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ABSTRACT

The beluga or white whale, Delphinapterus leucas

(Pallas), was studied in Cumberland Sound, Baffin Island.

Tooth and mandible layers were used for age
determination. Sexual maturity is attained after four years
in females and after seven years in males at 85% and 90% of
physically mature lengths, respectively, with an estimated
2:1 ratio of sexually mature femsles to males. Whitening
occuls after six years wiln the lifé-span estimated to be
30 years.

Multiple ovulations and accéssory corpora are typical
of beluga. The breedlng season is in May followed by a
gestation period lasting 14-143 months. Single births occur
in late July and August, with a mean calf length of 159}6 cn
and mean weight of 79 kg. Lactation lasts about two years
resulting in a three year reproductive cycle. Tooth eruption
begins late in the second year with partial eruption by the
third and fourth years.

Feeding is not intensive during July and Augzust, though
& broad food web is suggested. This population is considered
to have been over-exploited by commercial hunting.
Productivity estimates of this species are 40% of those

suggested by Soviet researcherse.
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INTRODUCTION

The white whale or belugea, Delphinapterus leucas
(Pallas 1776) is as the genus name implies, a dolphin with-
out a dorsal fin, which inhabits the arctic and subarctic.

It is of the suborder Odontooeti, family Delphinidae, sub=-
family Delphinapterinae (Kleinenberg et al., 1964). Lengths
renge between 3-7 meters among adults of various populations.
Colour ranges from dark gray in.the calf, through shades of
gray to white in the near physically mature adult. Sixteen
to twenty pairs of teeth are present in the adult jaws.
Though it does not have a dorsal fin, a back ridge is
present.

The most comprehensive studies to date have been by
Vliadykov (1944), Tomilin (1957) and Kleinenberg et al. (1964).
There is considerable disagreement over basic features of
the life history of D. leucas among these and other authors.
This thesis 1s an attempt to account for the discrepancies,
and to draw together a more consistent 1life history.

These Cetacea are exploited commercially for hides, oill
"and meat. (Sergeant (1962a) estimates the total annual
commercial kill to be approximately 5000 animals and cautions
that local popuvlations may be depleted by large fisheries.
This thesis attempts to provide a more rational basis for
exploitation and proper herd management.

Material for reproductive analysis in this study cane
from the beluga population of Cumberland Sound, Baffin
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Island (see Figs. 1 and 2). The animals were either hunted
f;om a canoe or céptured'in specially made nets. All meas-
vrements and dissections were msde by the avthor to maintain
consistency of sampling methods. All aﬁimals were utilized
by the local people as food, 0il, or traded hides.

Migratory studies were carried out jointly with Dr.
D.E. Sergeant in Hudson Bay, the MacKenzie River Delta and

Cumberland Sound, using a harpoon tagging technique.
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Figure 1 is a map of the major portion of
the Eastern Canadian Arctic. The area of
field work, Clearwater Fiord is encircled
at the head of Cumberland Sound.



FIGURE 2

Figure 2 is a serles of aerial photographs showing the
vpper half of Clearwater rFiord. Most of the studies and
sampling were carried oul in this Tiord. The amount of
freshwater influx and turbulence due to this, plus tidal
action is well illustrated by muddy water pouring into
the river estuary.






METHODS OF CAPTURE

Of the 124 enimals sampled, 107 (86%) were captured in
nets. The remaining 17 were taken with rifle and harpoon.
Among the hunted animals, there would tend to be a bias
toward youﬁger animels or females accompanying calves since
moét of the Eskimo hunters were after the edible skin or
"muktuk", considered superior in younger aﬁimals, which are
also easier to hunt. In areas'éuch as Hudson Bey where there
are ccmmercial fisheries, hunting blas is iowa:d Lthe larger
animals, payment being by length (Sergeant and Brodie, 1969a).

Nets used for capture were 150 feet long, nylon, of 18
to 20 inch extended mesh measure, 40 to 50 meshes deep.

The foot line was lead-weighted and the head line cork-
floated. Due to the extremely violent tidal currents, shore
ties at both ends were preferable to anchored nets, for
example by setting nets between the shore and a nearby rock
or islaﬁd. The main lines used for tying to shore were at
first 3500 pound test nylon, which proved to be sufficient
to withstand the tidal strain coupled with that strain of
captured animals. Later, natural fibre rope of one inch
diameter was used with some breakage.

Usually two nets were sewn together to form a 300 foot
net. Triple and single nets were used to a lesser extent.
Some nets were also set using anchors, but this involfed a
great deal of effort and was not practical due to the strong
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tidel currents and poor anchorage on the soft bottom, even
when two and three enchors were used on each end.

%

The 25«30 foot tides were a major problem since nets

had to be set weli off shore to function at all tidal levels.
Nets drawn tight at high tide wefe slack at low tide and

prone to damage 5y captive gnimals. Even with the lead-
weighted foot line the entire net would lie on the surface
during the more turbulent periods of the outgoing and incoming
tide, reducing its effectiveness by 2-3 hours per tide. To
overcome this, rocks were tied on the foot line as additional
weights, helping to keep the net below the surface.

The 1966 sample was taken mainly from the catch of an
experimental net fishery, nets being set along the shore and
in the more shallow areas of the central pért of the fiord.

A cross section (in sex ratio and age distribution) of the
population was captured. In 1967, however, there was a
deliberate bias toward the capture of younger animals and
sexually mature females. This study is, of necessity,
qualitative rather than quantitative since I attempted to
obtain as much useful reproductive information as possible
from the smallest sample. DMales are of little value for the
study of reproductive rates, and émphasis was therefore
placed on capture of females, making use of as many as
possible of those taken by the local inhabitants. All animals
taken were either eaten as food, or skinned for hides, with
the fat rendered for oil. Some of the meat was used for dog

food in the village of Pangnirtung.
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It is interesting to note that no snimals were seen to
strike the net, an 1ndica£ion that they become enmeshed
during the darker periods of the arctic swumer night,
svggesting that vision plays a role in some aspects of
beluga navigation.

'Figures 3 and U4 are length-frequency histogrems for the

total sample and separate sexes, respectively.
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Figure 3 is a histogram of length frequencies in
5 cm classes for the total sample of 124 beluga.
The high number of newborn animals is due to
sampling bias.
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Figure U4 shows two histograms of length frequencies
for the total sample in 5 cm classes. Sexes are
separated to indicate the bias toward -adult females
and newborns of both sexes. The male adult peak is
virtuvally absent.
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OBSERVATIONS AND SAMFLING PROCEDURE

Particular sttention was paid to the association of
animals caught in the nets. Calves enmeshed with other
animals in the nets ﬁere marked before their removal and
thelr proximity to adults was noted. In most cases, the calf
would be entangled immediately beside an adult female. L
.stress the importance of these net observations since the
calf-mother ties are strong, (Brodie, 1969a) as will be
enlarged upon later, end can be used in anzalysis of reprod-
uctive data or as an aidfin age determination. Animals were
towed ashore and exsmined at low tide.

Skin colour was noted es being either: dark gray, gray,
light gray, white with gray tinge, or white. Body colour is
generally homogehous except for the edges of flukes, pectoral
fins and dorsal ridge, which remain darkly pigmented through-
out life. There may be some mottling of yearling calves
(see Fig. 21).

All superficial markings were noted, measured or photo~'
graphed, particular attention being paild to large scars and
fresh wounds. Skin was examined for ectoparasites and
commensals. Since the animals were either skinned for food
or for hides, all areas of the body were well examined duriling
this process.,

Total length was measured in a straight line from the
tip of the upper 1lip to the base of the tail notch. In no
case did the frontal.bulge or "melon" protrude beyond the
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uvpper lip when the animal was-in a level position. When the
tail was cut off for easier removael from the nets, it was

P
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labeled, saved and held in positlon for length measuremen
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Meximum girths were measured at the full girth on small
enimals that could be easily moved and as half the girth of
larger animals. Measuring full girth of large specimené
tends to be inaccurate since the tape is usually bent or
slack due to the difficulties of positioning the tape at
meximum girth and in a right angle plane to the body axise.
By measuring half the girth from the extreme anterior i
extension of the dorsal ridge to the mid-ventral line the
tape can be drawn tight and the measurement taken with iittle
airficulty. | |

Weights were taken of the smaller animals by using;a
230 kg spring scale sﬁspended by a pulley system from a
metal tripod. Animals in excess of 230 kg were cut into
sections and weighed.

Fat thickness was measured dorsally, le-erally and
ventrally in the transverse plane of maximum girth. Tooth
protrusion and number of teeth were noted in all young
animals.

For age determination the distal half of one mandible
was taken using a hacksaw. The proximel part is extremely
“brittle and prone to shatter if broken with any force and
nust be sawed. Teeth were later extracted from this Jjaw

section.
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The mandible was not collected for thin sectioning from
the first 70 animals, however, all later specimens were
sampled.

When examining the male beluga the testes were removed,
measured in three axes and in most cases weighed. In the
later field work only one testis per individual was measured,
there being little variation in size; however both were
checked for anomolous structures which were noted when found.
A median section having é depth 6f 10 mm was collected from
each testis and epididymis and preserved in either aqgueous
Bouin's fluid or 10% formalin.

Females were checked for obvious milk secretion, leﬁgth,
width and depth of mammary tissuve being measured later during
the skinning operation. Memmary ducts were examined for the
presence of milk, A central section of tissue was preserved
~in 10% formalin. Before the reproductive tract was removed,
one ovary was severed from the uterine hilus. The right
ovary was severed with several centimeters of vuvterine hilus
attached, for the purpose of identification as to left or
right. One ovary was always left attached during removal of
the complete reproductive tract. This avoided confusion in
orientation of the tract after removal since such disorient-
ation can easily occur when working in adverse field
' conditions.

The uterus was examined for signs of pregnancy,
indicated by the ovarian corpora lutea (the glands which

support the embryo) or by the size of the uterine horns or
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cornua (see Fig. 13).

Foetuses were measured for length and their sex noted.
Small foetuses were preserved in Bouin's fluid or 10%
formelin. Large foetuses were weighed and a mazndible
collected.

Internal collapsed diameters were taken at the mid-~
point of each cornu. The complete tract was opened and
examined.

Both ovaries'were eﬁamined'in the field, and large
externally visible corpora or follicles were roughly meas-
ured. Noting the position and approximate size of large
corpora and follicles was a further measure to avoid
confusion between the two ovaries during laboratory analysis.

The stomach was opened and checked for amount of food,
milk in the case of younger calves. An estimate of the
contents in eighths of main stomach volume was made when
sufficient quantities of food were present. JSamples of
stomach contents were presérved-in 10% formalin. The
stomach wall was examined for macro-parasites and specimens’
were collected and preserved. wWhen time permitted, middle
ear sinuses, lungs, liver snd kidney were examined for macro-
paraslites.

All ageing and reproductive material was labeled and
preserved in the same container to avoid mixing field

samples.,
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AGE DETERMINATION

Pfoblems and Methods.

To avoid repeating much of this well dooﬁmented subject
I refer to Klevezal and Kleinenberg (1967), Jénsgard (1969)
as the latest surveys of marine mammzal age determination.

The use of skin colour phases of beluga has been used
as a method of determining the age (Kleinenberg et al. (1964);
however this is a crude index. Ovarian analysis with respect
to number of corpora albicantia end its application to age
determination has been used for several species (Laws, 1961)
though I dispute its usefulness in the study of beluga (p. 49).

One of the major problems in the field of cetology has
always been a lack of an accurate method of age deterﬁination.
Concerning the odontocetes, laminations in the skeletal parts
and teeth can be correlated with known age of smaller,
captive, agquarium specimeﬁs; however difficulties arise when
attempting to corr.late laminations with the growth and
behaviour of wild specimens. Mpvements and behaviour of
most non-commercial specieé are usuvally known for only part
of the year. This is certainly true of arctic beluga
populations when there are only several weeks each year to
gather materiagl. The alternative is to glean as much
information as possible from costly aerial and ship surveys
during the. remainder of the year.

In this present study, emphasis has been placed on

15



tooth and mandibular laminations correlated with field
observations l.e., association of animals during capture,

injuries susteined, reproductive condition and body sizee.

Description of Teeth.

Delphinapterus leucas exhibits a secondary homodont

condition indicated by the similar conical structure in
younger animals and the peg-like similariﬁy of a2ll the teeth
as adults (see Fige 7). Teeth‘are not shed but remein for
the life of the animzl, the only loss beiﬁg due to abrasion.
Longitudinal growth is a result of dentine addition from
the pulp cavity and width is from additions of cement (see
Fig. 5, po 17)s Teeth grow continuously, though at varying
rates, according to age and sex. Figure 87shows the thick-
ness of dentine layers in microns plotted ageinst increase
of layer numbers. Growth rates of teeth in males are
significantly greater than in females (P between 0.01-0.001).
Since it is considered that laminations are correlated_
with changes in nutrition (Laws, 1953), the obscurity of the
first two to four layers in many of the teeth may be due to
the nursing period, when food and mineral supply are mofe
constant than during any other portion of the animal's life.,
Figure 68shows a tooth considered to have four layers, and
these are quite apparent. If these laminae are not con=-

sidered individual layers, then the first layer would be

16



Figure
origin

(A) is
cement

(B) 1is
bottom

(C) is

5 is a highly schematic illustration of the
of tooth laminations in beluga.

the prenatal tooth with its surrounding
cylinder.

a hollow cylinder of cement with a conical
composed of dentine.

the tooth socket with the conical pulp

papilla producing dentine while cement is formed

at the

socket wall or aveolar surfacee.

(D) is a cross-section of the tooth increment.
In reality, growth is continuous, with mineraliz-
ation the variable, or increment.

17



FIGURE 6

Figure 6 shows prenatal teeth with increasing additions
of dentine and cement incrementse.

(A) is a 15 mm tooth of a 220 cm calf considered to be a
vearling. Two narrow layers can be seen between the white
prenatal tooth and the pulp cavity.

(B) is & 17 mn tooth of & 250 cm calf considered to be two
years old. Four narrow dentine layers cen be seen. <The
prenatal tooth and pulp cavity are outlined.

(C) illustrates the gradual erosion of the prenatal teeth,

shown outlined along with the pulp cavities. Tooth lengths
are 31 mm and 25 mm respectively.

18






FIGURE 7

Figure 7 illustrates tooth-wear of adult beluga.

(A) shows the anterior portion of a single mandible. Teeth
are well worn showing the dentine core surrounded by the
thick cylinder of cement laminationse.

(B) is a longitudinal half=-section of a well worn toothe.

The prenatal tooth and many succeeding layers have obviously
been worn away. The pulp cavity is almost absent (shown
outlined). Length of tooth 39 mm.
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Figure 8 shows width of tooth layers in
micra (measured at 250 magnification)
related to increase in number of layers.
Sexes are separated, Arrows indicate

the direction of measurement for younger
animals with prenatal teeth still present
and for older animals with prenatal teeth
plus many succeeding layers eroded. A
single, older, female is shown plotted.
Growth rates of teeth in males are
significantly greater than in females.

Range and mean are indicated with single
standard deviation represented by rectangles.
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the combined width of at least two laminee resulting in a
layer width inconsisteht with the trend indicated by the
fitted lines of Flg, 8. . |

As is indiceted in Fig. 8, the limit is 15 layers for
most teeth containing the foetal tooth at the tip. To mesas-~
ure layer thickness of the oldest animals, the succession of
layers was measured from the pulp cavity upwards. Figures
7 and 8 1illustrate that layer thickness appears to attain
a maximum thickness after 15 layers are deposited, then be-
gins a gredval decline during deposition of thellast 25.

The number of layers missing between the two series of measg-
urements is not known. The total number formed must bé av
least the sum of the young and old layers shown here, s}noe
Sergeant (1959) observed as high as 50 layers retained in
Hudson Bay enimals while 41 layers were recorded in Cumber-
land Sound animals (Brodie, 1969b).

(&) Tooth mineralization.

Macroscopic observations (using reflec’ ed light) of
longitudinael half-sections, display light and dark dentine
laminations, the wider laminations being light (see Fige 9 ).
On microscopic inspection (Fig. 9 ), agein using reflected
- light, the light laminae are penetratea with tubules (some-
times referred to as Tomes' fibres or protoplasmic extens-
ions of the odontoblast). The dark, narrow laminae are void
of such tubules which, in the wider layers, radiate at right
engles from the conical pulp cavity, with smaller branches
stemming from the main tubule. In unstained material the

23



whiteness of the laminae under reflected light is due to the
refraction of light at the tubule-ground substance interface.
Laws (1962) refers to "vacuolar denbine® in refercuce to
small vacuoles wnich appear in the ground substance void of
tubules, in the teeth of certalin seals. These vacuoles app-
ear white for the same reasons as the tubules in the beluga
teeth. The ground substance of beluga is similar in its
transparency throughout the dentine, any differeﬁces in
trensparency dependent on the presence of tubules.

(b) Test for Mineralization. v |

To test for collagen, the matrix within which mineral-
ization occurs, thin sections were‘stained with Light G}een.
As Fig. 9°indicates, only the area between the tubule axes
 shows.presence of collagen, the ground substance void o}
tubules, showed no collagen was present. To test for the
presence of mineralization, inorgenic phosphates were con=
verted to cobalt sulphide, appearing black (after Pritchard
and Ruzicka, 1950). Thin sections were placed for five min-
utes in 2% cobalt nitrate solution, washed in distilled wat-
er and placed in dilute aﬁmonium sulphide. As Fige. 9P showé.
only the surface of the odontoblast process appears stained,
en indicetion that inorganic phosphates are in the immediate
vicinity of the tubule. The collagen 1s more widespread
than the actual minersalization, 1l.e., mineralization con-
sists of a sheath around the odontoblast tubule (see Miles
1967). The finer laminations in the ground-substance are

all the seme width, indicating a rather constant rate of
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FIGURE 9

Photomiorooraphs of 75u tooth sections. Individuval layers
are 600-700u in width.

(A) Tooth layers shown under reflected light.' Pulp cavity
is in the vicinity of the lower, right corner,

(B) Tooth layers under reflected light and at greater
mesnification. The individual odontablast processes (Tomes!
fibres) can be seen. Note the abrupt cessation of tubules
forming the well demarcated layers.

(C) Light Green test for collagen as seen by transmitted
light. The ground substance between the tubules has taken
up the stain while the area between the layers, void of
tubulee, is unstained.

(D) est for inorganic phosphates, seen by transmitted
light. Phosphates were converted to cobalt sulphide shown
here as black sheaths around the odontoblast tubules. Note
also the horizéntal laminations of ground substance within
the larger layers which are being constantly secreted from
the pulp cavity.
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deposition. In other wordé, tooth growth is constant
(Brodie, 1969b) with mineralization the variable. There

is a cyelic AQQUPVQHCQ of odontoblest tubules and resulting
mineralization. This may coincide with periods of increased
feeding and nutrient aveilability (Laws, 1953; Scheffer and
Peterson, 1967): |

Since the cessation of tubule extensions are well
demarcated (see Fig. 9), the odontoblast mainbodies in the
pulp must pinch off the tubule;.or cease to support it, in
an extremely coordinated manner. When the tubule is separ-
ated from the mainbody it is carried away from the pulp by
‘the constant deposition of ground substance. Another layer
of tubules forms shortly after this separation resulting in
the cyélic appearance of the tubule bands or layers.

Similer to the homeostatic system of bone, body fluid
(Urist, 1964, 1966) tubule formation seeﬁs to be controlled
by the availability of minerals in the blood stream. Urist
also states that there is little resorption of dentine once
deposited, which if true of beluga would mean that the teeth
of beluga are a permanent record of mineral availability with
the only loss being due to tip wear. There were several
instances where tooth remodelling or irregular growth
occurred in the sample from Cumberland Sound. Judging fronm
body scars, all these animals were greatly injured. -There
appears to be a correlation between severe injury and cell
differentiation. upsetting patterns of mineralization in

tooth forming epithelium. This requires further research.
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Correlation of Tooth and Skeletal Laminae.
There is disegreement over the number of skeletal and
tooth layers representing an annual increment. Stuvdies of

Physeter catodon (Nishiwaki et 21.1961) indicated that mand-

ibular periosteal layers are equal in number to tooth layers.
Gambell and Grzegorzewska (1967) have concluded that two
tooth layers are deposited annually in P. catodon. Studies

by Kleinenberg and Klevezal (1962) on Delphinus delphis ind-

icate that two tooth layers and one mendibular layer are de-
posited annually. Sergeant (1959) suggested that two layers
were deposited annuvally in D. leucas while XKhuzin (1961)
supported the theory that single tooth layers were deposited
ennuvally for the same specieé. This deserves some attention
since calculations of productivity based on age could be

- overestimated or undefestimated by as much as 100%.

In a recent paper (Brodie 1969b)the mandibles of beluga
were examined. Material was taken from the Cumberland Sound
population. Longitudinal half-sections of teeth were cut,
polished and examined under reflected light for numbers of
dentine and cement layers. Mandible samples were cut in the
region of the posterior:mental foramina using a diamond-grit
circular saw. Sections were 75-100 microns thick, requiring
no polishing after the sawing process (Fig. 10).

These were mounted on slides, stsined with aniline blue-
acid fuchsin and exémined under a microscope using trensmitt-
ed light. Mandibular periosteal layers were present and in-
creased in number with the increasing length of the animals.

28



FIGURE 10

Figure 10 illustrates preparation and sectioning of mandlbles.

(A) shows three mandible sections imbedded in a bioplastic
‘block, attached to a perspex cutting template. A thin
section has already been cut from all three.

(B) shows a prepared thin section of mandible with a portion
of tooth section included. Several periosteal layers can be
seen on the right side of the mandible. Total length of
section shown here, 42 mm.

(C) shows mandibular periosteal layerlng on the lateral
exterior. Total width of layers 1.25 mm with mean number of

tooth layers 13.5.
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Figure 11 is a plot of tooth layers
present against mandibular layers of
the same individuval. The solid line
represents a 2:1 tooth=-jaw layer
ratio. The broken line is fitted to
the six divergent points representing
animals with well worn teeth. The
area between the two lines 1is
considered the zone of tooth wear.
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" In all cases the layers were thiokest on the exterior
lateral surface. Several sections éhowed the layers to be
continuous over the internal and external surface. The
majority showed the dissapearance of lamina in the véhtral
region of the jew (Fig. 10) with the internal surface void
of layering. There was evidence of osteoclast activity
causing the resorption of bone material however, in the
region whére the sections were cut, the mesosteal portion
was still present (see Fig. 10) even after 15 layers had
been formed on the periosteal suriace.

Mandibular layers are shown plotted agaihst their
- corresponding number of tooth layers derived from dentine
and cement layer counts in Fig. 11. The solid line is not
fitted to the points but represents a theoretical 2:1 tooth-
jaw layer ratio. All teeth with less then 16 layers still
retained all,'or remnants of, the foetal tooth, indicating
that there was no wear to the extent that layers were mis-
fepresented. All teeth in excess of 16 layers were worn
(see Fig. 7) yet were obviously depositing layers at a rate
greaﬁer than the rate of erosion.

Studies of teeth show that about four layers are added
to the tooth before it erupts through the gum and becomes
exposed to wear. Eleven or twelve layers are added to these
, before the prenatal tooth is eroded beyond recognition and
tooth layers are misreprésented. The area between £he 251
line and é line -fitted through the six divergent points can

be considered the zone of tooth wear. Since the tboth is
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pointed and erosion 1s more rapid due to the smaller surface
area, initial tooth wear is probably non-linear.

" The highest number of tooth layers recorded from the
Cumberland Sound semple is 41 (the jaw from this specimen
was not collected). Using Fig.1ll an abscissa from 41
will intersect the line through the six divergent points at
30 on the X or mandible axis. The impliéation here is that,
considering tooth wear, the ratio may st;ll be maintained
and that probably 19 layers were eroded from this tooth.

The question now arlses, which series of laminse rép—
resent annual increments? If the tooth layers are annual
then some explanation must bé fouﬁd for the formation of
mandibular layers on alternate years. This does not seen
practical since beluga must be regulated to a great extént
by harsh arctic seasonality. The alternative would be to
consider the ﬁandibular layers as annual increments, then
attempt to justify the presence of two tooth layers per
&eai; |

Studies of the fur seal Callorhinus ursinus (Scheffer

and Peterson, 196?) show that tooth growth-rate of young
seals is fairly constant, with layering being caused by
changes in nutrition. The mother is at sea for a mean of
9.4 days and returns to nurse the pup for a mean of 2.0
days, over & four month period consisting of mean 10.9

" cycles. The layering is sensitive enough to be correlated
with these periods of nursing. Laws (1953, 1962) correlates

laminations with feeding-fasting behaviour of the elephant

33



seal, Miroungs leonina. Felts and Spurrell (1966) discuss

the varlations in density of radil of D. leucas;however they
draw no definite conclusions other than suggesting possible
changes in body and environmental temperature as the cause.

Considering the ebove findings, it is quite possible
that beluga form more than one tooth layer per year. Dur-
ing mid-July to mid-September, Cumberland Sound beluga ep-
peer to feed lightly. Their teeth indicate that deposition
of a mineralized layer has already been completed and a

R L R B B N B L L e Lt e sl e T bf\% ~ -
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truded from the pulp papilla. (Brodie, 1969b). A migration
or period of low intensity feeding during mid-January to
mid-March couvld account for another spatially consistent
- layer. Movements of this population during these months are
obscure. As discussed on p.66 the breeding season is in
May, seeming too late a period to causé a check mark in the
dentine and maintain spatial constancy ¢f laminae. Migrat-
ion to the breeding area could be the cause, though this is
speculative. Kleinenberg et al. (1964) mention the sudden
eppearance of beluga herds in various parts of the Soviet
North during the months of December to February. Sergeant
(personal communication) suggested a chahge in diet rather
than low feeding rate as a possible cause of low mineral
availability.

If the tooth layers of D. leucas were annual, the ratio
of 2:1 would require mandibular layers to hbe formed on alt-

ernate years, highly improbable for an animal so regulated
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by harsh arctic seasonality.

Though further research will be carried out on this,
conclusions at present are that two tooth layers and one
mendibular layer are formed annually. The difference may
be sensitivity of teeth to condition, or that skeletal

structures have priority over teeth for available minerals.

Physical Maturity and Attainment of White»Colouration;

Figure 12 shows thé total Sample of animals of which
age in tooth layers is known. Due to tooth wear, all tboth
layer counts over 16 are -underestimates, the discrepancy
increasing with increase in number of layers.

The mean lengths of males with more than 20 tooth
layers present is 427 cm end for females 362 cm. These lengths
may epproximate those of physicel maturitye.

Whitening of female beluga occurs between 12 and 17
tooth layers, the male turning white between 15 to 17 tooth
'layers;

The white colour can be used in the field to establish
at least a minimum age and to indicate that the animal 1is
near physicelly mature size (see also Sergeant and Brodie,

1969z) .

Length of Life.
Khuzin (1961) concludes that 40 years is the maximum

lifespan for beluga. Kleinenberg et al. (1964) review the

works of several authors where conclusions range between
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Figure 12 is a plot of length in meters against age in tooth
layers. All ages greater than 15 tooth layers are under-
estimates due to tooth wear, the discrepancy increasing with
age. Mean length i 23 newborns is shown plotted as a single
point. Curves are fitted by eye.
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20 to 32 years. Brodie (1969b) has suggested that the
maximum lifespan is about 30 years, based on tooth and

mendible layers.
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REPRODUCTION IN FEMALES

General Considerations.
Beluga, like all Cetacea, have a bicornuate uterus.
Both ovaries are functional, multiple births being uncommon
(Vladykov, 1944; Kleinenberg et al., 1964)., Figure 13 shows
the upper reproductive tract of a recently parturlent beluga.
Cetacea are unusual in that their corpora albicantisa
usually remaings distinguishable bodies in the ovary for
the life of the animal. Démpsey end Wislocki (1941) studied

Megaptera nodosa and have provided an explanation for this,

suggesting the large initial size of the cetacean corpus
luteum poses physiological problems or mechanical limitat-
ions on the vascular supply, which fails to reach the cent-
ral portion of the body. The central cavity becomes filled
with ﬁyalin and fibroﬁs tissve, these tissues persisting as
the main core of the regressed albicans. If vascular pene-
tration from the periphery into the spherical corpus luteunm
is limited, one would expect less penetration in larger
species with larger corpora, the consequent hyalization re-
sulting in greater retention of corpora. Sergeant (1962b)
hes concluded that all corpora albicantia gravidans of

Globicephala melasena are retained and about 507 of corpora

of ovulation remain as detectable bodies after regression
is conmplete.
Laws (i961) divided the regression of corpora into

three stages, stage #1 or "young" corpora having undergone
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least regression and are usually apparent externally oﬁ the
ovary. Luteal tissue has begun to degenerate due to reduct-
lon in vascular supply, and connective tissue 1is moré con-~
spicuous than in the corpus luteum. Stage #2 or "medium"
corporé, Which_in beiuga are not as easily discernible on
the surface of the ovary, have thick-walled blood vessels

on the periphery and a more obvious fibrous structure due

to the loss of luteal tissue and the conﬁinued shrinkage of
the corpus. The blood vesselé cause the tissue to appear
yellow-brown in colour. Stage #3 oi "old" corpora 1= The
final state of regression where connective tissue is the
most obvious structure outlined by a thin margin of orenge-
brown pigmented cells.

7 These stages, described by Laws in greater detail and
as outlined above, have since beenbﬁsed by many authors in
describing regression of cetacean corpora. Since the time
of samplihg'beluga coincided with the birth period there
were corpora lutea and albicantia macroscopically indist-
inquishable from each other, the categories separated only
by hours or days before or after birth. To reduce the temp=-
oral span between these stages, I will expand the stages in-
to early stage #1, Late stage #1, early stage #2,Alate stage
#2, in addition to the third main stage of each. Due to the
very rapid regression of the corpus after birth, the sub-
division of stage #1 is considered valid, subdivisidn of

stage #2 may be less accurate and more subjective (see
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Figs. 13 and 14). I stress the importance of having noted
the association of animals captured in passive nets since
calf age can be used with some confidence in interpreting
corpora, especizlly when the calf is newborn. Extent of
uterine distortion is obvious evidence along with state of
lactation and fat thickness. The fact that the nets were
passive and that uvsually only one to three animals were en=
meshed at one time, added even greater significance to ani-
mal associations.

Because of the small number of sexuzlly mabture females
(45 animals with 2 total corpora number of 181), the pias
toward females with newborn caives and the small number of
older females, classification of corpora by size alone has
little significance. Only'where the amount of data permit,

can any statistical tests be applied.
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FIGURE 13

(A) shows the upper part of the female reproductive tract.
The bicornuate uterus is much enlarged due to a very recent
birth (see the newborn, Fig. 21 (A). The ovaries are shown
outlined at the ends of the cornua. Tape is extended 20 cm.

(B) shows the ovaries of a female in full=term pregnancye.
f[’v“’f\ -\f:vq'\h-\fs '!-u-Pr-r (r":hf\ﬂﬂ(\"'? r\r\-vn-\c\-n«) ore r‘}-\q ™ on t’qf- 1—i‘L’

ovary. The stigma can be seen on the surface of the upper.
corpus. See Fig. 18 for cross-sectional view of same.

(C) shows the ovaries of a female in full-term pregnancy.

A single corpus luteum is seen on the left ovary. A corpus
elbicans can be detected at the base of the right ovary.
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FIGURE 14

Figure 14 illustrates cross~sections of corpora in stages
of regression.

(A) shows a2 47 mm corpus luteum of a female with a 290 mm

foetus., The luteal tissue is highly convuluted and is not
"Eypical™ of beluga. '

(B) shows & 39 mm corpus albicans in early stage #1
regression. This female had undergone recent parturition.

A small amount of fibrous tissuve is seen at the top of the
corpus.

(C) shows a 19 mm corpus albicans in early regrebsion stage
#2+ The fibrous tissue is more obvious.

(D) shows an 8 mm corpus albicans in regression stage #3e.

The fibrous center is the most obvious structure with
orange=brown lipid at the periphery.
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Sexual Maturity.

Presence of corpore is considered to be the best
criterion of maturity. The significance of the presence of
foetuses is obvious. Figures 16 and 17 show corpora numbers
egainst age and length respectively. The animal which
appesrs to have matured earliest had two corpora at an age
of 10 tooth layers. This animal (enmeshed beside a 139 cn
calf) had recently given birth and hsed one 25 mm corpus
albicans in early stage #1 and.bné 7 mm corpus in stage #¥2,
brobably from an unsuccessful ovulation immediately before
impregnation on the second ovulation (now the iarger oorﬁus).
The 14 month gestation period (see p. 63) would place the
enimal at 8 tooth layers on its first ovulation.

By excluding one atypical animal, immature at 15 layers,
and back-calculating to account for gestation periods of
nine animals with low corpora counts, the age of sexual
maturity ranges between 9 and 11 tooth layers with a mean
of 10 (SD = 1.00). Considering that two tooth layers are
deposited annually (Brodie, 1969b) sexual maturity is
ettained on the average at five years and at about 85% of
‘physically mature length (see p. 35).

. Dvue to the great discrepancies in body size among
various belugsa populations in the arctic and sub-arctic
(Sergeant and Brodie, 19692) size at sexual masturity mﬁst
also Vary considerably. Vladykov (1944) using colour

phases for age determination, concludes that sexual maturlity
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" is attained usually in the third year. Examining the body
lengths he gave and considering that beluga of the Ste.
Lawrence population are of the same size es those of
Cumberland Sound (Sergeant and Brodie, 1969a) these would
conform in length to aﬂimals four and five-years old by
tooth layer counts (8 to 10 tooth layers).

Doen and Douglas (1953) state that beluga in Hudson Bay
become sexuvally mature as early as their third summer
(reworded in their summery as three years old), based on
length frequencies. On exanining their data I suggest that
they have grouped two sge~classes together, probably the
newborns and the yearlings since the range of lengths is
greater (relative to their length) than for older animals
(see "Early Development", p. 77).

~ Kleinenberg et al. (1964) used length frequencies
and have attributed prodiglous growth rates to beluga by
combining newborn, yearling, two and probably three year old
animals in the newborn to several-months-old age categorye.
Their length range ren from 150 to 290 cm. These authors
agreed with Khuzin (1961) that sexual maturity was common
after six years; however Khuzin considered that single tooth
layers were produced annuélly. Such females wduld be three
years old at two layers per year (Sergeant, 1959; Brodie,
1969b). Also, Khuzin may have included the first two or
three thin layers of dentine as one layer (see Fig. 22 show-
ing increase.of layer thickness with age, and p. 16). There
is obvious confusion here, but the point to be stressed is
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that there is an extreme overlap of cclour phases and length
frequency modes, resulting in clumping of one or more age
classes. This has the obvious effect on estimation of

growth and maturity rates (see also p. 45 ).

Ovarian Analysis.

(a) Retention of Corpora Albicantia.

Figure 15 shows sizes of corpora albicantia ranked ac-
cording to total number present. | .

The retention of corpora albicantia can be studied from
their size distribution. Since sampling was carried out dur-
ing the calving period there were animals with large, fresh
albicantia. These corpora are not representative as they are
Just beginning the period of rapid regression and greaﬁly
distort any plot of size. Such fresh corpora have been elim=-
inated from Fig. 15, reducing the number of corpora in most
animéls by one (two, where accessory corpora were present)
and eiiminating aniials with a single ffesh COTPuUS.

Lews (1961) and Best (1967) applied tests similar to
that of Fige. |5 to fin and sperm whales. A continued down-
werd trend in size would indicate a cessation of size reduct-
ion. Higher corpora numbers emong older animels suggest
but do not prove that the downward trend does not continue
(Fig.15) since also a levelling off or rise possibly could
be the result of a sudden loss of corpora either by resorpt-
ion or by exclusion during examination. It is doubtful how-

ever, that there 1s a rapid increase in resorption at this
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NUMBER OF CORPORA

Figure 15 illustrates the reductlion of mean corpora
diameter with increase in accumulated corpora.
Large, unregressed corpora are not included here.
Number of females within each group is indicated
immediately above.

Range and mean are indicated with single standard
deviation represented by rectangles. :
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stage since These corpora are composed mainly of fibrocus
tissue, not easily destroyed by phagocytic activity. The
swell nunber of ovaries exsmined peruwitted rather careiul
scrutiny of sections, two to three mm in thickness for all
but the youngest animals (about 3 mm in thickness). The
smallest scar récorded was 2.5 mm mean diameter from an old-
er animal, therefore'it is doubtful that many corpora were
missed.

The implication here is that the numbers of corpora
resorbed’ or overlooked are insignificant compared to the
other factors influencing interpretation of reproductive
history from dvarian examination, to be discussed in this
section.

(b) Accumulation of Corpora with Age..

All corpora including corpora lutea are included in
Fig. 16, with tooth layers taken as the mean counts of
dentine and cément layers. Tooth wear has not been consider-
ed in this illustration (Brodie 1969b) therefore all ages be-
yond 16 are underestimates, the discrepancy increasing with
age. The scarcity of older animals and loss of their tooth
layers discouvrages any attempt to calculate corpofa accﬁmul~
ation rates by regression snalysis. Far more revealing is
the variation in numbers of corpore accumulated by younger
animals of similar ages.

The abrupt increase in corpora over & short range of

body length (Fig.17) is to be expected since sexualvmaturity
L9
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"AGE IN TOOTH LAYERS

Figure 16 is a plot of total corpora per female against
tooth layers. The peripheral animals have been
arbitrarily grouped into:

(&)
(B)
(c)
(D)

young animals with few corpora,

young animals with many corporsa,
older animals with few corpora,

older animels with many corpora.
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Figure 17 is a plot of total corpora per
female against body length. The sudden
presence ~f corpora after 310 cm body
length indicates the onset of sexual
maturity. The abrupt increase of corpora
within a short length range is a result
of sexual maturity being near the
physically mature body length.
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is attained near physical maturity (see p. 45), males showing
a similar increase with respect to testes size (see p. 88).
Since layers in unworn teeth (less than 16 layers) afe a more
accurate criterion of reiative age than is length, animals
represeﬁted in Eig. 16 can be enlarged upon in an attempt to
explain the discrepancies in accumulation ratese.

-‘The points on Fig. 16 are encircled in & rather arbitrary
menner: (A) very young enimals with one orltwo corpora,
(B) young'animals with high cofpora numbers, (C)'older aninals

A ~ey

with low corpora numbers, (D) older snimals with high corpora
numbers .

Two animals in group (A) were in the early stages of
first pregnancy, with one corpus luteum each (42 mm diameter
with 240 mm foetus; 42.3 mm diameter with 203 mm foetus).
Their memmary tissue averaged 21 mm deep and nelither was
lactating (see Fig, 20). Four animals exhibited, had recently
given birth and three of thesebwere lactating and contasined
single corpora albicantia in early stage #1 (21, 28, 37.7 mm
" diameter). The fourth animal possessed two corporas, a fresh
25 mm albicans in early stage #1 and a 7 mm albicans in early
stage #2. The smaller corpus is considered to be the résult
of an ovulation immediately before impregnation on the second
ovulation, during the same estrus cycle. The smaller corpus
couvld not have been from a-prior reproductive cycle since
this animel was much too young to have gone through aimost
three years of gestation and 1actation‘(see Pe 75 concerning
the'"Reproductive Cyclé"). Being in early stage #2,
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‘it is doubtful that the corpus could have been the result
qf an aborted pregnancy or stillbirth prior to successful
impregnation, since it would have shown greater regression.

The seventh animal in this group possessed one corpus,
howevervthere are insufficient data to draw any conclusions
about its origin. In summary, group (A) is composed of an-
imals successfully impregnated on their first ovulatlion and
in one instence, on the second ovulation df the same estrus
period. Formation of more corﬁora was inhibited by the per-
iod of gestalion and the greatcr portion cf t;c lactation
period, maintalilning these low corpora nuﬁbers.

Group (B) is composed of two animals with 12 tooth lay-
ers and five or six corpora. The female with 5 corpora had
Just given birth and possessed twin or accessory corpora
(see pe. 56), in early stage #1 (21.7 and 15 mm in diameter)
ene 7.7 mm stage #2, and two in stage #3 (5.3 mm and 4.3 mm
in diameter). This animal is too young to have gone through
a complete reproductive cycle of almost three years and then
through a 14 month gestation period jJjust ended. To account
for the other corpora it would appear reasonablevto assume
that the animal was unsuccessful on its first two ovulétions
(now represented by the two stage #3 corpora), failed to be
impregnated on the first ovulation of the breeding season
the year following (now the stage #2 corpus), but was im-
pregnated on later ovulations of the same estrus period (the
accessory corpus formed in addition to the larger corpus and

now both in early stége #1). The animal with six corpora
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in this group was lactating and from examination of the
youngest corpora (7.5, 6.5, 5.5 mm all in stage #2) had giv-
en birth one or possibly two years prior to caplure. Haa she
given birth one year prior to capture, the additional 14
months of gestation would place her at a very young age, too
young to have c&mpleted a previous reproductive cycle. The
remaining three corpora (5, 5, 3.5 mm all in stage #3) were
probably the remnants of an unsuccessful multiple ovulation
during its first estrus period; The following breeding sea-
son she wes impreconsted on the last of three ovulations
(probably represented by the largest of the three stage #2
corpora) . V

Summarizing group (B), both animals were too young to
have gone through more than one complete reproductive cycle,
and the high corpora numbers asre attributed te unsuccessful
~ multiple ovulations and in one case to accessory corpora of
pregnancy. Foetal abortion during an earlier pregnancy can-
_hot be excluded; however any such pregnancy must have been
short-lived.

Group (C) is composed of animals with between 13 and
14.5 tooth layers with one or no corpora present. Of these,
two animals had recently given birth and were lactating with
single early stage #1 corpora (36.6, 25.3 mm). Sexual mat-
urity and successful ovulation must have been attained ap-
proximately 14 months prior to capture (11 and 13 layers).
Two animals'were lactating with no sign of recent birth,

single corpora 12 mm and 10.2 mm in early stage #2. These
5k



females had calved the year previous and therefore became

sexually mature 26 months (12 + 14 months) prior to capture,
or at 10 to 11 tooth leyers. One sexually immature animal

is included in this group (15 tooth layers, no corpora but
many follicles less than 4 mm diameter). This animals was
found enmeshed beside an adult female and her newborn calf.
More will be said about these associations later (see p. 100).
Summerizing group_(C), thelr reproduotive'history can be
'vaccounted for either by late maturity and recent parturition
or by sexual maturity at the usual age with parturition a
year prior to capture.

Group (D) is composed of two animals with 15 tooth
layers and six to eight corporé. Both had recently calved,
one with two stage #1 corpora (27.4 and 17.7 mm, evidence of
an accessory corpus) three in mid to late stage #2 (11, 10,

- 9.7 mm) and three stage #3 (7.3, 4.7, 4 mm). The other animal
had one stage #1 corpus (20 mm), three stage #2 (7, 5.5, 4.5
mm) and two stage #3 (6, & mm). It is just possible that
both could have had a complete reproductive cycle prior to

the latest pregnancy, however it is equally likely that they
wefe not impregnated during the first cycle of multiple
ovuletions and may have been successful in the following

vyear. Summerizing group (D), many unsuccessful ovulations are
evident, with at least one occurrence of accessory corporae.

Detailed case histories similar to the above exist for

all animals’plotted in Fig. 16. The point to be stressed

here is that a minority of the corpora present, represents
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successful impregnation or completed gestation. Klelnenberg
et al. (1964) attribute most corpora to pregnancies in D.
levcas. Ohsumi (1965) is criticized by Best (1967) for as-
suming that all corpora lutea represent pregnencies in P
catodon.

A further point is that the presence of few corpora
(well spaced in regression stages) in an older animal could
mean that it has been extremely successful in reprcduction
relative to animals of similar age with higher corpora numbn
erse To indicale the arca wherc crror can ocour,I quove fxoiu
Kleinenberg et al. (1964, translated edition 1969) "Most
sexually mature females captured in the far east and in the
north «.. have 3-4 scars and corpora lutea in the ovarles,
i.e., they are 4-6 years old". An overall statement like
this canhot be made when Fig.16 shows the great discrepancy
in corpora number with age and their possible origins dis-
cussed in this sectione.

(C) Evidence For Accessory Corpora.

Four females, lactating, with distended cornuva, were
captured in esrly Auvugust. Newborn calves were enmeshed be-
side three of them., All possessed twin corpora in very early
stages of regression (three possessing additional corpors in
more advanced regression).

Kleinenberg et al. (1964) would interpret these as one
corpus albicans (which it is) representing the recent new-
born, now being nursed. The other corpus would be consider-
ed by them, a corpus luteum of a pregnancy 1ﬂ early stages
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(a result of impregnetion two to four weeks after recent
birth). This is the basis for their belief in annual calv=-
ing by individual femrales.

As evidence against the above interpretation, there was
no mucus plug present (its function is vague, though they
state it is invariably present) in pregnant animals (see
p. 67, concerning the mucus plug). The uterine cornua of
recently parturient animals is thick and convuluted on its
exterior surface (see Fig. 13) contrasted with the smooth,
flaccid uterus of pregnant beluga, not illustrated. The
calves in my estimation were born even more recently than
two weeks earlier.

In addition, a pregnant animal was captured several

days earlier than the above animals. She carried a male

foetus 174 cm long, 94 kg in weilght, in the right uterine
horn. The left ovary contained two large corpora lutea

(47 and 29 mm diameter, see Figs. 13 and 18). The female
was obviously about to give birth within hours or days of
capture. Had she been captured immediately after birth the
above authors would, to be consistent, interpret the corpore
as of recent parturition and of new pregnancy. LExpanding
their argument, this gravid female would then be good
evidence for superfoetation or non-contemporary, double
pregnancy (Perkes 1956). Their own argument would then be

defeated by their belief in an anti-fertilization mucus pluge.
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FIGURE 18

Figure 18 shows cross-sections of accessory corpora lutea
of pregnancy (51 mm and 32 mm diameter) seen also in

Fige. 13 (B). The smaller corpus has a fibrous center.
The larger corpus is more typical of beluga corpora lutea
(flattened during preservation).
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It is much simpler to suppose that all five animals
exhibit accessory corpora of pregnancy. This results from
luteinization of a second ruptured or unruptured follicle in
addition to the corpus of the fertilized ovum. These would
probably form during the estrus period since, of necessity,
the corpora of ovulation would have a less inhibiting effect
on maturation of other follicles (see also Asdell, 1965).

At other times, follicle maturation would be inhibited by

a large active corpus luteum gravidans, therefore it 1is
doubtful that the accessory corpus 1is formed after pregnancy
is well established.

All large corpora in question were formed about 14
months prior to capture (i.e. at conception). Of 39 females,
either pregnant or recently calved and whose functional
corpora were obvious by size and appearance, five indlicated
presence of contemporary corpora (12.8%). Here is primary
evidence of the inaccuracy of estimating production of young,
or age by corpora counts. It can be suggested, but not
proven that accessory corpora may also result from the
effects of corpora of ovulation alone.

(d) Ovarian Activity and Symmetry.

To test for symmetry of ovarlan function, only females
of which the side o origin of the ovary was known positively
were used. Corpora in all stages were totalled for 43
females, ylelding 99 in the left and 73 in the right. A
Chi Square test using one degree of freedom shows the differ-

ence to be insignificant at the 1% level with probability
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between 0.05 and 0.02. The same females were then randomly
grouped until total corpora on elther side exceeded ten.

Six such groups were formed and thelr Chi Squares for parity
summed, yielding a scignificant difference (P between 0.01
and 0.001). These tests indicate variability between groups
resulting in non-significent differences when totalled, and
it is concluded that either ovary may be dominant with resp-
ect to corpora number.

As a test for difference in time of maturity between
left and right, females with low corpora numbers were used
in which the smallecst, most regressed corpora were obvious
(the first ovulation). Of the 29 females in this category,
first ovulation occurred in the left ovary of 19 and in the
right of 10. A Chi Square test with one degree of freedom
shows the difference from parity to be non-significant
(P between 0.10 and 0.05).

To test for asymmetry of successful (fertilized) ovul-
ations, all females with corpora lutea of pregnancy and large
new corpora alblcantia from a recent birth were used. Of
the total number of 36 females used, 27 had the corpus of
the last pregnancy in the left ovary and 9 the corpus in
the right. A Chl Square test using one degree of freedom
shows thils to be siznificantly different from parity
(P between 0,01 and 0.001).

Ohsumi (1964) soncluded that in the beluga, 70% of
corpora accumulate in the left and that the left matured

earliest. He based this on the ovaries of 16 animals from
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a Canadian population (Hudson Bay). Ohsumi also states that
differences between left and right accumulation rates are
reduced with age. His conclusions are, no doubt, a result
of multiple ovulation in young females and accessory corpora
plus the small size of his sample (see pp. 52 and 56 for
discussion).

The only conclusion of significance to be drawn from
the Cumberland Sound population is that the ova of the left
ovary are nmore successful 1n being fertilized.

(e) Post-Partum Ovulation and Pregnancy.

Kleinenberg gt al. (1964) maintain that post-partum
ovulation and impregnation are natural functions of beluga.
They also state that lactation, even in the early stages
after birth, does not inhibit follicle maturation, copulation
and impregnation. Thelr evidence for thils is the presence
of more than one largze corpus (see accessory corpora, D. 56)
and that many females are lactating while in the early stasmes
of pregnancy (see p. 70 for "Duration of Lactation"). As
enlarged upon on p. 70, they conclude that lactation lasts
=5 months.,

There were five individuals in which follicles were
enlarged to a noticeable degree (maxima of 9.3, 10, 12, 16,
19.3 mm diameter). Two of these animals had recently given
birth (follicles 19.3, 9.3 mm), two had calved 1-2 years
prior to capture (follicles 16, 10 mm) and were lactating,
while the fifth female had not calved for at least two

years though, from the enlarged cornua and number of old
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corpora, had calved at least once. She was not lactating
and had a 12 mm follicle. This was the only mature female
not in some stage of reproduction, the only evidence of
possible cessation of production in the entire sample.

The animals men©tioned above are the only evidence of
follicle enlargement, If post-partum breeding was occurring
there would be a wide variation of foetal size due to May and
Auvugust breeding. Such variation does not exist except for
the one described under "Gestation", therefore it is doubt-
ful that follicles rupture in August. If ovulation does oc-
cur the chances of impregnation are reduced due to the seg=~
regation of the herd within the fiord (see p.100) and the
apparent low spermatogenic activity of the males (see p. 88).

It is concluded that there 1s no evidence of post-
partum ovulation or pregnancy though several large follicles
were present in several mature females at varying stages of

the reproductive cycle.

Gestation.

(a) Duration of Gestation.

Although there are differences in size of adults among
populations (Kleinenberg et gl., 1964; Sergeant and Brodie,
1969a) the range of length at birth is everywhere similar.
The Russian researchars have maintained that beluga have a
11,5 = 12 month gestation period, basing this on the presence
of small foetuses found during the calving period and consid-

ering that these were conceived immediately after the very
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recent birth of a calf. The additional evidence 1s that
these females were lactating, surmising that the nursed calf
1s a recent newborn. The presence of large double corpora
is also used as evidence that conception immediately follows
parturition (see p.55 for a discussion of this).

Foetal lengths when sampled during the early and mid-
summer months from any population form two groups, one at
each end of the foetal growth curve, i.e., 10-30 cm and 130~
170 cm approximately. An example of such is shown for Cumb-
erland Sound animals in Fig. 19. Lengths of newborn calves,
most retaining several centimeters of umbilical epidermal
sheath are also shown. Their lengths are plotted against
the time of capture, or in the case of foetuses, capture of
pregnant females. Lengths of the large foetuses and all
calves are plotted twice (advanced 12 months to continue the
foetal growth curve in proper perspective). Sergeant (1962b)
applied this to the pllot whale and Best (1969) to the sperm
whale., Since both these species are notarctic inhabitants,
they are less subject to harsh seasonality and this may ex-
plain their greater spreads of foetal length for any time
period. The contracted period of sampling beluga also re-
duces the range of foetal length with time. The variation
in spread of beluga foetal length at any given time, between
populations may reflect the degree og regulation by the loc-
al climate, selecticn being for animals which conformed best
to the ideal calving period (a result of the time of mating,
not forced foetal retention or expulsion), probably the most
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sensitive phase in thelr life history (see also Sergeant and
Brodie, 1969a).

A straight line method 1s used to calculate the gestat-
ion period (Huggett and Widdas, 1951; modified by Laws,1959).
The time intercept is at 390-400 days prior to the estimated
birth period of late July - early August. The straight line
does not take into consideration the early growth which the
originators of the method account for by multiplying this
figure by 1.10 giving an estimated gestation of 14.5 months
for beluga. This would place the peak of breeding in mid to
late May.

Laws (1959) calculated 13-14 months for beluga using
Canadian data, Sergeant (1962a) estimates 13-14 months for
Hudson Bay beluga. The three estimates all fall over the
12 month period concluded by Kielnenberg et al. (1964).

The small foetuses found during the calving period and
illustrated in Fig. 19,2re definitely not a result of con-
ception during this calving perliod. They are at least
several weeks old and were conceived before beluga were able
to enter the Clearwater Fiord area due to ice conditions.
The smallest foetus (a female) was 155 mm in length, discove
ered on July 13. Kleinenberg et al. (1964) state "Increase
in length is 5 cm in the first month, more than 7 cm in the
second month and more than 12 c¢m in the third month." By
thelr calculations conception would have been early to mid
May. There 1s no question that the calving perlod in Cumb-
erland Sound is late July - late August so that the gestation
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period must exceed their calculations of 11.5 - 12 months.
There is therefore, little doubt that the gestation period
well exceeds 12 months and may reach 14.5 months. This
difference has very csignificant effécts when overall
productivity of beluga is considered.

(b) Cervical Mucus Plug.

Kleinenberg gt al. (1964) describe the presence of a
rubbery, semi-transparent, mucus plug in the cervix of
beluga stating that they are present only in pregnant females
regardless of the stage of foetal growth. They postulate
that it functions as an isolating mechanism, preventing
extra fertilization and that it also assists the development
of the embryo in the uterus.

Kleinenberg and co-authors cite three pregnant females
without the plug from 150 females sampled and a fourth from
previous field work, yet malntain the above statement. All
four animals showed evidence of prevlious pregnancy judging
from their enlarged and asymmetrical uterine horns. No plug
was present in the cervix of any of them.

Although it is vnossible that I overlooked suchv
structures, the only instance where one was quite obvious,
fitting thelir descrintion, was in a non-pregnant, lactating
animal with a single corpus albicans, 12 mm in diameter. The
corpus was considered to be in early stage #2, which along
with the cornua of reduced internal width, indicated partur-
ition months prior to capture. In addition, a 214 cm calf,
Judzed by age determination studies and size to be a yearling
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(see p. 78), was enmeshed beside her along with a multi-
parous, lactating, non-pregnant female. A mucus plug was
also noted (below the cervix) in a lactating, recently
calved animal with a single late stage #1 corpus (captured
with newborn).

This evidencé suggest that the plug can occur in non-
pregnant animals. Had the animals been in the early stages
of pregnancy there would have been corpora lutea present
even though the embryos could not be detected. The suggest-
ion that the plug is necessary to prevent extra fertilizat-
ion is certainly open to question, since the presence of a
corpus lutemm inhibits follicle maturation (Assall 1968,

Asdell, 1965), especially a corpus luteum gravidans.

Birth Period, Newborn Size and Observations.

Many points have been considered in the sections on
gestation and early development, however all aspects will be
included here.

The birth period ranges from late July to late Aug-~
ust with the peak of births in early to mid-August (see Fig.
19). This cannot be more positively stated since the age
of the majority of newborn calves 1s questionable as to their
being one or several days old.

Rapid post-natal growth rates and weight gains probably
distort the calculations of size at birth (Bryden, 1969;
Sergeant and Brodie, 1969a). The head profile of a newborn
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is illustrated in Fig, 21. Mean length was 159.6 cm (139~
175 cm, SD = 10.05), with mean girth of 108.3 cm (86-129 cn,
SD = 11.39) and mean weight 78.3 kg (56-104, SD = 17.4).

The epildermis was void of any superficiél markings and
no macro=-parasites were visible in the middle ear sinus or
stomach (though fourd in all animals older than newborns).
Teeth were well hidden beneath the gum. The brownish colour
attributed to newborns (Vladykov, 1944) was not as apparent
as described by the above author, when the newborn was
captured and examined; however recent newborns did appear to
have a reddish-browr hue when observed at a distance, swimming
beside the mother (see also Kleinenbergz et gal., 1964).

The tall flukes were rather pliable when contrasted with
those of older animels (this is of advantage for easy passage
during parturition). The speed at which these newborn swim
when beslide their mothers must be attributed to the hydro-
dynamic advantages of echelon formation (Léng. 1966) rather
than calf muscle power., The ease of capture is noticeable
whne the calf is separated from its mother (see also "Non-
Comercial Hunting MNortality").

Several centimeters of epidermal umbilical sheath were
retained by most of the calves. The breaking point of the
umbilical cord was tested on the only two full-term foetuses
obtained. Only relatively few pounds of force were required
to pull the cord from the foetus (see also S1lijper, 1962)
and it literally "unplugged" from the abdomen, leaving an
epidermal sheath 6-.3 cm in length still attached.
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Lactation.

(a) Duration of Lactation

Vladykov (1944 ) concludes that beluga in the St. Law-
rence River nurse their calves for approximaﬁely six months.
Kleinenberg et al. (1964) suggest a 4-5 month lactation per-
iod and have based this on the presence of milk in the anim-
als of the 280 cm renge, considering these to be 4-5 months
old. Age determination and length frequencies of the Cumber-
land Sound populaticn would place such animals et 3-4 years
of age. OSergeant (unpublished) considers the lactation per-
iod to be greater than one year and as long as two years,
based on the ratio of pregnant to lactating females studied
in Hudson Bay.

Lactating Cumberland Sound females have been captured
in nets accompanied by calves in the 209-225 cm range.
These are considered to be yearlings by dentline growth, body
scars, parasites (see p. 77) and size; therefore lactation
lasts at least one year. The breeding season 1is calculated
to be about mid-May (see p.66 ) and since none of these fe-
males show any signs of pregnancy at time of capture in July-
August there is no reason why lactation should have ceased
at this point (if the argument that pregnancy inhibits lact-
ation is used). Kleinenberg et al. (1964) state that lact-
ation does not inhibit ovulation and pregnancy (see also
Pe 62).

There are four ilnstances where lactating, non-pregnant
animals were capturel with calves considered to be two years
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0ld by criteria similar to the above. This is not only evi-
dence that lactation may last two years but also supports
the theory of a long reproductive cycle (see section on
"Reproductive Cycle", p.75 ). Lactating animals-in the early
stages of pregnancy with 155 mm - 290 mm foetuses were noted
so that lactation at this stage is not inhibited. All anim-
als in this latter category possessed older regressed corp-
ora and were of such an age that they could have completed a
reproductive cycle more than one year prior to the latest
pregnancy. One animal in full-term pregnancy was secreting
colostrum (see p. 72) and beginning milk production. The

80 mm depth of mammary tissue 1s an indication that she had
nursed prior to this pregnancy (see P.73 and Fig. 20). She
was old enough to have gone through several reproductive
cycles and possessed four old corpora in addition to twin
corpora lutea of pregnancy (accessory copora).

The argument that lactation in animals with small foet-
uses 1s due to the effect of the pregnancy does not hold true
in these cases since only females capable of having had a
prior pregnancy, by age and presence of additional corpora
in late regression, were lactating. One female with a single
corpus in its ovaries and one 203 mm foetus was not lactating.
By its young age ané single corpus it could not have had a
prior pregnancy. Depth of mammary tissue was 20 mm.

I conclude that lactation lasts as long as two years
and is not inhibiteé by the early stages of the following

pregnancy, though it appears to cease later on so that it
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could be slightly over 24 months. This increases my previous
estimate by 2-3 montis (Brodie, 1969b). Tavolge (1966)

states that Tursiops truncatus nurses as long as 18 months

in aquaria, and that the female refuses to suckle the calf
if she later becomes pregnant.

(b) Evidence of Colostrum.

On July 28, 1967, two females were simultaneously
enmeshed in a single net. Both had a light yellow fluid
exuding from their teats (both animals were examined minutes
after death). One female carried a 156 cm foetus, 64 kg
(140 1b). This foetus is within range of newborn lengths
and was hours or days away from birth. On sectioning the
mammary tissue, similar fluid was found in the ducts.

The other female carried a 174 cm, 94 kg (207 1lb) foetus
and had similar fluid in the mammary ducts along with milk.
This animal was probably hours away from parturition.

The fluid was tentatively identified as colostrum (see
also Tomilin, 1957). Considering that Cetacea (as well as
carnivores and ungulates) have a poorly fused foetal-maternal
placenta and the possible correlation between passive and
active antibody transfer to type of placenta, the fluid was
probably colostrum (311jper, 1962; Young, 1963; Asdell, 1965;
Agsall, 1968). The  mmunization of the calf would be active
i1.e., antibodies would be absorbed through the gut wall
during its first nursing period. Large and precoclious young
are generally supported by the above mentioned type of

placenta, according to the authors.
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(c) Reproductive State and Mammary Tissue Thickness.
Figure 20 is a2 plot of mammery tissue depth, with
grouvpings according to the reproductive state of the animal.
It became noticeable'early in the field sampling that depth

shows the greatest variation of the three dimensions.
Measurements were taken to the nearest 5 mm, therefore ranges
have been extended by 2.5 mm at their extremes. HRange and
mean are indicated, with standard deviation of larger
frequencies. The tissue depth of younger animals suggests
that depth is not increased by the early stages of first
pregnancy, relative to that of immature animals, but is
increased before giving birth, at which time there is
considerable variation in thickness. Multiparous females
show less variation due to physical maturity and almost
constant lactation, excepting the latter stages of the
following pregnancy. This 1s demonstrated by the mammary
depth of females nursing for one and two years and of multil-
parous animals in early pregnancy, though still nursing.

The single 362 cm, sexually mature animal, shown as the
final point, is the only female with undetermined reproduct-
ive status. She was obviously multiparous, Jjudging from
the presence of 13 regressed corpora, was not lactating and
hed reduced uterine dimensions. One 12 mm and two 4 mm
follicles were present in the ovarles, however time of
capture was August and not considered a breedins period (sec
"Post-Partum Ovulation and Pregnan:y", p. 62). This is the

only female with evicence of cessation of production.
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The Reproductive Cycle,

Kleinenberg et al. (1964), maintaining that gestatio
is 11.5 - 12 months with a new pregnancy 2-3 weeks after
birth, suggest that a slight advance in season of birth
occur after several consecutive pregnancies. This, of ¢
is a result of the above lag in re-impregnation after parl

ition which, as they state, after 4-5 years could cause pait

urition to take placz after the breeding season with conses
uent non-impregnation of the female. As a result of the
h-5 year cycles with one barren year, they conclude that 20
25% of the mature females will be barren each year, They
sume here that the breeding season coincides with the birt!
period. Since they consider that the lactation period is

5 months and that it does not inhibit immediate reimpregnal
ion, this means that lactation would be well within the gest
ation period and without any effect on the reproductive cyc!
The cycle they propose would be of 11.5 - 12 months duration,
plus 2-4 weeks due to the wvariation in time of impregnaticn
They also speak of the 4-5 year cycles made up of 4-5 one
gestation periods; however the reproductive cycle is consi
ered by myself to be from pregnancy to pregnancy.

There 1s considerable disagreement with the conclusions
of Kleinenberg and co=-authors in the observations of the
Cumberland Sound population. The gestation period has been
shown to last as lorng as 14.5 months (see p. 63), slightly
longer than the period suggested by Sergeant and Laws (p-63).
A round figure of 1. months may be suggested. Duration of
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lactation (see p. 70) is about two years but, since at th:
end of this time (late July to September, the time of sau
ing), the female is again pregnant with a small foetus f
the breeding season in May, this gestation time 1s deduc!
The result is 14 months gestation plus 21.5 months lacta
& 35.5 month reproductive cycle. This implies a consid«
difference in individual production as well as total po;

ion production (see "Productivity", p.118).
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EARLY DEVELOPMENT

Calf Growth Rates.

The major reason for the vast discrepancies in published
estimates of growth rates of beluga appears to be the scarc-
ity of comprehensive data for younger animals. This 1is, no
doubt, the period of most rapid growth, where increments of
body length, weight and tooth growth are more meaningful due
to the necessarily stereotyped behaviour of young animals.
Lack of such information can be attributed to the usual bias
toward larger animals in commercial fisheries. wWhere large
herds are driven ashore.'sometimes with full fepresentation
of all ages, a problem of processing occurs, and in the con-
fusion, all calf-mother relationships become questionable.
These conclusions are based on my experience with both
methods.,

Where several criteria are considered among age classes,
the differences become more obvious even though the individ-
ual criteria may overlap in several aspects.

In an attempt to show that two and even three age class-
es have been classed as one by some authors, the body length,
maximum girth, weight, teeth, body scars and parasites will
be consldered for the small sample of Cumberland Sound
calves. Mother-calf associations are used as evidence here,
though discussed more fully elsewhere (pp. 68 and 1000. The
calves have been tentatively divided into groups based on

initial impressions in the field. It is more meaningful to
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discuss their differences than to plot all the data from
this small sample on a table. In the discussion that fol-
lows, ranges and standard deviations are given or ranges a-
lone, depending on the size of the sample.,

The full-term foetuses are included here for continuity.
Two foetuses had a mean length of 165 cm (156 and 174 cm)
and a mean weight of 79 kg (63.7 and 94 kg). No tooth layers
were present on the Toetal toothe.

Seventeen animals considered newborn, with pertinent
data taken, are now considered. Mean length was 159.6 cm
(SD = 10.05), mean maximum girth 108.3 (SD = 11.39) and mean
welght 78.3 kg (SD = 17.4 kg) with no tooth layers yet depos=-
ited on the foetal tooth. No parasites were visible in the
stomach or middle ear sinuses. The epidermis was smooth
with no scratches or scars, to be expected of newborns. At
least ten still retained several centimeters of umbilical
epldermal sheath, much too delicate a tissue to remain at-
tached for more than several days after birth. Teeth were
well beneath the gum line (see head profile in Fig. 21& Pe
80) .

Three calves tentatively classed as yearlings are now
considered. Mean length was 216 cm (209 - 225), mean max-
imum girth 148.3 cm (143 = 156) and mean weight 187.8 kg
(163.8 = 232), Two narrow layers were found in the teeth of
two animals, but teeth of the third were not examined. Teeth
had not erupted in any of the three. It should be stated

here that all animals except the foetuses and newborn
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FIGURE 21

Figure 21 1llustrates the change in head profile with age.

(A) is a newborn calf, slate gray in colour (appears lighter
in this photograph). Ear opening is indicated by the arrow.

(B) is a calf considered to be a yearling. Colour is gray
with the "melon" becoming apparent in the forehead. Some
epidermal mottling 1s shown due to loss of surface lipids.

(C) is a typical adult head profile. The melon is quite
apparent and body colour is completely white.
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carried middle ear parasites (see p. 97), and all except
foetuses and newborn had body scratches, both fresh and
healed, including circular marks (see p.79 and Fig.21 for
1llustration of head profile). These larger calves had
therefore been exposad to the environment for longer than
several days. The above data are now considered critical
in estimation of annual growth increments since the first
year 1s no doubt the period of most rapid relative growth
setting upper limlts for following annual increments, all
decreasing relatively. Though fuil-term foetuses and new-
born calves could be classed as one, thelr sizes being simi-
lar, foetuses are excluded during the following comparisons.

From means of the newborn and older calves, length in-
crease was 56.4 cm (35.3%), meximum girth increase was 40 cm
(37%), with a weight gain of 109.5 kg (140%4). These diff-
erences, when coupled with the reproductive status of one
accompanying adult female (see p.70 on "Lactation") and with
the body scars and rarasites previously mentioned, is evid-
ence that the three animals described above are indeed year-
lings. Since the birth period has been fixed as late July -
mid August (p. 66) end sampling is carried out in this per=-
iod, the larger calves are doubtless 12 months old. Note
also the difference in head profiles, Fige. 214 and B.

The next group considered is composed of three animals
with four narrow dertine layers present (3 or 4 cement lay-
ers), with a mean length of 250 cm (248 - 252 cm), mean max-

imum girth of two arimals of 167.5 cm (167 - 168 cm) and
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weight of a single animal at 168 kg. The length and girth
measurements are similar in all three, and therefore the
welght is representative of all three. If these are two-year-
0ld calves, the annual gains are 34 cm in length (15.8%), 19.2
cn in maximum girth (11.5%) and a weight gain of 79 kg
(42.12). One animal had four teeth just beginning to pierce
the upper and lower gums, another had several just piercing
the upper gum, while the third showed no teeth yet erupted.

The narrow rangz of lengths and weights for yearlings
and older calves contrasts with the extreme range of lengths
and weights shown for newborns. An explanation for this is
that newborn calves display rapid growth immediately after
birth. The increase in the subcutaneous fat layer as a
thermal insulator would, no doubt, be one of the advantages
of such rapid growth in a sea mammal (Bryden, 1968 and 1969;
Sergeant and Brodie, 1969a). If the lengths and weights of
calves captured early and late in the sampling period are
compared, a difference is suggested though not a significant
one due to sample size. Eleven calves captured July 28 to
August 11 were of mean length 157.1 cm (SD = 7.19 ) and mean
weight 69.5 kg (SD = 11,3), while five of those captured
during August 16 to 27 were of mean length 167.8 cm (SD =
7.194) and mean weight 93.2 kg (SD = 1600,

Another factor to be considered is that calves born
early in the season may have had ; shorter gestation perlod,
Yet are able to galn in length and weight so that they are

similar in size to those retained as foetuses late into the
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calving season.

It is of interest to note that newborn calves of three
females identified as primiparous were of mean length 151 cm
(143 - 162) and mean weight 61 kg (57 - 68.3), while newborn
calves of three femesles consldered multiparous were of mean
length 160 em (150 - 170) and mean weight 90 kg (82 - 99).
The first three were captured July 28 to August 8 and the
last three, August ¢ to August 27,

Though speculative, it 1s possible that the range in
body size of recently born calves decreases toward the end
of the calving season in Cumberland Sound with a resultant
increased uniformity of size after one year.

Differences become obscure for want of comprehensive
data on 13 calves lerger than those described above. Loss
of ageing materlial from several and lack of accurate weights
for all, renders conclusions difficult. In these 13 calves
teeth were in the esrly stages of eruption with between 2-4
mm of the tip penetrating the gum and, in several instances,
worn slightly. Tooth layers of nine animals ranged between
6 and 8 narrow layers. Mean length was 277.9 cm (258 - 298
cm SD = 15.16) and mean maximum girth of five animals was
179.6 cm (162 - 190, SD = 10.07). Using the formula:

@og weight (kg) = 2.605 X log length (cm) - 3.807] (see
Sergeant and Brodie, 1969a), the weight range would be 298 kg
to 434 kg. A welght range of 136 kg suggests that this groﬁp
may be composed of more than one age class, probably two,
considering the variation in numbers of tooth layers.
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Kleinenberg et al. (1964) grouped all calves up to 280 cm as
younger than 4-5 months old. The phenomenal weight gain im-
plied (i.e. as high as 500%) for a small, arctic odontocete
is not reasonable and would place impossible demands on the
nursing mother (weighing about 650-1150 kg) when one consid-
ers the efficiency of conversion of milk. This gain would
be made on milk only, since these authors assume & 4-5 month
lactation period. Tomilin (1957) quotes length gains between
year classes as 62-110 cm during the first year, 22-102 cm
during the second and 23-103.5 cm during the third and sub-
sequent years. Such ranges of length gains would certainly
include two and even three year classes.

To illustrate the error in using colour phases, result-
ing in the clumping of separate year classes, I refer to
Tomilin's description of the colour groupings ysed by various
authors for beluga.

Group I includes sucklings younger than one year (140 -
280 cm) still toothless, of slate blue or dark blue colour.

Group II is composed of "gray" yearlings (250 - 390 cm),
coloured pale to bluish-gray. Teeth are present yep they
still follow the aduvlt female.

Group III "blue" two year old individuals (270 - 470 cm),
coloured pale-gray-bluish.

Group IV adult animals of pure white hue aged three
years and older, all sexually mature (320 - 600 cm).

I agree with the length ranges shown within each colour

group, but I do nct consider that these groups are a valid
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method of age classification.
I conclude that beluga under 300 cm are composed of

newborns and probably four age classes.

Weaning and Tooth Eruption.

The number of teeth erupting and their increased expos-
ure with age, is discussed under "Calf Growth Rates" (p.77).
Tooth eruption begirs late in the second year (three to four
tooth layers), with one case recorded of eruption after three
years. Teeth may erupt first in either jaw with partisl er-
uption in both jaws by the third year.

Milk 1s, no doubt, the mainstay for the first year, sup-
plemented with captured food durlng the second. As dilscussed
under "Lactation" (p. 70), the calf must be completely wean-
ed at 24-26 months since lactation appears to cease during
the mid-stages of the following pregnancy. First evidence
of weaning was found in the stomach of one 209 tm yearliwrg
(teeth unexposed) which had one squid beak, pieces of worm
case and several 1-2 cm stones.

If the teeth function in grasping prey species the
calves must compensete for lack of them durlng their second
and third years. Suction should be éonsidered as a possible
feeding method (see also Ray, 1966). The rather indiscrim-
inate contents of tre above yearling may be 2 result of such
a feeding method. Fowever, fish bones, otoliths, crustacean
parts and squid beaks were pregsent in the stomachs of two
and three year old calves with only a few teeth piercing the
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gum. Along with suction as a possible method, these calves
may have been assisted by adults intentionally or unintent-
lonally killing and leaving whole or fragments of agile prey
for the calves to pick up. Kin co-operation is implied if
this behaviour were intentional (Brodie, 1969b). The nar-
whal, Monodon monoceros has a similar mouth structure with

no functional teeth through life, yet successfully feeds on
cephalopeds and fish (Tomilin, 1957). This is more reason

to consider suction as a means of feeding by toothless beluga
calves,

It is of interest to note that Sergeant (1959) found
the widest layer of dentine to be deposited in the first
year of Tursiops truncatus, the bottlenose dolphin (he con-
cludes single annual layering for thils species).

This 1s Jjust the opposite of D. leucas where layer
width increases to middle age (see p.16 and Figs. 6 and 8 ).
The long pincer-like jaws of T. truncatus differ from the
blunt, thick-lipped D. leucas. As mentioned previously, the
latter species may use suction as a feeding ald while T.
truncatus requires rows of many sharp interdigitating teeth
to grasp prey. (Winge 1942; Sergeant, unpub.).

McBride and Kritzler (1951) state that teeth arise
through gum prominences of T. truncatus by the time the calf
1s six weeks old. My findings are that teeth of D. leucas
do nof appear until late in the second year (see also
Dergerbgdl and Nellsen, 1930) and may be retarded well into

three years. Beluga tooth size at birth is a maximum of
86



14 mm, and 18 mm at one year, yet the teeth of the much
smaller dolphin (about 11.5 kg at birth contrasted with a
79 kg beluga newborn) are about 17 mm in length at six months
(Sergeant, 1959).

There is obvious advantage for the teeth of pincer-jaw
animals to be well developed before weaning. This may be
the reason for the rapid early growth contrasted with that
of belugas, i1f suction 1is considered as a possible feeding

mechanism.
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REFRODUCTION IN MALES

Vladykov (1944) states that beluga males become sexual
ly mature at lengths exceeding 350 cm and not before 4 yeors
of age. Dorofeev and Klumov (1936) used colour phases and
stated that maturity begins at 2-3 years at lengths 270-4/0
cm. Kleinenberg et al. (1964) conclude that males are sex
ually mature usually between 380-450 cm at an age of 2-3
years., Sergeant (1962a) considers there is little diffe:
ence in age at sexusl maturity of males and females; howe-
he cautions that growth rates may be slower than those clai:
ed by Soviet authors.

Figure 22 shows volumes of single testes plotted agail
body lengthe. Volumes were estimated from measurements in
three planes, at mic-length, considering the testes to b=«

cylindrical with hemispherical ends. An abrupt increase in

volume is indicated after 381 cm. This increase is not coin-

cident with body increase, being at approximately 90% of tI
length at physical naturity (see p.35). The abruptness !
also demonstrated by the paucity of intermediate volumes
(see also Sergeant, 1962b, and Best,1969).

Spermatozoa were not present in the testes of legs tha
130 cc in volume and Flg. 23 shows the immature state of the
tubules.‘ Spermatozoa were present however, in all testes
examined over 360 cc in volume. Figure 23 shows the open
lumen of such testes with some melotic activity and sperm
atozoa present, though not in large numbers. Some spermat-
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ozoa were present irn the epididymis, although in such small
quantities that the season of sampling does not appear to be
a period of intensive sperm production. Best (1969) study-
ing P. catodon, concludes that sperm density does not in-

crease significantly during the female breeding season and

suggests that incressed androgen via leydig cell enlargement
may produce the sexval and social changes of breeding males.

The apparent segregation of the herd within the fiord
during the calving-sampling period suggest that this is not
a period of sexual sctivity while the complete absence of
any very small foetuses resulting from possible July-August
matings isagain further evidence that there 1s no product-
ive sexual activity (see p. 62).

The youngest mele to show greatly increased testes vol-
ume and spermatogenic activity had 14 dentine layers in its
slightly worn teeth, indicating sexual maturity after 14 lay-
ers (assuming 2 layers per year, after seven years). With
female sexual maturity after four years (p. 45) there would
be approximately a two to one ratio of mature females to
males, indicative of a polygynous gpecies (see also Sergeant,
1962a; Kleinenberg et al., 196#).‘ ‘

The sex ratio of newborn calves does not differ signif-
icantly from parity (12 male, 11 female) but the adult sex

ratio remains undetermined.
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Figure 22 13 a plot of calculated single testes
volume against body length. The abrupt increase

in volume indicates sexval maturity, with sperm
production found only in testes in excess of 360 cc.
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FIGURE 23

Figure 23 shéows photomicrographs of immature and mature
testes and epididymis sections.

(A) Testis tubules of a heluga (15 tooth layers and single
testis volume 149 cc) at approximately 800 magnification.

(B) A single testis tubule of the section shown in (A).
Sloughed cells are shown compacted in the lumen,
Magnification approximately 1600,

(C) Testis tubules of a male (21 tooth layers and single
testis volume 513 cc) at approximately 200 magnification.
The lumens are not compacted with cells as in the above.

(D) Lumen of a single testis tubule at approximately 1600
magnification. Spermatozoa are present among the sloughed
cells.

(E) Epididymal tubule of testis shown in (C) at approximately

800 magnification. Small numbers of spermatozoa were
present in some of the tubules.
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NUTRITION

Food and Feeding.

It became apparent early in the fleld work that beluga
of Cumberland Sound 4o not feed intensively during their
stay in Clearwater Flord (see also Kumlien, 1879). Regur-
gitation of stomach contents during pursult was not noted nor
was it observed of live, enmeshed animals. If fright causes
regurgitation (Vliedykov, 1946) then the mass herding of sev=-
eral hundred animals during tagging programmes should have
vielded, to say the least, spectacular evidence (which it
did not). Moreover, the Eskimo hunters do not mention re-
gurgitation during pursuit (probably the best evidence).

The reason for the summer presence of beluga in river
estuaries 1s discussed by Sergeant and Brodie (1969a) and is
copsidered more of & thermal rather than a nutritive advant-
age, therefore I suggest that for a major portion of the time
of Vladykov's sampling, feeding may not have been intensive,

Table I shows the diversity of food species and number
of times remnants were found. These apply only to the first
69 animals, whose stomach contents were preserved and later
examined, The stomechs of all later specimens were examined
in the field, though not preserved.

Vladykov (1946), Kleinenberg et al. (1964) provide more
comprehensive analycis of stomach contents.

No quantitative analysls can be made of Cumberland

Sound beluga feeding, Qualitatively, diversity of food
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TABLE I

STOMACH CONTENTS OF 69 BELUGA

Number of Times in
Food Species Specimens Stomach

ARTHROPODA
Crustacea
Decapoda
Pggurus sp.
Sabinsa septemcarinata
Sclerocrangon boreas

Spiror SPos
Idoteidae (unidentified)

Anonyx nugex 150=-200
Caprellidae (unidentified) 1

wWwWEHEDDWE
= NN NDW

MOLLUSCA
Pelecypoda
Teleodesmacea
Sgxicava arctica
Agstarte borealls
Archaeogastropoda
Margarites sp.
Stenoglossa
Buccigum undatum 1
Prionodesmacea
Muscylus spe 2 2
Cephalopoda
Decapoda

Gonatus b 200-300 26
Ebeaks only)
ANNULATA

Chaetopoda
Polychaete
Cistenldes sp. 1
Sabellidae (unidentified) 5

® R
I e

_

wm =

CHORDATA
Ascidiacea
Ptychobranchia
Molguls sp. 8 5
Actinopterygii
Teleostel
Gadus ogac = 25
Borecgadug sp.
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species from this sample indicates the broad food web of
D. leucas, no doubt of selectlive advantage, considering

productivity of arctic waters (Sergeant and Brodie, 1969a).

Fat Thickness.

The greatest variation in fat thickness of Cumberland
Sound beluga appears among the sexually mature females (see
Sergeant and Brodie, 1969a). Mature females with thin, fat
layers were found to have been nursing for one or two years,
while extremely fat animals were in full term pregnancy or
recently parturient. Males of Cumberland Sound tend to vary
little in relative fat thickness (Sergeant and Brodie, 1969a)
and we assume that the great varlation in girths and weights
among separate beluga populations is due mainly to fat thick;
ness relative to their length.

Fat thickness, as insulation should decrease with in-
crease in body volume, if that is its sole function. This
is not the case, therefore this unnecessary thermal insulat-
ion may be more of a nutrient store with its variation among
populations an indication of increased selection for animals
with abllity to withstand more extensive migrations or isol-
ation in a small opening of frozen sea for extended periods
(Freeman, 1968: Kleinenberg et al., 1964). The excessive
fatness of recent post-partum females could be considered as
a homeostatic mechanism for both the adult and her calf since
the calf is dependent on her for nutrition. Excessive mean-
ing thickness beyond that required as insulation and as a

food source for the calf.
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BODY SCARS AND PARASITES

Origin of Body Scratches and Large Scarse.

The majority of large scars (as long as one meter) weee
on the back, the area exposed to the water surface during
respiration. Large, fresh wounds in the same areas usually
vielded fragments of bullets commonly used in the region
(o222 and .243 caliber). Having hunted beluga with the local
people I do not hesitate in attributing most large scars to
hunting injuries. There are several that could be credited
to attack by killer whales Orclnus orca; the local hunters
speak of such attacks.

The long parallel scratches on the epidermis of all but
newborn animals, most notably the young males, are considered
by the Eskimos to be the result of polar bear attacks and
clawing by seals. My first impression was that most origin-
ated from intraspecific conflict, however the position of
scratches on the sides and back indicate they could not have
resulted from biting, therefore, explanations by the
Eskimos must be considered {I have a high regard for the
behavioural-anatomical knowledge of the Eskimo people). The
documented occurrences of beluga trapped for several months
in small open water areas of sea ice (Freeman, 1969) and
reports of polar beer attacks on whales trapped in this
manner (Kleinenberg et gl., 1964) support Eskimo views.

The "playfulne&s" described by many authors in writing

about odontocetes, snd thelr curlosity, adds weight to the
96



possibllity of scratches originating from encounters with
seals. Scheffer (1969) illustrates similar scratches on
the skin of the killer whale Q. gorca and credits these to
intraspecific conflict. The majority of scratches on

beluga seem most eas’ly credited to harrassment of seals,

especially by the young males.

Parasites.

No external macro-parasites or commensals were found,
though all beluga other than newborns carried nematodes in
middle ear sinuses and attached to the stomach wall. Small
numbers of genus Anlsgkis were found in the stomachs. The
middle ear sinus of older beluga always carried parasites
of family Crassicaudidae with smaller numbers in younger
animals and none visible in newbornse.

Two older, sexually mature males were found to have
large cysts on the end of the testes which, when sectioned,
contained single female Crassicaudids approximately 10 cm
in length (see Fig. 24).

Species of the family Crassicaudidae are known to be
parasitic in the urogenital system of cetacea but rarely
in other body systems (Yamaguti, 1961).

Kleinenberg et al. (1964) describe the parasites of
D, leucas in detall (see also Skrjabin and Andreewa, 1934).
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FIGURE 24

Figure 24 shows one of two cysts found in the testes of
two sexually mature males (magnification approximately
1.25). A single female Crassicauda was found within the

collapsed membranous sac depicted here as being extracted
from the cyst cavity.
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BEHAVIOUR

As stated in the section on male sexual maturity, the
herd appears to be fully represented in Clearwater Fiord
during late July to mid-September, yet there is some
segregation of males and females within the fiord. Kumlien
(1879) mentions that the Eskimo hunters believed the herd to
be segregated in this same fiord, though he dismisses their
view with no explanation for doing so.

The females about to calve or which have recently calved,
remailn separated from the main herd, and move along close to
the shore or in smaller, sheltered bays. This is rather
obvious Jjudging from the animels captured and from field
observations.,

Reasons for segregation could:be to protect the calf
from physical injury within a large milling herd of adults,
or to avoid exposing the calf to excessive wave height and
difficulties in respiration. Both mother and calf rejoin the
main herd by mid-September. Temperatures in the flord range
between 5 - 9,52 C at half-meter depth with a usual reading at
7¢5 = 8°¢c during the calmer periods of the tide (August reading).

The calving area of Seal River in Hudson Bay indicates
half-meter temperatures of 12°C, being consistent even during
the tides (see Sergeant and Brodie, 1969a).

Quoting from Kleinenberg gg.g;. (1964); "....there are
family groups in the herd which consist of an adult female
and her young of different ages", and, "....Wwe repeatedly
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observed a female with her suckling together with another
edult beluga, which was sometimes larger than the female.
As the beluga become fertilized soon after giving birth ...
it may be assumed that the other beluga was a male."

Having observed simlilar behaviour while studying div-
ing patterns, I agrez with all but their final statement.

It is common to see 2 female with & newborn immediately be-
side her and with on=2, scmetimes two, larger, non-white bel-
uge accompanying them. These larger beluga may be near the
size of the mother. This could be an extended family of

two completed reproductive cycles. Such a group may be of
selective advantage in feeding. Kin-cooperation 1s again
implied as it was in the chapter on "Weaning and Tooth Erupt-
ion" (see also Brodis, 1969b).

It is because Kleinenberg and his co-authors maintain
there 1s impregnation immediately after birth that they as-
sume a large animal accompanylng a post-partum female to be
a breeding male, Also, their observations were made from a
moving alrcraft while mine were made from the surrounding
cliffs. I would interpret their last observation as a rec-
ently calved female and newborn accompanied by a large im=-
mature female, possibly her offspring. Considering the size
difference of male end female beluga and their age and col-
our at sexual maturity (see pp. 31 and 88 ) I would have ex-
pected the former avthors to state that the accompanying

animal was invariably larger than the female and‘whlte in
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colour: they do not.

In several instances, large lmmature female beluga were
captured in the same nets with post-partum females. Epimel-
etic behaviour could be considered ﬁere along with the more
acceptable theory of kin-cooperation (Hirsch, 1967; see also
reviews by Caldwell and Caldwell, 1966;.Evans and Bastian,
1969) . '

The Cumberland Sound beluga do not have a breeding
reriod during the calving season, therefore all larger
beluga observed:to be accompanying nursing mothers are

considered to be lmmature and possibly siblings.
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MIGRATION STUDIES

Herding and Tagging.

In a recent pape» (Sergeant and Brodle, 1969b) we des-
cribe tagging beluga in the Hudson Bay region. Over a three
year period (1967-1969) approximately 1700 beluga were tagged
using the dart or harpoon tag shown in Fig. 25 The Seal
River, 35 miles north of Churchill, Manitoba, proved ideal
for herding large numbers of beluga into shallow estuaries
using as few as 5=6 canoes.

Less successful tagging programmes were attempted in the
MacKenzie River Delta region and in Cumberland Sound, the
difference in tagging success seemed to be related to the
depth of water. The Seal River population could be driven
into 2-3 meters of water where escape by diving under the
canoes was reduced. The Cumberland Sound beluga when herded
in Clearwater Flord could easily dive and escape due to the
depth.,.

In an attempt to prevent these animals from escaping,
sounds of the killer whale Orcinus orca were transmitted
underwater., Three battery powered amplifiers transmitted
tape recorded sounds through submersible speakers (see Fig.

2539 The transmitters were made of relatively inexpensive
components costing $75 per complete unit and weighing 7.5 kge.
Four, small $7.00 transceivers (walki-talkies) were used to
coordinate the herding.

The beluga did react to the sounds but whether they
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recognized them as QOrcinus orca is questionable. Any under-
water nolse had the 3ame effect egs the sound of the out-
board motors and rifles fired into the water caused a simil-.
ar reaction.

Once herded into the river estuary of Clearwater Fiord
(see Fig. 2 ) the animals could not be forced to move up-
stream into the flood plain where they could be stranded at
low tide. This was once the practice of whalers and Eskimos
in the area.

The recent fallures in attempts to force herds into this
area puzzled the Eskimos. The only conclusion I can draw is
that the flood plain has changed over the last few years
increasing the size of the silt deposit at the river mouth
(see Fig. 2 ) and over which the beluga will not pass.
Another reason may b2 change in reaction to herding. Beluga
of Cumberland Sound take advantage of the water depth and
escape by diving, a behaviour of great selective value con-
sidering the hundreds of animals once slaughtered by organ-
ized herding and stranding in this region. Kleinenberg et al.
(1964) speak of the rapid ad justments mede by beluga to hunt=-
ing pressure, elther by refusing to be driven or by avoiding
the area of hunting altogether.

To date, tag returns from the Seal River project have
shown the movements to be along the west coast of Hudson Bay
with indications that the small-bodied Hudson Bay animals
are an indigenous population (Sergeant and Brodie, 1969a,

1969b). Tag returns depend on the number of beluga taken
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FIGURE 25

Pigure 25 shows herding and tagging equipment.

(4) The killer whale transmitter shown with the submersible
speaker which fits below the tape deck during transport.
The scale is 15 cm in length.,

(B) The harpoon tag (16.5 cm in total length) with labeled

plastic streamer and inert metal head. Approximately 1700
of these were attached to beluga.
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commercially eand this fluctuates yearly due to the sporadic
fishery.

(a) Tetracycline Injections.

Tetracycline hes the property of combining with calcium
(chelate formation) when injected into organisms, Under
ultraviolet light, energy in the form of fluorescence is
released by this formation. Its other properties are that
tetracycline combines with calcium almost immediately upon
injection and that it is taken up more readily in areas of
increased bone growth activity. Most important is that
tetracyclines are readily tolerated antibiotics (Eger et al.,
1964) and have a long lifey I refer to Korzybski et al.
(1967) for a review of the origin, nature and properties of
tetracycline. Tetracyclines have been used successfully as
bone tracers for age determination of carnivores (Yagi et al.,
1963; Linhart and Kennelly, 1967).

During the 1968 herding and tagging of beluga in Hudson
Bay, 93 beluga were stranded and given intramuscular injections
of Tetracycline Hcl, dosages based on body-size estimates.

The intention was to inject 25 mg per kg body weight; however
the range was no doubt 15-25 mg per kg body weight. The
smaller dosages were injected in the larger animals due partly
to ha&ing-one of two syringes broken during capture of the
animals and paftly the fact that large dosages must be injected
Into two or more points on the back muscle to reduce the
hydraulic pressure of the injection. Larger animals .could
not be held for the full injection. All injectlons were
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intramuscular rather than intravenous, the former considered
less dangerous to the animal. Injections were in the least
mobile part of the mody in a highly muscularized region, in
this case, the backnmuscle dorsal to the flippers. This was
done since the injections can be extremely painful in a
flexible region.

To date, né injected animals have been returned by

hunters.
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POPULATION STUDIES

Population Estimates Based on Aerial Survey.

Judging from the reports of Eskimo hunters and from my
four years of travel in Cumberland Sound, all or almost all
beluga occur in Clearwater Fiord during late July to mid-
September. Both sexes and all age groups are represented.

Prior to the aerial count, observations on diving
behaviour were made from the surrounding cliffs. Single
and grouped animals were watched with binoculars and their
diving patterns timed with a stop watch. An average diving
sequence consisted of 5.5 shallow dives during which time the
animals were constantly visible from the air. Thé shallow
dives were followed by a single dive of greater duration
and depth, when the animals were invisible. The mean
duration of the whole sequence was 122 seconds, during 87
of which the whale was visible.

A light alrcraft was chartered from Frobisher Bay on
August 30, 1967 and a count of Clearwater Fiord beluga
yielded 476 and 455 animals on two consecutive counts. Two
ad justments must be made to the mean figure of 465.

(1) Animals below visible range, are previously
calculated relative to visible numbers as 35/87 dr <40,
thus: 465 + (465 X .40) = 652, '

(2) Due to the small size and dark colouration of the
newborn and year old calves, it is assumed that the majority
of these were excluded, only the larger and lighter coloured
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animals being included. Using 10% as the number of newborns
present and (considering first year mortality) 8% as the
number of yearlings present: 652 + (652 X .18) = 769, the
population in late August, 1967.

The diving pattern used to calculate the number invis-
ible was derived fron a population that was not considered
to be feeding intens:ively, and was milling about in random
fashion. It is ques®ionable whether this correction factor
could be applied to a migratory herd.

A surface count would have a majority of animals
invisible since respiration and back exposure time 1is

approximately 3 seconds in duration.

Non-Commercial Hunting Mortality.

The number of bzluga killed by Eskimo hunters in the
more remote camps of Cumberland Sound is not definite.
Having lived in several of these caﬁps during the migration
of beluga past them, I estimate several anlimals are taken by
each camp of hunters each season. Camps closer to the
calving area at the head of the Sound would probably take
more animals, since beluga remain there for 8-10 weeks.
Approximately ten camps existed in Cumberland Sound, seven of
these near the migratory path of beluga. In the camps, any
large hunted beluga are obvious on the beach or moored to a
rock in the tidal zone. On occasion, hunted newborn beluga
had been noticed in the bottom of freighter canoces or whalé-

boats, or dragged up on the beach. These calves are not large
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enough to be conspicuous and may represent a rather signif-
icant factor of calf mortality. For example, three newborn
beluga were found in one whaleboat and were taken by a hunt-
er with a rifle while proceeding up Clearwater Fiord (prob-
ably 1-2 hours duration). The taking of newborns is made
easy once the calf is separated from its mother, losing the
apparent assistance of echelon swimming formation, and be-
coming disoriented.

In addition to the sporadic commercial hunting of beluga,
this annual killing by hunters should be considered. A very
conservative estimate would be forty adults and calves taken
in this manner. The camps’'are now being abandoned with con-
sequent reduction of this mortality, quite significant when

considering the small size of the population,

Estimation of Earlier Population Size.

The calculations resulting from the aerial census ind-
icate that the populetion must have been greatly reduced in
recent years, when it 1s considered that, until the early
1960s, this populaticn was exploited commercially.

Sergeant (1962a) tabulated the annual catches for the
commercial fishery ir Cumberland Sound, dalculatlng the
number of individuals captured, from the oil yield (using the
Churchill, Manitoba, plant mean yleld of 30 gallons per
beluga). Because of the larger size of Cumberland Sound
beluga (Sergeant and Brodie, 1969a), 40 gallons may be a
closer estimage of mean yield. This would reduce Sergeant's
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estimated mean annual catch between years 1948 to 1960 from
163 to 134 animals. To this figure must be added the conser-
vative estimate of 40 animals taken non-commercially (see

Pe 110). If all natural mortality is considered (no doubt
being greatest in calves) an annual herd production of 8%
can be used as an estimate to back=-calculate earlier populat-
ion size from the 1657 census (see Table II, p. 113). The
population estimated to exist in 1960, after the summer's
calculated catch of 194 animals is about 700 beluga. This
was the year of the cessation of commercial hunting. Follow=-
ing this procedure to 1948 (the first year of recorded oil
yield, Sergeant, 1962a), it is calculated that, prior to the
summer's catch, the population must have been of the order
of 1750 animals. The estimated mean kill of 174 animals

(see also Doan and Douglas, 1953) from commercial and non-
commercial hunting was apparently greater than the annual
herd production between 1948 and 1960. The hunting pressure
would have an increasing effect as herd size diminished. It
is also assumed here that the herd remained intact, that 1is,
that all remaining animals returned to Clearwater Filord each
year.

There are admittedly, many assumptions in the above
calculations. However these are justified, in part, by
Soper (1928) who writes of the commercial hunting in upper
Cumberland Sound (Issortukd juek Fiord, now called Clearwater
Fiord). In 1923, about 600 were killed by herding and
stranding. In early July, 1924, about 800 were killed by
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TABLE II

Back=calculation To estimate earlier population size.
The population censused in 1967 is shown in brackets.
The arrow indlicates the direction of back-calculation.

Fokd P iNe BLsERs T LT LA Ve MY seprtaticn
1947 - o - 1617
1948 1746 80 40 1626
1949 1756 128 40 1588
1950 1715 65 40 1610
1951 1739 219 40 1480
1952 1598 156 40 1402
1953 1515 160 40 1315
1954 1420 140 40 1240
1955 1339 194 4o 1105
1956 1193 125 40 1028
1957 1111 104 40 967
1958 1044 63 40 9l1
1959 1016 153 4o 823
1960 889 155 40 694
1961 750 " 40 709
1962 766 - 40 726
1963 784 " 40 744
1964 804 - 40 261
1965 825 - o 785
1966 848 - < —80< 768
1967 829‘2“"_—_—f:——ﬁ___————__1;;;-————‘_—:?69)




the same method. On July 29, 1924, "large numbers" of
beluge were observed in Clearwater Fiord and in the summer
of 1925, "larie numb2rs" of white whales were killed for
commerclial use. If nis kill estimates are accurate, the
population must have been quite large to have 800 and 600
taken in two summers, plus a large (but unknown) kill two
vyears later. It mus” also be assumed that there was a non-
commerclial kill by the many active camps of that period.

The conclusions here are that the initially large bel=-
uge population of the early 1920s was rapldly reducéd by mass
strandings, remnants of this herd being more slowly reduced
by the smaller commercial fishery of the 1940s and 1950s
(hunting pressure in the 1930s is unknown). By the 1960s,
the herd had been reduced to such a size that non-commerclal
hunting and natural nortality have accounted for much of the
herd increase. This also indicates that production is not

high (see p.l118for further discussion).
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DISCUSSION

Comparison of Studies.

Many points have been covered in this thesis, no doubt
some of academic interest, rather than of practlcai valuee
These can be omitted here and left to the summary.

‘The object of this study has been to carry out a rather
intensive analysis of a small sample in order to find those
aspects where variability and misinterpfetation can lead to
gross error when making generalizations. Though I consider
the observations documented by Kleinenberg et al. (1964) as
accurate, I disagree with many of the;r interpretations.
Most of my findings have been contrasted to those of the
above authors, since theirs are‘the most'comprehensive studies
published on the species Delphinapterus leucas and §he only
ones which come to decided conclusions.

Some disagreement is no doubﬁ the result of size varia-
tions between populations (Sergeant and Brodie, 1969a),
while another source may be temporal differences of activit-
ies among populations due to variations in climate and 1ice
conditions in the circumpolar regions of the arctic (i.e:
breeding and calving periods).

The disagreement about reproductive potential is due to
differences in interpretation and it would seem more practi-
cal to 1list the more critical aspects covered by the Soviet

authors while referring to my own findings:
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(1) They have grouped three and possibly four separate
year classes along with the newborns. This has the obvious
effects of underestinating ages of adults and of implying
prodigious growth rates of calves (see "Early Development”,
Pe 77).

(2) They considered large corpora as representing prev-
ious pregnancies. No consideration was given of multiple
ovulation or accessory corpora as additional sources (see
pPP. 49 and 56).

(3) When accessory corpora were found, they interpreted
them as representing a corpus from a very recent birth plus
a corpus of an early pregnancy. This conclusion supports
their theory of 11.5 - 12 months gestation, and annual re-
productive cycles. I found that these double corpora were
from one pregnancy only, with no evidence of post-partum
pregnancies (p. 62 ).

(4) They argue that "the sharp decrease in the numbers
of females with five or more scars apparently indicates in-
tensive elimination of the older age groups". while account-
ing for corpora number variation among animals of similar
ages, I found that few represented pregnéncies, most result-
ing from unfertilizecd ovulations and accessory corpora. My
conclusion 1s that corpora scars are no real indication of
production and that an older animal with several well spaced
(temporally) scars could have been much more productive than
a younger animal with many corpora (most being of ovulation

only). There is some stability of the reproductive cycle
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among older females, such as better coordination of ovulat-
ions with mating activity and possibly a selection for larg-
er, older females by the males; This results in increased
rate of pregnancy per ovulation.

(5) They interpret observations of larger beluga ac-
companying post-partum females as evidence of post-partum
breeding, correlating this with the accessory corpus. I
interpret these groups as consisting of a post-partum beluga
adult accompanied by an older calf, possibly a sibling of
the newborn.

(6) Having found milk present in the stomachs of beluga
calves of 280 cm, they conclude that these are 4-5 months
old, since they believe lactation only lasts 4-5 months.
These calves are approximately 3 years old (see p.83).

(7) To account for the non-pregnant, sexvally pature
females they postulate a 4-5 year series of annual preg-
nancies, gradually golhg out of phase with thelr proposed
post-partum breeding season (since they consider there 1is
a 2-4 week lag in impregnation after birth). There is then
a one year “"resting period" since they missed being impreg-
nated.

I would interpret these non-pregnant animals as ones
which have calved 1-2 years previously, and are nursing an
older calf.,

Their arguments become circular since they have based
all thelr analyses on the false premise that the reproduct-

ive cycle is annual. A three year reproductive cycle such
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as assumed in this thesls, explains the facts much more

economically, and without contradictions.

Productivity.

Kleinenberg et gl. (1964) are rather vague in their
estimations of the age at female sexual maturity, their more
consistent reference being that females over three years old
are sexually mature, rarely at two years. They consider that
births are annual over 4-5 year cycles with a one year break
in production (see p. 75).

My conclusions ere that the majority of females are sex-
vally mature at five years and as early as four. Tre reprod-
uctive cycle is considered to be one calf every three years
(see pe 75).

A simple comparison of potential rate of increase can pe
made 1if no mortality or density dependence is assumed.
Multiple births are extremely rare, Kleinenberg et al. (1964).

Using the equation given by Cole (1954) and applied to
pinnipeds by McLaren (1967):

1 =eT+ beT® — peTimtl)

Where: r = instantaneous coefficient of
potential rate of increase.

a = nean age of females producing
their first young (increased
here by one year to allow for
gestation) i1.e. 4 and 6 years.

o
il

potential annual birth rate of
fenale young. From my calcul-
ations 0.125, considering births
every 3 years and 0.40 for
Soviet researchers, consldering
L. births every 5 years.
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m = potential mean age of females
producing thelr last young,
considered here to be 20 years
(though an arbitrary figure).

This procedure of estimating r is approximate, but
adequate for the purpose. Estimates arrived at are:
r = 0,056 based on my conclusions and r = 0.143 based on
the conelusions of Kleinenberg et al. (1964), the latter
2.5 times the former (at an arbitrary 20 year lifespan).
This difference deserves resolution if intensive commer-

cial exploitation is planned in future.
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CONCLUSIONS

(1) The total sample of 124 beluga, De napter
leucas, was collected in Cumberland Sound, Baffin Island.
Particular attention was paid to the associations of cap-
tured animals. A sempling blas existed toward sexually
mature females and rnewborn calves. |

(2) Tooth mineralization is regulated by the presence
of the odontoblast processes, in turn probably beinz control-
led by the availability of body minerals. Two tooth layers
and one mandlibular layer are considered to be annual
increments.

(3) Whitening of the females occurs after 12 tooth
layers, 15 layers in the male. Physical maturity is attain-
ed at approximately 362 cm in females and at 427 cm in
males. Life-span 1c considered to be about 30 yearse.

(4) Females attain sexual maturity after four years at
approximately 85% of their physically mature length. Multiple
ovulations during the single annual estrus period are typical
and along with accessory corpora account for the majority of
ovarian scars. The variability in numbers of corpora
accumulated by beluga females renders age determination and
production estimates from corpora numbers inaccurate.

(5) The breeding season is in liay with a gestation
period as long as 1L.5 months. Single births occur in late
July and early August followed by two years of nursing.

Reimpregnation occurs in the latter months of the second year
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of nursing. The reproductive cycle is considered to be 35,5
months.

(6) Calves are a mean length of 159.6 cm at birth and
mean weight of 79 kg, increasing length and weight during
the first year by 35.3% and 140% respectively. Length and
weight gains during the second year are 15.8% and L42.1%
respectively.

(7) Weaning and tooth eruption begin during the second
years however, teeth do not protrude in any numbers until well
into the third and fourth years. ©Suction and kin-cooperation
are suggested as alds in feeding of the toothless calves.

(8) Sexual maturity of males occurs after seven years
at approximately 90% of physically mature length. An abrupt
increase in testes volume coincides with production of
spermatozoa. There is an approximate 2:1 ratio of sexually
mature females to meles 1f survival of both sexes is similar,

(9) Very little feeding takes place during the
migration into Clearwater Flord though the small amounts of
food present in the stomachs suggest a very broad food
spectrum. The reascn for the presence of beluga in this
fiord is consldered to be more of a thermal advantage rather
than nutritive.

(10) Fat thickress variation is greatest among the
sexually mature femeles due to the long lactation period.

(11) Large wouﬁds are attributed mainly to bullet injur-
ies while the long scratches are most readlly attributed to
the harassment of seals, especially by the younger animals.
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(12) Large numbsrs of nematodes, Crasgsiceuda sp. were
found in the middle ecar sinuses of all but newborn animals.
Small numbers of Anisakis were present in the stomachs.

Two males were found to have testes cysts containing single
Crassicauda sp.

(13) There was “ull representation of the herd in
Clearwater Fiord; however, there was segregation within
females and newborns remaining close to shore and away fron
the main herd. Adult females may be accompanied by one or
more of her previous offspring in addition to a newborn.

(14) During migration studies 1700 beluga were tagced
in Hudson Bay, 93 of these injected with tetracycline.

(15) An aerial survey of Clearwster Fiord indicated
the beluga population in 1967 to be an estimated 769 animals.
By conslidering commerclal and non~commercial mortality over
the last 20 years it was concluded that this population was
exploited far beyond thelr reproductive capacity.

(16) Considerable disagreement exists between these
findings and those o7 other authors. The increase in age
of female sexual maturity and increase of gestatlion and
lactation periods, results in a productive capacity

approximately 40% of that calculated by Soviet authors.
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