis to be only 

,slightly greater in volume that the right testis, so that 'the us-e'of 

one or the other tes'tis for measurement and st.!J~ i s jus~i fied. 

Where possible, the rfght testis has ~een used 'in thi~ stuèI.Y •. 
. , 

, 
Histological Çhanges in the Test'is and Epfdicb'mis 

Seminiferous 'tubules - Plate V shows the· appearance ,of the 

seminfferous tubules of the narwhal. Immature testfs tubu.les lack a , . , 

lumen and only a few spematocytes ~re pr,esent ,(Plate V, 'at. 

Interstitial tissue is quite abundant betweeh the tubules. The 

testes of maturing narwhal s contain both' il1ll1ature and mature 

seminfferous tubules (Pl~te V, c ~nd e)" Thes~ types of,tubules may 
" , 

occupy separate lobules of the tissue or they ~ be in close 
, , 

proxim1 ty to one another. The fl1lllature tubul es of maturi ng narwhal s . -
are identical to those of iJTlJlature animal s, whfle their mature 

, 
tubul es present an appearance simil ar ~o those of sexually' mature 

males. 

The semi nHerous tubules of mature males are of large diamèter' 

with an open lumen; they contain cells in various stages of the 

spennatogenic cycle (Plate V, e and f), but the disorganfzed 

appearance of the epfthelium and the sloughing of spermatocytes 

and spemati ds into the lumen (where they degenerate) suggest the . , 

cessation of spennatogenesis and the onset of male anoestrous. This 

is further corrobôrated by the calcula,tion of the mating season. 
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VOLUME ( 1 ) 

F1gu~ 21. Left versus right testis volume -of ~6 narwhals. > Testes 
-,\ volumes were measured ,or calculateCt (s~e text).· The straight l1ne 
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which ôc~upfe~ the period March to,M~~ long before the samp1ing, 

t 

'period (~ee "Reproduction in, the Fema1 e"'). 'The ,1 umina of ma'ture 

'semi niferou s tubul es oft~n 'co'~ta in ftJctl ru:,ge'neratf ~~ 'cÈ!~ll u'l, ar debri s; 

int~rsti,t~al tissue is not as abundant in ,the mature testis as in the 

immature, testj s. 

Tire appearance,of the 'Sel)1inif~r.ou's epit~eÜu1n of the- narwtlal is' . , ' 

similar to IIphase 011 of, the post-oestrous ,semi ~1f~'rou's epfthe11um of 

th~ elephant seal Mirounga leon-fr't.a (Laws 1956b). In this 'ph~se, the 

'seminiferous epithelium is loose-structured and contains man}) , 
. ' 

degene'rating spennatids and spennatozoa.. Brodi.e (l970) has 'observed: 
t _\, .. 

simiJar degenerative changes in the semioiferous epithelfum. nf maturé . . , ~ , 

~h1te whales during ntid-summer. Laws '(1961), ~tu~fng' rep,rOduct~,on.! 

in the fin whale Balaenoptera 'physalus, cauti9ned that nat~r.al annual 

cyclical changes' in the seminiferous epithelium may'resemble 

post-:mortèm degenerative c~a~ges. The results' described J he~e for the 

narwhal ~re,based on material preserved ~fthin 4 hours of death, so 

that the histolog1cal appearance of the testes should "O,t ~e affected 
, " 

by such,post-mortem'degeneration. 
, -,' 

Epididyrnal tubul es - The epfdiqymal 'tubul es of immature, 

maturing. and mature narwnals are pfctured 1n Plate V, b~ d, and g; 

reSpectively. The epidiqymal epithelium becomes increasingly folded 
-

'as sexual development proceeds; in sexually mature males, the . , . . , 

epidfqymal epithelium 1s highly folded and the diameter of the 

tubules may'exce~d 1.0 pin.' Degenerating cellular debri''S (with a few 

'spermatozda) f s a'bundant in the 'lumfna of the "èp'idic(ymal tubules of 

,mature males" (Plate v, dl. rhese tubules do not resemble' those of 

bestrous males, in'wh1èh spermat-ozoa often f,111 the-lumen (Laws 

,1956b). In fact, the app~arance,o~ 'th~·ep.id1~al tubules "of thè 

mature narwhal of s simil'ar to that de~cribed for., the, anoe,s~ou~ ~'le 
elephânt seal M1r,ounga leoniria by Laws "U956b) .• ", The 'epididyma1 ' 

,tubules of the narwhal present an appearanc~ simflar ta those of the 

pilot whale, in which thefr diameter May exceed 2 mm (Sergeant 

1962). 1 
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Tn~ microscopie appearances of the seminiferous and epidiqymal 
, tt.lb'u.les 'suggest ,that ma~ure male narwhals are npot in breeding 

condition during,July to Sèptember •. 
. iHstol'agical c'rUer'ia - irrmiture, matur1ng', 'and mature' narwhal s-

i _ 

Ill'II1ature mal,es are definéd as those in which all seminife,rous-
'tubules are ill'll1ature, wh11e maturing"males havè both mature and 
, 1 

,imature semi niferous tubu1 es', and mature' mal es have on1y fu11y· 
mature, o'Pen' tub~les.r ~n tigure à;>single testiS volume 'is plotted . , \, 

against"the boqy length of male narwhals of, t~ese th rée reproductive 
, '" 

categories. Although there is sorne overlap ?f testis volume between 
... l .. - • • 

the three gro'ups, the following cr.iteriél' Of maturity were estab.11s~ed 
and ,can be used whe,n only t.estis ~olume fs availab1,e: . 

Immature 
- Maturing 

Mature 

'. . 
Testis vollJl1é (litres) 

<0.140 

0.140 to 0.535 

>0.535 

It is'evident from Fig~re 22 that the attainment of sexual 
maturity (from the onse,t of spermatogenic activi ty) i s a prptracted 
process a~d that the male may be fully mature or fertile only after a 
further conside~ablé lapse of.'tfme. Using the above criteria, ft was 

'estimated that'of the total sample of 73 male narwhals from 1963~76, . ' 

52$ were il1lRature, 22$ we~e maturing,. and 26$ were mature'~' 

Brodie (1970) found that 1lll11ature whf,te whales had a te~tis 
l ' 

'volume l~s~·than 0.13 litre, while mature white whales had a. testis 
vo1Ume'exceedfng 0.36 11~e. Probably so~ of the younger mature 
white whales would be maturing according ta the criteria of this . . 
study. However, ft is possible that the'testis volume s~patating 
ma~uring and mature' male narwhals was overèst1mated, since'there are 
few.data points between OA and 0.5 lftre (Figure 22). ,. 

'.. . - • . t.. .. 

The histo~ogical Griteria establfshed for the male narwh,al are 
essentially the s~e as th?se estab1i~hed by Best (1969) for the 
sperm w~ale and Chittlebarough (1955a) for the humpback ,whale ' 
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Megaptera novaéangl-iae. B~st P9&9)' showed 'thaJ thé ce~~r~l part of 

'the testis matures earliest;; interpretation' of reproductive status 
'_ ~ ~ - l 

based on studies of the central part' of the testis ~ould lead to 

~nd~res~i.mation of the age 'and length ât séx~al'maturity. The' 
• !. 1 1 

hi stol ogical changes in the testi s of -the narwhal are simna'" ta 

those _obs~r~ed in the spenn ~hal~' and the hU!IIpback whale~ Sèrgf!ant 

(~962) ,noted' similar changes in the'histology of t~e semfniferous 
., ~ 1 olt) 0 

. epHhelium of the pilot.'whale.,' 

Length ,and Age at Puberty a~d 5exual Matudty, ' 
~ ,f' ... ~ .... 

Testis vo1ume ~ iestf~ 'volume increases greatly àfter 390 cm 

boqy ,length (Figu~e.23) ~n~ 15 to 16 c!>f1lpos~te grQWt~ lay,ers, . 
, , "l' • 

(Figure 24), indicating that sexual"maturity is attained after 390.cm 
, , • ~ • ~ 1" _ r 

an~ 15 ta 16 growth layers in ,the male narwhal. 'The'wi'de variêltion 

~-

r -

in the tè;tis:voÙme,of'~atur.e males·:c9u1d be'p~rtli Que to, . ~, 
1 J. , 

im1"vi~ual varia'tioh in the stage of postoestrQu~ testicular:-' 
'involuti~n, if indeed theré is, an annual Cyçie,of'te~ticular,'growth ',," . 

and, regres'si.o,n ~écompanyin'g the cycle of the semi n1'ferbus ,', , 
~. ' .' ~ 

epithel j um. ' , ' 
... ~ _ ... J .. 

, A simfl iir' i ncre~se' i ri testi s s; zé at puberty has been' reco~ded " 

"fci~ the' sPenn'w'hale.(Bést 1969: 1974),' tlle hUIIlPback whale 
- ~. 1 \ ~ _ "'" : • 1 

(Chittleborough· 1955a); the pilot whale (Sergeant 1962}', and tbe 
~ -\ 1 ~ ~ , ~ • 

spoÙed porpoise' Stenel'la attimuata (Perrin 'et, al. 1976)'. Testis 

~ize 'may th~t'e,fore 'b~ u'sed ln 9. general' tho~gh i'mprec1se w;,y 'ta' 

indicaté the -attainment of ~exua'l 'maturity ~y m.al~, odontocetes'. 

Seminiferous .Itubul e di'ameter -' 'T,h'e mean 'di'ameter' of the.,' 
• t 1 • -

sem; nlfer-ous tubul e~ ; nc'r~ases grea-Ely~ af:ter 390. cm boqy' l'ength' "., . ,~ - ~ ,~" ~ '\ \ -
(Figu.re 25) ~nd 16 composite growth,layers (Figure '26); 'these,r~sirlts 

, '~re the, same 'as thos'è 6~ta-i ned fr'om test.; s volume data in the 

, preceed;ng section. The sem';ni,.ferou~ ,tl,lbules Of i;rmature males are 
• , J ' • ..... 

'l,~ss' thàrV12p ~ in Ai,ameter, while' t'hose of ,mature males are great~~ 
than '200 1.L '1 n , di ameter. 

A marked .inë:rease, in the: d;ameter of the,sem;niferou·s tubules' at 
- ~ . -. ' 

, Pl4bé'rty has al!:;o been noted ,in the sperm ,whale (Best 1969t. t~e, 
l ' 
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numpbaCk whale;(Chittleb~rougn ,1955a), and the spotted porpoise 
, ' , 

(Perrin ~.!l: 1976). The dfamet!i!rs of the, seminiferous tubules of 
,the narwhal are w1thjn the range of values gNen for the compa'rable 
, " 

reproducti ve categori es of other ma,le odont~cetes' (T'a Dl e' a)" 
Epididymal tubule diameter - Epi~i~mal tubule diameter ' 

1 ncreases rapi dly a fter 360 cm bo<b' 1 ength and 13, compos i te growth 
, , 1 • 

1 ayers (Fi gures 27 and 28), although 'it varies wide~i over' a br,oad: 

range of bocb' 1 eng~h and age; therefore, changes in the di anieter, 'Qf 

the 'epidi<tYmal tubules seem to be less finely 'regulated bY the sexual 

maturation process in males, compared to changes in,the diamè;ter of 

the seminiferous' tubules. 

length- and,age-frequency distributions - According to Best 

(1969), the length ,or age, at whfch 50% ,of males are illJllature can be 

. tak~n as thè average leng;th or age at puberty (onse~ of spennatogeniè', 

activi ty) and the 1 éngth' or age at whfch th~re are equal frequ~nc'ies" 
of illl11aturé 'and mature males càn be taken as the average 1 ength or 

àge at the attainment 'of $exual maturity'. Applying these criteria to 
<> , 

the 1 ength:- c)nd age- f!'eqijency di siri buti ons' of the narwha 1 / 

(Figures 29 and 30l. pUbe,rty occurs at 370 ~m' and 1~.2 composite 

growth layers whf,le sexual maturity 1s attained at about 395 cm and 

17 growth 1 ayers. ,Thesè estimates of m~an 1 ength and, age at sexual 

maturity are similar to those estimated above using' testh volOmes , . , 

and semf ni ferous tubul e di ameters. About three growth 1 a,yers el ap~e 

between the onset of spennatogenic activity an,d the attainment of 
sexual maturity, which 1s not nece$sarily the attaillment of' full 

fertility. Chittleborough (1955a) c,oncluded that the interval 

between puberty and maturity may be about one year in male humpbaèJk 

whales. The attainment of sexual maturity after pUbertY,fs an 

e'xtremely protracted process in Stenella attenuata (Pe'rrin et al • 
, --

1976; Kasuya et~. 1974). 

The ages at puberty ~nd sexua 1 maturi ty o!, the ma'l es of ~everal 

species -of cetaceans are ghen ,in Table 8. ,The criteria used by 
, -

various authors in detennining these ages are probably quite diverse. 

Miyazak 1 (1977), for examp le, assumed that puberty f s attai'nèd when 1 
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Table 8. Mean diametèr of semin1ferous tubules and mean age at puberty and sexual matur4ty of sorne male 
cetaceans. 

'.. . ~ Mean diameter of seminiferous 
tubul es(~) No. denti n,a l 1 ayers . at 

Species Irrma'fure--' -,--Pill>ertaI-~~ltWture PubertY Sexual Soçial 
Maturity Maturity 

Balaenoptera ,physalus 80 ,200 a 
M~aptera novaeangliae 79 103 155 

89 167. '25-27 . P seter, catodon , , 
10-11 

/ ' 12 25 
9-10 t, , 

,19 25-27 

Globicephala meleana 12 
Delph1naptêrus 'eucas 16 

, ' 17 

I:Iyperoodon mu 11 a'tus : ' 13 
, Ber{lrdi us ba rdii' .- 8-10 

Stenel1a 'attenuata ' 10.3 
11.8 

9 12' . " 

S. ;<ioeru.1eoalba 
:' 55'-

9.0 ... 9.2 
44 1'31 6 .. 7 ' 8~7 ?B.7 

1 

S. longirostris . 9-12 
1hocoena. ~hocoena " 4 

a oestrous condition; anoèstrous 1s'140~. 
\ ~ ~ • • ~ 1 f • !. 

, Author 

Laws 1961 
Chittleborough 1955a . 
Best 1969, 1970 
Nishiwaki et al. 1958 
Ohsumi 1961)-
Best 197~ , If ~ 

" Sergeant 1962 . 
Brodie 1971 
Sergeant 1973-

Christensen '1973 
Kasuya 1977 
Kasuya et al. 1974 
Kasuya mr 
Perrin 'et al. 1976 --
Kasuya 1972, 1976 ' 
Miyaza~ i 1971 

Perrin et al. 1977 
Gask in Tndm air '1977· 
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Figure 28. Ep1didymis tubule diameter and number of growth layers 
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'50$ Qf the maies are pubertal' (matur'fng), and th~t sexu'al maturity 'ls ~ ,', 
, , . 

atta1ri~d wh en 50% are matùre.. It 15 notabl e that the mal e wh1·te 

Wh~le Del'phinaPterus 'leucas has about the sa~e number of dentfnàl 

'growth layers at maturity as' doés the narwh~l !Table 8)~ Brod1e 

(1971), showed trat, Cumberland Sou~d~ Baffin Island. male. white'whales 

)'Iith 16 or.mQre too-th 'Jayers were sexually mature,' while Sergeant ' 

·(1973) found that mal,e\wh1te whales fram Hudson Bay demonst~ated a 

spurt in testis growth land spermatog~nes1s at 16 to 18 'gr,owth layers. 

These results' suggest that m~le, white' whales mature when about 8 to 9 

years'old. assuming that 2'dentinal grawth layers are deposited 

',annually in this species (Brodie 1971; Sergeant 1973). 

·Seasônal Changes , . 

. , The' single te~tis"volumes 'of maturing and ,mature males are 

"plotted agai~st datè of capture in Figure 3~ •. There,seems tO'be a 

d~crease in the, testl~' ~olume of matur~ ma1es with, incre~~fng date, . , 

.although the rànge of testi-s .volume ·is wide at 'all times. A linear .'; 

regression of te~tis volume on time (time=Q 1s 15 July, the earliest " 

,dat~ when' a ~tu~e'test1s was recorded) gave' the fOllow1ng equation: 

y = -1.0745 x + 690.44 

where Y' i s rRat!Jre testi s· volume, (ml) and x i s timé after 15 ,July 

(deys). The règr~ssion ~oefficie.nt (-:1.0745) :is not s1gnificantly. 

different from 'zero at the 5% significance level (t=G.9456,' , 

0.4>p>0.2), indicating that mature testis volume is rtot depende'nt on' 

date of capture. Maturing testfs volumes appear to increase with 

'timc::. but this could be due to sampling of individ4als which are in 

diff~rent stages o~ the sexual maturation pro~ess. A,linear 

l''egression of maturing testis ,volume on time (time = 0 fs 19 Jul'y, 

the earli est date that a matur1 ri9 test1 s was rec,or~ed) produced the 

equation y = 4 .. 86'92 x +160.381-, wher-e y 1s maturing test1s volume , 
, 

'(ml) and x 1s time aftet '19 July (days). The regrëss,ion coefficient 

is, however;' not signif,icantly d1.ff,erent from zero (t = 2.145, 

0.-1 > p > 0.05), suggesting that, maturing testfs volume 1s not 

dependent on date of capture. tn addition, there ~eem to be no 
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systematic changes -1 n the di ame'ters: <?f the' semi nfferous and 

. epfdfd,yJJ1al :tubules .with' seaso'n (Figure 32Y. T~e sampling season 
.' ' 

, , 

" accuTs about three months aft'er the peak -of the breedfng season) and '..?,' 

" eith~r the 'mature téstfs volumes_an~ tubule dfameters have ~lrea~ ~~ 
regr.ess.ed .ta' annual mi nfù ~a'l iJès -or el se thè sa~pl:i n-g peri od i s ~~o 

short to demonstrate reductions 'in mature testis sfze and-tubule' 

diameter~,'9ive~ th~' probable great variation among'individUa1s in 

tbe t~,:"fng of ,the ,sea~?nàl. del/el opment and regression o~ tlle testi s.- : 

On the .basis of these data., 'ft 1$' fmpossible to conclusive'ly 
.. ! ~ 1. , 

demonstrate an annual cyclê of repro~uctive activi~y. in the male' . , .... 
narwhal. .' 

• 
. ' Best (969) did not detect seasonal changes in the size of the 

", / .' - . -
. . ~ ~est1s, an~' t~é"diamèter 'of the "seplinHeroùs t~bulès of the sperm 

wtiàle',' but he had no' sampl'es.fr~m the sprfng ,breedf~g, season •. -

Sergeant ('1-962)' con~iud~d',that maTe' pilot whales were ànoe~tro~s in 

(j 1 ate summer\nd fal1 after spri n9 breedi ng and Srodi e (1,97,0) c~me to' -

a .simi1ar co~clusion for the white whale. Laws '(1961) showed' that 

.. -'~. 

- . 
male fin whales were anoestrQUS trom Deéember to Februar,y. when . , . ~ . ~, 

seminfferous' tubule diameters'were lowest., laws (1956b) demonstrated, 
~ ~ • ! 

, that' tl'\e seasonal' enl argement df -the testes ,of the elephant s~al 
a~r,ing the breeding seasoo ~s due to an ,increàse in th~ diameter' of 

the semi nifer-ous t,ubul es,' "!fth a :Concomttant reductfon of 

interstitial tissue. There f5 also a similar cycle of the'epididym~s 

'in tnis specie~ -(la~s 1956b): 'Ridgwa~ and Green (1967) ~emonstrated 
a m~rked annual cycle of sexual development and r~t in,male 901ph1ns

'o~ Lag'enornynchu's obliquidens and Oelphinus delphis off California. 
j , t 

The mid- ta late summer period of-male rut is characterized by: 

en-hrgement o'f testes, seminiferous tu~ules, ,and IIlIscles,assocfated '0 
• 1 ~ " • • 

with the penis; an :;tracrease 'in spermatogenes1S;; and production of 

· copious, amounts,§l semen éO'1tail1ing vi abJe ,spennatozoa. Howèver, 

, thes~ authors did not PaY mù~h attèntion to the si~e and age'of,the , 
• • h, a.. 

-spectmens,which they compared s'o that illich of the pO,s-sible s~asonal . 

variation which 'they déscr1bed could in fact relate ta the'stage 9 ot" 
J - " , .', ,', , 

sexual maturation of these specimens (e'g. see the1r 'Table 1). It 
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appears' that the most serious obstacle to the eiucidation of the , , 

reprodùctive çycle of male bdontocetes 15, the ,often short annual 

sanJ,>11ng season: 

Di scusston 
, . 

The' attainment of sexual maturi~y by male odontocetes 1s not 
• # (1 • \ , _ 

nec'essar1ly acc9Ït1>'anied by maxil1l.lIÎ'1 fertHity or the ca,pacity ta 

fmpregnate females. The J:I1ale 'spenn whale, t:or' examplè, does rtot 
, attai'1' fun fertil ity and social matur.:fty (abi1ity tô ',bre~d and .' 

maintain' a harem) until six to eight years after the att'ai.nment·, of 

'sexual maturi ty' (Bes,t 19-74), and matur.ing or pubertal. whëil es 'are 

'subfertile (Best 1969-). It' i'snot. k!lowri whether the male ·mlrwhal'fs 

Tully fertile when ft attai,ns sexual ma~urity {400 cm and 17 growtl1 

1 ayers), but because of the intense competJ ti on for fema 1 es am,ong the 

males of a poJygynous species, social ma tu rit y may be attaim!d only. 

, after a further incre'ase in bo.~ size and/or te's.tis SoiZe. A high 
J . ' _ ~ 

level of circula:ting tè,$'tosterone and/or large boC\>' size may.be -
\ .. , 

advantageous to males in securing and defending harems • 
.. 1 ... -

Polygyny iS'believed ta be'displayed by ma~es of the spotted 
" " I!;;j ~ 

porpoise (Kasuya et al. 1974) and the sperm whale (Best· 1969; Ohsumf -- . ' 

1966). The harem o'f a .male sperm whale may consfst of 10 o~ more , 

. f~i e~ . (Best '1969). ,ACCord1"g t~ Best _ (197.4), male spenn wha' es 

start mfgrating s~asonally to high latitudes when they attafn sexual 

~aturity . (19 years)~ 'In the (lorth. Pacifie, segregation of male sperm-
-

whales to high latitudes starts after the age of 12 years (sexual ", 

maturity) and continues 'to increase unt11 25 yéars of age t when 
, 'I 

, . dominant males attain'soc1al status and remain in lower latitudes 
" 

", . '. , with the female scho-ols' (Ohsumi 1966). Brodi~ (1970) believed that 
>&1- • 

. ,mature male .whi te wha.' es dr:e .po lygynou s but they segregate from' 

f~les outside -thé breedi-ng season. More direct observation of 

" behav10ur dur1ng the breeding season 1s needed ta ~stablish the 

. e?t 1 sten,ce of po l;yQYny in odontocetes and 1 ts rel atl onshi p . to bOdy 
si ze and sexual diJ11Qrphi sm. 
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,~~' " . Évidence for polygyny in the' narwhal includes the larger bOdy 
:sizè of" the .adult male compared ~o the adult female, the presence of 

a. t-u.sk usua 11y only in males 1 and del ayed sexua 1 maturi ty in males. 

Furtl1er: evi dence i s the hi gh i nci dence of scars, beli eved to be made 

by, the~k., on the heads of adul t mal es (Sil verman and Dunbar 

. , ., .. " ',"1980)., Delayed. sexual matur1ty of males leads to a relative excess 

. . , 

;"" / . 

, . 

. ' 
.. 

" 

of mature females:· there 15 an avera'ge of 3.06 mature female 

narwhals for évery" ma·ture male, excluding data from the Guys Bight 

floe edge wJ1ere females ,wére selectively sampled (Append1X Table 3) • 
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REPRODUCTION IN THE FEMALE 

tpetal Growth and Gestation Period 

The gestati on peri od t'as calcul ated by the method of Huggett and. 
, . " 

Widdas (1951) as modiffed by Laws (1959). Figure 33 presents the , 
relationship between foetal 1 ength and date of capture for narwhal s 

taken in northern Baffin Island from 1963-76".' The mean bo<b' le~gth 
at'birth is es~imated to be 161 cm (the average ,of thé lengths of the 

largest'foetuses and sm,allest newborn calves>. and the mean birth date 

is 1 August. The mean length of the smail foetuses is 24.17 cm on a 

mean date of 5 August.. Us1ng these data, the linear "foetal growth 

rate ,1s calculated as 0.379 cm/da and the gest'ation period is 

estimated ta bë 467 d~s (15.3 months). resulting in a mean 

conception date of 21 April. Base~ on the largest and smallest 

foetusés observed 1n August (Figure 33). the extreme limits of the 

Î foetal growth curve have been estfinated assLDni ng that a11 foetuses 
" 

grow at the same rate. Conception, is seen to vary from 20 March ta 

19 May wi th a peak around 21 April, whil e the season of bi rths i s 

30 June ta 29 August. with a probable 'peak on 1 August. 

A linear regre~sion of foetal length,on time (tfme = 0 1s 
" 17 July. the earl i est d~te when a foetus was recorded) was performed, 

giving the following equation: 

L = O.37794t + 16.91193 

where l 1s foetal length (cm) and t is time after 17 July (days). 

The regression coefficient (0.37794) i s essentiallY the same as the 
~" 

~ previously calculated foetal growth rate (0.379 cm/da). 

Foetal lengths of narwhals from other regions are si~ilar ,to 

those from northern Baffin Island. Small foetuses of similar siz~ 

were recorded during June-August in east Greenland (Eales 1950; Gr~ 
'J'O' 

1889) and in west Greenland (Vibe 1950; Bruemmer 1971). 

The 'season of births and neonatal bo~ lengths are constant 

throughout the range of the narwhal, i ncl udi ng the Thul e region of 

northwest Greenland (Vibe 1950; Bruermner 1971; Raven 1927), the 

waters of east Greenland (Eales 1950; Gray 1889), and the Arctic 

Ocean (Rutilevslc.ii 1958). In the Canadian arctic, Oegerb,sl and 
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Figure 33. Growth curve of the foetal narwhal. using data fram 
northern Baffin Island, 1963-76. large foetuses and calves have 
been plotted twice to produce the growth curve. Dashed horizontal 
1 ines indicate the mean b1rth leng:th (161 cm on 1 August) and the 
mean length of .~~11 foetuses (24.2 cm on 5 August). 
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Freuchen (1935) observed newborn cal ves and fully-grown foetuses in 

, - Eclipse Sound during July. Fin]ey (1976) observed neonatal narwhals 

on 18 July 1975 in eastern Barrow Strait, while Greendale and 
. ' 

Brousseau-Green~ale (1976) recorded nèonates at Cape H~. Bylot 

Is1 and, from 26 June to 24 July 197~. Johnson ~~. (l976) observed 

17 neonatal narwhal s in Lancaster Sound from 28 June-26 July 1976. 

- In spite of the fact that the foetal 1 engths of narwhal s taken 

in July-August comprise two main size groups (10-40 cm and 140-, 

170 cm), the narwha 1 i s assumed by sorne authors' to have no defi nite ' 

breeding season (Pors11d 1922; Vibe 1950; Degerb~l and Freuchen 

1935). Degerb.o1 and Freuchen (1935) and Pedersen (1931) cl aimed 

that small calVes and foetuses of all sizes were present 'at an times . ," 
of the year. Gr~ (1889) conc1uded that conception occurred in MéÎy, 

- -
and June and that the gestation period was 12 months~ Best and , 

Fisher (1974) es'timated the gestation per10d to be 14 months, using 

published data from narwhals captured in Greenland waters and in 'the 

eastern C~nadian arctic. 

, The gestation period of the narwhal i s simil ar ta that of other 

large odontocetes. The gestation period 1s 17 months in the beaked 

whale Berâi'dius bairdii (Kasuya 1977),14.6 months (Best 1968) or 

16.4 months (Ohsumi 1965) in the spenn whale. 14 to 14.5 months in 

the white whale (Brodie 1971; Sergeant 1973), and 15.5 to 16'months 

in the pilot whale (Sergeant 1962). Benjaminson (1972) estimated the 

gestation period of the bottlenosed whale Hyperoodon ampullatus to be 
·f -

12 months, but inspection of the foetal growth data for this species 

indic~tes a Q10re l ikely estimate of 15 to 16 months. The small er 

odontocetes have gestation periods of Il ta 12'months. For example, 

the spotted porpoise Stenella attenuata has a gestation period of 

11.5 months (Perri n et.!!.. 1976). 

Ovar;-an Structures and the Oestrous Cycl e 

Gross ,and hi stol ogical structure of ovarian corpora l.. The 

ovaries of all females were sliced at 3 l11li intervals using a scalpel 

and all corpora lutea and albicantia were identified and counted. 
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Th'e corpus luteum 'of pregnancy is' a large yelloWish glandular 

stru~ture, 30-62, nm in mean -di amet~l". projecdng, fram, the surface' of' , . 
~ ..... i ... 

the ovary of pregnant females (Plate VI, a). - It is môst cOll1Donly .-

located at the pole of the ovary.,,'Trabeculae oCconnective tissue 

fram the theca externa di vi de th~ gl an.d i nto numerou s lobes; these ~ 

trabeculae and a multitude of smal1 fibrous s'epta carry the blood. ' 

vessel s. A st-igma {eruption pit) and corona (everted luteal tissue_ 

arGund the sti gma) are U'suil11y prèsent on the surface of the corpus 

. 'ut~utn" A smal1 centràrcavity; filled'with .riq~or folliculi or 

ffbrous tissue. is sometimes present. 

The granu10sa lutein cel1s are large and p'olyhedral in shape~ 

Theil'" cytop1asm contains a multitude of small vacuqles and therefore 

has a frothy appe-arance. while their nuclei are'vesicula'r {Prate VII, 
'- -

a and b}. The theca luteirt ce11 sare much smaller and are arranged 

in sma 11 groups at thé peri phery of the corpus 1uteÙJn, usually. ~t the 

bases of the fibrous trabeculae. These cells are po]yhedra1 and 

cO,ntai n relatively 1 alge. dark-stai ni ng granul,ar nu~l ei. Their 

cytoplasm appears clear because of the extraction of 1ipoidal 

pigments during hfstological processing. Occasionally, theca lutein 

ce 11 s may be found wi thi n the f,i brous septa at some d,i stance' iJ)s i dé ' .. 

the 'corpus luteum. The frothy appearance,of the cytop1asm of the 

1 uteal cell s o~ the active corpus 1 u,teum of the ,fur se al Call orh; nus 

ursinus is indicative of great secre~ory activfty (Craig 1964; 
Yoshida, Baba, Oya and Mizue 1977). :Laws (1961) noted the presence 

of theca lutei n cell s at the base,s of 'the fibrous septa and at the 

peri phery of the devel opi ng corpus l uteum . of the fi n wha 1 e· 

Balaenoptera physalus. 

When a corpus lutéum ceases secretory activity at parturition. 

or after its development as a short-lived corpus luteum of- ovulation" 

ft, bein~ to involute and to transform gradually into a 'fibrous scar 

called the corpus albicans. Whale ovaries are uniqu~ jn that the 

corpora albicantia apparently persi st for the 1 ife 'of the femal e (see 

Laws 1961). Laws (1961) distinguished three stages of regressfon of 

the corpus luteum of the fin wha1e which 1 have applied to the 
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narwhal. The young corpus' al bicans' i s fo~nd, i n, the ovari es of 

r,ecently-parturfént females and in females which ~ave recently 

ovul ~ted unsuccessfully, 'havi"9 produced, an i nfertll e ,ovuTati on or:: . 

corpus luteum of ovulation (Plàte VI, band dl. It compriseS the 
, , 

-earlfest stagé of the ,regress;on process, shrinking in size very 
\ ~' . 

rapidly. Its lutèal tissue appears, compact and 1s yel1owish-brown. 

T~e young corp,us albicans is ,sti~l ~prominent ext~er~ally, having ~ , 
wrinkled surface appearance due tc! its sh'rinkage in size. The core 

and radi a~ ly-arranged septa .of white .connectiv,e ·ti ssu~· are n,ot- yet" 

extensi ve.' The you,ng ',corpus al bicans 1s wel1 .-vascul arized b'ut 

.' 

'thick-wa"lled, contorted blood vess~l s- are not macroscopically eyfdent. 

(Plate VI, D)., A thickening ffbrous 'capsule with a fe~ thick~walled, ' 

,blood'vessels surrounds the young corpus albicaris.' 

. Hi st~l~gfCaliy, ~ôst of the' luteal cell s have de'generatea and- . 

the luteal tissue has been replaced 'by hy/al ine connective tissue 

(Plate VII, c) ~ A few small thi ck-wal led bl o,od v'es~el S' are. present 

~ i~ ,the hya~1ne tissue, and they are becomfng increasingly contorted 

as the corpus' albicans shrinks. 

Young, regress,ing corpora albicantia are often' seén in close 

proximity ta the corpus, luteum of females in early pregnancy. 'They 
- l ' 

evidently represent unsuccessful, infertile ovulations prior to the 
. . , "\' ~ , 

recent conception, ind,icating that the narw~a] 15. polyoestrous (see 

Plate VI, dl. Benirschke, Johnson and Ben1rschke (1980) report that 

infertile ovulations are frequent in dolphins (Stenella 'sp.L and that 
, . 

o\lu1 ation may often be spontaneous rather than copul ation-induced. 

They cauti on that macroscopi c di agnos i s of carpora 1 utea may 

therefore be frequently' erroneous. 

The medium corpus albicans occupies an intermediate stage'of 

regression (Laws 1961)~ The. f1brQu~ core and septa are betaming more 

e~tensivè while thè residual light-brown hyaline connéctive tissue is 

diminishing. A thièkening ffbrous<>capsl4le with thick-walled vessel s 

surrounds the'corpus albicans, and.promfne~t surfac~ wrinkling is 

still evident. However, it bulges t~ a le~ser extent from thè ov~ry 
than a young corpus albicans. Thick-walled, contorted blood vessels 
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calibre vesseTs are now occluded and nQn-function,al. ,The wa'ls of' 

1 these vessels consis.t largely of loose, açellu'~r cOllagén. a'~houg~. 
van Lennep (1950),claimed th~~e astic~~issue was predominant. 

. The 01 d corpus.albicans r~p ~~ent~ the fu~ ly-regressed c~rpùs. 

luteum and does not shrink any f rther in size (Laws. 1961). . . , 

Oiagno~ticallYt the large whité', onnective tissue core and septa are 
1 

prominent,.and the residuàl hya11neJuteal tissue is ~~in-and .' 

c01o~red a deep orange-urown due 0 concentration of lipoidal lutein 

'pigments by ph~gocytes that prog~ ss fnward through the structure 

(Pl ate, VI, c) t" A thick white cap ul e' conta,ini n9 thicl<-walled fibrous ' 

?lo~d vessels~ sorne' of whi~h are 0 cluded, surrounds the corpus 

albicans; there fs_ 'little external evidence of an internal structure, 
, '. 

except for a very slight wrinkling'of the ovarian surfaçe. Ver~ old 

coropora al'bicantia consist almost entirelY of scar tisstAe,and 

fibrous thick-wailed, coiled blood vessels, many of which are 

occluded. Old corpo~a albfc~ntia are often fl-att~ned-parallel to the 
, , 

avarian surface. Coagulated bload and blood pigment gra'nules may 

alsp be present (Platé VI, c; VII, dl. This bloo9'must be due to 

rupture of the func,ti ana 1 ve~se 1 s. The è6re and septa cons i s~ of 

loose connectiv.e tissue with few fibroblasts or blood vesséls 

(Plate VI~, dl. 

't~ese involutionàl changes-in the corpus luteum of the narwhal 

are esséntially the same as those described for the fin whale by Laws 

(196Ù al,'d for the sp~rm whale by 'Best (1967) ~ 
, . 

The ~arliest signs 'of degeneration of a corpus luteum are 

nuclear pyknosis and vacuolatio.n o(the granulosa lutein cells, both 

of which are seen ,i'\1'early pregnancy Callorhinus-ursinus_'(Cratg 1964) 

and Mirounga leonina, .. (Laws 1956b). The pinniped corpus luteum 
C (, ' • ... ~ 

regresses throughout pregnancy and 15 non-functional by the time ,of 
• • r" ( 

birth ,(C~aig 1964). On ~he other hand, ~he corpora lutea of blue 

whales Balaenoptera musculus and fin whales!. physalus do n'ct 

regre.ss until parturition (van Lennep 1950) t while in Phocoena 
• .J) • 

. - phocoena the corpu~ 1 uteum begi ns t~' regress dur; ng 1. ate pregnancy, 

;. 
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(Fisher ~nd H~rri~on 1970). Çh,ittleborough, (1954) foun~ a' 

degénerating, corpus luteum in only one late-pregnàncy femal~ humpbac~ 
whàl e. 

The corpora lutea of near-:tenn female nan.ih~'s'a're ttte'same size~" 
\. - . , ... 

as those of females in early ptegnancy (40-50 mm), but no 

histological ,data on th~ fonner group are available to indicate 
" . \-

, whether or not pre-partum degénerati on does f occur. 

The regressing corpora lutea of the narwhal are ~istological1y 
simll ar to 'those of PTatani s'ta 9angeti ca ,( Harri son' 1972), Neophocaena 

"phocaenoides (Harrison and McBr'earty 1973-74) and ma ny " other , 

odo~tocètes CHarri'son, Bro\'fT1ell and Boi.c~ 1972). V·an L~nnep (1950) 

described the process of degeneraUon of the corpbra lutea of the 

blue whale and fin whale ln sorne detail. Initial' degeneration is 

.:l~Rôidal, whereby'the-lipids within.the vacuoles of the granulosa 

lutein ,cells change from a' yellowish to a yellow-brown col our. 

According to van Lennep (1950). the pigmented hyaline collagen" 

(degenerated luteal tissùe) 1s produced by theca lutefn cells whi'ch 

have transformed. into fibroblasts, while the main mass of collagen is 
/ - " , 

f " 
,formed by fibroblasts from the theca externa, the'fibrous core and 
,. , 

.septa, and th~ fibrous walls Of, the blood.vesfiel$o As regression 

continues, the blood vessels become increasingly coiled and their 

walls. th-icken by gr:atith 'of collagen, smooth muscle, a.nd eiastic . , 

tiss.ue, while thefr lu"lin~ are progressively rèdùce~ i~ diame~er. A 

very old corpus albicans apparently consists mostly of e'lastic 

ffbers. Van Lennep (1950) coul,d not histologfcally dis,tinguish 

between regressf ng corpora 1 utea of ovul ati on ,and those of pregnancy. 

However, Fisher and. Harrison (1970) b~lieved that 'they could' 

di~tingui'sh between carpora albicantia of infertile ovulations and 

those of pregnancy in the harbour porpoise, but it 1s clear that they 

were di sti ngu i shi n9 tietween early ànd late regressi on ,stages, for the 

latter consisted main}y of coiled, occluded blood vessel~ wfth 

clusters of degenerating cellular el.ements, whfle the fonner . 

consisted ot' lobular acellular connec'tive tissue and fewer vessels. 
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lutéinized follicles are corpora lutea derived'from unruptuted 

follicles; they may be parti1tlly-luteini~ed, with the gel-filled 

cavity surrounded by orange l'uteal tissue which is likely prC!duced by 

the hypertrophied theca interna (Yoshida et al. 1977).' Sorne of these 
- -,~ 

structures appear simi 1 ar ta the corpo'ra l utea atretica of the ovary , 

of the spEj!nn wha 1 e (Best 1967). 

If the follicle luteinizes completely. it may persist throughou~ 

gestation, as an accessory corpus iutewn (Pl ate VI, a) • 
.. , • 1 

Histologically, the structure,is the same as that ~f the functional 

corpùs_~uteum of pregnancy, although the tW9 aCèessory c~rp~ra lutea 
(pictured in Plate VI, a) are thought ta be regressing. Thése two 

. lute1nized follicles would,pr'obably be fully-regressed by··the t1~ of 

parturition and.would not then be recogni~able. Luteinized fol11cles 

contain islands of·theca·lutein cells in the ribrous septa and near 
, .. ~ 

the periphery. It'.is possible that accessory corpora lutea in the 

narWhal pe~sist ol)ly during eal"1y pregnancy. as few are 'seen' in the 

ovari es' of l ate-pregnancy' or recently-parturiEint fel1\al es. 

Regressfng,luteinized follicles are,often present in the' 

ovaries of mature females, especially thos~ in early pregnancy which . 
, . . . -

.ha~e ovulated·recently during March ta May. These follicles are 
, , 

inconspituous externally, with no surface wrinkling and no er,uption . ' 

site~ and th'ey mai protrude very sl i gh-,:ly fram, the sUr:',~ace of the 
-Ovary (Pla'te VI, è). They'consist c,>f lobules of greyish-brown ot 
greyish-yel1ow hyaline connective ti,ssue separated PY. white, 

collagenous septa. The mode of regression seems to be the same as 

that of the corpora lutea o.t ~regnancy. although they us'ual1y become 

fibr~us very saon and coiléd thi~k-walled vessels are'not numerous. , 

.in aqdition, reg'ressing luteini'zed,follicles are surrounded by a thin 

fibrous capsule which contains a few thic~-~alled open vessels., The 
, , 

lack of clott~d'blood and blood pigment granules m~ be diagnostic of 
regressing lutein'ized foll1cles. Th~y probably do oot shrink much in 

size duri.ng'regression. as eV,idénced by the lack of surfa~e wrinkling 

~nd the presence of a few .coiled vessels. It 1s po~sible that such' 

small structures ar~ 'eventua lly compl etely resorbed. 
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, The structure of a 15 n'm·lutefnized fol1ic~e (or accessory 

corpus luteum) in very early regression iS shown i'n,Plate VII, ~.and 
f. The degenerative changes desiribed by' èraig (1964) for the fu~' 
seal corpus luteum are seen in a few'granulosa 1utein ce1l~. ' 

'1' ... \ 

Plate VII, 'e shOotlS a granulosa lutein cell with, pyknotic n~cleus and 

deep-staining, 'ac.idophilic cytoplasm. Ffbr.ous septa are enlarging· 

(Plate VII, 'f) and fibrou~ tissue has .replaçed part qf the"gland, 

although much he~lt~ luteal tissue 1s eviden~ly' still present. 

we11-regressed luteinized follicles are ~een to cQnsist large1y of 

vacuolated hy~line connective tissue with a lOotl'dens~ty of . 

fibrob1asts, although a' few degenerating granulosa 1utein cells may 

be present. Hea1t~ or ~egenerating theca lutein cells m~ persist 
, ' r 

" . . , ,. 
at the periphery ,and in the fibrous septa. In fact, the presence of 

theca 1 ut~i n cell s su~gests that some of.' these regressi ng ~odi es ,: may 

'be corpora lutea atretica or their l'egression products (Best 1967). , 
• 

'J Fol1icles in,various stage$ of development and atresia, are 

pre"sent in t~e ovâries of all mature,fëmale narwhals. Th,ey'are, 

usually filled with fluid (the liquor ,folliculi) and they are thin--' 

walled. Thé largest follicles ~re usual1y found near t'he ~var,ian 
poles~ 

Haemorrhagic follic1es 'are ,sma~l and filled with blood 

(Pl ate VI, f). . They apparently represent the nonna 1 modé o,f 
J' 1 f 

degeneration of small follicles (Best 1967). Sorne theca-derived , , . 
orange lutea1 tissue may fom at the periphery and liquor folliculi 

may still be present in the cavity,of the fÔl_lfc1e. Collagenous 
/ , 

tissue ultim,'tely replaces the :blood, forming an invisible fibrous . 

scar. . . 
~';"=-+M.;.;.oc.....;f...;o..;.l.;..l...;ic;..;l_e....-s exceedi ng.a diameter of 10' ':Ill a,re present in 

the' ovarie' of mature females of sè'veral, repr-Oductive .categor,ies. 
• , ~ .r , 

Two possi ly erupted fol1icles of diamet~rs 15~3 mm and 11.2 mm were 

found in ' he left and right ovaries, respectively, of a maturing-o . 
l , 

female (wlfth 12 dentinal growth l~ers). Thes'e follicles were " 
'1 • • ' , 

co 11 apsedr, devof d, of li quor f~ lli,cu~ i, and locate4 at. the pol es ~f, 

the1,. respective ovaries. It is therefore pos~1ble, that ,the mature 
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foll i cl e attains a si ze of about 15-20 11ITI' at the moment of 
ovulation. 

• 

Cystic foll icles have also been found in sorne ovaries.' A.19 nm 

follicle in the ovaries of,a female in very early pregnancy (foetus 

not found) was, thick-walled, empty, and invisible externally. lis , . , 

wall consisted of a thin inner membrane and a thick, vascy1arized, 

fjbrous outer 1i3yer,. The outer edge of thi·s foll icle was about 2 IIITI 

from the ovarian surface. AL~J'.2' nm folli~le fil'led with'a brown 

paste-1 ike substance was present in one ,of the ovaries of the same 

female. Such cystic fol1ic1es'may be partly-1uteinized) as Laws 

,(l956b) fôund for the el ephatit sea 1 Mi rounga 1 eoni 'na. .Cysti c " 

follic1es are also present in the avaries of 'sorne phy,sical1y-mature 

humpback' wha1es, sorne of whièh have recentl.>' ovulated (Chitt1eborough '. 

1954) • 

A possible recently-erupted rollicle was foun~ in the right', 

ovary of a (female thought ta be, in very early pregnancy (f'oetus not 

found), since the 1eft ovary contained a corpus luteum of diameter 

33 x 33 mn' and 'there ''Was no evi dencè that this fema'fe was 'recent1y.-
\ ~ ~ . 

parturient. This 1?9 mm follicle had a wrink1ed surface appearance 

-(due to fo11icu1ar èo11apse)' anij was ~lood-fi11ed (~late VI, f). It 

was surrounded by ~ thi ck fi brous capsul e; 'connective tissue was 

inv~di'ng th~ b1ood, clot and a few thick-wa11ed blood vesse1;, were 

"present. No luteal' tissue was detected. -P-atches of. yellow-brown 

p:igment granules -were' seen within t~e bloo~ clot. It is diffiçult ta 

, explaitl the occurrenc::e of ovulation- by a pregnant fema1e, since 

progesterone fram a functional corpus .1~teum prevents fo11icular 
, . , ' 

maturation. If. the female was recently-parturient, then this would 

be a case of a PO~,t-partum ovul ati on. Whatever 'the i nterpretati on, 

this foilicle must have eruptèd:and partially Juteinized, and was ~ow, 
invol uti,ng.1 

.' the corpus incognitum' (mY term) fs a structure who'se' or1-gin and 

signif1caoce are obscure: l't is often present in the ovari~ of ~ld, , 

. likely physically-mature females. The corpus incognitum 1s up ta . 
" 

lSee footnote at the .end of this chapter 
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,15 mm in d1ameter. and ft consfsts of,loose'-struetured, dark or black 
"'('1> • • ~ ~ 

tissue-whtch fs'probably clotted b109d (Plate 'VI, ~),. All of these , 

stru,ctur:es have a promi nent erupti on sit~ wh'ich may 'take the form of , 
, , -

'" 'an open -pit,'on the otherwise sl]1ooth surface of the cv,ary. A thick 
, , 

white fibrous ~apsule surrounds the corpus inéognitum. These corpora 

'have à col1 aps-ed' appearance, and they al so have a central sl it--l il<e " 

cavity which ;s filled with gel or flbrous tissue, but which 1s ~ften 

e,mpty'. Som:e loose-structured pigmentèd (yel1ow, brown or orange) , 

tissue may,be found necir the perip.hery or withfn the dark tissu~" 
, , 

White fibrous tissue is often p,resent withln this pigmented tissue, 
.... 1 • ~ 

, ' but thick-walled 'coiled blood 'vessels are not evident ' 
" 

macroscopically. 

. , These s~res are simi1ar to 1 the corpora atretica ,"a" of ,the 

sperm whale (Best 1967) and to the corpora aberrantia and "anomaJQus, 

c~rpora' of lactating'fema'les" 'of th'~~"fi.n whalè (Laws 1961)". The 

corpus incogniturn is certalnly' a regressing' strùctùre,.' and it ÇQuid 

be ç1erfved'from a re,~en1;.'y-ov':Jlated follicle t~at failed to 

lutei ni ~e'. ' Some evi ~ence for ,the -sugg~t i on ~hat - the corpus , 

'lncognitum_is 'a hael11Qrrhagic medium .or old .corpus' albfcans will he 

, present,ed later. 

, ~'11 secondary or antral foll lcl es"that were ~xamjned 

'hi~tolo9fcally were' found to be' undergoing ,atresia (Plat~ VII,: 9 

a)1d hl. Th~s iS,to be expected, since a11 whales'we,re tak~n(th~é7 to 

four months a,fter ~he 'breeding season (peak of ovul a~ionsL Best 

(1967) showed that àtresia of !gllic1es in the ovary of the sperm 
, -

wha1e is maximal Just after the peak occurrence of ovulations. 

The general process of follicular atresia has been described in 
~ " - -

detail by Bloom,and Fawcett (1975). The follicular Atheca interna' 

. hypertrophies, the fo11 idl e t~kes on a' coll apse~ appearàrice, , and the 

. follicular cavity gradually, bécom~s obliterated by connective 'tfss~e. 

" - ',A coll apsed z6na pellucida. l11!iy be ev:f dent 1", ~e fo11, icular ~avity 

(Plate VII, g). The cel,ls of the-hypertrophie~ and vascularized , 

.,' thêca interna beco~ fflled w!th lfpoi{faL plglnen.ts', and, the folTicle 
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at th1 s stage 15 ,sim11 ar to an '01 d corpüs l utetJll1 and has been' gfven-
, . - ,. -

the mi s'nomer Il corpus l utelJll,' atreti cornil. F1 na Tly. the theca f nterna 

, ,begf ns to, degenerate and i 5 s10wly repl aced by connective, ti ssue, but 

resfdual i,sl ands of the theca~ interna may' persist for some time An 
~ ~ ~ -

the ovarian cort~x as the "1nterstftial glal'!d" (Bi oom' and Fawcett " 

1975). 

. , ' Corpora atretica in th~' ovaries of ,the narWhal are 'small and' 

usually situated 'deep in the cortex (Plate VI~ g). The wa'lls of the 
. ' 

corpus atret1cum shown in Plate VI. gare thickened, h1ghly folded, 
and composed ~f 100se t1brous 'tissue. No 'l'uteal'. t1 Ssuè coul d be 

det.ected"maè'roscopïcàlly withfn this corpus, but ,there was a 'small 
, ~ ~ . 

amount of élotted bJood i,n the follicular cav,ity. ,Generally, 

oranger-colour'ed theca 'lut~in tissué 1s found at the periphery of 

'a,tret1c' fol1i~les',(Plate VII. 9 and hl. Fib~ous tissue eventually 

, fil1s the fol,11e1e after, the granulosa cells have bee~ shed and 

'.destroyed. Coile~ blood vesse1s do not play a role in follicular . . . , 

, atr~si a, as they do in the regressi,on of the corpus luteum~ . , 

, " The small"atretk follicles. of the nà~hal are similar to those, 

. in the ovaries of Neophocaena- phocaenoides 1 (Harri,son .and ,McBrearty 

1973-~4). Accordin~ to B,est U967), corpo~a atretica ,II ••• represent 

regressing bodies that 'h~v~ undergon~ atresia'at dffferent stages in 
the d~velopment of the fo'llfcle.", and since thE!y are de'rwêd 

from follicles that have not undergone normal ovulation. they are 

exclude.d from' total corpora' counts,. Corpora atreti ca and all 

folJicles have been exclud~d fro~ total counts,of corpora lutea aQd 
.t , , 

albfcantia in this stuqy as wel1., 

In the ovaries of the sperm whal e. Best (l967) sugg~sted t~at ;J 

medium- an~ large-s1zed ru~tur.ed or unruptured fol1icles may become 

"corpara lutea àtret1caU, 'in which the luteinize'd orange. theca 
. , . 

interna 15 the' most 'cbaraèterfstfc',structure. A thfck callagenaus--

layer' may separate the degeneratfng membrana granulosa' fram ,the the.~ 
intetna. which ~ become engOr~~d with' capillaries and 'dark biood 

pigment granules., Corpora luteit atretica may persist for sorne time.', 

but théy eventually degenerat-e i nta corpora atreti ca "a", (Best 1967). 
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T~e corpor,a ,atretica "a ll of ,the sperm whaTe, are relatively large 

(up,to tw~-th1rds 'df t~e d~ô:met~r of à mature fo~liCl~) ~nd, a 'stigm~. 
or ,rupture site may be present (Best 1967). The peripheral theca 

lutein tissue is loose, yellow or w~ite in col our, fibrous, and 

avascular. This-type of, corpus atreticum occurs,predomfnantly ,in.: 

recently-ovulated females"as well às in a few resti'ng females.' , 

Corpora a~retica lib", on thé other hand, are 'derived from ve.r°Y $nall' 

unruptured follicles .. They are,sftuated deep in the corte'x,"and ,',' 
• • ;: • D 1 

fi brous orange or ye11 (1ft degenerati ng ,theca' rute; n ti ssue i s present: 

at the periphery., These corpora are, avascûlar as well and' the 

,foll ieul ar cavi ty eventually betomes fH led 'wi th connective. tissue. . ~ -. -

Corpora atreti ca of type '~b" are more numerôus tnan those of type 

Laws (1961) describe'd the corpora atre~ièa of the Qvaries of 

'the fin whale. He stated that Il ••• corpora lu~ea atretica;.,. ' 

o'ri g1 nate, by hypertrophY and hyperpl asi a of the' ce,ll s of :the theca, 
. " ' . . 

interna after degenera~i on -of the membrana gr-an~l osa. , •• ",. Gor.p,ora , . 

a'~~etica are' most preval ent in pregnant and, restfng fin whâlés, (Laws', 
, / .. . -' .' 

1961 ). 

1h~ eorpora atretica {n the 'ovary of the narwhal are simil,ar' t~" 
the c'orpora' atretica I1b ll of the sperm whale' (aest 1967) and the " 

copora atreti~a of the fin whale (Laws 1961). 

, Incidence of normal and degene~a~ing follicles - ,Most sexually' 

,mature female narwhals appear ,to have 'haa prooèstrous follicular .", 

activi~y at the ~ost'recent'breè'di~g season, Marc~ to M~. Th,fs' 

applies ~o all reproductive categories, including post-partum and 

lactating females. Enlarged foll1cles', recent unsuc.ce~sful .

(i,nfertil e) ovu 1 ati ons, (repre~ented by young regres~ i ng corpora' 

. al bi cànti a), corpora i ncogni ta, corpora atreti ca, 1 utei niZ~d 
, \ 

follic1es, and h'aemorl'J'hagic follicles area'll'prôducts of recent' 
, . , 

,Pt'ooestrQu:S,ovarian activity;. only immature, females do' not d,ispl ay , , 
1 1" '- , '_....... { 

$uch acthfty (Table -9).' Two ,rnatlJring females are pres-ent in' the '" 

sample; both of these'had ovarian follicles'~xcèèding iO,mm i11 m~n' 
diarneter and o~e had a luteinized follicle. ,Of 'all the çateg9~i~s of, 
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T~le 9. Irk::iœnce of oonml, and ~ting foll1cles and'other ovarian stru::tJ.res ,in faœle nan..hals; , 
_ \.. " • t, '. ' • , , ~ ~, • ' 

~ , 
/ 1, 
;' 

D ' 

·Ioc1dBœ of feœles'W1th ,:' 
" " 

• ,< , , lnfel'tile l , 

. ' 

; No. of 
\ Ferrales 

fnlargfng' En4rted Q)~s '. Corpùs ~ini2ed fol1;cles :, Haamrrhagft '·~ic "9wrat~ons at , IèprodctNe 
"~ndition folliclesa fo1licle c iiplgniÙII a~clll Ictive. '8SJressjro folliclès " follicles' recentoestrous 

1 • tÎ). ~ tÎ). ~ , tÎ). ~,t No. , ~ No. '1 NO.' ~ " No.' ~ No. ~ -.No. '1 

III1IBture 31 '" 
, 4 12:9 ,-J 

:1 2' ,~i 100.0 50.0 1 
25 1 4.0 1 4.0 ,9 36:0 3 12.0 5 20.0 4 16.0 2 '8.0 12, 48~0 

, LactatlnJ> 22 3 13.6 .. 8 36.4 , 4 . 18.2 6 27.3 2 9.1 7 31.8' 8 36.4 

'Pr9}1an~ 
lactati 5 1 . 20:0 1 20.0 j 60.0 1 20.0 2 40.0 1 20.0 ' ' 3 60.0 

'Total p~ 30 1 3.3 1 3:3 2 6.7' 12 40.0 4' 13.3 7 23.3 5 16.7 2 6.7 15, 50.0 
Total 1 actat1nf 27 3 11.1 .1 3.7 9 ~ 33.3 7 25.9 7 25.9 4 14.8 ' 8 29.6 11 40.7 
Full-tenn or 

r, ' 

post-partlll 13 1 7.7 3 1 7.7 ,1 7.7 

-., ....... 

". 

'. 
s.~ 

....... 
w ...... 

lèsting 11' 3 27.3 6 1 9.1 3 27.3 4 36.4 1 9.1 1 9.1 3 27.3 1 .,' 0 

Total nature 76 B 10.5 1 1.3 ~ lB 23.1 1'4 18.4 13 11.1 13 17.1 3 ·3.9 26 34~2 
Total fenàles 1œ 10 . 9.2 ' 1 0.9 19 18 16.5 15 13.8 13 1l.9 17 15.6 3 2.8 26 23.9 

a Follicles greater than 10 nm dfaœter. ~ 
. 1. 

€I-
~ 

/ b Excluding full-tenn and post-parbJn feœles.'; " / , 
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mature, females, on1y those that were near-tem or post-partum failed 

to ovul ate at the most recent breedi n9 season (Table 9)., A lmost ha lf 

(48%) of female's ;n early pregn'ancy ,(but not l-actatingf ovu1ated 

unsuccessfull"y prior to the recent conception, while 36% of nO,n

pregnan~ lcictating females (with yearling calves) ovulated 

unsuccessfully. Five females were simu1taneously pregnant and 
--~ 

l acta ti'hg; evi dence will be presented 1 ater to show that these . . 
females werè probably nursing yeaM 1n9 calves. Three of th'ese 

females had pre-conception. infertile ovulations durin~ March to May • 

Overall, 50% of pregnant females and 41% of lactating females had 

infertile oVU1!tiyOfisat the most recent breed1ng season. Of 11 

resting females; ~three or 27.3cx,'had ovu1ated unsuccessfully; sorne of 

these females may have recently weaned or lost their calves. Best 

(1974) has provided eviden;e. based on the occurrence of restin~ 

female spenn whales at certain seasons. that sorne females fait ta 

ovulate or conceive at the first breeding season following weaning of 

their calves. Overa11, 34% of mature female narwhals had ovu1ated 

unsuccessfully at the most recent oestrous. 

The absence of post-partum ovulations suggests that ovulations 

may occur only during March to MaY (the breeding season). This 15 

fur~her substantiated by the observation- that no new corpora lutea of 

ovul ation 'are ev1dent in any mature females, except for the possible 

recently-erupted follicle of one pregnant, lactating female 

(Table 9). The possibility of oestrous and ovulation during winter 

months cannot be excluded, since no samples were available from th1s 

time peri ode Ovul ati ons maY be expected to occur dur; ng 1 ate ' 

lactation, which could 'include the period March to May, since most 

summer-caught females in early pregnancy had weaned their calves 

relatively recently (see below). 

Late-pregnancy or post-partlll1 females, although they d1d not 

ovulate, still show evidence of recent prooestrous activity 
è 

(Table 9). However, Best (1968) did not record follicular 

enlargement in late-pregnancy sperm whales, even during the regular 

breeding season. Chittleborough (1954) found,{'nwnerous large atretic 
~/' 
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follicles, due to the latest prooestrous, in the ovaries of late

pregnancy humpback whales. The ovaries of female fin whales in mid- 1 
pregnancy were found to contain enlarg1ng follicles during the 

Antarctic summer, but none had ovulated (Laws 1961). Laws (1961) 

suggested that increasing light intens'ities may stimulate (through 

the hypothalamo-hypophyseal system) prooestrous ovari a,n activity and 

ovulation; this may apply to the narwhal, ~ince light intensity and 

day length are increasing during the breeding season (March to May). 
However, the prooestrous activity displayed by late-pregnancy female 

narwhals does not progress ta the point of follicle maturation, due 
, , 

to the i nhibitory effects of the corpus luteum. Perrin et~. (1976) 

also recorded late-pregnancy and post-partum prooestrous in the 

spotted porpoise Stenella attenuata. Brodie (1970) observed enlarged 

follicles in a few post-partum, lactating, and resting female white 

whales captured during summer (maxfrum follicle diameters of 9.3 to 

19.3 mm), and Sergeant (1973) noted follicles of up to 18 mm 

di ameter, newly formed cor~ora 1 ~tea (17 to 24 mm), and regress i ng 

corpora lutea of ovulation (14 mm) in the ovaries of white whales 

captured during mid-summer, sorne months afer the mating seasan. . 

The data presented in Table 9 suggest that most mature female 

narwhals undergo prooestrous ovarian activity at the b-reeding season 

(March ta May), but only females which are pregnant at this t~me seem 

to be i,ncapable of ovulation. The limited evidence suggests that 

mi d-sulllOOr ovul ati ons do no~ normally occur, al though ~ there are 

several examplès of enlarged follicles and one case of an apparently 
\ 

ruptured fol1icle at th)s ~eason (Table 9). 

Incidence of accessory _corpora 1 utea' - The structure of 

accessory corpora lutea (luteinized follicles) was discussed' , 
previously. Only six accessory corpora lutea were present i·n the 

{J 

ovaries of pregnant and post-partum females;-thr méan'diameters'of . 

these corpora were 5.0,5:0,6.2, 7.J,.9.0,anV5.0 mm. 'All of these 

were Rresume"d to be derived from unruptured foliicles, sinèe no -

stigma or corona were ev1dent. One pregnant female rad two 
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accessory corpora, bath of which were beginning to regress, while' 

each of the other females had qnly one accessory corpus luteum. 

Four of 30 (13.3',t) early pregnancy females and one of 13 (7.1$) 

late-pregnancy or post-partum females had accessory,corpora. This 

suggests that accessary corpora of early pregnancy may degenerate and 

they may not be recognizable by the t,ime of parturition., The ov~rall 

incidence of accessory corpora in these fernales was five out of 43 

or 11.6%. 

The' 30 early-pregnancy femal es had a total of, 132 corpora lutea. 

and a1bicantia, of which five (3.78%) were accessory corpora~ The 13 

full-term/post-partlll1 females had a total o~ 70 corpora 'lutea and 

a1bicantia, of which, one (1.43%) was accessory. "Overall, there were

six aèces~ory corpora out of a totàl of 202 corporal or 2.97~. ,These 

percentages are posstbly undere'stimates,. since many 01 d corpora 

albicantia ,may origina,lly have been accessory corpora 1utea. In 

order to estimate the contribution of accessory corpora to total 

corpora, the recent ovula,tions of females in early pregnancy IIlJst be 

considered. The 30 females in early pregna~cy had a total of 55 

ovulations at the latest breeding season, this m.unber also including 

accessory·corpora. Therefore. at the time of their formation. 

accessory corpora compri se 9.09~ of total corpora, assum'j ng that they 

are preserved as scars in the ovaries. On the other ha{ld, if 

accessory corpora disappear quickl,y from the avaries. wh1ch 1s' 
, 

.possible because of their small initial size, then they or'Ily compr,ise 
" ' 

about 3% of total corpora at the tirne of their formation. 

The p:evalence of accessory ,corpora 1 utea i n p~imiparous femal es 

may be significant: three of six primiparous f~~les in early', 

pregnancy had an accèssory corpus. whil'e only one of 24 multiparous 
. ' 

fema les in early pregl')ancy had an accessory corpus. , . \ 

Accessory corpora l utea occur genera l ly i nfrequently in, the ' -
. Il 

ovaries of cetaceans. They comprise 1.5% of all corpora ,in the sper:-m 

wha 1 e (Best 1967) and 3.7% of a 11 corpora in the fi n wha l ~ (Laws-

1961). In the white whale. accessory corpora lutea 'comprise 11.8f of

the recent corpora of pregnant animals (Sergeant 1973) and- they 
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, . 
occurred in 12.8~ of pregnant and post-parturn ind1viduals (Brodie 

1970). Brodie (1972) has written a good revlew of accessory corpora 

"lutea in odontocetes. 
\ 

,Ovarian Maturity and Asymmetry', 

-, 

. , 

The fi rst ovul ati on - The ovary that fi rst ovul ated can be known' 

'only when al1 ,corpora are in one of th,e ovaries or when on1y a few. 

tempora lly-spaced ovu1 ati ons are preSf!nt as corpora al bi.canti a. Of 

43 females satisfying these criteria, the left ovary ovulated first 

fn 30 (69.8~)j the right. in 13 (30.2$). A chf-square test for 

parity with 'one degree of freedom i ndicates a si gnificant difference , 

at the 1~ lev~l between the time of maturity of the left and right 

ovaries (x2 = 6.72, O.OI>P>O.OOI). Brodie (1971) found no 

significant difference in time of maturity betweèn,left and right 

avaries in the white whale. The left ovary matures earlier than the 

right ?vary in Stenella attenuata (Kasuya et.!I.. '1~74; Perrin 

~!!l. 1976) and in Most odontocetes (Ohsumf 1964). 
Total corP9ra ,- Of 437 corpora of 76 females. 269 werè present 

in the 'left' ovary (61.6%) and 168. in the right ovary (38.4%). A 

chi-square test for pari ty wi th one degree of freedom shows that thi s . -

d.ifference is highly significant a't the 1~ 'levél (x2 = 23.34, " 

P < 0.001). Brodie (1971>' di,d not dete'ct a ,signffiéant· difference in 
, ' 

total corpora ,numbe~s between ~he __ left,and 'right avaries of the white 

whale. The 1 eft ovary accumul ates ,more corpora than the right oval)' 

in Phocoenii phocoena (Fisher and Harrison 1970). Stenella attenuaté! 

(Kasuya!!.~. 1974; Perrin età1. 1976). Stenelfa lODgirostris 

(Perrin ~.!.!: t977). Globicephalamelaena (Sergean't 1962). and in 

Most odontocetes (Ohsumi 1964). Ovarian asymmetry does not exist in 

the spenn whale (Best 1967) and in the humpback, whale (Chfttleboroug~ 

1958). 

,Most recent corpus - Of 43 pregnant or post-partwn fema:1es. 27 

(62.8~) had a corpus lutetll1 of prégnancy or young regressing corpus 

albfcansoin the left ovary, whfle 16 (37.2~) had ~h~ most recent, 

corpus in the right ovary. This d1fference 1s not sign1f1cant ,at the 
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1î" level {x2 = 2.81; 1 d.f.; 0.10 l> P >O.05}. In the f~male whi,te 

,whale, Brodfe (1971) found a significant te'ndency for the left ovary 

to _conta i fi the mOst reéent corpus more often th an di d the' ri ght 1 

ovary. ' 

'Al ternation of ovarian activi,ty ... Until five corpora have 

accumulated, in the ovar,ie~, 41 to 63% of females have all corpora in 

,the ~e~t ovary. The pércentage 'of females with a~l corpora in thè 

ri ght, ovary declines from- 43% at one corpus ta 0% at five corpora, 

whfle the percentage Qf females with corpora in bQth ovaries averagès. 

about 40% until five have accumul~ted, after whieh this proportion' 

i ncre~ses and attains 100% when seven or more corpora have 

accumulated. The on~y exception is one female whose ·right ovary 

, contai ned all of 1'ts ten corpora, The 1eft ovary ; s therefore 

dominant until five or six corpora have accumulated; the ri'ght ovary 

then ovulates more frequently, r.esulting in an increase in the 

prbportio,n of, females with corpora in both avaries. T~e left ovary 
~ . , ~ - , ., 

of Stenella at,tenuata is dominant until the accumulation of 13 to 14 

corpor'a, l'Ihen the right ovary increases in ovulatory act.ivity (Kasuya . 
-et al. 1974)., 

, 
Usi ng 37 females whose ovaries contained two or more corpora and 

in whi ch the most recent corpus 1 uteum or' corpus -a lbi ca~s coul d be . 

dist,inguished from ~he next most t:'ecent one, 1 detennined the 
... \ 1 ~ ..' • 

probabi l ity of tWQ sU,ccessive Qvulati ons in the same ovary. Of 25 

. females whose most1recent corpus was in the left ovary, 20'(80$) ,had 

the second ·most recent corp'us in the same ovary, whi l e, of 12 femàl es 

wh'ose most recent corpus was in the right ovary, eight (67%) had the . , 

second most recent corpus in the same ovary. Ovèral1. 28 of 37 

remales (75.7<':;) had the two most recent corpora in the same ova~y. , \ 

Therefore, t~e proba'bility that two sucee~sive ovulations willbe 

from the same ovary 1s about 0.75. This 1s unl11<e the situation in , 
pinnipeds, in -whieh there, is usually an annual alternat10n of ovarian ' 

activ1 ty (el"'afg 1964;' La"s 1956b). 
• 
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Regress i on· of Co rpora "Lu tea 
There seems to be general agreement that corpura albicantia 

, , 
"persfst in the avaries of the'whale throughout life. In this' séttion 

, 

evidence will be presented for the persistence of corpora albicantia 
, ' , 

in the avaries of the narwhal. alt~ough a few small corpora 
albicantia m~ escape detéction. 

Size - The mean diameters of the, vario~s categories of corpora 
albicantia are set out in Table 10. The corpus l~teum of pregnancy • 
with a mean diameter of 42.7 mm, becomes an ,old, fully-regressed, ' 
corpus albica~s àveraging 6.58·mm in 'diameter (Table 10). This 

, ' , 

represents a decrease of 84.6~ in the diamet~r of the corpus luteum •. 
The percentage regres~ion 1s 84.8~ in the bottlenosed whale 
(Christensen 1973) and 82.6% 'in the fin whale (Laws 1961). 

Evidence for persistence - The mean diameters of corpora 
al bi cant; a of fema 1 es with" di fferent ta'ta'l numbers of corpora 

.. • \ ~ • # - -

albicantia are plotted in Figure 34. Large u~regress~d corpora, 
albicantia of recently-parturierit females are excluded fram this . 
plot. ~ince these corpora are Just beginnin9 the period of rapid 
regress i on' and woul d .therefore di stort a plot of mean di ameters of 
regressing corpora. An initial' reduction. in mean diameter with 
increasing ,number of corpora with stabilization' at the mean diàmeter 
of old corpora, albi,cantia' 'would be~considered evidence t'or the 
persistence of corpora albicantia (Best'1967; la~s 1961). Because of 
the strong overlap of ± 2 standard errors' (approximate 95~ confidence 
intervals) among the first several corpus number classes. such a' , , 

,trend is"not evident for the 'narwhal (Fig. 34), possibly a result of 
the i.nitial:ly very rapid rate of regression pf corpora lutea. In 
addition, the mintffium corpus albicans diameter is.3.0 mm for mos~ 

\ C,orpora humbers (Figure 34). suggesting' either' that some corpora 
\smalle-r than"3.0 mm may be,mfssed durin~ the examination. of ovaries, 

or ~hat s9me may regress to become invisible s~~r~. Jhe fact that 
the' ovaries were sliced at about 3 mm 1ntervals favours the f1rst 
alternative' •. However~ 1t 1s felt that few corpora would be m1ssed,-in 
this w~ since most of those ~aller than,3 mm should st11l be 
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Table la. 'Oiameters ~f corpora albicantia. 

, ' 

,Stage Df No. of Mean diameter. Range Stàndard deviat10n Percent of total 
Régression ,Corpora (0111 ) (0111) (0111) corpor.a --al b1c~nti a 

'35 Young 64 
'Mecti lIII , 

14.71 
10.81 

> 5.8-37.0 6.83 
6.0-17.6 2.28' 

, 

8.64'-' 
15.80 
, torpora , 6'S 

.... ~r~Og~~:/a41 8.Q9 
6.58 

3.0-13.0' 2,49 
3.0-13.0 2.33-

16.05 
59.51 
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Fi-gure 34 •. Di ameters of corpora albicantia versus to 1 number of ' 
corpor~, alb1cantfa per female. The mean diameter 1s epresented by . 
ttie central horizontal line, rectangles fndfcate, 2 sta dard e~rors, 
u'pper and lower hori zonta 1 li nes represent the range ad'. the samp le· 
sizes (no. of femalesl are g1ven at the top of the fig re.. Large. 
unregressed corpora albicantia of recently-parturi~nt les are 
excluded fram thls plot. " 
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detected by the-, cuts spaced at' 3 'l1li1 i'nterval s. Neverthel ess; a 

sma1l t but unknown", numbe'r of very s~a11 'corpora a1bi c,anda 1 ikely 

escape detection or are completely resorbed. Of a-total of 241 old " , , 

corpora' a1bicant1a, 21 wère 3 mm in diamèter while 54 were 4 mm or 

less in diameter. The resulÙ of this test are incdnclus;ve as, to . ' , ~ 

-the macroscopic retention of a11 corp,ora 1utea in the ovar:ies, but 

the possibi1ity that some,old corpora ,are over1ooked or resorbed has 

" ,little bearing on the interpretation of 'the 'reproductive cycle which 
M • ~ , • 

i s 1 ~rgely dependent on exàmi nati on of on1y' the few most rec~t 
Q~~ri~n corpora and other aspects of the biology of the femai~ 
narwhal. 

The size-frequency distribution of corpora albicantia is ' 

presented in Fi~ur.e'35. The freqû~y distribution of the diameters 

of old 'corporà albicant~a 'is st~ep1y- trunc'ated at the 1eft side--, 

aga,;n. suggesting either the', disappearance of those snialler than' 3 'mm 

or. failure to de~ect 'them. AI normaT distribu-tion of old' corpora . 

a1bicantia is considered to be eVidence for their'persistence (Laws' 
, ,f 

1961; Sëst 1961>. ' , ' 

The number df old corpora albicantia pér'female narwha1 '1s . ~ , , 

direct1y proportional to the total number of-corpora unt11 10 have 

accumulated, indiçating the persistencce of old corpora âlbicantfa at 

1 east ~o t~i s ,poi nt (Best 1967; Laws 196,1). However;, after 10 

corpora have accumulated, the number of old corpora al~icantia is 

'high1y variahle. 'In' females with 12 and 14 corpora, therè were four 
• l ' 

and, twolold corpora albic~ntia, respectively, woile in other animals 

with more than 10 corpora, ·the number of old çorpora albicant1a 

increases very slowly with the total number of corpora, suggesting· 
, ' ?. • 

the non-p'ersf$t~nce or the ,non-detection of sorne old corpora 

a,lbi'cantta 'in the avaries of these' females. ' 

'In ,arder ,~o 'explain the low fncide.nc;e of old 'corpora albicantia 

,i n the .ovaries of sorne 0.1 d femal es, ,the occurrence of corpora ' 

i.ncognita in 'relation to ag~ was examined. YoungeT females 'with 11' 

or TeWer total corpora had from 0 tO.l.2 corpora incognita. ' 

representing up ta 18% 'of the total number. of corpora albicantia~' 
•• ' t ", 
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Fi gure 35. Size-frequency dfstribu.tion 'of young, medilll and old 
corpora alb1cantia and corpora incognfta. Size interval is 2 mm. 
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Older femal~s with more than Il corpora lut~a and albicàntia had more 

. , corpora incognita, in terms of both ,number per female and pr,oportion 
• t:, , 

of the 1;otal' nurnber of corpora albicantia. For example', two females 

w{th 12 and 14 torpora 'each had' eight corpora i~~ognita, 'colnprising 
, , 

'57-67% of the total number of corpora albicantia. Females with 13 
1 L) • 

corpora had a l<Yfl mean' inci'dence of corpora incognita, but females . ' , 

wi~h 1~ ta 19 corpora lutea and albjcantia had four or five corpora, 

incogni~a~' compris,ing 21-32 percent of the total number of corpora 

al bi canti a. 
, . 

On, :the; basis'of. these,·observa·tions, it 15 'possible that corpora,-
~ , . 

incQgnit~' are actually old (or perhaps medium) corpora albi-cantia 

that have sev'erely haemorrhagèd~ Ttre "rupture pit" assoc; àted with.:, 

the corpus 1ncognitum could be causèd by a high level'of. blood, 
, . 

pressure'within the haémorrhage. Dr.- K._ Benirschke (i!!. 11tt., 

12 October,1918) has di a,gnosed a simil ar ovari an structure' from the 

,narwhal as 1'fre~h hemorrhage into an old cysti~ corpus albicans",. " 

adding some support- to ,this 1nterpretation of the ~o~p~'s i.rlcàgnit~m~ 
It may also be si,gn~ficant tha~ çorpora"incognita are intermediate ,in 

size' between medium, and, old corpora albicantia, (Figure 35). 

Durat1on- of regr,essio'n--": Laws (961) found that"there 'we;e tw1ce 

as manY medium as young corpora albicantia in·the ovaries of the fin 

" whal,e,' and by assuming that t,~e dura;t;ion ,of a regress10n stage 1s 

proporti anal ta i·ts' rel ativè' a~undance in the ovari es, .he' estimated 
, , 

that complete regression required three years • 

. The time'required for régression of the corpus luteum of the 

narwhal _was e'stfma.,.ted in the. s~e' way. The ratio of medium .ta young 

corpora aJbicantia in tbe narwhal 1s 1.83:1. If a young corpus . ,'. . 
,al'bicans p,ersists for x é!fI1ount, of time .. then a mediurncorpus albicans 

persists for 1.83 x time, and the tfme required for complet,e 

regression is 2.83 x. The average number of,young and medium ~arpora 
" al bicantia per mature female i,s 1.303, and thes~ must accumul ate ,in 

the available time of 2.83 x. Thus, corpora albica~tia accumuJate at , 

a rate of' 0.46 per unit of ·time x. If the ovul ati on rate i s 0,.7 

ovulations/yr, as shown in a·later section, then each,:unit o,f tinMt! x 
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Js calculated as O.66.years. Thereybre, a young corpus albicans 

pers'ists for:' 0.66 yr and a medium', for 1:21 yr, and complete ' 

'regres~ion requhes' 1.87 yr. These results are consistent with the 

observation that the largest, non-rece~t corpus albicans of 

lactating females is usually in the ~dium stage of regression (about 

, l ,ye~r pos~-part~m). In addition, the largest, non-recent corpus 
albicans of non~lactating females in early pregnancy js usually in 

, ' 

the old stage of regre~siQn (t)tIo years post-partum). , 
, Complete regr~ssion of the c~rpus lut~um requir"es three to four 

ye~s 'in the ,blue whale and fin whalè (van Lennep 1950) and up to s,ix 

ye~rs:' in Stenel t a attenuata (Kasuya et.!l. ~974).' Corpora al bicanti a 
are 'thdught to persist throughou't l ife in the avaries, of the ,white' 

whale (Brodie i970) ,ana stene" â' attei1Uàta (Perrin et.!L. 1976). 
, ' , 

,Sorne very small corpora albicantia may be resorbed or,escape 

detection in "the ovariès of, old female,spenn whales, for the corpus 
, " , 

.al'bicans d~clines, i,n size ,~ontinuously 'during regression, (Ohsumi 

1965),. Many of the corpora lutea of ovulation'of old femal'e pilot" 
.Jo fi' ~ J 

, whal es shri nk to 4 l11l1 or l ess in di ameter and t~e'se probab 1y escape ' 

: detection during ova~ian examin~~10n (Sergeant 1962)~ Harrison 

...-/' (1949) sugge~ted that corpora albfcantia in the, ovaries of the pilot 

whale ~ay, eventually disappear,' entirely,. 
~ , 

Corpora al bi canti a seem to persi st throug~o~t the' l He of the 
humpback whale (Chittleborough 1954; Dempsey and, Wislocki 1941),_ 

,Dempsey and Wislocki (1941) attributed their persistence t~ the 
, ,- ~ 

presence of a cental core of avascular hyaline connective tissue, 

t~eir initial large site, and th~ long ti~ required\o res6r:b ,the 
luteal elemênts. In the1r words,' " ••• 'the relatively large- s'Ize of 
the corpus lute~ 1f,1 the whal,e 'may,' 1~pose cert'~in' lim1~at-io,ns ana 

restrictions'on its vascu'1ar s,upp1)1,'wi~h the resü1't that it 
undergoes ma rk ed' hy.al1' n1za~;.on~". ' -" , 

, " 

,- Age at Sexual Maturi ty' -

, Length-and ase-fl"equency di strip~tf6ns of inlnature 'and mâture 

femal es - Frgure 36 shows that, Sai ,of femal,es a,re sexually mature at 
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Figure 36. 'Lèngth- and age~frequency distributio~s of illlllature"and' 
mature fE!1MJe- 'narwhal s.' Sampl~ sizes are 33 ilTl1la:t~re and ~a mature 
narwhal s fur, body' lengttl and 31 illllla,ture and 61 mature, 'harwt)als for. r 

age, (number cOlJ1)osi,te growth layers)., Class intervals are 20 cm' 
,boqy length and twd growth layers. 
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. a bôê(y, length of 340 ,cm and at 12 cOl\Jflosite -growth layers. These 

·va.lties- r:-epresent the mean sizE!~ and number of l growth layers at the 

, ',' p.tta'fn~nt of sexu~l mat,urity 'in the female hàrwhal." ' Appl ication of 

the method of DeMas:ter (197a) to maturi.ty-atl-age data for the feniale ' 
. ' \ - . 

'narwha'l prod~ces ~ si'!lilar est.,ima~e of mean age at sexual maturity of 

·,L2.?composite growth layers (0.36 . standard error). This method 

. calcul ates. nÏean age at sexual màtu 'ity as the mean age of the 
, ' .' .' . '.,', \ ' 

'. _maturing ,age. groups, weighted ~y t e proportion of femalestovulating 

'- . ',' 'for- _the ffrsf Mme. a.t each age. \ T 'e mean number of conÏpos i te growth 

. , ,laye~s at sexual niaturity in the If ale narwhal 1s s1milar to the 
l ' 

nWl\ber of denttnal growth la,yers at s ~ual maturity in sorne of the 

~arger odonto2etes, especially the 'white whale (Table 11). Brodie 

J1971r. found that, f.emale white whalles from Cumberland,Sound, Baffin 

151 and,'. ovul ated, for the fi rst tin1e at 9-11 (mean of 10) denti nal ----- ,-' , 

lay~rs., ,F~r this calculation he dJtilized'females with few corpora 

,and he back-c~lculated 'to their ag'es at firs-c'?ovulation, accounting 
• • <,) 1 

for gestation and lactation and asswning' that ~wo dentinal layers are 
.' " 

deposited per annum. Female whitawhales from western Hudson B~ 
~ , 

ovulaie for the f1rst time at 8-13 (mean. of 10) dentinal layers 

(Sergeant 1973). Female white whales thus mature sexu'ally at a'n 

average age of 5 years, asswnfng that 2 dentinal arowth la,yers are 

. depos i tèd- annua lly (Brodi e i971; Sergeant 1973). 

, Age at first ovulation - Twomaturing feinales with ~arian 
~, - , . 

foll icles larger than 10 mm in mean diameter are present'ln the 

sample. One of the~e females had a boqy length of 340 cm and 11.5 
/>?o.. ' 

composite 9rowth l ayer,s; the other, 350 cm and' 16 growth 1 ayers. 

Data from pr1mlparous females may provide some insight into the . . 
age at first ovulation. Six wha1es were in early first pregnancy; 

their first ovulat.ions occurred at }1.5, 15, 15, 14, 13.5, and 18 

\ growth lay.ers, or at a mean of 14.5 layers. Two primiparous post

, partum females ovulated.at ~heir present ages (12.5 ,and 12 layérs) 

'less about a year, or a-t 'an average of 12.3 layers less one year. 

Three females were suckl ing their first.(yearling) calves and had 

ovul clted for the first tùne two aYears before capture. Thei r fi rst 
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Table 11. Age at sexual maturi~ of sorne female odontocetes. 
'1> 

<;. 

Age at sexual maturity 
Spec1es (no. dentinal growth layers) Author ~ 

~perOOdon ~Ul1atus 
erard1us ba rd11 

Pijyseter catodon 

, Delph1napterus leucas 

Glo~1cephala melaena 
stênel1a attenuafâ 

Stenel1a coeruleoalba 

~ Stenel1a longirostris 

"-
" 

:;; 

!:..,. 1 

10 to 12 
8 to 10 

9 
8 to 9 
10 
10 

6 to 7 
~ 
8.2 
9 

8.8 
8.8 
8.5 

5.5 

Chr1stensen 1973 
Kasuya 1977 
Nish1wak1 et al. 1958 
Best 1970 -. -
Brodie 1971 
Sergeant 1973 .... 

Q Sergeant 1962 
Kasuya 1976 

"" Kasuya et al. 1914 
Perri n ëf 'ir. 1976 --

11 

Miyazak.1 1977 
Kasuya 1972 
Kasuya 1976 

Perrin et al. 1977 --
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~ 
ovul ati on ages were 10.5, 20, and 19 1 ay'ers 1 ess two years, or an 

~ 

average of 16.5 1 ayers 1 ess two years. T~ese values may be used to, 

estimate the frequency àf dentînal 'and mandibu1ar layering. 

Comparing lactating and post-partum whalès, which are abo'ut tWQ and 

one years post-ovulation, respectively, the rate of growth 1 ayer 

deposition is estimate'd ta b~ 4.2 layers per,y"ear, while comparing 

1 actating and ear1y-pregnancy females, , ft is estimated thât one 

growth layer is deposited annually~ The calcu1ati~n of ~hese valûes 

assumes that allfemal es ~vul ate successfully for the first time at 

the same age. The sarnp 1 es are too sma 11 and too va ri aol ~ to 
, ? 

accurately estimate the age of first ,ovulation and the rate of 'layer 

deposi~i on, but they are not di scordant with the estimate of 12 

gra«th Jayers as the average age at the attainment·of'sexual ,maturity 

by the female narwhal. 

The fi rst ovu l ati on of the season of primi p~rou s fema 1 es seems 

to be,no less successful than that of multiparous females. Two of . " 

six (33$) primiparous females and 13 of 24 (54$) nultiparous females 

had ovulated unsuccessfully (one to three times) prior to conseption. 

It was not~d in a previ ous secti on that the i nci dence of' accessory 

corpora lute~ is higher 'in primiparous (50$) 'than in mùltipàrous 
, ' 

females (4%). Reduced fertility of, recently-mature f,emàle w~~les 

compared to older fernales, in terms of othe frequency of unsuccessful, 

ovulations prior to conception or failure to concei,ve at the first 

breeding season, has been demonstrated for the spenn whàle (Best 

1968), the hlJllpback wha 1 e (Ch i ttl eborough 1955b), thE:7 sp9tted 

porpoise (Perrin et.!l.. 1976; Kasuya et .!l..' 1974), and the fin whale 

(Laws 1961). 

'Prfmiparous female narwhals had two of the smallest foetuses 
, o' 

(9.5 and 16 cm) recorded in th; s studY" implyi ng that conception may 
, , 

be later in primi parous than 1IIJ1 tfparous femal es, as demorîstrated for' 

the fin whale (Laws 1961) and the sperm whale (Ohsumi' 1965). Brodie 

(1970) foundthat the calf of a primiparous white whale is smaller 

than that of an r1der, multiparous female. 
) 
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The Ovulation Rate 

Corpora accumùlat-ion and age - Figure 37 presents the ,. , 

relationship.between ,the total num'ber .of corpora lutea and '." 

al bi cant; a and the, number of composite growth 1,ayers 'of 60 mature 
_ r .' , .-

fe~le narwhals. 'The ovulatiôn rate is estimated ta be 0.76 
" , 

ovulations/growth, 'layer, assumfng that all preserved' ovarian scars 

~re' deri,ved from ovul~tions and. that these' scars do '~ot disappear~ 
It is of inte~est that, at the mean age of sexual maturity (12 

.layers) t ,two corpora lutea have formed, 'suggesting t~at more th an one 

-ovulation occursÔat the ffrst breeding season (Figure 37), 
'.' 

/cCorpora' accumu~ ation in relation ta bo<IY le'ngth i s' shown in 

F1 gure 38,' where Tt is seen that the total number of corpora 

i ncreases rapi dly ov~r a narrow range of bo<IY 1 éngths. Si nce cor~ora 

accumulation i$ related to age (Figure 37), Figure 38 represents' an 

approx.ïmate grOflth curve' of the femàl e narwhal. From thi s fi gure ft-
. -

1s estima"ted that physfcal maturity 15 achieved after the 
" a-ccumul ati on of 10 corpora. 

Recent unsuccessful ovulations - Several females (except those 

in late-pregnancy or post-partum}'have had infertile ovulations' 

during the most,recent mating season (March-May), and ·this, 

information permits an independent estimation of the ovulation rate. 

The macroscop.ic criteria used to assess the occurrence of recent, 
" ' 

infertile ovulations have 'been previouslY de"scrfbed. -, . , 

Young corpora albicàntia resulting from infertile ovulations 

, average 12.24 l11li in d1ameter (standard deviation, 2.67 mm; range, 5.8 

ta ~7~ô mm). The size-fr'equency distrtbut10n of young corpora 

albicant1a has two modes (Figure 35); the ffrst (11 mm) represents 

un~uccessful ovul~tions and the second (more than 18 mm) represents 

regressing corpora lutea of pregnancy after rec~nt parturition. The 

you ng corpora al bi canti a of those fema 1 es whi ch have had two or more 

rece'nt infertile ovulations vary in size, suggesting that the femalè 

'narwhal i s polyoestrous. 
- L 

Ovul ations at different stages of the clel e - For an i ndependent 
'" asses~nt of the ovulation rate, all of the recent ovulations of 
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Figure 37. Total number of corpora lutea and albicantia versus 
number of coqlosfte growth layers of 60 mature female narwhal s. 
re 1 ati on between mnber of corpora (y) apd number of coinpos i te 
growth layers (x) 15: 
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Figure 38. Boqy len~ and numbèr of corpora lutea and albicantia 
of·99 female n~rwhals (25 'fnmature. 74 mature). 
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m,ature females we~e analysed as follows. It was. assumed that the 
l'~lat1v~ numbe'rs ,of females in the vari'ous reproductive classes 'in. 

t.he sample are the same' as' thé actual proportions of these classes in , 
,the popul ation. Femal es whi,ch are simultaneously 'pregnant an~ 

,1 actating were assÙlned to be nursing yearling calves (evidence f~r 
this will be presented in "The female reproductive cycl e"). In 

addition, 'non-pregnant females which are nursing tWo-year-ol d cal ves 
. , 

or which are "resting" were assumed ta be in phase w1th females which 

are ea'rly-pregn~nt but not lactating. The ovulation rates of females 
of the di fferent reproductive cl asses are set out i'n Table 12. 

Eaï"ly-pr,egnar'lcy females (non-lactating,), rest,ing females-.(ha'(ing 

~ weaned two-year-old calves). and lactating females (two-year- old 
• t \ • 

calves) were considered together: 38, females had a totaT of 48 

-ovulations, or 1.26, ovulatio~s/female. The 25 females which were 

nursing yearling calves had ~ total of 20 ovul atfons or 0.8 

ovul ati ons/fema 1 e. Tl:terefore, the average number of ovulatfons pel'" 

fémale i s 1.26 plus 0.8 or 2.06 (over the three-year reproductive 

cycle), and the annual ovulation rate 1s estimated ta be'about 0.69. 

:, 'S1nce 30 females conce1ved at the most recent- oestrous and 68 recent 

ovulations were exper'ienced by the t,otal mature female sample, the 

. proportion of ovulations thàt were successful (result1ng in 
pregnancy) 1s 30/68 or 0.4412 (Table 12). 

Assuming a strict three-year cycl e, with. no successful 

ovulations exper1enced by females in mid-lact~tion, the calculated , ' 

ovul at10n rate 15 found te not dfffer apprecf ably from !hat 

calculated above., In this case, early-pregnancy fe~les (not 

1 actating), early-pregnancy females (ass\Jlled to be nursing 

twe-year-old calves) and resting females (assumed ta have weaned 

two-year-old calves)'were comb1ned: 41 females had a total of 58 . ' 

ovulations or 1.41 ovulat1ons/female. All non-pregnant lactating 

fema'~s, were çonside,red tQgether: 22 femal~s experienced 10, . 
oyulat1,ans, or 0.45 ovulatfons/female. Ttiereforé, ~ssuming a strfc-t 

three-year cycle. the annual 'ovulation rate i s estimated to b~ abo~t 

0.62. The fi~st estimate of 0.69 1s considered to be mor~ accurate 
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Table 12. Ovulations 'at different stages of the reproductive cycfe. , . 

No.of Percent of No.,ovulations per 
Reproductive .' ,No. of females feÎnales' Total no. of Ovul ating female 
stage females ovulating ovulating ovulations Mean ~ange Female 

Lactating, 2 yr calf 2 à a 0 O' 
-

Rest1ng (null1parous) 11 3 27.3 8 2.67 1-4 0.73, . -

Early pregnancy, , 

not lactatfng . 25 25 100.0 ' 40 1.60 1-4 L60 

Late prègr(ancy) 
post-partllJl 13 0 0 o- . 0 -

. ' 

Lactatfng, 1 yr 
,..:> 

calf, non-pregnant, -?O 8 40.0 10 1'.25 1-2 ',-0.50 
. 

- . 
~ctatingJ'l 'yr 

,_ '10 calf. pregnant- 5 5 100.0 
'" 

Total -76 41 53.9 . 
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since there i sevi dence for. the ocç~rrence of s~ccessful 
mid~lactati~rr' ovulàtions (to bè prese'nted in a later section)~' . 

. Frequency di stribution, of mmbér of, corpor:a per femal e - The 

frequéncy di str1bution of total number of càrpora per female 1s . , ~ , 

. ~resented i ft Fi gure 3,9. The~e, i s a pron'ounced mode at t~ree' c~rpora, 
w~ich ,~ga1n suggests ,that more th an one ,ov~lation m~ occùr during 

. the first reproduc.tive cycle .. ,A maximum of t~ree\ovulations may 

'occur during a three-year cycle, Ot one ovulation per annum (see 
, Serg~ant 1962).~ 'This is sim11ar to another estimate'of'the annual '. 

, , 
: oyulati on rate, wh; èh i s' the av~rage number of o'vulatf ons experi ~nced 

by' each màture female during the, latest brèedfng seàson -(Ma~ch to , ' , 

May). "The' resulting ~stimate i's 6.8/76, or 0:89 ovulati 0t:1s p~r ,annum 

(Table 1~). ~n add'ition, from the ,relationship ,between the nUl1)ber of 
.... ' , 

old corpora albièarÏti a and the total number of cOl'~poraJ approximately 

i. 5 'r,Ollng and medium '~or'p~ra, aGcum~'l ate befor~ any 01 d cor:p~ra 
'appear~ Th~se corpora albica'ntia ,must accumulate during the\ time 

-required for complete regressi~n (1.87 y'r),'produc1ng ~n est1mated 

ovul ati on rate of 0.80 per annum., . ' \ 

Crude'birth rate and dentinal layer,ing ,frequenc). -.A p'reliminary . .'. \ 
es'timate of the crude birth rate (to be distussed in,more detail 

later) can now, be made. Us; ng an annual, ovul ati on rate of OJ9 and 
, 1 

an ovuhtion success rate of 0.44~ the crude birth rate (pregnan.cy 

~ r:-ate) 1s estimated ta be 0.30 calvès/mature female/year. The: 

" acc(lImJlation rate of growth layers' in mature females is 'estimhed to . , 

be 0.69 ovulations/yr div1ded by 0~76 ovulatJons/compos1te 'gr ·t~ 

'layer, or 0.91 layers/annum. This s~ggests that one growth laYer is 

. depos1ted annually in sexually ma~ure felnales. 

; Di scussi on - Mé!-ny ôdonto~etes appear ~td havé polyoestro s 

b~eedi ng cycl es, while the baleen whal es appear ,ta be monaoe trous. 

Evi dence for the occurrence of successive i nferti 1 e ovu] ~ti ons has 

been found in the pilot whale (Sergeant 1962; Harrison 1949), the 

.', \.'~Pe;J whale (Best 1968),' tne saddleback dolphin Ot!lphinus délph.1S 

yrrison!!.~. 1972), the white whale (Serg~ant 1973). the spotted 

porpoise (Kasuya et al. HJ'74), and the striped do1phin Stenella ' 
.. --
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coer~ léo:fb a (Mi y azak ; 1977). ,Coinr;., and Adam, (1938) 1'ou nd a ~ 
graded series of 3 corpora albicantia in early regressi~n in one non-

pregnant non-lactating femalè false killer whale Pseudorca . 

cràssidén's, suggesting the existencé of pOlyoest,rous "breeding cycles 

and spontaneous ovulation ,in thfs specie~ as well. On the other 

,hand, evidence for multiple ovulations lead1ng-to th~ formation of 

accessory corpora lutea, has been found in the whjte whale, in ~hich 

_'mo$t corpora albi~aotia represent infertil~ ovulations (Brodie ~970, 
,1971).' Mult,fple ov_ulatiQns occur frequently in the ova~ies pf the 

spotted'porpoise, especially newly-mature females tPerrfn et -al. 
- ' '--

1976). As for the baleen wh~les, mu~tipl~ ovulations occur 

occasionally in the' humpback whale (Chittleborough 1954) and in the , , 

ftn wha1 ~ (L~ws 1961). Chitt1eborough 1 s' (1954) observ~tions of the. 

ovari es of the humpback wha 1 e 'show that' th; s 'spec1 es i s 
I?o lyoestroùs. 

The female narwhal is pOlyoestrous,' experie~cing up ~o four 

sùccessive ovulations during a two-month-l'ong breeding season which 

probably comprises the·1 atter part of the hcta'tio~ -period or the 

peri,od 'foilawing weani~g'Of the'se.~ond-year calf (~ee "The Female 

Reproductive "CYGl ell
), as' in some~ ,othèr_ Qdontocetés, such 'as the white 

wh~le (Sergean~ 1973) an'd pilot-whale (Sergeant 1962)._ N~n-lactating', 
narwh{tls which conceive at this- season ovulate an average of 1.6 - -' 

, 
t1mes (Table ,12). - Femal e humpback whalces usually ovul ate once, 

occasionally'up ta thre~ times, at"the normal o!!strou~ 

(Chi ttl eborough 1954) ~ 'Spôtted porpoi ses ovul at'e an average of 1.41 
," ~ . 

t1mes dur'ing the breeding, season, ,but up to four sucees,sive 

ovulations may occur (Kasuya n.,!:!: 1974).. Pilot whales ovul_ate 1-3 

times during the usual late-lactation ïnating season, with a mean of' -, 

, 1.3-1.7 ovul'ations (Sergeant "1962l~ Fe~lè spenn whales usu'ally , 

, ovulate once. but occas10nally up to thre~ or ,four' time~ '(mèan ofï.6 . 
ovulations), duri~g thé usual breed1ng season. Although ovulations 

at this seasoÎl are almost' alwclYs fertile (Best 1968), a few fèmal'e 

sperm whales do fail to conceive (Best 19Z4), and t~ese are màinly 

ol.d, possibly senile felilales (Ohsumi 1965). -It is :evident that' sorne· 
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al\: ' 

, -
res~1ng female narwhals fail to ovulate follow1ng weaning ,of 

, l ' , 
çalves; only 3- of 11 resting 'females nad ovul,ated at the most ecen 

.... oestrous (Tab1e-12). It "(i11 be '~'hown la,ter, that this .catégor " 

includes several old, possibly senile femal~s with many ovaria 

corpora. In addition, two females which were 

second-year ca1ves had also failed to ovu1ate d~ring the most_ ecen 

, oestrous.. . 1 

. Female narwha.ls do npt appear to ovulate af~er,pa~turitiol' a 

,is also true of the white. whale (Brod1e 197~); _Post-par~um ' 

ovulations occur infr~q~e~tly in the pilot wh~le (Sergeant.~96 1 ad, 

jn the spenn ,whale (S'est 1968), but th~y ,are rarely fel"til,e, 1 

~pecies.. InfertH,e post-partum ovufations occur fairly frequ 
, , 

the spotted porpoise off the'coast of Japan (Kasuya et al. 197 
~ \. t -_ 

Perrin ~.!I. '(1976) "demonstrated that females of thfs species 

" ), but ,_ 

in the 

eastern PacÙfc Ocean occasi'onally conceived during 1~ctatiofl. 
Infertile post-parturn ovula~ions o~cur cOl1lllonly in the humpback whale 

(Chittleborough 1954), while about 60" of multiparous; post-partum 
, . 

» fin whales ovulate, although only one-thi.rd of, these ovu.1ations,are 

ferti 1 e (L'aws 1961). 
1: 

About 52% of femal~ narwhal s which were nursing y~ar1in9 cal ve~ 

'had ovul ated at the most recent breedi ng season', and 38% of these 
\ ~... 

females conceived, with the result that about one-fifth of'lactating 

females,conceive one year after parturition' (Table 12). Mid-
l ' , 
C" lactation, ovul~tions', although usually ~nferti1e, occur 1,n 13:7"_of 

female sperm whales, while late-Tactat1on ovulations occur in 39% of 

females 'and s~me 24% of these are fertile (Best,1968). Post

l~ctation ovulations prior to the usual breeding season 'occur in only 

2.2% of female sperm 'Whale~ but thèse are rarely su~cessful. Oshumi 

J1965) , has demonstrated that lactat1r.t9 speryn, whales "maY ovulate, 

though usual1y unsuccessfully, d~ring the normai breeding'season. Up 

ta 1~% Qf humpback whales.ovulate durfing late Tactation~ but most 

'whales ovulate at the usual tirne follow1ng wean1_"g of the calf 
/ 

(Chittlebo,rough 1954)t MO,st fin whales' ovulate ·when their ~al ves are 
weaned, but, these ovu ati ohs are usually fnfertil e (Laws 1961). 
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-Se~gean~ (1962) found 'that post-l ~ctation ovul atf~ns sometimes occur 

".~n pilot wh~les .. but thE!Se'~o.~ulati'Ons al"e'ff~sual1y i'nfertil~ since tl'le 

males are anoestrous ât the same.time. 

,Female narwhal s 'ov,ul ate at a _rate of 0.69/yr or O.76/comp.osite 

grOftth l'a,yer, and 44% of ovulations are, successful. 'Ovul ation rates 

. in the ~penn 'whale are estimated to be O.59/yr or 0:44/dèntinai 
- Ji', _, ' 

grOftth layer, with}iO% fertile (Best 1968), O.27/yr'(Ohsumi 1965), or 

O.44/dentinal growth 'layer (Nishiwàki et al. 1958). Ovulation rates 
~ ,. - -- . 

àre estimated ta be -0.51/yr'~ with 60% 'fertile, in t~e pHot whaJe 

(Sergeant ~1962). O~70lyr with 68% fertile in the. white whale 

(Sergea.nt 1973), O.50/dentinal growth layer in.the bottlenos,ed whale 
, " 

(Chri stensen 1'973), O.41/yr ; n t~e striped dol phi n (Kasuya, 1976 )-, 

1.0/dentinal grC1rlt.h l.~er in the spinner dolphin Stenel'l a 

longihjstris (Perrin et'!l. 1977), an'd O.42/yr in the spt.?tted 

p~rpoi se (Kasuya et~. 1974).' Ovul ation' rate's hav~ been estimated 

to be about :O.~/yr in the humpback whale (Ch,ittl eborough 1954) and 
-

, l.t3/yr, wi th 33% fertile, in,. tne fin whal e (Laws 1961). 
, ! 1 • 

. , 

The Female Repraduc~ive C~cl e .. 

Mother-calf relations - The elucidation of the female 

repro~u.ctiv~ cycle 15 aided by observations on femalès captured with 

their calves. Measurements and'observations. on mature females 

c,aptured wi thout thei r cal ves c~n. 'then be compared to thesé 

standards', in arder ta make a rel i abl e asse~sment of thei r 
" . ' 

reproductive status. 

Table 13 presents the characteristics of females and calves 

which were captured tagether. From this table it 1s apparent that 

only post-partum females ca'n be distinguished-from females o'f,other 

, reproductive cat~gorie's,' using cornu diameter and diameter of the . , 

Targest, non-rec&nt corpus alb.icans. These aspects of t,he femal e 
" 

reproductive cycle will be exam1ned in more detail in the next 

sectf~n,. usfng the total' sarnple of 19 mature females.' 

( , 

Post-partum reproduétive events - The post-partum involution of 

the largest uterine cornu of no~-pregnant mature females is shown by , , 
// 
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Table 13;,Mot~er-calf relations. <ë 

ReÈrod~~t1v~_conditlon of female 

,; 

-~actating·· ,Iactati ng 1 

Post-partum LLyr calf)~ Resting~_ ~J2 yr_!=a1f) 

Sample slze ' ,'5 3 l' \ 1 
Le~gth of calf (cm) 164-200 230 .. 250 262 '.265 
Age of calf (no. 
dent1nal layers) o 0 2~4 2 6 ~ 

4 

Stomach contents milk' milk 
" 

empty , empty .' 

Mother: 
" " o 

01ameter 0& largest " 1 

cornu (cm) 12.0 4.0 ,(3.5-4.5) 4.0 
0 

Mammary thickness (cm)~ 4.9' (4.1-5 .• 5) 4.1. (3.0-5.2) . l.5 '4.2 '. ' 
Largest corpu~ . 

22.2 (11-37) . 9.;8 (8.5-12.0) 9.8' . ,10.0-
l. 

altJicans (IIID) ,c -
Mammar.y secretion milk mi lie ' ' post-1 aètati on . , mille 

/--

n 011 
~ 'II . ,. 

a weaned .1-year-old calf. 

b mean; range in p,ar~nt~es. . . . ," , .' 
t :exc"uding' corporp.' of' rec~nt i~f.erti1e owlatio~s~ " 
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m~a-ns of frequency di stri butjons, in Fi gure 40. The 1 argest cornu of 
" ..-_ l, 1 

- post-partum females e)(ce~<Ïs/B cm in diameter; post-partum shrinkage 
- . 

'of ,the cetacean and piryni;ped uterus 1s rapid (C~ttleborough 1958; 

Laws 1956b). Lactating females have cornu diameters of 1.5 ta 6.5 cm 

wH:h a mode at about 4 cm. Rest1ng (nulliparous) females have cornu 
, ;l, 0 ' 

diameters ranging frçm 2 to 10 cm; ~ost of these have probably weaned 

(or l ost), the1r' calves and have failed to ovulate or conceive at the' 

most recent breeding sea.son •. Femal~s w1th a large- cornu and with 

oily fl~1ds in the mammary gland (Figure 40) may have lost a neonatal 

-calf~ but their l'argest, non-recent corpus alb1cans is small, 
~ ,~. '" 

suggesti n~ that they are not recently-parturi ent (Fi gure 41). The 

, cornu diameter~ 'of 'pr~gnant' females range from 5 to 30 cm, ~epending 
. on the stage of pregnâncy • 

.. . , .. ) 

The involu~ion of,the largest corpus alb1cans (excluding.young 

"corpora alb1cantia of,recent infertile ovulation~) 1s shown in 
, Cl' 

Figure 41.' Post-partum Jemales have a large corpus albicans, usually 

exceedi~g'20 ~ tn dfame~er, which represents the rapidly regressfng 
• ..> ~ ) .. 

corpus l utelJ1l -of pregnancy. , Lactating fema 1 es di spl ay a mode at 
• 1 

10 mm, while simultaneously pregnant and lactating fem~les have a 

"simil ar mode. As rnost 1 actati ng femal es are probably nursing one-
t;, 

year-~l d ta lves, those that are simul taneously pregnant and l act-ati ng 

are also likely nursfng yearlfng calves, and both groups of· females 

must have a' largest (non-recent) corpus albicans Gorresponding to the 

corpus lutaun of pregnancy which has been regressing for about 12 

~oÎ1ths. Non-l actati n9. early-pregnant fèma 1 es show a s imil ar mo,de 

(11 ITIIÏ) but the frequenéy distribution g"'skewed to the left 

(Figure 41). Sorne of these early-pregnant, non- lactating females . . 
c6ul d have oyul ated unsuccessfully some 15 months pri or to capture,' . , , 

while they ~er.e nurs1ng their previous f1rst-year calves (these 

c?~pora'would be more than 10 mm in diameter, hence about~the same 

age as those df lactating females), wqile others hâve a , rge~~, 

. non-recent corpus albfcans wn1ch 1s considerably SlIIaller t!1an that of·' , ,.; 
lâctating f~males and which couldocorrespond to the previous corpus 

luteum of pregnancy which has therefore been r~gressing f-or about 
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~ Figure 40. Frequency distribution of the di_ter of the largest 
-uterine cornu of non-pregnant III&ture naJ'Whals. P. L. 011 refers ta 
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POST- PARTUM ( n - 11 ) 

, 8 

,,-) 
. 4 

LACTATING (n- 22) 

en 2 
w ... 
cl; 2 
:E 

PREGNANT, P.L. 01 L (n- 7) . 

w 
Ue 

Ue' 
0: 4 PREGNANT, NO SECRETION (n-12) 

1 

cS 
z 

4 NON-PREG., NO SECRETION (n=8 ) 

2 NON-PREG., P.L.OIL (n= 3 ) 

2 FULL-TERM (n=2) 

10 . ,20 30 

CORPUS ALBICANS DIAMETER (mm) 

Figure 41. Frequency distribution of the dia_ter of the largest 
corpus alb1cans. Young cOrpora albicant1a representing infert11e 
o';ulations at the IIIOst recent breeding séason are exclvded. Class 
1 nterva;: 1 s 2 _. 
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24 months.' This evi dence suggests that most early-pregnant, 

non-lactating multiparous females have weaned, two- year-old calves. 

Resting whales have a largest corpus albicans which varies from 8 to 

14 ~ in diameter (Figure 41); these are probably females which have , . , 
weaned (or 10st) thei,,' calve_s,oat various stages of the reproductive 

, cycle, an.d have not conceived at the 'latest breeding seasono' 

Late-pregnancy females'displ~ a modal largest corpus albicans 

dfameter of 11 RITI which,\ considering its large size, could be derived 

from an infertile ovuÙtion prior to concept10n (about 15 mo before 

cap,ture) • 

Figure 41 and Table' 13 indicate that involution of the corpus 

l uteum of pregnancy i s rapl d dûri ng the fi rst' few weeks or months 
" . 

follaw1ng birth. 2ubsequent regress10n 1s rnuch slower, with the 

result that the diameter of ~he largest, non-recent corpus albicans 

i s simil ar i n f~J es one and two years post-partu!l' (Fi gure 41). 

, S indication of' the rapidity of early regression is evident in 

Figur 42 which p~esents plots of the age and length of calves 

aga1 nst the di ameters of the 1 argest non-recent' (not derhed from the 

latest oestrous) corpora albicant1a of their mothers~ Initial 

regres fon of the corpus 1 uteum i s seen ta b.e very rapi d. from a 

, diame er of 37 mm when the, neonate 1s 164 cm to a diameter of 16 mm 
wne it 15 1~8 cm~~ The modal size of the largest corpus albica~s of 

1 tating females 15 reached when the calf 1$ about 200 ·cm in length 

( ossibly six mo old). This is -close to the point at which.. the young 
, , 

corpu~ albicans js transformed into il medium (the young corpus 

albi cans' persists for 0.66 yr). Thèse· results suggest that the 

'di ameter of the l argest, non-recent corpus albi cans can be used to 

distinguish"only post-partum females, which themselves display a wide 
--- 1 

range of corpus albicans diameter due to rapid post-partu~ involution 

(F1gures41 and 42). 

Sorne trult1parous- females in early pregnancy had a largest, non

recent corpus albicans of only 4 mm in diameter (Figure 41), 

suggesting two or more years of regression of the corpus luteum b 

the time of capture. Some of these fema 1 es coul d have weaned the1 r 
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, .cal ves about one year prior to conception, thus fail i ng to ovul ate at 

the breeding season in that year, resulting in a p~olong,ed resti'lg 
per10d (about one year), followed by ovul ation at the next spring 

season. That some resting females appear to have weaned the1r calves 
, '. 1 

and had fail ed to owl ate at the 1 atest season provi des sorne . 

confir:mat1on for this. Best (1970) thought that th1s migh1'~,also 

apply to the spenn whale, in Which case the reproductive cycJe- 1s 

extended to fhe ,years. It may be si gn1 f1cant 1 n thi s regard tha t 

those ptegnant females w1th the smal l'est corpus alb1cans also had dry 

(no'oil or ml1k) maJ'll11élry glands (Figure 41). 
. , . 

These observations are compl icated by the frequent occurrence of 

ovulations',dt the ffrst mating 'season follow1ng parturition. For 

exampl e, of 19 rul tiparOlts,. non-lactating., early-pregnant females, 

the largest non-recent corpus albicans 9f 15 was in old regression 

,(4-12 l11li; mean of 9 rm1) wh11e the l'argest corpus albicans of 4 was in 
~ 1· ,~ 

medium regression (9-13 mm). Of 17'non-pregnant females nursing 
, , 

.)'earlfng calves, 11 had a medium largest corpûs albicans (9-14 m) 

whl1e six had 'an,old largest corpus alb1cans (8-12 l'lIB). These 

corpora are the largest non-recent (not derived from,the latest 

oe~trous) corpora albicant1a of lactat1ng females, and thus represent 

one year of post- partun regression. Because these çorpora 'are, the 

same s f ze as the medi um l argest corpora of pregnant wha 1 es and have 

been regressing for one year,t it 1s suggested that the largest medium. 
corpora of non~ lactatfng pre~nt females represent infertile 

ovulations about nine months after parturition and slightly JOOre than 

one year prior to capture. by which time thèy. have weaned 'thefr two 

year-oldcalves., Some confirmation of this is pr.ovided by data from 
three primiparous' fernales nursing their ffrst' (yearling) calves: 

t:> ,,- 1 

their largest (and only) corpus albicans ranges from 9-12 mm 'in 

dfameter. Non-lactating pregnant females whose largest corpus 
~ 

albicans is small and in the old regressfon stage did not likely 

ovul ate at the fi rst oestrous fo 11 owi ng parturi ti on'. but r,ather thei r 
small. old corpora probably represent two years 9f regression' from 

the corpus luteum 'of pr:egnancy. An alternative explanation would be 

f' 
1 

1 . _. 
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thàt non-lactating pregnant females·with a'large corpus albicans in 
" 1 • • 

, 'lIIèdfun regressfon are only' one year post-partum and have weaned or 

lost yearling calves, ~nd they have therefore conceived at the spring 

breedf"9 season about' ni ne mont'hs after parturi ti on. Resti n9 fema 1 es 

also have a larges~. non-recent medium corpus alb1cans of 10-13 mm in 

diameter; and' these 'femal.~s/may have weaned (or lost) yeari'ing " 

calves. One fellJ@ltr~:;-caPtured wfth a presumed' yearl,fng caÙ' and
l 

she had involuted mammar,y glands (Table 13), suggesting that some 

calves may be weaned at the age of one year. The calf of th1s fema1e 

'".,was growfng partfcularly rapidly (262 cm; two dentfnal growth 
"1 ayers). 

Fema1 es whfch conceived ear1y in the season (as sh~n by size of 

foetus) have a largest. 'non-recent corpus alb1cans which 1s smaller 
, ' 

.la-I2 nm) tha1l that of fernales whfch concefved later (12,.16 'nID). 

Early conception (and parturition) seem ta be associated with 

advanced regressio'n of the corpus al,bicans since more time is 

ayailable for regression, but this possibili~ assumes that an 

i ndividual animal cqnsfstently conceives at the samé t1me of year. 
" -

On the other hand, the 1 arger corpora of non-1 actàti ng -e.ar1y-pregnan t 

fema1es are thought to resu1t from fnfertile ovulation~ at the ffrst ' 
't t -. - r 

breed1,ng season following part~rition (see aboye). Corpora 

alb1cantia orig1nating oy~~ a two or three month season of ~1rths 

would not 'be expected to di~fer great~y in size, after about two years . 

of r~gressiQn, further conffrming that the larger corpora of pregnant 

fêma1es probably re'present infertile ovulations oc.curring about nine 

months afte~ parturition. ' 

The post-partun involution of the mammar,y gland, as indicated by 

changes H'! its av:erage thickness, 15 'shown in Figure 43' by mèans of 

frequency distributions. A brief description of the var,ious fluids 
" 

present in the mammary gl ands wi 11 provi de a usefu1 baCkjlround. 

The milk of lactatfng narwhals 1s a thick turbid green fluid, 

often seen oozing from the mammary slits.when the whalè 1s rolled up 
, 

the beach. The mammar,y, glands of sorne femal es in ,early 'pregnancy and 

those of sorne rest1ng females (some:of which oyulated unsuccé,ssfully) 

-.- ----- - -~ 
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FULL - TERM 1 POST - PARTUM (n =13 ) 

6 
lACTATING, NON .. opREG. (n= 21) 

4 

2 

PREGNANt, P.Lo Oll (n· 8 ) 
2 

NULLIP~ROUS, P.L.OIL (n·3) 

2 

NULLIPAROUS. NO SECRET10N (n = 7 ) 
2 

2 4i 6 8 

MAMMARV GLAND THICKNESS (cm) 
Figure 43. Frequen~ distribution of th1ckness of ..... r,y gland of 
mature fe.ales. Class fnterval 15 0.5 o.. 
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contain a light brownish or greenish translucent oi1y f1uid, which is 
here referred to as post-l actati on oi 1. The presence of thi s' f~ ui d 
in only in~9luting glands (4 cm or 1ess in thickness) and the 
observation ~that mammary glands containing this fluid are slightly 

, ' 

thicker than those which contain no fluid at all suggest that the' 
presence of post-lactatio~ oi~ in early-pregnant and resting females 
indicates recent weaning (or 10ss) of a calf. 

Best (1968') statéd 'that the presence of brown or o11y fluidsdn 
the mammary gland of the sperm whale is indicative of mammary 
involution and weaning of the calf. This fluid, often th1n and 
watery,,,is poor in proteins and fat (Best 1968). Chittleborough 

, ' 

(1958) noted a " ••• rather white watery flufd found 1n sorne glands 
involuting after lactation" in the humpback whale. Laws (1961) 
described' the post-lactation fluid of the mammariesi_~f the fin whale 
as a "wh1tish or turbid yellowish thin flufd". Vaf,1 Lennep and van 
Utrecht (1953) have identified this fluid as ~he r~s1dual mille. of 1 

post-lactation glands, and they termed it ·corpora ~laceau. 
Colostrum bas been identified in the m~rfes of full~term 

humpbacks, where it is a clear yellow, pale brown, ~r turbid white 
flyid (Chittleborough 1958} and in the mammaries of the white whale, 
where it 1s a l1ght yellow fluid (Brodie 1970). The mammaries of two 
post-partum narwhals were recorded as contafn1ng "yellow" milk and 
Ilpink.y brown ll milk. wh,ile those of a fulli-term female contained a 
Itturbid-like o11y green ll fluide Thesè fluids could be, colostrum, but 
no analyses were carried ~ut to confi~ this • 

. Figure 43 shows that full-term and post-partum females have a 
modal 'mamma~ gland 'thickness of 5 cm, the lower thic~ne~ses (3 ta 
4 cm) belong to the developing mamma.r,y glands of females in late 
pregnanc.y. 1 Non-pregnant lactating females have a main mode at about 

\ .... 
4.8 cm and a lesser one at about 6.2 cm, but this separation into two 
modes,could be due to small~~ample sizes. Lâctating females w1th 
thin mammar,y glands (3 to 4 cm) ~ be in the final stages of nursing , . 
their two-year-old calves (Figure 43). Pregnant and lactating 

\. 

females have the same frequency distribution of mamrnar,y gland 

; 
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". 
thickness as lactating fema1es, except for one femaie whlfe mammary 
gland was less than 2 èm ~hick. This fema1e could be in the late 
stages of the two year lactation period, but the mi1k of this 
specimen is described in field notes as a tlthick sticky green 1 iquid" 

\ 
whJ ch cou1 d actua 11y be the post-1 actati on ail. 

Females in ear1y pregnancy have involuted mammaries less than ., 
4 cm thlck (Figure 43); those fema1es whose mammaries contain post-
lactation 011 have slight1y thicker glands, suggesting more recent 
ces$atio~ of lactation in these females than in ~hose~whose glands 
contain no fluid àt a11. Rest1ng (nu1l1parous) females have 
invo1uted or involuting glands4ess than 4 cm in thickness. 

~ or , 

The average mammary gland thickness at the end ,of lactation can 
be estimated fram Figure 44, which shows a plot of the percentage of 
females lactating in each 0.5 cm marnmary gland th1ckness lnterval. 
Excluding the point representing 1.5 to 2.0 cm, 50' of females are 
lactating at a mammar,y gland thickness of about 3.3 cm which 1s taken 

-- & 
as the mean thickness at weaning. This value corresponds well with 

, 
the discontinui~ b~tweèn the frequency distributions of gland 
thickness of lactating and non-lactating whales (Figure 43l. The 
point at 1.5 ta 2.0 cm be10ngs ta the pregnant and lactating female 
alluded ta above; this fema1e could qctual1y have weaned a two-year
old calf and may not.be lacta~ing. Most glands less than 4 cm thick 
are considered to be involuting (or-in the case of full-term fema1es, 
deve1 opi ng). 

M~mmary gland thickness cannot be used ta d1stinguish between 
various reproductf~e classes, other than between 1actating and non
lactatlng fema1es. The unimoda1 frequency distribution of the ~fana 
thickness of lactating females (Figure 43) indicates that females in 
different stages of lactation cànnot be distinguished (post-partum 
and one and two years post-partum). 

. The maJlII1ary, gland decreases in thfckness as the largest, non-
. 0 

recent corpus albicans continues to regress, both in'resting females , ' 
(whose mammaries contain oi1 or nothing) and, even more pronounced, 
in non-1actating, pregnant females. In this connection ft 1s 

,'* 
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interesting that early~pregnant females whose mammaries are dry have 
smaller, largest corpora albicantia than.those whose mammaries 

~ 

contain the post-lactation oil (Figure 41), suggesting that mammar,y 
gland thitkness 1s proport1onal to corpus albicans (largest, non-

, 1 

recent),diaméter. If the duration of 1actation is constant, then 
pregnant females which weaned their calves early would be expected to 

" 

have màmmary glan~s and largest, non-recent corpus albicans in more 
advanœd stages of 1ri~01ution thàn those females which weaned their 
calves recently, relative to th~ time of s~pling. 

The histological structure of active, involuti,~~' and involuted 
mammary glands,has been described by van Lennep and van Utrecht 
(1953) and by van Utrecht (1968). Brodie (1970) recorded changes in 

" " man.nary glands thickness (in relation to reproductive state) in the' 
white whale~similar to those descr,ibed here for the narwhal. Best's ' 
(1968) observations of mammar,y gland involution,in the female sperm 
whale are simllar ta those descr1bed here: mëlJTlllary involution seems' 
to be a protracted process, beginning when the calf starts taking 
solid food and peing complete at weaning (nutr1tional independence of 
the calf). 

In summary, the diameter of th~ largest uterine cornu and the 
\~ 

diameter of the largest, non-recent corpus albicans can be used to 
distinguish between post-partum and lactating (one or two years post
partum) females, whi1-e the mean manOary gland thh::kness of these ' 
~roups 15 a~out the same. Using thes-e criteria, lit is impossible to 
distingufsh between non~pregnan·t. lactating females one ,and two years "
post-partum. 

Evidence. for the occurrence of fertile ovulations about nine 
c 

months po~t-partum will now be presented. Five of 30 (16.7%) females 
in early pregnançy were simult?neously lactating, and they' are 
conside'red ta be nursing yearl,ing calves and to have ovulated at the 
most recent br~eding season when the calf was about nlne months old •. 
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most mature female narwhals belong to one of four main reproductive ., 
categories: non-lactating, p~egnant (weaned two year cal f); . 
ful1-term/post-partum; lactating (o~e year calf); and resting (non
pregnant; non-1actating; a few have ovu1ated unsuccessfully at the 
most recent oestrous). This implies the existence of a basic three 
year reproductive cycle and further that the lactation period exceeds 
one year but is less than two ye~rs (since most early-pregnant" . 
fe~les have"weaned their calves). This logically leads to the 

\ v\ ... 

conclusion that simu1taneous1y pregnant and 1actating wha1es are 
nursing' ~earling ca1ves, and therefore that they have conceived about 
nine mont~s after parturition. c 

~. 

The third piece of evidence. relates to the observatton that the 
largest,corpus albicans of simultaneous1y pregnant and lactating 
females is simi1ar in diameter to that of lactating females. while 
non-làctating, pregnant females have~ slight1y smaller, 1argest 

, ; 
corpus albicans (Figure 41). The 1argest corpus albicans of foûr of 
five pregnant and 1actating females was in the medium stage 0t 
regr~ssion. Final1y, calves may occasionally be weaned at 01e year 
of age (Table 13). and since mammar,y involution m~ start long before 
weaning (Best 1968), the mothers of such calves cou1d çonceive at the 

. . 
most recent breeding season, nine months after parturition (during (. 
1 ate l actati on) • 

It is of interest that two early-pregnant, lactatfng females·' 
kil1ed at the Guys Bight floe edge during July 1976 had beén 
accompanied'by calves which were not taken by the hunters. The field 
notes state that one had a "ca lfu. whi 1 e the other had a "1 arge dark 
calf". 

Frequency Distribution of Reproductive States 
Table 14 lists the ~umber and percentage of fema1es 1n each of 

various stages of the reproductive cycle, as determined by the 
crtferia estab11shed in th~ foregoing. This information is needed to 
determine certain aspects of the lifè history and the reproductive 
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Table 14. Reproductive condi/tions of femal~ narwhals. 

No. of , 
Reproductive condition females 

Immature 31 
Maturinga 2 
'Primiparous: 
early pregnancy 6 ~"", 

full- tenn 0 
post-partum 2 
Lactating, yearljng 3 
lactating, WO year calf 0 
Mul t1parous: 
early pregnancy . 19 
early pregnançy, 1 aètatin'g 5 h 
full-term 4 
post-partum 9 
1 actatfng, yearlf ng 18 
lactating, two y~ar calf 2 
Nul11parous, young mature 5 
Nulliparous,-old mature 5 
Nulliparous, sénile 1 
Total 112 
Full-term/pos~-partum 15 
Pregnant only ~ 25 
Lactating onlyb- 23 

. Pregnant and l~ctatinf 5 
Total pregnantgb 30 
Total 1 actatin 28 
Total resting 11 l' a 
Total mature 79 

a No corpora present; follicles exceeding 10 mm present. 

b Excluding full-term/post-partll11 females. 

" l 

Percent of 
femal es 

27.68 
1.79 

5.36 
0 

' 1.79 
2.68 
0 

J' 
1 16.96 

4.46 
3.57 
8.04 

16.07 
1.79 
4.46 
4.46 
0.89 

100.00 
;,\ 18.99 

31.65 
29.11 
6.33 

37.97 
35.44 
13.92 
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~ 
cycle, to be deta11ed in the next maj~r section (Life History 

Parameters) • 
." 

Reduced Fertilit,Y of 01 d Fema1es 

Evidence for reduced fertil1ty of ,old female narwhals is 

prèsented in Figure 45. -Fem~le fertility seems to be greatly redliced 

after the accumulation of 14 corpora or 25 mandibular growth layers. 

Corp~ra atretica occ~r w1th equal frequency in younger and 01 der 

mature narwhals (Figure 45); ~thi's 15 to be expected since fol 1 icu'"ar 

atresia 1s a normal post-oestrous phenomenon. HOweve!, Best (1967) 

detected a greater incidence 'ot atretic corpora in female spenn ' 
CJ _ ~~. • i 
whales w1th more than 13 ovarian corpora. 'i , 

Female narwha)s with many ovarian corpora tend to be r,~sting 9r 

non-pregnant. In addition. older femal es (\tfith 14 or more ovarian 

corporal whfch ovulated at the most recent breeding season failed ta 
concefve' (Fi gure 45). Best (1967J found that femal Ef spenn wh al es 

wi~h more "than 14 corpora may ovul ate but of~e"- fail to conc~i ve. 

Ohsumf (1965) also found low OVUla~ion_:and pregnancy rates in old 

sperm wha 1 es. • . 

A.. reduction in female ferti1it with age has also bëen detecte<;l 

in the white whale (Sergeant 1973.). the pilot whale (Sergeant 1962). 

the spotted porpoise (Kasuya 1976; Kasuya et al. 1974; I?errin et al. 
, , --- ---

1976), the striped dolphin (Kasuya 197?), and' the spinner dolphin 

(Petrin et al. 1977). There 15 no ev1dence for reduced ferti11ty of -- ' 
old fema1e humpback whales (Chittleborough 1955b). but old fema1e < 

fin whales may be. s11ghtly less fertile'than young wha1es, a)though 

no true climacter1c'1s reached (Laws'-1961). 

. on~ resting (nu11iparous) female narwha1 of bo<ty length 415 cm.~-o-: 
is considered to be senile, on the basfs of the observation that no 

recent ovar1an cprpora were present (young ~r medium corpora 

, al bi can,ti a ~ • The 'ovar1 es of th1 s' fema le contai ned four 01 d· corpora 

a1b1cantfa (5- 6 mm" and e1ght corpora incogn1ta (7-12 mm). Other 
01 d resti ng fema l es ad recent ovar1 an corpora and were thus not . , 

consfdered: "to be senile, although the1r failure to ovul ate or ~ 
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CORPORA ATRETICA .) 

NULLIPAROUS 

PREGNANT 

PERCENT Of OvuLAnO' FEMAttS PREGNANT 

PERCENT OF OWLATIONS SUCCESSFUL 
~ 

5 10 15 

C' TOTAL: NO. CORPORA . , 
Figure 4.5. Reduced fertil1ty of old female narwhal s. Of 76 mature. 
females, 18 hadlcorpora atretica, 30 were in e~rly pregnancy, and 11 
were resting (nul1iparous).' Fourty-one females had a total of 68 
ovul aU ons at the 1 atest breed1 ng season, 0 30 of whi ch resul ted 1 n 
pregnancy. ' 
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conceive at the latest breeding season may be indicative of the 
approach of a reproductive climacteric. Evidence for the attainment J. 

of a climac~er1c by the female has b~ recorded il1 the spotted 
porpoise (Perrin ~!l: 1976; Kasuya 1976), the striped dolphin 
(Kasuya 1976). a~d ~è pi10t whàle (Sergeant 1962). ' 

, ' 

Reproductive Influences on Female Condition , 
It was shown earlier that the bo~ condftfon (or fatnes~) of 

female narwhals was not dependent on date of capture. Rather, ft ~ 
-, . 

de pend to a large extent on their reproductive ~tatus. Table 15 
presents data on the condition of females at different ~tages of the . 
reproductive cycle. Full-term/post-partum females have signfffcantly 
hfgher (at the 5~ sfgnificance level) blubber thfckness than 

lactating females (F test for homogenei~ of variances was not 
sfgnfficant.at ~he 5' level, 0.,5 > P > 0.2; t .. 2.55, 
0.02 > P > -0.01), whil'e pregnànt fema1es have sign~ficantly higher 
blubber thicknes$ than lactating females CF test not ~fgn1f1cant, 
0.10 > p > 0.05; t = 2.32, 0.05 > P > 0.02). All other t-tes\ ,. . 
compar1sons between various reproductive classes of mature femaTes 
for all 3 parameters were not significant at the 5' 1 evel. Lactat1ng 

females are generally i·~. poor cond1tion ~ue to the nutritional . 
demands of their calves, while ful1- term/post-partum females are 
.amongst the fattest (Tabl e 15). Brodi e (1970) made the same 
observation on the white whale Delphfnapterqs 'leucas. 

~) I~ture females have signif1cantly higher (at th~ 5'1 

(, 

si gnfffcance level) condition indfces than pregnant females (F test 
for 'homogenet~ of variances was significant at the-5" level, 

"-

.0.01 > p > Q.002; t = '4.10, p < 0.001), lactating females (F test not 
'~ignfficant, p > 0.5; t 18 3.90~ P < 0.001), and restfng females (F 
test not s:lgnificant, 0.10 > p > 0.05"; t • 2.74, O.O~ > p >'0.001), 
but 'there was no sfgniffcant difference between condition fndfces of 
1mmature and full-term/post-partum females (F test not s1gn1ficant, 
0.5 > P > 0.2; t .. 1.80, O.l~ > P >. 0.05). Therefore, fllll1ature 

·,femaJes seem to be in better cond1tfon than most mature females. 

j 
-' 

-' 
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Table 15. Condition of female narwhals. a '" 

Reproductive condition c 

Immature. -Pregnant· Full~tenal 
Maturing post-partum Lactat1ng' Resting 

Maximum gfrth N 26 2Q 12 24 8 
. (c.) , y 180.5 224.8 233.9 220.5 224.6 

'2SE 14#2 4.1 10.3 8.4 16.1 
Range 105-224 210-239 _ 201-255 200-280 190-2"50 

Lateral blubber N 26 l:§ 15 25 10 
th1ckness (Cil) Y 4.65 ,5.99 . 6.09 5.27 5.87 

2SE 0.38 -0:34 0.45· 0.42 1.04 
Range . 2.3-6.9 5·Or7.0 4.5-7.6 3.0-7.3· 3.4-8.5 

'" 
Cond1~1on 1 N 26 20 12 24 8 
index Y 0.65 0.60 0.62 0.59 0.60 

2SE 0.02 0.01 0.02 .0.02 0.02 
Range .55-.76 .56- .. 66' .56- .67 .52-.70 .55-.63 

a Sample size eN), .ean value (X), two standard errors (2SE) and range are g1ven: 
1 ~ 

b Max111lU111 girth/boctY length. 
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This could be a IIOrphOllletr1c difference, or else it could si111P1y 
reflect the demands of reproductive 11fe on mature fenllles. 
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lOr. K. Ben1rschke (Oepartm8nt of Pathology, School of Medicine, 
- 1 

Universf~ of Ca11fornia at San Diego) .has exanrlned hfstologically _ 
both the corpus luteœ and the erupted fol1fcle of this animal. He 
f1nds (in litt., 12 October 1918) that the corpus luteum fs clearly -- " '\, 

functfonal and that· ••• 1t IIfght be fram:a pregnant animal·. He has 
fnterpreted the haemorrhagfc erupted fOllfe1e as • ••• fresh hemor~hage 
fnto an old eyst1c corpus albicans." The -follicular- wall 1$ 

fibrotfc and ~a11n1zed, lackfng active granulosa cel,s'. 
Dr. Benfrschke concludes that • ••• the anfmal 15 early pregnant, tao 
early to have been detected at macroscop1c exam1natfon. Certa1nly 
she has not recently ovul ated· • ., 

Dr. Benirschke's interpretations d1ffer greatly fram mine, but 
th~ do conf1nm.~ observation that old corpora albfcant1a somet1mes 
contafn blood. Furthermore, h1s findfngs give same support to the 
speculatfon (see below) that the corpus inéog~itum represents an .. 

. " , haemorrhag1c old corpus alb1cans. 
If Dr. Ben1rschké's interpretation5 are correct, then the 

. ·erupted foll1ele" of th1s narwhal fS'probably derived from an 
fnfertile ovulat1pn pr10r t~ the.succe~sful conception and henee 
represents the ~old cy'stic corpus alb1cans· descr1bed by hfm. 
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lIFE HISTORY PARAMET{RS 
The B f rth Rate 

It was shown earl1er that segregation by sex and stage of 

')reproduction does ex1st w1thin the sumer1n~ narwhal population • ..._ 
This will have iJftplieations for the accuraey of estfmates of life -- 1 

• 1 

history parameters wh1ch 'are derived frOID t~ rel atfve proportions of 
, \ 

females wh1ch are engaged in different stages of the reproductive 
çycle. These ealculations ,normally assume that the 'proporttons of 

thesè classes in the sample (catch) are the same as those 1n the 
". '. 

population at large. Because of segregatfon by stage of reproduction 
, , 

and the small sample sizes, resulting est'mates of-lfte history 

) parameters could be sedously-bf~sed. One can assu~ that the 

mag~itude of the bias will lessen as the: overall sample .~size, 

increases and the sample 1s spread over more and more g~oup~ 
1 

throughout the sunmer' range of the narwhall~ 

/n As an exarlwple the bi rth rate (pregnancy rate) 1s cons1dered. . , 

This can be estimated as the proportion of mature females fn early 

pregn4ncy or the proportion of mature females that anre full-term or 

post-partum. Because of highly seasonal br.eeding in relation ta a 

restricted summer sampling season and the ~estation period which 
exceeds Qhe'y,ear, on1y one or the other can ~ used as an estimate of 

- r . . 
pregnancy rate; the sum 'of the proportfdns 'of mature females in early 
:;" • j 

p'regnancy and those full-term/post-partum would he an invalid . 
- ! 

estimate of pregnancy rate (see Anderson 1992). 
~ . -

Thé ove ra 11 pregnancy rate for the sample from 1'963-76 1s 0.38 . 

(30 ear~y. pr~gnant females/79 mature females) or 0.19 (15 full-term/ ~ 

post-partum fema1es/79 mature females). In the oetted sample of 

1963-65, the early pregnancy rate 1s 0.11 whfle t~e 

ful1-term/post-partum rate 1s 0.53; in th~ Guys Bight floe edge 

sample of 1976, the early pregnanéy rate is 0.56 whl1e the 

.full-term/post-partum rate f5 0.11; and in ,the oVéral1 open water 

hunted samp1e of 1974-76, the rates are 0.43 and 0.07" for early 
pregnancy and full-term/post-partum. respectively. 

'. 

It would thu5 appear that early pregnant females are prevalent 

(relative ta post-partum females) at the floe edge"and in the outer 
1 

j 

; '3 
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c' 

coastal waters (e.g. Kaun,k) where the hunted sample was taken. On 

the other hand, fu11-term/post-partum females (0.53 df the mature 

females) are prevalent in Ko1uktoo Bay where the netted sample of 

1963-65 was taken.' Koluktoo BaY is s1tuated deep w1thin the fiord 

" complex of Eclipse Sound on northern Baffin Island (Figure 1). 

Mansfield et!l. (1975) and Vibe (1950) a1so expressed the idea that 
o • 

female$ with calves tended to select the heads of ~s in the 

ipnermost fiords as summ,ring places. 
• 0 

Segregation by stage of reproduction, bo,!:h on a large-scale 

regional bas1s and on a smal1-~ca1e (group composition) basis, does 

present prob1e~ for 'the accurate estimation of lffè hfstory 

parameters. Tentatively, the overall ear1y-pregnancy rate, of 0.38 
",'l. for ,.'the total sample is accepted. Because !OOst of the total saq,le: 

was 'obtained at the f10e edge and outer coasts, thï,s may be an 

over-estfmate; simflarly, the full-term/post-partum rate. of 0.19 15 

likely an un~er-estimate. See App~ndix 3 for fur~her discu~s10n and 
statistfcal' analyses of regional and small-scale segregation w1thin 

, 0 

th.is population. 
Another estfmate of the birth rate was briefly discussed 1 . , 

previously. This 1s the 'annual ovulation rate (0.69) III.Ilt1plied by 

the percentage of ovulations which are fertile (O.44), or 0.30 
1 calves/mature female/year. Another appr6ach is to calculate the 

sta6le distr1buiion of repr~ductive states starting~ith a11 fema1es 

in early pyegnancy, with the assumptions that the reproductive c~cle 

1 asts three years and that the probabi lit Y o,f the occurrence of a 
,; '" 

fertile ovulationOat ni~e months post-partum is about 0.20 (see 

Table 1l). This does not talce into account females which may fa11 to 

conce1ve at the first breed1ng season follow1ng weaning of their 

calves or calf mortality. The result1ng stable birth rate 1s 

estimated to be 0.36 and the stable distribution of· reproductive 

" states 1s 0.29 of females ill' early pregnancy but not lactating, 0.2.9 
of females nursing yearling calves but not pregnant, 0.06 of females 

simultaneously early- pregnant and lactating, and 0.36 of females 

full- term or .recent1y-calved. 

... 
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'II • , • The annu.l pregnancy rate of the narwhal 1s est1mated' to be 

"Il . . 0.30 to 0.38.' The 1ntermed1ate value of 0.~6 fs sU99~sted to be the 
be~t est1mate~ sfncè ft takes fnto account the successful ovulations 
of' females nurs1ng yearlJng calves but ft ignores the possible " 
faflure of seme' females to concefve at the first 'oestrous following 
wean1 ng of thei r ca 1 ve~. -The pregnancy rates of oth~r odontocete , 
species are as' foÙows: white whale, 0.33-0.5 (Serg~a~t 1973). 0.33 

1 (Brodfe 1971); pflot wha1e. 0.34 (Sergeant 1962); spenn wha}e, 
. 0.20~0.22 (Best 1968),0.29 (Ohsumf et al. 1963), 0.26-0.29 (Ohsumi --1965); spotted porpohe, 0.27 0 (K,asuya 1'76), 0.21 (Kasuya .!l.!l: 
"' 1974), 0.47 (perri n et al. 1976->; str1ped. dol phf n, 0.71 (Kasuya' 

o --

1976); and spfnner dolphfn, 0.36 to 0.46 (Perrin!et al. 1977). Theo 
, --

higher'pregnancy rate of 0.71 for the strfped dolphfn is exp1afned as 
a densf~-dependent response to exce,sive exploitation of this 
species (Kasuya 1976). ,The average annual pregnancy,rate of killer 
whales off Vancouver Island is on1y about &.10 (8fgg 1982). 

The population bfrth rate (per growth layer) was estimated as 
follows. Appl~ing the ovulation success rate (0:44) to the corpora 
accumulation rate (O.76): the pregnancy rate 1s estimated to bè 0.33 - . 
calves/mature female/growth layer. Dividing by two (assuming a 1:1 
sex ratio at birth), fecun~f~ fs estimated to be 0.17 
daughters/mature female/layer. The population bfrth}~ate is 
estimated by solving for r fn the lffe history equatfon 

~ 1 m e -rx:l 1 
t. X x 

Age-specfffc fecundfties (mx) are calculated as the proportfon of 
females sexua11y mat~re at each age multiplfed by the maximum 
fecu~_dft~ (0.17)." Survivorshfp (1 x) fs ,set at 1.0, so that. r 15 
then the fnstantaneous birth rate. 

A' computer program in caugA~ey (1977) was used to estfmate r by 
an iterative procedure. The instantaneous bfrth rate (per growth° 
layer) was ca1culated as 0.056 and the finfte birth rate was 
estfmated as er_1 or 0.057. If one growth layer 1s deposited 
annually in mature females, this figure implies an annual production 
of about 0.06. These values were calculated using the known durat10n 
of female r~roductive life (12"ta 30 growth 18yers). Assuming a 

• longévfty of 50 growth layers, the fnstantaneous b1rth rate 1s 

\ . 

:1 

J 
f 
'J 

f 
1 
1 

1 .. 

, 

1 
'J 



c 

J 
i 

( 

/ 

" 1 
• 

, . 
182 

j 

./ 

'calcul-ated to be 0.069" o;'ly s119.btlY gréater than that based on a 
10ngev1~' of 30 growth l~ers. 

A second 'approach to the, estfmation of the popula~Jon birth 
rate fs-to consfder thè sex ratio of the catch and the proportion,of 

, , 

females whfch are sexual1y mature, and applying these values to '~/ 

est1mates ,of the pregnancy r.ate. The proporti,Qn of felbâles whf~h .' 
are matut-e 15 .0.7054 and the sex rati,o 1$ 0.55 female~ per 
individua1- Applying these values ta the~ estfmated an'hual pregllan'cy 
rate of 0.38, a finite arinual birth rate of 0.1474 fs obtained, ~or 

1 < 

0.1375 on an fnstantaneous basfs. If the stable annua1 pregnancy 
rate fs 0.36 (assuming 20S of females concefve nfne,months" " 
post-partum), the ffnite annuaJ birth rate fs estfmated'as 0.1397 and 
the fnstantaneous b1rth rate, 0.1307. The finite birth rat~ of the 
narwhal population 1s estimated to be 0.057 (per growth l~er) ta 
0.1474 (per year). This latter estimate of the annual popùlat10n 
birth rate of the narwhal i5 si~ilar ta estimates for other 

) 

odontocet~5 (see below). However, maoy of these estimates of 
populatlon bfrth-rate are probable overestimates, sfnce the sex ratio 

, . 
and ~tutity ratio ~ be determined from a possibly-biased s~le, 
and then applied to the pregnanc.y rate. For example, mature female . 
narwhals compri~ 0!7054 of the total female sample. Since immature 

-females are only partial1y-recruited to the catch~ble population, 
0.7054 is a substantial overestimate of the actual proportion of 
females which are mature.' Al though the sex ratio of 55'1 females 

J seems ta be rea50nable, the resu1ting estimate of annual bir~h rate 
(0.14-0.15) i5 an ove~stfmate of the true birth rate which ~ be 
closer to 0.06-0.07. 

Population b1rth rate is estimated ta be 0.09 (Brodie 1971) or 
c ' 

0.12-0.14 (Sergeant 1973) in the white whale, 0,10-0.13 fn Othe pilot 
whale (Sergeant 1962), 0.08-0.10 in the sp1nner dolphin (Perrin.!! , 
al. 1977). and 0.14 in the spotted porpoise (Perrfn et al. 1976). - --
The annual population b1rth rate df killer whales off Vancouver 

. Island fs about p.04 (8fgg' 1982). 
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The'number of calves which a female narwhal ~ produce dur1ng 
her.l1fet1me ~ be estimated. A ~x1mum of 19 corpora ~lb1cant1a 
was'recorded. and if 9.44 ,of ovulations are fertile. then an 
average ~f 8.4 calves would be produced. If females have 18 l~ers 
of reproductive life (the oldest female had 30 mand1bular growth 

,layers and females mature sexually at 12 l~ers); then w1th a 
pre~ncy ra~ of 0.33 calves/mature female/groWth l~ér, 5.9 calves . . 
would be produced. This probable underest1mate further 1nd1c~tes 
that the ag!! of old female~ approach1 ng phys1cal matur11\)' ~ be 
greatly underestimated. 

ln summary, the annual population b1rth rate of the narwhal 1s 
o 

not certain, but co~ld be near 0.07. This is considerably lower .-: 
than the birth rates estimated for some other odo~tocetes~ but ft 1s ... 
likely that manY of these estfmates are, based on b1ased samples of 
the mature female population. This est1mate of the birth rate of 
the narwhal 1s s11ghtly lower than Brod1e ' s (1971) estimate of 0.09 

, ' 

" , fr- ~ p • - <' ~" j~ 
l 

J 

~ : . 
for the white,whalej his estimate 1s bas~d on a solution o! ~,l)fe 
h1story eqUat1on:!" ~ . -

, ~ 1 ~ e -rx • l ' . 
1. X X ' 

, \ 

BrQdie (1971) determfned that femal e white, ,whales mature at age five . , 
years and do not reproduce after 21 years. 'rand that there 1s ,three 

i 

years between births (MX -0.167 daughters/mature female/year). U$1ng 
these data as input to the 1terative computer program in Caughl~ 
(1977), the b1rth rate of, the Cumberland Sound population of white 
whales was est1mated to be 0.077, close to Brodie' s (1971) estimate 
of 0:,09. Using vertical aeriar photographs of a large herd o'f white 
whales occupy1ng Cunningham Inlet during late July 197~, 

Heyland (1974) est1mated that the produétion of newborn,calves by 
th1s herd was 17.9'. However, true production ~ be substant1ally 
less, as the immature or non-breed1ng component of the population may 
occupy other habitat. The use of potent1al1y-b1ased population 
samples and ~er1al surveys to assess stock production should be 
crit1cally re-exam1ned. ,. . 

\ . 
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Duration of Lactation 
" 

The duratfon of the lactation perfod may be estimated by 
assumfng that thé duratfon of a g1ven reproductive phase is' '. 
proportional to the relatfve number of females in that phase. If 1 

..J 
the duration of one phase fn the cycle fs accurately known, then the 

; 
duratfonjof other, phases may be estfmated. - Thfs further assumes 

, . 
./ 

that the sample of females in varfous stages of the reproductive 
cycle is an unbfased sample of the mature female,populatfon. 

Neverthel.ess, the gestatfon perfod fs known fairly accurately, 
(15".3 months) and a prelimfnary estfmatfon of the duratfon orf-f---

\ 

lactatfon can be attempted. It was· shawn prev10usly that lactatfon 
excee~s one year but fs lèfs than two years in dUratfon. Excludfng 
full-term/post-partum females; the ratio of onon-pregnant, lactatfng 
females to non-lactat1ng, pregnant females 1s 23/25 or 0.92; 
lactation pèriod is~est1mated to be 0.92 multiplfed by 15.3 mo or 
14.1 1110. A less-bfased estfmate ~ be obtained by,usfng the ratfo 
'of al1 non-post-partum 1actating females plus one-half of the 
'full-tèrm/post-partum fema1es, to all early pregnant females pl'us 
one ha1f of the fu11~term/post-partum females. The resulting 
estimate of 'lactation per10d 1s ~4.5 months. 

The èo-occurrence' of fema les and ca l'v es al so provi des some 
'<:~ •• • 

evidence on the duratfon of lactatfon (Table 13). The stomachs of 

.. 

newbor~ cal~es' contafned mflk, whfle three PosS1bi~-yearl1ngs were 
stiJl taking mf1~ and one' yearling" had apparently been weaned. for 
its mother's'mammaries had 1nvoluted and now contained 
post-lactation ofl (Table 13). The mother of" a possfble'two-y~ar
old calf ~as lactating but the calf's stom~ch was empty. These 
results suggelt'that lactation normally lasts at least one year but 
1 ess than two years. 

There are few conments in the literature as to the duratfon of 
lactation fn the narwhal. Pedersen -.(1931)' stated that nursing 
lasts" ••• ~t least several weeks·; while,Vibe (1950) implfed that 
the,lactation,period was less than one y'e.,ar in duratfon. 

\ 

" 

1 
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The 'lactatfon perfods of odontocetes are generally illich longer 

than those- of Jqystfcetes. Brodie (1969a) attributed this 1:0 the 

more sophistfça~ed navigationa; training, kin cooperation, and 

complex socfal structure of the odontocetes compared ta the 

Jqystfcetes. Although many odontocetes appe~r ta have lengthy 

lactatfon perfods (Table 16), the calves of several species m~ 
• G'I 

begin ta take solfd food long, before weani ng. Captive bottlenosed 
dolphfns Tursfops trunc:atus nurse their young for up ta 18 months, 

, 7 

but" the calves may begin to take solfd food' at 5 ta 12 months of ~ 

age (Mc8ride and Kritzler 1951). 

The Ca 1 vi ng 1 nterval ~ 

The fnterval between bfrths in the female narwhal fs usual~y' 

three years, but it fs reduced ta two years when a female conce1ves 

at the f1rst oestrous followfng parturition. Some, females fai1 ta 
co~cefve durfng the breedfng seasan fOllowfng weaning, with the 

result that the calvfng 1nterval 1s extended to four or more y,ears. 

'1<-

Vfbe (1950) cl:afmed that the narwhal gives bfrth ev~y secon~ year, '\ '(1' 

whereas Degerbill and Freuchen (1935) attribu~ed a calving-\,nter'val 

of three years to this species, but these authors prov1ded"'rro- , 

ev1 dence for the1 r statements. 

,The calving 1nterval can be càlculated as the rec1procal of the 
• - 1 \i 

annual pregnancy rate, whfch has been estfmated to ,be 0.30 tQ 0.38; 

.the corresponding calvfng intervals are 3.33 and 2.63 years. The 
best estfmate of the pregnancy' rate fs 0.36, whfch gives an average, 

calvfng fnterva1 of 2.78 years. A second approa~h assumes that the 
duratfon of each phase of the reproductive cycle 15 proportfonal to 

\ ' 
the relative number of mature females in that phase. Gestation and 
lacatfon perfods 'have prevfously been estimated to be 15.3 and 14.5' 
months,' respectively. Us1ng the' ratio, of rE!sting females ta 
pregnant ~emales, the restfng per10d is estfmated as 11/37.5 

multfplied by 15.3 or 4.5 months. Therefore, the ca1vfng interval 
f5 15.3 + 14.5 + 4.5, or 34.3 months (2.86 yr). In addition,_ the 

calving inter.yal.may be estimated as the sum of gestation and" 

J _,' ~ 

'" . ; 
, ' -. , 
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,'" ' '" ' 
.lactation pt?riods (29.8 mo.), dfvided by tfte proportfon of ~ture 
females whieh are reproduetfvely aeti;e (68/79, or' 0.861)~ The 
result1ng "est1mate of the fnterval between bi r~hs, 1s 34.6 mo (2.BS' 

yr) .• 

The durati ons of the varf ous phases of the reproductive cycl es 

of some other odo,tocetes are set out fn Table 16. The, estfmate of ./ 

, . 
1 

4the lactation perlod of the sp~rm whale by Nfshfwakf et al. ') 
. .' --

(1958 )must be an underestfmate J for wi th a two year reproductive 

cycle l'lOre females would ti expected ta be sfJ1l.l1taneously' pregnant' . . 

and lac tat1ng than fs erldent, in. thefr -r-esul-ts 7 , a' re-examfnation' of -:~~-- '--,,--

whfch suggests that ~he la.étatidn perfod i5 about 20 llionths.~ Thé, :,' l ' 

" great di fference in the reproductf V; cycl es ~f the spottf' porpof,se 

Stenel1a attenuata and the str~ped dolphfn ~.' coeruleoa)ba fs 

" attrfbuted ,to the dffferent degree of .exploitation 1mposed on the~e· . , 
two specfes off the Pacifie coast of Japan (Kasuya 1976). 'The 

. spotted porpofse fs unexploited, whfle the striped dol phin has been 

h'eavily explofted since 1955 and has consequen~ly shown marked 
4 ~ 

density-dependent responses in fettfl1ty (Table 16). Even very old 

female striped dolphins ar~ reproductively-active (Kasuya 1976). ' 

The calvfng. inte~val of. odontoeetes i5 seen ta range fram about 

2 to 4 years. The smaller sp,ec1es (e.g. Stenella) have the shorter 
1;. • • , 

)ntervals, while the larger .. ~Jzed, ,sexually-d1morp,h1c speeies have 

.. 

protracted calv1ng intervals. Mat~re female !ciller whales off 

Vancouver Island calve only onœ. é'very 10vyears, on average; the 0 • 

mfnil1llm calving 1nterval recordèd 1s 3 years, but many mature fema'les 

seem1ngly never calve (8199 1982). '" . . \ 

Population S1ze 1 

utfl 1z1ng h1storfcal tatch data, Mitchell an~ Reeves (1981) h'av~ 
calcùlated a eUJ1l.ll~tive catch est1mate of population s1ze of narwhals 

Q 

in the eastern Canadfan arctfc and West Greenl and. They ealculated 
Q • 

that'thfs population exceeded 11,000 individuals in 1914. Mansffel~ 

et al: (1975) estfmated the eurrent population size of the narwhal in __ • 0 

Nor:,th' America to be about 10,000, based on Bruenmer ' s (1971) estinlate 
.. • < j 
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Table 16. Repr~ductive cycles'of some odon~cetes. 

'. 
Durat10n (lr) . 

Spec1es Gestâtion lactation Res'Eing 10tâ1 , Author 

~ 

" 

.~ 

Delph1napterus leucas 

Phfseter catodon 

Glob1cephala melaena 
stënella attenuatâ 

Stenella coeruleoalba , 

Stenella long1rostr1s 

~ 

" J ., 

~ -. 
, 

" 

~ 

" , "l'~ 

,. 
1.21 2 
1.17 1.61 

0.7-1.0 
1.37 2.0) 
1.22 2.0 

1.31 1.83 
, 0.93 2.44 
0.93 " ' 1.99 
0.96 0.93 

l , 
\ 

. ,\ 1.5 
1 \;;0.33 

0'.88. ,~84 

, 

~ 

0.63 ' 
0.18 '!' 

0.19 
0.82 
0.71 
e.28 

0.4 
0.08 

0.46 

'" 

\-

~ 
~ 

3.21 
2.84 

2 
4 
4 

3.33 
4.19 
3.69 
2.17 
0,2.9 
1.41 

2.18 

L.J 

0 

Brodte 1971 
Sergéant 1913 

N1shiwak1 èt al. 1958~ 
Ohstllt 1965"""-
Best 1968 -Ser~eant 1962 
Kasuya et al. 1974 
Kasuya T97l) 
Perrin et al. 1976 --
Kasuya 1972' 
Kasuya 1976 ... 
Perrin et al. 1971 --
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of 1,500 to 2,500 narwha 15 1 n the Th ul e reg10n of northwes t Green 1 ana 
and Tuck's (1957) count of 6,000 narwhals m1gratfng westward past 
Cape Hay, Bylot Island. More recently, Greendale and 
Brousseau-Greendale (1976) counted 6,145 mfgratfng narwhals at Cape 

1 

Hay from 21 ~une to 24 July 1976 and, taking fnto account tfme 
perfods when observations were limited by f09 and other obstructions 
to vis1bf11ty, th~ est1mated' that 8,000 to 10,000 narwh~ls passed 
Cape Hay. The peak of the migration occurred on 15 July when 1,842 

whales were seen (Greendale and Brousseau-Greendale 1976). 

Other est1mates of the' numbers of narwhal s occuring in var10us 
areas of the"North, Amer1can arctfc have been made. Vibe. (1950) 

cla1med that more than 1,000 narwhals v,1Sited Inglefield Bay, 
- < 

northwest Greenl and, every sUl1ll1er. Fi nley (1976) est1mated that 200 

to 400 narwhals occurred in eastern, BarroW Strait during late July 
1975, show1 n9 t'hat rel atfvely few narwhals mf grate to the west of 
northern Ba'ff1n Island. 

Se veral observat1on's of narwhals in the Pond Inlet regi'on have . . 
been documented. ,Anderson (1934) decl ared that thousands of 
n~rwhal s passed Button Point, southeast Bylot Island; dur1ng Jul~ 
1928, and he cla1med that whalers killed 2,800 narwhals during one 
season -1 rt Ec 11 pse Sound (see M1 tchell ~nd Reeves 1981). M11l er 
(1955) noted that 500 to 1,000 migrat1ng narwhals can be seen each 
year near southwest Bylot 1s1 and, wh11 e Sm1 th (1969) r~corded Cl 

movement of 2,000 whales past Pond 1nlet on 29 September 1968. A 
1 arge nllllber of narwhal s, up ta 2,000 or 3,000, mi grated past Bruce 
Head (Kol uktoo Bay) on 17 August '1964 (A.W. Mansfiel d," pers. ~.). 

Davis, Ri chardson, Johnson and Rena~d (1978) conclu~ that 
20,000 ~r more n~rwhals migrated westwards through Lancaster Sound 
1 n 1976. This estimate was based on the applicatfon of aerial 
survey data to the land-based observations of migrat1ng' na~a1s at, 
Cape Hay by Greendale and Brousseau-Greendale (l976). Fallis, 
Klenner and Kemper (1983) report an. aer1al-str1p s~rvey minimum 
è~timate of 9.700 narwhal_s in southern and miel- Adm1ralty Inlet on 
28 JUly 1975. The min1nun ntnnber of narwhals.overw1nterfng in " 
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northern Davis Strait, southern Baffin Bay, and .waters west of 

Greenland is estimated to range from 7,700-9,100 (McLaren and Davis' 

198~). These estfmates, derived from aerial-strip sample surveys in 

March of 1981 and 1982, were not adjusted for subm?rged animals or 

animals preseAt at the surface but not detected. 

Discussion - General Features of Odootocete Ufe Hfstory 

As a group, odontocetes have a seemingly complex social 

organization which pervades al~ aspects of thefr lite histories. 

Sergeant (1959b) attributed the pronounced gregarious 'habit of the 

smaller odontocetes to potential predation from sharks and killer 

whales. He felt that the social habit would thus reduce the 
( 

mortal ity rate of the cal ves and younger animal s, given that many of 

these speci es do not have very hi gh bf rth .rates •. On the. other han~ ~ 
c 

Brodie (1969a),concluded that the complex social structure of , . 
odontocetes was rel a ted to the predatory hab' ts of the wha les 
themselves: the capture of highly mobile prey often requires a 

cooperative effort among several animal s. Re attributed the lônger 

nursi ng peri od in odontocetes (compared to mysti cetes) to the 

requirement for the young to learn the complex c~mmunicatfonal, 

navigational and cooperative,skills which are neçessary for , 

successful for~ging. On the ot~er. hand, the nrfsticetes are 

"grazers" and thus do not need to develop these skills on such a 

highly sophfsticated level j therefore, mysticetes have relatively 

short lactation periods (Brodie 1969a). 

~ \ Odo~tocete wtfaTes, as. a group. do not seem ta, have very hi gh 

'recruftment rates; the cal~fng fnterval is on the order of ? .to 4 

years, increasfng with .the size of the species (Table 16). The 

social habit and prolonged nursing perfod may, therefore, reduce 

mortality on calves and young animals (possfbJy the IIIOst vulnerable 
1 

period of an animales life), in addition to providing the training 

whfch the young 'need in order ta develOp the complex and ill'f)ortant 

life ski11s of their kfnd. 
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Sergeant 1 S (1959b, 1982) comparative study of 1ffe histories of 
toothed whal es shows that there may bè generalized Glifferences of 
life hfstory and social struêture between the two subfamflies of the 
fàmily Delphinidae. "àmely the Orcininae (e.g. - pilot whale. kl1ler 
whale. false killer whale) ~nd the Delphininae (the dolphins, such as 
Tursiops. Stenella. Lagenorhynchus). Sergeant (1982) concludes that 
the larger-sized Orcinfnae are highly social and non-aggressfve, 
tendi ng ta form school s of mfxed age and sex structure, whi1e the . 
smaller-sfzed Delphininae are less social and display aggression .by 
adult males towards illlRature animals which form their own loose 
schools. Consequently, .the Orcininae have a greater tendency ta' 

strand en masse (mass strandings) while Delphininae (espec1al1y 
immatures) more commonly strand indivfdually .(sjngle strand1ngs). 
However, the cohesfve schools of mature females wfth calves (of 
Delphininae) may occasionally m~ss strand.~ Bath subfam1lies are 
characterized by long lactation'perfàds (about 2,years) and parental 
care beyond ,the end of lactation resulting in enhanced su..,;vfval of 
calves. Gestation period of Orcininae is 14 ta 16 months. whf le it 

~'il\ ~ 

1s 11-12 months in Delphinfnae. .. 
Sexaal . d1morphfsm 1n body size fs well-developed lin Orcin1nae 

(the male attains' a much greater size than females) whfle)males of 
the Delphininae are only slightly larger than the females. In 
addition, males of the Orcininae mature sexually at a later age Ithan 

• 
females, whereas those of Delph1nfnae mature only slightly late,. than 
the females. These characterfstics of Orcininae, a10n9 with the 
h1gher mortality rate of the male of some specfes (e.g. - pilot 
whales; see Sergeant 1962), lead ta an excess of mature females 
(relative to mature males) and the development of· polygyny. Because 
the most highly social speçies seem to be characterized by 
well-developed pofygyny, polygyny is not necesnrl1y assoc~ated wfth 
aggression (Sergeant 1982). He claims that the tooth scarring 
c'o~nly seen on Orcin1nae could be mosf1~de by young an1mals 
engaged in "play" behaviour. 
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The li fe history cnaracteristf cs of the narwha 1 (whf ch, along 
with the white whale, is i~ the famfly Monodontidae) would ténd to 
associate this species with the Orcininae rather than with the 
Delphininae. - A notable exception ta this 1s the less socfal . . 

: 

disposition of the narwhal, as indicated by marked segregation by sex 
and maturfty during the su~er. Therefore, Sergeanf's (1982) 

contention that polygyny and lack of aggression are coinci dent may 
, 1J0t.be tenable. It 15 conceiyable that the. Jarge Imi'Wd" herds of 

Orcininae in fact consist of sub-groups of dffferent age and sex . 
compositi on, and that aggression may play a role in this segregation. 
~n addition, palygyny is usually associated with intraspecific 

'competition between,:adult males f", breeding females and hence 
aggression, at least during the ~reeding season. Evidence fo~ 

polygynY in the male narwhal was presented earl ier (see <"Reproduction 
in the Ma 1 e" ) • :. 

Ohsumi (1981) has presented a....series of int.erspecific 
relationships (some expressed mathematically) among biological 
parameters concerned with reproduction in both odontocete and 

\ 

ntYsticete whales. Although the purpose of h1s paper was ta derive 
such relationships for predictive purposes (to est1mate unknown 
parameter values for a particular spec1es) and for checking the. 
accuracy of reported parameter values for certain species, the data 

.' ~ 

which he assembled cl ear.ly demonstrate maJC?r aifferences 1n 1 ife 
hi story parameters petweèn the two cetacean orders and trends 1n 
these paramet,rs with1n the odontocetes, which can be correlated· 
with social o~anfzation and boqy size. 

Table 17 co~ares ètirect est1mates of 1 ife history par~etérs 

, . 

of the narw~al with values predic~ed ~rom interspecific 
relationships (Ohsumi 1981). The agreemen~ between predicted and 
observed values 1s generally very good (Table 17). Ohsumi (1981)

used an asymptotic body length of 4.0 m for female narwhal s (which he 
obtafned from Mansfield et!l. 1975) to produce JOOst predicted values 
from the intel"'specific relationshfps •. The predfcted gestation period 
is 12.9 mo., consfderab1y less than the calcu1ated one of 15.3 mo. 1 
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Table 17. Bfological para~rs of the narwhal. 

, 

Parameter Reported valuea Pred1cted valueb 

Bi rth 1 ength (m) 1.61 1.72 
Gestation period (mo) 15.3 12.9 
Length at weaning (m) 3.04 
Lactation period (mo) >12, <24 20 

, Length at 1 yr. (m) 2.49 
Length at male sexual maturi~ (m) 3.95 3.93 
Length at female sexual maturity(m) 3.40 3.68 
Age at fémale sexual maturity 12 growth l~ers 6.4 yr' 
Annual pregnancy rate 0.36 0.36 
Annual ovulation rate 0.69 0.59 
Foetal sex ratio (females/fndfvidual), 0.50 
Litter size " 1.00 1.00 
Longev.i ty (yr) ~ 40-50 41 
Instantaneous' annual natural 

mortal1ty rate (females) . 0.12 
Asymptotic length of males (m) 4.70 4.82 
ASa!!ptot1c 1 en9th of fernal es Cm), 4.15 4.00 

a Thi s study. 

b From interspec1fic relat1onsh1ps among b1010gfcal parameters in 
cetaceans (Ohsum1 1981). 
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attribote thi s to the fact that Ohsumi (1981) used a 1 og-l og strai ght 

line rel ationship between gestation period and boqy 1 ength at birth, 

/ whereas clos~ inspection of these d~ta (his Figure 1l:) suggests that 

a curvilinear (log-log) relation is more appropriate and wou1d yie1d 
) , 

a predicted gestation period closer to the calculated value Cf,e • 

gestation period increases rapidly with' size for small species, up to 

about 1.5 m bo<\)t lèngth at birth,then levels off at 15-16 mo for 

spec1es 1 arger than 1'.5 m at bi r,th). 

From interspecific, relationships Ohsumf (1981) estimated that 

the fernale narwhal matures sexually at 6.4 yr: W1th 12 growth 

layers deposited by the time of maturity, this would imply a 

frequency of deposition \of layers of about 2 per year, or the same 

as declJced far the closely 'l"elated white whale (Brodie'l971; • 

Sergeant 1973) • 

.tSacher (1980) developed nlJltiple lfnear regress10ns of 
~ 

10ngevf1:1 (as measured by maximum lifespan in capt1vfty) on brain 

we1ght and boctY weight of 239 mal11i1alfan species of 12 arders and· 

used thesè ta predict maximum lifespans of cetaceans. He found that 

for many odontocetes predi cted l ongevi ty , i s s imi 1 ar to that deduced n 

from denti nal growth 1 ayer counts. Surpri si ngly, based on 

theoretica1 considerations of his ru1 tiple 1 inear regression 

equat1ons, he predicted that odontacetes wei ghing more than 100 kg 

should have a constant lifespan, an~ he suggested that avai1able 

evidence supports, this c9nc1usion (see his Table 1). Using Sacher's 

(1980) equation no. 1, l calculated that the predicted longevity of 

the narwhal is 52 yr, which is only sl ight1y. greater than the values 

for longevity in Table 17. 
1 

In conclusion, the narwhal seems to be a typical medium-sized. 

re1ative1y 10ng-1ived odontocete with respec:t ta most aspects of its 

l'ife hi story. Its characteri stics most c10sely resemble those of 

species belonging to the. delphinid sUbfami1y Orc1ninae (Sergeant 

1982). It'has a highly co~lex social structure (Silverman 1979) 

wh1ch i s necessary to the funct10n and mai ntenance of its lite styl e .. 

wh1ch in turn 1 nteracts with and shapes the social structure. Figure 

., 

,. 
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46 shows the female narwhal's reprQductfve cycle graphically. 
Gestat10n 1 asts àpproximately' 15 months and lactation exceeds one 
year, probably close to 2 years, resulting 'in a usual 3 year '" . 

repr~duct1ve cycle, a condit!on whiéôh occurs al~o in its very closé 
relative, the whfte whal~ (Brodi'e 1971; Sergeant 1973). Calving 'may 

oc.casionaily occur once every 2,years, a' situation which also 
prev:ails in the white whale (Sergeant 1973). The complex social· 

structure is manifeste.d not only by the extended parental care oi 
young and the 'close group (posSibly kin) cooperation. bu"; also by the 
polygynous breeding system, the evi dence for Whf ch fs indirect. 
Evi dence for polygyny in the lar~e sexually-dfmorphic sperm whale f~ 

conclusive (Best 1979). 

Densfty-dependent effects on reproduction or natural mortality 
have not been we11-documented in odontocete whales. The need for . , 

extended parental care (and thus a long lactation period) would 
appear to preclude a significant shortening of the calving interval 
in most specfes.· However, the ,striped dolphin (Stenel1a 
coeruleoalba) off the Pacifie eoast of Japan has a lactation period 
of only' about 4 months compared to about 24 months in the spotted 
dol phi n (Stenell a attenuata); this difference is attributed to the 

'\ heavy exploftation imposed on the striped dolphin since 1955 (Kasusya 
',-, '-' , 

1976). Sergeant (1982) has reviewed several other examples of 

density-dependent reproductive responses ta exploitation in 
odontocetes J and he conel udes that the response (only observed in 
Oelphinfnae) has always been a shortening of the lactation period 
(and therefore a reductfon of the calving interval and fncrease in 
pregliancy rate). A decrease in age at sexual maturity in response to 

exploitation, which is well documented for the baleen whales 
(Lockyer 1972) , has not yet been observed in any odontocete species 
(Sergeant 1982). Sergeant speculates that the mech~nism for a 

~ decrease in the duration of lactation 1s ovulation during làctatfon 
by better-nourishedo females of an exploited popul ation. 

.... 

Juvenile IOOrtalfty in an exploited population may rema1n at a, 

low,level, for early-weaned calves m~ st~ wfthin the mature female 
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Figure 46. Reproductivè cycle of the female narwhal. A-typical 
3-year cycle; B- mid-lactation conception produces a, 2-year cycle; 
C- faflure to conceive at the regular breeding season extends the 
cycle to 4 or more years. Solid bar indicates gestation; hatched 1. 
bar indfcates lactation; open bar indicates "resting" condition. 
Scales at the top and bottom represent calendar years, and matfng 
(M) and parturition (P) seasons are indicated. 

The cycles depfcted here are 1nitiated by prfmiparous females. 
For the typical cycle A, the degree of 'overl ap of lactation and 
subsequent pregnan~ 1s not certain but it is'probably slight. . - , 
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It 
sehools for some time after wea'ning. In addition, the durat100 of 
lae~at10n m~ not he too erittcal ta calf survival, sfnce the latter . ~ . 
part of the normally-protràcted lactatfon period consfsts of 
fnftequent nurs1ng per10ds and fncreasingly frequeni<foragfng 
epfS'Qdes by the develop1ng ca'1f (Serge'8ht Ü)82)~ 

, 
Se~geant (1982) eoncludes that the Delphinfnae demonstrate a 

dens1ty~dependenc~ of reproductfve ra~e, whfle the highly social 
Orefnfnae show densfty-depende~ce of na'tural mortaif~ rate (through 
mass strandings). For the hfghly social species w~feh "?rmally have 
a very low rate ~f natural mortalfty, m~ss strandfngs represent MOst 
of the total mortalfty ~qd compris~ the main mechanfsm by whfch their 
p~pUlations are l1mfted (Sergeant 1982). - . ' .' Mass ' strandt ngs of~ narwha 1 sand whfte wha 1 es are unknown, and 
~ . 

popul atf on regul at1 on rnechanf sms for these spec,1 es have not been 
, 

1 nvest1gated. If,populations of narwhals and wh1te whales are not . 
befng controlleq or stressed by huntfng, 1s ~t possible that tce 
entrapments (or "savssats") are analogous ta mass strand1ngs an.cf 
constftute a, densfty-dependent form of natural mortalfty? 
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SUMMARY AND CONCLUSIONS 
1. This stu~ has described tlie 11fe l1istory of .the populatfon of 
narwha1s whfch annual1y summer in the fiords of nort~ern Baffin 
Island and which are hunted by the Inuit residents of this area.(A 
total of 194 narwha1s was examined, both from ,a net f1s.hery dur1ng 
1963-65 (62 animal s) and from a hunted sample ~ durinQ\ 1974-76 (132 
animal s). 

2. An account of the 'general bio10gy of the ,narwha1 15 given, 
emphasizing ear1ièf studies of morphology, anatomY, distribution, . :~ .- ' 

migrations, feeding habits, behavi,our~ p redator s', and parasites • 

~. Narwhals feed intensively during Ju1y inr inshore areas where the , 
fast ice. is breaking up. Important food items are arctic cod 
Boreogadus saida, the shrimp Pasiphaea ~, and squid Gonatus 
fabriéfi. Ouring August and September (when little ice is present) 
almost a11 examined stomachs were empty. 

4. ,On the basis of an examination of the composition of the sunrner 
catch of narwhals, it is concluded that this population con5ists of 
groups of puberta1 or immature males, groups of sexua11y mature 
fema1es with their calves 1 and sma1l groups of l~rge adult males. 
There is a sign1ficant bias towards the capture of females· wfth 
calves' and young males, suggesting either that these age/se)(t'c1asses 
are more susceptible ta capture or that they occupy coastal waters 

1-
whi1e large males remain further offshore. Regfona1 segregation of 
the summering population, by sex and maturity a1so exists. For 
example, females with newborn ca1ves frequent the fnnermost fiords 
(e.g. - Koluktoo Bay) whilè ear1y-pregnant females occur at the f1ôe 
edge during July and at the outer coasts during August. 

" f 

5. Age determfnation was investfgated by exam}ning growth l~ers 
in the dentine and mand1b1e. The postnatal dentine of the enOedded 
tooth of the narwha1 cons1sts of a succession of growth ,layers, each 
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oTwh1ch comprises one wfde l.fgh~zone and one narrow dark.zone. . 
These l~ers have a repeatable and consistent struc~re and are 
related to age. However~ dent1nal depos1tion ceases due to complete 
coverage of the root by cementum at mean aQês of 16 l aye,rs 1n males 
and 13.~ l~ers 1n fema1!s. The fncidenc~\ of dentfna1 occlusion 
increases markedly after the mean age of sexua1 maturity in both 
sé'\es. A narr<1ft dari< zone occurs a<tjacent to the open pul p cav1ty of 
the embedded teeth of most young whales. This zone fs 
poor1y-minera11zed and is depos1ted during August and September when 
narwhals are feeding l'ght1y. 

6. zone of the anter10r portion of the mandfb1e 15 

Mandibul ar periosteal layers are deposited throughout 
.. most of an an1ma l' s 11 fe and ~" be used to assess the ages of 

anima1s whos embedded teeth are occ1uded. However, the reliability 
of counts of eri osteal growth 1 ayers 1s reduced, especially in 01 d ., 
males, by internal resportion and removal of an unknown numbe" of 

• " 0 

early l~ers by osteoclastic act1vfty at t'he edge of the marrow 
cavity. Counts of mandf~u1ar periosteal gr<1ftth iayers are more 
useful for the estimation of the ages of male than for ferna1 e 
narwha1s. This i5 due to the accumulation of per10ste~1 l~ers 
throughout the liYe of the male, wherea5 a balance between t 

deposl t1 on and resorptf on of growth 1 ayers i s achi eved in the 
mand1b1es of ord females approach1ng physical matur1ty. The maxilllUm 
nllllber of mandibular periosteal growth 1ayers 15 about 50 1n males 

4 ,and 30 1 n femal es •. 

! 
7. Prior to dentinal occlusion, dent1nal and mand1bular periosteal 

• a 1 

. layers are,equa1 1n nlJIlber in ïna1è-narwhals, indicat1ng ~hat both 
provide a usefu1 index of age. whfle in young fema1es there are . ~-

s.li ght1l more peri ostea 1 than dentf na 1 1 ayers. 
'\' 

, . 
8. : The tfme"basis of the growth lél.Y..er;'s.is not known with 

- 1 • 

ce!ta1n~ •. Consfderatton of fema1 e reproductfve d.ata suggests that 
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one growth layer 1s·depos1ted aonually in the tooth and mand1ble of 
1 

~ adult females. 

9. In v1ew of the ,(l1ff1culties involved with the age detenn1natfon 

technfques employed fn th1s stucb' (dent1nal occlusfon, bone 

resorption), other techniques (fncl~.dfng studies of periosteal 

la.yerfng in bones other than the mànd1ble) should be expTQred. 

Intensive tagging of calves and other y~ung narwhals, in conjun~tion 

w1th the f1sher,y prosecuted by the Inuit, 1s probably the mo~t 

promising approach to elucidation of age detenn1'nation of the 

narwhal. 

. 
10. The maxfmum bodY lengths are 470 cm and ~15 cm, for· males and . 
females, respect1vely. Males achieve phys1cal ma tu rit y after the 

accumulation of àbout 30 growth layers an~i' females, after-about 20 
r 

growth layers. The maxilllJm 1 ife span 1s estimated to be about 40;-
50 year~. 

11 •. The bo<b' condition (as measured by condition index = maximum 

gir~h/bo~ length) of male narwhals d~clines dur1ng late August after 

intense feedfng during July when the içe i s breaking up. On ~he 

other hand, the reproductive status of mature females)nf1uenC'e~ 

their 'bo~ condition, since full-tenn or post-partlIII females and 

early pregnant 'femaleli nave a greater blubber thfckness than 

lactating females. Immature females have greater condition indices 

than ,a11 but f~l1-tenn/po~t-partLll1 fema1es~ Q 

12. ,The narwhal d1splays marked sexual dfmorphism, as do ma~ other 
, ~ 

odontocete~. This dimOrphism 1s manffested by the greater size 

attafned by thé male (470 cm and 1600 kg) compared ta th~ female 

(415 cm and 900 kg), and a1so bY the greater growth rate of the male 

. ,in tenns of boqy size and 'the accumulation of dentine and mandibular ' . ., 

. 1 
J 

~per10steal bone. 5exual di11lOrphi sm f n rate of growth becomes 
cr· . 
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evident after the age of female' sexual rnatur1ty (12 co~os1te growth 

1 ayer.s). ~ , 

13. Based on examinat10n of the hfstological structure of the 
, , . 

semi n1 ferous and epi df ~a 1 tubul es, three categorf es of maturi ty of 

the male narwhal a~stinguished. T~e testis of the immature mal~ 
15 less than 0.146 litre in volume and inactive. The test1s of the 

maturing male is 0.140 ta 0.535 litre in volume and contains both 

immature and mature sem1niferous tubules, which are often fn close , 

prox1mi,ty ta each other (or in adjacent l obul es). The te~ti s of the 

maturBmale exceeds 0.535 litre i~ volume and consists of 

semJnfferous ,tubules all of which contain spermatozoa~ However, 

most mature semin'iferous tubules were degenerating,' as'evfdenced by 
~ " 1 \ 

the disorgani'zed appearance of the epitheli lili and paucity of 

s penna tozoa. This observation suggests that the male has an annual 
~ . 

tycle of breeding activity, corroborat~d ,by the fact that these 

whal~s were simp1ed some 2 to 3 months after the breeding season.' . ~ 

14. Testis volume and mean dfameter of the seminfferous tubules 

• 0 i ncrease greatly after 390 cm body len'gth and 15 to 16 ,growth ' 

1 ayer~" p'uberty (onset of spèrmatogenic activity) occurs at an ~ 
, " ~ , 

average body 1 ength of 370 cm and and 14.2 growth 1 ~ers, whl1e 

.~' sexua1 maturi~ (attaimnent of full spermatogeni~ activity) occur$' 

at a mean bo<b' length of 395 cm «84' of maxil1llm size) and 17 grOllth 

·lay~s. Thus there 15 a consfderable lapse of time betwe~n the 
, . 
onse'b of spennatogeni c acthf ty and the attai nment of full . 

-' ~ f" 

fertl1 fty. Assuming that the narwhal is polygynous, sO,cial matur.ity 

(acquisition of a harem) maY only be attained after a further ',lapse 

, of tfme. as in the sperm whal e. '. 

01. 15.' Based on",ana1091 w1th other odontocetes (espec1ally the sperm 

~hàle for whfC:h there 15 IIUC~ ~vidence), the ~ture mal e narwhal 1s 
, -probably polygynous, securing and defendfng a harem durfng the..· 

" 
-' breedf ng season. Indi rect evf dence 1 nc1 udef: sexua 1 dimorphi sm 1 n 
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size, growth rate, and p!esence of a tusk;, del~ed sexual maturi~ 
in the male resulting in 'a relative excess of mature females; the 

oci:Ui"rence of scars on the head and f1 ank s of some' 1 arge males, 

bel1eved ta be made by the 'tusk during aggressive encounters between 

males" in the breeding season; and the segregation of adult males 

trom females outside the breed1ng season. 

16. The gestation period 15 estimated to be 15.3 months, with 
mating in March-May and calving dur1ng July and August. 

17. The various ovarian bodies are, described both macroscopically . 
f and mi croscopica 11y, and these are rel ated to the di fferent, 

reproductive activities of fernal es. Criteria for recognizing 
corpora lutea and the different stages of their regression products, 
the corpora albicantia, were established. 

18. It was found that all reproductive stages of mature fcemal es ... 
,~ 0 

exceptthose in late-pregnanc.y or recently-parturient, displayed 

ovulator,y activity at the 1atest breeding se~sôn prior to capture. 

Infertile (unsuccessful) ovulations occurred in 34' of mature 

females at the latest oestrous. Mature females in any stage of the 

reproduct1 ve cycl e Blay undergo prooestrous fol.1 ieular activi t,y 

durfng the breeding sea$on, but only femal,es which are pregnant at 

this t1me are incapable of ovulation. It 15 bel1eved thatmid
sUlll11er ovul ations do not normally occur. 

19. Accessor,y corpora 1 utea rarely occur in thè narwhal; four of 30 
early-pregnancy females and one of 13 late-pregnancy or post-partum 

, \ . 
females had accessor,y corpora. 

1 

20. The 1 eft ovary matures earli er, accumul ates more corpora 

alb1cantia, but 1s not significanily more fertile (with a greater 
chance of a.fertile ovulation) than the'right ovar,y.,.The probab111ty 
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that two successive ovulations will occur in the same ovar,y is about 

0.75. 
,) 

21. It is be1ieved that the ~orfty of corpora lutea persist as 

detectab1e scars in the ovaries throughout 1ffe. but a sma". though 
u 

unknown~ number may regress ta ·become invisible scars or fa11 ta be 

detected by examination of 3 nm-thick ovarian sections. The time' .,. 
required for complete régression of the corpus lutellll is calculated 

to be about two years. 

22. Fema1es become ~exually mature ai an average 1ength and age of 

340 cm (82~ of asymptotfc size) and 11.8 dentina1 growth layers. 

respectfvely. 

~ 

23. It was calculated that ovarfan corpora lutea accuMÙlate at a 

rate of o. 76Î growth 1 ayer, but thf s value coul d be an overestfmate 

since mandibu1ar periosteal growth layer counts of old females are 

pr'obably underestfmates. 

24. .The narwhal fs polyoestrous, a~ ~hown by the occurrence of up . 
to four successive ovulations at the breedfng season. The 

macroscopfc criteria' used ta identffy corpora all51-cantfa. resultin'g 

from the se fnfertile ovulations are d1scussed. Ana1ysis of ~è 

retent ovulatfons (fertile and 1'nfertl1e) of mature femal es "of each 

reproductive c1ass produces an estfmate of the annual ovulation ratè 
of 0.69. About 44% of Oyul atf ons at the 1 atest breedi ng season were 

fertile. . , 

25. The reproductive cycle of th~ mature female was examined in 

detail, usfng the reproductive data of females captured with cal~es 

as ·standards" agafnst whfch other females in the sample can be 
" . 

compared. The dfameter of the largest uterine cornu and the 

d1ameter of the largest corpqs albicans can be used to dfstingufsh 

post-partum females from those nursing yearling or two-year-old 
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calves, but the thickness of the mamnary gland wat simflar in all 

lactat1ng fèmales. 

26. E-vidence for the occurrence of fertile ovul ations in females at 

the ffrst breed1ng se~son follow1ng bfrth of thefr calves Is 

presen~ed. It'was calculated that about 201 of females ovulate 

succe~sful1y at th1s,time. 

. 27. Very old fema1e narwhals, with more than 14 ovarian corpora and 

25 mand1bu1ar periosteal growth 1âyers, show a marked reductfon in 

fert1lity; although some of these females had ovulated at the 1atest 

, oestrous, none we* impregnated. Young, newly-matu·re females are 

s11ghtly less fertile th an older fema1es. 

28. Estfmates af 1ife history parameters m~ be bfased ta an unknown . 
exten.t because of segregatio.n of narwhal s .by sex and maturlty, on 

both a large-scale. (regional) and small-scale (group by group) basis. 

This bias may be minfm1zed'by using the total samp1e wh1ch is spread 

over al] localft1es and group types. Takirtg into account the fertile 
. '1, , 

ovulations of females nursing yearling calves, the pregnancy rate is 

estimated to be 0.36. The crude birth rate 1s estimated,to be about 

0.07. This value 1s considerab1y lower than ~stfmates of thè b1rth"J 

rate of some other species of odontocete wh1ch might be expected to 

have a birth rate similar to that of the narwha1. These other 

est1mates of'product1v1~ have been based on pos~1bly-biased samples 

of, the mature fema1e population and/or .aerial, surveys, and caution 

regarding their use is emphasized. 

2·9. Lactation is estimated to last at least one year but usually 

less than two years. Based on the relative numbers of lactat1ng and 

pregnant females 1n the sample and the duratfon of gestation, the . ~ 

lactation perfod 1s calculated ta be 14.5 months. The resting 

peri od Is sirrlHarly calcul ated as 4.5 months, and 'the 1nterval 

between ·births (,calvlng 1nterva1) 15 ca1culated to he 34.3 months 
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(2.86 yr). The average calving interval would be slightly lower 
(2.8 yr) ff the fertile ovulations of females nursing yearling 
calves were taken into account. 

Q 

30. The life hfstor,y of the narwhal·is s1m11ar to those of many 
other medfum-s1zed odontotetes, especially its close relative the 
white whale (the only other.member of the Monodontidae). 

, , 

.. 
. ' , 

, .. 

- " 
'o • 

. -. , 

. " 

, ' 

" , 



• 

( 

205 

", 

ACKNOWLEDGMENTS 
This stu~ was initiated in '1963 by Dr. A. W. Mansfield, 

Director,"Arctic Biologiea1 Station, Department of Fisheries and 
Oceans, Ste Anne de Bellevue, P.Q. 1 am grateful to-Dr. Mansfield 
and to Dr. D. E. Sergeant for their support, helpfu1 criticfsm, and 
advfce throughout mY program of graduate studies. Their insight 
into marine ma~l pop~lation bfology has been particularly 
1nspirfng to me. ~ thes1s supervisor, Dr. M. J. Dunbar, of the 
Instit~:t.e 0 Oc~anography, MeGil1 University, has eont1nuous1y 
supported' graduate work. 1 express 11ft' s f ncere thanks to 
Dr. Dun and the other members of mY thesis conmf ttee for thei r 
constructive critfcisms and suggestions. Many of the staff of the 
Arctic Biologiea1 Station have a1so provided help and adviee. In 
particular ~ thanks are due to Dr. T. G. Smith, Dr. J. G. Hunter, 
Dr. E. O. Mitchell, wYb Hoek, Gary Sleno, Ron Greendale, Shirley 
Leach and Mike Kozicki. Brian Beek, of the Marine Fish Divisfon, . 
Bedford Institute of Oceanography, Dartmouth, N.S., has been a 
constant source of aeademic and technica1 inspiration to me. 

Several summer students and technicians assisted in the . . 
collection of the field data. Dave Robb and Brian Beek assisted 
Dr. A. W. Mansfield during the initial phase of field collections 
(1963-65). MY appreeiation i5 extended to Bill Ooidge, Rick Adams, 
Ooug 5 tendah l , Wayne Vogl, Ken Arthur, Ron Greendale, ~ 

Christiane Brou5seau, Helen Silverman, and Rob McClung, ,a11 of who 
. ' 

assisted me in the field and worked hard to procureilfirst-elass 
data. Dr. Paul, Brodie of the Marine,Eco10gy Laboratory. Bedford 
'1 nsti tute of Oeeanogr aphy, provi ded illich praçti Ca 1 ad~i'Ce ~nd 
assistance in Pond Inlet dur1ng the sunmer of 1975. -.J: thank 
Bob Evans who studied the stomach contents, of narwha1.s whieh were 
captured at the Pond Inlet floe edge in 1976. _ 

This research project was carried out with the permission, 
cooperation, and active support of the people of Pond Inl~t and 
Aretic Bay. 1 am particularly grateful ta Seeana Attagootak of Pon~ 

_ 1 1 n1 e~ who was l11Y gui de and col1J,)ani on for th.ree summers, and who .. 
• 

-, 

1 "~ 

'1 : 

- ' 

i .' 

" 



( 

( 

206 

. 
was instrlnental in seeurfng the cooperatfon of all .the hunters. 
Davfd 'Ilp'frq guided and assisted our staff fn Aretfe Bay. Jacob 
Peterloosie of Pond Inlet accompanfed Seeana and 1 to Cape Hay by 
snowmobile in 1ate June, 1976. Thanks are also due to Solo~on 
Koonoo, P. Issigaitok, and the late Angootikyuak Simeonie, all of 

c 

Pond In1et, who provided muèh assistance fn examining narwhals at the 
floe edge in 1976. ~ 

The Polar Continental Shelf Project of the Department of 
Energy, Mines, and Resources provided excellent 10gfstica1 support 
throughout the study. In particular, 1 thank Fred Al t and George 
Hobson of P.C.S.P., Reso1ute Bay, for accommodation, aircraft time, 
and genera l .1 ogis ti ca 1 ai d •. 

Appreciation 1s a1so due to Hermann and Sophie Steltner.of Pond 
Inlet, for their hospfta1i~ and logist1ca1 support of thfs projeet. 
1 a1so thank Sam Ransom and Ron Hawkins, F~sh and Wildlife Servfce, 
Government of the Northwest Terrftories, for 10gistica1 support in 
the Pond Inlet area frorn 1974-76. Personnel of L.G.L. Ltd., 
partfcu1arly Steve Johnson and Kerry Fin1~, provided 10gistical and 
other support for our field studies whi1e they were engaged in 
studfes of marfne mammals in the northern Baffin Island area. 1 
thank Dr. B. Proctor of Bio-Research Laboratories Ltd., Senneville, 
P.Q., for histologiea1 proeessing of preserved narwha1 tissues. 1 
am grateful to Dr. S. Hsiao and Diane Lussier-Brown, Arctic 
8fo10g1ca1 Station, who instructed me in the use of the Le1tz 
Wetzlar microscope and camera. 1 thank Dr. J. W. Wacasey and 
A. A. Mohammed of the Arctic Biological Station for identifying 

. crustacea from narwha1 stomach contents and Or. C • .'C. Lu, Memorial 
University of Newfoundland, St. John's who identified and measured 
the squid beaks. Thanks are a1so due to Dr. K. Benirschke (School 
of Medicine, University of California, San Diego) for histo10gieal 
exam1nation of ovarian material from'one female narwhal. My 
appreeiat10n is extended to Jake Rice who set up the analyses 01 
group composition using binomial probabi1ities and the G-statistfc, 
and ta Don Stansbur,y who carried out the chi-square contingency 
analyses of segregation within the study area. 1 thank 



'\ 

. 
1], .. 

\, , 
l, , 
r 

~ . 
Î' :. 

~. 
il • .' ; , 
~~ 
i 
t 
1 , 
f 

. , 

l". -!i~~']'r'-t~,j~~P~~'"t""'--"""'';'<I':'''''''''''''I'''_'''~''''''' _....:.--.~. __ ~ ~ _.........,. ........ 

(. 

(~ i 
: 

" 

c .... 
't 
1 

207 

r 
Ors. G.H. Winters and W. D. Bowen, Department of Fisheries and 
Oceans, St. John's, for critical support and encouragement. 

Funds for this stu~ were provided by the'Aretie Biological 
Station, Department of Fisherfes andcOceans, who employed several 
students and mYself to colleet information on the bfology of the 
narwhal during the summers of 1974-76, and by the'Environmental
Social Program, Northern Pipelines, Government of Canada. 
Petro-Canada Exploration Ineorporated of Calgary. Alberta provided 
finaneial assistance for the 'reproduction of photographie and 
graphie materials. 1 am indeed appreciative of the support of these 
organizations. 1 am especially indebted to the Aretic Biological 
Station, Department of Fisheries and Oceans, for provision of office 

----and laboratory fael1it1es whl1e 1 was a graduate stu@nt. " 
~ sincere thanks go to Janice Lanno"' for typing this thesis 

and to Jacqueli ne Badcock for assi stance in proofreadi ng. 

,/ 

. \ 

1 



, 
'! 

/' . . 
; . 
" 

, , 
, 

l, 

1 

.. 

\ 
208 

REFERENCES 
Akimusnkin, 1.1. 1963. Cephalopods of the seas of the U.S.S.R. 

In~tituté of Oceanology, Acadell1Y of Scfeflce~ of the 
U.S.S.R. Israel Program for Scientific Translations, 
Jerusalem, 1965. 

& Anderson" G.R.V. 1982. A re-examination of pregnancy rates and 
calf ratios in Orcinus.2Œ!.' Rep. lnt. Whalfng Comm. 
32: 629-631 •. 

Anderson, R .M. 1934., Mamma 1 s of the, eastern arcti c and Hudson Bay, 
p. 67-108 •. j! W.C. Bethune [ed.] Canada's easter~ arctic. 
Ki ng's Printer, Ottawa. 

Andrews, J.C., F. J. Ofl1, S. Masui, and H.D. Fisher. 1973. The 
chromosome complement of the narwhal (Monodon monoceros). 
Cano J. Genet. Cytol.,-15,::349-353. 

An'driyashev, A.P. 1954. F1shes of the northern seas of the .. 
U.S.S.R. Zoolog1cal Institute, Acadell1Y of Sciences of the 
U.S.S.R. Israel program for Scfentific Translatfons, 
Jerusal em, 1964. 

Arnold, P.W., and D.E. Gask1n. 1975. lungwonms (Metastrongylo1~~a: 

~Pseudal1fdae) of harbor porpoise Phocoena phocoena 
(L. 1758). Cano J. Zoo1- 53: 713-735. 

Arvy, L. 1978. Le narval (Monodon monoceros l.). Acta Zoologiea 
et Pathologi.ca Antverpfensia 73: 43-118. 

Bada, J.L., E. Mitchell, and B. Kemper. 1983. Aspartic acid 
racemization in narwhal teeth. Nature 303: 418-420. 

Beek, B., and A. W. Mansfield. 1969. Observations on the Greenland 
" ' 

,shark, Somniosus m1crocephal us, in northern Baffin Island. 
J. Fish. Res. Board Cano 26: 143-145. 

Benfrschke, K., M.L. Johnson, and R. B~nirschke., 1980. Is ovulation 1 
in dolphins, Stgpella 10ns1rostris and Stenel'a attenuata, 
always copulation-induced1 Fish. Bull. 78: 507-528. 

Benjaminson, T. 1972. On the biology of the bottlenose whale, . 
Hyperoodon iIIIpull atus (For~ter). Norwegian J. Zool •. 
20: 233-241. 

, r, 

, . 
'" 



" 

" 

{: 

" 

( 

l', . 
, ' 

" , 

( 

.... 

, .' 

209 

Best, P.B. 1967. The sperm wha1è (Physeter catodon) off the west 
coast of South Afri ca. 1. Ovarian changes and thef r 
s1gnfficance. Invest. Rep. Div. Sea Ffsh. S. Afr. 
61: 1-27. 

Best, P.B. \ 1968. The sperm whale (Physeter catodon) off the west 
c~ast of South Africa. 2. Reproductf~n in the fem~le. , 
I~vest. Rep. Div. Sea Fish. S. Afr. 66: 1-32. 

Best, P.B. \969. The sperm whale (PhYseter catodon) off the west 
co~st,of South Africa. 3. Reproduction in the male. 

~Invest. Rep. Div. Sea Fish. S. Afr. ~2: 1-20. 
Best, P.B. 1970. The sperm whale (Physeter catodon) off the west 

coast of South Africa. 5. Age, growth, and ~orta11ty. 
Invest. Rep. Div. Sea Fish. S. Afr. 79: 1-27. 

Best, P.B. 1974. The biology of the spenn wha1e as ft r~lates 
to 9tock management, p. 257-293: l!!. W.E. 'SchevU1 [ed.] 
The 'whale problem, a status report. Harvard Un1v. Press, 
Cambridge. 

Best, P.B. 1976. Tetracycline mark1ng and the rate of .growth layer 
formation in the teeth of a dol phin (Lagenorhynchus .. 
ob scurus) • S. Afr. J. Sc f. 72: 216-218. 

Best, P.B. 1979. Social organization in spenn wha1es, PhYseter 
macrocepha1us, p. 2Z7-289 • .!!l H.E. Winn and B.L. 011a 
[ed.] Behav10r of Marine Animals, Volume 3: Cetaceans. 
Pl enum Press, New York. . 

Best, R.C. '1981. The tusk of the narwhal (Monodon monoceros L.): , 
1nterpretat1on of, it5 function (Mammal1a:Cetacea). Cano J. 

Zool. 59: 2386-2393,' '\ 

Best, R.C., and H.D. Fisher. 1974. Seasonal breeding of the narwha1 
(Monodon monoceros L.). Can.' J. Zool. 52: 429-431. 

B1gg; M. 1982. An assessment of k111er wha1e (Orc1nus..2!:S!.) stocks 
off Vancouver Island, British Columbia. Rep. Int. WhaliAg 
Comm. 32: 655-666. ) 

• J, 

" , 

, " 

~ , 
! 

~ 

J 

1 
~ 
i 
! 
j 
1 
1 
i 
1 
1 

1 



( 

210 

---

Bissett, D. 1970. Northern Baffin Island, an area economfc surv~ 
(Vol. 2). Oep. Indfan Affairs Northern Development. 

o 
Queen' sPrinter, Ottawa. 

Bloom. W •• and D.W. Fawcett. 1975. A textbook' of hist91 ogy. Tenth 
ed. W.B. Saunders Co., Philadelphia. 

Bonner, J.T. 1951. The horn of the unicorn. Sei. Amer. 
184: 42-43. 

~ 

Bow, J.M., and C. Purd~. 1966. A method·of preparing sperm whale 
teeth for age determi nati on. ~ature 210: 437-438. 

Boyd, L.A. 1932. Fiords'of east Greenland. Saog. Rev. 22: 529-
560. 

Brodfe, P.F. 196911. Duration of 1 actation\ fn Cetaèea: an . \, 

fndicator of requfred learning? Amer. Mfdland Natur. 
\ 

82: 312-313. <> \ 

Brodfe, P.F. 1969b. Mandfbular layering in Oelphinapterus leucas 
.and age determ1natfon. Nature 221: ~56-958. 

~rodfet P. F. 1970. Life h1story of the whit~ whalè, 
Delphinapterus leucas (Pallas), in the waters 9f.8aff1n 
Island, Canada. Ph.D. thesis. DalHousie Univ., Halifax. 

,Brodie, 

'. 

Brodfe, 

P.F. "1971. A recon'si deratfon of aspects of growth, 
, , 

. reproduction, and behaviour of ,the ~hite whale 
(Delphfnapterus leucas), with referençe.to, the Cumberland 
Sound, Baffin Island, population. J. Ffsh. Res~ Board 
Cano 28: 1309-1318. 

P.F. 1972. Signfficance of accessory corpora lutea in 
odontocetes with rêference ta Delphinapteru~ '~ucas, 'J. 

'Mamm. 53: .... 614-615" 
1 

Brocb', H. 1976. Inuit land use in,'northern Baffin Island and 
northern Foxe Basin, p. 153-171 and 212-213. ~ Milton 
Freeman Reseraèh Ltd., Inuit land use and occupancy 
project (Vol. 1). Canada, Dep. Supply,Services, Ottawa. 

Brown, R. 1868. Notes on the history and geograph1cal relations of 
the ~etacea frequentfn~ Davis Strait and Baff1n's. Bay. 
Zool. Soc. (London), Proc. 35: 533-556. 

/ ' 

.:- ; 

c' 



~ ~ f.' "",, 

(~ 

/ 

( 

~; ."t'<~ ... ~ ,_".,~.:" ,'.'~ 

Bruenmer, . . 
Bruenmer, 
Bruelllller, 

Carrick, 

,,, " . 
L' , 

211 
11;, 

. ~ .... 

" 
F. 1966. Unicorns of the arctic. Animals 8: 174-177. 
F. 1969. The sea uni corn. Audubon 71: 58-63. , 
F. 1971. Notes on sea mammals, Thule district, 
Greenland. Unpub. M.S., 29 p. 

R., and S.E. Ingham. 1962. Studies' on the southern 
elephànt sea', Mirounga '1eonina (L.). II. Canine tooth 

'structure in relation to function and age determination. 
C.S.I~R.O. Wildlife Res. 7: 102-118. 

Cassie, R.M. 1954. Sorne uses of probability paper in the analysis 
of size frequency distributions. Aust. J. Mar. Freshwater 
Res. 5: 513-522. 

Caughley, G. 1977. Analys1s of vertebrate populations. John Wiley 
and Sons, London. 

Chapskii, K.K. 1946. Mammals of the hfgh latitudes of the Arctic .. 
Ocean (in Russian). Dr.ifting expedit~on of the northern 
sea route in the ice-breaker "G. Sedov" 1937-40, Trans.' 
3: 14-18. 

Chf ttleborough , R.G. 1954. Studies on the ovaries of the humpback 
whale, Megaptera nodosa (Bonnaterre), on the-western 
Australia~ coast. Aust. J. Mar. Freshwater Res. 
5: 35-63. 
-' 

Chittleborough, R.G. 1955a. Aspects of reproduction in the male . 
hump~ack whale, Megaptera nodosa (Bonnaterre). Aust. J. 

Mar. Freshwater Res. 6: 1-29. 
C~1tt'eborou9h, R.G. 1955b. Puberty, p~sical maturity, and 

, . relative growth of the female humpbac~ whale, Megaptera 
nodosa ( Bonnaterre)., on the' western Austra11an coast. 
Aust. J. Mar. Freshwater Res. 6: 315-327. 

Chittleborough, R.G. 1958. The breeding cycle,of the female 
hllllpback whale, Megaptera nodosa (Bonnaterre). Au st., J. 

Mar. Freshwater Res. 9: 1-18. 
Christensen, 1. 1973.' Age determination, age distribution and 

9rowth of b~ttlenose whales, HYperoodon ampul1atus 
t 

,le-

.. ' . 

,,1 

"1:' ' • 

} 

, 
, 1 

, 
1 
1. 



, , '" , 

(
.~ .' 

.... 

o 

. 212 

" 
(Forster), in the'Labrador Sea. Norwegfan J. Zool • 
21: 331-340. \ 

Clark, J.W. 1811. On the skeleton of a narwhal (Monodon monoceros) 
"with t~o !UllY developed tusks. 'Zool. Soc~ (London), 
Proc. (1871): 42-53. , . 

Cl arke, M.R. 1~66. fi: revie'W' of the systematics and ecology of ,. 
,oceanic squ1ds, p. 91-300. In F .S •. Russell [ed.] Advances 'Il _ , 

in marine qiology (Yol. 4). -Academie Pr~ss, London. 
Comrie, L.C., and A.B. Adam. 1938. The female reproductive system 

~nd corpora lutea of the faJ~e killer,whale, Pseudorca 
crassidens Owen. Roy: Soc. Edinburgh, Trans. 59 
(Part II): 521-531 (with 1 plate) •. 

Craig, A.M.' 1964. Hfstology of reproduction and the estrous cyclé 
in the female fur seal, Callorhinus urs1nus. J. Fish. 
Res. Board Cano 21: 773-812. 

·Dailey, M.D., and R.L. Brown~ll, Jr. 1972 •• A checklist of marine 
mammal parasites, p. 528-589. ~ S.H. Ridgw~ [ed.] 

: Mammal s of the sea, biology and med~ci ne. Charles 
C. Thomas, Springfield. 

Davis, C.H. 1876. N~rrative of· thè North Pol ar Expedition. 
Government Printing Office~ Washington. , . 

Davis, R.A., K. Finlev , M. Bradstreet, C. Holdsworth, and 
" 1 '. 

M. McLaren. 1975. Studies of the numbers and 
distribution of birds and marine mammals in the central 
Canadian arctic - 1974: a supplement. (Unpub. rep. 
prepared for Polar Gas Project by LGL Ltd., Toronto). 

Davis, R.A., W.J. Richardsbn, S.R.'Johnson, and W.E. Renaud. 1978. , 
Status of the Lancaster Sound narwhal population in 1976. 
Rep. Int. Whaling Comm~ 28: 209~215. 

Degerb6l. M., and. P. Freuchen. 1935. Report of ~he mammals 
collected by the Fifth Thule Expedition to arctic North 

• . 

\ . 
America, p. 1-278. !!!. Report of the Fifth Thule 
Expedition 1921-24 (Yol. 2, No. 4-5). Gyl dendalske 
Boghandel, Nordi sk For.l ag, Copenhagen. '---

. \. '. 

l 
"$ 

J 
1 
·1 
~ 
t 

1 
1 
J 

i 

i 



t 
( 
, 

213 
, > 

DeMaster, D. P. ',' 1978. Calculation of the àverage age of sexual 

rnaturi1;y in màrine 'l1IaJ1IIIals. J. Fish. Res. Board Can°. 
35: 912-915. -

• De~sey, E, .. ~ .• , ,and G.B."'Wislocki. 1~41. The structure of the ovary 
~ ,of' the humpback- whale. Anat. Rec. 80: 243-257. 

,Dow, P.R., and M.J. Hollenberg. -1977. The tuskal pulp of the 
'narwhal, Monodon monoceros. Oral "Surg. Oral Med. Oral 

, 
Pathol. 44: 135-146. 

Drury, R.A.B., and E.A. Wallington. 1967. Carleton's h.istological 

technique. Fourth "Ed. Oxford Uni v. Press, New York; 
Eales, N.B. 1950. The skull of the foetal narwhal, Monadon 

, monoceros, L. Roy. Soc. (London), Phil. Trans~, B. (Biol. 
Sei. ), 235: I-p. 

Eales, N.B. 1954. The manus of the narwhal (Monadon monoceros). 
Zool. Soc. (London), Proc. 124! 201-211. 

Ellis, D.V. 1957. Some observations on IllaJllllals in the ~rea. between 
Coppermine and Pond Inlet, N.W.T., duririg 1954 and 1955. 

Cano Field-Natur. 71: 1-6. 
, f" • , 

FalliS>. B.W., W.E. Klenner, and J~B. Kemper. 1983. NarWhal surveys 

F1nley. 

}' 

~fnley , 

and assoeiated'marfne mamal observations, in,Admiralty 

Inlet, Navy Board Inlet, and Ecl1pse Sound, Baffin Island', 

N.W. T.,' duri-ng 1974-76. Cano Tèch. Rep. Fis,h. Aquat. 
~cf. 1211, 20 p. 

K.J. 1976. Stud1'es of the status of .marine manmal s in the 
cëntral dfstrict of Frankl in, N.W. T. June-Augus't, 1975. 

, l. 

(Unpub. ,rêp. prepared for Pol ar Gas Project by lGL Lt~., 
, ' ~ , 

Toronto) • 
K'.J., R:A. Davis, and W~J.,Rich~rdson. 1974. prelfm1~ry 

studies of th! ~umbers and distribu,tion of marine manmals 

.1n ~e central Canadian aretfc - .. 1974 (Unpub. rep. 
prepared for PQ1ar ;'ias P,rojèct by LGL Ltd. J Toronto). 

-,. .Finley" K.J.; .and.W.E. Renaud. 1980. Màr:t'ne manmals 1nhabit1ng the 
, .,Baffin Bay No'rtb Wa'ter in wfntet~ Aretfc 33: 724-738 • . ..:: 

_ \0" } • ' .. 

- ~. . ' 

, , 
l' • 'l" " 

'-- _ _ L ____ . __ -'~ _ ~ __ .• __ ,,_~ __ ~.~-~. __ ~_ ~'---___ ~~ _ ___ L_~"_ 

J. 

1 

J 

" 



·c 

. , 

------• ~ ... _ .. , 4 _~. _ ~I ..,. ~ ..... ~û,~.:..~tf~"" ~ Y ... ~ .. 't!!JJ'?I'l~1 <-
,- . 

214 

Fi n1 ey. K.J.. and E.J. G1 bb. 1982. SUlIII1er diet of the narwhal 
(Monodon lIIO\1oceros) f~ Pond Inlet. northern Baffin Island. 
Cano J. Zool. 60: 3353-3363. . 

Fisher. H.D. 1954. Studies on reprodu~tion in the harp' seal Phoca 
groenlandica Erxleben in the northwest Atlantic.; Fish. 

~ 

Re's. Board Cano Manuscr1pt Rep. No. 588. 

Fisher •. H.D •• and R.J. Harri son. 1970. ReprOduction in the conuion 
porpoise-(Phocoena phocoena) of, the north Atlantic. J. 

Zool. 161: 471-486. 

Fl emi n9. J. 181l~ Description of a small headed narwhal (Monodon 
microcephaTus) cast ashore 'in Zetland. Wernerian .Natur. 

- \<"' 

Hi st. Sôc. Edi~burgh, Mem. 1: 131-148. 

F ordt J. K. B.. ,and' H. o. F'i sher. 1978. Underwater acousti c ~ 1 gna l 5 

of the narwhal (Monodon monoceros). Cano J. Zool. 
56: 552-' 560. 

,~ 

Fraser. F .C. 1938. Vest1gial teeth in the narwhal. Li nnaean Soc. 

Fraser. 

l Fras,r. 

~raser. 

(London)', Proc~ 150: 155-162. 1 

F .C. 1949.-,' A na,.whal in the Thames estuary. ,Nature 
163: 575. 

F .C. 1951. Skul1 of the foetal narwhal. Nature 167: 765. 

F .C •• and P.E. Purves. 1960. Hearing in cetaceans. Bull. 
Brit. Mus. (Nat. Hi st.) 7( 1): 1-140, 53 plates. 

Freuchen, P., and F. Salomonsen. 1958. The arctic year. 
G.P. Putnam' s Sons, New York. 

Ganlbell. R. 1977. 'Oentinal l,ayer formation i~erm wh~ld teeth. 

Gamtiell. 

\ .. 
", 

, , 
p. 583-590.' .!!!.'M." Angel [ed.] A voyage of discovery. 
pergamon Press, Oxford. 

R. J and C. Grzegorzewska. 1967. The rate of 1 ami na 
formation in sperm whale teeth. Norsk Hvalfangst-Tidende 
56: 117-121. 

Gaskin. O.E •• and B.A. Blaior. 1977. Age dètermination of harbour 

o 

. , 

porpo1se, Phocoena phocoena (L.), in. the western Nort~ 
Atl antic. . cano J.' Zool. 55: 18-30. 

1 

, , , 
" ' 

"\ ..... ,," 

'. 

" 1 

. .... 

f 
~ 

• 



J 

" l 

, , 
~ 
l, 

1-, 
s. 

, 
t 

l, 
1 

~ 

,~ 
i. 

o 

c' 

(~-

. . 
'~~.Il.~. . 

215 

) 

Geist, O.W, J.L. Buckley, and R.H. Manville. 1960. Alaskan records 

of the narwhal. J. Manm. 41: 250-253. 

Gervais, P. 1873. Remarques sur la dentition du narval. J. Zool. 

'2: 498-500. 

Gray. R. 1887. Notes on a voyage to the Greegl and seas 1 n 1886. 

Gray. R. 

Gr~, R. 

Zoologist, Sere 3, 11: 48-136. 
" ~ 1889. Notes on a voyage to the Greenl and Sea f n 1888. 

Zoologist, Sert 3, 13: 1-104. 

1931. The colour of the Greenland Sea and the migrations 

of the Gre!!nland whale and narwhal. Geogr. J • .78:- 284~ 
290. 

Greendale, R.G •• and C. Brousseau-Greendale. 1976. OlSservations of , . 
marine maJ1lrial mi,grattons at Cape Hay, Bylot Isl and during 

'the Slll11ner of 1976. Fi sheries and Mari rre Servi ce, Tech. 

Rep. No. 680. 25 'p. 

Grue Nielson, H. 1972. Age determination of the harbour porpoi se 

Phocoena phocoena (L) (Cetacea). Vidensk. Meddr dansk 

naturh. Foren. 135: 61-84. 

Hard son, R.J. 1949. Observations on the femal e reproductive 

organs of the cal a1ng whale Globiocephal a melaèna Trai11-

J. Anat. 83: 238-253 (with4 plates). 

Harrison, R.J. 1972. Reproduction and reproductive organs in 

. P·latan1sta indi :an~ Platanista gangetica, p. 71-82 • .!!!. 
G. Pilleri [ed.] Investigations on cetacea (Vol. 4). 

1 

Inst. Brai n Anat., Univ. Berne, Berne. 

Harrison, R.J., R.l. Brownell. and R.C. Bofee. 1972. Reproduction 

'and gonadal-appearances in some Q-donto,:etes, p. 361-429. 

~ In R.J., Harrison [ed.] Functional anatoll1Y of marine 
- I"l 

maDIRals (Vol. 1). Academie Press, London • 
. """ Harrf son, R.J., and D.A. McBrearty. 1973-74. Reproduction and . ..... 

, gonads of the black f1nless porpofse, Neophocoena 
o 

phocaenoides, p. 225-230. 1!!. G. P'lleri. [ed.] 

,6 Invest1gati ons on cetacea. (Vol. 5). Inst. Brain Anat., 

Un1v. Berne, Berne. 

" " . ,~~' 
~ . " 

, ,~.. ........ 

• 



Q 

. ' 

• 

216 

Hay, K.A. 1980. Age determinat10n of the narwhal, Monodon 
monoceros L. Rep. Int. Whal1ng Com. (Special Issue 3): 
119-132. 

Hein, S.A.A. 1914. Contributions to the anato~ of Monadon 
1. The larynx and its surroundings in 

verha~d. der Kon. Akad. v. Wetensch. (2e 

18(3): 1- 54, 7 pl. 

'1nonoceros. 
Monodon. 
Sectie), 

. Hein, S.A.A. 1915. Contributions to the anatol1b' of Monodon 
monoceros. II. The stomach of Monodon.- Urogenital 
system. Verhand. der Kan. A1cad. v. Wet~nsch. (2~ Sectie) t 
18(4): 1-35. 5 pl. and 56-77,3 pl. 

Herb~t, W~ 1969. Acr?sS the top of the Vior1 d. T. and A. 
Constable Ltd., Edinburgh. 

Heyland, J.O. 1974.' Aspects of the biology of beluga ' . 
(Del phinapterus leucas PaJ las) interpreted from vertical 
aeri al photographs. Second Canadi an Sympos flan on Rell\Ote 
Sensi ng: 373-390. 

Home, E.. 1813. On the tusks of the narwha1. Roy. Soc. (London). 
Phil. Trans. t03: 126~130. 

Amer. • Anat. 46: 187-215. 

Howell, A.B.- 19

f
O. My!ology of the narwhal (Monadon IIIJnoceros). 

, Huber. E. 1934~ 1 Anatomical notes ~n ,Pinnipedfa and Cetacea. 
carneg,e Inst. Washington, 'Pub. 447: 105-136. 

Huey, L.M. 1952'. An Al askan record of the narw~al. J. MaIllJl. 

33: 496. 

'e 

1 

Huggett. A. St. G., and W.F. Wfddas. 1951. The relationship , 
between m~lian foetal weight and conception age. J. 

Physi 01. 114: 306-317. 
\ 

Internati.onal Whaling Commission, Sci~nt1tic Comnittee. 1969. 

Report of the meeting- on age 'detenn~nation in wha1es. 
Rep. lnt. Whaling Com. 19: 131-137. 

Ivash'ln, M.V •• L.A. Popoy, and A.S. Tsapko. 1972. Marine lnanlnal s 
(hahdbook). Fish. Res. Board Can., ·Transl. $er. 2783. 
244 p. ~ 

o 

, 
f .. 



" ' 
" ~"2',, ... ;,.. ... ~...,y\", ,. 

1 

217 

Jamieson, G:S •• and H.D. Fi sher. 1972. The pinniped eye: a 

review, p. 245-261. !!l R.J. Harrison. [ed.] Functfonal 

anatOnrf ,of marine màrrmals (Vol. 1). Academie Press, 

London. 

Jardine. Sir William, Bart. 1837. The natural hfstor,y of the 

Johansen, 

, Johnson. 

ordinary Cetacea or whales. .!!!. The Natural istls Lib~ary, , 

Vol. 6, Mamalia. W.H. 'Lizars, Edfnburgh. \ 

F. 1912. Obs~rvatfons on seals (Pfnnipedia) a~d whales 

(Cetaeea), made on the Danmark expedftion 1906-~. Medd; 

om Gr~nland 45(1-3): 203-224. 
M.L., C.H. F~scus, B.T. Ostenson, and M.L. Barbour.'\1966. 

Marfne mammals, p. 877 to 924 • .!!!. N.J. Wilimovsky and 

J.N. Wolfe [ed.] Environment of the Cape Thompson Region, 

Alaska. Atomic Energy Commission, oak Ridge, Tenn~ 
1 

Johnson, 'S.R., W.E. Renaud. R.A. Davis, and W.J. Richardson. 1976. 

Mariné mammals recorded during aerfal surveys of bfrds in 

______ easter~ Lancaster Sound. 1976. (Unpub. rep. prepared for 

Norlands Petroleum Ltd. by LGL Ltd., Toronto). 

Jonsgaard, Aa. 1969. Age detennination of marine manwnals, p. 1-30. . . 
l!!. H. Andersen [ed.] The biology of marine mammals. 

Academie Press, New York. 

- Kapel,'F.o. 1977. Catch ,of belugas, narwhals and harbour porpoises 

in Greenland, 1954-1975, by year, month, and region. Rep. 

lnt. Whal ing COr.l1\. ?7: 507-520. 1 
Kasuya. T: ,19'72. Growth and reproduction of Stenella eaeruleoalba . . 

based on th~ age detennlna~io~ by means of dentinal growth 

layers. Sei. Rep. Whales Res. Inst. 24: 51-79. 

Kas~a, T. 1976. Reconsideration of life h1story param~ters of the 

spotted and,striped dolphins based on cemental l~ers. 
, 

Sei. Rep. Whal es Res. Inst. 28: 73-106. 

Kasuya, T. 1977. Age determinatfon and growth of the Bairdls 

beaked whale with a eonnent on the foetal growth rate. 

Sei. Rep. Whales Res. Inst. 29: 1-20. 
1 , 

1 ..... 

l' 

.' 
-----,---- 1- , ___ , ~ __ ~ _ ', _____ . , 

·t,l ... ~r'r ... 1 

"'. 

, ,0;: 

f 

" 

'" 

f <·lJf 
-~ 

~ 
f 

,~~ 
'-d ... .. , 

" 1 
à 1 

. ' 
'1_' 



, 

I!'o. 

· . III 
'~ l': 

, .1 _ ;; _", _ ..... ~ '~-~ "'1<_'~(~"""'-JfiiIl""""'~!""'~"~ rl''I'x>t: 

218 

Kasuya, T., N. Miyazaki, and W .. H. Dawbi n. 1974. Growth and 

reproducti on of Stenel1 a attenuata in the Paci fic coast of 

Japan. Sei. Rep. Whal es Res. Inst. 26: 157-226. 

Kellogg, R~ 1928. 'The· histol"Y of whales - their adaptation to life 

in the water. oQua'tt. Rev. Bi 01. 3:,29-16, 1.74-208. 

Kleinenbèrg, S.E., and G.A. Klevezal. 1962. Contributioris to the , , 

method of age determi na t i on of tootheél wha les (i n 

·Russian). Ookl. ~kad. Nauk SSSR 145(2): 460-462~ 

Kl evezal , G.A., and S.E. Kleinenberg. 1967. Age determination pf 

mamnals by layered structure in teeth and bone. (Transl. 

from Russian). Fish. Res. Board Can., Transl. Sèr. 1024. 
, , 

Knudsen, H. 195$. A feature in the 1 ffe of narwhal s; real ity or a· , 

tall story? (in Danish) Gr,snlahd 9: 353-~56. 

KUb~ta, K., F. ~agaSak'i, K. MatsumQto,' and M. ·Tsuboi .• 1961. 

Histological studies on the growth layers in the'maxil1ary 

canines of fur seals as an indicator of age. t Part 1. The 

t~th at the age of one to nfne years. Bull. Tokyo Med. 

Dent. Univ. 8: 261-285. 

Kulu, 0.0. 1912. Evolution and cytogenetics, p. 503-527. In 
--:' 

S.H. Ridgway [ed.] Mamals of the sea, bfology and . 

medicine. Charles C. Thomas, Springfield. 

Laws, R.M. 1952. A new met~od of age determ1na~ion for mammals •. 

Nature 169: 972-973 •• 

Laws, 'R.M. 1953. A new method of age determination in manmal s with 

special reference to the elephant seal (Mirounga leon1na, 

Li nn. ) Falkland ISlands Dependenc1 es ,Survey, ... 

Sei. Rep. 2: 1-11. 

Laws, R.M. 1956a. Growth and sexual maturity in aquatic mallll1als. 

Nature 178: 193-194. 

"Laws, R.M. 1956b. The elephant seal (Miroung,a leonina Linn.). 
j ~ i 

III. The physio10gy of reproduction. Falkland Islands ",~. 

Oependencies Survey, Sei. Rep. 15: 1-66. 

,o. 

" ' -



( 

- ,\ ~ 

219 

1 

, Law,s, R.M. 1959. \ T~e foetal growth rates of w~ales with special 
'referende ta, the fin whale, Balaenopterà physalûs Linn. 
D1scove'1Y Rep. 29: 281-308. 

Laws, R.M. 1960. 1 Lami nated structure of bones from sorne mari ne '" , 1 

ma~ls. Nature 187: 338-339. 

Laws, R.M. 1961.' Reproduction, growth and age of southern fi n 
~hales. Ofscovery Rep. 31:-'327-486. . . 

Laws. R.M. 1962. Age detennination of pinnipeds with spec{al 
referenc:e ta growth layers in the teeth. Z. 
Saugeti ~rkundé 27: '129-146. 

Lennep. E. W. van. 1950. Kfstology of the corpora lutea in blue 
and fin whales ovaries. Proe. Kon. Ned. Akad. Wetensch. 
53: 593-"599. 

Lennep, E. _W. van. and W. L. van Utrecht. 1953. Prelimi nary report 
on the stuctY of the mall11lary glands of whales. Norsk. 
Hvalfangst-Tidende 42: 201-210. 

~ 

Leung, ~uk-Maan •. , 1967. An i11ustrated key to the species af owhale-
, 1 icé (AmphfpOda, Cyamidae) t ectoparasites of Cetacea, w1th 
a gU,ide to the li terature. Crustaceana 12: 279-291. 

Li nnaeus, C. 1758. Systemae naturae per regna tri a naturae. Tenth 
edition. 

1 

Lockyer, C. 1972. The age at sexual maturity of the southern fin 
whale (Balaenoptera phYsalus) using annual l~er counts in 
the ear plug. J. Cons. int. Explor. Mer 34: 276-294. 

Law, A.P. 1906 •. Report on the Dominion Government Expedition ta 
Hudson Bay and the arctic islands on board the D.G.S. 
Neptune, 1903-1904. Government Printing Bureau, Ottawa. 

MacLaren Marex, Inc. 1979. Report on aerial surveys of birds and 
, 

mari ne mammal sin the southern Oavi s Strait between Apri 1 
and Deeember, 1978. Vol. 3, marine marnmals. Arctic 
Petroleum Operators Association, Project No. 146. 

Manning, T.H., and A.H. MacPherson. 1961. A biological 
investigation of Prince of Wales Island, N.W. T. Roy. Cano 
Inst., Trans. 33 (Part II): 116-239. 

, ' 

.. 

\, 



1 ' . 

1 Il -

220 

Mansfield, A.W. 1958. The biology of the Atlantic walrus Odobenus 
rosmarus rosmarus (Lfnnaeus) in the eastern Canadian 
arct1c. Fi sh. Res. Board Cano Manuscript Rep. No. 653. 

Mansfield, A.W., T.G. Smith, and B. Beek. 1975. The narwhal, 

Monodon IIxmoeeros, in eastern Canadian waters. J. Fish. 

Res.: ,B,oard Cano 32: 1041-1046. 

,McBride, 'A.F., an<1 H. Kritzler. 1951. Observations on pregnancy, 

McLaren, 

McLaren, 

.McLaren, 

. ' 

parturition, and post-natal! behaviour in the bottlenose 
dolphin. J. Mamm. 32: 251-266. 

I.A. 1958. The biology of the r:inged seal (Phoca hispi.da 
Schreber) in the eastern Canadian arctic. Ffsh. Res. 
Board Cano Bull. 118. 97 p. 

P.L., and R.A. Davis. 19~2. Winter distr'ibution ?f arct1c 

marine mammals in ice-covered waters of eastern ~orth 
America. (Unpub. rep. prepared by L.G.L. Ltd., IToronto, 

( 

for Petro-Cana<ia Exploration, Inc., Calgary.) 

P.L., and R.A. Davis. 1983." Distribution of wintering 
mari ne malllJla 1 s'off West Greenl and and in southern Baffi n 
Bay and northern Davi s Strait, March 1982. (Unpub. rep. 

prepared by loG.la Ltd., Toronto for Aretie pii otl Project, 

Cil 9ary.) 
\ 

l 

Mead, J._G. m.s. Anat~ of the external nasal passages and facial 
comp 1 ex in the Del phi ni dae (Mallll1a 1 i a: Cetacea). 
,Smi thsoni an Contri buti ons ta Zoo 1 ogy 207, 72 p. 

Meldgaard. M., and F.O. Kapel. 1981. Observations of narwhal in, 
the Melville Bay, northwest Greenland. Rep. lnt. Wha1'1ng 

Conm. 31: 547-550. 
Mercer, M.C. 1973. Observations on distribution and intraspecific 

vari ation in pigmentation patterns of odQntocete Cetacea 
in the western -north Atlantic. J. Fish. Res. Board Cano 
30: 1111-1130. 

"'",-

Merdsoy. B., J. Lien, and A. Storey. 1979. Extr~l imftal record of 
.\ 

a narwhal (Monodo" monoceros) in Hall's Bay, Newfoundland. 
Can. Field-Natur. 93: 303-304. 

,1, 
';1 

" , 

'" 



" 

'. 

... 
" 

( :' 

~ f ,"! 

, , 

, , , 

" 

Miller. R.S. 1955. A survey- of ~he-milJlnah of Bylot Island, N.W.T. 

Arctic 8: 167-176. 

Mitchell. E.D. 1981. Canadian progress report on c~tacean 

research. June 1979 ... May 1980. Rèp. lnt. Whal1n9 COIIIII.' 

31: 171-179. l ' 

,., 'Mitchell, LD. J and J.B. Kemper. 1980. Narwhal wfth lawer jaw 

f .. 

tuskj and aspects of hard tissue deposition in na'rwhals. 

Rep. lnt. Whal 1n9 Conm. (Special Issue 3): 215 

(abstract). _ 

Mitchell, E.O. J. and R.R. Reeves.' 1981. Catch' hfstory and 
...". 

cumulative catch estimates of initial population size of 
, cetaceans 1n the eas:~ern,.Canadian a,rctfc. Rep. Int. 

, ' 

o Whalfng COI1ll1. 31: "645-682. '~, 
, , 

'Miy..a~aki, N. 1977. Growth and, reproduction of Stenella 
D , 

coeruleoalba off the Pacifie eoast of~Japan. Sei. Rep • 

Whales Res. Inst. 29: 21-48. 

Na,,~en.-F. 1897. Farthest North (Vol. 2). Archibald Constable and 

Co., . Westminster· " 

Ness, A.R. 1967. A meaosure of asymmetry of the' sklfll s of 

àdontoc~te whales. J. Zool. 153; 299-221. 

Ni sh,iwak i. M.. and' Te Yagi. 1953. On the a~.aiId the growth of 

te~th 1 n a dol phf n, (pr~del phi nus caèrUl eo-al bus) • 

(l'). Sei. Rep. Whales Res. In,st. 8: 133-146. 

Ni shfwald. M., and T. Yagi. 1954. On the age-detenni nati on method 

of the toothed whal e by the study 6f the tooth. Proe. 

Japan Acad. 30: 399-404. ' 

-Ni shiwak i, M. J T. Hi biya, 'and S. Ohsumi. 1958. Age study of spenn 

'whale based on reading oi to,Oth laminations. Sei: ~ep. 
Whales Res. Inst. 13: 135-153. 

Nfshiwak i J M., S. Ohsumi, and T. Kasuya. 1961. Age eharacterfstf cs 
, ~ . , 

in the spenn whale mandible. Norsk Hval fangst':'Tf dende 

50: 499-507. 

" 

, r , 



·c, 

, " 

C" .' l' 
i' 

" 

222 

" 

Ohsumi, S. 1964... Coq>ari son of maturity and accumul ation rate of , 

corporaoa,~b1cantia between the left and ri~ht ovaries in 

Cetacea. Sei. Rep. Whal es Res. Inst. 18: 123-148. , -
Ohsumi, S. 1965. Reproduction of the sperm whale in the northwest 

Pacific. Sei. Rep. Whal es Res. Inst. 19:' 1-35. 

Ohsumi, S. 1966. Sexual segregation of the sperm whale in. the 

north Pacifie. Sci.Rep. Whale.s Res. Inst. 20: 1-~6. 

Ohsumi, S. 1981. Interspeeific relationsh1ps among bi,ological 

parameters concerned with reproduction in tHe Cetacea. 

Paper presented at the Symposium on Cetacean Reproduction, 

La Jolla, Californfa, 28 Nov;-7 Dec. 1981 (30 pp. MS). 

Ohsumi, S., T. Kasuy,a, and M. Nishiwaki. 1963. Acc;:umulation rate 

of dentinal growth l~ers in the maxillary tooth of 'the 

spe~ whale. Sci. Rep. Whales Res. Inst. 17: 15-35. 

Owen, Sir R. 1868. On the anatollfi, of vertebrates (Vol. 3). 

Longmans, Green and Co., London. 

Pe~oqy, F.E. 1961. Annual growth 'zones in living and fossil " 

ver,tebrates. J. Morphol. 108: 11-62. 

Pedersen: ).. '1931. Manma1s and birds a10ng the east coast' of 

Greenland (in German). Medd. om Gr6nland 77: 343-' 

. 506. Fish~ Res. Board Can., Transl. Sere 1206 

(p. 412-417). 

Perrin, W.F., J.M. Coe, and J.R. Zweiffel. 1976. Growth and 

reproduction of the spotted porpoise. Stenella attenuata, 

in the offshore eastern tropical P~ci f~c. Fi shery Bull.-

74: 229-269. 

Perrin, W.F., O.B. Holts, and R.B. Miller: 1977. Growth and 

" reproduction of the eastern spinner dolphin. a 

geographical form of Stenella longirostris, in the eastern 

tropical Pacifi c; Fi shery Ifull. 75: 725-750. ,', 

Perrin, W.F., and A.C. Myrick, Jr. [ed.]. 1980. Growth of 

odontocetes and si reni ans: probl ems in age determi nati,on. 

Rep. I~t. Whaling Comm. (Special Issue 3), 229 p. 

:, 
" 

'" .~ 

'" 
T~ 

" ' . . ~ 
• ~j 

j " 

, 

'" dl 

~ 
'~ 
.", ., ~ 

" .. ' 
4 

~ 
l 

'J 



( 

\ 

1 ~:'t 

C~ 
, " ( 

223 

Petersen, S't.and E.W. BQ'rn. 1982. Age determination of the 
Atlantic walrus', Odobenus rosm'arus rosmarus (Linnaeus), by 
means ôf mandibular growth lay~rs. Z. Saugetierkunde 
47: 55-62. 

Porsild;-M.P. 1918. On "savssats": a erowding' of arctic animal s 
Geogr. Rev. 6: 215-228. 

Porsf1 d, 
at holes in 

M.P. 1922. 

3: 8-13. 

the sea iee. 
• 

Seattered observations on narwhals. J. Mamm. 

Raven, H.C. 1921; Northward for narwhal. Natur. Hist. 27: 33-44. 
Raven, H.C., and W.K. Gregory. 1933. The spermaceti organ and 

nasa 1 passages of the sperm wha 1 e (Physeter catodon) and 
other odontoeetes. Amer. Mus. Natur. Hist., Novitates 
677: 1-18. 

Reeves, R.R., and S. Traeey. 1980. Monodo" monQceros. Mammalian 
Species, No. 127, 7 pp. (publfshed by the American , ) 

Society of Mammalogists). 
Renewable Resaurces Consulting Services Ltd. 1977. Aerial surveys 

of marine mal1l11als of Lancaster Sound, '1975-76. (Unpub. 
rep. prepared for Norlands Petrol.~um Ltd.). 100 p. 

,. ' 

Ridgway" S.H., and R.i='. Green. 1967. Evidence for a sexual rhY,thm 
in male porpoises, Lagenorhynchus obliquidens and 
Delphinus delphis bairdi. Norsk Hval"fangst-Tidende 
56: 1-8. 

Robisch, P.A., D.C. Malins, R. Best, and U. Varanasi. 1972. 
Differences in triacylglycerols from acoustfc tissu~ and 
posterior cranfal blubber of the narwhal (Monodon 
monoceros). Biochem. J. 130: 33-34. 

Roe, N.A, and W. J. Stephen. 1977. Narwhals (Monadon monoceros) 
obser~ed near King Christian Island, Northwest 
Territories. Cano Field-Natur. 91: 309-310. 

Rutl1evskii, G. L. 1958. A narwhal fn the region of drifting 
stàtfon North Pole-5 (in Russian). 'Problel1lY Arktiki 

~ ", ' 
3: 116-119. ., , ,"{ 

./ ,', 

, 

. .. , 
" 

',) 

" .. 

, 1 

6 



( , 

~ , . 

'. -C·\'· • 

-224 

,\ 
Sacher, G.A. 1980. The const~tutional basis for 10ngev1ty in the 

7> 

cetacea: do the whales and the terrestrial mammals obey 
the same laws? Rep. l'nt. Whalfng COIIIII. (Special Issue 3): 
209-213. 

Scammon, C.M. 1874. The marine mammals of the north~estern coast 
of North America, descrfbed and illustrated: together with 
an account of the American whale-fishery. G.P. Putnam's 

1 

Sons, New_Yorle. 
Scheffer, V.B. 1950. Growth layers on the teeth of Pinnipedia as 

an indicâtor .of age. Science 112: 309-311 
Sch~ffer, V.B., and R.S. Peterson. 1967. Growth layers in teeth of 

suckling fur seals. Growth 31: 35-38. 
,~, ScHerman, K. 1956. 'Sprfng on an arctic island. Little, Brown and 

'C> Co~any, Boston. ' 
Schour, l., and M.M. Hoffman. 1939. Studfes in tooth development. 

1. The 16 microns calcification rhythm in the enamel and 
dentin from fish to man. J. Qent. Res. 18: 91-102. 

Schultz, W. 1970. Uber Jas Vorkommen in der Nord-und Ostsee (Ordn. 
Cetacea). Zo01. Anz. 185: 17~-264. 

Scoresby, W., Jr. 1820. An account of the arctfc regions, wfth.a 
history and description of the northern whale-fishery. 
Vol. 1, The arctic and Vol. 2, the whale-fishery. 

'\ 
ArChibald Constable and Co., Edinburgh. (Reprinted by 
David and Çbarles reprints, Newton Abbot Dev~n~ 1969). 

Scoresby, W., Jr. 1823. Journal of a voyage ta the northern whale-
, ' 

fishery. Archibald Constable ,and Co.,- Edinburgh. 
,Sergeant, D.E. 1959a. Age determination in odontocete whales from 

dentfnal growth layers. Nqrsk Hvalfangst-Tidende 48: 273-
288'. 

Sergea,nt, D.E. 195~b. On the evolution 011 lite histories in the 
Delphinidae. Paper presented at International 

( 
Oceanographie Congress, American Association for the 
Advancement of Scfence, 31 August-12 September 1959, 
Washington, D.C. (11 pages, M.S.). 

, , 

1'''''1' ", 

• 

., 
1 
1 
J 
f 
J 
l 

i 
1 
j 

1 
1 c 

! 
j 

f 
î ' 
1 

! 
i 
1·' . 
1 



,( 

( 

( '. , '. 
c;-

l'~ " - , 

225 

Sergeant, D.E. 1962. The biology of the pilot or pothead whale 
Globicephala melaena '(Tra111) in Newfoundland waters. 

J ' 
Fish. Res. Board Cano Bull. 132. 84 p. 

Sergeant, D.E. 1973. Biology of white whales. (Delphinaptèrus 
leueas) in western Hudson Bay. J. Fish. Res. Board Cano 
30,: 1065-1090. 

Sergeant, D.E. 1982. Mass strandings of toothed whales 
(Odontoceti) as a population phenomenon. Sci. Rep. Whales 
Res. Inst. 34: 1-47. 

Sergeant, D.E, and P.F. Brodie. 1969. Tagging white whales in the 
Canadfan arctic. J. Fish. Res. Board tan. 26: 2201-2205. 

Sergeant,·D.E., O.K. Caldwell, and M.Ç. Caldwell~ 19~3. Age, 
growth, and maturi~ of bottlenosed do1phin (Tursiops 

. truncatusl from northeast Florida. J~ Ffsh. Res. Board 
~an. 30: 1009-1011. 

Shaw, J.H. 1955. Effecf of nutritional factors on bones and teeth, 
'p. 733-762. 0l!! R.W. Mfner [ed.] Rec'ent advances in the 
stuqy of the structure,'p0mposit10n, and growth of 
m1neralized tissues. Ann~ N.Y. Aead. Sei.~ Vol. 60. 

Silverman, H. 1979. Social organization of the narwha1, Monodon 
monoceros, in Lancaster Sou~d, Pond Inlet, and Trembl~ 
Sound, No!thwest Terri~ories. M.Se. thesis. McGi11 
Ùniv., Montreal. 

u " 

Si 1 verman, H.B., and M.J. Dunbar. \98~. Aggresstve tusk use by the . 
narwhal (Monodon monoceros L.). Nature 284: 57-58. 

S1ssons, H.A. 1949. Intermittent periostea1 actfvity." Nature 
.Jo 

163: 1001-1002. 
SmJth. L. 1969. A narwhal captured. North 16: 30-33. 
Smith~~T.G. 1977. The occurrence of a narwhal (Monodon monoceros) 

in Prince ~lbert Sound, western Victoria Island, Northwest 
Territories. Cano Field-Natur. 91: 299. 

Sognnaes, R.F. 1960. The ivory core of tusks and teeth. Clin. 
Orthop. 17: 43-62. 

"0 

, 
l , 



, 

y 

. ( 

r 

, 

i 
" 
f 
1 

" 

'( . - " 
( 

226 

Squires, H.J. 1957. Decapod crust~cea of the Calanus expeditions 
in 'Ungavà Bay':'1947 ~ 1950. ~ c~n. J.: Zool .... 35: 463-494:r* -

Thompson, D.W. 1952. On growth ana forme (Second ed., Vol. 2). 

Cambridge Univ. Press, London. . ,. 
Tomil1n, A.G. 1957. Mamnals of the U.S.S.R. and adjacent 

countries, Vol. 9, Cetacea. (Transl. fr~m RU$sian). 
Israel program for Scientifie Translations, Jerusalem, 

"' 1967. 

Tucle, L. 1957. ··Wil'dHfe investigations in the Cape Hay region, 
Lancaster Sound. Cano Wildlife Service, MS Rep. 760, 

39 p. 

Tur1, C.W. 1977. Sightings of marine mamnals in the aret1e w1nter 

! 
pack. iee, 1976. (Abstract) Prac. 2nd Conf. Biol. Marine. 
Manmals, San Diego, Calffornfa. -

Turner,~W. 1872. Some. observations of the dentition of the narwhal 
(Monodon monaceros). Roy. Soc. Edinburgh, Proc. 7: 7,59- , _ 

760. . . -. 
T~rner 1 W • 1873. Some observations on the dentition of the narwhal 

Turne.r, 

. Turner, 

(Monodon monoceros). J. Anat. Physiol. 7 (Ser. 2, 6): 75-

79. 
'); • .1< 

W. 1876. A further contribution to the placentation of ',- ,) -

Cetacea (Monadon monoceros). Roy. Soc. Edinburgh,' 
Proe. 9: 103-110. 

W. 1889. Additional observations on the stomach in the 
~ 

zfphioid.and delphinoid whales. J. Anat. Phys!1ol. 
23:. 466-492. 

the 
·1 

Turner, W. 1912. The marine mammals in the'Anatomfcal Museum of 
the University of ,..Edinburgh. Part l, Cetacea. MacMillan, 
London. 

Utrecht, W.L. van. 1968. Notes on some asp~ets of the manmary 
glands in the fin whale, Balaenoptera physalus, (L.), with 
regard ta the criterion \llactating". Norsk Hvalfangst-

-Ti dende 57: l-Ù. 

0, 

. ' \ ' 

,1 

'-



. , 

( 

227 

• 
Vibe, C. '1950. The marine malllllals and the- marine fauna in the 

Thule district (northwest Greehlànd) with observations on 
ice conditf ons in 1939 .. 41. Medd. om Gn'fnl and 150: 1!"' 
115 •. 

Vibe, C. 1967. Arctic animals in relation ta clfmatic 
fluctuations. Medd. om Gr_n~and 170: 1-227. 

Vogl, ArW" and H.D. Fisher. 1976. Glycogen pools in the arterfa1 
thoracic retfa of the narwhal, tot>nodon JOOnoceros,' and 
their possible sfgnif~ance. Cano J. Zool. 
54: 425-429. 

Watkfns, W.A., W.E. Schevill, and C. Ray. 1971.. Underwàter 'sounds 
Q 

of Monodon (narwhal). J. Acoustical Soc. Amer. 49: 595-
.' 

599. 
~ebb, R. 1976. Sea mamma1.surveys in Baffin Bay and Davis Strait. 

(unpù~. rep. prepared for Shell Canada Resources Ltd., 
Calgary, by R. Webb Environmental Services Ltd., 
Ri chmond, B.C.). 

Webster, W.A., J.L. Neufeld, and A.C. MacNefl1. 1973. Halocercus 
monoceris sp.n. (Nematoda: Metastrongyloidea) fram the 
narwhal, tot>nodon monoceros. Helmintho1. Soc., Proc. 

.40: 255-258. . , 

Wilkinson, D. 1955. Land of the long day. Clark, Irwin, and Co. 
Ltd., Toronto. 

( 

Wilson, H.S. 1879. the rete mirabf1e of the na~hal. J. Anat. 
Physiol. 14: 377-398. 

Winge, H. 1921. A review of the interrelationships of the Cetacea. 
Smfthsonian Insr., Mise. Collections 72(8), Washington, 
D.C.' . 

Woodhead, G.S., and R.W. Gray. 1889~ On the stomach of the narwhal 
(Monodon monoceros). Roy. Soc. Edinburgh, Pr~c. 16: 792-

807. 
, Woodhead, G.S., and R.W. Gray. 1890. ,The stomach of the narwhal: 

The bearing of its hfstology on turner's and Max Weber's 

- 1 

, '. , " 

" 

0,' -, - , 
• • l , " .. ._ ... ~ ___ ~" .... ~ ~_ .. _._ .. ____ ~~._A_~_.._.._~ ___ _ 

',' 

r 
1 

; , ! 



J. 

, ' , -, .. 
-

~ _____ L_-.-.._ .. _~ ~, ____ ' __ ..... __ "'_ ~ .J,~ ~~"... ..... ~~v,,,~:.~~~""fp~';ftl:\ .4 ... ... 

• • • J ! 

.--
228 

nomenclature of the stomach' of the z1ph10i~ and delphino.t! ' 
~ a 

whales. J. Anat. Physiol. 24: 188-194. ... 

Yoshfda, K~, N. Baba, M. Oya, and K. M1zue. 1977. On ,the formation 

••• 

., , 
J ~ • ' 

r - "'~J 
"', t' ... 

\ • 1 ~" .. 

~ \'~~~Ii 7 ~ ::~~ 
" M ~~ j _ ~ 

" and regressfon of corpus luteum in the northe~n fur seal t 
ovaries. Sei. Rep. Wh$s Res. Inst. 29: 121-128. 

; . 
. " 
" l' 

• • 

" 

•• 

.: 

l ' 

" . 

". 

; ~ Il,'''' 
.~ t ~- '~', 

o 

, " 

.. ": , 

: ' 

,,' 
" 

, . 

'. , , 

'; 

.-

f 

~ 

- : 
, " 

1 

, 

" , 
, . 
1-c 

". 



" 

'f 

',' 

'~..- ~ ..... ~ r' 

1 
0' '. ,~. 

1 

.J ~ l' , 
1 - \,1 ' 

, ~~. ';', 
, 

~ 
." 

'. 

r,"'~ " 

" .. 
L ~ \ '. , " -." " 

. i' 

" 
" 

() 
" , , 

", 

'. 

:;, '~ 

,l, 

229 

a 

PLATES l - VII 

• 

" " 

l" r, 

f 

.. 

o 

. C 

" 

, , 

...J 

- -1 \ 

" 

-, '\ 
,1 

-,-" 
: .. ' ~,' 

~,-... 
. " 

l '0 

; , 

f .. 
", 

" 

" 

• <." 



230 

-', 



,- . 
'tft~~~~~ ___ t ow; """ ............. .-~ __ --.-:.. ____ ..,.._----'" .. _ .... ..-- ...... _~n~.,...._~ ...,....._~ .. _ • ..-. .... ~ _ .,.~ __ ~ ____ ..,..._~ __ ... --~,-,,>I,t..~~- '\1 'Wlltiè,""" ~ Jfi<:-~~~~ ., .. ~ 

, 
" 

/ 

231 
-. 

" Pl ate 1. Ext~rnal appearance of ,the narwhal. 

a) Neonatal male, 160 cm, captured at Kaunak on August 29, 1975. 

b) Sucklfng female, 241~cm, two dentfnal 1ayers, captured at Kaunak 

on August 4, 1975. 

c) llIIIIature male, 336 cm, 12 dentfnal layers, tusk -not erupted, . 

captured at Kaunak on August 4, 1975. 

d) Maturing male, 372 cm, 13 mandibular periosteal layers, two 

tusks erupted, captured at Pond Inlet floe edge on July 19, 1976 

(photo by H. Sflverman). 

e) Adult. female, 376 cm, 14 dentfnal layers, captured at Kaunak on 

August' 20, 1975. 

f) ,Adult male, 452 cm, 20 dentinal layers (occluded), captured at 
/ 

Kaunak on August 28, 1974. 
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Plate II. po11Shed.SU~faCe of 10ngitud1nallY~b1~ected embedded teeth 
of the narwhal. 

a) 

b) 

c) 

Jooth of neonatal male, 160 cm, no postnatal dent1nal layers.· 
, ' 

Left tooth of female calf, 230 cm, four growth l~ers. A narrow 
dark band can be seen adjacent ta the pulp cavity •. 
Proximal 'portion of right tooth of a y'oung male, 324 cm, 
12 growth 1 ayers. 

d) Root of right tooth of a maturing maie, 393 cm, w1th 17 growth 
l ayers. 

e) Distal portion of right tooth of a maturing male, 443 cm, with • 
16 growth layers. Dentfnal deposftfon had ceased, and,30 growth 
layers were present in the mandible. 

f) Root portion of right tooth of same animal as in (el" above. 
.g) Root of ri ght tooth of a mature fèma 1 e, 3eS cm, 14 growth l ayers 

(occluded), 19 mandibular periosteal layers. 
h) Distal portions of the teeth of an fmmature ,maTe, 262 cm, two 

growth 1 ayers. 

Schematic representatfon of an occluded, 10ngitudinal1y-bisected 
embedded tooth: 

The approximate locations of the thin sections in Plate III 
(a"b,c) are shown. Tooth structures are represented by the following 
abbreviatfons: Cm-cementumi Pr-prenatal dentine; Nl-neonatal linei . 
Po-postnatal dentine; GL-growth layer boundar,y (used for counting); 

• v 

fC-pulp cavity. The growth layer boundar,y (GL) 1s the same structure 
referred ta as Mnarrow dark band" in the texte 
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Plate III. Thin sagittal sections of embedded teeth and· s'l1ver 
1 

nftrate-stained bisected embedded teeth. 

. a) Thin section of anterior portion of tooth. Note translucent 
neonatal line and optical difference between pre- and post-natal 
dentine. 

~) Thin section of middle portion of tooth. Not~ opti~ally dens~ 

narrow dark band bounded by thfn translucent zones. 
c) Thin section of root. Note cementum occluding root at th~ 

ri ght. 
d) Distal portion of silver nitrate-stained tooth. 'The neonatal 

l1ne 1s unstafned. (MM-5-74, male, 324 cm, 12 dent1nal 
1 ayers) • 

e) 'Midd'le portion of sflver nitrate-stained tooth. ' The narrow dark 
bands are weakly stained. (MM-5-74, mal e, ~24 cm, 12 dentfnal 
l ayers) • 

f) Proximal portion of sil ver nitrate-stained tooth. (MM-5-74, 
male, 324 cm, 12 dentfnal layers). 

See the legend of Plate II for locations of thin sections' (a, b,' 
and c) and for meanings of abbreviat1ons. , 
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-Plate IV. Thin transverse sections of the ventro-l'ab1al portio" of 
the'anterior part of the mandible. "(" 
a} Location of section cut fram the mandible (at arr~~) and bloc4 

r 

of bioplastfc contafnfng four mandfbular sections. 
~ -

b) Neonatal male, 160 cm, no'postnatal mandibular growth l~ers. 
, 0 

c) Su~kling male, 230 cm,' three mandibular layers. Note prom1nent 
, neonatal 11ne. 

d) . Maturfng male,. 381 cm, 14.mandibular layers. 
·e) Adùlt female, 382 cm, 12' to 13 mandfbular laYers. 
f) Adult male, 440 cm, 35 mandfbular layers. Note internal . 

resorpti on. 

, 

.' 

Màndfbular structures are represented by the fOllowing abbrevfations:, , 
Nl~neonatal 11ne; MC-mand1bular canal; Pr-prenatal bone;" Po-postnatal 
bone; VL-ventro-labial surface; ML-mid-labial surface. 
' . 
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Plate V. Sections of testis and epidid,y~is of 1nmature, maturlng, 

and mature male narwhals. ,Bars represent 50~. Tissues were sta1ned 

with haemato~lfn and eosin. ~ 

aJ Seminiferous tubules ot: il1l1lature narw1tal, 390 cm, 15.5 composite 
'1 

, ayers. Primary spennatocytes Pare present •. 

b) 
, . 

Ep1didymal tubule of 1l11l1ature narwhal, 340 cm, 13 ~omposite 

1 ayers. Note the hi gh col umnar epi thel i um and' stere9c11 i a. 
c) Seminiferous tubules of maturing narwhal, 381 cm, "14 composite 

layers. Lumina are appearing 1n some tubul~s. 

d)' Epididymal tubule of maturing narwhal, 427 cm, no, age available. 

Note abundant cellular detr1tus and a few spennatozoa in the 

lumen. 

el Seminiferous tubule of same male as in (dl. Spennatozoa are 

p~esent, but the epith.eliLIIJ is degenerating. 

f) Semin1ferous epithelfl.l1l of mature narwhal, 451 cm, 

27.5 composite 1ayers. Spennatozoa are present but. the 

epi the 11 WB i s degenerat i ng. 

g) Ep1didyJDal epithelilln of same male as in (f). The lumen 

contains illich cellular detr1tus. 
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Plate VI. Gross structure of ovarian corpora from femJle narwhals. 

a) Corpus luteum of pregnancy, 40 x 29 mm. and two luteinized 
follicles (accesso~ corpora lutea) of 5 and 15 mm. in the right 
ovar,y of a p'rimiparous female in early pregnancy (374 cm. 13.5 
corrposi te' growth 1 ayers) • 

b) Young (early r~gression) corpus albicans (21.7 11111) in the left 
ovar,y of a primiparous post-partum female (345 cm. 12.5 
corrposite growth layers). Note the small amount of fibrous 
tjssue within this corpus. 

c) Old corpus albicans (9.3 mm) in th~ left ova~ of a primiparous 
lactating female (381 cm, 19 composite growth layers). A large 
core of fibrous tissue 1s present. Note the clotted blood 
adjacent to the core. 

d) Young corpus albicans (12.8 mm) derived from an unsuccessful 
ovulation at the most recent breeding season. A 10.9 mm . 
gel-filled follicle 1s als~,present. Both are in the right 

-' ovary of a female in early pregnancy (401 cm, 21 composite 
growth l ayers) • 

e) Regressing luteinized follicle (6.7 mm) in the right ova~ of 
the same female as in (d). Note the fi brous core. 

f) Possible newly-erupted follicle (15.9 mm) in the right ovary of 
a female, in early pregnancy an'd lactating (388 cm, 22 composite 
growth layers). The follicle is blood-filled, and a 2.6 mm 
haemorrhagic follicle is present. The bar represents 1{) mm. 

g) A corpus atreticum (9.0 mm) in the right ova~ of a post-partum 
female (380 cm. age not available). 

1 

h) A corpus incognitum (8 ~) in the left ova~ of a lactating 
female (380 cm. 18 compos~te growth layers). The tissu~ had 

j 

partial1y dried prior t('PhotOgrap~. 
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Plate YU. 
narwhals. 

H1s~010g1cal structure of ovarian corpora from female 
, 1> / 

Ti ssues were sta1ned with haemato~~ft,-afld eosin. 

a) Granu10s~ lutein tissue in the corpus luteum (35.6 x 29.3 mm) of 
the right ovary of a female in early pregnancy and lactating 
(372 cm, 20 composite growth layers). Note the b100d vesse1 s 
within the f~brous septa of the corpus luteum. Bar represents 

50 ~. ~. 
-< 

b) Granulosa lute1n cells in the corpus luteum of the same female 
as 1 n (a). Note the frothy appearance of the cytop1 asm and ~he 

, c) 

granul ar nucl eopl asm. Bar represents 25 ~. 

Regressing young corpus a1bicans of same female as in \ 
1 Plate VI, b. Note the prominence of hYaline conn~ctive tissue 

and a few degenerat1ng granulosa 1utein cells. Bar represents 
25 ~. 

d) 01d corpus albicans of same female as in Plate VI, c. Note the 
'.:\ 

abundance of smal1 thick-wa11ed b100d vesse1s and the coagu1ate~ 

e) 

f) 

g) 

blood (with pigment granules) near the coflagenous core. B~~ 

represents 200 Il' 

Accessory corpus 1ute~m (15 nrn) in very ear1y regression, in the 
right ovary of a primiparous, early pregnancy female (374 cm, 
13.5 composite growth 1ayers). A degenerat1ng granu10sa 1utein 
cel1 1s present in the otherwise normal tissue. Note its 
pyknot1c nucleus and acidoph1l1c cytoplasm. Bar represent5 
25 ~. 

Same a.~ces so ry corpu s 1 u telJll as i n (e ) • Note the en 1 a rged 
fi brous septllll withi n the 1 uteal t1 ssue. Bar represents 50 Il.' 

Sma11 atretic fo111cle in the cortex of the 1eft ovary of a 
, fema1e in early pregnancy (380 cm, 18 composite growth 1ayers). 
The'theca 1nt~rna has hypertrophied (dark stain1ng ce1ls) and 
co 11 agen has ob li terated the fo 111 cul ar cav1 ty. A degenerate 
zona pel1uc1da 15 ev1dent in the cavity. Bar represents 50 Il

Portion of large atretic fo11ic1e in the cortex of ~e right 
ovary of a primiparous lactating female (381 cm, 19 cOmP,osite 
growth 1 ayers). The granulosa layer has degenerated and' the 
theca interna has hypertrophied. Fibroblasts are 'nvading the 
foll icular cav1ty~ Bar represents 200 ~. 
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APPENDIX 1 

, . Jc"""'--
International Conference on Determining Age of Odontocete 

Cetaceans p La Jolla, California, September 5-19, 1978 
( . 

With the support of the International Whaling Commission, 1 
att~,ded the International Confer~nce on Detenni ni ng Age of 
Odontocete Cetaceans, held in La Jolla, California, from September 
5 .. 19, 1978: This conference consisted of a three-day symposil.lll 

- • 0 

(Sep~ember 5-7) and a ten-day workshop (September 8-19). 1 
presented a paper on age determination of the narwhal and 1 also 
participated in the workshop. 

The workshop consisted of six sessions, each of which 
.( considered ~ major taxonomie group of odontocetes.\J participated 

in sessions 3 (Monodontidae) and 4 (large Delphinidae). For . , 

session 3 which considered the narwhal and white whale, 1 provided 
several longitudinally-bisected embedded teeth and\thin mandibular 
sections of the narwhal, and Dr. E.D. Mitchell and ~r. B. Kemper • 
provided the embedded teeth, erupted tusks; and t~panic bullae and 
periotic bones of two male and two femal~ narwhals. 

The counts by several obs~rvers of the nl.lllber of dentinal 
growth layers seen on the polished eut surfaces of three 
longitudinally-bisected embedded teeth were as follows: 

Specimen No. 
Length 

(cm) 

324 
329 

451 

MM-74-5 
MM-P21-76 
ff4-P30-76 
MM-59 . 265 

aby the author 

btooth occluded 

Sex 

M 
M 
M 
F 

No. dentinal growth layers 
Original 
counta Counts of other participants 

12 10.5 10.5.11 12 13 13 14 
9.5 7 7 10 10.5 12 12 

17b 14 15 16 i7 19 
6 1.5 6 

)\, 

" 

,-, 

1 

1 

/, 
1 , 
1 

r 
1 
1 
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1 
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These results show that there is fairly good agreement'among 
the different observers, but mueh of the variation eould be due to 
the presence of ill-defined aceessory zones in the earliest-formed 
growth l~ers. Sorne problems were also experienced in accurately 
counting the very narrow growth layers 1n the proximal portion of 
the root of the tooth. 

The polished eut s~rfaees of several 10ngitudinally-bisected 
, 1 

embedded teeth were exposéd to 10~ formie acid for 40 hours" washed 
in running water for two hours, and then dried. This treatment 
creates a pattern of alternating wide shallow grooves and narrow 
prominent ridges on the cut surface of the biseeted tooth. The 
neori~tal line appears as a narJow inconspicuous ridge while the 
narrow dark bands of the postnatal ~ntlnal growth layers appear as 
prominent ridges. The àccessory zones which are seen in the 
earliest-formed postnatal gr.owth layers appear as ridges ~hieh are 
not nearly as prominent as those representing the main growth 
layers. The narrow growth layers in the root of the tooth are 
clearly differentiated by acid etching. GrOwth l~ers are 
better-defined on acid-etched than on un-etched bisected teeth. 

The counts of the number of ri dges seen 'on aci d-etched bisected 
embedded teeth were as follows: 

No. dentinal growth layers 
Length Or1 ginal 

SEecimen No. ~ Sex counta Counts of other EarticiEants 

ftt1 .. 28 178 F 0 0 0 0 0 
MM-37 230 F 4 3 4 4 2.5 3.5 
'f.t1-P10-15 284 FI 7 6 4 5 4.5 3.5 
;;"'-43 312 F 11 9 8 8 7 10 
fft1-P7-75 346 F 965 11 12 12 9.5 9.5 
ftt1-62 388 F 13 10 15 14 10 13 
MM-P19-75 262 M 2 2 1 1 1 1.5 
f.t1":P23-75 - 287 M 7 ,7 6.5 8 6 6.5 
ftftt-74-5 324 M 12 12 12 9 
MM-PI5-76 381 M 14b 11 12.5 12 10 11 
fft1-A2-76 393 M 17

b 
15 19 16 13 14 

MM-67 442 M 15 13 12 12 10 12.5 

,aby the author on un-etched tooth 

btooth oceluded 

. 
· i 

1 

1" 
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Examination of this table reveals that the counts of the 
different participants are generally in reasonable agreement and 
similar to the original count which 'was made on the polished, cu~ 

surface of the bisected tooth. In a few cases, however, the \ ' 
variabil1ty among observers is quite large, owing to the presence' of 

, \ 
accessory zones in the earliest growth layers, and the original 
count 1s somewhat higher than the counts us1ng acid-etched teeth. 

, . 
In add1 ti on to the sma 11 embedded teeth, two 1 arge. erupted 

tusks were examined. These tusks wer~ long1tudinally 
quarter-seetioned and the cut surfaces were pol1shed with no. 400 
waterproof sandpaper. A solution of 30$ phosphoric acid was appl1ed 
to the cut surface of one tusk and 10$ hydrochloric acid was appl1ed 
to the eut ~urface of the other, for a perfod of one hour. The 

~ ,surfaces were th en washed with water for two minutes, aff'-~ried for 
efght hours, and rubbed with a wide earpenter's pencil of medium 
hardness in order to highlight the ridges. Phosphorie acid proved 
to be better than hydroehlorie aeid in dist1ngui$hing between the 
main growth layers and the accessory +ones. The two erupted tusks 
conta1ned 40 and 29 dentinal growth layers, while the corresponding 
embedded teeth conta1ned 14.4 and 9.9 dentinal layers, on average, . , 

respectively. A neonatal line could not be seen in these erupted 
i 

tusks, suggesting that there is a significant amount of wear. at the 
tip. 'Growth layer group counts by several observers for the 

, embedded teeth of these two ma 1 es and for both embedded teeth of 
• 0 

each of" two females are provided in the workshop proceed1ngs (Perrin 
and Myrick 1980). 

The group recognized the limited usefulness of the embedded . 
tooth for determining age of the narwhal, owing to dentinal 
occlusion during early postnatal life, and they also recognized the 
difffculty of assessing occlusion in the extracted embédded tooth. 
Scannfng electron and l1ght mfcroscopy studies of the tip and root 
of. apparently occluded teeth will he carried out in order ta assess 
the occurrence of cemental growth layers in the tooth and ta . 
ascerta1n the true (microstructural) nature of dentinal occlusion. 
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The group further recommended that: "Field col1ectors 'of 'unerupted 
, , 

tusks should assess the 'degree of closure by examining the root end 

of these teeth and noting the présence or absence of .!!!. ~ pulp". 

The proceedfngs of the symposium and work.shop are now pUbl1shed" 

(Perri n and Myrick 1980). 

Reference 

Perrin, W.F •• -and A.C. Myri ck, Jr. (ed.)· 1980. Growth; of 

odontocetes and sirenians: problems in,'age détermination .. " 

t-" Rep. Int. WhaHng Conm. (Special Issue 3). '229 p. 
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APPENDIlf 2 
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• q 

Catch Composition' of ~arwhals USed fn thfs Study. 
by Y~r~ Area. Method of Capture, and Matur1ty 

<1' 

(Stage of Reproductfon) 
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Appendix Table 1. Composition of the catch of male narwhals ûsed Jn this stu~. by year. 
area. method of-capture, and matur1~. 

0 

Method N~mber of malesa 

" 
~ 

Year ,--Area of capture Immatureb 'Matur1ng Mature Unknown Total 
t 
\-

1963 Mt. Herod1er hunt '" 1; 1 
1963 Kàluktoo Bay net 7 3 1- Il 

-1964 Koluktoo Bay net 4(2) 1 1 6
b

• 

1965 Ka 1 uk tao Bay -ne~ - 2 2 5 9 
1974 Kaunak hunt 6 1 1 8 
1975 Adm1 ral ty Inlet hunt 2 - , -3 -4 ~fJ 
1975 Pond tnlet (town) hunt 1 '-1 2 4 
1975 ' Kaunak . hunt 8(1) 1 '3 2 14 
1975 Milne Inlet OOnt -,' .1 1 2 
1976 Guys B1ght (floe edge) hunt~ - 6 4 '2 12 
1976 Kaunak hunt 1 ' - 1 
191.6 Aèlm1ralty tnlet hunt 3 3 

- Totals' "-~ 38(3) 16 19 7 80 

1 1 

a These categories of male sexual matur1ty are defined in the section -Reproduction in the 
, 'Male-. 

o , 
-b Ca.lve's ac~-~anied ~y mature females in parenth"eses. 
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, ~x Table Z. Caqxls1tioo of the catch' of f8lBle narthlls uSéd in th1s stucr.'~ year. area, tœttod of capture,'and ~ of' 
~~100. . 

tiIltler 'of f8TB1~ 

Mrthod of" ' farly-

farlY-
pregliU1t Ful1-tenn 

arid . nr Total 

, -

Year Prea capture ImmttrtP M:iturirg preg1éll1t Lactat1 ng 1 actat1 ng j'X)st-partun. ijJ 111 parw s M:iture Tot;al_) 

1963 Mt. terodier Mt -. 
1963 Milne InTet hmt 1 ç , -
1963 Ko ,lJtt.oo Bi\Y net 

~î} 1964 Kolulc.tao ~ , net 
1965 KollJttoo ~ net 

, 19f Ql\œrlaoo' nd net 
, '19 ~ Ka&I1ak tutt 2 

1 '1 
3 

1 2 

4 

" -
' 5 

1 .-
3 
2 

.J 

1915 KawIak hll1t 3 l ' 9 ·7 
1975 Tred>l~ Scu1d tuTt 1 
1975 Milne Inlet tutt 2 
1975 Mtdral~ Inlet tutt 4 
1976 Q(ys Bi t (f1 œ edga) turt 3 
1916 ~ H:!rOdfer (1ce) Iùrt 1 
1976 Kaunâ<. hunt lU) 
1976, 1d1dral1;y Inlet Mt 1 

\ 

6 
\ 1 } "-

10 3 
1 1 -

1 
y- 3 

3 
2 

1 
l 

Tatals 31(7) 2 25 23 5 15 

a lbese ca~es of farale ~ction are'defined in the section "AePrOOJcti'on in the Fenale" • 

b' Cal~s a~anied ~ mUre femleS 1n"'parentheses. 
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1 1 1 
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1 7 13 
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~x Table 3. OYentll catch COOJX)Sftion of nanllals used in th1s stu~. . ' 

" 

" 
Sèllple' 

(ben wrter lu\t, 
all areas'Years 

94Ys B191t f10e 
~ plus Mt. Herodfer 
\1œ crack tUTts, 1976 

KolUttoo BiW net 
SI1p 1 e. 1963-65 

• Cal ves 1 n parenU1eses. 
~ 

J 

~ 

\' 

Males 
.. . , 

1II1IBtlre Qr far~ 
lrm!ltl.nii t-htlrf~ t-httre Total t-hturirif p~ l:iètating 

19(3) 6 9 .34 15(2) 13 12 

6- 4 2 12 4(1) /L 11, ·4 

13(3} 6 1 26 14(7) 1 6 
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Feœles 
Earijf;;'--- -~ 

preglal1t . 
aild Full-temV 

lactati~ post-parbm 0 lèsting 

o 2 3 

4 3 5 

1 10 l 

,. 

J 
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" 

# 

~ 

o 

Total 
IIBture Total 

30) 45 

27 31 

19 33 
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APPENDIX 3 

Stat1stical Evidence for Segregation of N~twhals by 

,Sex and Matur1ty (Stage of Reproduction) 

Group Composition 
\ 

.. 

. 
The group composition data of Tables 2 and 3 suggest that 

-t 

sl.IIIIIIerfng groups of narwhal s consfst predom1 nantly of animal s of one 

$ex ~nd/or rna1;urity'class. lo establish wh ether or not segregation 
1 nto groups of like sex and/or matur1ty does exist wfthfn the , 

·popul at1 on, the fo 11 owi n9 stati ~ti ca 1 test was carri ed out.· 

Suckl1ng calves were excluded fram these group data becau$e of t~e1r 

close assoc1ation owith adult females. 

The null hypothes·i s' to be tested i s that captured groups 

consfs_t of. animal s brought together by chance (i.e. - random 

m1)(ing). Segrega~10n by sex, maturity in males, and maturity in 

females were examined separately. for both the netted and the hunted 
. samples (Appendix Table 4). Binomial probabilit1es were calculated .~ . 

for each category of segregation us1ng the total sample for each 0 

, l ' 
capture méthod (open-water hunt or nets). These probabilities are 

lfsted in column 4 of, Appendix Ta}le 4. The binomial expansion of . 
,< these probab111ties was then carried out, for group s1zes rang1ng 

fram one to the maxinun number of anfmals in a group. For each 

group (Tables 2 and 3). the probability of occurrence of that group 

(1nclud1ng the one-tal1ed probabil1ty of a more extreme observation , 
for'the same groull s'Ize) t"'u~er the null hypothesfs of ran~om ' 

mix1ng, was determined fram the appropriate bfnomial e
o
xpans1on for 

that group size, for sex, male maturit.Y. and female maturity (.al1 

done separately). ,For each capture meth~d and category of 
segr~gationt Fi sher l s method for combin1ng 'Independent probab111tfes 
('Sokal and Rohlf 1981) was used ta evaluate the exp.ression 

-2 X 10 P. where P 15 the prObabil1ty of occurrence of each groÛ)) 

(1nc1udfng the one-tafled probabil1~ of a more extreme 
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observat1~). This expression 15 a G-value wh1ch 15 d1str1buted as 

4 chi-square wi~h degrees of freedom equal to the number of groups. 

Al1 tests for segregation were sign1ficant at ~he 5' 1eve1 with 

the exception of segregation by maturity of females captured in the 

nets (Appendix Table 4). Segregation by sex is signif1cant at the 

0.1' 1eve1, both for the netted and hunted samples. It 1s conc1uded 

that hunts and ~ets capture groups which are not random assemblages 

of an1ma1s compri,s1ng the sUlTIIIering population, and that segregation 

by sex-and matur1ty does 1ndeed occur. Groups are ~st commonl,y of 

three types: illl1'lature or maturing males, mature mates, and· mature 

females. many of wh1ch ha~~calves (Tabl es 2 and 3). ' .,' 

The 1ack of si gn1f1 canee" of the test for segregation by , 

matur1ty of fema1es taken in the nets can l7e readily exp1afned as 

follows. The six groups of females captured in nets had the , 
fol1owfng coq>osition: l,a; 0.1; 1,1; 0,]; 0.3; 0.4 (no. 1nrnature 

fol1owed by no. mature). Few flllllatures were thus captured by the 

nets. Si nce the capture of an 1l1111clture 1 s much 1 ess probable than 

that of a mature fema1e (Append1x Table 4). most of these events 
\ 

have rda1;ively h1gh probabl1it1es. and the resul ting G-statist1c 1s 

not,,"jsignif1cant. On the other hand. 'illl11ature females are relatively 

more n\Jl1erous in the hunted samp1 e than 1 n nets, hence more of the 
'Ct • 

hunt1rig events will have lowér probabil1ties of occurrence. 

B. Regi ona 1 Segregati on 

Contingency tables were used to test for ,overall d1fferFn~es in 

sex and matur1ty composition of narwhal s taken in dffferent 'parts of 
~, \, 

the stu<ty a~a by dffferent capture ~thods. The data used: in 'these 

çont1ngeQcy analyses are provided in Appendix Table 3. Suckl"fn,g 

calves have been exc1uded from these analyses because of their- close 

association w1th 'adult femal es. 

The samples considered for these analyses were the open water. 

huVt (a11 areas and years'), the GuySi, Bight floe edge hunt of 1976, 

and the Ko 1 uk too Bay net samp 1 e of j,963-65. The matur1 ty 

composition of males (pr'bport10n of males inmature, ,matur1ng ~nd -
• 1 

mature) was not significantly dffferent among the three sD,),les. 

,.. . 
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{x2 • 1.548; 4 df; p • 0.818~. The overall sex ratio was ~ot 
significantly different between the open water hunted sample and the 
netted sample (x2 = 0.305; 1 df; 0.9 > P > 0.5). The Guys 8ight 
floe edge samp1e was not used in cont1ngency analyses of sex ratio 
since females were select1vely sampltd at the floe edge. The 
maturi~ composition of females (proportion of females immature or 
maturfng, early-pregnant, lactat1ng, and full-term/post-p~rtum) was 
s1gnif1cantly different among the three samples (x2 = 22.494; ,6 df; 
p • 0.001). For thfs analysis, the 4 early-pregnant, lactating 
fema 1 es . takeOn at' the floe edge were as si gned equa lly to the 
early-pregnant and lactat1ng classes, while the one early-pregnant, 
lactat1ng female netted at Koluktoo 8~ was assigned to the pregnant 

" class. In particular, the netted saJ1J,)le from Koluktoo Bay had 
cons1derably fewer ear1y-pregnant fema1es and more 
full-term/post-partum females than would be expected on the bas1s of 
1ndependence of variables, whi1e the open water hunted samp1e and 
the floe edge s~le had fewer full-:-terml post-partum females than 
expected. In addition, the f10e edge sample had more ear1y-pregnant 
fema l es than expected. 

These results 1nd1cate that females of diff~r~nt reproductive 
status m~ be prevalent in d1,fferent reg10ns of the stu<tY area. In' \) , 
particular, ful1-term/post-partum females seem to prefer Koluktoo 
B~ (the 1nnermost small b~ of Milne Inl~t; see Fig. 1) while 

! 

ear1y-pregnant females are prevalent at the floe edge "dur1ng 
spr1ng. 

Reference 

Sokal .. R.R., and F.J. Rohlf. 1981. B1ome>try. The Pr1nciples and, 
Pract1ce of Stat1st1cs in Bfological Research. Second Edition. 
W.H. Freeman and Co., San Francisco. 

Q 

<-, f 

, '-



\ 

~ , 

f 

, 
" , 
• . 

( 
, 

. , 

255 

Appendix Table 4. '~sults of statistical analyses of group composition of 
narwl!a}s. . , 

( 

No. of Binomial 
Sample Segregation by groups o probabfl1tiesa G-value Probability 

! 

\ 
r---.~ ~ --( 

Net Sex 10 Pd' = 0.47 34.174 p < 0.001 
P,* III 0.53 

Net Male maturity 6 PI • 0.70 15.471 0.025 > p > 0.01 
PM III 0.30 

Net Female maturfty 6 PI • 0.27 9.047 0.5 > P > 0.1 
;PM .. 0.73 

Hunt Sex 17 p,. 0.42 53;053 p < 0.001 

1\ 
P" ,. 0.58 

Hunt Male matur1ty 12 PI :; 0.71 21.220 0.05 > P > 0.025 
PM 111 0.29 

Hunt Female maturity 13 PI = 0.30 29.179 0.01 > p > 0.005 
" PM :II 0.70 

al ,.' flllllélture pfus maturing; M .. mature. , 

.. 
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