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ABSTRACT

. The life history of the narwhal Monodon monoceros was studied °
utilizing animals captured by the Inuit in northern Baffin Island.
Segregation by age and sex within this population is evident, with
summering groups cons{sting of mature females with calves, immature
and maturing males, ang-large mature males. The diet consists of
arctic cod, shrimpﬁ;a squid during June and July, but feeding
activity dec]ings”markedly during the open-water months of August
and September. Growth layers in the unerupted teethland periosteal
zone of the mandible were found to be related to age but apsolute
rates of accumulation of these layers are uncertain. The maximum

1ife span is estimated to be 40 to 50 years. Male narwhals, which .o

mature sexually q% lengths exceeding 390 cm and at 16-17 growth
layers, display protracted maturatfon and a possible annual cycle o
spermatogenesis. Females, which mature sexually at lengths
exceeding 340 cm and at 12 growth layers, are seasonaliy
polyoestrous, experien&ing up to four consecutive ovulatigns duri
the breeding season. 'The gestation period is estimated to be 15.3
months. The season of conceptions is March to May and calving
occurs during July and August. Since.the Jactation period exceeds l
12 months, the interval between successive conceptions 1s usually '
three years, but about 20% of femaleé conceive at the first breeding -
season following birth of .their calves. The annual population birth
rate is calculated to be about 0.07.. The basic 1ife history -

features of the narwhal are similar to those of other. medium-sized J

toothed. whales.
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RESUME . -

.Une &tude du cycle vital dﬁ narval Monodon monoceros a &té menee
i partir de spécimens obtenus durant la chasse conduite par-les Inuit
de 1a partie septentrionale de 1'Ile de Baffin. I1 existe une
ségrégation, évidente entre les groupes d'dge et entre les sexes dans
cette population durant.la période e tfva1e; certains groupes sont
constitués de femelles matu(ss et leun baleineaux, d'autres d‘animaux '
immatures et de Jeunes males ér de maturation,” enfin d'autres
.de& gros males amtures. La diéte est constituée de saidas (morues
arctiques), d:/@fevetté$ et de/balmars (encornets) durant les mois
de juin et juillet, mais 1'activité alimentaire diminue de faqon
marquee durant la periode d' eau 1ibre de glace en aoit et septembre.
_Les couches de croissance observées ‘sur la dent enfouie (qui ne perce
pas) et sur le périoste de 1a mandibule sont associées a 1' age mais
les fréquences absolues de dépdt de ces zones: n'ont pu étre .
déterminées avec certitude. La longévité maximale est estimee entre
40 et 50"ans. - Les“mé]gé, qui atteignent 1a maturité sexuelle a des -
1ongueur§ dépassant 390 cm et a 16-17 couches de croissance, ont. uﬁg
maturation!ﬁ?ogressive qui se pro]onge sur -une longue période de
témps et ont possiblement un.cycle annuel de spermatogén@se. Les
femelles, qui- atteignentvla maturité sexuelle i des 1ongueurs
excédant 340 cm-et a 12 zones ae croissance,~so t po]yoestres sur une
base saisonniére aiiﬂt jusqu'ad 4 ovulations conZecuthes pendant la
saison d' accouplement. La période de gestation est estimeée a.15.3 ‘
mois. L saison de fécondation s'étend de maCs a mai et. les mise bas, ‘(
ont 1ieu-en juillet et aout. Etant donné que la lactation dure pTus
de 12 mois, 1'intervallé entre deux fécondations successives. est.
generalement de 3 ans; mais 20% des femalles sont fécondées dés la
premiére saison d' accouplement suivant la naissance d'un baleineau.
Le taux annuel de natalité.pour 1'ensemble de 1a popu]ation awete
caltulé cdﬁﬁe étant environ 0. 07. Les caracteristiques de base du
cycle vital du narva1 sont semblables & ce]les d'autres odontocetes
de taille moyennd. . < - : ’ ‘
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- Island, primarily for its mukthk (the edible skin) and the.valuable

{ , _ INTRODUCTION | e )

4 . K]

The "narwhal Monodon monoceros L. has traditionaiiy been huntedi

o

"and utilized by the Tnuit (Eskimo) of the-easterh Canadian arctic and

Greenland! It is st111 hunted today by :the Inuit of northern Baffin

ivory tusk. . - < .. “'t ke °
The substantial annua] catch of nanuhais by the Inuit af the

northern Baffin region al]owed the—opportunity to collect bio]ogicai ‘

materials and data which were- used\to study .the biology and 1ife v .(;

history of the population in eastern Canadfan arctic waters: | These

. data and specimens were coilected from narwhals taken by Inuit o

hunters during 1974-76 and captured by a scientific netting opergtion

‘during 1963- 65., It was necessary -to develop a method of age YeoooaT

determination so that 1ife history parameters could be dedu?ed from

samp]es of animais of known age. The study of the reproductive '

organs of both male and female narwhals allowed the eiucidation of

certain features of.the reproductive biology and the estimation of

life history parameters, eSpeqialiy ‘the age at the attainment of o “}"
sexual matufity, .the birth rate, and- the durations of .the various t? AR
stages .of the reproductive cycle. fDetermination of these basic ', . O

features of the Tife history may be he]pfu] “in_providing a rational
‘basis for management of the narwhal popu]ation in the eastern

Canadian arctic. ’ ~

"

During the last 15- ZO years numerous studies of the life-history . &
of the smaller odontocetes have been carried out. 1In spite of many -
controversial”points regarding age determination (see Perrin and. - -
Myrick 1980) and the, estimation of jJife history parameters, several
genera] features of. the 1ife histories of odontocetes are beginning
to emerge. This study attempts not only to*describe the iife history
of the narwhal but also to place the results in the framework of the
genera] patterns of odontocete 1ife history. - . : - |

This thesis represents the first comprehensive. quantitative

study of the basic Kiology - and life history of" the narwhai This
/ ’
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(4

" and Beck 1975).

%

- .

?study was 1n1t1ated ny Dr. Arthur Mansfie1d Director of the Arctic

Biological Station, Ste Anne de Be]levue, Quebec; a pre]ﬁminary

.report on his earlier studies has been published (Mansfield, Smith
Most previous,accounts_on the narwhal deal with such.

qualitative dspects‘as morpholog& and anatpﬁg; distribution, .

- 'migration, feeding, and exploitation. Some general literature :

reviews are available, among the best of which are_?omf]in (195?),'
Reeﬁes and Tracey (1980), and Arvy (1978). ' Bruemmer (1966, 1969) has

written.excellent general accounts as well. <:;£ )
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,1n shallow coastal waters in summer.
; is. presented 1n Figure 1.
o Pond Inlet, and the locations of the main summer whaling camps

| marine mamma]s at Cape Hay, northwest Bylot Is]and.

STUDY AREA -

\fhe study area‘comprises the coasta],waters of northern Baffin
Island, especially Admiralty Inlet, Pond Inlet, Navy Board Inlet, and
Eclipse Sound. These localities are frequented in summer by 1ange
numbers of nanwndls which ake hunted by the Inuft,of Arctic Bay and
Pond. Inlet.”. The. Hunt occurs at the ¥1oe,edée,in June and July, and '
A map of the general study area
The Inuit communities of . Arctic Bay and

(Kakdak Point and Kaunak) are 1ndicated on this map..

»  For useful socio—economic and’ other background 1nformation the .
reader is referred to the Area Economic Survey of Bissett (1970) and
an. hfstorical account by Brody (1975) Pub]ished accounts of - .«
w11d11fe surveys in the reégion include those by El]is (1957) and
M111er (1955) on the mammals.  Tuck (1957) reported ‘on seabirds and
Degerbd1 and . .
Freuclien . (1935) - reported’on the wi]dlife observed -in the Pond Inlet

‘.region ‘during ‘the Fifth Thile Expedition, and reference to this same

materia] is made by Freuchen “and Sa]omonsen (1958%. General\ - . ' ,

: know]edge of marine mammal distributions in the area fhas expanded
‘recently, with the reports of Greenda]e and Brousseau-Greenda]e

Johnson, Renaud Davis and Richardson (1976),
‘Several

(1976) Webb (1975)
and-Renewable Resources Consu]ting Services Ltd. (1977)

'_government expeditions, notably those reported upon by Low (1:906) and '
_ Anderson (1934), took note of the marine mammals encountéred . in the = = - 7

.‘study area.’

Wilkinson (1955) and Scherman (1956) wrote good popular
accounts based-on their persona1 expeditions to the area. . - \ N
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° MATERIALS AND METHODS

Data Collection i - -
The interpretation of the 1ife history of the narwhal was based

upon' study of specimens collected from narwhals netted at Ko]uktoo

Bay (1963-65) or kﬂ]ed by Inuit hunters of Arctic Bay and’ Pond ‘Inlet

~ (1974-76). Sixty—two narwhals were netted during the summers of-
1§63-65 usi'ng double nylon nets “91.4 m long and of 36 or 46 cm- "
stretched mesh (Mansfie1d et al. 1975). These nets were 25 or

50 meshes deep and were set in deep water from points of land; Brace
Head was the best. neﬁtt"lng lTocality (Fig. 1). Drifting ice in the bay

was often a problem and caused some damage to the nets. ‘A canoe was -

often used to tow ice away from the nets, but more often the nets
werg 1ifted whenever ice menaced nearby. e Lt e

During the summers of 1974-76, 131 narwhals taken by the Inuit
of Arctic Bay and Pond Inlet were sampled. Most-of these were killed
near the summer c.amps at Kakiak Point and Kaunak but, in 1976, 43
were taken at the floe edge nezar Guys 81 ght. Table 1 présents the
distribution ‘of narwhal samples by year and“loca]ity A.totallof 194
narwhals was samp]ed in this study. .

The harwhals were hauléd onto the beach or ice by manpower or
occasional 1y by block-and-tackle. Each whale was" assignedﬂa,sérial
. number; the sex of the whale, location and date of kﬂl,.weath:e:r,
‘séa and ice conditions, and the time after death were recorded..
Before flensing ‘and dissection, the following measurements were
taken: ’

<

1. Body length from tip of. upper jaw to notch of tail flukes,
measured in'a.straight Hne, to the. nearest cm. )

2. Girth or -circumférence, measured to the nearest cm; at the
© axilla (just poster‘ior to the pectoral fh’pper) umbiticus, and
anus. Because of the diff'lculxy in handiing larger whales,

measurements were usuaﬂy made from the dorsal r1dge to the mid-
ventral line on one side “and multipHed by two to obtain the
girth. =~ 2 - :
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- ,~Tab‘|‘e 1. N@er‘ of narwha1sriselmip‘led-during this study, based on 1oca]1ty,‘meth0dv of. captlire, and year.
Co Location
S Method of “Koluktoo  Kakiak Pond InTet  Cumbervand
Year - capture - ‘Bay Point Kaunak Floe Edge Sound? Total
| 1963-65. - net’ 62 . 62
- 1967 net ~ . —- 1 1
. 1974, - .- hunt ) : 13b 13
1975 - hunt 25 - 40 L 65 .
'1976:‘ hunt 7 3 43 X ]
. Total - . 62 32 " 56 . 43 1 194

2 One fema1e narwhal was netted during a study of white whales at Cumbqr1and Sound near Pangnirtung,

T NGW.T.

0

The data for this specimen were provided by Dr. P. F. Brodie.

. -
T

¢ ’\\\

N a

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

[
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3. Lateral spread of the tail flukes from tip to tip in a straight
1ine, measured to the nearest cm. -

4, External tusk l&ngth to the nearest cm, and cross-sectional
basal diameter to 0.1 cm. " '

Also prior to flensing, colour patterns, scars, and other
markings were noted and occasionally photographed. The thickness of
the blubber was measured to the nearest 0.1 cm in three locations:
amid-dorsal, mid-lateral, and mid=ventral. .

After flensing (removal of skin and bluﬁ)e{), the carcass was
available to the field technicians for dissectionXT\he’abdomi‘nal
wall was opened and the viscera were exposed. The contents of the
forestomach (storage compartment) were removed and preserve in 70%

. ethyl alcohol. The ovaries of females were removed and preserved in -

10% formalin. Right and left ovaries were distinguished and the
presence of a_corpus luteum was recorded. The length of a foetus was
measured to 0.1 cm in its natural position within the uterus, and its
sex and the uterine cornu (left or right) in which it occurred were
also recorded. The weight of a foetus was measured with é spring
balance, and foetuses were preserved in 10% formalin. - The internal
diaméter of each uterine cornu was measured to 0.1 cm.at the l

- mid-point of its anterior arch. The mammary glands were exposed and

sectioned, and the thickness of each gland was measured’to 0.1 cm
Jjust anterior to the mammary slit. The nature of any fluid seen in:
the mammary ducts or seen exuding from the nipples was noted; this
was usually the turbid green milk of lactating females or the _
translucent oily fluids of postlactation females.

The testes were removed from male narwhals. As {there seemed to
be no consistent difference in size between the two, that of the
right side was selected for measurement and study. 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

___displacement. The epididymis was cut and examined for the presence

or absence of a white, viscous fluid. Al cm thick transverse
section of the testis and epididymis was removed at the mid-length of

Pig
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the organ and preserved in Bouin's preservative for 48 hours. These
samples were then placed in 70% ethyl alcohol with daily changes for
three to four days. '

As time permitted, ecto- and endoparasites were examined and
preserved in 95% ethyl alcohol or 10% formalin. Nematodes were
preserved in 10% glycerine—a]coho1 (10 ml of 100% glycerine in 90 ml
of 70% ethanol).,

After the head of the narwhal was cut off an unerupted tooth
was removed. This smaller tooth or tugarrusirq (the Inuit name for
"small tusk") is hidden in the maxil1a from which it is extracted by
'usind a hatchet. Females have two unerupted teeth, one embedded in
each maxilla, while males have one unerupted tooth in the right
maxilla and an erupted tooth in the left maxilla which develops into
an e1on§ated tusk, Only the right tooth was removed from most
animals. In addition, the distal 15-20 cm of the left mandible was
removed and cleaned of fat and muscle tissue. Both the tooth and the
mandible were collected for purposes of age determination.

0f the 62 narwhals netted at Koluktoo Bay during 1963-65, 41
. (21 females and 20 males) were weighed in pieces using a tripod and
spring balance. The weight of each animal was obtained in this way,
as well as the weight of integument, meat, skul], skeieton, and
individual visceral organs. Estimates of the weight of skin and /
blubber were derived from weighed subsamples of each and the measured
total weight of the integument (skin and blubber).

Associations between the whales captured by the nets were noted.
This was especially valuable in interpretation of female reproductive o
data,’ since several females were netted with calves’ of various 11ke1y
ages (neonates, one- and two-year-olds).

i

. 3

Narrative of Field Work \

Sampling of netted narwhals in Koluktoo Bay was carried out from
5 August to 2 September, 1963 by D. Robb, B. Beck, and ‘
A.N. Mansfield; from 9-26 August, 1964 by D. Robb, B. Beck and
A.W. Mansfield; and from 13-25 August, 1965 by D. Robb, B. Beck,



“

F. Brugglmer‘, C. Ray and A.W. Mansfield. From 22-29 August, 1974
R. McClung and I sampled 13- narwhals at the Kaunak hunting camp on

the western shore of Eclipse Sound. In 1975, W. Doidge and R. Adams
sampled 25 narwhals at Kakiak PGint from 23 July to 28 August, while

D. Stendahl; P. Brodie and I sampled 37 narwhals near Kaunak from
26 July to 1 September. Seeana Attagootak of Pond Inlet sampled
three male narwhals at Pond Inlet on 22 Sep't’emberf\l

Thus, a
total of 40 narwhals were sampled near Pond Inlet in 1945 (shown
under Kaunak in Table 1). : ' ,
- From 15 July to 1 August, 1976, H. Silverman and I $ampled 12 _—
male and 31 female narwhals taken at the floe edge near Guys Bight.
We preferentially sampled non-tusked whales (females) on a random
basis. Due to heavy ice conditions, we did not reach the summer camp
at Kaunak until 25 \August. Here we sampled one male and two females.
We spent the period 2-6 September,,197§ near the head of . Tremblay
Sound, where narwhal observations were in’aqe and physical
oceanographic data weré collected to .a depth of about 90 m. From 12-
17 August, 1976 seven narwhals were sampled near Kakiak Point by
W. Doidge and R. Greendale. ’

During August 1976, 20 narwhals, 16 at Kakiak Point and four at
Kaunak, were tagged with smeﬂii numbered monel metal darts with orange
plastic-coated metal streamers about 15 cm long, thrust into the
animal 's blubber by hand harpoon. This is the same type of tag as
was used successfully on white whales in Hudson Bay by Sergeant and
Brodie (1969). Narwhals were driven close to shore by one or two
canoes to facilitate the tagging, which msst be done at close range.

Laboratory Analysis ( . -
Age'determinati on - The unerupted (embedded) teeth were c,ut'in

half longitudinally.using a jeweller's circular saw of carbon steel

(0.635 mm x 12.7 cm), rotated at 1725 revolutions per minute by a

0.25 horsepower mo"tor: Care was taken in bositioningthe tooth to

ensyre a median longitudinal (mid-sagittal) cut from tip to root. /

The cut surfaces were then ground with medium and 120 grade sandpaper’
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to remove the saw marks; they were then polished 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 illumi nated lens of Tow magnification. In selected teeth
the thicknesses of successive dentinal layers were measured using
vernier calipers, and the nature of the most recent dentinal zone,
adjacent to the pulp cavity, was noted.

The mandible was also used for determini ng age in the narwhal.
Transverse sections about one cm thick were cut from the anterior
part'of the mandible between the mental foramina. These sections
- were embedded in acrylic resin (Ward's bioplastic) and cut
perpendicular to the mandibular axis using a Gillings-Hamco dental
sectioning machine to obtain sections of 75-125 . in thickness )
(Plate IV, a). These sections were stored in 70% ethyl alcohol and
examined microscopically with a Leitz ‘Wetzl ar model 1XQ2
trichinoscope in order to count and measure the periosteal growth
layers. The scale on the projection screen of the t'r'icrifnoscop'e was
calculated from the magnification, 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 teeth were obtained and studied in this
" fashion. Also, bioplastic-embedded 1ongitud1n§1 thin sections of an
unerupted tooth, the polished cut surfaces of a longitudinally-

. bisected unerupted tooth, and thin mandibular sections were stained
with silver nitrate by the modified von Kossa method (Drury and
Wallington 1967) to demonstrate the distribution of calcium salts in
these tissues and to ascertain the physiological basis of hard tissue
layering (i.e. differential mineralization).- This method' stains
calcified tissues black. : . ‘

Male reproduction - Initial examination- of histologn:a]
materials from all 27 males captured during 1963-65 indicated that
posf—mortem degeneration of the seminiferous and epid'idfym&] epitﬁeHa

- - /‘\ i
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was substantial after four hours post-mortem, and in the 1974-76
sample only ma\es that were examined within four hours of death were
selected for histological study Only 13 males in this sample
satisfied this criterion, giving a total sample of 40.

."The testes and epididymes collected in the field were processed
by Bio-Research Laboratories Ltd., Senneville, Quebec. The tissues

\ were embedded in wax, and thin sections were cut with a microtome ‘and

stained with-haematoxylin and eosin. The mounted sections. were
examined with.a Leitz Wetzlar 0rthop1an Universal widefield
microscope, and photographs of seminiferous and epididymal tubules
were taken with a Leitz Wetzlar Orthomat-W' automatic microscope
camera, at‘magnifications of 125, 500, and }250 diameters. The
diameters of ten seminiferous tubules and ten epididymal tubules per
male, chosen at random, were measured with a calibrated eyepiece
micrometer. In addition, the relative diameter of the lumen of the
seminiferous tubules, development of interstitial tissue between the
tubules, and amount of spérmatozoa and cellular detritus in_ the 1u&en
were estimated. The extent of folding of the ep1d1dymal epithe11um
and the relative amounts of spermatozoa and detritus 1n the Tumina
were also, estimated. )

Female reproduction - A11 108 pairs of ovaries were sectioned at
approxipately 3 mm intervals with a scalpel and examined under an
illuminaied lens at low magnification. The diameter of ‘the largest
follicle in each ovary was measured to 0.1 mm using vernier calipers.
A11 corpora lutea, corpora albicantia, corpora atretica and
luteinized follicles were identified and measured. Descrfpt{ons,
drawings, and photographs were -made of these various ovarian
structures. ‘ .

Sections of representative ovarian structures, fixed in
forma]in, were sent to Bio-Research Laboratories Ltd.
histolog1ca1 preparation. These tissues included two sections of
ovarian cortex for the study of follicular growth and atresia, a
section of & follicle that appeared to have recently ovma;ed; two -
sections of corpora lutea of pregnancy, five sections of luteipiged ‘

J
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follicles in various stages of atr:esia, four sections. of corpora
albicantia in different stages of regression, and one corpus
atreticum.. Mounted sections were examined and studied
microscopically and photographed. , ‘ .
Stomach contents - Items in the preserved stomach contents Qé‘re
sorted in the laboratory. Representative spgcimens were exami n:ed and
identified by other fnvestigator:s, usually to species. ’

%o



ey

13

. - GENERAL BIOLOGY OF THE NARWHAL
Identity, Nomenc]ature, and Evolution . .
The narwhal "belongs to the suborder 0dontocet1, fam11y
Monodontidae, and superfami]y Monodonto1dea (Tomi11n 1957). The
scient1f1c name is Monodon monoceros L1nnanS 1758- and the -type
1oca]ity is Arctic Seas (Linnaeus) (Tomilin 1957). o
The etymology of the name ‘narwhal is Scandinavian, “nar® meaning
orpse Thus narhval means “corpse whale which refers to the

presumed Tikeness of its mott]ed skin to that of a drowned man

(Mansfield. et al. 1975).
Winge (1921) outlined the. evo]utxon and taxonomic characters of

‘the Monodontidae, the most primitive of the De1ph1nid line. The

evolution of the f&mily is further discussed by Kulu (1972), who
pointed out that the monodont1d stock apparently arose from a .
prim1t1ve, blunt-snouted, lower M1ocene extinct de1ph1n1d \
(Eurhinode]phis) The white whale Delphinapterus Teucas - -appeared 1in

, ’upper Miocene while the narwhal appeared later, in the P1iocene, from

which perfod narwhal fossiIs have been recprded (Kellogg 1928). The
similarity of the narwhal karyotype to those of other species of
whales (Andrews, Dil11, Masui and Fisher 1973) adds support to the
contention that, the cetaceans are monophyletic in origin.

Morphology , Q

Appearance and co]ouration - N born calves (P]ate 1, a) are

uniformly grey or brownfsh-grey, while young-suckling.animals

(Ptate.I, b) are uniformly dark grey or black. White patches first

_appear around the gen1ta1s. anus,” and umbi]icuz,and gradually extend

to the rest of the ventra] side and then up the flanks to the back
(P]ate I, e). ‘The back head, neck, and edges of flippers and flukes
of the adult usua11y remain.black while the ventral side 'retains a
few faint smudges of grey and a thin dark discoh\;nuous mid-ventral
Tine.” A mottled effect is seen on the lateral su face (dark spots on

- a white background) while the back may be almost solid black. The
" surfaces of -the flippers and flukes are-white with some dark smudges.’
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and striafions. Males tend to’became whifér'in old age than do the
In older animals, especially males, the tips of the )
pectoral -flippers are often curved upwards and the flukes may overlap

in the region of the tail notch. The adult colouration is.
demonstrated in Plate I, e and f. 'Post-natal animais are hairless

(Eales 1950). - ‘ e
Dimensions - The mean length at birth is 161 cm. Adult males
_achieve.a 1Ength of 470 cm and a weight of about 1600 kg; adult

females, 415 ‘cm and 900 kg. ' The tusk may be up to 210 cm in external

' length with a basal cross-%'ftional diameter of 8 cm. - All these -

values refer to.narwhals sampled at Pond Inlet and Arctic Bay. in this

study According to Tomiiin (1957), males may reach 600 cm 1in iength ‘

and femaies, 500 cm; he also stated that tusks can be up to 300 cm
long of which 30-35 cm is-socketed, with a basai diameter of 10 cm.
Tusks' of northwest Greenland narwhais reach arﬂength of 315 cm or '
10 ft:(Bruemmer 1971). Tusk weight may exceed 10-kg (Brugmmer 1971) -

or it may achieve values of 12-14 kg (Ivashin, Popov and Tsapko
7st narwhai tusks that was* qxamined in"this

— l

1972)4 One of the bigg
study weighed 8.2 kg. . !

L

Anatomy ‘
Tusks and teeth - The deﬁ&tion oi" the narwhal has received

considerable-attention An most published accounts dealing with this
The presence of a remarkable tusk that may exceed-a length

Y
- .

species.
of 3 m has undoubtedly contributed to much of the public and

scientific interest in this species. -'The narwhal.is reiated to-and-

1ikely responsible for the myth of the unicorn (Bruemmer 1969)
Bonner (1951) has given a good historical account of the unicorn's

-horn. .
, The deveiopment of the narwhal'’s dentition ‘has- been described by
In very early foetuses, six pairs of ‘dental

several ‘authors.
" Only the first®

‘papillae are present in the maxillae (Eales 1950).

two 'pairs of dental papi]lae deveiop and persist the last four pairs

'remaining rudimentany and eventua]]y disappearing Two pairs of




_tooth germs ar also found n the mandibles’ enhryos but these. too

(Eales 19 0) HoweveF FMitchell and Kemper (1980) v
reported the resence of small curved erupted tusk from-the right’
mandib]e of a adu1t male“naiwhal.. Further study of foetal dentition

in the narwhal (Turner 1872, 1873, 1876, 1912; Fraser 1938; Gervais

1873; Eales.1950) indicates ‘that the anterior pajr of dental papi]]ae

forms the tusks whihe the posterior teeth remain small and vestigial

and may eve tuaﬂ? be rz:sz@ in the adu1 t. The full-term foetus

and early neonate ‘have pairs of maxillary teeth:- the anterior.

" teeth, which are eTOngate (up to 10 cm in length) cone-shaped, and

£111ed with dental pulp, and the posterior teeth which are small and

occluded. =~ ° - .
The-left tooth usually erupts as a tusk only in males. Most

“authors recognize-that it is a canine tooth since its socket is in ‘ o

the maxilla (Turner 1873; (Tomi]fn '1957)." The pu1p cavity is broad .
and conical near the base, 10-20 cm'from which it narrows to a canal
of 0.5 cm diameter that passes nearly to the tip of" the tusk (Tomilin
1957; (Qwen 1868; Home 1813) In very ‘old males, the tip and root ‘of
the tusk are solid and its pulp canal is nearly filled (Porsi1d 1922;
Home 1813). The ce11u1ar structure of the pulp tissue of the tusk

[13

) has recent1y been studied by Dow and Ho11enberg (1977)

Although the narwhal d1sp1ays a pronounced sexual dimorphfsm
with regard to the presence of an erupted tusk, tuskless males,
females with one tusk, and narwhals with two tusks (male and female)
have been reported (Pedersen 1931; C1arf.1871 Scoresby 1820, 1823;
Fraser 1938; Ea]es 1950; Porsi]d 1922 Degerbd] and Freuchen 1935).

“The right tusk of ‘two-tusked whales {s nhearly always shorter and less

robust than the-left (Porsild 1922 Fraser 1938), and the tusks of
females are shorter and narrower than. those of ' ma]es (C]ark 1871;

. ' Pedersen 1931). In the present study, two young tuskless males

(336 cm ‘and 338 cm) were captured. Embedded in the maxillae'of each
young male were the two teeth character?stic of females. A-young
male of lehgth 372 cm had two ernpted tusks (external lengths of

85 cm on the ]eft and 53 cm on the right) Also, three females with

¥
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one tusk eméfgent from the left maxilla were taken: a'pregnént‘
female, 372" cm body length, tusk 118 cm; ‘one of body length 370 cm,
tusk 100 cm; and a 390 cm female in late pregnanqy, tusk length

' 141 cm. At Kak1ak Point in 1975 Inuit took' a two- tusked narwhal
' which they c]aimed was a female. The field technlcians saw only the
'\skuli however, and they measured the externa] _tusk lengths af 135 cm

and 147 cm for .the Teft.and right tusks, respective]y.

On the basis of the occurrence of these denta1 conditions in the
sample from 1963-76, it is est1mated that the frequgncy of whatles
with, two tusks is 1. 03%, that the frequency of tusk]ess males {is
2.47%, and ‘that the frequency of tusked females is 2.65% or 3. 51%
(excludjng and including the two-tusked whale (claimed to be a
fema]e) from Kakiak Point, respectively). . A]so, 1.23% of the ma]es

" had two tusks.

Thé surface of the tusk 1s marked with a series of spiral

. grooves which. turn.clockwise ‘from the pasal end when the tusk is.

viewed from 1ts tip. This. sinistral spiral is[§cgdent on both tusks
of two-tusked specimens (Gervais 1873; Clark 1871), in apparent

. violation of the laws of bi]atéra1‘symmetny. Thompson (1952)
attempted to exp]aiﬁ the origin of the spiral markings of- the tusk by
‘ assuming that’ there exists a rotatory component of .each beat'qf the

tail during locomotion, and that the skull and especially the tusk
respond to this component with a "torque of inertia®. This

"effective]y results in the rotation of the tusk within Tts socket as

it grows longitudinally, and the spiral pattern is supposed to’be

impressed onto the tusk by a spiral set of ridges on the wall of the ’

alveolus. No evidence for a rotatory movement of the tall of whales

.exists, and it is 1ikely that the spiral pattern 1s the result of a

specific genet1c growth function.

) The structure and development of the embedded teeth have <
received less Ettention than the tusk. Tﬂz males usually have one of
these teetli embedded horizontally in’the right maxilla'while fema]es

. have one embedded horizontally in each maxilla. These teeth stop

growing relatively early in postnatal 1ife, achieving a maximum

P
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vlength of about 29 cm 1n'meies.and'23 cm in females.. The left tooth .
of females is loriger than the right and is closer to the tip of the
rostrum (Fraser 1938). A spiral pattern of ridges and grooves is
present on" the surface of some embedded teeth, as was noted also by
Home (1813). and Brown (18%8) "

Sku]] .and skeleton - Eales (1950) has descr1bed the anatomy “of
the skull of the ear]y foetal narwha]. The mandibtes of small
_foetuses contain seven pairs of hair germs but postnatal narwhals
-are hairless. Fraser (1951) also described foeta] skull anatomy and
dent1tion. - .

The skull of the narwha] disp]ays a marked asymmetry, manifested
by ‘the greater development of ithe maxillar1es and premaxillaries on
" the Teft and of the brain case on the right (Tbm111n 1957). Ness

"'(1967) found that the relative asymmetry of the narwhal skull
increases with 'skull length but is equally developed in both sexes.

. The m1d-11ne -of the nasal bones was displaced an average.of 33 mm to
: the 1eft ‘of- the mid—dorsa] sku11 ~axis. Due-to twisting of these
banes, the left nari;_is smaller than the right (Ness 1967).
Apparently, the number and position of the erupted tusks do_ not
influence the skull's asymmetry (Ness 1967; Clark 1871).

Scoresby (1820)  realized that the cervical vertebrae of the
narwhal afe‘unfuééd one of- the distinguishing characteristics of the
Monodontidae. His dissection of .the vertebra] column revealed the
" presence of 7 cervical, 12'dorsal, 23 lumbar and 12 caudal vertebrae,
~ for a total of 54 vertebrae. Turner (1912) gave ‘the number of
vertebrae as 50, the Formu]a being 7 11-6-26 for the respective
vertebrae. ) ' - . : -

Jomilin (1957) made some remarks on other aspects of the
narwhal's skeleton: the number of phalanges decreases with age, the
sternum is segmented; the pelvic bones are rudimentary and )
‘asymmetrical in size, and are located below the last lumbar and~the
first two caudal Qertebrae. Eales (1954) has studied the anatomy and
arrangement of the bones of the narwhal's manus.’
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~ Internal hnafdmy - Published account$ of the 1n£ernq1 anatomy of
the narwhal include detailed studies of the muscles (Howel 1930);
the larynx and urogenital and digestive systems (Hein 1914, 1915},
the digestive system (Turner 1889; Woodhead and Gray 1889, 1890), and
the thoracic retia mirabilia (w1lson 1879; Vog] and Fisher 1976).
Turner (1876) dissected and stuqied the placepta of a female with-a
165 cm foetus. Eales (1950) examined the brain of foetal narwhals
and concluded that olfactory lobes and nerves were absent. '

. Anatomical studies‘have di;o been made of the eyelid (Huber
1934), eye (Jamieson and Fisher 1972), ear (Huber 1934; Fraser and
Purves 1960— Ke]]ogg 1928) and the. facial musculature and nasal
passages (Huber 1934; Mead 1975; Raven“and Gregory 1933)..

The average brain weight of thee 1arge adult males captured at
Koluktoo Bay, northern Baffin Islandyowas -2.99 kg, representing -0.19%
of the mean body weight. Brain wéigﬁts are proportiohate]y larger in
younger .animals, reaching a value of "0.58% of body weight of .a 290 cm
female.. - = . 5

\ e

Distribution and Migrations
Range -~ The general range of the narwhal in Canada has been
summarized by Mansfie]d_gzngl (1975). ‘Narwhals occur regularly in )
'Lancaster Sound, Baffin-Bay, Davis Strait, norghern‘Hudgpn Bay, Foxe-
Basin, .Jones Sound, and Prince Régen; Inlet. They have also been '

observed in Peel Sound and Franklin Strait (Manning and MacPherson
1961), in Hudson Strait (Low 1906), along the east coast of Baffin
Island (Deggrbb1 and Freuchen 1935; Webb 1976), and in Smith Sound '
and Kane Basin (Vibe 19501. Finley, Davis and Richardson (1974) have
documented the spring and summer distribution of the narwhal in
Barrow Strait, Wellington- Channe] Pee] Sound, and McDougal Sound.
Narwhals also frequent Creswell Bay, southeastern Somerset Island
and Bellot Str@it (Finley et al. 1974; Davis, Finley, Bradstreet,
Holdsworth and McLaren 1975). ‘ '

1 - Recent observations of the ‘occurrence of narwhals at the

“extremities of thein'range in Canada include those of Mercer (1973),

i
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who documented the strarfd‘ing of a 486 cm male n’arwhal &jth a 216 cm
tusk "at Bell Istand, Newfoundland (50°40'N; 55°30'W)' on 12 June 1969;

. Merdsoy, Lien and Storey (1979),” who recorded a young. male narwhal

trapped by ice in Hall's Bay, Newfoundland (49 30'N, 56 00 '"W), during
March-1978; Smith (1977) who discovered .a skull with tusk on a. beach
along the western coast of Victoria Island; and Roe and Stephen

(1977)\,"w\1h‘o observed 10 narwhals in Maclean Strait.(77°20'N, o o

103°20'W) on 6 September 1976. More recently, an.adult male narwhal.
/became entangled and drowned in a net set for seals on 19 December-
1979 near the settlement of Westport, White Bay, Newfoundland

(49 47'N, 56° 38" W). ' The body length of this narwhal was 453 cm.and

* the exposed portion of, the tusk was 192 cm long (unpubHshed data)

rThe narwha] also occurs 1nfrequent1y in the coastal waters of Alaska
({ieist Buck]ey and Manviile 1960; Huey 1952)

The distribution of the narwhal in the Soviet arct1c)has been
outlined by Tomilin_(1957). It occurs in the Barents, Nhite, Kara,
Laptev, East Siberian, and Chukcm Seas, usually well offshore
(Fig. 2). It is rare in the waters of the Siberian arctic and the
Beaufdrt Sea (Scamnon 1874; Tomilin 1957). Narwhals also occur
occastonal 1y in the Bering Sea (Johnson, Fiscus, Ostenson and Barbour
’1966 Tomﬂ‘in 1957); the southernmost Soviet record is from Bering
IsTand (TOmiHn 1957): \ :

The nar'whaT occurs regu]ar]y in the waters of west ‘Greenland
.(Vibe 1950) and east Greenland (Gray 1887, 1889; Boyd 1932). The
narwhal is .known to penetrate to high latitudes in summer, at Teast
up to 85°N -in the Eurasian arctic (Nansen 1897; Chapskii.1946;

T Ruti'levskﬁ 1958; Herbert 1969). T ' 3

2] ’ o .
The nan}hal occurs rarely ih European waters. Fraser (1949) %

documented five narwhal strandings in the British: Isles since 1588
and commented upon their occasional occurrence in t‘he, North Sea,
while Fleming (1811) documented a stranding at “the Shetland Islands
in 1308. The stranding of a two—.t:.usked pregnant fema1e —narwna'l in

the Elbe River in 1736 was noted by Johansen (1912) and Eales- (1950). "

Schultz (1970) presented eight records of the narwhal in the No;‘th

- . SR
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’ Séé and Bal‘tic Sea, the earliest from Norfolk , Eﬁng1and in 1588 and

the most recent from Eﬁsex, England in 1949,
Few winter records of narwhals exist. Vibe (1950) and Freuchen
and Salomonsen (1958) stated that narwhals spend the winter in the

- "North Water" (an area of light ice coverage or opefi water in’

northern Baffin- Bay and Smith Sound), Davis'Strait, Baffin Bay, and
Lancaster Sound. Winter sightings in the Canadian arctic have been
recorded by Davis (1876), whose men, while drifting southwards on
pack ice in Baffin Bay, observed narwhals during February-March 1873
at 63°47'N and 68°50'N, near the coast of Baffin Island. Webb
(1976), considering the fall migration of narwhals south al ong the
Baffin Island coast, suggested that narwhals may winter off Cape Dyer
within the pack ice, while Renewable Resources Consu'l'ting Services
Ltd. (1977), considering satellite imagery, suggested that a small
proportion of ‘the. population wintered in the North Water while most

"individuals wintered in Davis Strait (in the vicinity. of. Disko

Island). Turl (1977) has recently observed narwhals in the‘pack ice
of Davis Strait during winter.

Vibe's (1950) observation of white whales on 6 February 1923
near Cape Parry, northwest Greenland suggests that- some narwhals may
also spend the winter in the North water. Observations by Degerbgl
and Freuchen (1935) of narwhals at the Admira1 ty Inlet floe edge and

Cape York, Lancaster Sound, in April 1924 and by Renewable Resources

Consulting Services Ltd. (1977), of narwhals in the Devon Island flaw
Tead in April 1976, suggest that some narwhals spend the winter in
the North Water. On the basis of aerial surveys of the North Water
“in March-Aprﬂ 1978 and March 1979, Finley and Renaud (1980) suggest
that this area Mas extemely 1imited potential -forssupporting marine
mammals during winter. They saw only 12 narwhals during their

"?.’urwgys of the North Water and suggest that most high arctic narwhals

must winter in regions with less severe ice conditions. Some. .
narwhals also overwinter in northern Hudson Bay and Foxe-Basin
(A.W. Mansfield, pers. comm.) and in the mouth of Hudson Strait and

3
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in the offshor:e waters of southeast Baffin Island (MacLaren Mare® .

Inc. 1979). ' ' .
The question of the wintering range of narwhals which summer in

" the eastern Canadian Arjctic and at -northwest Greenland has recently

been resolved by McLaren and Davis (1982, 1983). - Their extensive.
aerial surveys during March of 1981 and 1982. showed.that the great
majority of narwhals overwinter throughout the heavy pack ice of
northern Davis Strait and southern Baffin Bay, while ‘few narwhals
overw1nter in the 1oose pack ice off Nest Greenland and none; 1in the

‘open water. -

The wintering region of narwhals in Eurasian waters is not well-
known, although Graw (1931) suggested Denmark Strdit as a likely
place. They most probably overwinter in the pack 1ce of the

A Greenland and northern Barents Seas.

Migrations - Lancaster Sound ¥s the main route by which mar'lne
mammals enter the Canadian arctic archipelago from Baffin _Bay., Tuck
(1957) estimated that 6,000 narwhals passed Cape Hay, nerthwest Bylot .
Island, from 3-19 July 1957, while Greendale and Brousseau—Greenda]e

- (1976) recorded 6,145 at the same location during June‘and ‘July 1976.

Prior to this movement pa§t Cape Hay, 1arge ndmbe}'s~of narwhals pass
Button Point, southeast Bylot Island, in Juhe and Ju]y (Freuchen and
Salomonsen 1958; Anderson 1934). | ]

,  The westward movemeént of narwhals "through Lancaster Sound during
1976 has been 1nvest‘lgated by Johnson et al. (1976), whose aerial

. surveys on seabirds prov‘lded incidental but exceﬂent information on,
: migrating marine mammals in the eastern part “of the SOund. During -

May and June, they saw a few narwhals along the fast ice edges of
southern Lancaster Sound, but in ate June the mi gration intensified,"
and -the maximum, number of narwha'ls was recorded on 4- 5 July. The
migration at Cape Hay peakéd on 15 July after a gradual increase 1 n
‘the number of narwhals which were migrating (Greendale and
Brousseau-Greendale 1976). According to Johnson et al. (1976:),' 67.4%
of- the narwhals which they -observed were near the coast, but the )
total .number migrating 1n offshore waters was ca]qwﬁted to be
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considerably greater than the number migrating near the coast.

‘Migrating narwhals were'seen to occur predominﬁntly near fast icew

edges (Johnson et al. 1976). On the westward migration,
approximately equal numbers were observed migrating along the south
and north shores of Lancaster Sound (38.3% and 33.8% respectively),
while 27.9% were seen in‘offshore waters. Large cohcentrations of
migrating narwhals were observed along the ice edge at Navy Board
Inlet and near southeastern Devon Island (eSpec1a11y Dundas Harbour).
Yery few whales were encountered further west«a1ong the Devon Island
coast, implying that many naryhals must cross Lancaster Sound from
Devon Island. After 4-5 July, the migration in Lancaéter Sound
decreased 1nhintensity as narwhals began to enter the fiords of
northérn Baffin Island {Navy Board-Inlet and Admiralty Inlet).

« Qbservations by Renewab]eykesources thsu]ting‘Services Ltd.

i -

(1977) confirmed this main migration during July; in addition, this

group saw a small number of‘parwhels on the south side of Lancaster’ ,

Sound during May and June 1976." They also observed narwhals in the

Devonr Is]and f]aw lead during Apr11 1976. . '
Narwha]s énter the fiords and- bays of northern Baffin Island . ) -

during the break-up of coastal fast ice 1n-the spring (Wilkinson \ '

1955; Degerbpl and Freuchen.l935¥. Large numbers enter Navy\éoard

Inlet (Tuck 1957) and Admiralty Inlet (Johnson et al. 1976) after

passin? Cape Hay. Re]atively few‘narwhals migrate further west, 1nto

Barrow Strait, Prince Regent Inlet and Peel Sound (thley 1976).

When ice conditions permit, narwha]s‘migrate to the h&ads oft certain

fiords, such as Tay Sound, Milne In1et, Koluktoo Bay, .Tremblay Sound,

and Admiralty Inlet’ (Bissett  1970). T Elis (1957) found that narwhals

enter Ec]ipse Sound from Pond Inlet during duly, when the Inuit catch. -

consists iostly of cows and their young. According to Miller (1955) . T

the range in date of arrival af narwhals is 18 July tol AuQUSt in ’

the company of bearded sea]s Erignathus barbatus, while break-up of

the ice (defined as the ffrst day that a canoe can safely “cross

Ec]ipse Sound) can_ vary hy 25 days- (17 July to 11 August)

P
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The observations of this study tend to confirm most.of those
cited above. During early June 1975 small numbers of ndrwhals were
observed at the floe edges of Admiralty, Navy Board, and Prince

. Regent Inlets and -eastern Barrow Strait.. In May and June 1976, there
" were small numbers of narwhals at the Pond Inlet floe edge, and

during July many- whales were moving through the breaking ice of Pond
Inlet and eastern Eclipse Sound; these Whales were migrating to the
heads of the “fiords where they spend the summer.

According to Bissett-(1970), narwhals begin to move from the .
fiords of rorthern Baffin Island to Lancaster Sound and Baffin Bay in

'Sebtember. Johnéon.gt al. (1976) observed several hundred narwhals

swimming north along the western ehore'of Admiralty Inlet on

: 19’Septembeﬁ 1976. They also reported that many narwhals were moving

eastwards or northeastwards through Lanca;ter Sound during 1@te

- September. O0f the total number observed at this time, 33% were

migrating along the south shore of ‘the sound, 50% offshore, and 17%
along the north shore. The observations of Renewable Resources
Consulting Services Ltd. (1977)'a1§o confirm this fall migration of
the narwhal.. , . ‘ ~ ‘

'Webb,(1976) has shed additional 1ight on the autumn movements.
He documented the distribution of the narwhal in Pond Inlet and
Ee1ip§e-$ound during late September 1976 and documented a movement
(during September and October) southwards along the Baffin Island .
coast asifar as Brougﬁton Island, where narwhals are uéua11y hunted
from-mid-Optober'to mid-November. There may also be a return spring

migration along the same éoast. Webb (1976) also noted the autumnal

eastward migration of narwhals along the southern Devon Island and
northern Bflot Island coasts. .

Migratony routes of the narwha1 1n Hudson Bay and Foxe Basin are
_not known. Degerbpi and Freuchen (1935) stated that narwhals are
only seasonal visitors to Hudson Bay “and Foxe Bas1n, fmplying that
they utilize Hudson Stratt as a migratony route.

Naﬁwha} migrations along the west coast of Greenland have been
summarized py Vibe (1950). Apparently they move northward during

»
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March .and Aprilifn the offshore waters of Davis Strait following the
retreating edge of the ice (Freuchen and SaTomonsen 1958; Raven
1927) During June narwhals migrate.northwards along the ice edge of
Me]vi]]e Bay (see Meldgaard and Kapel 1981) en route to Ing1ef1e1d ’
Bay, ‘where 1, 000 to 2,000 narwha1s spehd the summer (Vibe 1950;
Bruemmer 1971) Some whales may continue as far as Smith Sound and

.occasionally into Kane Basin and Ha]l Basin (V1be 1950)

Narwhals 1eave Inglefield Bay ‘and the Thu1e area of northwest
Greenland 1n mid—September to late October {Vibe 1950; Bruemmer

_1971). They are sometimes hunted in Melville Bay while on their

southward migrations during November (Freuchen and Salomonsen 1958) .
According to Tomilin (1957), narwhals reach Umanak by November and
Disko Island by December.

The narwhal catch statistics tabu]ated by Kape1 (1977) provide a

general indication of the migration pattern of narwhals along the
west coast of Greenland, showing that narwhals occur in the Disko Bay
area from January to May; in the Umanak area in April-May (northward
migration) and October-January (southward migration), and in May-
November in the Upernavik‘région.v They may be seen in the Thule.
region from June to September. Thergfore it %pn‘readily be séen that
the narwhal migration occurs over a protracted period aiong the west
coast of Greén]énd, and they may be found in certain loé§1it1e§
throughout the year (e.g. Upernavik). - | A

Vibe (1967) discussed the effects of recent climatic warming in

the arctic on the migrations of the narwhal and white whale, showing
“that the distributions of these whales have shifted towards the north
and that the timing of the migrations changed; narwhals departed for '

the north earlier and returned south later than they did prior to the
period of- climatic warming.. . . -
The migrations of the narwhal in the seas east of Greenland are
not well-known. The whaling captain R. Gray (1931) described their
migration patterns in the Greenland Sea. Narwhals migrate southwards
during autumn to the Denmark Strait, between Iceland and Greenland;
where they are believed to spend the winter. In spring, narwha}s""
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migrate north into the ice fields of the Greenland Sea. Apparently
males head thesé'mtgratibns_with the females and young following
(Greendale and Brousseau-Greendale (1976) observed a similar pattern _
at Cape Hay, Bylot'Is1and).‘,They head north or northeast into ihe
pack ice searching for food, particularly squid (Gray 1931). Somc ’
" whales migrate eastwards from the.Greenland Sea to the narth and east
of Franz Josef Land (whére Nansen (1897) also obsqrved eastward
migrating narwhals).' Some narwhals may even reach the New Siberian
"+ Islands on this migration. In addition, many narwhals migrate .
. northwestwards in spring from the Greenland Sea, visiting the fiords
of east Greenland in summer (Pedersen 1931). They reappear in the ,
northern Greenland Sea in autumn (Gray 1931). )
Savssats - Savssat is the Greenlandic word for an aggregation of
Eanima1s at an opening ar polynya in the sea ice (Porsild -1918). Th
occurrence and or1gin of savssats consisting of white whales and/or
" narwhals in. Disko- Bay, yest’ Green]and have :been described by Porsi]d
(1918) Savssats are formed when wha]es become trapped within the
new ice near the- head of a bay during a_sudden cold spell in calm
weather, and the whales are forced to maintain breathing’ holes at- -
‘which they may come into close contact as they compete for breathing

-,

1

- space. - . )
Savssats occur fairly often—in certa1n fiords and bays along the
- coast of West Greénland, such as Disko Bay (Porsild 1918) They N
occur raYe1y in the Thule _region of northwest Greenland (Bruemmer -
1971; ‘Vibe 1950), and occasiona]ly in Me]vil1e Bay - (Vibe 1950). In
April 1860, hundreds of narwhals and white" wha]es were found at such
a breathing hole near Christianshaab (Brown 1868). Porsild (1918)
described seyeral savssats which were found-in Disko Bay during the
veny\coldcwinter of 1914-15,,and he- mentioned~one instance where
1,000 nannha1s were shot and harpooned by the Inuft a]though many
narwhals were k111ed but not retrieved. Kape] (1977) documented \
several savssats which- have occurred more recently along the west N
coast of Green]and. '
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Savssats -in the Canadian easterd arctic aré recorded -
infrequently. Degerbgl and Freuchen {1935) recorded savssats at -
Lyon Inlet, Faxe Basin in 1916 and at Moffet Inlet, a fiord of
southern Admi ralty Iniet, in Apri] 1924,  This latter savssat
initialJy comprised 600 narwhais utilizing a breathing hole the size
of "two tents", but a tide crack allowed many -to escape. They’

" reported that the Inuit secured 203 narwhals with tusks and an eduai

number of tuskless whaies, while many other- narwhals drowned. = Two
narwhals were seen in a tide-produced hole in the sea ice at the .
mouth of Pangnirtung Fiord on 24 December 1925 (Anderson 1934).

R. Harrington (in 1itt. 27 September 1962) documented the occurrence.
of narwhals in a small, regularly-occurring polynya, four mites north

" of Cape Coulman (in Peel Sound, near Stanwell-Fletcher Lake, Somerset
‘Island) during December 1961. The most recent savssat in the

Canadian arctic, comprising about 115 narwhals (mostiy females’ with

. newborn), occurred on about 9 Octaber 1979 at Agu: Bay, Gulf of -

Boothia, at 70°18'N, 86°30'W (Mitchell 1981). . Almost all of thesé”
narwhais were secured. by Inuit _hunters. - oo
The importance of savssats as a source of naturai mortality in

- narwhal popuiations is difficuit to assess, ‘but it-could be

significant/in very coldyears in regions where large numbers of
&T(e g- Disko Bay area). '

nérwhais spend the winte

'

A\ fl

Food .and Feeding i
Previous studies - The - feeding habits of the narwhal “are fair]y

“well-known for those 'seasons “during which investigators have had
" access to this spectes (i.e spring to fall). The prey species eaten

by narwhals during winter are not as well-Known, but the winter diet
is presumed to be maih]y oceanic cephalopods. } ;

_TomiTin (1957) outlined the general feeding habits of thé -
narwhai which he classifies as a “teuthophage or squid eatér. "~ The

‘reductfon in teeth, wide rostrum, coarse palatal surfaces, and deep'

diving ‘ability exhibited my _the narwhai are all adaptations for
feeding on squid (Tomiiin 1957) Tomilin (1957), citing others,
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stated that the narwhal feeds on squid Gonatus fabricii (Lichtenstein ’

1818), cod, flounder, skate Raja batis, halibut, salmon and herring.
The food of the narwhal in the Thule area of northwestern
Green]and includes mainly arctic cod Boreogadus saida (Lepechin) and

. in addition shrimps and Greenland halibut Reinhardtius

hippoglossoides (Walbaum) (Vibe 1950; Bruemmer 1971). The arctic. cod

becomes accessible to the whales when the ice breaks up (Vibe 1950) .

' At Scoresby Sound, east Greenland narwhals feed on arctic cod
(Pedersen 1931) and squids (Scoresby 1820) Gray (1887, 1889) has
examined the stomach contents of narwhals which were ﬁarpooned in the
Greenland Sea during July and August of 1886 and 1888. He found that

remains of Gonatus fabricii were predominant, while the pelagic - g

shrimp Pasiphaea tarda Krgyer and the surface~dwe1]ing crustacean
Hymourdora g1acialis Buchholz occurred in severa] stomachs. Clarke

. (1966) stated that narwha1s feed on Gonatus: fabricii in the Norwegian

Sea,
The‘stonach confent§ of narwhals in' the Canadian arcti¢ have

been recorded by Degerbd] and Freuchen (1935), who reported that
narwhaTs feed on sma11 “tomcod" .(arctic cod?) and shrimp during June e

and July in gqlipse Sound. They saw groups of up to.nine narwhals in .
a line chasing "tomcod". However, the stomachs of 24 narwhals killed

" near Button Point on § July 1924 were empty. Degerbgl and Freuchen

(1935) stated that narwhals feed on “salmon trout" (arctic char
Salvelinus alpinus?) and Greenland halibut in Eclipse Sound in the

autunn. Brown (1868) reported on the skomach contents of a female
narwhal taken at Pond's Bay (Pond Inlet) in August 1861. Crustacea,

_fish bones, squid beaks (from Segia 1oligo) and polychaetes .were

found in this stomach. At-Wager Bay (western Hudson Bay) narwhals
fed upon "salmon” (arctic char?) and sea scorpions (scu]pins)

' (Degerbd] and Freuchen 1935). ’ e

Analysis of stomach contents - The 62 narwhals netted at’
Ko]uktoo Bay during 1963-65 had most]y empty stomachs, a]though a
small number of otoliths (from arctic cod) and squid ‘beaks (from
Gonatus fabricii) were found .in ten stomachs and small amounts of

o
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: onidentifféd fish remains, in another three stomachs. In addition,
‘two specimens contained remains of the decapod Sabinea. )
" septemcarinata (Sabine 1824) No remains of arctic char Salvelinus

191nus (L.) were found in the stomachs of these netted narwhals,. in

- spite of extensive runs of char from the Robertson River 1nto

Koluktoo. Bay (Mansfield et al., 1975). .
The stomachs of narwha1s taken in open water during August and

_ September of 1974-76 were a1so empty, except for small numbers of

otoliths of arctic cod .and squid beaks (Gonatus fabricii) and

sometimes fish bones or part]y digested fish. Finley and Gibb (1982)

found that most narwhals, taken during the open water” seasons of

' 71978-79 at Pond-Inlet had empty or nearly-empty stomachs. Vibe .

.(1950) observed that the stomachs of .narwhals killed in summer in
northwestern Greenland were often empty, but he implied that this was

due to regurgitation of the food during ‘the stressful pursuit of thé

hunt.
Narwhals were ﬁeeding heavily.as they m1grated through the

~,breaking fasﬁ ice 1n Pond Inlet during July 1976. The stomachs were

usually full of undigested or partly-digested food; the most
important items were arctic cod Boregadus saida, the pelagic shrimp
Pasiphaea ‘tarda Krdyer, and the squid Gonatus fabricii. Small

numbers of the decapod Eualus gaimardi belcheri (Bell, 1855) were.
found in one spec1men dand, in addition,. the my sid Boreomysis nobilis
G 0. Sars was recorded in severa] stomachs. Only one intact specimen
of’ Gonatus was. recovered;. this species was genera1ly represented in
the stomachs by large numbers of beaks, eye lenses; and some
semi-digested tissues. Beaks were identified as belonging to the

family Gonatidae, while the intact Specimen was referable to Gonatus.

Consideration of the geographical distribution of Gonatus led to the

conclusion that thesé specimens were Gonatus fabricii (Dr. C.C. Lu.,

jlljjgg;. 7 January '1977). Arctic codPspecimens‘were‘nearly intact
or partly- digested, while the crustaceans were often intact or in.
various stages of diﬁestion. Vibe (1950) and Bruemmer (1971) also
observed full stomachs of narwhals which were taken at the floe edge

-
'
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of Inglefield Bay, northwest Greenland. During the open water
( summer) season, narwhals evidently feed lightly, and the few

. otp11fhs and squid beaks observed may have been retained in their

stomachs since their last majn feeding in the spring. Finley and
Gibb (1982) suggest that squ1d beaks may be retained in the stomach

’

for a long period after ingestion.

No remains of Greenland halibut were detected in any of the
narwhal stomachs- ex9m1ned, but at the floe edge of Pond In]eg on
28 May 1976, Inuit hunters shot a male hooded seal Cystophora
cristata, the $tomach of which contained six large Greenland halibut.
It is possible that at the floe edge, prior to break-up of the ice,

" narwhals feed on Greenland halibut and squid, for which they must

probably dive to a considerable depth; during the break-up period -
narwhals move through the ice field and feed pe?agicalf&, mainly on
arctic cod and Pasiphaea, and perhaps the occasional squid. The )

“majority of squid beaks in their stomachs at this time have .probably

been retained since feeding at. the ‘floe edge or in ‘Baffin Bay whi]e
on northward migratfon. ’ .
Ftnley and Gibb (1982) reported on studies of feed1ng habits of

_ narwhals ‘taken in, the. Pond Inlet area during 1978 and 1979. They

found that the diet consisted of fish (93%) and Gonatus. fabriciyi
[7%), with negligible quantities‘of decapods and mysids. Arctic cod

was a major food item of narwhals taken at the ice edge. while polar »

cod (Arctogadus glacialis) was important for whales taken in the ice

. ¢racks. Greenland halibut was important at _1ce edges and in cracks

and occurred predominantly in adu1t males. Gonatus fabricii was
found ‘in the stomach contents of narwhals taken at the ice edge and
in ice cracks (Finley and Gibb 1982). !

There is apparent]y no information on the djstr1bution and
abundarnce of these prey species-in the Lancaster'Sound-Baffin Bay

~ area. Squines,(1957) stated that Pasiphaea tarda is a bathypelagic'

(800-1200 m) species that occurs in:regions influenced by water of

Atlantic origin. "The distribution and depths of occurrence of this:

species in Pond Inlet and Eclipse Sound are not known. On the other
. - - . /

’

\
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hand, Boreogadus saida is pelagic (underneath the ice) wh11e
Greenland halfbut is demersal (at depths of 200-600 m} and typica1 of -
Atlantic- influenced subarctic seas (Andriyashev 1954). Gonatus
fabricii is eurybathic, occurring from near the surface to deeper
than. 4000 m (Akimushkin 1963); adult squids occur at greater depths

. than. 1arval or juvenile squids, which are found nearthe surface

. (Ak imushkin 1963~ Clarke, 1966)" Prbbably the feeding behaviour of -

&\ the narwhal during spring is a combination of pe}agic and deep-water

feeding. More work on- the spatial and depth. distributioh of prey -
species in relation to narwha] feeding habits will help to resolve
this prob]em.

‘Behaviour
© - Many accounts of ‘the narwhal deal with the behaviour of this .
, species, but the majority of the de$cr1ptions are anecdotal in nature
and of Tittle scientific value. An 1nvestigation of the social
behaviour of the ndrwhal has recently been comp1eted by Silverman-
(1979}, who studied in _great depth most ‘of the topics reviewed here.
Group structure and size - Narwhals usua]]y occur in groups of
three or four, ocgasionally up to 10 {Tomilin 1957). Sexual
segregation in the: ‘narwhal has been observed by Scoresby (1823), who
recorded schools of 15 t0.20 males "fencing" with their tusks and
other -groups of up to six individuals; all of one séx. Pedersen
. © (1931), on the other hand, described mixed schoo]; of 50 individuals
‘ " headed by old males. Sexual segregatiop 1s dlso evident in herds of
' migrating narwhals. Large groups of males head the m1gration,
followed by the females and young (Greendale and Brousseau-Greendale
1976) On the other hand, migratory schoo1s may consist of 6 to 10 ‘
animals of all age/sex classes (Degerbd] and Freuchen 1935); 3 to
- 10 animals in large herds (Bruemmer- 1971); 10 to 20 animals of ali
S " age/sex classes (Vibe 1950);‘0r up to 15 to 20 narwhals (Pedersen
1931). Foraging narwhals are found in groups of up to nine animafs
(Degerbgl and [Freuchen’ 1935).
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Summeringgroups of narwhals may also be segregated by age and

sex. Vibe (1950) stated that females and calves are usually found

in summer at the head of Inglefield Bay in the Thule region, while
males occupy. the outlying regions. Gray (1887) also noted that male
narwhals segregate from the females and calves in east Greenland

waters during July.

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 only one animal is removed from each group and females
were sampled selectively. This analysis was carried out with the
assumption that the near-simultaneous capture of several whales of
the same ége or sex in the same net or in the same hdnting area would
refTect the occurrence of groups of narwhals of different age and sex
structure. Table 2, which is based on the netted sample, strongly
suggests the existence of segregation by age and sex within the
summering narwhal population. ' These groups include immature and
matuﬁing males,'méture females with young, and adult males (Tgble_Z).
Evidencé‘for segregation from the composition of the hunted sample 1is
less convinc1ﬁg, since daily catches here are often ;e]éctive and
tend to consist of a mixture of males and females in various stages
of maturity (Table 3).  These daily catches probab]y:consist of
individuals from several different pods, while nets are more likely

~ to capture several -individuals from the same pod. Hence the non-

selective netted sample provides better evidence for segregation than

‘the huyted sample. "Appendix 3 provides statistical evidence for -

segregdtion in the summering population.

Vibe (1950) and Mansfield et al. (1975) found that ‘mature female -

‘?
'

narwhals tend to segregate from the herd, se]ecting the heads of the

. fiords as summering p1aces. Sexual segregation sim11ar to that
observed in the narwhal has also been noted 1nathe“pilot wha]e

Globicephala melaena (Sergeant 1962), the sperm whale Physeter -
catodon. (Ohsumi 1966; Best 1979), and dolphins of the genus Stenella

{Kasuya 1976). ‘ : .

\
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Table 2. Age and~sex composition of narwpals captured‘in each net set in Koluktoo Bay, 1963-65.2

- Number of males I " Number .of females
o ' ‘ : Total
Date Calves _ lmmature Ma'turingb Mature - Calves Immature Matqre . Captured

Aug. . 9/63 Co 2. . 1 -
. Aug. 10/63 - . 1 - T - .
. Aug. 13/63 oL ‘ : 1. .1
Aug. 16/63 . ’ ‘ s v 2
Aug. 19/63 o 2 ) _
Aug. 9/64  1° v - o
Aug. 10/64 _ oo ‘ . s 1
Aug. 12/64 1 o . o " - 1
Aug. 25/64° 1 1 : , ,
Aug. 13/65 " 1 ) )
Aug. 14/65 ) . ) i ) 4 - » -
Aug. 19/65 = = . 1 S .- 1 A |
Aug. 19/65 - R . .- 4

‘N

W
HBwPhOoNOINONNNNEAWRW

aexc)hdjng'net ;éts ~-capturing on\& one individual. . ‘ ' / '

« " bdefined in sectionéﬂRepnoductionvtn the Male". , K
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.Table 3.

fan,

1

<

]

a Agé and Qsex composition of naryiha'l's captured by Inuit hunters on a sing]e'da‘y :;md in a particular area,'
1974-76. a ’ e : ‘ /N '
N } [ ;‘5‘ ~
< ‘Number 20 males’ Number of females ' a
. i - - . . ) ) Total
Date .Calves Immature Maturing® - Mature Calves Immature '~ 'Mature - Captured
| N ’,1 ~ Pond ,Inlet
Aug. 27778 © 6 -1 1 -8
Aug. 27/74 1 3 4
Aug. 03/75 2 a ' 2
Aug. 04/75 ' 1 L2 3
Aug. 04/75 1 - 1 2 5
Aug. 14/75 . i 1 . 2 4
Aug. 20/75 1 ° : ' 3 4
Aug. 27/75 ' 1 b 1 2
Aug. 29/75 2 3 6
Sept. 01/75 .2 1 1 1 2 7
Sept. 22/75 1 2 . 3
Aug. 28/76 T ) 1 2
Arctic Bay
Jduly 27/75 o ® . 3 3
Aug. 02/75 A ) 2 2
Aug.- 11/75 ‘ 1 6 7
Aug. 15/75 1 2 . 3
Aug. 12/76’ 2 1 3 -
. Aug. 16/76 1 1 2+

oo
Wm.m e

4excluding hunts capturing only one individual.

bdefined in section “Reproduction in the Male".

.- tﬁv ol
)
23

S

WL L

@,

14

1
H

(o

be



e Ay

- 35

Diving and swimming - Vibe (1950) recorded that narwhals may
dive for up to 15 minutes or about .00 m between successive:
surfacings while on migration. Rutilevskii (1958) gave the diving

- time as 7-8 minutes and occasionally .up to 20 minutes; he also

claimed that narwhals can swim for 2 km under the 1ce\: Scoresby
(1820) noted that harpooned narwhals could dive to a depth of
200 fathoms (366 m). * o

Many observers have noted "sleeping" behaviour in the narw’ha]
(Gray 1889; Degerbpl and Freuehen 1935; Miller 1955). This often
occurs when a group of whales surfaces at a hole in the sea ice or
near the floe edge. The narwhals remain at rest for up to
10 minutes, with only part of the back above water; this position is
resuned after a brief respiratory period. Occasionally, the tusk may
be raised above the water: A group of whales will dive in anison
after such a resting peridd. In rough seas, narwhals rest at some
depth and only come to the surface for respirdﬁon’ (Gr'ay 1889).

Bruemmer (1971) has related narwhal swimming behav‘lour‘to
different activities. -During feeding, narwhals move erratically and
spend 1ittle time near the surface; during migration, swiming is ~
rapid, directional, and near the surface. Narwhal hunting is most '
successful when the whales are moving slowly or milling around,
spending up to one-third of their time at the surface. ‘

Uses of the tusk - The tusk of the nawha] has captured the R

. 1magfnat10n of many natura]i sts and “numerous suggestions have been ’

put forth as to how it is employed.  Tomilin (1957) suggested that it

may be used in ﬁghting or . for defense against sharks, but Degerbm ’
and’Freuchen (1935) ‘and Porsild (1922), pointed out that a. tusk O,
composed of such britt‘le material as narwhal ivory would not:likely °

be used in this way. The possib?e role of the tusk in feeding has

been dlscussed by many observers. Tomilin (1957) thought that the

‘tusk may have-been used earl_y in the narwhal's evolutionary history
for feeding, but that it now serves as a weapon. Degerbgl -and

Freuchen (1935) and Winge (1921) suggested that the tusk is used to
scour the bottom for benthic food organisms, as evidenced by the fact

o

i
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that the tip 1s always worn smooth and flattened ventrally. In
addition, Porsild (1922) found that 34% of a large sample of tusks
were broken but that the fracture was invariably worn smooth and
polished, while Degerbﬂl and Freuchen (1935) noted that the cavity

_at the fracture site was often plugged with sand or other bottom
material. These observations suggest that the tusk may be used in
foraging near the bottom, a1though_Mansf1e1q et al. (1975) pointed
out that, since the tusk points slightly downward, wear at the tip
and occasional breakage could be caused by the tusk accidentally
scraping the bottom as the narwhal pursues Greenland halibut or
bottom shrimps. Jardine (1837) and others speculated that the-
narwhal may spear prey with its tusk, but this has never been
observed. The role 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 without tusks

quite well. .

In order to explain tusk wear, Scoresby (1820) and Tomilin
(1957) suggested that it was used to break thin ice. This is
unlikely for, as Degerbgl and Freuchen (1935) have .stated, the tusk _
is extremely brittle, and observations on savssats (Porsild 1918) , .
show that narwhals dse the head or back to break thin ice,
manipulating their tusks very carefully.

Possibly the tusk is used in aggressive male display (Mansffeld
et al. 1975)- since the narwhal 1is probably polygamous, és evidenced
by the male's 1arger size and later attainment of sexual maturity
compared to females (see section on "Reproduction in the Male").
Possible -evidence, of this usage is indicated by the occurrence. of
numerous ‘scars, believed to be made by the tusk, on the melon, . head,
and flanks of some males. These are thought to result from
eccidental physical encounters as adult males display to each other.
Silverman (1979) has studied this problem in detail, and her findings
concur with this hypothesis.

Porsild (1922) and Knudsen (1958) have documented the unusual

- occurrence of the tip of a tusk inserted into the fractured tip of a

)
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. large broken tusk. There have been speculations as to how this might

happen, but a sjmple explanation could be that one tusk is

occasionally ramned by another, if head—to—-head aggressive display /}s”'\\ -

practiced by adu]t males. -Dow and Hollenberg (1977) have incorrectly
attributed these plugs 1n fractured tusks to the .deposition bF new

dentine . . . - b
Recently, Silverman and Dunbar -(1980) presen‘ted convincing . 3\‘&

evidence that.the tusk 15 used in aggressive encounters between adult
male narwhals, especially during the breeding season. Best (1981},
utilizing observations from the 11terature 1nc1ud1ng those of ‘the
above  authors, concluded that the tusk functions as a secondary
sexual character for non-aggressive assessment of hierarchical status
among males. \ : -
Acoustic behaviour - The namna] does not seem to be as vocal as
its relative the white 'whale, but its Timited repertoire does include’
various communicative whistles and shrieks and the "rusty hinge"

_sounds used in echolocation. The reader is referred to Watkins,

Schevill and Ray (1971),an51 Ford and Fisher (1978) who have recorded
and analyzed the sounds of free-ranging narwhals. .Robisch, Mal i‘ns,
Best and Varanasi (1972) have investigated the biochemical nature of
the 1ipids that may be invol ved with sound reception through the
mandible of the narwhal. - )

* Behaviour at mating dnd birth - The only publ1shed observation g
of .copulation by narwhals is that of\Vibe (1950), who recorded that a
Polar Eskimo obse}‘ved narwhals copulating vertically, belly to belly;
the 1ocat10n was Melville Bay, but the season was not stated
Pedersen (1931),. probably on the basis of Eskimo lore, claimed that
narwhals are born tail-first and that birth lasts several weeks.

/

?

Predators . : )
Other than man, the main predator of the narwhal is-probably the

ki1ler whale Orcinus orca. . According to Brody (1976), the Inuit of

- Baffin Isl and believe that harwhals are anxious to enter the ice-
_ covered fiords in spring because killer whales ‘arg‘ Turking offshore

) Al
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1'n the open weter of Baffin Bay. Because of the high dorsal fin,

killer whales' are not adapted to 1iving within the pacic ice. They
are present in small numbers in the eastern Canadian arctic in ‘

" . Summer, but-the imagnitude of their predation on qarwha]s has- not been

assessed. Aceording to Inuit informants killer whales occtasional 'Iy'
drive narwhals 1into very sha]]ow water where they ;trand becoming -
easy victims for hinters. Degerbb],iand Freuchen (1935) documented
several instances of narwhals driven inshore by killer whales in
Eclipse Sound, northern Baffin Island, and, in'addition,'Royﬂ

" Canadian Mounted Police galﬁe reports make. occasional reference to
this phenomenon. ' Polar bears occasionally attempt to catch narwhals, -

since sBecimens ‘have been seén with characteristic claw marks on the
head (persona1 observation and H.D. Fisher, in litt. )+ ' Inuit hunters
reported that- a po]ar bear caught a narwhal from a hole in the sea
ice near Pond Inlet during spring 1976. According to Gray (1931)
wa]ruses infrequently attack and kill sleeping narwhals.

The Greenland shark Somniosus m'lcrocephalus is not an active

| predator of the. namha'l, as some authors may have thought. Beck and

Mansfield (1969) reported on 18 sharks captured in the same nets
which were set for narwhals in Koluktoo Bay from 1963-65; some of the
sharks had fed on blubber and offal from the whaling operat‘lon while
others had attacked dead narwhals in the nets and torn huge chunks of
skin and b]uhber ‘from them. Greenland sharks are Tethargic
scavengers, and they fr;equent/the edge of the ice or beach where dead
narwhals are bei ng processed. , ;

~ The predation on narwhals by walruses, polar bears and kiTler
wha]es~p'robab1y does, not comprise a significant proportion of the
annual natural mortality of narwhal populations.

[}

Parasites-
The narwhal carries a substantial burden of ecto- and endo-

parasttes. ‘The amphipod whale Hce gyamus monodontis Liitken and.

C. nodosus Liitken (Leung 1967) are found-in the fold of the skin at.
. the base of the tusk and in superficial healed wounds. The internal

2
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© parasites are listed in Table a. ’Thel'fi}-st four spééiés, shown as
_» occurri ng in the sinuses of the middle ear, are all synon_ymous. . .

1

" Anisakis simplex and Ascaris simplex are also synonymous, as are L

- Terranova decipiéns and Porrocaecum decipiens.
Vfrtuaﬂy nothing is known about diseases in natura] narwhal -

popu]aﬂons. . . . o . .

s v ¢ . .
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Table 4. iEndoparasftes of the narwhal.

{m

in body . ‘ Species ) .5f_‘~. T ‘_Saufcé'
Middle ea% Stenurus alatus (Leuckart 1848) ' Dai]ey and Brownell (1972)
sinusesd : :
Coe Pseudalius alatus (Leuckart) - Gray (1889) A
- Torynurus alatus (Leuckart, 1848)- - Tomilin (1957)
Pharurus alatus (Leuckart, 1848) + Arnold and Gaskin (1975)P
Stomach ~ Anisakis simplex (Rudolphi, 1809). " Dailey and Brownell (1972)
- t- ' . Ascaris  simplex- (Rudo]phi) . Gray\(1889) -
Intestine - Anisakis simplex {Rudolphi, 1809} - Tomitin (1957)
‘ ] " Terranova decipiens (Krabbe, 1878) “Tomilin (1957) -
. Porrocaecum decipjens (Krabbe, 1878) Dailey and’ Brownell (1972)
‘Lung ) ~Halocercus monoceris sp. n.' ~ ' Nebster, Neufeld and
. \ : : MacNelll (1973).

1957). <

'3

b 1dent1f1ed from the cran1a1 sinuses of narwha]s captured at Ko1uktoo Bay,

1963-65.

-

a 1nclud1ng eustachian tube (Gray 1889 Tomilin 1957) and veins and 1ungs (Tomilin

oy -.
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R i AGE DETERMINATION!
Introduction ‘ o
) The use of growth layers in the teeth of p1nn1peds for age
determination was deveioped independently. by Laws (1952) and Scheffer
(1950), and has been extended- to odgntocetes. See Jonsgaard (1969)

for a review of ‘the’ use ‘of the technique in sea mammals and’Sergeant -

(1959a)‘fon studies of age determination‘in odontocetes. A -symposium

" volume on recent age determination studies in toothed whales and

Sirenians, including the proceedings of a work shop, has recently been
pubiished (Perrin and Myrick 1980). The embedded tooth and mandible

.of the narwhal contain well-defined growth layers which seem to be

related to age in this species.?

The Embedded Tooth ) T

The structure and deveiopment of the teeth of the narwhal have
been historically reviewed in an'eariier section “Anatomy". This
section deals mainly with the structure of the growth layers which _
are observed on the cut surface of the longitudinaiiy bisected
_embedded tooth. ’

Description of growth and growth layers - The embedded tooth of
the newborn narwhal is about 9 to 10 cm long and consists of an
elongated cone of dentine, which is 2 to 3 mm thick at the .apex of
the tooth in a median longitudinal (mid-sagittai) section. It is
covered with a very thin layer dof cementum from. root.to tip, where
there may also be some. ename1 tissie. ,In the néwborn. tooth
(Plate II, a) a sma11 amount of post-natal dentine may be present

'beyond the thin dark, often double, neonatal 1ine,- which is also

distinguishable in older teeth. An external circumferentiai
depression on the root corresponds to the intersection of the
neonatal iime with the surface of the tooth. The neonatal line may
reflect a transient retardation of growth of the newborn narwhal for

a .few hours on perhaps a few- days ‘after birth. The prenatai dentine )

1This section has been published in modified form as Hay (1980).
,2Bada, Mitchell and Kemper (1983) provide preliminary results on the
‘use of the aspartic acid racemization technique for -determining age:
of the narwhal.

™
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is uniform in appearance (PTate 11, a), trans]ﬂc’ent (Plate III, a)-
-and highly calcified, as shown by its- stainabﬂity with silver’
nitrate by the von Kossa method (Plate III, d). The neonatal line-is
poorly calcified (Plate III, d) and tran~sparent (Plate III, a),

The tooth of the neonate subsequently elengates rapidly with
depositi‘o‘n of the first four or five denii,n«ﬂ growth 'Iaye‘rs"as nested
e1ongated cones. :Each growth layer consists of a broad 1ight band '
and a narrow dark band, as seen in reflected light (Plate II, b-to_
h). On closer inspection, each narrow dark -band is- composed of a
wide dright or foamy white band bounded by a pair of narrow dark -
lines, as viewed in reflected 1ight (Plate I\I). Examination of thin
sections of dentine in transmitted 1ight reveals that the foamy white
band is extremely epaque and that the bounding narrow ‘dark lines are
trans]ucent (Plate III,-b). Silver nitrate staining of bisected
_ teeth (P]ate 11T, d to f) reveals that the narrow dark” bands are -
poorly calcified compared to the wide bands. In young animaﬂs
sampled during summer, such a narrow dark band occurs at tn,(e edge of
the pulp cavity (Plate II, b). ,

Cementum is deposited around the growing tooth, but 'l,t does not

. seem to be useful for-age determ nation because of 1 ts thinness (0.5

to 1.0-mm) and also Because ‘cemental jayers are not uniformly
represented along the Tength of the tooth, dde_~to' rapid elongation of -
the tooth during early postnatal er. In addition, cemental layers
are difficu]t to resol ve on the median longitudinal sections of” the
embedded teeth. Moreover, the ‘cementum in the root portion of the’
tooth is irregu]ar, forming a nodular coating»*Z o 3 mm thick with a.
marbled non-]ami nated appearance. The embedded teeth. cease their
growth relatively ear]y in postnata] er, owing:. to- growth of the )
cementum which eventua] 1y covers the root, 'leading to a cessation of
dentinal deposition (occlusion). This is evident in Plate III,
Cemental layers and dentinal 1a,yers are equal in number in the teeth
of very young animals.

Prominent circwnferential ridges on the root of the embedded
tooth which ‘¢orrespond to the internal narrow dark bands may al s0
provfde & means of determin'lng age, but in o]der whales' these ridges 0

1
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become obscured by cementdm. Longitudinal ridges and érbeves on the
external .surface of the tooth are also present, occasionally

+ producing a spiralled surface pattérn which also’tends to obscure the

»

ridges.
The open pulp cavities of the teeth of young animals are fi]led

with pu1p tissue. In older teeth, if deposition of dentine is.still

occurring, a small cone of pulp tissue remains at the proximaT end of

" . the tooth, while cementum slowly encroaches upon the dentine at the

root.

Some dentina1 layers contain faint zones which are considered to
be accessory and ar'e thus ignored in counts of- dentinal layers.
These.accesspry bands are variable between animals and between
layers, with regard to their presence and definition, and they
usua]]y present no problems in counting the dentinal layers.
However,- the group which examined- matérial from the.narwhal at the
workshop on Age Determination of Odontocete~Nha1es,qonsidered this
question in detail (see Appendix 1). Ie

The f1rst-formed dentina1 layers are deposited at an acute anglé
to the Tong axis of the rapidly elongating tooth 1ater-formed layers
are parallel to each other and thinner. These later-formed 1ayers
form a knot of dentine at the root. of the tooth; the proximgl end of
this knot usually curves mediad (towards the long-axis of the
rostrum) from thellong axis of the tooth, to which it may be almost,
perpendicular (Plate II). Small nodules of osteodentine occasionally

form within the orthodentine of the proximal portion of the knot, but -

they:- do not interfere with counts of growth layers. Gsteodentine is
common in the teeth of the sperm whale Physeter catodon (N1sh1wak1
H1b1ya and Ohsumi 1958), the pilot whale Globicephala melaena )
(Sergeant 1962) and the beaked whale Berardius bairdii. (Kasuya
1977). -

13

Age-determfn tion of mahine mammals based on dentinal growth
layers is a difficult and controversial field of investigation. The
- International Nhaling COmm1ssion (1969) has standardized termino]ogy

for the component zones of the dent1na1 growth layers which)has been

\
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“new standard'ized terminolom' has been proposed (see Perrin and Myrick

leucas.
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fo]]omed ‘by most- inuestigators ‘to date. The dentine consists of .
a’l ternati ng wide,_ dense, ‘opaque bands and narrow translucent bands.
The opaque bands appear Tight in reﬂected light and dark in
transmitted 1ight ‘while the transiucent bands appear dark in .

‘ reﬂected light- and hght in transmitted Tight (I.W. C. 1969; Sergeant

1959a). As a result of - a,workshop on odontocete age determination,

1980) ’ LY R ¢ ! t *
The relative degree'of minera’lizatio'n of the component zones'of
a sing]e grov:th layer-is also unresolved. According to Bloom and

Fawcett (1975) and Sognnaes (1960), higth calcified dentine is more _

transparent than poor]y ca'lcified'dentine. Most investigators in

'this field-tend to agree that ‘the varying optical ‘opacity of the

growth zones reflects variation <in mineralization or content of
calcium salts, but there is considerab]e disagreement as to which
zone of a growth 1 ayer is “the more heavily calcified. | .
© Laws (1952, 1953) exaniined the structure of the dentinal growth
layers of the southern elephant seal Mirounga leonina. By
examination of the polished cut surface of the canine tooth of this
species, he found that dark, poorIy-calcified "inter-g]obuiar or
"marbled" dentinal zones alternated with light, wellscalcified ‘
“"columnar® or dense dentinal zones. Laws (1962) added that the
dense, columnar, well-calcified dentine is more optica]ly ‘
transparent than the marbled denti ne. In certari n pinnipeds, such as.
the ringed seal Phoca hispida (McLaren 1958), a thin, poarly
ca]cified reticulated or vacuolated dentine may be formed; this type
of dentine appears foamy white in ref]ected light (Klevezal and
Kleinenberg 1967). Brodie (1970). found that this type of denti ne
ogcurs occasionaﬂy in thé teeth of the white whale Del phinapterus

The neonatal Hne of the- narwhal is trans1ucent and poorly R

.calcified (P1ate III a and d). Each postnatal denti nal growth layer-
~ comprises one wide, well-calcified translucent zone and one narrow, -

poor]y-calcified opaque ‘zone. However, the narrow zone i 5 foamy
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white An reflected 1ight (Plate II) and appears to fit the
descriptﬁon of marb]ed or 1nt£rglobu1ar dentine, which is poorly
ca]cified but optica11y dense (Laws '1962). This type of dentine

_consists of a Toose assemb1age of m1neral1zed spheres called

ca]cospher1tes between which' there is much’ non—minera]ized organic

'tissue (Klevezal and Kleinenberg 1967). Possib]y the high optical
lopacity of such poor]y-minera1ized dentine is due to the higher

concentratfons of ground substance and collagenous tissue. The
prenata1 -dentine is more transparent and possib]y more heavily
calcified than the postnatal dentine (P1ate III, a and d).

. The neonatal line is usua11y the most consfstent]y-identifiable
structure visible in the-teeth of odontocetes. It is transparent,
narrow, and -unstainable with haematoxylin in most odontocetes (Kasuya

: 1977' Kubota,’ Nagasaki Matsumoto .and Tsubo. 1961; Ntshfwaki and Yagi
: 1953 1954; Ohsumi, Kasuya and Nishiwaki 1963; Sergeant 1959a).
. Haematoxylin apparently stains well-calcified tissues after

deca]cificatibn which apparently exposes the collagen matrix to the

dye (Sergeant 1959a). Most investigatoré attribute the neonatal 1ine .

to the stress.of birth-and associated reduted feeding (Kubota et al.
1961; Nishiwaki and Ya91 1953, 1954). The prenata] dentine of

- odontocetes is usually opaque (Ohsumi et al. 1963; Sergeant 1959a)

and uniformly well-calcified, hence staining fntensely with
haematoxylin (e.g. Nishiwaki and Yagi 1953;‘1954). '

The. degree of miperalization in relation to optical opacity of
the dentine is also a controversial point., Some studies show that
the - transparent zones-are .highly calcified and’ poor in organic
matrix, these -bands therefore stafn heavily with haematoxylin in
decalcified séctions and with silver nitrate (Klevezal and o

' K1einenberg 1967).- The opaque dentinal bands, which contain the

dentinal tubules and odontoblast processes, are poorly mineralized
and stain weakly with.haemetoxy11n (Klevezal and Klainenberg 1967).
Other studies with similar conclusions are those of Kubota et al.
(1961) for the fur seal, Nishiwaki and,Yagl (1953, 1954) for the
striped dolphin Stenella coeruﬁepa]bai Ohsumi gtfgl: (1963) and . Bow
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and.Purday (1966) for the sperm wha]e. and Kasuya (1976) for do]phins
of the genus Stene11a. Grue Nielson (1972) has’demonstrated by

micro- radiographic study of the teeth of the harbour porpoise T

Phoeoena phocoena that the narrow,. optica]]y.trans1u¢ent zones are

© may decrease the c1ar1ty of the earliest dentinal layers. For

radio- opaque to X-rays and therefore have a higher ‘content of -
calcium salts than the more radio-lucent bread: optically—opaque
zones, however, “the latter zones stained better with haema]um than
the narrow zones.

On the other hand,!some stud1es show that the opaque bands are
better calcified and stain well with haematoxy]in (e.g. Sergeant
1959a). Treatment of sperm whale ha]f-teeth with 5% formic-acid
reveals a pattern of grooves corresponding to, the well-calcified
opaque, zones and ridges corresponding to the poorly calcified '
translucent bands (Gambell and Grzegorzewska 1967). This‘conc1usjon

“d1so applies to the white wha]e De]phinapterus 1eucas (Brodle 1970)
" and _the. bott]enosed dolphin Tursiops truncatus (Sergeant 1959a).

Schour dnd Hoffman (1939) obtained simi]ar results for a variety of
vertebrates, 1ncludfng fish, crocodi]es, various rodents, domestic

'anfma1s and man.

1n addition to the main growth 1ayers described above,
supplementary or accessory translucent bands sometimes occur within
the wide opague bands and should not be counted (K1evezal and
Kleinenberg 1967 ‘Sergeant 1962). These accessory bands do not
create any prob]ems in counting the growth tayers on the polished cut

“surface of the bisected embedded tooth of the narwhal.-

It is-believed that the optimal nutrition of the suckling calf
example, the first 2 to .4 dentinal layers in the teeth of the white
whale may be faint (Sergeant  1973; Brodie 1970). Sergeant (1962)
believed that the first opaque band in the teeth of the pilot whale ’
G1ob1cepha1a melaena represents the two year suck]ing perfod

however he occasionally noted ‘a faint trans]ucent band within this . .

first opaque band. In contrast to- these results, a]l of the growthl‘
layers in the embedded tooth of the nanuhal are conspicuous and

-
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spatially consistent, with the exceptlon of the first layer; which 1s ‘
occasionaHy faint but usually detectable. - ’
Each dentinal growth layer of the embedded tooth of the narwha1

s compgsed of a multitude of f_ine 1_am1nae (Plate III, b). The time :
" basis of this fine zonation is not known but could -be the order of a

few day's., In the teeth of the beaked whale Berardius bairdii, the
prenatal dentine contains 12 to 15 fine layers, each postnatal

' dentinal growth layer contains 22 to 31 fine layers, and temental

1 ayers. contain, -on average, 12.4 fine layers ,(Kasuya 1977). . These

 fine layers: are also present in the teeth of ‘the shék]ing Ataskan fur
seal Callorhinus ursinus; each of an average of 11 nursing cycles is™v
“recorded as a narrow layer wi th'i n the dentine during the four-week
"lactation period (Scheffer and Petersdn 1967). Schour and Hoffman:

(1939) -found that the dent1ne and enamel of various vertebrates from
fish to man’ were ‘composed of a, succession of Ffine 'Iayers that
averaged 16 win width. “Some Of these fine layers wére accentuated
at regu1 ar mu'lt'ip]es of " 16 p.,tespeciaﬂy 1n wild as opposed to.

‘ Taboratoryvreared animals. Schour and Hoffman (1939) maintained that

this 16 pattern is a result of a constant physiological rhy thm of
ca1c1um deposition and secretion, and that the accentuated hands {
(Owen s cdntour Hnes in human teeth) are caused by endocr1 he,
nutritional or patho]ogica1 disturbances to growth and calc_ium :
metaboHsm. .-

. In ‘summary, each dentinal growth 1ayer of the embredded tooth of
the narwhal consists of a wide, translucent, ‘well-calcified zone- and
a. narrow, opaque, poorly calcified zone. " The prenatal dentine 15
particularly transparent and well-calcified, as are the narrow lines

y (dark in reflected 1ight) which bound the narrow opaque zones (bright '
" or foamy white in reflected tht and similar to the marb]ed or
interglobular dentine described by other researchers)

0cc1usion and knot development ~ In the teeth of older anima]s,
after the pulp cavity has’disappeared, dentina1 layers conti nue to- be

‘ 'deposited but they comprise an enlargi ng ‘knot at the. root.l

Deposition continues ufitil the encroach1ng cementum covers the enti re
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root including its proximal end. In teeth with( occluded pulp
cavities, dentinal layer counts provide mf‘nimum' éstimates of age.

. - The mechanics of dentinal deposition in the knot are unknown, and the

reasaons for. the persistence of-pulp tissue at the pr;oximal end of the

‘tooth, 1dn§ after the pulp cavity has disappeared, are also unknown.
Tab]e 5 sunmarizes the changes in knot development, closure of

the pu1p cavity, and dentinal occlusion with increasing body 1ength

J‘ and number of dentinal layers. The age (number of dentinal growth

layers) at'which occlusion occurs is,Jower than that predicted
from the length=age relation (see section on Growth) because, of

' ~¢~:ou'rse, the actual age of animals whose teeth. have occluded is

greater than the count 'of dentinal layers, and it is not known how

‘ long these teeth. have been occluded. The onset of formation of a

knot (dentine and irregular cementum at the root) occurs, on average,
at about seven layers in malés and nine Tayers in females (Table 5).
Maximum knot development in male teeth occurs at body lengths greater
than 400 cm, (17-18 Myers)} however, the teeth of a few large old
males have poorly-developed knots. In males, the pulp cavity usually
-.closes at a body 1ength of about 330 cm (nine layers), a]though the
pulp cavities of the teeth of a few males, with up to 15 dentinal
growth layers, are stil] _open.

The number of dentina] growth layers that are laid down pr'ior to h

occlusion is quite variable, as showna‘n Table 5. This is also
demonstrated by the observation that, although the size of the
dentinal knot 1ncreases with body length in male whales with un-
., occluded teeth some large male narwhals ‘have occluded teeth and
- small dent‘ina1 knots, implying cessation of dentine depos1tion at a
relatively early age, while other large mdle narwhals with occluded
teeth have large dentinal knots, implying more recent cessation of
dentinal. deposition. ' '
‘ The -dentinal knots of females develop in a manner similar to
“those of males, but in general they are smaller. Pulp-cavity closure

‘ occurs after nine Tayers have been deposited, or at a body length of

" about 320 cm. Table 5 demonstrates that the e'mbedde:} teeth of
P 3
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Table 5. Dentinal development in the embedded tooth.

5
.

B
! +8 no visibly open pulp cavity, but deposition occurring.

b cessation of dentinal deposition (cementum covers root).

I

+

o

Males Females '
— Body Tength NO. dentinal Body length - No. dentinal
- (cm) layers {cm) layers
Sample size 75 77 94 97
Knot development .
Mean 290 7 300 9
Range ‘ 290-290 7-7 - 290-310 . 7-11
Pulp cavity closured -
Mean : 330 9 320 9
‘ Range ©. . }10~390 7-15 310-330 9-9 - .
Dentinal occlusion P .
Mean . 400 16.0 370 13.8
] 'Range _ 390-430 13-19 350-410 11-24

4
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females occlude earlier in 1ife than those of males. HovieVer‘, a few
larger females (380-400 cm) were still depositing dentine with 15 to
24 dentinal layers present in the embedded teeth. The incidence of
dentinal occlusion increases greatly after the attainment of sexual
maturity in both sexes. The average number of dentinal layers in the
occluded teeth of 29 males is 16, corresponding closely to the
average age at the attainment of sexual maturity by males (17
composite growth layers), while the occluded teeth of 37 females had
an average of 13.8 dentinal growth layers, which is 2.0 ldyers
greater than the average age of sexual maturity in females (see
sections dealing with male and female reproduction for methods of
estimating age at sexual maturity). * ‘

Thus, the embedded teeth are potentially useful for age
determination to a minimum age of 11 growth layers, although most

‘- teeth are useful until sexual maturity in both sexes. Several teeth
" may be useful beyond this age (up to 19 layers in males and 24 layers

in females), due to variability in the number of layers laid down
when occlusion occurs (Table 5). ‘
Dentinal occlusion is also a problem for determining age of many
other odontocetes. The maxiliary teeth of ‘female sperm whales
acclude after 30 dentinal layers have been deposited, while the .,
maxillary teeth of males do not occlude (Nishiwaki et al. 1958; Best,
1970). The teeth of pilot whales occlude when 12 dentinal layers, on
average, have been deposited (Sergeant 1962), while teeth of
Berardius bairdii occlude at from 3.to 17 years of age (Kasuya 1977).

The teeth of Stenella attenuata occlude when 18 dentinal layers have

been deposited (Perrin et al. 1976), while the teeth of .

S. coeruleoalba occlude after the deposition of 14 dentinal layers,

on average (Miyazaki 1977). :
Growth in tooth length - The embedded tooth of the male achieves

a maximum Tength of 17.2 to 28.7 cm after the accumulation of six

- dentinal layers (280-290 cm body length), while in the female the

maximm tooth length of 16.3 to 22.8 cm is achieved after four or
five layers (260-270 cm body Tength) have been deposited. In five

¥ ) -
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young males whose tusk had not yet erupted or which were'tu§k1ess,
the left tooth was longer than the right tooth.. In 10 females, the
left tooth was longer than the right in five cases; the right was
longer in four_cases; and in the other case they were equal in -
length. Seventy-one right embedded teeth of males averaged 21.67 cm,
while 83 right embedded fzeth of females averaged 19.24cm in length.
_ Quantitative .analysis of dentinal growth - Figures 3 and 4 show
the increases in total apical thickness of postnatal dentine with ;
body length and number of growth 1ayers, respectively. These values
represent, for each whale,-the sum of thicknesses of all postnatal
dentinal layers, measured at their apices perpendicular to the' axis
of dentinal layering.
In both sexes,” the total thickness of dentine i$ proportional
to body length and age (up to 15 dentinal layers); the maximum amount ~
of dentine deposited,15—39‘mm"?ﬁ—the tooth of a 340 cm male with 14
dentina1 Tayers, The tooth of a 338 cm.female with 11 layers had’
deposited 32.6 mm of dentine. In females there is an indication of a
decreasing rate of dentinal deposition after 12 to 14 layers and 4
350 cm body length, but data points after these values are few owing @‘\
to dentinal occlusion. The rate of dentine deposition is similar in SN
both sexes until about 10 layers have been deposited, at a body
length of* about 330 cm, 'after which dentine deposition rate decreases
in female embedded teeth while that in the male remains relatively
high. However, as seen in Figures 3 and 4, the accumulation rate of
dentine is highly variable amoung individuals and'the rate of dentine
deposition in the teeth of females is lower than that in the male.
The change in thickness of dentinal layers with age in both
sexes is shown in Figure 5. The thickness of each dentinal layer
varies widely among animals, but the mean layer thickness decreases
as layer'numbeq‘increases in both males and females. In males, the
mean layer thickness decreases from layer one (3.0 mm) to layer three
(2.35 mm) and then increases slightly to layer six (2.88 mm). After
the sixth dentinal layer, the mean value declines steadily to layer
14 (1.35 mm). The increase in layer thickness from layer four to six
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Figure 3. Total thickness of postnatal dentine in the embedded =
tooth plotted against body length in narwhals. The linear . : T
regressions of dentinal thickness (y) on length (x) are

(excluding tusks and occluded teeth):

y = 0.17871x - 33.98135 {males) and
y = 0.16062x - 30.73724 (females)

.-
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Figure 4. Total thickness of postnatal dentine in the embedded

tooth plotted against number of dentinal layers in narwhals. o
The 1inear regressions of dentinal thickness (y) on number of }
layers (x) are (excluding tusks and o_cc]gdedhteeth):

y =-2.35730x (males) and
<7y = 2.15265x (females)
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_Figure 5. Dentinal layer widths plotted against layer number .
in male and female narwhals. The mean is represented by a T f‘,&.

closed circle, triangles indicate two ‘standard errors, o
horizontal lines. represent the range, and open‘circles represent .

single values. . Sample size is-.given at the top of the graph. -
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does not reflect a true increase in the growth rate but rmore Tikely a’*-

decrease, sinceé these layers dre deposited over a small surface area-

" at the root, resuiting in an increase in apical width but reduction

in the volume of dentine deposited (and decrease in dentinal )
deposition rate). The small surface area results from a decrease in
the axial growtn rate of the tooth after three or four layers have
been- deposited and the tooth attains 1ts- maximum—iength when about
six dentinal layers.have been deposited (see above). Klevezal and
K1einenberg (19671 have attributed this increase in thickness of
later dentinal layers to a sudden réduction in axial growih rate of
the . tooth, and they. démonstrete'that Jayer thickness reflects actual
growth rate when axiai growth of the tooth finally becqpes
negiigib]e.

In the embedded teeth of femaies, mean dentinal- ]ayer thickness

-declines steadi]y from layer one (3.1 mm) to layer nine (1.84 mm)
then more rapidly to 1der 14 (0.7 mm). The thickness of succeSsive

dentinal 1ayers decreases more . rapidiy with age in fema]es than in
males, particu]arly after layer 10 (Figure 5). ' )
Figure 6 demonstrates ‘the increase in cumulative thickness of
dentinal layers with age in Toth sexes. ' Cumulative thickness ,
increases from layer one (3.0/mm) to layer 14 -(33.0 mm) in males,
with a very slight reduction in dentine deposition rate after layer
12. In females, the cumulative thickness increases from layer one

k (3.0 mm) to 1ayer 14 (29.0 mm); with-a pronqunced. reduction in .

dentine deposition rate after the tenth Jayer, up to “which age the
dentine deposjtion rate is nearﬂy the same, in males and' females, It.

- will be shown later that the age at which female dentinal growth rate 7
. is reduced corresponds.closely with the age at sexual maturity (11. to

12 dentinal layers). Klevezal and Kleinenberg (1967) indicated that

~ the finflections im these types of cpryes sﬁogid oceur near the age of
sexual maturity. “ .- Cel ‘

Klevezal and Kleinenberg (1967) predicted that the ratio of the
"thickness of each dentinal layer to that of the previous layer should
decline merkediy when,sexuel maturity is aehieved. but this was not

-
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Fi gure 6. Cumulative dentinal width plotted against layer nunber in
.male and female narwhals. The mean is represented by a closed
circle, triangles indicdte two standard errors, horizontal 1ines
represent-the range, and open circles represent single values.
. Sample size is given at the t0p of the graph.
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observed in the embedded tooth of the narwhal where; for. the most
part, the values of this ratio reflect individual 1ayer~thiclness.
In females, this ratio declines after layer nine to less than 0.8,
while in the teeth of males this ratio 1s0.9-to 1.0 until layer 14.
Sexual dimorphism in dentinal growth rate has been noted in many
pther odontocetes, including the sperm whale (N1 shiwaki et al. 1958;
Ohsumi et a]. 1963) and the white whale (Brodie 1971; Sergeant 1973),
in which males have greater dentinal growth rates than females,
especially after the age of female sexual maturity. On the other
hand, female harbour porpoises Phocoena, phocoena demonstrate greater
dentinal growth rates than the males (Géskin and Blair 1977). ‘Like-
the narwhal, most species of odontocetes in which tooth growth has
been studied quantitatively show a pattern of decreasing thickness of

- syccessive dentinal layers with 1ncreasing age. This is true of the.
white whale (Sergeant 1973), although in this species dentinal 1ayer ’

thickness increases to layer 15 and then dec]ines gradual]y (Brodie
1970). : . : ‘
" The most recent dentinal zone and season - It was possible’ to
determine the nature of the most recent dentinal 'zdne (narrow dark
band or wide 1ight band) in the teeth of 47 young whales (24 males
and 23 females). Overall, a narrow dark band was being’ dgposjted ih

teeth of young animals (300 to 340 cm males and 280 to 320 cm
females) had the thickest bands at the edge of the pulp cavity.(O. 5

to 1.5 mm, occasionally to 2.0 mm).- The teeth of four males captured -

during July were depositing a narrow dark band 0.5 to 1.5 mm thick
while the teeth of four females captured during July were depositing
a wide 1ight band of 0.05 to 2.0 mm thickness. In August and
September, the teeth of 15 of 18 (83%) females and 18 of 20 (90%)

males were depositingxa narrow dark band of thickness 0.3 to 1.5 mm._’

There was .no detectable correlation between,the th1ckness of, the most

" .recent dentinal- zone*and date of capture.-

For some odontocetes it has;been possible to estimate the rate-

.at which dentina] growth layers are deposited by analysing the

5

"the teeth of 81% of these whales (92% of males; 70% of females). The |
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- and/or spring. The translucent dentinal zone in the

" in dolphins of the genus- Stenella (Kasuya 19 2; Kasuya et al. 1974

" migratory behaviour. P . )

“

seasonal formation of the component zones of a growth layer., ) .
Klevezal and Kleinenberg (1967), reviewing age determination udies

harbor porpoise forms during the summer (Gaskin and lair 1977); - (
while it forms. during the winter in the- bottlenose whale Hyperoodoh .
ampullatus (Christensen” 1973) the. p1 lot whale ‘Sergeant 1§62) and

Miyazaki 1977; Kasuya 1976)," -The translucént zone in the teeth of , “‘,
the sperm whale forms during spring (September-October) in the '
southern hemi sphere (Best 1970) and during winter (peak in January)

in the northern ‘hemi sphere (Ohsumi et al. 1963) Gambell and, s T
Grzegorzewska (1967) demonstratyr that two translucent denti nal bands

were deposited annually in the sfgihern hemi sphere sperm whale, L

in December-February and in une-August. More recently, Gambell

.(1977) has shown that the”! season, of formation of the translucent
l denti nal zone varies in/ different age/sex groups of southern . ‘

hemisphere sperm whales which he - attributes to dii’ferences in thei r-
144

The seasonal depdsition of growth layers n the teeth of the

white whale has been” studied by Brodie (1970) and Sergeant (1973).

Brodie (1930) noted that white whales during summer have -Gampleted a
wide opaque déntinal band and are beginning to: deposit & translucent

" band, while Sergeant (1973) noted that white whal es in western Hudson
* Bay had completed a translucent dentinal band after an autumn
'migration northwards. Since it is likely that two _deritinal growth -
:layers are deposited annually in the teeth of the white whale, , i ) L
'second translucent zone must be.laid down in mid-winter (Brodie 1970)

or during a spring migration (Sergeant 1973) Eoth authors belfeved .

that translucent dentine is deposited when feeding activityis L -
greatly. reduced. : - L
The "evidence from dentinal structure in the narwhal suggests

that a narrow dark band 15 deposited in ‘August and Sep‘temher,lwhen‘
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these wha‘les are feeding hghtly and depositing poorly mineralized
but optica‘l]y opaque dentine in their teeth (Plate II, b).

: Unfortunate]y, this ana'lysis provides no clué to the time basis of
. - the d,eriti nal -growth layers because of the short sampli ng season and

the,high~.incidence of dentinal occlusion.

: > Proximate factors in-dentine deposition - Various hypotheses

* have been. advanced to explain the cause of the heterogeneous, layered

appearance of the teeth of marine mammals. These include seasonal

_variations in endocring hormone balance (Carrick and Ingham 1962),

o endogenous annual rhythms_ (Gaskin and Blair 1977), and specific |

or feadin

‘»genetic growth cycles with periodic "...enhancement of some of the

short ‘cycle 1ayers...' by environmental change or seasonality (Kasuya

*1977). The most- common explanation for the layered appearance of
- dentine a]g\gk}cementum reTates to seasonal changes in nutritional state

ntensity (Laws 1953; McLaren 1958; Fisher 1954; Mansfield
1958 Scheffer 1950) ‘but 1ittle direct evidence is avaﬂab]e.
However, Scheffer and Peterson (1967} found a direct correlati on

) 'between nutr‘ition and postnatal dentinal layering in. suckling pupsfof

the .Al‘asken fur seal Callorhinus ursinus. Between birth and weaning

o oof the pup, eéch of an a\ierage of 11 nursing cycles (edch cycle
| consi sting qf one nursing period and a period when the fema]e -goes to

- hypercalcification (Shaw 1955).

sea to feed) was recorded as a narrow layer wi thin the postnata]

~ . dentine of the pup's canine tooth. Kubota et al. (1961) believed
‘that differential calcification of the dentine in the canine tooth of

the f&r seal reflects alternating periods of normal and disturbed

‘ caicium metabo]ism, which in turn reflects the nutritionai state of

the animal. For exanp’le, a deficiency of vitamin c leads to a
reduction in the dentina] deposition rate-and subsequent patho1ogica1

The deposition of well-calcified dentine in the teeth of
odontocetes is generally attributed to good feeding conditions or
~Increased feeding activity, while poorly mineralized—dentine is

deposited when feeding conditions are suboptimal or when feeding
activity js reduced (Brodie 1970, Sergeant 1959a, 1962 1973; Ohsumi
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et al. 1963). The obsc:h‘ity of the first several layers in the teeth
~of ;uck]ingj animals is considered to be evidence for the imnortance
-of optimal nutrition in building well-calcified t.(eeth (Brodie 1970;
Sergeant 1962, 1973). On the other hand, Klevezal and Kleijnenberg

(1967) and Kubota et al. (1961) attributed the deposition of well-
calcified dentine to seasvnal reductions in body growth rate (and by

inference, feeding rate) %nd deposition rate of dentinal organic
matrix, assuming that the rate of mineralizatibn is constant.

One ¢an only specu1 ate on the proximate factors which are
responsible for d1fferent1a1' calcification in the dentine of the
embedded tovth of the narwhal.. The available evidence suggests that
Tow feed1ng intensity in mid-summer is.correlated with the deposition
of-a narrow layer:of poorly-mineralized dentine, this is corroborated
by the observation that the narwhals are becoming thinner at this
season (see data in section on “"Growth"). Reduced food intake in
summer could result in a deficiency of vitamins and minerals needed
for the elaboration of well-calcified dentine. These variations in _ .
mireral content are then Expressed as differences in optical opaci 1'.5'l ‘

X

of the dent1 ne. Y

Analysis of Growth of the Tusk
Tusk length and age - In Figure 7, externaj tusk length i s

plotted against body length for 72 male and 3 female narwhals. - The

regression 1ine fitted to the data for 56 unbroken tusks indicgtes .
. that the tusk erupts at a body Tength of 264 cm. A captive mle. " \

narwhal of length 277 cm had a tusk 10 cm long (Vancouver Public Y
. Aguarium Newsletter, September-October, 1970). The three tusks o(f :

females fall above thé-regression line. The largest tusk (210 cm) : ‘ ,
~ belonged to a 470 cm male. It is evident that several unbroken tusks -

of large males (> 410 cm) fall above the regression 1ine, suggesting

a spurt in tusk growth of sexuany-lnature males (see also S'Hverman
. and Dunbar '1980). . (

i . The relatfon between external tusk Tength and number of grcmth

layers in the embedded to;;i_ﬂ mand'l_ble.(the Jatter is used when the
7
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. Figure 7. External tusk length plotted against body length 1n the
The equation for the 1inear regression of tusk length (y)

narwhal.

‘on body length (x) for 56 left unbroken tusks of males is:

y = 0.91147x - 241.34613.
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tooth is occluded) is shown in Figure 8. The curve fitted to éhe
data by eye predicts that the tusk would erupt ét about 3.5 growth
layers. The tusk attains a maximum external Tength of about 215 c¢m
at 50 mandibular growth layers.

] Comparison with the embedded tooth ~ Dentinal layering in the
embedded tooth was compared with that in the tusk in two young males.
The first was a 230 ¢m animal with 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 s1ightly greater than those in the embedded tooth

(3.5 vs 2.7 mm, 2.5 vs 2.5 mm, and 2.5 vs 2.0 mm for layers one to
three, respectively). A 287 cm male had a tusk of 55 cm (total

" Tength) and an embedded tooth of 21.5 cm, both containing seven

dentinal growth layers. The apicaT thicknesses of the growth layers
from layer 1 to 7 (tusk followed by tooth) were as fo]lows 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 (a1l in mm).

Incidence of tusk breakage - Of 73 tusks, 13 (17.8%) were
assessed as. broken. Considering tusks less than 60 cm in external
length, one of 24 (4.2%) was broken, while 12 of 49 (24.5%) tusks
longer than 60 cm were broken. Therefore, longer tusks are more
prgne to breakage. Silverman and Dunbar (1980) reported a higher
incidence of broken tusks in adult males (61.5%) than in 1mature
les (10.3%) with::an overall inci dence, of tusk breakage of about
40%. Porsild (1922) found that 34% of a sample of 314 tusks were
broken. N

The Mandible

Description of growth and growth layers - The layered structure
of bone has received far less attention in age determination than
have the teeth. Laws (1960) pointed out the grwtwe
ventro-lateral aréa of the mandible of the sperm whale, whil
Nishiwaki, Oshumi and Kasuya (1961) and Brodie (1969b) examined

mandibular growth layers in the sperm whale and white whale,
12 s
respectively. Kleinenberg and Klevezal (1962) investigated

\/
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mandibular periosteal layering in Delphinus delphis as a means of
determining age in this species. Petersen and Born (1982) used
mandibular growth layers to determi ne age of the walrus Odobenus

rosmarus. .

Layering was examined 1n thin sections taken from the mandible
between the mental foramina, where the periosteal bone is thickest
(Plate IV, a). _Tﬁe periosteal growth layers are most pronounced on
the ventro-labial and mid-labial aspects of the mandible ‘and are
virtual ly absent in the dorsal and 1ingual regions (Plate IV). In
all regions of the cross section, haversian canals surrounded by
concentric systems of osteocyte lacunae and resorption cavities are
abundant (Plate IV). In old animals, this secondary bone formation
causes some discontinuity and irregularity of the periosteal-layers,
thus interfering with interpretation and counting. \

The periosteum deposits intramembranous bone on the surface of
the mandible, a discontinuous process as revealed by the laminated
appearance of the bone (Plate IV). The intramembranous tr"abequlae
enlarge rapidly by further bone deposition so that periosteal bone
soon becomes compact. Bloom and Fawcett (1975) provide a good
description of the formation of perjosteal bone. - |

The innermost, first-formed postnatal periosteal bone consists

.0f alternating wide opaque and narrow translucent zones; these
initial layers have a corrugated or irregular appearance (Plate IV). .

Later layers are more narrow and flattened as the rate of bone
deposition decreases. The narrow translucent zones are called
adhesion lines by Klevezal and Kleinenberg (19@7). The corrugated
appedarance of the growth layers, part‘icu?ar'lg the first-formed, seems
to be associated with the development of par'&lle’i arrays of the
haversian systems. The adhesion lines are relatively wide in the
later-formed, more compact layers. '

In many mandibular sections a presumed neonatal line is evident
near the mandibular canal (Plate IV, c). This clear, narrow line
separates the prenatal and postnatal bone which are optical Ij

4

transiucent and opaque, respectively. However, this 1ine disappears 1

L4
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as periosteal bone formation progresses, due to resorption by the
enlarging mandibylar canal. In addition, there is substantial
r‘esof-ption'of tissue within the per1ostea1 bone. The presence of
only a few-growth layers and the thinness of bone on the 1ingual aﬁd
dorsal aspects of the anteif"lor part of the mandible seem to be
indicative of either negligible appositional growth and internal
resorption or else-a balance between relatively rapid rates of
apposition and resorption. 92 retention in the lingual-dorsal
region of the mandible*oT a few layers, similar to the early labial
layers, favours the first alternative. Appositfonal growth exceeds
resorption on the labial surface of the: lower jaw, where old animals
may lack the wide, irregular layers which are deposited in eaﬂ:y
postnatal 1ife, and the layers adjacent to the mandibular canal are
therefore narrow and flattened. Further evidence for internal
resorption in old animals is indicated by the fact that the layers
adjacent to the enlarging mandfbilar canal are discontinuous or
interrupted. : ) ,

The rates of periosteal deposition and internal resorption by

_ the marrow cavity are greater in .the mid-labial area than in the

ventro~- labial area. In consequence, mid-labial growth layers are
quite‘wide. but the neonatal 1ine and several of the earlier layers
may be removed by osteoclastic activity. On the other hdnd,
ventro-labial growth layers are more narrow, but the neonatal line is
more often ;;reserved in this area where, however, the slow
appositional growi:h rate résults in extreme compression of the
Tate-formed layers, which are thus difficult or impossible to count.
In practice, counts of growth layers begin at the first adhesion Tine
in the ventro-labjal area and eventually shift to the mid-labial area
when the zones of -the former area become too compressed.
Unfortunately, in old narwhals in which the mandibular neonatal line
cannot pe detected, the counts of growth Tayers provide minimum
estimates of age. .

The most recent periosteal -zone at the mandibular surface is
usually an adhesion line. However, in a few young animals caught in
spring, the most recent zone is opaque. Treatment of thin sections
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of the mandible with silver nitrate reveals that the narrow .adhesion
Tines are poorly calcified; they are probably formed during the mid-
summer perfod of reduced feeding, at the same time as the narrow dark
band in the embedded teeth.

Klevezal and Kleinenberg (1967) reviévged the use of periosteal

growi:h layers for age determination in a variety of mammals. In the

taxa that they reviewed or studied, the periosteal adhesion lines
stained intensely with haematoxylin and were thought to be heavily-
calcified. Having examined several other bones with periosteal
growth, they advocated-the use ‘of the mandible for most mamna'ls as it
shows the least amount of periosteal resorption.

Mandibular periosteal layering in the narwhal is identica) to

* that described for the white whate by Brodie (1969b), who stained

thin mandibular sections with aniline blue-acid fuchsin; he
attributed the layering to differential calcification of the
stainable opaque and unstainable translucent zones. "Mandibular
periosteal growth in the narwhal 15 also similar to that described
for the sperm whale by Nishiwaki et al. (1961). Examination of thin
ground transverse sections of the upper lateral area of thé mandible
of the sperm whale revealed the presence of a neonatal 1ine which .
separated the endosteal from the periosteal zones, although it was
difficult to confirm this line in most specimens. In older sperm
whales, internal resorption had removed the neonatal line and a few -
of the earliest layers, and the extent of resorption and number of -
periosteal growth 1layers variéd in different parts of the mandible.
Peabody (1961) attributed the deposition of the narrow, highly-
calcified, translucent 1aminae of the periosteal bone of
poikilothermic vertebrates to reduced growth rate during w'lnter or to
breeding cycles, and Klevezal and Kleinenberg (1967) put forth the
same argument to explain hard tissue layering in mammals. Sissons
(1949) demonstrated that the narrow laminae in radiographs of
periosteal bone lesions represented a cessation of perfosteal

activity.
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Quantitative analysis of periosteal growth - The thickness of a

periosteal layer equals the sum of the thicknesses of one opaque zone

and an adjacent translucent zone in the area between the mid-labial
and ventro-labial regions of the mandible. The total thickness of
periosteal bone, from the inner margin of the earliest-formed
postnatal layer to the outer surface of the mandible, was also
measured in this area. All measurements were made perpendicular to
the surface of the mandible. ) o A

Figure 9 indicates that the total thicknes:;‘. of postnatal
perimostea] bone is ﬁrOportiona‘l to body length in both.sexes, and

males accumulate a greater thickness of bone (6 to 7 mm) than females’

(5 mm). In Figure 10; the total thickness of postnatal periosteal -

bone is plotted against the number of periosteal layers. The rate of .

deposition of periosteal bone decreases greatly after the
accumulation of 18-20 layers in males and 10-12 layers in females, y

_ although the growth rates are about the same for both sexes until the

accumulation of about 15 periosteal layers. .

Successive periosteal bone layer thickness is . seen to decrease
with number of layers (Figurés 11, 13). In males, the mean thickness
of each layer decreases from 0.58 mm (layer 1) to 0.18 mm {layer 8) -
and decreases yery slightly thereafter (Figure 11). In females, the

., - decrease in tayer thickness fromlhyer 1 to 8 is nearly the same ;

(0.56 to 0.18 mm) §s in-males, but there is a tendency for layer
thickness to decrease slowly from layer 8 to 16 (Figure 13). The
rate of decrease of layer thickness with age increases after layer 12
in female narwhals, coincident with the number of layers at sexual
maturity. ) .

In males namha]s,”cumu]atWe periosteal bonellayer' thickness

the rate of deposition of bone decreases greatly (Figure 12).
Cumulative layer thickness of the periosteal bone in females
increases from 0.56 mm (layer 1) to 3.75 mm (layer 16) but the rate
of deposition is much lower after 12 layers have accumulated .

\) "
»

v .

" increases from OJ\S&m ‘(Myer 1) to 4.16 mm (layer 16), after which\ '
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Figure 13. Periosteal bone layer width and cumlative
thickness plotted against layer number in female narwhals.
The mean 1s represented by a closed circle, triangles indicate - --
two standard errors, horizontal lines represent the range, and
open circles represent single values. Sample size is given at -
the top of the graph. : s '
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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.x
No clear trend emerged from a plot of the ratio of each
successive layer thickness to that of the prg\yious layer. A
, pronounced decrease in this ratio is supposed to be correlated with
‘the onset of sexual maturity (Klevezal and Kleinenberg 1967).
, N )
Relation Between Dentinal and Mandibular Layers
Dentinal and mandibular periostéal layers are approximatetly
" equal in number until the accumulation of about 14 layers in males
(Figure 14); beyond this point, the number af mandibular layers
exceeds that of dent‘i nal layers due to dentinal occlusfon. In
/fema]es, the number of dentinal layers increases with the number of
periosteal layers until the accumulation of 12 layers, when the
incidence of dentinal occlusion increases, resulting in a much larger
numbper of periosteal than dentinal Tayers in old females. However,
in young females with less than 10 layers, the number of periosteal
]Ayers 4s, inexplicably, slightly greater than the number of dentinal
layers (Figure 14). The initial equality of dentinal and mandibular
Tayers, with ti)e exception of young females, permits the conclusion
that the frequency of layering is the same for both tissues. This * 7
conclusion is 1in marked contrast to the conclusion that two dentinal
layers and one mandibular perfosteal layer are deposited annually 1in
the white whale Delphinapterus leucas (Brodie 1969b) and 1n Delphinus
delphis (Kleinenberg and K1 evezal 1_962). ‘On the other hand,
Nishiwaki et al. (1961) found that, in the sperm whale, dentinal and
mandibular periosteal. growth layers are equal in number until
layer 149, after which the.number of mandibular layers is constant
because of a balance between apposi tion and resorption rates, while
dentinal layers continue to accumulate. Mandibular and’ cemental
growth layers are equal in.number i n the Atlantic wa]ru§ (Petersen

and Born 1982). ~
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Frequency of Dentinal and Periosteal Layering

The frequency di’stribut_ions of body length of postnatal male and
female narwhals captured ’from 1963-76 are presented in Figure 15.
Most of the newborn calves (represented by the length group 150-.

180 cm in Figure 15) were taken by netting. Fema]es comprise 55% of

" the total catch, exc1ud1ng the animals captured in 1976 at the f'Ioe

edge where females were selectively sampled.

An ‘analysis of the data in Figure -15 using the method of Cassie
(1954) distinguished 3 year-classes: newborns, one-year-olds, and
two-year-olds (Hay 1989). However, only the newborn‘c»lass i é/obviou‘s
from these data while extremely small sample. sizes shed doubt on the
validity of this analysis (see Fig. 15). Although Cassie's method
does provide evidence that- young animals have a higher. frequ'enc} of
dentinal Tayering than older animals (see Hay 1980), no firm
conclusion.on the frequency of dentinal layering can be made based on
these length-frequency data, owihg to the uncertainties of Cassie 3
method as appHed to these very small samples (Fig. 15).

The annual ovulation rate is estimated to _be about 0.7 and the
accm}ulation rate of corpora lutea is calculated as 0.76 per growth
1ayer (see "Reproduction in the Female™). Assuming that the

. accumulation rate of corpora lutea may be a slight overestimate due

to underestimation of the ages of some very old females (see
“Growth"), it appears that one dentinal layer and one mandibular
periosteal layer may be deposited arnnually in mature females. Using.

'growth Tayer counts in the erupted tusks and aspartic acid

racemization ages of two adult male narwhals, Bada et al. (1983)

calculate a deposition rate of 0.7-0.8 growth layers per year. S

The rate of deposition of growth Tayers in the teeth and bones
of odontocetes is sti11 unknown, mainly because the relationship

‘between the variously-defined growth layers and time (age) has not

been examined directly. An exception is the work of Best. (1976), who
established that one dentinal growth la\yer is deposited.annually in
the teeth of captive Lagenorhynchus obscurus, using the technique of
t*lme-marking the ‘teeth with tetracycline.
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Based largely on indirect evidence, dentinal growth layers are
believed to ad&umulate at a rate of one per annum in Globicephala
melaenal(Sergeant 1962), captive Tursiops truncatus (Sergeant 19594;
Sergeant, Caldwell and Caldwell 1973), Stenella attenuata (Kasuya et
al. 1974; Perrin et al. 1976), S. coeruleoalba (Kasuya 1972),

S. longirostris (Perrin et al. 1977), wild and captive Phocoena
phocoena (Gaskin and Blair~1977; Grue Nielson 1972}, Hyperoodon -
ampullatus (Ch}1stensen 1973), and Berardius bairdii (Kasuya 1977).
However, two dentinal growth layers and one mandibu]ar periosteal

. ‘ﬁlayer are thought to be deposited annually in Delphinapterus leucas

(Brodie 1971; Sergeant 1973) and Delphinus delphis (Kleinenberg and
Klevezal 1962). h
The rate of dentinal layering in the sperm whale Physeter

catodon is a matter of considerable controversy. Ohsumi et al.
(1963), considering the recruitment rate of the stock, and Best
(1970, 1974), considering the ovulation rate, concluded that one
dentinal layer Js'ﬁeposited annually in this species. On thé other
hand, Nishiwaki et al. (1958), considering young whales near weaning,
and Gambell and Grzegorzewska (1967), analysing the seasonal
deposition of the most recent translucent zone, concluded that two
“dentinal layers are deposited annually. More recently, Gambell
(1977) has concluded that southern hebisphere sperm whales deposit
one dentfnal layer per year, since all samples showed only one annual
peak of formation of each type of lamina (transiucent and opaque).

There is considerable evidence that the frequency of deposition

of hard-tissue layers is higher or more irregular during early
postnatal 1ife of marine mammals. Hay .(1980) concluded that young

‘ na#wha1s may have a higher deposition rate than older whales. Brodieé
(1969b) referred to secondary laminae in the early post-natal growth
of the mandibular periosteal bone of the white whale-Delphinapterus
leucas (his Fig. 1), so that such a possibility exists for this
species as well. In addition, Laws (1952, 1953) found that the
frequency of dentinal layefing was higher and more 1rregu1ar\in
immature than in  adult elephant seals Mirounga leonina, correlated
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with the more reguiar pattern of seasonal haul-out of the adults.

_ Best (1970, 1974) calculated that two dentinal layers are depdsited
“during the first year .of 1ife of the sperm whale, although subsequent.

layers are annual. On the basis of theoretical or indirect evidence,
Perrin et al. (1976) and Perrin et al. (1977) have suggested that, in_
dolphins of the genus Stenella, the frequency of dentinal layer , . | ‘
deposition is higher during the first year of\postnatal 1ife than in-~
subsequent years. The presence of frequent minor Taminae and, '
irrégularities in the early postnatal growth layers of the ear plug
of southern fin whales is attributed to differences in behaviour and
physiology of immature and mature whales (Lockyer 1972). Juvenile
fin whales produce only very small amounts of sex hormones which may
influence the growth process, and in addition they are little
motivated-to .participate in the regular annual migrations of the
adults which are necessitated by the annual cycle of reproduction.
JFor example, juveniles may arrive late at and depart late from
Antarctic waters, and some may even overwinter in the Antarctic.
Feeding activity of fin whales during winter at low latitudes is
usually at a very low level, but those animals found to be feeding
are frequently juveniles (Lockyer 1972). As regards the narwhal,
there is 1ittle knowledge of behavioural and physiological
di ffer_encescbetween juveniles and adults that couid be manifested as
differences in hard-tissue structure and depqs1tion rates. During
t!\e 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 Jjuvenile from
adult narwhals. -Behaviour of narwhals during the remainder of the
year remains unstudied. -

" In conclusion, the freqyency of deposition of growth Tayers in
the dentine and mandibular periosteal bone of the narwhal is not
known with certainty. In future studies, it is recommended that -
attempts be made to determine the rate of layering by direct methods,
such as tagging of jcalves and tetracycline-injections. Larggr
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smﬂes of Known mother- calf pairs may . also shed more ‘tht on age v
determinaﬁon for this Species. ; - o o
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‘ _ GROWTH ‘
Foetal Growth . ; ‘

!

~ The foetal grawth curve s presented in the section

,\”Reproduction in the Female since it relates to the calculation of

. Postnatal Growth , " ’ f
Neight-Iength relation - Ihe relation between the body weight (N '
" {n kg) and Jength (L in cm) of 41 postnatal animals ds shown 1n

2 -

gestation period. In this section the re]ation between. foetal weight
and length is discussed.
. For-21 smali foetuses (9.5 to 35.0 cm body Tength) the re1ation

t éetueen weight (W in kg) and 1ength (L' in cm) isc

= 0.000039884 L 2-86937 -

 Far 23 foetuses of all sizes (9.5 to 182 cm) the relation is:

W = 0.000056506 275589

: Foeta1 weight ranges from 25 g (9.5 cm)/to 80. 3 kg (182 cm)

'

Figure 16 and is represented by the following equation
W =-0.0003231 2-48038 .

The regression line f1ts the po1nts quite well, althoth‘it is
evident that the points representing the’ largest males are farthest
from the regression 1ine. These are probably old males wh1ch are
approaching physica] maturity and therefore growing 1ittle in 1ength
but continuing to increase 1n weight, probably by deposition of

‘blubber: Unpublished ana]yses of weights of meat and blubber

obtained from narwhals show that older,” larger whales have

) proportionately more b]uboer than younger, smallér whales.

Height and age - Figure 17 presents the relationship between
body weight and .age .of 32 postnata1 narwhals. Age is represented by

:the number of composite growth layers which refers to the number of

mandibular periosteal 1ayers 1f the embedded tooth' is judged ‘to be
occluded; otherwise, 1t is the number of dentinal growth 1qyers
There seems to be no. difference in growth rate between the sexes, " but
few males are represented after 12 growth lqyers after which age
(female sexual maturity) one would expect such o difference ‘in growth

.
PR R Res ay Tat



¥,
oS
! MR
o
[
* .,
[
.
'
<
'
I
oy
,
'
A
.
N
N
Ve
‘
¢
,
N
. v
'
. -
.
3
‘i
.
.
[P
<
- ~ T
J
\ L.
! [4 H
N .
#
P N
In .
" :
.
i -
i ,
-
P
ke -
. .
v

Fome

P

1

“

£

»b

"é§~,

1500

~ d‘ . -
g 8
e O
T T

S

R - D
[ — I
¥

«w

[—]

(—]
T

. ®MALES (n=20)

[
B
- )
'
.
]
. -
&
‘ -~
i »
¥
“
/
°
~
N
N
+
«
v
.1
- +
—

© FEMALES (n.= 21)

L [ {1 4

. 80L[o°
Cse

400 500°
LENGTH (cm)

- Figure 16. Welight versus length of postnatal narwhals. The

.pel‘ation between/v(eight and length of 41 postnatal whales is:

W = 0.0003231 L2-38038 - -

f

5

SR

£

ot TR i a0 RSB

"rban

s

a

g

7
P g Aot b AL 3 5




A e L

-l
("]
®
[
L]

® MALES (ne14) v -

o FEMALES (na18)

1

.

' A

s Rk 3R T e e i (o S 3 i

10 20 30 ‘40
NO. COMPOSITE LAYERS R ;

~ B .
.
.

.Figure 17. ﬁe‘lght and number of grbwth Tayers in the narwhal.

r '
)

S,

P’y

T LD N D S N

W s ke a t dw st




87

+

rate. The small sample size precludes any detailed anaiysis of this

re]ationship.
Length and age - The growth\cdrves'of posthatai narwhals are

_presented in Figures. 18 and 19. Growth rates of both sexes are

approximately equal until the accumylation of 10 growth layers, after

wh(ich the growth rate of females declines relative to that of males. -

There are a iarge number of females in the sample between 370 and

390 cm-1in body 1ength with 14-20 composite growth layers (Figure: 19);

these are probabiy females that are approaching physical maturity and
which comprise ‘the ‘pronounced mode in the iength frequency histogram
(Figure 15). This observation suggests either the possibi]ity of a
cessation of periosteal activity or the attainment of a balance
between the deposition and resorption rates of periostﬁai growth ’
layers in old females approaching physicai maturity. Thus, the ages
of marly old females may be underestimated and the true growth curve
would be further to the right than that indicated in Figure 19,
especially after about 370 cm body length. , On the other hand,
although the sample is small, there is no great number of large, old
ma]eé over a narrow range of ages, indicating that periosteal fayers
probab1y continue to accumulate throughout the life of the male
narwhal. This is corroborated by the attainment of as. many as 45-50

- periosteai 1ayers by males and only 30 by females (Figures 18 and

19). Kasuya et a] (1974) also underestimated the ages ‘of - femaie

~ Stenella attenuata approaching or at physicai maturity {12. 5 years)

at which time poorly calcified postnatal secondary dentine is
deposited and age determination becomes difficult. No pubertal

- growth spurts are evident in the narwhal (Figures 18 and 19), ‘
Physical maturitx,- Inspection of the growth curves (Figures 18

and 19) reveals that males achieve asymptotic body size (physical
maturity) after 30 composite growth layers and females, after 20
growth layers. Tabie 6 1ists the approximate age at physical
maturity of some other odontocetes. Some of these values were
visualiy extracted from the length-age curves provided in various .
publications and are’ approximations only.
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Table 6. Age at physical maturity of some odontocetes. o i
No. dentir;al growth layers - S
Species Male Female Author .
Hyperoodon ampullatus 20 15 Christensen 1973 - o
Physeter catodon 40 30 _ Nishiwaki et al. 1958 €
s 35 28-29 o Best 1970 i"“ o o
- ‘ &
Stenella coeruleoalba 14-15 14-15 Kasuya 1972 "%%\
13 11-12 Miyazaki 1977 9}
21.52 17.52 Kasuya 1976 L .
& "
Stenella attenuata 12 11 Kasuya et al. 1974 :
" 13 13 Perrin et al. 1976 8
. 22.52 12.52 Kasuya o )
. ' }Tf:l;ﬁf *of
Stenella longirostris 9-10 7-8 Perrin_et al. 1977 TN
DeTphinapterus leucas 20 20 Brodie 1971 g,
25 20 Sergeant 1973 i
Globicephala melaena 16-17 13-14, Sergeant 1962 W
Phocoena phocoena 7 7 . . _Gaskin and Blair 1977 A ‘
& Number of cemental growth layers. - ,
. ‘ i
/ ; :
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It 1s evident (Table 6) that the males of 1ar’ge—si;_ed species -
grow for a longer time than f;emalgs‘, while males of small-sized , = .
specfes (e.g. Stenella) achieve physical maturity at the same age as
females, or s1ightly later. Sexual dimorphi sm in 'size is better-
developed in the large-sized species,- accountfng for the great
difference in- the age at physical maturity between the two sexes-
. Lemgevity )

"~ The oldest male narwha1 recorded in th1s study “had 45 50
postnatal mandibular periosteal ]qyers and a body . 1ength of 463 cmi,
while the oldest female-had 30 layers and a body Tength of 415 cm..
Both whales were probglﬂy physically mature. "As pointed out earHer

«it is probable that large, old females are no longer accumulating

periosteal layers. Maximum numbers of dentinal growth 1a,yers 4
recorded are 18 (un-occluded) and 20 (occ]uded) for males and 24 {un=
gpccl)uded) and 17 (occluded) for’ females.

For‘c,omparative purposes, Table 7 1ists the maximum number of

dentinal growth layers recorded for various -odontocetes.. . Assuming .- .

that one ‘dentinal growth layer is. deposited annual]y, many
odontocetes probably have a longevity of about 40 to 50 years.

Although the rate of hard-tissue layering in ’narwhals‘is‘npt cer,t.anin;

appl 1cation of this assumption would suggést"that the longevity. 6f

the narwhal is about 50 years: Bada et al. (1983) give the aspartic g
acid racemization»-detennj ned ages of 4 narwhals as r'ang'l ng from 25 to

52 years.. - -

A minimum estimate of longevity for the fema'le narwha] is
27.5 years, given the maximum number of corpora albicantia recorded
in the ovaries (19) and the .annual ovulation rate of 0. 69 (see .
"Reproduction in the Female ) - g . o

Seasonéﬂ Changes in Condit'lon

-Seasonal changes in body condition (fatness) are ﬂmstrated 1 N

Figure 20 for both se;es. Cond1t1 on’index is calculated as maximum

. .
‘
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Table 7. Maxifum number of dentinal growth layers recorded for ‘some odontocetes.

Max. no. ‘dentinal growth layers TR “ C o

Species L ’ Male Female Author L . g

i{yperbodon ampullatus C o3P a7 Christensen 1973 ' R o
Berardlus bairdil. na ooqa - Kasuya 1977 '

Physeter catodan | 42, 380 Best 1970 T
“Stenella coeruleoalba . 5% - 26" ~ Kasuya 1972 . o

: 503 492 Kasuya 1976 .o
Stenella longirostris 8 2 Perrin et al. 1977 ,

Stenella attenuata ©18¢ " 18¢ ' Perrin et al. 1976 - L
. ) : . -40% T 462 Kasuya 1976~

Globicephala melaena 219 - 214 Sergeant 1962 N T
Delphinapterus leucas 41 33 Brodie 1971 : AR .
' ' 49 - 50 , Sergeant 1973. - : -

Phocoena phocoena 13 9 . gaskin and Blair 1977 - © L o e

2 cemental layers. - T - ) f

. b possibly: occluded. |

. . ’ , -
c R - ’ . ] . . . H ER. - . K .
occluded. - ‘ . , C L e
d occluded, maximum of 50 cemental layers. o S
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_Figure 20. ‘Seasonal varfation in condition index (maximum

-1ines represent the range. "
of each month while "1" refers to the second half.-

arevg{ven at the top pf the graph.

girth/body length) in the narwhal.

-The mean. is represented by a

‘closed point, triangles indicate two standard errors,. and horizontal
The letter "e” refers to the first half
The sample sizes .
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girth/body length. Th1sj1ndex peaks in the first half of August in
male harwhals, and declines slowly thereafter. Males sampled during
the first half of August had significantly higher condition indices

! (at the 5% significance level) thah males sampled during late July

' (F test for homogeneity of variqnées was not sign1f1cant at the 5%

level, p>05; t=5.00,pc« 0.001) andwﬂate August (F test not

E sign1f1cant p>0.5;t=2.31, 0.06 >p >0.02). Males samp]ed 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 sampled during early August had
significantly higher condition indices than females sampled in late

. July (F test significant, 0.01 > p > 0.002; t =-2.28, ‘

0.05 > p > 0.02), while females sampled in late July were not
significantly in better condition than females sampled rn late August
(F test significant, 0.01 >p >.0.002; t = 1.54; 0.2 > p > 0.1).
‘Fema1es sampled in early August and late August had condition 1ndf*és

- that were not statistically different (F test not significant,

"p > 0.5 t =10.70, 0.5 > p > 0.4). Therefore, there seéms to be no
‘seasonal change 1h condition index in females, for female - A

‘,réproductive"condition'is more important in determining body '
condiiion. These changes in male condition may be correlated with .
intensive spring feeding (Junme and July), followed by fasting during \‘\N\__‘\\&\
August and September. Finley and Gibb (1982) found that the blubber ) '

.~ thickness of female narwhals (but not males) declined over the ‘ ~
season;- they attributed this to reduced feeding or the additiona] ”
demands p]aced on femafes with calves.

. ) , ‘ a\
Discussion - %

, ) Sexual dimorphism in body 512e and growth rate is evident in the‘\\~‘$\\\)\

'~ " . narwhal and many other adontocetes, the males usua]]y attaining a

e - larger size than females. Examples include the bottlenose whale

" ‘Hyperoodon ampul Tatus (Christensen 1973), the pilot whale

_Globicephald melaena (Sergeant 1962), the sperm whale Physeter

catodon -(Nishiwaki et al. 1958; Best 1970), and the white whale

e

< uTE,
reiBE
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Delphinapterus leucas (Brodie 1971; Sergeant 1973). In these’
species, the growth rate of the male éxczeds that of the female after
'the age of female sexual maturity. This 1ife history feature, ° J
a1th6ugh of lesser magnitude, is characteristic of the sﬁriped‘
dolphin Stenella coeruleoalba (Kasuya 1972;-Kasuya 1976; MiyazaJi
1977) and the spotted porpoise Stenella attenuata (Kasuya et a]

1974 Kasuya 1976). Howevéer, females of the beaked whale Berardiué',
bairdii (Kasuya 1977i an& the harbour porpoise Phocoena phocoena .

- (Gaskin and Blair 1977) attain greater sizes than the males.

As a consequence of the marked reduction 1n female growth rate
at the attainment of sexual maturity, the body size of females at -
physica] maturity is not ‘much greater than their-size ‘at sexual

- maturity. Laws (1956a) has shown, for several species of marine

mammals, that the body 1ength of females at sexual maturity averages
85.1% of the asymptotic body length. The average length of the - - ~

_ female narwhal at sexual maturity is 340 cm, which is about 82% of
“the maximum body 1ength. ‘

Male narwhals do not appear to demonstrate the accelerated

. growth at puberty found to be characteristic of the males of many

other odontoceteé, such as the pilot whale (Sergeant 1962) and the
sperm whale (Best 1970). : ' _

It has been speculated that large-'sized odontocetes which
demonstrate sexual dimorphism in body size have developed polygyny as
a reprbductive tactic, and there is good direct evidence that the
male sperm whale is polygynous (Best 1969, 1979; Ohsumi 1966). Male

narwhals are prabably polygynous, each sexually mature male defending

several females (a "harem") during the breeding season, but direct

_observations are not presently available.
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L . REPRODUCTION IN THE MALE

.Calculation and Measurement of Testis Volume as a Criterion of- Sexual

Maturity
Testis volume was measured by water displacement in the fie]d

" and if meéasurements were not available, the volume was ca]cu]ated
- from the measured length, breadth, -and thickness of the testis, -

aséumfng the testis-to be cylindrical with hemispherical ends (Brodie
1970). The measured volume usually exceeded the calculated volume by
a-small amount, and calculated values were corrected using the
relationship Setween the measured and calculated volumes. °

Figure 21 indicates a tendency for the'left testis to be only

slightly greater in volume that the rfght testis, so that the use of

one or the other testi s for measurement and study is justi fied.
Where possib]e, the right testis has been used in this study.

Y

' HistoTogical Changes in the Testis and Epididymis

Seminiferous ‘tubules - Plate V shows the. appearance -of the
seminiferous tubules of the narwhal. Immature testis tubules lack a
Tumen and only a few spermatocytes are present (Plate v, a). ) "

. Interstitial tissue is quite abundant between the tubuTes. The

testes of maturing narwhals contain both immature and mature

.- seminiferous tubu]es (Plate V, c and e)._ These types of tubules may

occupy separate lobules of the tissue or they may be in close |

proximi ty to one another. The immature tubules of maturing narwhals -

are identical to those of jmmature animals, while their mature
tubules present an appearance similar to those of sexually mature
males.

The seminiferous tubules of mature males are of large diameter -
with an open lumen; they contain cells in various stages of the
spermatogenic cycle (Plate V, e and f), but the disorganized
appearance of the epithelium and the sloughing of spermatocytes '

‘and spermatids into the lumen (where they degenerate) suggest the
cessation of spermatogenesis and the onset of male anoestrous. This

is further corroborated by the calculation of the mating season,
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which 0ccup1es the period March to. May , 1ong before the sampling

‘period (see "Reproduction in. the Fema]e");, The . 1um1na of mature
‘seminiferous tubules often contain mich degenerating cellular debris;
1nterstit1a1 tissue.is not as abundant in the mature testis as in the .

-

imma ture testjs. ‘ . .
The appearance. of the sem1n1ferous epithe]ium of the narwhal is
similar to “phase D" of the post-oestrous ;em1n1ferous epfthe]ium of

a the elephant seal Mirounga leonina (Laws 1956b5 In this phase, the

seminiferous epithelium is loose-structured and contains manf
degenerating spermatids and spermatozoa. Brodie (1970) has® observed
similar degenerative changes in the seminiferous epithelium of mature
white whales during mid-summer. Laws'’ (1961), studying reproduction
in the fin whale Balaenoptera physalus, cautioned that natural annual

’ cyc1ica1 changes in the seminiferous epithelium may resemble

post-mortem degenerative changes. The results described here for the
narwhal are based on mater1a1 preserved within 4 hours of death, so
that the histological appearance of the testes shou1d not be affected
by such- post-mortem degeneration. . .

,  Epididymal tubules - The epididymal tubules of immature,
maturing, and mature narwhals are pictured in Plate V, b, d, and g;
respectively. The epididymal epithelium becomes increasingly folded

"as sexual development proceeds; in sexually mature males, the

epididymal epithelium is highly folded and the diameter of the
tubules may exceed 1.0 mm.- Degenerating cellular debris (with a few
spermatozoa) is abundant in the lumina of the epididyma1 tubules of

. mature ma]es (Plate v, d). These tubu]es do not resemble those of

Sestrous males, in which spermatozoa often ﬁi]] the - lumen (Laws

. 1956b). In fact, the appearance- of'the‘epididymal tubules of the

mature narwhal is similar to that described for the anoestﬁous male
elephant seal Mirounga leonina by Laws (1956b) . The epid1dynaﬁ

.tubules of the narwhal present an appearance similar to those of the

pi]ot whale, in which their diameter may exceed 2 mm (Sergeant
1962). / |

)
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i Tﬁe microscopic appearances of the seminiferous and epididymal

’ tubu1e§'suggest that mature male narwhals are not in breeding
_condition during July to Séptember. ' ‘

Histolagical criteria - 1mm3ture maturing, and mature narwhal s-

Immature males are definkd as those in which a]l seminiferous
:tubu1es are immature, while maturing’ males have both mature and
Jimmature seminiferous tubules, and mature ‘males have only fully-
mature, oben tubu]es. In Figure 22, single testis volume s plotted
against the body 1ength of male narwhals of. these three reproductive
categor1es. ATthough there is some overlap of testis volume between
the three groups, the following criteria of maturity were established
and .can be used when only testis volume is available:

s

) . Testis Volumé'(litres) ..
Immature R 50.140

" Maturing - ‘o 0.140 to 0.535 )

Mature - ) _ >0.535

It is'evident from Figure 22 that the attainment of sexual
maturity (from the onSet of spe}matogenic activity) is a protracted -
process aqd that the male may be fu]]y mature or fertile only after a
further considerab]e lapse of time. Using the above criteria, it was

‘estimated that of the total sample of 73 male narwhals from 1963-76,

~

52% were immature, 22% were maturing, and 26% were mature.
Brodie (1970) found that immature white whales had a testis

volume 1es§ than 0 13 11tre, while mature white whales had a. testis -

volume exceeding 0.36 litre. Probab]y some of the younger mature
white vhales would be maturing according to the criteria of this
study. However, it is possible that the testis volume separating
maturing and mature male narwhals was overestimated, since thege are
few data points between 0.4 and 0.5 litre (Figure 22). “

The histo]ogica1 criteria ‘established for the male narwhal are
essent1a11y ‘the same as those establi;hed by Best (1969) for the
sperm wha}e and Chittleborough (1955a) for the humpback whale

°
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‘ Length and Age at Puberty and Sexual Maturity

hY

Megaptera novaeangliae. Best (1969) showed "that thé central part of
“the testis matures earliest interpretation of reproductive status -
based on studies of the central part of the testis-would lead to
underestimation of the age and length at sexual maturity. The:
histologica_l changes in the testis of -the narwhal are simitar to
those observed in the sperm whale‘and the humpback whale. Sergeant
(1962) noted similar changes in the histology of the “seminii ferous
epithelium of the pﬂot whale.

1
\
i

1
[y

Testis vo’lume - Testis volume increases greatly after 39() cm
body length (Figure .23) and 15 to 16 composite growth layers.

' (Figure 24), indicating that sexual’ maturity is attained after 390 . cm

and 15 to 16 growth layers in .the male narwhal. ‘The’ wide variation
in the testis volume  of' mature males"could be partly due to. °
irdividual variation in the stage of postoestrous testicular
.involution, if indeed there is an annual cyc;le of " testicular grdwth

, and regression aCCompanying the cycle of the Seminiferous

C epithelium. \; } e T , -

_ - . A simildr increase in testis 51ze at puberty has been recorded o
. "_for the: sperm whale (Best 1969 1974),- the humpback whale , -

(Chittleborough 1955a) , the pilot whale (Sergeant 1962) and the )
spotl:ed porpoise Stenella attenuata (Perrin et al. 1976). Testis
size ‘may therefore be used in a general though imprecise way ‘to -
indicaté the attaf nment of sexual maturity by male, odontocetes.

* Seminiferous tubule dfameter - The mean diameter of the
seminiferous tubules 1ncreases grea’(:ly' after 390. cm body length

r(Figure 25) and 16 comwsite growth layers (Figure 26) these. resul ts
. “are the same ‘as ‘thoseé obtained from testis volume data in the
B - preceeding section. The semimferous tubules of immature males are
‘less than.120 u in diameter while those of mature males are greater
~than 200 uin. diameter. T ;

‘A marked increase 1n the diameter of the. semimferous tubules at

: puberty has al so been noted in the sperm whale (Best 1969), the .

-
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fumpback whale’ (Chittleborough 1955a), and the spotted porpoise -
(Perrin et a’l. 1976). The diameters of the seminiferous tubules of

-the narwhal are within the range of values given for the compar'able‘ ,

reproductive categories of other male odontocetes’ (Table 8).
Epididymal tubule diameter - Epi(hdyma] tubule diameter -
increases rapidly after 360 cm body 1ength and 13- composite growth
layers (Figures 27 and 28), although it varies wide]y over a broad
range of body length and age; therefore, changes in the diameter of
the epididymal tubules seem to be less finely regu]ated by the sexual -
maturation process in males, compared to changes in.the diameter of
the seminiferous tubules. . o
Length- and age-frequency distributions - According to Best
(1969), the length or age at which 50% of males are immature can be

- taken as the average length or age at puberty (onset of spermatogenic

activity) and the 1ength or age at which there are equal frequencies
of immature :c\nd mature males can be taken as the average length or
hge at the attainment of sexual maturity. App1y1 ng these criteria to
the Tength- and age-frequency distributions of the narwhal /
(Figures 29 and 30); puberty occurs at 370 cm and 14.2 composite
growth layers while sexual maturity is att;ai’ned at about 395 cm and
17 growth layers. These estimates of mean length and age at sexual
mzitur'?ty are similar to those estimated above us1ng'testi's, volumes
and seminiferous tubule diameters. About three growth layers elapse
between the onset of spermatogenic activity and the attainment of
sexual maturity, which is not necessarily the attainment of full
fertility. Chittleborough (1955a) concluded that the interval
between puberty and maturity may be about one year in male humpbaak
whales. The attainment of sexual maturit_y after puberty is an ,
extremely protracted process in Stenella attenuata (Perrin et al.
1976; Kasuya et al. 1974). , -

i
,

The ages at buberty and sexual maturity of the males of several ‘ <

species -of cetaceans are given in Table 8. ,The criteria used by . . o
various authors in determini ng these ages are probably quite diverse.
Miyazaki (1977), for example, as§un\ed that puberty is attained when
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Table B. Mean diameter of seminiferous tubules and mean age at puberty and sexuai maturity o% some male
cetaceans. o . : . -

! ' . N

S Mean diameter of semi niferous )
tubules(p) o No. dentinal layers-at
Species . T Immature - Pubertal Mature Puberty Sexual éociﬂ
. : - R . ; . Maturity Maturity - Author
Balaenoptera physalus 80 2008 ~ Laws 1961
Megaptera novaeangliae . 79 ) 103 , 155 . St Chittleborough 1955a .
- Physeter catodon , - 89 .. : 167 . 25-27 Best 1969, 1970
: : , , . 10-11 . Nishiwaki et al. 1958
‘ ) ,, " .12 25 Ohsumi 1966 ~— ‘ ,
_§9-10 . - 19 25-27 Best 1974 . LA —
- ' . . , .s" . by ) . . N - ~
Globicephala meleana ' o . - .- R ¥, Sergeant 1962 .
i - Delphinapterus Teucas . ; ) S 16 . Brodie 1971 .
W, 0 T . . . , X : A ¥ A Sergeant 1973
" Hyperoodon ampullatus’ . . e oo | 13 : 'Christensen 1973
. Berardius bairdi1 =~ - . ' SR L 8-10 * Kasuya 1977
Stenella attenuata L S . . - 103 .~ - Kasuya et al. 1974
. . . cLo S , 11.8 - Kasuya 1976
. i L 9 . 12 . - Perrin et al. 1976’
S. ‘¢oerulecalba - - o - T ©9.0+9.2 Kasuya 1972 1976 - o
. ] 44 - 55 . 131 - 6.7 .87 >8.7 . Miyazaki 1977
S. longirostris - o - C ., " 9-12 " Perrin et al. 1977 ,
- Phocoena phocoend . - . . . T . 4 * Gaskin and Blair 1977
a ogstfous'condiyion; anoestrous 1s'140,i. _ ' BN ", y \
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50% of the males are puberta]’(matUring) and that sexual maturity'is“

attaihed when 50% are mature. It is notable that the male white
whale De}phinapterus Teucas has about the same number of dentina1
growth Jayers at maturity as doés the narwha1 (Table 8). Brodie
(1971) showed that. Cumberland Sound Baffin Island male white whales
with 16 or mare tooth layers were sexual]y mature, whi]e Sergeant
-(1973) found that male\white whales from Hudson Bay demonstrated a

spurt in testis growth and spermatogenesis at 16 to 18’gruwth layers.

These results suggest that male. white whales mature'when about 8 to 9
years old, assuming that 2'dentinal growth layers are deposited ° .

: annually in this species (Brodie 1971; Sergeant 1973).

The s1ng1e testis: vo]umes of maturing and mature males are

- p1otted against date of capture in ngure 31. . There seems to-be a

decrease in the testis voiume of mature males with, increasing date,
a]though the range of testis volume s wide at‘all times. A linear ,
regression of testis volume on time (t1me—0 is 15 July, the earliest
.date when a mature testis was recorded) gave the fo]]owing equation.
= -1.0745 x + 690.44
where y is uature testis-volumer(m1) and x s time after 15.Ju1y
(days). The regression coefficient (-1.0745) is not significantly
different from zero at the 5% significance level (t=0.9456,
0.4>p>0.2), indicating that mature testis volume is riot dependent on’
date of capture. Maturing testis volumes appear to incirease with
time, but this could be due to sampling of individuals whicﬁ are in ‘
different stages of the sexual maturation process. A.linear
regression of haturfng testis volume on time (time = 0 is 19 Jufy,
the earliest date that a maturing testis was recorded) produced the

- equation y = 4.8692 x +160.381, where y is maturing testis volume

(ml) and x is time after '19 Ju]y (days). The regréssion coefficient
is, however, not significantly different from zero (t = 2.145,

0.1 > p > 0.05), suggesting that maturing testis volume is not
dependent on date of ;apture. In addition, there seemlto be no
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e either the mature testis volumes. and tubu1e diameters have already
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—

systematic changes in the diemeters7qf the seminiferous and -

- epididymal tubules with season (Figure 32). The sampting season ' C

occurs about three months aftér the peak of the breeding season, and - Ol
regressed to annual minimim values or else the sampTing period is too :
short to _demonstrate reductions in mature testis size and tubule
diameters given the probable great varfation among individuals in (
the timing of the seasona] development and regression of the testis.
On the .basis of these data, ‘it {s impossible to conclusively
denonstrate an annua1 cycle of reproductive activity in the male

" narwhal. S ‘ \

Best (1969) did not detect seasona] changes in the size of the .

~testis and the- diameter ‘of the seminiferous tubules of the sperm
I whale,’ but he had no samples from the spring breeding season.

Sergeant (1962) conc]uded that male pilot whales were anoestrous in
late summer and fall after spr1ng breeding and Brodie (1970) came to o
a similar conclusion for the white whale. Laws (1961) showed that )
male fin whales were anoestrous from December to Eebruqry; when
éeminiferous'tubule diameters were lowest.. Laws (1956b) demonstrated,
that the seasonal- enlargement of the testes of the elephant seal
during the breeding season is due to an increase in the diameter of

~ the seminiferous tubules,’ w1th a concomitant reduction of . .
1nterst1t1a1 tissue, There is also a similar cycle of the: epididymds
“in this species'(Laws 1956b) . Ridgway and Green (1967) demonstrated
a marked annual cycle of sexual development and rut in male dolphins-
of Lagenorhynchus ob11qu1dens and Delphinus de]phis off California.
The mid- to }ate sunmer period of male rut is characterized by:

. enlargement of testes, seminiferous tubules, and muscles associated %
with the penis, an dncrease in spermatogenesis, and production of
copTous amounts, of semen containing viable spermatozoa. However,

’ these authors did not pay much attentfon to the size and age of the |

specfmens which they compared so that much of the possibie seasonal -
variation which they described cou]d in fact re1ate to the: stagevof
sexual maturation of these specimens (eg - see thejr Table I). It “
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. attain full fertility and social maturity (abi]ity to breed and -

‘sexual maturity: (Best 1974), and maturing or pubertal whales “are -
‘subfertile (Best 1969). It is not known whether the male -narwhal-is

: advantageous to males in securing and defending harems.

" .mature male white whales are.polygynous but they segregate from LT

- existence of po'lygyny in odontocetes and its relationship to body CoL
‘'size and _sexual dimorphism, . . o

- - A : ) . .
+ > !

appears' that the most serious obstacle to the e'l"ucidatio’n of the

reproductive cycle of male odOntocetes is. the often short annual = .

sampling season. ’ T L e

Discussion ‘ ]

The’ attainment of sexual maturity by maie pdontocetes is not o "
neceSsari 1y acconpanied by maximum fertthy ar the capacity to ‘ '
impregnate females. The male sperm whale, for exampie does not

maintain' a harem) until six to eight years after the attainment: of

fully fertile when it attains sexual maturity (400 cm and 17 growth '
layers), but because of the intense competition for females among the

"‘males of a polygynous species, social maturity may be attainéd only.
‘after a further increase in body size and/or testis size. A high P

level of circul ating te$tosterone and/or large body size may . be )

Poiygyny is-believed to be- displayed by males of the spotted ,\ v
porpoise ‘(Kasuya et al 1974) and the sperm whale (Best 1969; Ohsumi | -
1966). The harem of a male sperm whaie may consist of 10 or more

. femaies (Best 1969). 'According to Best (1974), male sperm whales

start migrating seasonally to high latitudes when they attain sexual

' maturity - (19 years). 'In the north Pacific, segregation of male sperm . .
~whales to high latitudes starts after the age of 12 years (sexual “

maturity) and continues to increase until 25 years of age, when . i

' .dominant males attain social status and remain in lower latitudes

with the female schools (Ohsumi 1966). Brodie (197‘0) believed that g-

females outside the breeding season. More direct observation of
behaviour during the breeding season is needed to establish the .

”
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{ Sl _Evidence for polygyny in the narwhal includes the larger body
St - size of the adult male compared to the adult female, the presence of

a. tusk usually only in males, and delayed sexual maturity in males.
¢ Further: evidence s the high incidence of scars, believed to be made
.. by the «%sk, on the heads of adult males (Silverman and Dunbar
" 71980). Delayed sexual maturity of males leads to a relative excess
of mature females:™ there is an averdage of 3.06 mature female
nar;nhals for é\iei'y' mature male, excluding data from the Guys Bight
floe edge where females ‘wére selectively sampled (Append'I'x Table 3).
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REPRODUCTION IN THE FEMALE .
Foeta1 Growth and Gestation Period ‘

The gestation period was calcu1ated by the method of Huggett andi

Widdas (1951) as modified by Laws (1959). Figure 33 presents the
relationship between foetal Tength and date of capture for narwha]s
taken in northern Baffin Island from 1963-76. The mean body 1ength
at birth is estimated to be 161 cm (the average of the lengths of the
largest foetuses and smallest newborn calves) and the mean birth date
is 1 August. The meanlléngth of the small foetuses is 24.17 c¢m on a
mean date of 5 August. Using these data, the Hnear_.fbeta] growth
rate is calculated as 0.379 cm/da and the gestation period is
estimated to be 467 days (15.3 months), resulting in a mean
conception date of 21 April. Based on the largest and smallest
foetusés observed in August (Figure 33), the extreme 1imits of the
foetal growth curve have been estimated assuming that all foetuses
grow at the samem rate. Conception is seen to vary from 20 March to
19 May with a i:eak around 21 April, while the season of births is -

30 June to 29 August, with a probable peak on 1 August. -

A linear regression of foetal length on time (time = O is
17 July, the earliest date when a foetus was recorded) was performed
giving the following equation:

. L = 0.37794t + 16.91193
where L is foetal Tength (cm) and t is time after 17 July (days).
The regression coefficient (0.37794) is essentially the same as the
" previously ca]cu]ated foetal growth rate (0.379 cm/da).

Foetal lengths of narwhals from other regions are similar to
those from northern Baffin Island. Small foetuses of similar size
were recorded during June-August in east Greenland (Eales 1950; Gray
1889) and in west Greenland (Vibe 1950; Bruemmer 11571).

The ‘season of b{rths and neonatal body lengths are constant
throughout the range of the narwhal, including the Thule region of
northwest Greenland (Vibe 1950; Bruemmer 1971; Raven 1927), the
waters of east Greenland (Eales 1950; Gray 1889), and the Arctic
Ocean (Rutilevskii 1958). In the Canadian arctic, Degerbgl and

[
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Figure 33. Growth curve of the foetal narwhal, using data from
northern Baffin Island, 1963-76.
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Freuchen (1935) observed newborn calves and fully-grown foetuses in .

. -Eclipse Sound during July. Finley (1976) observed neonatal narwhals

’

on 18 July 1975 in eastern Barrow Strait, while Greendale and
Brousseau-Greendale (1976) recorded néonates at Caﬁe Hay, Bylot
Island, from 26 June to 24 July 1976. Johnson et al. (1976) observed
17 neonatal narwhals in Lancaster Sound from 28 June-26 July 1976.

In spite of the fact that the foetal lengths of narwhals taken
in July-August comprise two main size groups (10-40 cm and 140- -
170 cm), the narwhal is assumed by some authors to have no definite-
breeding\season (Porsild 1922; Vibe 1950; Degerbgl and Freuchen
1935). Dégerbb] and Freuchen (1935) and Pedersen (1931) claimed
that small ca]ves and foetuses of all sizes were present “at all times
of the year. Gray (1889) concluded that conception.occurred in May.
and June and that the gestation period was 12 months, Best and
Fisher (1974) estimated the gestation period to be 14 months, usiﬁg

published data from narwhals captured in Greenland waters and in ‘the -

eastern Canadian arctic.

_ The gestation period of the narwhal is similar te that of other
large odontocetes. The gestation period is 17 months in the beaked
whale Berardius bairdii (Kasuya 1977), 14.6 months (Best 1968) or
16.4 months (Ohsumi 1965) in the sperm 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 bottienosed whale Hyperoodon ampullatus to be
12 months, but 1nspect10n of the foetal growth data for this species
indicates a more 1ikely estimate of 15 to 16 months. The smaller
odontocetes have gestation periods of 11 to 12"months. For example,
the spotted porpoise Stenella attenuata has a gestation period of
11.5 months (Perrin et al. 1976).

Ovarian Structures and the Oestrous Cycle

Gross and histological structure of ovarian corpora - The
ovaries of all females were sliced at 3 mm intervals using a scalpel
and all corpora Tutea and albicantia were jdentified and counted.
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" The corpus luteum of pregnancy is a large yellowish glanduiar

structure, 30-62 mm 1n mean dlameter projecting. from the surface: of’»

the ovary of pregnant females (P1ate VI, a). It is most commonly
Tocated at the pole of the ovary.. Trabeculae of.connective tissue
from the theca externa divide the gland into numerous lobes; these -
trabeculae and a multitude of small fibrous septa carry the blood.
vessels. A stigma {eruption pit) and corona (everted luteal tisSue
around the stigma) are usually present on the surface of the corpus

‘1uteum. A small central cav1ty, filled with hquor folliculi or ‘ X

fibrous tissue, is sometimes present.
The granulosa Tutein cells are large and polyhedral in shape.
Their cytoplasm contains a multitude of small vacugles and therefore

has a frothy appearance, while their nuclei are-vesicular (PTate VII,

a and b). The theca luteim cells are much smaller and are ar"ranéed
in small groups at the periphery of the corpus luteum, usually . at the
bases of the fibrous trabeculae. These cells are polyhedral and
contain relatively 1a‘§‘ge, dark-staining granular nuclei. Their
cytoplasm appears clear because of the extraction of lipoidal
pigments during histo'logical processing. Occasionally, theca 1ute1n
cells may be found within the fibrous septa at some distance inside
the ‘corpus luteum. The frothy appearance of the cytoplasm of the
Tuteal cells of the active corpus luteum of the fur seal Callorhinus
ursinus is indicative of great secretory activity (Craig 1964;

Yoshi&a, Baba, QOya and Mizue 1977). ‘Laws (1961) noted the presence

of theca lutein cells at the bases of the fibrous septa and at the
periphery of the developing corpus Tuteum of the fin whale ‘
Balaenoptera physalus.

When a corpus Tuteum ceases secretory activity at parturition,

or after its development as a short-lived corpus luteum of ovu]atioh,\

it being;s to involute and to transform gradually into a fibrous scar
called the corpus albicans. Whale ovaries are unique in that the
corpora albicantia apparently persist for the life of the female (see
Laws 1961). Laws (1961) distinguished three stages of regression of
the corpus luteum of the fin whale which I have applied to the

e
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narwhal. The young corpus albicans is found in the ovaries of
recently-parturient females and in females which have recently
ovulated unsuccessfully, having produced an infertile ovuTation or -
corpus luteum of ovulation (Plate VI, b and d). It comprises the
earliest stege of the regression pr'o'cess, shrinking in size véry i
rapidly. Its 1utea1\ tissue appears. compaet and is yellowish-brown.

_ The young corpus albicans is still prominent exferna1 1y, having a

wrinkled surface appearance due to 1'ts shrinkage in s1’ze. The core
and radially-arranged septa of white connective’ tissue-are not- yet .
extensive. The young ‘corpus albjcans is weH:—vascu1ar'lzed but

' thick—wa]led contorted blood vessels are not macroscopic&'l ly evident.

k1

(P]ate VI, b).- A thickening fibrous capsu]e with a few thick-walled -
blood-vessels surrounds the young corpus albicans. -

- Hi sto1ogica1'fy, most of the luteal cells have degenerated and .
the luteal tissue has been replaced by hyaline connective tissue
(Plate VII, c). A few small thick-walled blood vessels: are, present -
in the hyaline tis;ue, and they are becoming increasingly contorted
as the corpus albicans shrinks. )

Young, regressing corpora albicantia are often seen in close
proximi ty to the corpusi Tuteum of females in early pregnancy. ' They
evidently represent unsuccessful infertile ovu]ations pr1or to the
recent conception, 1ndicat1ng that the narwhal is polyoestrous (see

/P]ate VI, d). Benirschke, Johnson and Benirschke (1980) report that

infertile ovulations are frequent in dolphins (Stenella sp.). and that
ovulation may often be spontaneous -rather than copulation-induced.
They caution that macroscopic d'Iaénosis of corpora lutea may
therefore be frequently 'erroneous.

The medium corpus albicans occupies an intermediate stage of
regression (Laws 1961). The fibrous core and septa are becoming more
extensive while thé residual 1ight-brown hyaline connective tissue is

(dimihishing A thickening fibrous=capsule with thick-walled vessels

surrounds the -corpus albicans, and.prominent surface wrinkling is
still evident. However, it bulges to a 1e£ser extent from the ovary
than a young corpus albicans. Thick-walled, contorted blood vessels
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are found throughout the hJa]in tissue, and some of the 'small

" calibre vessels are now occluded and non-functional. The walls of:
'these vessels consist targely of} 1oose, acellular collagen,|a1thougnA

van Lennep (1950) claimed thaf elastic_ tissue was predominant.
The old corpus.albicans rep esents the fully-regressed coers‘

. luteun and does not shrink any f rther in size (Laws 1961).
Diagnostica11y, the large whité“onnective tissue core and sepfa are

prominent,. and the residual hyalijne Tluteal tissue is thin-and
co]oured a deep orange—brown due o concentration of 11po1da1 lutein
~pigments by phagocytes that progress inward through the structure

(Plate VI, c)i.. A th1ck white capsule containing thick-walled fibrous o

blood vessels, some of which are o cluded, surrounds the corpus
albicans; there is little external evidence of an internal structure,
except for a very slight wrinkling' of the ovarian surface. Very old
coropora aTbicantia consist almost ent1rely of scar tissue and '
fibrous thick-wailed, coiled blood vessels, many of which are
occluded. 01d corpora a]bicaniia are often fTattened—para11e1 to the
ovarian surface. Coagulated blood and blood pigment granules may
also be present (Plate VI, c;'VII, d). This blood must be due to
rupture of the functional vesse]s. The core and septa consist of
Toose connective tissue with few fibroblasts or blood vessels
(Plate VII, d). .

‘ Thgse involutional changes -in the corpus luteum of the narwhal
are essent1a11y the same as those described for the fin whale by Laws
(1961) and for the sperm whale by Best (1967) ‘

The garliest signs ‘of degeneration of a corpus Tuteum are
nuclear pyknosis and vacuolation of the granulosa Tutein cells, both
of which are seen in early pregnancy Callorh1nus ursinus. (Cratg 1964)
and Miroung__]eon1na.(Laws 1956b). The pinniped corpus Tuteum
regresses throughout pregnancy and is non functional by the time of
birth.(Craig 1964) . On the other hand the corpora lutea of blue

" whales Balaendptera musculus and fin whales B. physalus do not

regress until parturition (van Lennep 1950), while in Phocoena
phocoena the corpus Tuteum begins to regress dur1ng late pregnancy

) . ' <. ’
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(Fisher and Harr‘ison 1970) Chittleborough (1954) found a-

degenerating corpus luteum in only one 1ate-pregnancy fema]e humpback
whdle. ’

The corpora 1utea of near-term female namha]s are the same size‘ N

as those of females in early pregnancy (40-50 mm), but no
histological data on the former group are available to 1nd1cate

. whether or not pre-partum degenerati on doesroccur.

The regressing corpora lutea of the narwha) are histo]ogica]]y
similar to those of PTatanista gangetica (Harrison 1972) eoghocaena

_Ehocaenoides (Harrison and McBrearty 1973-~74) and many other

odontocetes (Harrison, Brownell and Boice 1972). Van Lennep (1950)
described the process of degeneration of the corpora lutea of the

" blue whale and fin whale in some detail. Initial degeneration is
.:Hp\dida], whereby'the 1ipids within the vacuoles of the granulosa

lutein ,ceUs change from a” yellowish to a yellow-brown colour.
According to van Lennep (1950), the pigmented hyaline collagen
(degenerated luteal tissue) is produced by theca lutein cells which

have transformed into fibroblasts, while the main mass of collagen is
. formed be fibroblasts from the theca externa, the fibrous core and
'_septa, and the fibrous walls of.the blood .vessels. As regnession

continues, the blood vessels become increasingly coiled and their'\
walls thicken by growth of collagen, smooth muscle, and eiastic
tissue, while their lumina are progressive]y reduced 1n diameter. A
very old corpus albicans apparent]y consists mostly of elastic
fibers. Van Lennep (1950) could not histologically distinguish
between regressing corpora lutea of owulation and those of pregnancy.
However, Fisher and Harrison (1970) believed that fhey could
distinguish between corpora albicantia of infertile ovulations and
those of pregnancy in the harbour porpoise, but it is clear that they
were distinguishing between early and late regression ,stages, for the
latter consisted mainly of coiled, occluded blood vesse1§ with
clusters of degenerafing cellular elements, while the former
consisted of lobular acellular connective tissue and fewer vessels.

.
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Lutéinized follicles are corpora lutea derived’ from unruptutéd
follicles; they may be parti§71y-1uteinized, with the gel-filled
cavity surrounded by orénge Tuteal tissue which is Tikely produced by

the hypertrophied theca interna (Yoshida et al. 1977).” Some of these ‘
structures appear similar to the corpora lutea atretica of the ovary

of the sperm whale (Best 1967).

If the follicle luteinizes completely, it may persist througﬁou?
gestation as an accessory corpus luteum (Plate Vi, a).
Histo]ogica]]y, the structure s the same as that of the functiona]
corpus luteum of pregnancy, a1though the two accessory corpora Tutea
(pictu}éd in Plate VI, a) are thought to be regressing. ‘Thése two

. Tuteinized follicles would probably be fully-regressed by-the time of

parturition and would not then be recognizable. Luteinized follicles
contain islands of theca lutein cells in the fibrous, septa and near
the perinheny. It'is possible that accessory corpora lutea in the
narwhal persist only during eariy pregnancy, as few are ‘seen in the
ovaries of 1ate—pregnancy or recent]y parturient femg]es.

Regressing luteinized folljcles are. often present in the’

© ovaries of_mature females, especially those in early pregnancy which .
-have ovulated- recent]y during March to May. These fo1lic1es are

1ncon3p1cuous externa]]y, with no surface wrinkling and no eruption
site, and they may protrude very s1ight1y from the surface of the

. ovary (Plate VI, e). They consist of lobules of greyish-brown on

greyish-yellow hyaline connective tissue separated py white -
collagenous septa. The mode of regression seems to be the same as
that of the corpora lutea of pregnancy, although they usually become
fibrous very soon and coiled thigk-wé]led vessels are’ not numerous.

In addition, regressing 1uteiniied follicles are surrounded by a thin

fibrous capsule which contains a few thick-walled open vessels., The
lack of clotted blood and blood pigment granules mqy be diagnostic of
regressing luteinized follicles. They probably do not shrink much in

“size during regression, as evideénced by the lack of surface wrinkling

and the presence of a few coiled vessels. It is possib]e that such’
small structures are eventually complete1y resorbed.
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- The structure of a 15 mm-luteinized follicle (or accessory

. corpus luteum) in very early regression is shown 1n P]ate VII, e and

f. The degenerative changes described by Craig (1964) for the fur’ ce
seal corpus luteum are seen in a few 'granulosa lutein celjs." ’

Plate VII, ‘e shows a granuiosa Tutein cell withfpyknotic nucleus and s
deep-staining, acidophilic cytoplasm. Fibrous septa are enlarging -

(Plate VII, f)} and fibrous tissue has replaced part of the gland,

1 a]though much healthy luteal tissue is evidently still present.

Well- regressed luteinized Follicles are seen to consist largely of

vacuolated hyaline connective tissue with a Tow density of

fibroblasts, although a' few degenerating granulosa lutein cells may

be present. Healthy or degenerating theca lutein cells may persist

at the periphery and in the fibrous septa. In fact, the presence of .

theca lutein cells suggests that some of these regressing 3od1esgmay ) o

'be corpora lutea atretica or their regression products (Best 1967).

Fo111c1es in, various stages of development and atresia. are ' 'J
present in the oviries of all mature. female narwhals. They "are L L ) i

usually filled with fluid (the 11quor folliculi) -and they are th1n—~ - -
walled. The 1argest follicles are usually found near the ovarian
poles. )

Haemorrhagic fo]]ic]es are small and fi]led with blood
(Plate VI, f). 7They,apparent1y represent the normal mode of
degeneration of small follicles (Best 1967). Some theca-derived
orange Tuteal tissue may form at the periphery and 1iquor folliculi
may sti]l be present in the cavity, of the fol11c1e. Co]lagenous
tissue ultim te]y replaces the :blood, forming an 1nv131b1e fibrous
scar. / Coe

Entarging follicles exceeding a diameter of 10 mm are present in _
the ovaries’ of mature females of several . reproductive categories. S S
Two possibly erupted follicles of diaﬁetErs 15.3 mn end 11.2 mm were '
found 1n"he left and right ovaries, respectively, of a maturing. - ' T j
female (wﬁth 12 dentinal grawth layers). These follicles were y L
co]]apsed%ldevoid of 1{iquor fo]]iculi, and 1ocated'at_the poles of. :
their respective ovaries. It is therefore possible that the mature
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_1likely physically-mature females. The corpus incognitum is up to -
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follicle attains a size of about 15 20 mm at the moment of
ovulation ! Co .
Cystic follicles have also been found in some ovaries.' A 19 mm
follicle in the ovaries of a female in very early pregnancy (foetus
not found) was. thick-walled, empty, and invisible externally. Its
wall consisted of a thin inner membrane and a thick, vascularized,
fibrous outer layer. The outer edge of this follicle was about 2 mm
from the ovarian surface. A£§r2'mm follicle filled with a brown
paste-1ike substance was present in one of the ovaries of the same
female Such cystic fo111cles may be partly- 1ute1nized as Laws
(1956b) found for the e]ephant seal Mirounga Teonina. .Cystic
fallicles are also present in the ovaries of some physically-mature

humpback whales, some of which have recently ovulated (Chittleborough -.

1954). -
A possib]e recent]y-erupted follicle was found.in the right

ovary of a ‘female thought to be in very early pregnancy (foetus not

_found), since the left ovary contained a corpus luteum of diameter

33 x 33 mm and there was no evidence that this female wasArecent1y§
parturient. This 15.9 mm follicle had a wrinkled surface appearance

'(due to follicular collapse) and was hlood-filled (Plate VI f). It

was surrounded by a thick fibrous capsule; Jconnective tissue was
invading thg bldod clot and a few thick-walled blood vessels.were

.~présent, No Tuteal tissue was detected. -Patches of yellow-brown

pigment granu]es~yere'seen within the blood clot. It is difficult to
explainh the occurrence of ovulation by a pregnant female, since
progesterone from a functionél corpus 1dteum prevents follicular

. . maturation. If the female was recently-parturient, then this would

be a case of a pogt-partum ovulation. Whatever the interpretation,
this follicle must have erupted -and partially luteinized, and was now.
involuting.l . , )

The corpus 1ncogniéUm"(my term) js a structure whose origin and °
significance are obscure. It is often present in the ovaries of old,

1see footnote at the .end of this chapter

AN

et W~ -

)



. .
. .
pohisc
.

. . . .. )
4 - N . -
‘ . L .
-128 : .
\

-15 mm in diameter, and it consists of.1oose%structured, dark or black

tissue which s probably clotted blood (P]ate»VI,_n)u A1l of these .

structures have a prominent eruption site whtch may take the form of .

.. 'an open pit en the otherwise smooth surface of the ovary. A thick

“white fibrous capsule surrounds the corpus incogn1tum These corpora

“have a collapsed appearance, and they also have a central slit-like . C o
cavity yh1ch is filled with gel or fibrous tissue, but which‘is often -
empty. Some loose-strictured pigmented (yellow, brown or orange)
tissue may be found near the periphery or within the dark tissue.
thte fibrous tissue is often present within this pigmented tissue,

- but thick-walled coiled blood vessels are not evident ‘
macroscopically. : N

. These str tures are similar to the corpora atretica "a" of the

sperm whale (Best 1967) and to the corpora aberrantia and "anomalous
corpora of lactating females" ‘of the' fin whale (Laws 1961). The .
corpus incognitum is certainly a regressing structure, ‘and it ;Qufd , -

. be derfred'from a recent1y-ovu1ated follicle that failed to’

- Tuteinize. Some evidence for the suggestion that the corpus
tncognitum is a haemqrrhagic medium or old. corpus albicans w111 be’
‘ presented Tater. ) T .
| + M1 secondary or antral fol11c1es .that were exam1ned . . DL -
‘histologically were found to be undergoing .atresia (Plate VII, g ' '
and h). Thls i$ to be expected, since a11 whales were taken: thrée to
four months after the breeding season (peak of ovu1at1ons) Best
(1967) showed that atresia of fallicles in the ovary of the sperm
whale 1s maximal just after the peék occurrence of ovulations.
The general process of follicular atresia has been described in
detail by Bloom and Fawcett (1975). The follicular ‘theca interna =~ -
'hypertrophies, the follicle takes on a collapsed appeararice, . and the )
- follicular cavity gradUa11y becomes obliterated by connective tissue.
A collapsed zona pellucida may be evident jn the follicular cavity
" (Plate VII, g). The cells of the hypertrophied and viscularized
" theca interna become filled with lippidal. pighents, and-the follicle
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" at this stage 1s similar to an o]d corpus luteum and has been given:

the mi snomer “corpus Tuteum. atreticum“. Finally, the theca interna

: begins to degenerate and is slowly replaced by connective t1ssue, but

residual fs]ands of the theca interna may persist for some time in

. the ovarian cortex as the "interstitial gland” (Bloom and Fawcett -

1975) : .
’ Corpora‘atretica in the'ovaries,of the narwhal are small and -

‘usually situated'deep in the cortex (Plate VI, g). The walls of the

corpus atreticum shown in Plate VI, g are th1tkened; highly folded,
and composed of loose fibrous tissue. No luteal.tissue could be
detected macroscopically within this corpus, but there was a small

'amount of clotted blood in the follicular cavity. . Generally,

orange~c01oured theca 1ute1n tissue is fouhd'at the periphery of .

" atretic follicles (Plate VII, g and h). Fibrous tissue eventually

fills the follicle after the granulosa cells have been shed and

I"‘destroyed. Coiled blodd vessels do not play a role in follicular
. atresia, as they do in the regression of the corpus Tuteum. -

The small atretic follicles_ of the narwhal are simjilar to those

-in the ovaries of Neophocaena phocaenoides (Harrison .and McBrearty

1973-74). According to Best {1967), corpora atretica "...represent

regressing bodies that -have undergone atresia at different stages in = -

the development of the follicle.”, and since they are derfv//

from follicles that have not undergone normal ovulation, they are
excluded from total corpora counts. Corpora atretica and all
fo]?1c1es have been excluded from total counts.of'corpora Tutea and

. albicantia in this study as well. .

In the ovaries of the sperm whale, Best (1967) suggested that a
medium- and large-sized ruptured or unruptured follicles may become
“corpora lutea atretica" , in which the luteinized orange. theca

'1nterna is the most characteristic structure. A thick collagenous -

layer may separate the degenerating membrana granulosa from the theca
interna, which may become engorged with capiliaries and dark blood

pigment granules. . Corpora lutea atretica may persist for some time,,
but they eventually degenerate into corpora atretica "a” (Best 1967).

. - . .
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The corpora atretica a" of the sperm whaTe. are re1ative1y large . ‘

(up.-to two-thirds -of the diameter of a mature fo]Hc] e) and a st'Igma
or rupture site may be present (Best 1967). The per‘iphera] theca
1ute1n tissue is loose, yellow or white in colour, fibrous, and
avascular. This-type of. corpus atreticum occurs.predominantly -in.-
recently-ovulated females, as well as in a few resting females.
Corpora atretica "b", on the other hand, are- derived from ver_y smaH
unruptured follicles. They are situated deep in the cortex, “and
fibrous orange or yellow degenerating-theca Tutein “tissue is present
at the periphery. These corpora are-avascular as well and- the

,follicular cavity eventually beéomes filled with connective tissue.

Corpora atretica of type "b" are more numerous than those of type
llall. N - ’ L
Laws (1961) described the corpora atretica of the gqvaries of
“the fin whale. He stated that “..corpora lutea atretica,.. -
originate by h_ypertrOphy and hyperplasia of the cells of the theca
interna after degeneration of the membrana granulosa...". Corpora . -
atretica are most prevalent in pregnant and resting fin wha1es (Laws
1961}). , ' : o
’ The corpora atretica in the-ovary of the narwhal are simﬂar to
the corpora atretica “b" of the sperm whale (Best 1967) and the -
copora atretica of the fin whale (Laws 1961). . i .
Incidence of normal and degenerating follicles - Most sexual]y

‘mature female narwhals appear to have ‘had procestrous follicular . °

ectivity at the most recent breéding season, March to May. This- _
applies to all reproductive categories_, inciuding post-partum and

. Tactating females. Enlarged follicles, recent unsuccessful .

(infertile) ovulations. (represented by young regressing corpora‘

. albicantia), corpora incognita, corpora atretica, luteinized

follicles, and haemorrrhagic follicles are all: products of recent

.prooestrous ovarian activity; only immature females do not disp]ay

such activity (Table 9). Two maturing fema‘les are present in the

' sample; both of these had ovarian follicles excee(ﬂ ng 10-mm in mean )
diameter and one had a Tuteinized follicle. . Of all the categories of |
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Table 9. Incidence of normal- and degenerating follicles and other ovarian structures in famle narvhals: @ A A
“ g O . . _'. , . . N . R . [ ™
’ - : Incidence of females with - L -, O
R L e ‘ IR Infertile

. Reprodxctive . No. of Enlarging  Erupted Corpus - Corpis litteinized follictes . Haemorrhagic -Qystic  * “owdlations at

. “Condition ‘Females  follicles 2 follicle ~ incognitm atreticm  Active . 'Regressing  follicles * follicles recent cestrous

.. \ .. No. T No. % .No. %. No. .2 No. % MNo. % No. - % No. % -No. %

" Inmture 1 N . - .4 129 o k
Maturd 27 .32 - 1000 : ' 1 5.0 . . e ‘
Pregnan 25 1 4.0 .. 1 40 9 3%0 3 120 5 200 4 160 2 80 12 480 )
Lactatind 2 . 3 13.6 8 3%.4.4.182 6 273 2 91 7 318 - 8 36.4
lactati 5 . , 1200 1 20 3 60 1 2.0 2 40.0 1 20.0-.° 3 60.0 .

‘Total preg\antb 30 1 33 1 33 2 [ 6.7 12 400 4 133 7 233 5 167 2 6.7 15 50.0
Total lactatin® 27 3 1Ll 1 37 "9 1333 7 259 7 259 4 148 8 2.6 1 407

_ Fullstemor . C
post-partim 13 1 1.7 3 23¢v 1 7.7 1 1.7
Resting 1 3 27.3 6 %5 1 9.1 3 273 4 3B4 1 91 1 9. 3 27.3 - -

Total mature 76 8 165 1 1.3 19 230 18 237 14 184 13 171 13 171 3 -3.9 26 A.2

Total females 109 10 - 9.2 1 09 19 174 18 165 15 138 13 U9 17 156 3 2.8 % 23.9
‘ (- i '
° @ Follicles greater than 10 mm diaweter. s b

~ N i -
- o
o b Exc1ud’ing ful 1-term and post-partun femles.c
;\ —
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{» - " mature. females, only those that were near-term or po‘st-partum failed
. to ovulate at the most recent breeding season (Table 9). Almost half

(48%) of females in early pregnancy (but not lactating) ovulated
unsuccessfully prior to the recent conception,‘ while 36% of non- )
pregnant lactating females (with yearling calves) ovulated
unsucce;ssfully. Five females were simultaneously pregnant and
lactatfﬁg; evidence will be presented later to show that these
females weré probably nursing yearding calves. Three of fh'ese
females had pre-conception, infertile ovulations during March to May.
Overall, 50% of preg;lant females and 41% of lactating females had
infertile ovulations at the most recent breeding season. Of 11
resting females, ‘three or 27.3% had ovulated unsuccessful ly; some of
these females may have recently weaned or Tost their calves. Best
(1974) has provided evideng:e, based on the occurrence of resting
female sperm whales at cer/tain seasons, that some females fail to
ovulate or concejve at the first breeding season following weaning of
their calves. Overall, 34% of mature female narwhals had ovulated
) . 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 is

further substantiated by the observation-that no new corpora lutea of

ovulation are evident in any mature females, except for the possible

recently-erupted follicle of one pregnant, lact;ating female

(Table 9). The possibility of oestrous and ovulation during winter

months cannot be excluded, since no samples were available from this

time period. Ovulations may be expected to occur during late’

lactation, which could include the period March to May, since most

summer-caught females 1n early pregnancy had weaned their calves

relatively recently (see below). )

Late-pregnancy or post-partum females, although they did not

= o ovulate, still show evidence of recent pr‘o?estrous activity

I : (Table 9). However, Best (1968) did not record follicular

‘ 4 enlargement in late-pregnancy sperm whales, even during the regular

breeding season. Chittleborough (1954) foung/‘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- ¢
pregnancy were found to contain en]arg'ing follicles during the
Antarctic summer, but none had ovulated (Laws 1961). Laws (1961)
suggested that increasing light intensities may stimulate (through
the hypothalamo-hypophyseal system) prooestrous ovari an activity and
ovu]‘at'ion; this may apply to the narwhal, since light intensity and
day length are increasing during the breeding season (March to May).
However, the prooestrous activity disp]qy’ed by late-pregnancy female
narwhals does not progress to the point of follicle maturation, due
to the 1nh1b1tory effects of the corpus luteum. Perrin et al. (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 (maximum follicle diameters of 9.3 to
19.3 mm), and Sergeant (1973) noted follicles of up to 18 mm
diameter, newly formed cordora Tutea (17 to 24 mm), and regressing
corpora Tutea of ovulation (14 mm) in the ovaries of white whales
captured during mid-summer, some months afer the mating season.

The data presented in Table 9 suggest that most mature female
narwhals undergo prooestrous ovarian activity at the breeding season
(March to May), but on]y females which are pregnant at this time seem

. to be incapable of ovulation. The T1imited evidence suggests that

mid-summer ovulations do not normally occur, although:there are
several examplés of enlarged follicies and one case of an apparently
ruptured follicle at this season (Tab]e 9).

Incidence of accessory corpora 1utea - The structure of
accessory corpora lutea (luteinized follicles) was discussed
previously. Only six accessory corpora ﬁutea were present in the A
ovaries of pregnant and post-partum fema'les;"j mean diameters of

these corpora were 5.0, 5.0, 6.2, 7.3, :9.0.and. 15.0 mm. ‘A1l of these
were presumed to be derived from unruptured follicles, since no o
stigma or corana were evident. One pregnant female had two o B
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’ females in early prégnancy had an accessory corpus. X
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accessory corpora, both of which were beginning to regress, while:
each of the other females had only one accessbry corpus luteum.

Four of 30 (13.3%) early pregnancy females and one of 13 (7.7%)
late-pregnancy or post-partum females had accessory.corpora. This
suggests that accessory corpora of early pregnancy may degenerate and
they may not be recognizable by the time of parturition. The overall .
incidence of accessory corpora in these females was five out of 43 "
or 11.6%. '

The 30 early-pregnancy females had a total of 132 corpora lutea
and albicantia, of which five (3.78%) were accessory corpora. The 13
ful1-term/post-partun females had a total of 70 corpora lutea and
albicantia, of which one (1.43%) was acceséory. . Overall, there were-
six aécesgory corpora out of a total of 202 corpora, or 2.97%. .These
percentages are possibly underestimates, since many old corpora
albicantia may originally have been accessory corpora lutea. In
order to estimate the contribution of accessory corpora to total
corpora, the recent ovulations of females in early pregnancy must be"
considered. The 30 females in early pregnancy had a total of 55
ovulations at the latest breeding season, this number also including

’ accessory-corpora. Therefore, at the time of their formation,

accessory corpora comprise 9.09% of total corpora, assuming that they
are preserved as scars in the ovaries. On the other hand, if
accessory corpora disappear quickly from the ovaries, which is’
possible because of their small initial size, then they only comprise
about 3% of total corpora at the time of their formation.

The prevalence of accessory corpora jutea in primiparous femles
may be sig}uificant: three of six primiparous feméles in early
pregnancy had an accéssory corpus, while only one of 24 multiparous

Accessory corpora lutea occur generally infrequently in -theal .
ovaries of cetaceans. They comprise 1.5% of all corpora in the sperm
whale (Best 1967) and 3.7% of all corpora in the fin whale (Laws. )
1961). In the white whale, accessory corpora lutea -comprise 11.8% of- -
the recent corpora of pregnant“animals (Sergeant 1973) and they
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occurred in 12.8% of pregnant and post-partwn 1ndtvidua15 (Brodie
1970). Brodie (1972) has written a good review of accessory corpora

" Jutea in odontocetes. .
\

.Ovarian Maturity and Asymmetry

The first ovulation - The ovary that ﬁrst ovulated can be known
only when all corpora are in one of the ovaries or when only a few,

temporally-spaced ovulations are present as corpora albicantia. Of
43 females satisfying these criteria, the left ovary ovulated first
in 30 (69.8%); the right, in 13 (30.2%). A chi-square test for

parity with one degree of freedom indicates a significant difference

at the 1% level between the time of maturity of the left and right
ovaries (x2 = 6.72, 0.01>P>0.001). Brodie (1971) found no .
significant difference in time of maturity between left and right
ovaries in the white whale. The left ovary matures earlier than the
right ovary in Stenella attenuata (Kasuya et al. "1974; Perrin

et al. 1976) and in most odontocetes (Ohsumi 1964).

Total corpora.- Of 437 corpora of 76 females, 269 were present
in the "left ovary (61.6%) and 168, in the right ovary (38.4%). A
chi-square test for parity with one degrée_ of freedom shows that this
difference is highly significant at the 1% -levél (x2 = 23.34,

P < 0.001}. Brodie (1971) did not detect a signiﬁéant' difference in
total corpora numbers between the_ left.and ‘right ovaries of the white
whale. The 1eft ovary accumulates _more corpora than the right ovary
in Phocoena phocoena (Fisher and Harrison 1970), Stenella attenuata .
(Kasuya et al. 1974; Perrin et al. 1976), Stenella lopgirostris
(Perrin et al. 1977), Globicephala melaena (Sergeant 1962), and in
most odontocetes {Ohsumi 1964). Ovarian asymmetry does not exist in
the sperm whale (Best 1967) and in the humpback whale (Chittleborough
1958) . (

Most recent corpus - 0f 43 pregnant or post-partum femdles, 27
(62.8%) had a corpus luteum of pregnancy or young regressing corpus
albicansnm the left ovary, while 16 (37.2%) had the most recent-
corpus in the right ovary. This difference is not significant .at the
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" females whose most recent corpus was in the left ovary, 20 (80%) had

‘ - 136

1% Tevel (x2 = 2.815 1 d.f.; 0.10 » P 50.05). In the female white

i

.whale, Brodie (1971) fouhd a significant tendency for the left ovary

to contain the most recent corpus more often than d1d the right
ovary.- ‘

‘Al ternation of ovarian activity = Until five corpora have
accumu'latedjn the ovarjes, 41 to 63% of females have all corpora in

_-the Teft ovary. The pércentage ‘of females with all corpora in the

right. ovary declines from 43% at one corpus to 0% at five corpora,
while the percentage of females with corpora in both ovaries averages,
about 40% untﬂ five have accumulated, after which this proportion’
1ncreases and attains 100% when seven or more corpora have
accumulated. The only exception is one female whose ‘right ovary

- contained all of its ten corpora. The left ovary is therefore

dominant until five or six corpora have accumuiated; the right ovary
then ‘ovuiates\ more frequently, resulting in an increase in the -
proportion of females with corpora in both ovaries. The Teft ovary
o~f Stenella at,tenuafa is dominant until the accumulation of 13 to 14

‘corpor'a, when the right ovary increases in ovulatory activity (Kasuya
et al. 1974)..

Using 37 females whose ovaries confained two or more corpora and )
in which the most recent corpus Tuteum or'corpus’a‘rbicans could be - T
di stinguished from the next most recent one, 1 determi ned the
probabﬂity of two successive ovulations in the same ovary. Of 25

the second most recent corpus in the same ovary, while of 12 females
whose most recent corpus was in the right ovary, eight (67%) had the
second most recent corpus in the same ovary. OQOverall, 28 of 37
females (75.7%) had the two most recent corpora Jin the same ovary.
Therefore, the probability that two sucecessive ovulations will be . o §
from the same ovary is about 0.75. This is unlike the situation in '
pinnipeds, in which there is usually an annual alternation of ovarian.
activity (Craig 1964; Laws 1956b).
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Regression.of Corpora ‘Lutea .

There seems to be general agreement that corpora albicantia
““persist in the ovaries of the wha]e throughout Tife. In this settion
evidence will be presented for the persistence of corpora albicantia
in the ovaries of the narwhal, a1though a few small corpora
a]bicantialmay escape detection.

§i§§‘- The mean diameters of the. variouys categories of corbora
albicantia are set out in Table 10. The corpus luteum of pregnancy,
with a mean diameter of 42.7 mm, becomes an old, fully-regressed -
corpus albicans averaging 6.58-mm‘1n'd1ameter (Table 10). This
represents a decrease of 84.6% in the diaheter of the corpus luteum.
The percentage regression is 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 -
albicantia of females with' different total numbers of corpara
albicantia are plotted in ?igure 34. Large unreéressed corpora
albicantia of recently-parturient females are excluded from this
plot, since these corpora are just beginning the period of rapid
regression-and would_therefore distort a plot of mean diameters of
regressing corpora. An initial' reduction in mean diameter with

increasing number of corpora with stabilization at the mean diameter .

of old corpora a]bicantia would be’ considered evidence for the
persistence of corpora albicantia (Best-1967; Laws 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 initially very rapid rate of regression pof corpora lutea. In
addition, the minimum corpus albicans diameter is.3.0 mm for most
corpora numbers (Figure 34), suggest1ng either that some corpora
“smaller than 3.0 mm may be missed during the examination of ovaries
ar that some may regress to become invisible scars. The fact that
the ovaries were sliced at about 3 mm intervals favours the first
alternative. .However, it is felt that few corpora would be missed- 1n
this way since most of those smaller than 3 mm should still be
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Table iO. Diameters of corpora albicantia.

. étage of No. of

'

- 4 ' . ~

Mean diameter ~  Range Standard deviation Percent of total

~ Regression  Corpora (mm ) (mm ) (mm ) corpora albicantia
Young - 35 14.71 5.8-37.0  6.83 : 8.64%
‘Medium 64 10.81 6.0-17.6 2.28 " 15.80
Lorpora , A o
incognita 65 8.09 . 3.0-13.0 - 2,49 - - 16.05
01d /g41_ _ 6.58 3.0-13.0 2,33 . 59.51
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Large .

sizes (no. of females) are given at the top of the figure.
les are

unregressed corpora albicantia of recently parturient
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| , B | \ ‘ .

, ] "\ , —

s oy

oo i -

S b

R e

.
.
“..' -
~ RSN v .



* ' - u0 ' SR

- -,

detected by the'cuts spaced at 3'mm 1nterva1s. Neverthe]ess: a
small, but unknown, number of very small corpora albicantia 11ke1y
escape detection or are completely resorbed. 0f a-total of 241 o]d‘
corpora'a1bicant1a,'21 were 3 mm in diameter while 54 were 4 mm or
less in diameter. The rosu]fs of’this test are incdnclusive as, to

‘the macroscopic retention of all corpora lutea in the ovaries, but

the possibility that some old corpora .are overlooked or resorbed has

‘~.Tittle bearing on the fnterpretation of the reproductive cycle which

is 1arge1y dependent on examination of only' the few most recgnt
ovarian corpora and other aspects of the biology of the fema1e ‘
narwhal. ' \
The size—frequenqy distribution of corpora albicantia is
presented in Figuner35. The frequefigy distribution of the diameters
of old torpora albicantia is stgep1y‘truncated at the left side,
again.suggesting either theﬂdisappearance of those smaller than'3 mm’
or failure to detect‘them. AlnormaT distribution of old corpora .
a]bicantia is considered to be ev1dence for their’ persisten?e (Laws

i

11961; Best 1967). o

The number ¢f old corpora albicantia per fema]e narwhal "is
directly proportional to the total number of.corpora until 10 have
accumulated, indiqa;ing'the persistencce of old corpora albicantia at
Teast to this point (Best 1967; Laws 1961). However, after 10
corpora have accumulated, the number of old corpora albicantia is

"highly variahle. In females with 12 and 14 corpora there were four

and tw0|o1d corpora albicantia, respectively; while in other animals
with more than 10 corpora, -the number of old corpora albicantia
increases very Slowly with the total number of corpora, suggesting-
the non- persistence or the non- detect1on of some old corpora

. a]bicantia in the ovaries of these females.

~In.order .to explain the low Incidence of old Eorpora albicantia

.in the oyar1e§ of some old females, the occurrence of corpora-

incognita in relation to age was examined. Younger females with 11
or fewer total corpora had from 0 to.l.2 corpora incognita, .
repre§ehting up to 18% 'of the total number, of corpora albicantia.'

/
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Figure 35. Size-frequency distribution of young, medium and old
corpora albicantia and corpora incognita,
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) Older females with more than 11 corpora lutea and albicantia had more
+. corpora incognita, in terms of both number per female and proportion
of the total number of corpora albicantia. For example, two females
with 12 and 14 Ttorpora ‘each had eight corpora ircognita ‘comprising
57-67% of the totai number of corpora albicantia. Females with 13
corpora had a 1ow_mean incidence of corpora incognita, but females

‘ with 16 to 19 corpora lutea and albicantia had four or five corpora. . .
incognita; comprising 21-32 percent of the total number of corpora ‘ . '

aibicantia.
' On the basis’ of these observations, it is possib]e that _carporas
incoghita are actually old {(or perhaps medium) corpora aibicantia )
that have severely haemorrhaged. The "rupture pit" associated with BN
the corpus incognitum could be caused by a highvievel‘of blood . o
pressure within the haémorrhage. Dr. K. Benirschke (iﬂ.liEEﬂ
12 October-1978) has diagnosed a similar ovarian structure'from the .
narwhal as "fresh hemorrhage into an old cystic corpus albicans“,,
adding some support to this interpretation of the corpus 1ncognitgm.
It may also be significant that corpora“incognita are intermediate in
size between medium and. old corpora albicantia (Figure 35). o : -
Duration of regression - Laws (1961) found that there were twice S

as many meuium as young corpora albicantia in the ovaries of the fin , )
.~ whale,” and by assuming that the ouration of a regression stage is o
proportional to its relative’ abundance in the ovaries, .he estimated '

that complete regression required three years. '

© The time required for regression of the corpus luteum of the

narwhal was estimated in the same way . The ratio of medium  to young \
corpora aibicantia in the narwha] is 1. 83 1. If a young corpus )
.albicans persists for x amount of time. then a medium .corpus albicans i .
persists for 1.83 x time, and the time required for complete o . ‘j\‘
regression is 2.83 x. The average number of young and medium corpora N
albicantia per mature female is 1.303, and these must accumulate in
the available time of 2.83 x. Thus, corpord albicantia accumulate at . - &
fa rate of '0.46 per unit of .time x. If the ovulation rate is 0.7
ovulations/yr, as shown in a-later section, then each unit of time x ,5 A
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is calculated as 0.66.years. Therefore, a young corpus albicans
persists for 0.66 yr and a medium, for 1.21 yr, and complete |
regression requ%re# i.87‘yr. These results are consistent with the
observation that the largest, non-recent corpus albicans of

lactating females is usua]]y in the med1um stage of regression (about
"1 year post—partum) In addition, the Targest, non-recent corpus
albicans of non—1actating females in early pregnancy is usual]y in
the old stage of regression (two years post-partum).

Complete regression of the corpus luteum requires three to four

years ‘in tﬁe‘b1ue whale and fin whale (van Lénnep 1950) and up to six ‘
years'in Stenella attenuata (Kasuya et al. 1974) . Corpora albicantia

are thought to persist throughout life in the ovaries of the. white
whale (Brodie 1970) and Stenella attenuata (Perrin et at. 1976).
,Some very small corpora albicantia may be resorbed or- escape
" detection in the ovaries of. old fema]e _sperm whales, for the corpus
~ -albicans declines in size continuous1y ‘during regress1on (Ohsumi
_ . 1965). Many of the corpora lutea of ovulation of old female piTot.
"whales shrink to 4 mm or less in diameter and these probably escape -
detection during ovarian examination (Sergeant 1962). Harrison
_,/’ (1949) suggested that corpora albicantia in the ovaries of the pilot
whale may, eventually disappear entirely.

Corpora albicantia seem to persist throughout the’ life of the
humpback whale (Chittleborough 1954; Dempsey and Wislocki 1941).
,Dempsey and Wislocki (1941) dttributed their persistence to the
_ presence of a cental core of avascular hyaline connective tissue,
their initial large size, and the Tong time required ‘to resorb the
Tuteal eleménts. In their words, “... the re]atively large size of
the corpus 1uteum in the whale ‘may 1mpose certain limitations and
restrictions on its vuscu{ar supply,-with the resu]t that it _,":
undergoes marked‘hyé]inizq;ion;". o o
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R Age at Sexual Maturity
: Length- and age-frequency distriputions of immature and mature
females - Fjgure 36 show; that 50% of females are sexually mature,at
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Figure 36. Length- and age-frequenc_y distributions of immature-and-
mature female narwhals.. Sample sizes are 33 immature and 78 mature
narwhals for body 1ength and 31 immature and 61 mature harwhals for.
age (number composite growth layers). C(Class intervals are 20 cm .

‘body length and twd growth Iayers. . . ‘ - R
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Ca bo'&y Tength of 340 cm and at 12 composite '§rowth layers. These
v&l ues represent the mean size. and number of , growth Tayers at the

E . attainment of sexua] maturity in the female harwhah App]ication of )
the method of DeMaster { 19}}8) to matur1ty-at1-age data for the female

" narwha produces a similar estimaté of mean age at sexual maturity of
- 12.3. composite growth layers (0.36, standard error). This method
calcu1ates mean age at sexual matu H;y as the mean age of the

' maturing age groups, ‘weighted by the proportion of femalestovulating

for-_the first time. at each age.- \The mean number of composite grawth
1ayers at sexual maturity in the ‘Fdmale _narwhal is simﬂar to the
number of dentma] growth layers at S xual maturity in some of the
1arger odontocetes, especially the white whale (Table 11). Brodie
_(1971) found that female white whales from Cumberland _Sound, Baffin
Island, . ovu]ated for the first time at 9-11 (mean of 10) dentinal
1<1‘ye'v'°s. For this calcu1at1on he utilized'females with few corpora
.and he back-ca]cu'lated to their ages at first ovulation, accounting

. for gestation and Tactation and assuming that two dentina] layers are

deposited per annum. Femdle white. whales from western Hudson Bay

’ ‘ ovulate for the first time at 8-13 (mean of 10) dentinal layers

(Sergeant 1973). Female white whalés thus mature sexual]y at an
average age of 5 years, assuming that 2 dentinal growth layers are

* deposited annually (Brodie 1971; Sergeant 1973).

Agé at first ovulation - Two maturing females with oyarian
fo111c1es 1arger than 10 mm in mean diameter are present in the
sample. One of these females had a body Tength of 340 cm and 11.5

© composite growth layers; the gtﬁer, 350 cm and 16 growth layers.

Data from primiparous females may provide some insight 1nto the

"age at first ovulation. Six whales were in early first pregnancy;

their first owlations occurred at 11.5, 15, 15, 14, 13.5, and 18
growth layers, or at a mean of 14.5 layers. Two primiparous post-
partum females ovulated at their present ages (12.5 and 12 layers)
Tess about a _year, or at an average of 12.3 layers 1ess one year.
Three females were suckling their first.(yearling) calves and had
ovulateéd for the first time two Jyears before capture. Their first
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Table 11. Age at sexual maturity of some female odontocetes.
Y
Age at sexual maturity .
Species (no. dentinal growth layers) Author i
tglxgeroodon @uﬂatus 10 to 12 Christensen 1973 i
erardius bair 8 to 10 Kasuya 1977
Phiyseter catodon 9 Nishiwaki et al. 1958
8§ to 9 Best 1970
* Delphinapterus leucas 10 Brodie 1971
10 Sergeant 1973 -
Globicephala melaena 6to7 , Sergeant 1962 \
nella attenuata b Kasuya 1976 '
. 8.2 = Kasuya et al. 1974
9 Perrin et al. 1976
Stenella coeruleoalba 8.8 Miyazaki 1977 b
. 8.8 Kasuya 1972
‘ A 8.5 Kasuya 1976
¢ Stenella longirostris 5.5 Perrin et al. 1977
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ovulation ages were 10.5, 20, and 19 layers less two years, “or an
average of 16.5 layers less two years. These\ values may be used to.
estimate the frequency of dentinal ‘and mandibular layering.

. Comparing lactating and post-partum whales, which are about two and

one years post-ovulation, respectively, the rate of growth layer

" deposition is estimated to be 4.2 layers per.year, while comparing

1actating and early-pregnancy f"emales,'it 1s estimated that one
growth layer is deposited annually. The calculation of these values
assumes that all females ovulate successfully for the first time at
the same age. The samp1es are too small and too variable to
accurately estimate the age of first ovulation and the rate of layer
deposit.ion, but they are not discordant with the estimate of 12
growth layers as the average age at the attainment of sexual maturity
by the female narwhal. o

The first ovulation of the season of primiparous females seems
to be.no Tess successful than that of multiparous fema]es. Two of
six (33%) primiparous females and 13 of 24 (54%) multiparous females
had ovulated unsuccessfuﬂy (one to three times) prior to conception.
It was noted in a prev1ous section that the 1 ncidence of- accessory
corpora Tutea is higher in primiparous (50%) “than in mul,tiparous
females (4%). Reduced fertility of recenﬂy-mature female whales
compared to older females, in terms of the frequency of unsuccessful.
ovulations prior to conception or failure to conceive at the first
breeding season, has been demonstrated for the sperm whale (Best
1968), the humpback whale (Chittleborough 1955b), the spotted
porpoise (Perrin et al. 1976; Kasuya et al.’ 1974), and the fin whale

(Laws 1961). ‘ |
"Primiparous female narwhals had two of the smallest foetuses

(9.5 and 16 cm) recorded in this study, implying that conception may
be later in primiparous than multiparous females, as demonstrated for

the fin whale (Laws 1961) and the sperm whale (Ohsumi- 1965). Brodie
(1970) found that the calf of a primiparous white whale is smaller
than that of an fﬂ der, multiparous female. :

\
/ L
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The Ovulation Rate = L : .

Corpora accumilation and age - Figure 37 presents the
relationship.between the total number of corpora lutea and ,
albicantia and the number of composite growth Tayers -of 60 mature
female narwha1s. The ovulation rate is estimated to be 0.76
ovulations/growth 1ayer assuming that all preserved ovarian scars
are- derived from ovulations and.that these scars do not disappear.

It is of 1nterest that, at the mean age of sexual maturity (12
1ayers), “two corpora lutea have formed, -suggesting that more than one
ovulation occurs at the first breeding season (Figure 37),
__Corpora ai:cumu] ation in relation to body length is’ shown in
Figure 38,-where it is seen that the total number of corpora
increases rapidly over a narrow range of body lengths. Since corpora
accumulation is related to age (Figure 37), Figure 38 represents an

o

approximate growth curve of the female narwhal. From this figure it | i

is estimated that physical maturity is achieved after the
accumulation of 10 corpora. .

Recent unsuccessful ovulations - Several females (except those
in 1ate-pregnancy or post-partum)’ h,ave had infertile ovulations -
during the most recent mating season (March-May), and -this.
information permits an independent estimation of the ovulation rate.
The macroscopic criteria used to assess the occurrence of recent,
infertile ovulations have been previously described.

Young corpora albicantia resulting from infertile ovulations

‘average 12.24 mn in diameter (standard deviation, 2.67 mm; range, 5.8

to 17.6 mm). The size-frequency distribution of young corpora
albicantia has two modes (Figure 35); the first (11 mm) represehts
unsuccessful ovulations and the second (more than 18 mm) represents
regressing corpora lutea of pregnancy after recent parturition. The
young corpora albicantia of those females which have had two or more
recent infertile ovulations vary in size, suggesting that the female

‘narwhal i$ polyoestrous.

Ovulations at different stages of the cycle - For an independent
assessment 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 composite growth layers of 60 mature female narwhals.
relation between number of corpora (y) and number of composite
growth layers (x) is: , .
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of 99 female narwhals (25 immature, 74 mature).
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' m,at'ur'é females were analysed as follows. It was. éssumed that the—

N_ﬂativé numbers .of females in the various reproductive classes in_
the sample are the same™ as’ the actual proportions of these classes in .

“the popul ation. Females which are simultaneously pregnant and
-Jactating were assumed to be nursing yearling calves (evidence for

this will be pre‘senteh in "The female reproductive cycle"). In
addition, ' non-pregnant females which are nursing two-year-old calves
or which are "r;esting“ were assumed to be in phase with femaﬁs which
are early-pregnant but not lactating. The ovulation rates of females
of the di f%erent reproductjve classes are set out in Table 12. ’
Eairly-pregnancy females (non-lactating), restjng females. (haying

, weaned two-year-old cal ves), and lactating females (two-year- old

calves) were considered together: 38 females had a total of 48

-ovulations, or 1.26 ovulations/female. The 25 females which were

nursing yearling calves had a total of 20 ovulations or 0.8
ovulations/female. Therefore, the average number of ovulations peﬁ
female is 1.26 plus 0.8 or 2.06 {over the three-year reproductive
cyé]e), and the annual ovulation rate is estimated to be-about 0.69.

" 'Since 30 females conceived at the most recent- oestrous and 68 recent

ovulations were experienced by the total mature female sample, the

_ proportion of ovulations that were successful (resulting in

pregnancy) is 30/68 or 0.4412 (Table 12). H

Assuming a strict three-year cycle, with no siccessful
ovulations expgrienced by females in mid-lactation, the calculated
ovulation rate is found to not differ appreciably from that
calculated above. In this case, early-pregnancy females (not
lactating), early-pregnancy females (assumed to bé nursing
two-year-old calves) and resting females (assumed to have weaned
two-year-old calves) were combined: 41 females had a total of 58
ovulations or 1.41 ovula;ions/fema]e. A1l non-pregnant lactating
fema1és were considered tagether: 22 femafgs‘ experienced 10 '
ovulatténs, or 0.45 ovulations/female. Therefore, assuming a strict
three-year cycle, the annual-ovulation rate is estimated to be about
0.62. The first estimate of 0.69 is considered to be more accurate
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fabTe 12. Ovulations at different stages of the reproductive cycle.

No.of ~ Percent of No..ovulations per

i 2st.

Reproductive ~ No. of females females'  Total no. of = Ovulating female
stage females owulating ovulating ovulations Mean ~ Range Female
Lactating, 2 yr calf 2 0 0 . . 0 ' - - 0
Resting (nulliparous) 11 3 27.3 8 C o 2.67 1-4  0.73.
Early pregnahc&, ‘ : ‘ " ' o
not lactating . - 25 25 100.0 ~ . 40 1.60  1-4 1.60
Late preghancy/ - . - o
post-partun R & 0 0 0- ‘ -, =07
Lactating, 1 yr - . o . © )
calf, non-pregnant . -20 8 . 40.0 10 1.25 . 1-2 - -0.50
_ALactating,'liy; x ' ' SR ) ) ; i -
calf, pregnant. 5 - 5 100.0 = .. 10 ‘ ‘2.0‘0 " 1-3  2.00
Total i 76 41 - 53.9 ° K 68 - 1.66 \ _.1-4 0.89
~ b \
‘ ‘g -
Al . B ‘/ | ~~ - l
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since there i evidence for the occ;or'rence of stccessful )
 mid-Tlactation ovulations (to bé presented in a later section).

Frequency distribution, of numbér of corpora per female - 'The
frequency distribution of total number of carpora per fema]e i s
presented in Figure 39 There is a pronounced mode at toree corpora,
which again suggests - that more than one .ovulation may occur during
" the first reproductivé cycle. A maximum of three ovulations may
occur during a three-year cycle, or one ovulatian per annum (see
Sergeant 1962).' 'This is similar to another estimate of the annual
“oyulation rate, which is the average number of ovulations exper1enced
by each mature female during the. 1atest breeding season ~(March to

_ Miy). ‘The resulting estimate i 68/76 or 0.89 ovulations per annum .
(Table 12). In addition, from the relati onship between the number of
old corpora ?aﬂbidant‘ia and the total number of corpora approximately
1.5 young and medium corpora, agcumulate before any old corpora
‘appear. These corpora albicantia must accumulate during the\ time
“required for complete regression (1.87 yr), produc1ng an est'imated
ovulation rate of 0.80 per annum.

Crude birth rate and dentinal 1ayer'ing frequency -.A pre\im‘l nary
estimate of the crude birth rate (to be discussed in .more detaﬂ
later) can now be made, Using an annual.ovulation rate of 0.69 and
an ovulation success rate of 0.44, the crude birth rate (pregnan;:y

» rate) is estimated to be 0.30 ca]ves/mature female/year. The,

* accamulation rate of growth layers in mature females is estimated to
be 0.69 ovulations/yr divided by 0.76 ovulations/composite gr th
1ayer, or 0.91 layers/annum. This suggests that orie growth 1ayer is
deposited annually in sexually mature fema]es.

" Discussion = Many odontocetes appear ato have po1yoestro s
breeding cycles, while the baleen whales appear .to be monooe trous.
Evidence for the occurrence of successive infertile ovul ations has
been found in the p'l'lot whale (Sergeant 1962; Harrison 1949}, the

."spepmt whale (Best 1968), the saddleback dolphin Delphinus delphis

arrison et al. 1972); the white whale (Sergeant 1973), the spotted

porpoise (Kasuya et al. 1974), and the striped dolphin Stenella -

+
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'in gure 39. Frequency distribution of number of corpora lutea and °
albicantia among 76 mature female narwhals. ‘ ‘
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coeru]eoalba (M1yazaki 1977) Comrie and Adam (1938) found a siz ‘

graded series of 3 corpora a1b1cant1a in early regression in one fon-
pregnant non-lactating female false killer whale Pseudorca

crassidens, suggesting the existence of polyoestrous “breeding cycles

and spontaneous ovulation . in this species as well. On the other

"hand evidence for mu1t1p1e ovulations Teading -to the format1on of

accessory corpora lutea has been found in the white whale, in which

,~host corpora a]bigantia represent infertile ovulations (Brodie ;970,
-1971)." Multiple owulations occur frequently in the ovaries of the

spotted porpoise, especially newly-mature females (Perrin et -al.
1976). As for the baleen whales, mu]tiple ovulations occur

" occasionally in the'humpback whale (Chittleborough 1954) and in the

fin whale (Laws 1961) Chittlieborough's (1954) observations of the.
ovaries of the hUmpback whale ‘show that ‘this species is
po1yoestrous. )

The female narwhal is polyoestrous, experiencing up to four
success1ve ovulations during a two-month- 1ong breeding season which
probably comprises the - 1atter part of the lactation period or the
period following weaning of the’ second—year calf (see “The Female
Rebroddctive C&cl s as in some other. qdontocetes, such as the white S
whale (Sergeant 1973) and pilot-whale (Sergeant 1962). Non-lactating -
narwhals which conceive at this- season ovulate an average-of 1.6 . -
times (Table-12). Female hunpback whales usually ovulate once,
occasionally up to three times, at'the normal oestrous
(Chittleborough 1954). 'Spotted porpoises ovulate an average of 1.41 -
times dur%ng the breeding season, but up to four successive
ovulations may occur (Kasnya et al. 1974). Pilot whales ovulate 1-3
times during the usual late-lactation mating season, with a mean of -

"1.3-1.7 ovulations (Sergeant 1962). Female spern whales usually

vulate once, but occasiona]ly up to three or four times (mean of 1. 6
ovulations) during the usua1 breeding season. Although ovulations - '
at this season are aTmost always ferti]e (Best 1968), a few femaTe
sperm whales do fail to conceive (Best 1974), and tHese are mainly

h old, possibly senile females (Ohsumi 1965). ‘It 1s:ev1dent that: some .
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‘rest1ng female narwhals fail to ovu1ate fol]owing weaning -of heir

- oestrous..
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calves only 3-of. 11 resting females Rad ovulated at the most tecen
<oestrous (Table 12). It will be shown 1ater that this.categor
includes several old, possibly senile females with many ovaria
corpora. In addition, two females which were thought to be nu sing
second-year calves had also failed to oyulate dqring the most recen

Jn the sperm whale (Best 1968), but they are rare]y fertile 1

‘ species. Infertile post-partum ovulations occur fairly frequ nt]y‘in

the spotted porpoise off the coast of Japan (Kasuya et al. 197
Perrin et al'. (1976) demonstrated that females of this species in the

_ eastern Pacific Ocean occasionally conceived during lactation.

Infertile post-partum ovulations occur commonly in the humpback whale °

l {Chittleborough 1954), while about 60% of multiparous, post-parfum

fin whales ovulate, although only one-third of these ovulations are
fertile (Laws 1961). -

About 52% of female narwhals which were nursing yearling calves
“had ovulated at the most recent breeding season, and 38% of these
females conceived, with the result that about one-fifth of" lactating
femates. conceive one year after parturition (Table 12). Mid-
Tactation ovulFtions a1though usually 1nfert11e. occur 1n 13. 7% of
female sperm whales, while late-Tactation ovulations occur in 39% of
females and some 24% of these are fertile (Best 1968). Post—
lactation ovulations prior to the usual breeding season occur in only
2.2% of female sperm’wha]e; but these are rarely successful. Oshumi
(1965) has demonstrated that lactating sperm whales may ovulate,
though usually unsuccessfully, during the normal oreeding‘season. Up
to 18% of humpback whales.ovulate‘dnrfhg late Tactatfon? but most

‘whales ovulate at the usual time following weaning of the calf

(Chittleborough 1954). /Moet fin whales-ovulate -when their calves are
weaned, but.these ovo}é;ione are usually fnfertile {Laws 1961).
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_-Sergeant (1962) found ‘that post-]actation owulations sometimes occur .
« 1n pilot whales, but these’ ovulatiens are usua]ly 1nfertﬂe since the -

males are anoestrous dat the same. time.
~ ‘Female narwhals ovulate at a rate of 0.69/yr or 0.76/composite
growth Tayer, and 44% of ovulations are successful. <Qvulation rates

'1n the gperm whale are est1mated to be 0.59/yr or 0. 44/dent1na1 '
growth Iayer, with 50% fertile (Best 1968), 0.27/yr’ (Ohsumi 1965), or
0.44/dentinal growth Tayer (Nishiwaki et al. 1958). Ovulation rates -

are estimated to be 0.51/yr, with 60% fertile, in the pilot whale
(Sergeant 11962), 0.707yr with 68% fertile in the white whale

(Sergeant 1973), 0.50/dentina] growth Tayer in the bottlenosed whale

(Christensen 1973}, 0.41/yr in the striped dolphin (Kasuya. 1976),
1.0/dentinal growth Tayer <in the spinner dolphin Stenella ’

10 ngiro'str'is (Perrin et*al'. 1977), and 0.42/yr in the spotted -
porpo'I se (Kasuya et a] 1974). Ovulation’ rates have been estimated ‘
to be about 0.5/yr in the humpback whale (Chittleborough 1954) and
.1%3/yr, with 33% fertile, 1n,_the fin whale (taws 1961).

‘ The Female Reproductive Cycle

Mother-calf re]at1ons - The elucidation of the female
reproductive cycle is aided by observations on females captured with
their calves. Measurements and observations on mature females
captured without their calves can then be compared to these
standards, in order to make a rel‘iable assessment of their
reproductive status. ‘

. Table 13 presents the characteristics of fema]es and calves
which were captured together. From this table it is apparent that
only post—partum females can be distipguished- -from fema]es of .other ]

' reproductive categories, using cornu diameter and diameter of the

Targest, non-recent corpus albicans. These aspects of the female 'Q
reproductive cycle will be examined in more detail in the next
sectitﬁn, using the total samp1e of 79 mature females.-

Post-partum reproductive events - The post-partum involution of
the 1\argest/uter1 ne cornu of nos-pregnant mature females is shown by -

<
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Table 13..Mother-calf relations. : ’ '
’ Reproductive condition of female T -
' ) Lactating Lactating ; Lo
. C Post-partum (1 yr calf) Resting? (2 yr calf) =~ . -
Sample stze 5 , 3 1 S | ’
Length of calf (cm) 164-200 ° 230-250 262 i 265 ;s
Age of calf (no. o ’ ] ’ o .- ‘3 N
dentinal layers) "0 2-4 - : 6 ’ v
Stomach contents milk milk empty © - empty |
Mother: R s . - o ‘ Q
[Hamefer‘og largest . ' L . b '
cornu (cm) oo12.0 4.0 (3.5-4.5) 4.0 . - - ’ ‘
Mammary thickness (cm)® 4.9 (4.1-5.5) 4.1 (3.0-5.2) 2.5 - 4.2 - T =
. Largest corpus - o S i A
- albicans (mm)P»¢ 22.2 (11-37) ° 9.8 (8.5-12.0) 9.8 . . .10.0- . -~
Mammary secretion . milk - “milk - 'post-lactation’ - milk
s . o ‘ oil . -
‘g - ) » .
2 weaned -1-year-old calf. ' -
b mean; range in parentheses. o - L \ .
. . o S S ' ! E
€ :exc'ljuding corpora of recent i:nfertﬂe ovulatfons. )
) “ ' : 'r: v v f; b ( ' 1
o : i . :
o \' ; ~ , 13 . S
- N -‘,‘ . . (‘.‘ ) l‘
~ c s - r N
LR : . -
. : . s = .
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means of frequency distri butions in Figure 40. The largest cornu of

- post-partum females exceédS/B cm in diameter; post-partum shrinkage
. -of the cetacean and pinniped uterus is rapid (Ch@tﬂeborough 1958;

Laws 1956b). Lactating females have cornu diameters of 1.5 to 6.5 cm
with a mode at about 4 cm. Resting (nulliparous) females have cornu
diameters ranging 9frqm 2 to 10 cm; most of these have probably weaned
(or Tost) their calves and have failed to ovulate or conceive at the -
most recent breeding season. Females with a large cornu and with
oily fluids in the mammary gland (Figure 40) may have lost a neonatal

-calf, but their Targest, non-recent corpus a]bicans is small,

suggesti ng that they are not recently- parturient (Figure 41). The

"cornu diameters of pregnant females range from 5 to 30 cm, depending
.~ on the stage of pregngncy.

The involution of the largest corpus albicans (excluding young

"éorpora albicantia of recent infertile ovulationg) is shown in

Figure 41. Post—partwn'ufemales have a 1arc§é corpus albicans, usually
exceeding 20 mm in diameter, which représents the rapi d]y regressing
corpus Tuteum of eregnéncy. Lactating females disp]aor a mode at
10 mm, whi Te simul taneously pregnant and lactating females have a

“simﬂar mode. As most Tactating females are probably nursing one-

year-old talves, those that are simul taneously pregnant and lactating
are also Tikely nursing yearling calves, and both groups of: females
must have a“largest (non-recent) corpus albicans eorresponding to the
qorpds Tuteum of pregnancy which has been regressing for about 12
months. Non-lactating, early-pregnant females show a similar mode
(11 mm) but the frequendy distribution 1§°skewed to the left

(Figure 41). Some of these ear]y-pregnant non- lactating females i .
could have ovulated unsuccessfu1 1y some 15 months prior to capture, ) o
while they were nursing their previous first-year calves (these )
corpora would be more than 10 mm in diameter, hence about the same

age as those of lactating femles), while others hdve a Targest,

[AFY

. non-recent corpus albicans which is considerably smaller than that of -\

lactating females and which could°correspond to the previous corpus
Tuteum of pregnancy which has therefore been regressing for about

[
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L T POST-PARTUM ( n=11)

.; i . 2 - . .
g b LACTATING (n=22) ’
I |
2t PREGNANT, LACTATING ( n*5).
$ m [, ' 1 ') J]
-l ‘ .
§ 2F A PREGNANT, PL.OIL (n=7) . . °
u‘ v } ' | ] . |
w :
6 al PREGNANT,NO SECRETION (n®=12)
O.J i //—/\ o | .
z ) BN - | 1 1 I |
st NON-PREG., NO SECRETION (n=8 )
2t ' NON-PREG., P.L.OIL (n=3) 5
M H [ _ 1
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yaN ) . |
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Figure 41. Frequency distribution of the diameter of the largest .
corpus albicans. Young corpora albicantia representing infertile i
ovulations at the most recent breedi ng season are excluded. Class
1ntervaéy is 2 mm. / -1
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24 months.. This evidence suggests that most early-pregnant,
rion-‘lactati ng multiparous females have weaned two- year-old calves.
Resting whales have a largest co}‘pus albicans which varies from 8 to
14 o in diameter (Figure 41); these are probably females which have
weaned (or Tost) their calves at various stages of the reproductive

" ¢ycle, and have not conceive'cl)at the latest breeding season,
Late-pregnancy fema1es'disp1agy a modal largest corpus albicans

aiameter of 11 mm which,  considering its large size, could be derived
from an infertile ovulation prior to conception (about 15 mo before
capture). ‘ ' .

Figure 41 and Table 13 indicate that involution of the corpus
1ufcéuin of pregnancy is rapid during the first' few weeks or months
following birth. Subsequent regression is much slower, with the
result that the diameter of the laréest, non-recent corpus albicans
is similar in females one and two years post-partum (Figure 41).
indication of the rapidity of early regression is evident in
Figure 42 which presents plots of the age and length of calves
against the diameters of the largest non-recent (not derived from the
latest|oestrous) corpora albicantia of their mothers. Initial
regression of the corpus lTuteum is seen to be very rapid, from a

- diameter of 37 mm when the  neonate is 164 cm to a diameter of 16 mm

it 1s 178 cmy> The modal size of the Targest corpus albicans of
tating females is reached when the calf is about 200 .cm in Tength
(possibly six mo old). This is cf()se to the point at which the young
corpus albicans js transformed into a medium (the young corpus
albicans persists for 0.66 yr). These results suggest that the
diameter of the largest, non-recent corpus albicans can be used to
distinguish_only post-partun females, which themselves display a wide
range of corpus albicans diameter due to rapid post-partum involution

(Figures 41 and 42).

Some multiparous 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 females could have weaned their
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. calves about one year pribr to conception, thus failing to ovulate at

the breeding season in that yéar, resulting 1n a prolonged resting
period (about one year), followed by owulation at the next spring
season. That some resting females appear to have weaned their calves

kand ‘had failed to ovulate at the latest season provides some

confirmation for this. Best (1970) thought that this might. also
apply to the sperm whale, in which case the reproductive cycle is

éxtended to five years. It may be significant in this regard that |

those pregnant females with the smallest corpus albicans also had dry
(no 011 or milk) mammary glands (Figure 41).

These observations are comp]icated by the frequent occurrence of
ovulations at the first mating season following parturition. For
example, of 19 multiparous, non-lactating, early-pregnant females,
the largest non-recent corpus albicans of 15 was in old regression
(4-12 mm; mean of 9 mm) while the largest corpus albicans of 4 was in
medium regression (9-13 mm). Of 17 non-pregnant females nursing
yeaang calves, 11 had a medium largest corpus albicans (9-14 mm)
while six had an.old largest corpus albicans (8-12 mm). These
corpora are the largest non-recent (not derived from the latest
oestrous) co»;pora albicantia of lactating females, and thus represent
one year of post- partum regression. Because these corpora are- the
same size as the medium largest corpora of pregnant whales and have

been regréssi ng for one year, it is suggested that the largest medium .

corpora of non- lactating pregnant females represent i nfertile
ovulations about nine months after parturit'lon and slightly more than
one year prior to capture, by which time the_y'have weaned ‘their two
year-old calves. Some confirmation of this is provided by data from
three primiparous females nursing their first (yearling) calves:
their lanrgest (and only) corpus albicans ranges from 9-12 mm in
diameter. Non-lactating pregnant females whose largest corpus
albicans 15, small and in the old regression stage did not likely

ovulate at the first oestrous followi ng parturition, but rather their ‘

small, old corpora probably represent two years of regression from
the corpus luteum of pregnancy. An alternative explanation would be
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that non-lactating pregnant females with a large corpus albicans in

' medium regressfon are only'‘dne year post-partum and have weaned or

1ost yearling calves, and they have therefore conceived at the spring
breeding season about nine months after parturition. Resting females

also have a 1argest. non-recent medium corpus albicans of 10-13 mm in

diameter, and these females/may have weaned (or lost) yearling
calves. One fema_'le/;cas captured with a presumed yearling calf- and
she had involuted mammary glands (Table 13), suggesting that some
calves may be wéaned at the age of one year. The calf of this female

_was growing particularly rapidly (262 cm; two dentinal growth
Nayers). -

Females which conceived early in the season (as shown by size of
foetus) have a largest, non-recent corpus albicans which is smal‘ler
(8-12 mm) than that of females which conceived later (12-16 mm).

'Ear'ly conception (and parturition) seem to be associated with

advanced regression of the corpus albicans since more time is
available for regression, but this possibility assumes that an
1ndividual animal consistently conceives at the same time of year. -

i

 On the other hand, the larger corpora of non-Tactdting ‘early-pregnant

females are thoug!ilt to result from fnfertile ovulations at the first

breeding season following parturition (see above). Corpora
albicantia originating over a two or three month season of b'lrths

would not be expected to differ great]y in size after about two years '

of regressiqn, further confirmi ng that the larger corpora of pregnant
females probably represent infertile ovulations oc.curr'lng about nine
months after parturition. -

The post-partun involution of the mamary gland, as indicated by
changes ift its average thickness, is 'shown in Figure 43 by means of
frequency distributions. A brrief description of the v'anjous fluids
present in the mammary glands will prdvide a useful baék_ground. oy

The milk of lactating narwhals is a thick turbid green fluid, )
often seen oozing from the mammary slits.when the whale fis rolled up
the beach. The mammary .- glands of some females in early ‘pregnancy and
those of some resting females (some of which ovulated unsuccéssfuﬂy)

[
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contain a 1ight brownish or greenish translucent oily fluid, which is
here referred to as post-lactation oil. The presence of this fluid
in only 1involuting glands (4 cm or less in thickness) and the
cbservation .that mammary glands containing this fluid are slightly
thicker than those which contain no fluid at all suggest that the
presence of post-lactation oil in early-pregnant and resting females
indicates recent weaning (or loss) of a calf.

Best (1968) stated that the presence of brown or oily fluids.in
the mammary gland of the sperm whale is indicative of mammary
involution and weaning of the calf. This fluid, often thin and
watery,.is poor in proteins and fat (Best 1968). Chittleborough
(1958) noted a "...rather white watery fluid found in some glands
involuting after lactation" in the humpﬁéck whale. Laws (1961)

described the post-lactation fluid of the mammaries-of the fin whale -

as a "whitish or turbid yellowish thin fluid". Van Lennep and van
Utrecht (1953) have identified this fluid as the residual milk of
post-lactation glands, and they termed it “corpora amylacea“.
Colostrum has been identified in the mammaries of full-term
humpbacks, where it is a clear yellow, pale brown, or turbid white
flyid (Chittleborough 1958) and in the mammaries of the white whale,
where it is a light yellow fluid (Brodie 1970). The mammaries of two
post-partum narwhals were recorded as containing “yellow" milk and
"pinky brown" milk, while those of a full-term female contained a
"turbid-1ike oily green" fluid. These fluids could be colostrum, but

"no analyses were carried gut to confin@ this.

* Figure 43 shows that full-term and post-partum females have a
modal ‘mammary gland thickness of 5 cm; the lower thicknesses (3 to
4 c¢m) belong to the developing hammqny glands of females in Tate
pregnancy.’ 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 sma11%§§mp1e sizes. Lactating females with
thin mammary glands (3 to 4 cm) may be in the final stages of nursing
their two-year-old calves (Figure 43). Pregﬁant and lactating
females have the same frequency di§ir1bution of mammary gland
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thickness as 1act5%1ng females, except for one female whelfe mammary
gland was less than 2 cm thick. This female could be in the late
stages of the two year lactation period, but the milk of this
épecimen is described in field notes as a "thick sticky green 1iquid"
which could actually be the post-]acta%ion oil.

Females in ea§1y pregnancy have involuted mammaries less than
4 cm thick (Figure 43); those females whose mammaries contain post-
lactation oil have s1ightly thicker glands, suggesting more recent
cessation of lactation in these females than in those whose glands
contain no fluid at all. Resting (nulliparous) females have
involuted or_involuting glands“less than 4 cm in thickness.

The averag; mammary gland thickness at the end .of lactation can
be estimated from Figure 44, which shows a plot of the percentage of
females lactating in each 0.5 cm mammary gland thickness interval.
Excluding the point representing 1.5 to 2.0 cm, 50% of females are
lactating at a mammary gland thickness of about 3.3 cm which is taken
as the mean thickness at weaning. ThisEVa1ue corresponds well with
the discontinuity between the frequency distributions of gland
thickness of lactating and non-]dttating whales (Figure 43}. The
point at 1.5 to 2.0 cm belongs to the pregnaﬁt and lactating female
alluded to above; this female could actually have weaned a two-year-
old calf and may not be lactating. Most glands less than 4 cm thick
are considered to be involuting (or-in the case of full-term females,
developing). ° '

Mammary gland thickness cannot be used to distinguish between
various reproductive classes, other than between lactating and non-
lactating females. The unimodal frequency distribution of the gfana
thickness of lactating females (Figure 43) indicates that females in
different stages of lactation cannot be distinguished (post-partum
and one and two years post-partum). )

The mammary, gland decreases in thickness as the largest, non-
recent corpus albicans continues to regress, both 1n resting females
(whose mammaries contain oil or nothing) and, even more pronounced,
in non-lactating, pregnant females. In this connection it fs
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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 oi1 (Figure 41), suggesting that mammary

" gland thickness is proportional to corpus albicans (largest, non-

recent),diamé;er. If the duration of lactation is cornistant, then
pregnant females which weaned their calves early would be expected to
have mammary glands and largest, non-recent corpus albicans in more
advanced stages of invoiution than those females which weaned their
calves recently, relative to the time of séﬂb]ing. ;
The histological structure of active, involuting, and involuted
mammary glands has been described by van Lennep andean Utrecht
(1953) and by van Utrecht (1968). Brodie (1970) recorded changes in
méﬁmary glands thickness (in relation to reproductive state) in the
white whale“similar to those described here for the narwhal. Best's
(1968) observations of mammary gland involution_ in the female sperm
whale are similar to those described here: mammary involution seems
to be a protracted process, beginning when the calf starts taking
solid food and being complete at weaning (nutritional independence of
the calf). . ot
In summary, the diameter of th%}]argest uterine cornu and the
diameter of the largest, non-recent corpus albicans can be used to
distinguish between post-partun and 1actating (one or two years post—
partum) females, whiTe the mean mammary gland thickness of these
groups is about ‘the same: Using these criteria, ‘it is impossible to
distinguish between non-pregnant, lactating females one and two years

post—partum.
Evidence for the occurrence of fertile ovulations about nine

months post-partum will now be presented. Five of 30 (16.7%) fema1es
in early pregnancy were simultaneously lactating, and they: are
considered to be nursing yeariing calves and to have ovulated at the

" most recent breeding season when the calf was about nine months oid.

First, several lactating females (36.4%; see Tabie 9) 'had infertile
ovulations at the most recent oestrous, indicating that females
nursing yearling calves are at least capable of\ ovulation. Second,
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most mature female narwhals belong to one of four main reproductive .
categories: non-lactating, p@egnant (weaned two year calf);
full-term/post-partum; lactating (ohe year calf); amd resting‘(non-
pregnant; non-lactating; a few have ovulated 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 years (since most early-pregnanta
females have weaned their calves). This logically leads to the
conclusfon that simul taneously pregnant and lactating whales are
nursing yearling calves, and therefore that they have conceived about
nine months after parturition. ‘g

The third piece of evidence, relates to the observatfon that the
largest‘corpus a]b}cans of simultaneously pregnant and lactating
females is similar in diameter to that of lactating females, while
non-lactating, pregnant females have™a slightly smaller, largest
corpus albicans (Figure 41). The largest corpus albicans of fodr of
five pregnant and lactating females was in the medium stage qf
regression. Finally, calves may occasionally be weaned at one year

of age (Table 13), and since mammary involution may start long before -

weaning (Best 1968), the mothers of such calves could ¢onceive at the
most recent breeding season; nine months after partur1t1bn (during ~
late lactation). :

It is of interest that two early-pregnant, lactating females-
killed 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 “"calf", while the other had a "large dark
calf®.

Frequency Distribution of Reproductive States

Table 14 Tists the qumber and percentage of females in each of
various stages of the reﬁroductive cycle, as determined by the
crtieria established in the- foregoing. This information is needed to
determine certain aspects of the life history and the reproductive
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Table 14. Reproductive conditions of fema]g namha]s.‘

‘ No. of . Percent of
Reproductive condition females females
Immature . 31 27 .68
Maturing® 2 1.79
Primiparous:
early pregnancy ’ 6 . 5.36
fuli- term 0 0
post-partum 2 +1.79
Lactating, yearling 3 2.68
lactating, two year calf 0 0
‘Multiparous:
early pregnancy 19 16.96 ,
early pregnancy, lactating 5 ’ A 4.46
ful1-term 4 3.57
post-partum 9 8.04
lactating, yearling 18 16.07
lactating, two year calf 2 1.79
Nulliparous, young mature 5 4.46
Nulliparous,-old mature 5 4.46
Nulliparous, senile 1 0.89
Total - 112 100.00
Full- term/post—partum 5 ‘ » 18.99
Pregnant on'lybb 25 31.65
Lactating only 23 29.11
. Pregnant and 'lgctat'ingb 5 . 6.33
Total pregnant 30 37.97
Total lactating? 28 35.44
Total resting .11 2 13.92
Total mature ’ 79

3 No corpora present; follicles exceeding 10 mm present.

b Excluding full-term/post-partum females.
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cycle, to be detailed in the next major section (Life History e
Parameters). L d
Reduced Fertility of 01d Females ' : }x .
Evidence for reduced fertility of .01d female narwhals is )

presented in Figure 45. Femqle fertility seems to be greatly redu:ced
after the accumulation of 14 corpora or 25 mandibular growth layers. -
Corpora atretica occur with equa1 frequency in younger and older
mature narwhals (Figure 45),vthis is to be expected since fo'chu)uar
atresia 1s a normal post—oestrous phenomenon. However, Best (1967)
detected a greater incidence of atretic corpora in female sperm '
wha]es with more than 13 ovarian corpora. RN
Female narwhals with many ovarian corpora tegnd to be resting _6r
non-pregnant. In addition, older females (with 14 or more ovarian
corpora) which ovulated at the most recent breeding season failed to
canceive (Figure 45). Best (1967) found that femalé sperm whales
witth more than 14 corpora may ovulate but often fail to concei ve. T
Ohsumi (1965) also found low ovulation -and pregnancy rates in old %
sperm whales. -
A reduction in fema1e fertﬂi with age has also been detected
in the white whale (Sergeant 1973), the pilot whale (Sergeant 1962),
the spotted porpoise (Kasuya 1976; Kasuya et al. 1974; Rerrin et al. "
1976), the sthed dolphin (Kasuya 1976), and the spinner dolphin : o
(Perrin et al. 1977). There is, no evidence for reduced fertility of
old female humpback whales (Chittleborough 1955b), but old female )
fin whales may be slightly less fertile than young whales, although I
no true climacteric is reached (Laws1961). R
One resting (nulliparous) female narwhal of body 1ength 115 cm =" ‘
is considered to be senile, on the basis of the observation that no
recent ovarian corpora were present (young pr medium corpora _
« albicantia}. The ‘ovaries of this female contained four old corpora * -
albicantfa (5- 6 mm)iand eight corpora incognita (7-12 mm). Other '
old resting females jlad recent ovarian corpora and were thus not
considered to be senﬂe, although their failure to ovulate or
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Figure 45. Reduced fertility of old female narwhals. O0f 76 mature.
females, 18 had corpora atretica, 30 were in early pregnancy, and 11
were resting (nulliparous). Fourty-one females had a total of 68
ovulations at the latestqbreeding season, - 30 of which resulted in

pregnancy.
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ldemands of their calves, while full- term/post-partum females are

.0.01 > p > 0.002; t =4.10, p < 0.001), lactating females (F test not
-§ignificant, p > 0.5; t = 3,90, p < 0.001), and resting females (F
© test not significant, 0.10 > p > 0.05; t = 2.74, 0.0; >p >0.001),

,females seem to be in better condition than most mature females.

175 -

conceive at the Tatest breeding season may be indicative of the
approach of a reproductive climacteric. Evidence for the attainment
of a climacteric by the female has beeﬁ\ recorded in the spotted
porpoise (Perrin et al. 1976; Kasuya 1976), the striped dolphin
(Kasuya 1976), and t/hé pilot whale (Sergeant 1962). “

Reproductive Influencgé on Female Condition

It was shown earlier that the body condition (or fatness) of
female narwhals was not dependent on date of capture. Rather, it may
depend to a large extent on their reproductive status. Table 15
presents data on the condition of females at different stages of the
reproductive cycle. Full-term/post-partum females have significantly
higher (at the 5% significance level) blubber thickness than )
lactating females (F test for homogeneity of variances was not
significant at the 5% level, 0.5 > p > 0.2; t = 2.55, ;‘
0.02 > p > 0.01), while pregnant females have significantly higher b {
blubber thickness than lactating females (F test not s‘lgnificant, )
0.10 > p > 0.05; t = 2.32, 005>p>002) A1l other t-test *
comparisons between varjous reproductive classes of mature females
for all 3 parameters were not significant at the 5% level. Lactating
females are generally ¥n poor condition due to the nutritional

amongst the fattest (Table 15). Brodie (1970) made the same
observation on the white whale Delphinapterus leucas.

Immature females have significantly higher (at the 5%
significance level) condition indices than pregnant females (F test
for “homogenejt‘y of variances was significant at the 5% level,

but 'theré was no significant difference between condition indices of
immature and full-term/post-partum females (F test not significant,
0.5 >p>0.2; t =1.80, 0.10 > p 2 0.05). Therefore, immature




Table 15. Condition of female narwhals.?

]

Reproductive condition

Immature, Pregnant - Full-term/ '
Maturing post-partum Lactating  Resting
Maximm girth N 26 20 12 24 8
(cm) . X 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 1_90-250
Lateral blubber N 26 14 15 25 10
thickness (cm) X 4.65 5499 - 6.09 5.27 5.87
’ 2SE 0.38 0.34 0.45. 0.42 1.04
Range ’ 2.3“6-9 5-0;700 4'5-7-6 3-0"7.3’ 3|4"805
Condition' - N 26 20 12 24 8
index X 0.65 0.60 0.62 0.59 0.60
2SE 0.02 0.01 0.02 . 0.02 0.02
Ra'!gg 055- l76 ‘56- 166. 056- -67 052- o70 .55- 063

2 sample size (N), mean value (X), two standard errors (2SE) and range are given.

D Maximum girth/body length.
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This codld be a morphometric difference, or else it could simply
reflect the demands of reproductive 1ife on mature females.
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1pr. K. Benirschke (Department of 7athology. School of Medicine,
University of California at San Diego) has examined histologically
both the corpus luteum and the erupted follicle of this animal. He
finds (in 1itt., 12 October 1978) that the corpus Tuteun is clearly
functional and that"...it might be from a pregnant animal®”. He has
1nte}preted the haemorrhagic erupted follic!b as "...fresh hemorrhage
into an old cystic corpus albicans. The “follicular" wall is
fibrotic and hyalinized, lacking active granulosa cells’.

Dr. Benirschke concludes that “...the animal is early pregnant, too
early to have been detected at macroscopic examination. Certainly
she has not recently ovulated". .

Dr. Benirschke's interpretations differ greatly from mine, but
they do confirm.my observation that old corpora albicantia sometimes
contain blood. Furthermore, his findings give some support to the
speculation (see below) that the corpus incognitum represents an
haemorrhagic old corpus albicans. ’ i

If Dr. Benirschke's interpretations are correct, then the

" “erupted follicle” of this narwhal is-probably derived from an

infertile ovulation prior to the successful conception and hence
represents the “old cystic corpus albicans” described by him.

he Y
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' As an example the birth rate (pregnancy rate) is considered.

) pregnancy and those full- term/post-partum would be an invalid . |
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LIFE HISTORY PARAMETERS

The Birth Rate T
It was shown earlier that segregation by sex and stage of
reproduction does exist within the sumer1ng narwhal bopul‘ation./

/ This will have implications for the accuracy of estimates of life /
nistory parameters which are derived from the relative proportions of
females which are engaged in different stages of the reproductive
cycle. These calculations .normally assume that the proportions of
these classes in the sample (catch) are the same as those in the
popt‘ﬁatfon at large. Bécause of segregation by stage of reproduction
and the small sample sizes, resu]ting estimates of -1ife history , /
parameters could be seriously-biased. One can assume that the : .

magnitude of the bias will lessen as the.overall sample .size, '
increases and the sample is spread over more and more groups ‘
throughout the summer range of the narwhals '

This can be estimated as the proportion of mature females in early a .
pregnancy or the proportion of mature females that are full-term or

post-partum. Because of highly seasonal breeding in relation %o a

restricted summer sampling season and the gestation period which

exceeds ohe year only one or the other can be used as dn estimate of

pregnancy rate, the sum'of the proportidns of mature females 1n early

estimate of pregnancy rate (see Anderson 1982). . j
The overall pregnané:yh rate fc;r the sample from 1963-76 is 0.38 . C 10
‘(30 ear'ly P /egnant females/79 mature females) or 0.19 (15 full-term/ ) q
post-partum females/79 mature females). In the netted sample of
1963-65, the early pregnancy rate is 0.11 while the o '
full-term/post-partum rate is 0.53; in the Guys Bight floe edge s
sample of 1976, the early pregnancy rate is 0.56 while the
_full-term/post-partum rate is 0.11; and in the overall open water
hunted sample of 1974-76, the rates are 0.43 and 0.07,. for early -
pregnancy and full-term/post-partum, respectiyely.q
It would thus appear that early pregnant 'fema1es are prevalent

(relative to post-partum females) at the floe edge‘and in the outer
ﬁ 1 3
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coastal waters (e.g. Kaunak) where the hunted sample was taken. On ' .
the other hand, fu]l-term/post-partum females (0.53 of the mature -
females) are prevalent in Koluktoo Bay where the netted sample of l
1963-65 was taken.- Koluktoo Bay is situated deep within the fiord
complex of Eclipse Sound on northern Baffin Island (Fidure 1).
Mansfield et al. (1975) and Vibe (1950) also expressed the idea that
females with calves tended to select the heads of bays in the
innermost fiords as summgr1ng p1aces.

Segregation by stage of reproduction, both on a large-scale
regional basis and on a small-scale (group composftion) basis, does
present problems. for the accurate estimation of 1ife history
parameters. Téntatively, the overall early-pregnancy rate of 0.38
for the total sample 1is accepted. Because most of the total saﬁple;
was ‘obtained at the floe edge and outer coasts, thjs may be an ,
over-estimate; similarly, the full-term/post-partum rate of 0.19 is . v
11kely an under-estimate. See Appendix 3 for further discussion and . 3.
statisticallana1yses of regional and small-scale segregation within T
this population. i

Another aestimate of the birth rate was briefly discussed:
previous]y. This is the 'annual ovulation rate (0.69) muItiplied by
the percentage of ovulations which are fertile (0.44), or 0.30
calves/mature female/year. Another approoch is to calculate the
staéIe distribution of reproductive states starting with all females
in early pregnancy, with the assumptions that the reproductive cycle
lasts three years and that the probability of tpe gccurrencé of a
fertile ovulation at nine months post-partum is about 0.20 (see
Table 12). This does not take into account females which may fail to
conceive at the first breeding season following weaning of their
calves or calf mortality. The resulting stable birth rate is
estimated to be 0.36 and the stable distribution of- reproductive
states is 0.29 of females ip- early pregnancy but not lactating, 0.29
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 recently-calved. '

f




The anndal pregnancy rate of the narwhal 1s estimate&:to be

" .0.30 to 0.38.° The intermediate value of 0.36 is suggested to be the

be;t estimate] since 1t takes into account the successful ovulations

of females nursing yearling calves but it ignores the possible

failure of some females to conceive at the firstjoesgrous following R
weaning of their cal&es. ‘The pregnancy rates of other odontocete =
species are as follows: white whale, 0.33-0.5 (Sergeant 1973), 0.33 - °
(Brodie 1971); pilot whale, 0.34 (Sergeant 1962); sperm whate,

" 0.20-0.22 (Best 1968), 0.29 (Ohsumi et al. 1963), 0.26-0.29 (Ohsumi

1965); spotted porpoise, 0.27.(Kasuya 1?76). 0.21 (Kasuya et al.
1974), 0.47 (Perrin et al. 1976); striped. dolphin, 0.71 (Kasuya' °
1976); and spinner dolphin, 0.36 to 0.46 (Perriniet al. 1977). The
higher pregnancy rate of 0.71 for the striped dolphin is explained as
a density-dependent résponse to excegsive exploitation of this
species (Kasuya 1976). .The average annual pregnancy rate of killer
whales off Vancouver Island is only about §.10 (Bigg 1982).

The population birth rate (per growth layer) was estimated as
follows. Applying the ovulation success rate (0:44) to the co?pora
accumulation rate (0. 76), the pregnancy rate is estimated to bé 0.33
calves/mature female/growth layer. Dividing by two (assuming a 1:1
sex ratio at birth), fecundity is estimated to be 0.17
daughters/mature female/layer. The population birth rate is
estimated by solving for r in the 1ife history equation '

Pl m e X s
Age-specific fecundities (mx) are calculated as the proportion of
females sexually mature at each age multiplied by the maximum
fecundity (0.17).° Survivorshfb (1,) 1s set at L. 0, so that r 1s ) -
then the instantaneous birth rate.

A computer program in Caugﬁley (1977) was used to estimate r by
an iterative procedure. The instantaneous birth rate (per growth
layer) was calculated as 0.056 and the finfte birth rate was
estimated as e'-1 or 0.057. If one growth layer is deposited i
annudlly in mature females, this figure implies an annual production
of about 0.06. These values were calculated using the known duration
of female rqproductive life (12 to 30 growth }ayers). Assuming a

v

. 1ongév1ty of 50 growth layers, the instantaneous birth rate is
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‘calculated to be 0.069, only sﬁigbt]y gréater than tﬁat based on a
‘ 10ngev1ty of 30 growth layers.

A second -approach to the estimation of the p0pu1ation birth
rate 1s-to consfder the sex ratio of the catch and the proportion of
females which are sexually mature, and applying these values to -/
estimates of the pregnancy rate. The proportion of females which
are mature is 0.7054 and the sex ratio 1s 0.55 females per
individual. Applying these values to the’ estimated annual preénaﬁcy
rate of 0.38, a finite annual birth rate of 0.1474 is obtained, ‘or
0. 1375 on an instantaneous basis. If the stable annual pregnancy
rate is 0.36 (assuming 20% of females conceive nine months -
post-partum), the finite annual birth rate is estimated as 0.1397 and
the instantaneous birth rate, 0.1307. The finite birth rate of the
narwhal population is estimated to be 0.057 (per growth layer) to
0.1474 (per year). This latter estimate of the annual population
birth rate of the narwhal is similar to estimates for other
odoﬁtoceteﬁ (see below). However, many of these estimates of
population birth. rate are probable overestimates, since the sex ratio
and matuéity ratio may be determined from a possibly-biased sample.
and then applied to the pregnancy rate. For example, mature female .
narwhals comprige 0?7054 of the total female sample. Since immature

-females are only partially-recruited to the catchable population,

0.7054 is a substantial overestimate of the actual proportion of
females which are mature. Although the sex ratio of 55% females
seems to be reasonable, the resulting estimate of annual birth rate
(0.14-0.15) 1is an overgstimate of the true birth rate which may be
closer to 0.06-0.07. '

Population birth rate is estimated to be 0.09 (Brodie 1971) or
0.12-0.14 {Sergeant 1973) in the white whale, 0,10-0.13 in ‘the pilot
whale (Sergeant 1962), 0.08-0.10 in the spinner dolphin (Perrin et
al. 1977), and 0.14 in the spotted porpoise (Perrin et al. 1976).
The annual population birth rate of killer whales off Vancouver

- Island s about 0.04 (Bigg 1982).
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The number of calves which a female narwhal may produce during

her Tifetime may be estimated. A maximm of 19 corpora albicantia

wa’s‘recorded, and if 0.44 .of ovulations are fertile, then an
average of 8.4 calves would be produced. If females have 18 layers

' : of reproductive 1ife (the oldest female had 30 mandibular growth
layers and females mature sexually at 12 layers); then with a

pregy'ancy rate of 0.33 calves/mature femal e/growth Tayer, 5.9 calves
would be produced. This probable underestimate further indicates .
that the age of old females approaching physical maturity may be
greatly underestimated.

In summary, the annual population birth rate of the narwhal is
not certain, but could be near 0.07. This 1s considerably lower
than the birth rates estimated for some other odo?\tocetes;: but it is

. 1ikely that many of these estimates are based on biased samples of

the mature female population. This estimate of the birth rate of
the narwhal is slightly lower than Brod'le s (1971) estimate of 0.09
for the white wha)e, his estimate is based on a solution of ge 'er
history equation:’ | - ‘

21 TXa ‘
Brodie (1971) determined that female white wha1es mature at age five
years and do not reproduce after 21 years, \and that there is three
years between births ('"x =(,.167 daughters/n\nature female/year). Using
these data as input to the iterative computer program in Caughley
(1977), the birth rate of the Cumberland Sound population of white
whales was estimated to be 0.077, close to Brodie's (1971) estimate
of 0.09. Using vertical aerial” photographs of a large herd of white
whales occupying Cunningham Inlet during late July 1973,
Heyland (1974) estimated that the production of newbornlca1 ves by
this herd was 17.9%. However, true production may be substantially
less, as the immature or non-breeding component of the population may
occupy other habitat. The use of potentially-biased population
samples and aerial surveys to assess stock production should be
critically kre-_ex/ami ned. .
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Duration of Lactation s

The duration of the lactation period may be estimated by
assuming that the duration of a given réproductive phase 1s - . -’

proportional to the relative number of females in that phase. If J

the duration of one phase in the cyclé 1s accurately known, then the

duration/of other phases may be estimated. . ‘This further assumes
that thé sample of females in varfous stages of the reproductive
cycle is an unbiased sample of the mature female, population.
Nevertheless, the gestation perfod is known fairly accurately.
(1523 montﬁs) and a preliminary estimation of the duration of——
Tactation cari be attempted. It was. shown previously that lactation
exceeds one year but is Jéss than two years in duration. Excluding
full-term/post-partum females, the ratio of JNon-pregnant, lactating
females to non-lactating, pregnant females is 23/25 or 0.92;
lactation period is_ estimated to be 0.92 multiplied by 15.3 m or
14, 1 mo. A less-biased estimate may be obtained by .using the ratio

) ‘of a1‘| non-post-partum lactating females plus one-half of the
’fun-term/post-partum females, to all early pregnant females plus

one half of the full-term/post-partum females. The resulting
estimate of lactation period is 14.5 months.
The co-occurrence of females and calves also provides some

'evidence on the duration of lactation (Table 13). _The stomachs of

newborn calves contained mﬂk, while three possible yearlings were
sti11 taking milk and one'year'lingp had apparently been weaned, for
its mother's mammaries had involuted and now contained
post-lactation oi1 (Table 13). The mother of a possible: two-year-
old calf was lactating but the calf's stomach was empty. These

results suggeSt that lactation normally lasts at least one year but 4

less than two years. i

There are few comments in the literature as to the duration of
Tactation in the narwhal. Pedersen-(1931) stated that nursing
1asts”...9t least several weeks", while Vibe (1950) implied that
the lactation period was less than one year in duration.
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The 1actation periods of odontocetes are generally much longer ®
than those of mysticetes. Brodie (1969a) attributed this to the
more sophisticated navigational training, kin cooperation, and
complex social structure of the odontocetes compared to the
mysticetes. Although many odontocetes appear to have lengthy
Tactation periods (Tableils), the calves of several species may
begin to take solid food long before weaning. Captive bottlenosed
dolphins Tursiops truncatus nurse their young for up to 18 months, o Z
but. the calves may begin to take solid food at 5 to 12 months of ° X
__age {McBride and Kritzler 1951)., _ - v -
& ., ' ) ;
‘The Calving Interval_ . .
The interval between births in thé female narwhal is usually’
three years, but it is reduced to two years when a female conceives
at the first oestrous following parturition. Some females fail to
cofceive during the breeding season following weaning, with the
result that the calving interval is extended to four or more years.
Vibe (1950) cTaimed that the narwhal gives birth evéry second year, ¥ 3
whereas Degerbdl and Freuchen (1935) attributed a calving_interval
of three years to this species, but these authors provided
evidence for their statements. .
-The calving interval can be calculated as the reciprocal of the
annual pregnancy rate, which has been estimated to ‘be 0.30 to 0.38?
the corresponding calving intervals are 3.33 and 2.63 years. The
best estimate of the pregnancy rate is 0.36, which gives an average.
calving interval of 2.78 years. A second approach assumes that the o
duration of each phase of the reproductive cycle is proportional to , /
the relative number of mature females in that phase. Gestation and
Jacation periods ‘have previously been estimated to be 15.3 and 14.5'
months, respectively. Using the ratio of resting females to
pregnant females, the resting period is estimated as 11/37.5
multiplied by 15.3 6r 4.5 months. Therefore, the calving interval
fs 15.3 + 14.5 + 4.5, or 34.3 months (2.86 yr). In addition, the o
calving interval.my be estimated as the sum of gestation andr‘ “ ,

J

» . . .
[N et N . u
s &

e -




I Y. - -
D U - - o e g e e e rin S e

13

N
) . N . .
’/ . . / )

G

( .1a$ctation periods (29.8 mo.), divided by ?ﬁe proportion of \n‘}atmje .

t . females which are reproductively activée (68/79, or 0.861). The

" resulting ‘estimate of the interval between births is 34.6 mo (2.88

yr). , _ ‘

The durations of the various phases of the reproductive cycles

of some other odontocetes are et out in Table 16. The estimate of ’ !

the lactation pel/od of the sperm whale by Nishiwaki et al. .
(1958)must be an underestimate, for with a two year reproductive = - ,
cycle more females would be expected to be simu1taneous1y= pregnant T ,
and lactating than is evident. in thefr_results, a re-examination of : ." ]
which suggests that the lactation period is about 20 months. The- S o 3-
great difference in the reproductive cycles pf the spottﬁd porpoise 3

" Stenella attenuata and the striped ‘doTphin S. coeruleoalba is P
attributed to the different degree of exploitation imposed on these' T, . '_ !
two species off the Pacific coast of Japan (Kasuya 1976). ' e o §
"spotted porpoise is unexploited, while the striped dolph1n has been
heavi ly exploited since 1955 and has consequently shown marked ‘ i.:

density—dependent responses in fejrtﬂity (Table 16). Even very old o
Q female striped dolphins are reproductively-active (Kasuya 1956).
: The calving 1nterva1 of odontocetes is seen to range from about
) 2 to 4 years. The smaﬂer‘ species (e.g. Stenella) have the shorter o ]
/ . )ntervals, while the 1arger—sized sexually- dimorphic species have
[ protracted calving intervals. Matlre female killer whales off
Vancouver Island calve only once e"very 10,years, on average; the ’
minimum calving interval recorded is 3 years, but many mature females
seemingly never calve (Bigg 1982). N ' ' . k

Population Size :
S Utilizing historical Z:atch data, Mitchell and Reeves (1981) have

calculated a cumulative catch estimate of population size of narwhals -

in the eastern Canadian arctic and West Green1and They calculated

that ' this population exceeded 11,000 individuals in 1914, Mansfield

et al. (1975) estimated the current population size of the narwhal in

North America to be about 10,000, based on Bruemmer's (1971) ‘estimate .
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Table 16. Reproductive cycles of some odontocetes. ) ,
Duration (yr)
©. Species Gestation Lactation Resting  Total _Author
- Delphinapterus leucas ‘91.21 2 3.21 B}odte 1971
1.17 1.67 2.84 Sergeant 1973 _
Physeter catodon ﬁ 0.7-1.0, 2 Nishiwaki et al. 1958~
1.37 2.0 0.63 _ 4 Ohsumi 1965 —
1.22 2.0 0.78 4 Best 1968
Globicephala melaena 1.31 1.83  0.19 3.33  Sergeant 1962
nella attenuata "0.93 2.44  0.82 4.19 Kasuya et al. 1974
. 0.93 - 1.99 0.77 3.69 Kasuya 1976 )
0.96 0.93 #9.28 2.17 Perrin et al. 1976
Stenella coeruleoalba . 1, -\ L5 0.4 2.9 Kasuya 1972°
1 §0'33’ 0.08 1.41 Kasuya 1976 ‘ <
Stenella longirostris 0.88 (}\84 0.46 2.18 Perrin et al. 1977
. L4
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of 1,500 to 2,500 narwhals in the Thule region of northwest Greenland
and Tuck's (1957) count of 6,000 narwhals migrating westward past
Cape Hay, Bylot Island. More recently, Greendale and
Brousseau-Greendale (1976) counted 6,145 migrating narwhals at Cape
Hay from 21 June to 24 July 1976 and, taking‘l into account time
periods when observations were 1imited by fdg and other obstructions
to visibility, they estimated that 8,000 to 10,000 narwhals passed
Cape Hay. The peak of the migration occurred on 15 July when 1,842
whales were seen (Greendale and Brousseau-Greendale 1976).

Other estimates of the numbers of narwhals occuring in various
areas of the-North American arctic have been made. Vibe (1950)
claimed that more than 1,000 narwhals visited Inglefield Bay, .
northwest Greenl and, every summer. Finley (1976) estimated that 200
to 400 narwhals occurred in eastern Barrow Strait during late July ~
1975, showing that relatively few narwhals migrate to the west of
northern Baffin Island.

Several observations of narwhals in the Pond Inlet regfon have
been documented. Anderson (1934) declared that thousands of
narwhals passed Button Point, southeast Bylot Island, during July
1928, and he claimed that whalers killed 2,800 narwhals during one
season in Eclipse Sound (see Mitchell and Reeves 1981). Miller
(1955) noted that 500 to 1,000 migrating narwhals can be seen each
year near southwest Bylot Island, while Smith (1969) recorded &
movement of 2,000 whales past Pond Inlet on 29 September 1968. A
Targe number of narwhals, up to 2,000 or 3,000, migrated past Bruce
Head (Koluktoo Bay) on 17 August'1964 (A.W. Mansfield,” pers. comm.).

Davis, Richardson, Johnson and Renaud (1978} conclu that
20,000 or more narwhals migrated westwards through Lancaster Sound
in 1976. This estimate was based on the applicatfon of aerial
survey data to the 1and-base& observations of migrating narwhals at
Cape Hay by Greendale and Brousseau-Greendale (1976). Fallis,
Klenner and Kemper (1983) report an. aerial-strip survey minimum
estimate of 9,700 narwhals in southern and mid- Admiralty Inlet on

‘28 July 1975. The minimum nimber of narwhals. éverwintering in’
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northern Davis Strait, southern Baffin Bay, and waters west of ‘ = g
Greenland is estimated to range from 7,700-9,100 (McLaren and Davis -

1983). These estimates, derived from aerial-strip saniple surveys in 3

March of 1981 and 1982, were not adjusted for submerged animals or % :
animals present at the surface but not detected.

Discussion - General Features of Odontocete Life History - ;

. As a group, odontocetes have a seemingly complex social
organization which pervades all aspects of their 1ife histories.
Sergeant (1959b) attributed the pronounced grega}ious ‘habit of the
smaller odontocetes to potential predation from sharks and killer ,
whales. He felt that the social habit wguld thus reduce the

mortality rate of the calves and younger animals, given that many of

these species do not have very hi gh birth rates. - On the.other hand,%

Brodie (1969a) concluded that the complex social structure of “ a
odontocetes was related to the bredatory habits of the whales ;
themselves: the capture of highly mobile prey often requires a
cooperative effort among several animals. He attributed the longer
nursing period in odontocetes (compared to mysticetes) to the }
requirement for the young to learn the complex communicational,

navigational and cooperative.skills which are necessary for |

successful foraging. On the other. hand, the mysticetes are

"grazers" and thus do not need to develop these skills on such a

highly sophisticated level; therefore, mysticetes have relatively

short lactation periods (Brodie 1969a).

Odontocete whales, as a group, do not seem to have very high
‘recruitmént rates; the cal\'(ing interval is on the order of 2 to 4 *
years, increasing with the size of the species (Table 16). The
social habit and prolonged nursing period may, therefore, reduce
mortality on anves and young animals (possibly the most wulnerable
period of an animal's 1ife), in addition to providing the training
which the young ‘need in order to develop the complex and important
life skills of their kind.

- P R W w2 B R, Ao & s

A e ity ledng




WINPT b e

190

Sergeant's (1959b, 1982) comparative study of 1ife histories of
toothed whales shows that there may be generalized differences of
1ife history and social structure between the two subfamilies of the
family Delphinidae, riéme]y the Orcininae (e.g. - pilot whale, killer
whale, false killer whale) and the Delphininae (the dolphins, such as
Tursiops, Stenella, Lagenorhynchus). Sergeant (1982) concludes that

the larger-sized Orcininae are highly social and non-aggressive,
tending to form schools of mixed age and sex structure, while the
smaller-sized Delphininae are less social and display aggression by
adult males towards immature animals which form their own Toose
schools. Consequently,.the Orcininae have a greater tendency to
strand en masse (mass strandings) while Delphininae (especially
immatures) more commonly strand individually .(single strandings).
However, the cohesive schools of mature females with calves (of
Delphininae) may occasionally mass strand.” Both subfamﬂiés are
characterized by long lactation peribds (about 2 years) and parental
care beyond the end of lactation resulting in enhanced survival of
calves. Gestation period of Orcininae is 14 to 16 months, while it
is 11-12 months in Delphininae. ° ]

Sexaal . dimorphism in body size is well-developed in Orcininae
(the male attains a much greater size than females) while males of
the Delphininae are only slightly larger than the females. In
addition, males of the Orcininae mature sgxually at a later age ;than
females, whereas those of Delphininae mature only slightly later than
the females. These characteristics of Orcininae, along with the
higher mortality rate of the male of some species (e.g. - pilot
whales; see Sergeant 1962), lead to an excess of mature females
(relative to mature males) and the development of polygyny. Because
the most highly social species seem to be characterized by
well-developed polygyny, polygyny is not necessarily associated with
aggression (Sergeant 1982). He claims that the tooth scarring
c‘omon'ly seen on Orcininae could be mos’f‘l)“/mide by young animals
engaged in "play" behaviour.
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The life history characteristics of the narwhal (which, along
with the white whale, is in the family Monodontidae) would tend to
associate this species with the Orcininae rather than with the
Delphininae. - A notable exception to this is the less social
disposition of the narwhal, as indicated by marked sedregation by sex
and maturity during the summer. Therefore, Sergeant's (1982) ’
contention that polygyny and lack of hggression are coincident may
not.be tenable. It is conceivable that the Jarge "mixed" herds of
Orcininae in fact consist of sub-groups of different age and sex .
composition, and that aggression may pltay a role in this segregation.
In addition, palygyny is usually associated with intraspecific

‘competition between adult males fog breeding females and hence

aggression, at least during the breeding season. Evidence for
polygyny in the male narwhal was presented earlier (see '"Reprbduiﬁiﬁon
in the Male"). »

Ohsumi (1981) has presented asseries of interspecific
relationships (some expressed mathematically) among biological
parameters concerned with reproduction in bott\\ odontocete and
mysticete whales. Although the purpose of his paper was to derive
such relationships for predictive purposes (to estimate unknown
parameter values for a particular species) and for checking the
accuracy of reported parameter values for certa'ln species, the data
which he assemb1ed clearly demonstrate major differences in life ;
history parameters between the two cetacean orders and trends in
these parametérs within the odontocetes, which can be correlated-

with social or‘ganization and body size.
Table 17 compares direct estimates of 1ife history parameters

_ of the narwha1 with values predicted from interspecific

re1at10nsh1ps (Ohsumi 1981). The agreement between predicted and
observed values is generally very good (Table 17). Ohsumi (1981) -
used an asymptotic body length of 4.0 m for female narwhals (which he
obtained from Mansfield et al. 1975) to produce most predicted values
from the interspecific relationships. * The predicted gestation period
is 12.9 mo., considerably less than the calculated one of 15.3 mo. I
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( ‘ Table 17. Biological parameters of the narwhal.
" Parameter Reported value® Predicted value?
Birth length (m) 1.61 1.72
Gestation perfod (mo) 15.3 "~ 12.9
v Length at weaning (m) - 3.04
., Lactation period (mo) >12, <24 20
_ Length at 1 yr. (m) - 2.49
Length at male sexual maturity (m) - 3.95 3.93
Length at female sexual maturity(m) 3.40 3.68
. Age at female sexual maturity 12 growth layers 6.4 yr
Annual pregnancy rate 0.36 0.36
Annual ovulation rate 0.69 0.59
Foetal sex ratio (females/individual) - 0.50
Litter size N 1.00 1.00
- Longevity (yr) 40-50 41
Instantaneous annual natural - /
, mortality rate (females) - 0.12
- Asymptotic length of males (m) 4.70 4.82
Asymptotic length of females (m). 4.15 4.00
X 2 This study. )
N ® From interspecific rehtionships among biological parameters in .-
cetaceans (Ohsumi 1981). . ‘
= :‘:‘ .,
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attribute this to the fact that Ohsumi (1981) used a log-log straight
Tine rel atiopship between gestation .period and body length at birth,
whereas close 1nspect'ion of these data (his Figure 11) suggests that
a curvilinear (log-log) relation is more appropriate and would yield
a predicted gestation period closer to the calculated value (i.e.

gestation period increases rapidly with-size for small §pec1es, up to

about 1.5 m body léngth at birth,then levels off at 15-16 mo for
species larger than 1.5 m at birth). )

From interspecific relationships Ohsumi (1981) estimated that
the female narwhal matures sexually at 6.4 yr. With 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 deduced for the closely related white whale (Brodie 1971; °
Sergeant 1973).

+Sacher {1980) developed multiple linear regressions of
Tongevity (as measured by maximum ersf)an in captivity) on brain

.

. weight and body weight of 239 mammalfan species of 12 orders and -

used thesé¢ to predict maximum 1ifespans of cetaceans. He found that
for many odontocetes predicted longevity is similar to that deduced °
from dentinal growth layer counts. Surprisingly, based on
theor;etical considerations of his mltiple 1inear regression
equations, he predicted that odontocetes weighing more than 100 kg
should have a constant lifespan, and he suggested that available
evidence supports this conclusion (see his Table 1). Using Sacher's
(1980) equation no. 1, I calculated that the predicted Tongevity of
the narwhal is 52 yr, which is only slightly. greater than the values
for longevity in Table 17.

In conclusion, the narwhal seems to be a typical medium-sized,
relatively long-lived odontocete with respect to most aspects of its
Tife history. Its éharacteri stics most closely resemble those of
species belonging to the delphinid subfamily Orcininae (Sergeant
1982). It has a highly complex social structure (Silverman 1979)
which is necessary to the function and maintenance of its 1ife style,
which in turn interacts with and shapes the social structure. Figure
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46 shows the female narwhal's repfoductive cycle graphically.
Gestation lasts approximately'15 months and lactation exceeds one
year, probably close to 2 years, resulting in a usual 3 year
reproductive cycle, a condition which occurs also in its very close
relative, the white whale (Brodie 1971; Sergeant 1973). Calving may
oqcasiona11y occur once every 2.years, a situation which also
prevails in the white whale (Sergeant 1973). The complex social-
structure is manifested not only by the extended parental care of
young and the -close group (possib1§ kin) cooperation, but also by the
polygynous breeding system, the evidence for which is indirect.
Evidence for polygyny in the large sexually-dimorphic sperm whale is
conclusive (Best 1979).

Density-dependent gffects on reproduction or natural mortality
have not been well-documented in odontocete whales. The need for
extended parental care (and thu£ a long lactation periodf would
appear to preclude a significant shortening of the calving interval
in most species.: However, the striped dolphin (Stenella
coeruleocalba) off the Pacific coast of Japan has a lactation period
of only about 4 months compared to about 24 months in the spotted
dolphin (Stenella attenuata); this difference is attributed to the
heavy exploitation imposed on the striped dolphin since 1955 (Kasusya

o -

'1976). Sergeant (1982) has reviewed several other examples of

density-dependent reproductive responses to exploitation in
odontocetes, and he concludes that the response (only observed in
Delphininae) has always been a shortening of the lactation period
(and therefore a reduction of the calving interval and increase in
pregnancy 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 mechgnism for a
decrease in the duration of lactation is ovulation during lactation
by better-nourished females of an exploited population.

Juvenile mortality in an exploited population may remain at a

-

Tow level, for early-weaned calves may stay within the mature female .
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Figure 46. Reproductive cycle of the female narwhal. A-typical
3-year cycle; B- mid-lactation conception produces a 2-year cycle;
C- failure to conceive at the regular breeding season extends the

. cycle to 4 or more years. Solid bar indicates gestation; hatched

bar indicates lactation; open bar indicates "resting" condition.
Scales at the top and bottom represent calendar years, and mating
(M) and parturition (P) seasons are indicated.

The cycles depicted here are initiated by primiparous females.
For the typical cycle A, the degree of overlap of lactation and
subsequent pregnancy is not certain but it is probably slight.
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schools for some time after weaning. 'In addition, the duratiap of
lactation may not be too critical to calf survival, since the latter
part of the normally-protracted lactatfon period consists of
infrequent nursing periods and increasingly frequent4foraging
episqdes by the developing calf (Sergeant 1982).
Sergeant (1982) concludes that the Delphininae demonstrate a
densityfdependencg of reproductive rate, while the highly social
Orcininae show density-dependefice of natural mortaiity rate (through ¢
mass strandings). For the highly social species ypfch ngrmal]y have .
a very lTow rate of natural mgrtality, mass strandings represent most
of the total n\o;'tality arid comprise. the main mechanism by which their ‘
populations are limited (Sergeant 1982). LT %
Mass' strandings of. narwhals and white whales are unknown, and 9 5,
p0pu1at10n regulation mechanisms for these species have not been .
investigated. If . populations of narwhals and white whales are not "* ooh
being controlled or stressed ﬁy hunting, is it possible that ice &L
entrapments (or “"savssats") are analogous to mass strandings and’ o
constitute a density-dependent form of ngtural mortality? v
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" SUMMARY AND CONCLUSIONS
1. This study has described the 1ife history of .the population of
narwhals which annually summer in the fiords of northern Baffin
Istand and which are hunted by the Inuit residents of this area.sA
total of 194 narwhals was examined, both from.a net fishery during -
1963-65 (62 animals) and from a hunted sample. during 1974-76 (132
animals).

2. An account of the general biology of the .narwhal is given,
emphasizing earlie? studies of morpho]ogy, anatomy, distribution,
migrations, feeding habits, behav1our, predators, and parasites.

3. Narwhals feed intensively during July in inshore areas where the
fast ice is breaking up. Important food items are arctic cod
Boreogadus saida, the shrimp Pasiphaea tarda, and squid Goﬁétus
fabri¢ii. During August and September (when 1ittle ice is present)
almost all examined stomachs were empty.

4. On the basis of an examination of the composition of the summer
catch of narwhals, it is concluded that this population consists of
groups of pubertal or immature males, groups of sexually mature
females with their calves, and small groups of large adult males.
There is a sfgnificant bias towards the capture of females with
calves> and young males, suggesting either that these age/sex*classes ,
are more susceptible to capture or that they dccupy coastal waters
while large males remain f&rther offshore. Regional segregation of
the summering population by sex and maturity also exists. For .
example, females with newborn calves frequent the innermost fiords '
(e.g. - Koluktoo Bay) while early-pregnant females occur at the floe
edge during July and at Ege outer coasts during August.
5. Age determination was investigated by examining growth layers
in the dentine and mandible. The postnatal dentine of the embedded
tooth of the narwhal consists of a succession of growth Jayers, each
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_layers are equa] in number in malé narwhals, indicating that both
_provide a useful index of age, while in young females there are
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of which comprises one wide 1ight. zone and one narrow dark.zone.
These layers have a repeatable and consi stenﬁt struct‘ure' and are
related to age. However, dentinal deposition ceases due to complete
coverage of the root by cementum at mean a&és of 16 layers in males
and 13.8 layers in females. The incidence of dentinal occlusion
increases markedly after: the mean age of sexual maturity in both
sékes. A narrow dark zone occurs adjacent to the open pulp cavity of
the embedded teeth of most young whales. This zone is ‘
poorly-mineralized and is deposited during August and September when

narwhals are feeding 1ightly,

males, by internal resportion and removal of an unknown number of
early layers by osteoclastic activity at the edge of the marrow
cavity. Counts of mandiBular periosteal growth layers are more
useful for the estimation of the ages of male than for female .
narwhals. This is due to the accumulation of periosteal layers
throuéhout the 1ife of the male, whereas a balance between
deposition andresorption of growth layers is achieved in the
mandibles of old females approaching physical maturity. The maximum i H
number of mandibular periosteal growth layers is about 50 in males E '
and 30 in females., o ;
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7. Prior to dentinal occlusion, dentinal and mand'lbular periosteal !
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s1ightly more periostéa'l than dentinal layers.
, . g

8. ‘The time basis of the growth lhxerfsis not known with
certainty.. Consideration of female re;':roductive data suggesfs that
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one growth layer is’deposited annually in the tooth and mandible of
‘adult females. :

[

9. In view of the difficulties involved with the age determination

. techniques employed in this study (dentinal occlusion, bone
resorption), other techniques (1nc'|u_dfng studies of periosteal
layering in bones other than the mandible) should be explored.
Intensive tagging of calves and other young narwhals, in conjunction
with the fishery prosecuted by the Inuit, is probably the most
promising approach to elucidation of age determination of the
narwhal.

o

-

10. The maximum body lengths are 470 ¢cm and 415 cm, for males and

- . females, respectively. Males achieve physical maturity af:'ter' the
/ ~accumulation of about 30 growth layers and females, after*about 20

) growth layers. The maximum 1ife span i s(estimated to be about 40-

L

( 50 years.
11. - The body condition (as measured by condition index = maximum ’ 3
girth/body length) of male narwhals declines during late August after
intense feeding during July when the ice is breaking up. On the !
other hand, the reproductive status of mature females influences
their body condition, since full-term or post-partum females and < 0
early pregnant females have a greater blubber thickness than
lactating females. Immature females have greater condition indices
than .al1 but fgﬁ-term/post-partun females.® . ¢

IS
12. .The narwhal di splays marked sexual dimorphism, as do manyh other
odontocetes. This dinnbrphi sm 1s manifested by the greater size '
- attained by the male (470 cm and 1600 kg) compared to the female
(415 cm and 900 kg), and also by the greater growth rate of the male
. . . -in terms of body size‘and ‘the accumulation of dentine and mandibular -

‘periosteal bone. Sexual dimorphism in rate of growth becomes o .
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evident after the age of female sexual maturity (12 conpos*ite growth

Tayers). b v

@

13. Based on examination of the histological structure of the
semini ferous and epididymal tubules, three categories of maturity of

the male narwhal ?,d-ist'lngu'l shed. Tf\e testis of the 'lmua_ture male

is less than 0.140 1itre in volume and inactive. The testis of the
maturing male is 0.140 to 0.535 1itre in volume and contains both
immature and mature seminiferous tubules, which are often in close
proximity to each other (or in adjacent lc;bu'les). The test':is of the
maturer male exceeds 0.535 1itre in volume and consists of ) '
semini ferous tubules all of which contain spermatozoa. However,
most mature seminiferous tubules were degenerating,’ as evidenced by
the disorganized appearance of the epithelium and paucity of )
spermatozoa. This observation suggests that the male has an annual

" ¢ycle of breedi ng acti vity, corroborated by the fact that these

‘wha1es were sampled some 2 to 3 months after the breeding season.’
- ! +

14. Testis volume and mean diameter of the seminiferous tubules
increase greatly after 390 cm body length and 15 to 16 growth .
layers, Puberty (onset of spematogenic activity) occurs at an:
average body length of 370 cm and and 14.2 growth layers, while
sexual maturity (attainment of full spermatogeni;: activity) occurs
at a mean body length of 395 cm (84% of maximum size) and 17 growth
"Iayé!rs. Thus there is a considerable lapse of time between the
onset of spermatogenic activity and the attainment of full )

’ fertﬂ'lty Assuming that the narwhal is polygynous, social maturity

(acquisition of a harem) may only be attained after a further ‘1apse

. of time, as in the sperm whale.

< 15, - Based on_analogy with other odontocetes (especially the sperm

while for which there is mich evidence), the mature male narwhal is

“brobably polygynous, securing and defending a harem during the.

~breeding séason. Indirect evidence includes: sexual dimorphism in

o
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size, qgrowth rate, and p_reéence of a tusk; delayed sexual maturity
in the male resulting in a relative exdeés of mature females; the
occurrence of scars on the head and flanks of some large males,
believed to be made by the ‘tusk during aggressive encounters between
males in the breeding season; and the segregation of adult males
from females outside the breeding season.

16. The gestgtion period is estimated to be 15.3 months, with
mating in March-May and calving during July and August.

17. The various ovarian bodies are described both macroscopically
and microscopically, and these are related to the differe‘nt\
reproductive activities of females. Criteria for recognizing
corpora lutea and the different stages of their regression products,
the corpora albicantia, were established.

18. It was found that all r‘eproduct'lve stages of mature females,,
except those in late-pregnancy or recently-parturient, displayed
ovulatory activity at the latest breeding sea_son prior to capture.

lInfertﬂe {unsuccessful) ovulations occurred in 34% of mature

females at the latest oestrous. Mature females in any stage of the
reproductive cycle may undergo prooestrous follicular activity
during the breeding season, but only females which are pregnant at
this time are incapable of ovulation. It is believed that mid-
summer ovulations do not normally occur.

19. Accessory corpora lutea rarely occur in the narwhal; four of 30 )

early-pregnancy fema1es and one of 13 late-pregnancy or post-partum
females had accessory corpora.

)
20. The left ovary matures earlier, accumulates more corpora
albicantia, but is not significantly more fertile (with a greater
chance of a.fertile ovulation) than the-right ovary.. The probability
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that two successive ovulations will occur in the same ovary fis abod;
0.75.

3
[}

21. It 1s believed that the majority of corpora lutea persist a§
detectable scars in the ovaries throughout Hf'e. but a small, though
pnknown*, nuriber may regress to become invisible scars or fail to be
detected by examination of 3 mm-thick ovarian sections. The time-
required for complete regression of the corpus luteum is calcu'lated,
to be fabout two years.

22. Females become Sexually mature at an average length and age of
340 cm (82% of asymptotic size) and 11.8 dentinal growth layers,

respectively.

23. It was calculated that ovarfan corpora Tutea accumuiate at a
rate of 0.76/growth layer, but this value could be an overestimate
since mandibular periosteal growth layer counts of old females are
probably underestimates. ) ow
24. The narwhal is polyocestrous, as shown by the occurrence oﬁ up
to four successive ovulations at the breeding season. The
macroscopic criteria used to identify corpora alticantia. resulting
from these infertile owulations are discussed: Analysis of the
recent ovulations (fertile and infertile) of mature females of each
reproductivé class produces an estimate of the annual ovujation rate
of 0.69. About 44% of ovulations at the latest breeding season were

fertile. ' .

25. The reproductive cycle of the mature female was examined in
detail, using the reproductive data of females captu\red with calves
as “standards” against which other females in the sample can be
coripared. The diameter of the 'iargest uterine cornu and the
diameter of the largest corpus albicans can be used to distinguish
post-partum females from those nursing yearling or two-year-old
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calves, but the thickness of the mammary gland wal similar in all
lactating females. '

26. Evidence for the occurrence of fertile ovulations in females at
the first breeding season following birth of their calves fis
presented. It was calculated that about 20% of females ovulate
successfully at this time. ‘

- 27. Veiy old female narwhals, with more than 14 ovarian corpora and
25 mandibular periosteal growth layers, show a marked reduction in
fertility; although some of these females had ovulated at the latest

' gestrous, none wede impregnaied, Young, newly-matd?e females are
s11ghtly less fertile than older females. T
28. Estimates of 1ife history parameters may be biased to an uﬁknown
extent because of segregation of narwhals by sex and matur1ty; on

both a large-scale. (regional) and small-scale (group by group) basis.

This bias may be minimized'by using the total sample which is spread
over al) localities and group types. Taking into account the fertile
ovu1ationg of femates nursind yearling calves, the pregnancy rate is
estimated to be 0.36. The crude birth rate is estimated to be about
0.07. This value is considerably Tower than estimates of the birth’
rate of some other species of odontocete which might be expected to
have a birth rate similar to that of the narwhal. These other
estimates of'productivity have been based on possibly-biased samples
of. the mature female population and/or .aerial surveys, and caution
regarding their use is emphasized.

29. Lactation is estimafed to Tast at least one year but usually
less than two years. Based on the relative numbers of lactating and
pregnant females in the sample and the duration of gestation,é}he
lactation period is calculated to be 14.5 months. The resting
period is similarly calculated as 4.5 months, and ‘the interval
between -births (calving 1nterva1)'1s calculated to be 34.3 months
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" < (2.86 yr). The average calving interval would be slightly lower
(2.8 yr) if the fertile ovulations of females nursing yearling
calves were taken into account. .

;30‘ The 11fe history of the narwhal.is similar to those of many
other medium-sized odontocetes, especially its close relative the
 white whale (the only other. member of the Monodontidae).
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- Plate I. External appearance of the narwhal.

a)
b)

c)

d)

e)

f)

PO

231

Neonatal male, 160 cm, captured at Kaunak on August 29, 1975.
Suckling female, 241°cm, two dentinal layers, captured at Kaunak
on August 4, 1975.

Immature male, 336 cm, 12 dentinal layers, tusk not erupted, .
captured at Kaunak on August 4, 1975.

Maturing male, 372 cm, 13 mandibular periosteal layers, two
tusks erupted, captured at Pond Inlet floe edge on July 19, 1976
(photo by H. Silverman).

Adult female, 376 cm, 14 dentfna'l layers, captured at Kaunak on -

August 20, 1975.

-Adult male, 452 cm, 20 dentinal layers (occluded) captured at

Kaunak on Augist 28, 1974.
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Plate Il. Polished surface of longitudihally;b1éeéted embedded ‘teeth

of the narwhal.

a) Tooth of neonatal male, 160 cm, no postnatal dentinal layers.’ .

' b) Left tooth of female calf, 230 cm, four érowth layers. A narrow

dark band can be seen adjacent to the pulp cavity. -
c) Proximal portion of right tooth of a young male, 324 cm,

12 growth layers.
d) Root of right tooth of a maturing male, 393 cm, with 17 growth

Tayers.

"e) Distal portion of right tooth of a maturing male, 443 cm, with -

16 growth layers. Dentinal deposition had ceased, and,30 growth
~ layers were present in the mandible. ;
f)  Root portion of right tooth of same animal as in (e) above. .
g) Root of right tooth of a mature female, 385 cm, 14 growth layers
(occluded), 19 mandibular periosteal layers.
h) Distal portions of the teeth of an immature male, 262 cm, two
growth layers. o

Schematic representation of an occluded, longitudinally-bisected
embedded tooth:

4

Po - = ﬂc

GL

The approximate l1ocations of the thin sections in Plate IEI
(a,b,c) are shown. Tooth structures are represented by the following
abbreviations: Cm-cementum; Pr-prenatal dentine; N1-neonatal l1ine;
Po-postnatal dentine; GL-growth 1ayervboundany (used for counting);
PC-pulp cavity. The growth layer boundary (GL) is the same structure
referred to as “narrow dark band" in the text. .
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Plate I1I. Thin sagittal sections of embedded teeth and- silver
nitrate-stained bisected embedded teeth. ’ ‘

. a)

b)
c)

d)

E)

f)

Thin section of anterior portion of tooth. Note transluceﬁt
neonatal_line and optical difference between pre- and post-natal

dentine.

Thin section of middle portion of tooth. Note optically dense
narrow dark band bounded by thin translucent zones.

Thin section of root. Note cementum occluding root at the

right.

Distal portion of silver nitrate-stained tooth. 'The neonatal
Tine is unstained.

layers).

1ayers).

Proximal portion of silver nitrate-stained tooth.

(MM-5-74, male, 324 cm, 12 dentinal

f

male, 324 cm, 12 dentinal layers).

g

See the legénd of Plate II for 1ocat1ohs of thin sections' (a, b,
and ¢) and for meanings of abbreviations.

‘Middle portion of silver nitrate-stained tooth. - The narrow dark
bands are weakly stained. (MM-5-74, male, 324 cm, 12 dentinal

(MM-5-74,

»
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Pﬁte IV. Thin transverse sections of the ventro—'labia] portion» of
the anterior part of the mandible. </ .

4 ¥

a} Location of section cut from the mandible (at arrows) and blo‘c& ' \ .

of bjc)plastfcccontaining four mandibular sections.
b) Neonatal male, 160 cm, no postnatal mandibular growth layers.
¢) Suckling male, 230 cm, three mandibular layers. Note prominent -« -
' neonatal line. : '
d) .Maturing male, 381 cm, 14 mandibular layers.
) . Adult female, 382 cm, 12 to 13 mandibular layers.
f) Adult male, 440 cm, 35 mandibul ar 1a,yers. Note internal . ' -
resorption. o ‘

W

i

o

Méndibu'lar structures are represented by the following abbreviations:.
N1-neonatal line; MC-mandibular canal; Pr-prenatal bone;- Po-postnatal
pone; VL-ventro-labial surface; ML-mid-‘lab'lal' surface. '
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Plate V. Sections of testis andbepididytan'ls of immature, maturing,
"and mature male narwhals. Bars represent 50 u. Tissues were stained
with haematoxylin and eosin. N T
a] Seminiferous tubules of immature narwhal, 390 cm,‘ 16.5 composite
X layers. Primary spermatocytes‘are present. - ’
~ b) Epididymal tubule of immature narwhal, 340 cm, 13 composite
layers. Note the high columnar epithelium and stereocilia.
¢) Seminiferous tubules of maturing narwhal, 381 cm, 14 composite
. layers. Lumina are appearing in some tubules.
d)’ Epididymal tubule of maturing narwhal, 427 cm, no age available.
Note abundant cellular detritus and a few spermatozoa in the
. Tumen.
e)  Seminiferous tubule of same male as in (d). Spermatozoa are
present, but the epithelium is degenerating. - .
f)  Seminiferous epithelium of mature narwhal, 451 cm,
27.5 composite fayers. Spermatozoa are present but.the
epithelium is degenerating.
g) Epididymal epithelium of same male as in (f). The lumen
contains mch cellular detritus. ‘
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Plate _VI. Gross structure of ovarian corpora from femihe narwhals.

a)

b)

c)

d)

e)

- f)

gq)

h)

Corpus luteum of pregnancy, 40 x 29 mm, and two luteinized
follicles (accessory corpora lutea) of 5 and 15 mm, in the right
ovary of a primiparous female in early pregnancy (374 cm, 13.5
composite growth layers).

Young (early regression) corpus albicans (21.7 mm) in the left
ovary of a primiparous post-partum female (345 cm, 12.5
composite growth layers). Note the small amount of fibrous
tissue within this corpus. -

" 01d corpus albicans (9.3 mm) in the left ovary of a primiparous

Tactating female (381 cm, 19 composite growth layers). A large
core of fibrous tissue is present. Note the clotted blood
adjacent to the core. '

Young corpus albicans (12.8 mm) derived from an unsuccessful
ovulation at the most recent breeding season. A 10.9 mm
gel-filled follicle is also present. Both are in the right
ovary of a female in early pregnancy (401 cm, 21 composit”é
growth layers).

Regressing Tuteinized follicle (6.7 mm) in the right ovary of
the same female as in (d). Note the fibrous core.

Possible newly-erupted follicle (15.9 mm) in the right ovary of
a female, in early pregnancy and lactating (388 cm, 22 composite
,growth layers). The follicle is blood-filled, and a 2.6 mm
haemorrhagic follicle is present. The bar represents 10 mm.

A corpus atreticum (9.0 mm) in the right ovary of a post—partum
female (380 cm, age not available).

A corpus incognitum (8 mm) in the left ovary of a lactating
female (380 cm, 18 compos‘{te growth lqyers) The tissue had
partially dried prior to-photography. '
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Plate VII. Histological structure of ovarian corpora from female
narwhals. Tissues were stained with haematoxygjﬁgand eosin.

a)

b)

c)

d)

e)

f)

g) .

h)

Granulosa 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 blood vessels
within the fibrous septa of the corpus luteum. Bar represents
50 u. ~ U
Granulosa Tutein cells in the corpus Tuteum of the same female
as in (a). Note the frothy appearance of the cytoplasm and ;he
granular nucleoplasm. Bar represents 25 p.

Regressing young corpus albicans of same female as in \
Plate VI, b. Note the prominence of hyaline connective tissue
and a few degenerating granulosa lutein cells. Bar represents
25 p.

01d corpus albicans of same female as in Plate VI, c. Note the
abundance of small thick-walled blood vessels and the coagu1a€34
blood (with pigment granules) near the collagenous core. Bar,

represents 200 u. ..

Accessory corpus luteum (15 mm) in very early regression, in the

" right ovary of a primiparous, early pregnancy female (374 cm,

13.5 composite growth layers). A degenerating granulosa lutein
cell is present in the otherwise normal tissue. Note its
pyknotic nucleus and acidophilic cytoplasm. Bar represents

25 p. . ‘

Same accessory corpus luteum as in (e). Note the enlarged
fibrous septum within the luteal tissue. Bar represents 50 p.
Small atretic follicle in the cortex of the left ovary of a

' female in early pregnancy (380 cm, 18 composite growth layers).

The theca interna has hypertrophied (dark staining cells) and
collagen has obliterated the follicular cavity, A degenerate
zona pe]lﬂcida is evident in the cavity. Bar represents 50 j.
Portion of large atretic follicle in the cortex of the right
ovary of a primiparous lactating female (381 cm, 19 composite
growth layers). The granulosa layer has degenerated and the
theca interna has hypertrophied. Fibroblasts are invading the
follicular cavity. Bar represents 200 u.
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{; o APPENDIX 1

—
' International Conference on Determining Age of Odontocete
Cetaceans, La Jolla, California, September 5-19, 1978

With the support of the International Whaling Commission, I
attdhded the International Conference on Determining Age of .
Odontocete Cetaceans, held in La Jolla, California, from September
'-19 1978. This conference consisted of a three-day symposium
(Seﬂtember 5-7) and a ten-day workshop (September 8-19). I
presented a paper on age determination of the narwhal and I also ’ ) ‘ ]
participated in the workshop.
The workshop consisted of six sessions, each of which , -
««considered a major taxonomic group of odontocetes. ~] participated
in sessions 3 (Monodontidae) and 4 (large Delphinidae). For -
gession 3 which considered the narwhal and white whale, I providéd . ]
several longitudinally-bisected embedded teeth and\thin mandibular
sections of the narwhal, and Dr. E.D. Mitchell and Mr. B. Kemper
provided the embedded teeth, erupted tusks, and tyﬁpanic bullae and
periotic bones of two male and two fema1g narwhals.
The counts by several observers of the number of dentinal
'growth Tayers seen on the polished cut surfaces of three
Tongitudinally-bisected embedded teeth were as follows:

L

1 e

H

No. dentinal growth layers

Length Original .
Specimen Mo. (cm) Sex count? Counts of other participants

G

MM-74-5 324

Mo12 10.5 10.5.11 12 13 13 14 . \ |
MM-P21-76 320 M 9.5 7 7 10 10.5 12 12 SRR
MM-P30-76 451 M 17° 4 15 16 17 19 - o
W59 265 F 6 . L5 6 : ’

aby the author

. btooth occluded
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These results show that there is fairly good agreement’ among
the different observers, but much of the variation could be due to

'the presence of ill-defined accessory zones in the earliest-formed

growth layers. Some problems were also experienced in accurately
counting the very narrow growth layers in the proximal portion of
the root of the tooth.

The polished cut surfaces of several longitudinally-biiected
embedded teeth were exposeéd to 10% formic 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 bisected tooth. The
neonatal 1ine appears as a naryow inconspicuous ridge while the
narrow dark bands of the postnatal dentinal growth layers appear as
prominent ridges. The accessory zones which are seen in the
earliest-formed postnatal growth layers appear as ridges which 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 layers are
better-defined on acid-etched than on un-etched bisected teeth.

The counts of the number of ridges seen 'on acid-etched bisected

embedded teeth were as follows:
No. dentinal growth layers

Length Origtnal

Specimen No. (cm) Sex count® Counts of other participants
MM-28 178 F 0 . 0 - 0 0 0
MM-37 230 F 4 3 4 4 2.5 3.5
MM-P10-75 284 Fe 7 6 4 5 4,5 3.5
MM-43 312 F 11 9 g8 8 7 10
MM-P7-75 © 326 F 965 11 12 12 9.5 9.5
MM-62 388 F 13 10 15 14 10 13
MM-P19-75 262 M 2 -2 1 1 1 1.5
MM-P23-75 - 287 M 7 7 6.5 8 6 6.5
MM-74-5 324 M 12 12 - 12 9 -
MM-P15-76 381 M 14b 11 12.512 10 11
MM-A2-76 393 M 17 15 19 16 13 14
MM-67 a2 M 1sd 13 12 12 10 12.5
3y the author on un-etched tooth -
btooth occluded |
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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, cut
surface of the bisected tooth. In a few cases, however, the
variability among observers is quite large, owing to the presence\of
accessory zones in the earliest growth layers, and the original
count is somewhat higher than the counts using acid-etched teeth.

In addition to the small embedded teeth, two 1a}ge_erupted )
tusks were examined. These tusks were Tongitudinally
quarter-sectioned and the cut surfaces were polished with no. 400
waterproof sandpaper. A solution of 30% phosphoric acid was applied
to the cut surface of one tusk and 10% hydrochloric acid was app]ied‘
to the cut surface of the other, for a period of one hour. The

_surfaces were then washed with water for two minutes, air-dried for

eight hours, and rubbed with a wide carpenter's pencil of medium
Phosphoric acid proved
to be better than hydrochloric acid in distinguishing between the
maiq growth layers and the accessory zones. The two erupted tusks
confained 40 and 29 dentinal growth layers, while the corresponding
embedded teeth contained 14.4 and 9.9 ﬁentinal layers, on average,
respectively. A neonatal line could not be §een in these erupted
tusks, suggesting that there is a signifiéant amount of wear at the
tip. "Growth layer group counts by several observers for the

* embedded teeth of these two males and for both embedded teeth of

each of two females are provided in the worﬁshop proceedings (Perrin ‘
and Myrick 1980). .

The group recognized the limited usefulness of the embedded .
tooth for determining age of the narwhal, owing to dentinal
acclusion during early postnatal life, and they also recognized the
difficulty of assessing occlusion in the extracted embedded tooth.
Scanning electron and 1ight microscopy studies of the tip and root
of apparently occluded teeth will be carried out in order to assess
the occurrence of cemental growth layers in the tooth and to
ascertain the true (microstructural) nature of dentinal occlusfon.
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The group further recommended that‘: "Field collectors -of 'unerdpted
tusks should assess the degree of c‘l'osure by examining the root end
of these teeth and noting the présence or absence of in situ pulp”.

The proceedings of the symposium and workshop are now published"
(Perrin and Myrick 1980).

Reference
Perrin, W.F., -and A.C. Myrick, Jr. (ed.)” 1980. Growth of
odontocetes and sirenians: problems 1nfage de'termfnati\én.ﬂ
& Rep. Int. Whaling Comm. (Special Issue 3), 229 p.
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Appendix Table 1. Composition of the catch of ma]e narwhals used in this study, by year,
area, method of- capture, and maturit,y : .

- L3 «
L4 \ - . 1

" Method . Number of males? ' ‘ . -
. . .
Year .. AArea of capture ImmatureP ‘Maturing Mature Unknown Total
4 - . -
. \ . . Lo
1963 Mt. Herodier hunt L - 5 C- 1 o
1963 Koluktoo Bay net 7 3 1 - 11 ~
. 1964  Koluktoo Bay net 4(2) 1 1 - 6. &
1965 Koluktoo Bay -net - 2 2. 5 - 9
1974  Kaunak * . hunt 6 - 1 1 g8 .’ .
1975 Admiralty Inlet _ . ‘hunt 2 - 3 4 .
1975  Pond Inlet (town) hunt 1 1 2 - 4
- 1975 - Kaunak - hunt . 8(1) 1 © 3 2 14
o 1975 Milne Inlet hunt 1 1 - - 2
1976 Guys Bight (floe edge) hunt . - 6 4 2 - 12 -
1976 Kaunak . hunt 1 - ‘- - 1 .
1976  Admiralty Inlet hunt oo - 3 - - 3 ,
Totals ! ~ 8(3) 16 - 19 7 80
- L :
l
2 These cateéories of male sexual maturity are defined in the section "Reproduction in the
’ :MaIe 1 3
b Calves ac;&manied by mature females in parentheses. . . - ) o ;
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v . Pppendix Table 2. Cmpositim of the catch of femle narwhals used in this study, by year, area, nethod of capture and sbage of - T
: reprodiction. : ,
{ Nnter o of ferralesa _
| preg\ant Ful'l-term ~ ’ )
i Method of o ° Harly- and Total !
| Year Area Capture Inma ture? Maturing preglant Lactating lactating post—partnn Nulliparaus Mature Tota] D %
| . .
E , 19683 Mt. Herodier - hunt - - - - - - 1 l 1
; 1963 Milne Inlet hunt - - - 1 - .- - 1 1 o !
: 1963 Koluktoo Bay net 5(3 1 - 1 - 5 1 ] 13 @ :
1964 Koluktoo Bay net 2 - - 3 - 3 - 6. 12 w ;
x 1965 Koluktoo net 2(1 - 1 2 1 2 - 6 8 . 5
: « 1967 Qumberland Sound net - : - - - - 1 1 1 :
1974 Kaunak hunt 2 - 4 - - - '=) 4 6
. 1975 hunt 3 1 3 -7 - - - 3 13 17 .
_ 1975 Trewlay Sound hunt 1 - - - - - = - 1
: 1975 Mine inlet bt 2 - Ty - i AN _ -2 ,
! Mdmiralty Inlet hunt 4 - 6 I S 2 - 9 13 .
1976 Quys Bight (floe edge) hunt 3 - - 10 3 3 3 ‘5 24 27
: 1576 Herodier (ice) hunt 1 - 1 1 1 - - 3 4
L 0 1976 Kamnk it 1 - - 1 - - - 1 2
i 1976 Mniralty Inlet hunt - .- 3 - - - 3 4
& Totals ‘ wn . 2 25 23 5 15 u  -m™ uz T -
ﬁ 2 These categories of famle repmdxction are defined in the section "I\epmd:ction in the Female". ’ ) -
‘ bCalvesawmpan‘iedtyuahre famles 1nparenﬂmeses. ’ : R P
ip[ » 0 2 '
] >~ v W -
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Appendix Table 3. Oversll catch conposition of narwhals used in this stud. )
g Males ' — ) Females .
. . ta?[y-t )
. Imature gr Earfy\m and  Full-temy Total .
Sanple Ilmptwea Maturing Mature Total Maturi pregnant ldcttating lactating post-partn ° Resting mature Total
water hunt, 19(3) 6 9 3 15(2) 13 12 0 2 "3 30 45
all areag/years - ) .
% Bight floe 6 4 2 2 - 41 4 11, . 4 4 3 5 27 31
plus Mt. Herodier ‘ /. )
vce crack hunts, 1976 - .
Kolktoo et 13(3) 6 7. 26 14(7) 1 6 1 10 1 . 19 33
saple, 1%—65 i . g
8 Calves in parentheses. . .
. .
; 3

|
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APPENDIX 3

. LS

Statistical Evidence for Segregation of Narwhals by
‘Sex and Maturity (Stage of Reproduction)

&
o

A. Group Composition
/ A}

The group composition data of Tables 2 and 3 suggest ‘that

summering groups of narwhals consist predominantly of animals of one

"sex and/or maturity class. To establish whether or not segregatiom

into groups of 1ike sex and/or maturity does exist withfn the
-population, the following statistiéal test was carried out.
Suckling calves were excluded from these group data because of tpei r
close assocfation with adult females.

The null hypothesis.to be tested is that captured groups
consist of animals brought together by chance (i.e. - random
mixing). Segregation by sex, maturity in males, and maturity in
females were examined separately, for both the netted and the hunted

" samples (Appendix Table 4). Binomial probabilities were calculated

for each category of segregation usilng the total sample for each -
capture meéthod (open-water hunt or nets). These probabilities are
1isted in column 4 of Appendix Taple 4. The binomial expansion of

«~these probabilities was then carried out, for group sizes ranging

from ore to the maximum number of animals in a group. For each

" group (Tables 2 and 3), the probability of occurrence of that group

(1nc1 uding the one-tailed probab'l l1ity of a more extreme observation
for ‘the same group size), “under the null hypothesis of random
m1x1ng, was determined from the appropriate binomial expansion for
that group size, for sex, male maturity, and female maturity (all
done separately). 'For each capture method and category of
segregation, Fisher's method for combining independent probabilities
(Sokal and Rohl1f 1981) was used to evaluate the expresﬂsion

-2 ] 1p p, where p is the pmbébﬂity of occurrence of each group
(fncluding the one-tailed probability of a more extreme

"
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observatiqg). This expression is a G-value which is 'distributed as
& chi-square with degrees of freedom equal to the number of groups.

A1l tests for segregation were significant at the 5% level with
the exception of segrégation by maturity of females captured in the
nets (Appendix Table 4). Segregation by sex is significant at the
0.1% level, both for the netted and hunted samples. It is concluded
that hunts and nets capture groups which are not random assemblages
of animals comprising the summering population, and that ségregatfon
by sex-and maturity does indeed occur. Groups are most commonly of
three types: immature or maturing males, mature males, and mature '
females, many of which ha'?@rcalves (Tables 2 and 3). ]

The lack of significance of the test for segregation by °
maturity of females taken in the nets can be readily explained as
follows. The six groups of females captured in nets had the
foI'I?Mng composition: 1,0; 0,1; 1,1; 0,2; 0,3; 0,4 (no. immature
followed by no. mature). Few immatures were thus captured by the
nets. Since the capture of an immature is much less probable than
that of a mature female (Appendix Table 4), most of these events
have relatively high probabilities, and the resulting G~stati stic\i is
not&“r‘signifi cant. On the other hand, {mmature females are relatively
more numerous in the hunted sample than in nets, hence more of the -
hunting events will havenl‘gwer probabilities of occurrence.

B. Regional Segregation

Contingency tables were used to test for overall d'iffer}!nces in
sex and maturity composition of narwhals taken in different parts of
the study area by different capture methods. The data used: in ‘these
contingepcy analyses are provided in Appendix Table 3. Suckﬁn’g
calves have been excluded from these analyses because of their close
association with ‘adult females.

The samples considered for these analysés were the open water.
hunt (a1l areas and years), the Guys Bight floe edge hunt of 1976,
and the Koluktoo Bay net sample of 1963-65. The maturity ’
composition of males (proportion of males immature, maturing and -
mature) was not significantly different among the three samples
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‘females than expected.
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(x2 = 1.548; 4 df; p = 0.818). The overall sex ratio was not .
significantly different between the open water hunted sample and the
netted sample (x2 = 0.305; 1 df; 0.9 > p > 0.5). The Guys Bight
floe edge sample was not used in contingency analyses of sex ratio
since females were selectively sampléd at the floe edge. The
maturity composition of females (proportion of females immature or
maturing, early-pregnant, lactating, and full-term/post-partum) was
significantly different among the three samples (x? = 22.494; 6 df;

p = 0.001). For this analysis, the 4 early-pregnant, lactating
females ‘taken at the floe edge were assigned equally to the
early-pregnant and lactating classes, while the one early-pregnant,
lactating female netted at Koluktoo Bay was assigned to the pregnant
class. In particular, the netted samp]e‘from Koluktoo Bay had
considerably fewer early-pregnant females and more
full-term/post-partum females than would be expected on the basis of
independence of variables, while the open water hunted sample and
the floe edge sample had fewer full-term/ post-parfum females than ‘
expected. In addition, the floe edge sample had more early-pregnant‘

These results indicate that females of different reproductive
status may be prevalent in different regions of the study area. In’ o
particular, fu]i-term/post-paétum females seem to prefer Koluktoo
Bay (the innermost small bay of Milne In]gt; see Fig. 1) while
early-pregnant females are prevalent at the floe edge during
spring.

Reference

Sokal, R.R., and F.J. Roh1f. 1981. Biometry. The Principles and- o,
Practice of Statistics in Biological Research. Second Editfon.
W.H. Freeman and Co., San Francisco. ‘ T
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Appendix Table 4. ™Results of statistical analyses of group composition of
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- narwhals.
. ; “
) No. of Binomial
Sample Segregation by groups "probabﬂit'lesa G-value Probability
:’ “'\-/ N )
Net Sex 10 Pae = 0.47 34.174 p < 0.001
Pg = 0.53
Net Male maturity 6 Py = 0.70 15.471 0.025 > p > 0.01
Py = 0.30
Net Female maturity 6 = 0,27 9.047 0.5 >p > 0.1
. Py = 0.73
"Hunt Sex S ¥ Par= 0.42 53.053 p < 0.001
\ Pg = 0.58
Hunt Male maturity 12 PI = 0.71 21.220 0.05 > p > 0.025
M = 0.29 )
Hunt Female maturity 13 Py = 0.30 29.179 0.01 > p > 0.005
: PM a 0.70
- z‘
a1 =’ jmmature plus maturing; M = mature.
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