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Preface

This year’s Annual Report contains materials from the following meetings:

the 33rd Annual Commission and Scientific Committee Meetings;

the Workshop on the Design of Sightings Surveys;

the Workshop on the Identity, Structure and Vital Rates of Killer Whale Populations: and

the Special Meeting on Southern Hemisphere Minke Whales.
In addition to the Reports of these meetings, eighty-seven scientific papers are included, all of
which have been revised to some extent since their presentation to the Scientific Committee.
Copies of papers presented to the Scientific Committee but not published here can be obtained
from the Office of the Commission at cost price.

GREG DONOVAN
Scientific Editor
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Fig. 1. Decalcified cut surface of a male sperm-whale tooth.

Expert or subjective assessment of laminations

The age of sperm whales is arrived at by the estimation of
the number of main layers or GLGs. This approach has
enabled general conclusions to be drawn on the life-span of
sperm whales, the growth curves of males and females, the
ages at sexual and physical maturity, and to allow
determination of the correlation between different age
groups etc.

However, at the same time, the complex nature of the
laminations and the problems associated with determining
additional from main layers does not always allow us to
estimate the number of annual layers with ‘absolute’
accuracy as it is now understood. For these reasons, the age
determination of sperm whales is often ‘erroneous’ and is
to some extent subjective. It often happens that
investigators in the same laboratory using the same
methods and with the same scientific opinions arrive at
different assessments of the GLG number; the differences
are not great but do exist. Indeed the very fact that
‘experts’ are used emphasises the subjective nature of
aging teeth: there is no need for ‘experts’ when the
investigated characteristics are obvious and discrete, e.g.
when determining the number of ventral grooves. Strictly
speaking, expert assessments are qualitative and not
therefore an ‘assessment’. Although numbers may be used
in expert assessments they are only rough, approximate
and subjective. For example, in assessing mastery in
certain sports (e.g. figure skating, gymnastics etc.) the
experts can arrange the sportsmen in order of merit easily
enough but cannot give a true quantitative assessment of
the degree of mastery of one sportsman over another.
Although this is an extreme example, an increase in the
number of experts cannot practically alter this and the
essence of the assessment will remain qualitative and
subjective. One question which may well be asked is
whether an expert assessment can in general be a scientific
one?

Turin (1978), in examining certain nonparametric
statistical methods wrote: ‘expert assessment has been
popular in certain circles. Some specialists are ready to use
experts in any difficult case. Others consider the value of
using experts to be fictional and believe that such methods
will soon be out of fashion’. I believe that such an approach
is valid only up until quantitative and objective assessment
methods have been developed. One of the peculiarities of
expert assessment is that increasing the number of experts

serves only to increase the variation and that therefore
there is no reason their number should exceed 5-6 persons.
It should also be remembered that both the mean and
extreme values have a similar probability of coinciding with
(or indeed differing from) the true value. The results of
each expert may be more ‘truthful’ than the total averaged
solution. This was confirmed in the results of Donovan et
al. (1982) where there was clear variation in the readings.

I do not believe that it is correct to average the results
obtained by different experts as there are no grounds to
suppose that average values are closer to the ‘true’ values.
Averaging also tends to hide the divergences in the results
of the experts. Fig. 2 shows that the divergences seen in the
GLG counts between the first and second experts are
practically the same as those between the second and third
experts, i.e. between two English experts. In the first case,
the readings coincide in 5 cases, and are higher for the first
reader on 29 occasions and lower on 16 occasions. In the
second case, readings coincide 7 times, and are higher for
the second expert on 27 occasions and lower on 16.

To assess the significance of these divergences | have
used a range Willcockson method used for the variants
conjugated by two (Urbah, 1963), as possessing a great
effect. The ‘U-criterion’ appeared to be 2.17 in the first
case and 2.16 in the second one. That is the truthfulness of
the assessment divergences between the first and second
experts and the second and third ones is almost the same,
within the ranges of 0.05 and 0.01 levels of significance.

It is clear that averaging could be applied not only for the
four experts, but also with all six, and that the results would
be very close (although not necessarily closer to the truth).

To illustrate the subjectivity in GLG counts, the results
of the second, third, fourth and sixth experts coincided on
only three out of 50 comparisons performed and on only 11
occasions did the values obtained by three out of four
readers coincide. In all other cases the readings. although
close, were different.

I have noted that increasing the number of experts only
increases the variation. To obtain the base material for this
paper, the same 50 teeth were sent to Dr A. A. Berzin
(TINRO, Vladivostok) and Dr G. A. Klevezal (Institute of
the Biology of Animal Development, USSR Academy of
Sciences, Moscow). Their results are given in Table 1.

The readings given by Dr Berzin (the seventh expert) are
between those given by the first and second experts, and
those of Dr Klevezal (the eighth expert) are between the
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Fig. 3. Decalcified cut surface of a tooth of a young female sperm whale (above) and a

profilogram of this tooth (below).

we have seen earlier, these layers were termed ‘marks’ by
Klevezal and Tormosov (1971). The distances between
layers are not always constant which does not allow
accurate estimation of GLGs in difficult areas.

However, if the layering is not clear to the naked eye, it
may become more clear if a profilogram of the surface
relief of the tooth is made (Fig. 5). Methods for obtaining
profilograms and microphotograms were described some
years ago (Mikhalev, 1975a and b; 1977). They are almost
the same as the methods used to obtain profilograms
(Utrecht-Cock, van, 1965) and photograms (Ichihara,
1963) for the ‘registering structures’ (baleen plates, ear
plugs) of baleen whales. Profilograms reveal the

undulating character of the laminations even when the
layers are distinctively observed. (Fig. 3).

This undulating nature is interesting and may lead to a
further line of investigation. Mikhalev (1975a) postulated
the possibility of a relationship between the character of
the laminations and solar activity, as has been observed in
trees. This possibility can and should be further examined
by considering photographs and profilograms of cut teeth
(Figs 1,4 and 5). If such a connection is confirmed, this will
help to answer the problem of how many and what kind of
layers are formed throughout a year.

Although obtaining profilograms and microphotograms
is very time consuming it does open the possibility of

Fig. 4. The varying character of the clear laminations in a male sperm whale tooth.





































































































































































288 SIGURJONSSON: ICELANDIC MINKE WHALING 1914-1980
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Fig. 1. Towns in Iceland where minke whales are frequently landed, statistical divisions of the whaling grounds and division of the grounds into

operation areas (W, NW, N, NE, E).

Today all the minke whalers are also engaged in fishing
activities outside the minke whale season. The fish species
caught include cod (Gadus morhua), lumpsucker
(Cyclopterus lumpus) and shrimp (Pandalus borealis). The
catchers are therefore equipped with several instruments
which are standard on small fishing vessels, such as far and
short ranging radio telephone systems, echo sounders and
radar, while in recent years some boats also have automatic
direction finders and the loran navigation system.

PROCESSING AND DISTRIBUTION OF PRODUCTS

Meat has always been the most important product from
minke whales in the coastal areas of Iceland, where human
consumption of minke whale meat has a long tradition. In
the past it was a most welcome addition to the poor
variability of food items available to the people. The
whales were fully utilized. Not only the meat itself was
eaten but also the flukes, flippers, tongue, blubber and
ventral grooves. In the past most of the products were
eaten fresh or salted, although sometimes smoked or
soured. The blubber was often boiled to extract the oil.

Although some catchers are now able to work up small
animals on board at sea, this is usually considered too
risky. Generally the whales are towed to the nearest town
for flensing and cooling of the meat as was the practice in
the past. As shown in Fig. 1 the landings are restricted to
towns spreading clockwise from W- to E-Iceland.

Two landing places can be considered as land stations.

The land station in Brjdnslaekur, W-Iceland serves two
vessels, while the Arskogsstrond station serves one catcher
(see Fig. 1). A slipway has been constructed and a modern
freezing plant (used also for fish products) is available.

Fig. 2. Margrét IS 314, a 4 ton minke whale catcher in operation
1914-47 (From: G. G. Gudmundsson, ‘Vaskir menn’, Reykjavik,
Nordri, 1968.)
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Fig. 3b.

SIGURJONSSON: ICELANDIC MINKE WHALING 1914-1980

Fig. 3. Two minke whale catchers now in operation. (a) Njdrdur EA 208, a 12 ton catcher, (b) Salrin

EA 151, a 28 ton catcher.

Government ordinances

The recent governmental ordinances concerning Icelandic
minke whaling are based on the IWC regulatory items. The
main articles for the 1981 season were:

(R

Catch quota: The total quota is 200 minke whales for the
season. Each boat is allowed to take a fixed number of
whales.

Catch limits: Only minke whales are allowed to be
taken. Calves, and cows with calves are protected.

. Season: The licences are issued for the period 20 May-1

September, but will be reviewed if less than 200 whales
are caught by 1 September.

n

Catch area: Catches are only allowed to be taken within
the 200 nautical miles Icelandic fisheries jurisdiction.

. Catch equipment: Harpoon guns used for Killing the

whales have to be authorized by the Ministry of
Fisheries.

Handling: After the whale is killed it has to be handled
in the particular way outlined to ensure full utilization
of the products. The whale should be landed within 18
hours of death.

. Scientific cooperation: Cooperation with inspectors

from the Ministry of Fisheries or scientific personnel
from the Marine Research Institute is required.
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Fig. 4. Kongsberg 50 mm harpoon gun mounted on the bow of S6/rin
EA 151.

8. Catch records: Twice a month a catch record is to be
filled out and sent to the Marine Research Institute,
Reykjavik. The catch records shall include name of the
catcher boat, name of gunner, date and position of
whales caught (statistical divisions shown on Fig. 1),
sex, body length, length and sex of foetus and other
information on whales caught, such as food.

9. Any violation of the regulations listed above will be met
with a punishment or fines according to Icelandic
legislation.

The Ministry of Fisheries has no special arrangement to
ensure that all of the articles are upheld. For economic
reasons it would be very difficult to send an inspector on
board every vessel since whaling operations are spread in
both time and area. However, the Ministry sends
inspectors to most of the fishing towns where minke whales
are landed to control the fisheries and these inspectors are
also instructed to keep an eye on minke whaling.

DEVELOPMENT OF THE WHALING

In his description of whales in Icelandic waters in the 18th
century, Olafsson (1772) writes that minke whales are
seldom harpooned because the local people considered the
minke whale a ‘good’ whale sent by God to defend the
people and their boats against ‘bad’ species of whales.
According to Saemundsson (1932) minke whales were not
caught in Iceland until 1914 although a few animals may
have been killed during whaling experiments in
NW-Iceland and Eyjafjérdur (N-Iceland) during the 17th
century.

Table 2

Number of licences issued to minke whalers in Iceland 1975-80 and
number of catchers taking more than 10 whales each year

No. of licences No. of vessels No. of boats taking

Year issued participating more than 10 whales
19751 6 9 4
1976 12 11 5
1977 14 10 6
1978 10 10 7
1979 11 10 5
1980 11 8 7

! In 1975 10 whales were caught by three unlicensed vessels.

Icelandic catches in the period 1914-80

Table 1 gives all known information on catches taken by
[celandic whalers since 1914. The number of whales taken
has been based on many different sources of information,
as discussed below.

Saemundsson (1931; 1937) gave information on minke
whales caught between 1914 and 1936 in NW- and
N-Iceland. Saemundsson’s catch records seem to be
complete for NW-Iceland for that period since he received
records of whales taken by Margrét IS 314 which
(according to local people) was the only catcher operating
in that area. For N-Iceland, Saemundsson only reported
the number of whales caught (see *Various boats’ in Table
1), without referring to any particular vessel. Information
from local people indicates a somewhat higher total catch
in N-Icelandic coastal waters than that given by
Saemundsson (1931; 1937) for the period 1920-35, when
according to local information no less than nine vessels
were to some extent involved in whaling. The catches
under ‘Various boats’ in Table 1 should therefore be
regarded as minimum values.

Saemundsson (1931:; 1937) did not mention minke
whaling in any other coastal areas around Iceland.
However, to my knowledge (local information) at least one
vessel was operating in the coastal waters off E-Iceland in
the 1920s. In 1923 fishermen in E-lceland argued for a
cessation of minke whaling inside the fjords, since it
‘caused serious harm to the herring fisheries’ (Anon.,
1924). This proves that minke whaling already existed in
this area, but no estimates of the number of whales taken
can be made.

For the period 1937-73 no official catch data are
available. Information on catches in this period is either
based on private catch records made by the gunners or on
my personal interviews with them. In this way an estimate
of their catches through the years has been established. I
attempted to avoid overestimating the catches, and
therefore the figures in Table 1 are conservative. Since
1974 regular catch records have been received from minke
whalers giving the true number of whales caught in the
period 1974-80.

From Table 1, a minimum of 3,362 minke whales were
killed in the period 1914-80. Fig. 5 shows the average (in
1914 only one whale was taken and in 1915 ten animals)
annual catch for each five year period between 1916-80. It
must be remembered that the data might be incomplete for
the greater part of the period and in particular for the early
years. However, it is evident that the number of whales
taken has increased in the post-war years, especially in the
1960s and 1970s. The average annual catches for 1966-70,
1971-75 and 1976-80 were 105, 137 and 200, respectively.
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Fig. 5. Iceland—Estimated average annual catch of minke whales per
5 year period during 1916-80.































































































































































































































































































































































































































































































































































480 HAY: AERIAL LINE-TRANSECT ESTIMATES OF HUMPBACK, FIN AND LONG-FINNED PILOT WHALES

PROBABILITY DENSITY
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Fig. 4. The Fourier series estimator of the probability density function of perpendicular distances (dashed line)

FREQUENCY

Fig. 5. Frequency distribution of right-angle distances, primary pilot

whale sightings.

PROBABILITY DENSITY
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0-50 [-00
PERPENDICULAR DISTANCE (NAUTICAL MILES)

fit to the histogram of the data for all primary large whale sightings.

Group size

The mean pod sizes (considering primary sightings only)
with their standard errors for each species are presented in
Table 2. Although it is intuitively obvious that sighting
probability should be a function of pod size. differential
sightability of different pod sizes does not present prob-
lems for the estimation of pod density. Quinn (1979) has
demonstrated, by computer simulation, that several

Table 2

Primary group sizes recorded during the 1980 aerial survey.

Noof Mean group Standard
Species observations size Range  error
Humpback 31 2.8710 1-8 0.4089
Fin 18 2.6111 1-7 0.4724
Minke 9 11111 1-2 0.1111
Pilot 41 26,0488  7-56  2.2064
White-beaked dolphin 20 23.5500  1-100  6.0374
White-sided dolphin 6 5.5000 1-19  2.9069

0-25

0-50 075 1-00

PERPENDICULAR DISTANCE (NAUTICAL MILES)

Fig. 6. The Fourier series estimator of the probability density function of perpendicular distances (dashed line)

fit to the histogram of the data for primary pilot whale sightings.
































































































512 KELLER et al.: INDIAN OCEAN CETACEAN SURVEY, SEYCHELLE ISLANDS, APRIL THROUGH JUNE 1980

Fig. 6. Four unidentified medium-sized whales, believed to be beaked
whales, Mesoplodon sp., including a calf, observed 27 April 1980 at
lat. 04°03.1°S, long. 56°70'E. They were tentatively identified as M.
grayi or M. pacificus (= Indopacetus pacificus).

Other information

Best (1971) reported that killer whales occur in the
Seychelles. On 16 August 1980 David Plows and Francois
Jackson (October 1980 pers. comm.) observed three
whales at 06°06'S, 57°36'E. From their detailed
descriptions the whales were unquestionably killer whales.

Seven species of cetaceans previously reported to occur
in the Seychelles were not observed during the present
survey (Table 2). A whale, identified as a right whale,
Balaena glacialis (cited as Baleine franche or Baloena
australi), was included in the take of the fishery for sperm
whales near Bird and Denis Islands discussed above?. At
least twelve pygmy killer whales, Feresa attenuata, were
reportedly observed in May of 1977, west of Seychelles
Bank; and nine small whales stranded on Aldabra in spring
of 1975 were later identified from skulls as melon-headed
whales, Peponocephala electra (Racey and Nicoll, in
press).

Sei whales are regarded as ‘probably [occurring]
throughout Indian ... Ocean’ (Best, 1971) and were
thought by Seychelles authorities in 1915 to migrate
seasonally into the area and therefore likely to be
harpooned in the fishery. Blue and minke whales have
been seen in the Gulf of Aden (Yukhov, 1969) and in
temperate waters well south of Madagascar (Gambell
et al., 1975). Minke whales were observed as far north as
about 21°S off both coasts of Madagascar and eastwards
towards Mauritius (Gambell er al.. 1975). Humpback
whales were killed off Mozambique and Madagascar by
yankee whalers in the 19th century (Townsend, 1935) and
off Mozambique by modern whaling from 1911-1915 and
in 1923 (Rervik, 1979).

*No substantive evidence supporting the identification of this
specimen as a right whale was presented. Because of the much
reduced stocks of right whales and oceanic nature of the islands the
identification must be regarded with caution (G. J. B. Ross, 1981,
pers. comm. ).
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Fig. 7. Lateral view of the skull of a goosebeaked whale (Ziphius
cavirostris) stranded on Bird Island, March 1977,


















518 LEATHERWOOD et al.: INCIDENTAL RECORDS OF CETACEANS IN SOUTHERN SEAS
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Fig. 2. Minke whales near the fast-ice edge in the southwestern Ross Sea. Note the arrangement of the slicks, parallel to the ice edge
{bottom) and semicircular (top). This second pattern was a typical record of whales emerging from under the ice into open water

and briefly hyperventilating before resubmerging under the ice.

was travelling at 11-12 kts (20.3-22.2 km/m). When
reaching burst speeds, the whales half-breached, clearly
presenting features at the cape, head, beak and body
proportions sufficient for identification.

Arnoux’s beaked whales. Berardius arnuxii, were
encountered on two occasions, a pair in water 32°F (0°C)
and 1,988 fathoms (3,636 m) and an individual in water
39°F (3.9°C) and 1,959 fathoms (3,583). Identification was
facilitated by the animals’ propensity for surfacing at angles
steep to water surface, exposing much of the beak, head
and upper body nearly to the flippers, and by the small,
sub-triangular dorsal fin. This species has not been
previously reported from Area VI (Brownell, 1974).

Of the four instances in which medium sized whales
encountered could not be positively identified, two groups
were most likely pilot whales and one individual was
tentatively identified as a beaked whale.

Dolphins/Porpoises

We encountered an estimated 0.135 herds and 1.480
individuals of dolphins, and, possibly, porpoises per
100 nm (185 km) (Table 5). Five species were positively
identified. Of the 25 herds and 275 individuals
encountered, 13 herds and 140 individuals were members
of the genus Lagenorhynchus.
































































































552 BEST: WHALES AS TARGET ANIMALS FOR SIGHTING SURVEYS

(a) Splash
(c) Back

Fig. 1. Different sightings cues for minke whales.

animal or group. Secondly, it has been shown that a
positive bias can be introduced into density estimates if the
target is moving at a significant velocity relative to that of
the surveying vehicle (Koopman, 1956). Thirdly, the
potential mobility of the animals means that if they should
react to the approach of the surveying vehicle a further bias
might be introduced into density estimates. Such a reaction
could be positive or negative, producing a respective over-
or under-estimation of density. While it might be thought
that a negative reaction would be more likely. positive
‘ship-seeking’ behaviour has been postulated for at least
one species of Balaenoptera (Mitchell, 1978), although
field data do not necessarily support this contention (Best
and Butterworth, 1980; Horwood, 1981).2 Ship-avoidance
or ship-seeking behaviour could also have considerable
bearing on the type of detection function to be used
(Horwood, 1981). Lastly, the mobility of the animals
confounds the difficulties of obtaining accurate sighting
distance measurements if the time lapsed % speed method
is used to calculate distance.

5. Gregariousness

Most whales are gregarious animals. so that the sighting of
one animal is not necessarily independent of the sighting of
another (‘clustered objects’). Although this may not cause
any problem in terms of estimation of the number of
schools, if the probability of detection is related to the size
of the school then the sample of school sizes obtained by
line transect sampling will be biassed towards larger
schools, thus creating a bias in estimation of total whale

2 Results of experiments concerned with ship-seeking behaviour,
which were carried out as a result of the meeting to which this paper
was presented are given in Leatherwood et al. (1982) and
Butterworth, Best and Basson (1982).

(b) Blows
(d) Rings

numbers. Because larger schools presumably produce
more cues (blows, jumps, etc) per unit time than smaller
schools, a greater probability of detecting larger schools of
minke whales has been identified, and attempts have been
made to account for this bias in estimating the total
population size (Best and Butterworth, 1980; Chapman,
1980; Horwood, 1981).

CONCLUSIONS

Certain characteristics of the biology of whales do not
make them ideal subjects for the use of line transect theory
to estimate density or population size. Burnham er al.
(1980) list four assumptions that they consider critical to
the achievement of reliable estimates from line transect
sampling, given in order of importance below.

1. Objects directly on the line will never be missed.

2. Objects are fixed at the initial sighting position; they do
not move before being detected and none are counted
twice.

3. Distances and angles are measured exactly; thus,
neither measurement errors nor rounding errors occur.

4. Sightings are independent events,

Clearly there are problems in satisfying the first three
assumptions in the case of surveys for whales. In view of
the discussions to be held at this meeting, however, it
would be premature to conclude that these difficulties
preclude the use of line transect sampling as one method of
population estimation for these species. The likely
direction (if not the possible extent) of some of the biases in
such estimates could be identified and subsequently taken
into account in the setting of appropriate management
regimes.
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Fig. 3. The Beechcraft AT-11 survey plane. Plates A and C present the front and side aspects of the plane, Plate B is a close-up of the forward

blister in which two observers are stationed.

cruising speeds of between 200 and 240km/hr when in the
CETAP configuration (six passengers).

Survey techniques

Survey teams consist of six persons including the pilot, a
co-pilot/navigator and four observers. Observers are ran-
domly paired and placed in the forward blister while on
transect. Each observer scans the water surface from the
bow to approximately 60° port or starboard. A full 90°
scan is not possible due to the confined space in the
observation blister. The blister observers are responsible
for reporting sightings of cetaceans, turtles and other
biological data (including human activities) in his(her)
field of view over the intercom system to the data recor-
der. Additional data such as Beaufort sea state, amount
and position of glare in the field of view, visibility and
cloud cover are also reported and recorded at the begin-
ning of each transect and as these conditions change.
Observers are rotated from the blister at the end of each
transect or after one hour on watch, whichever occurs
first. The off-duty observers alternate off-watch periods at
the data recorder station and the rest position. In addition
to hand-written notes, voice notes are recorded on mag-
netic tape through the intercom system.

The navigator is responsible for recording the aircraft
position at five minute intervals as well as marking the
radiometer strip chart at the same time. Position and
temperature information is also recorded upon each sight-
ing and at other times when requested.

Sightings of cetaceans and turtles are classified by right

angle distance intervals. The intervals used for classi-
fication are 0-0.118, >0.118-0.463, >0.463-0.926,
>0.926-1.389, >1.389-1.852, and >1.852km from the
plane track. Sightings are classified into right angle dis-
tance intervals with the aid of reference marks placed on
the blister. The reference marks represent degrees of
declination below the visual horizon. The marks are
calibrated for an altitude of 229m.

Only sightings made by the blister observers are used in
future analyses and eventual abundance estimation. The
aircraft may break from the transect to approach sightings
for positive identifications and counts. In the event addi-
tional animals are sighted while circling the original sight-
ing, these are included in the total count for the sighting.
If the aircraft then breaks to investigate the new sighting
and additional sightings are made. the newest sightings are
coded as off-transect sightings and are not included in
future analysis for abundance estimation.

Survey parameter windows

Sampling was conducted at an altitude of 229m and at a
ground speed of 222km/hr. Sampling was conducted only
in sea states defined by a Beaufort value of 3 or less and
with clear visibility of at least 3.7km. Transects flown
under conditions outside the bounds defined for 35% or
more of the line were not considered for analysis. Lines
flown with greater than 65% of the line within the bounds
defined were considered. However, those line lengths
outside of the ‘sampling parameter windows' were not
considered.
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Distribution of Killer Whales in the Warm Temperate and
Tropical Eastern Pacific

Marilyn E. Dahlheim!, Stephen Leatherwood?, and William F. Perrin?

ABSTRACT

Records of killer whale occurrence for the warm temperate and tropical eastern Pacific Ocean are summarized from 11
strandings/collections and 581 observations. Levels of sighting effort are identified and used to interpret trends in distribution and
movement. Killer whales occur from the Gulf of California more or less continuously along the Pacific Coast from 35°N to just below
5°S. Nearly all records off California and western Baja California were within 150 nm of the coast. North of 20°N., there were only
four widely scattered offshore sightings beyond 150 nm. South of 20°N, 56.6% of all sightings were within approximately 300 nm of
the coast and 78.4% within 600 nm. Two offshore clusters of sightings occurred, (1) 7° to 14°N, 127° to 139°W and (2) within a band
between the equator and 3°N from the Galapagos Islands to 115°W. Herds contained up to 75 animals, with a mean of 5.3 animals per
herd. An estimated 91% of the herds contained fewer than 10 animals.

INTRODUCTION

Killer whales, Orcinus orca, are cosmopolitan in
distribution. There are records of their occurrence from
virtually all oceans and major seas and from all ocean zones
(for review see Leatherwood and Dahlheim, 1978;
Dahlheim, 1981). Concerning their relative abundance by
habitat, Mitchell (1975) states that although reported from
tropical waters and the open sea, killer whales appear to be
most prevalent in the colder waters of both hemispheres,
with centers of greatest abundance within 800 km of major
continents. Details adequate to support summary
statements about the species’ distribution and relative
abundance, however, have only been reported for four
areas: northeast Atlantic (Jonsgard and Lyshoel, 1970);
northwest Atlantic (Sergeant and Fisher, 1957); inland
marine waters of Washington State, US and British
Columbia, Canada in the northeast Pacific (Bigg,
MacAskie and Ellis, 1976; Chandler. Goebel and
Balcomb, 1977); and coastal Japan (Nishiwaki and Handa,
1958; Kasuya, 1971). Beyond the odd sighting record there
is little or no published information currently available on
such populations in other regions. This paper reviews the
data available from 1907 through 1979 on killer whale
occurrence in the eastern Pacific Ocean from latitude 15°S
and longitude 160°W, north to latitude 35°N and east to the
coastline (Fig. 1).

MATERIALS AND METHODS

Data collection and methods of analysis were the same as
those used by Leatherwood, Perrin, Kirby, Hubbs and
Dahlheim (1980) for Risso’s dolphin, Grampus griseus. We
reviewed all previously published and unpublished
strandings and collections of killer whales in the study area.

I National Marine Fisheries Service, National Marine Mammal
Laboratory, Northwest and Alaska Fisheries Center, 7600 Sand Point
Way, N.E., Seattle, Washington 98115, USA; * Hubbs Sea World
Research Institute, 1700 South Shores Road, San Diego, California
92109, USA; ? National Marine Fisheries Service, Southwest
Fisheries Center, La Jolla, California 92038, USA.

These data were summarized and their locations plotted
and examined for distributional patterns (Fig. 2). All
previously published data on sightings of killer whales were
reviewed and tabulated.

We examined 306 unpublished observations of
free-ranging killer whales from the National Marine
Fisheries Service (NMFS) tuna-dolphin observer program
(1974-79). An additional 275 unpublished at-sea sightings
were available from our files and from the files of other
individuals and agencies. We carefully examined these
unpublished  sighting records for reliability of
identification. Interviews with observers and/or the use of
photographs assured us of the accuracy of many records.
Descriptions of animals with striking black and white
coloration, a white oval eye patch, and prominent erect
dorsal fin (all diagnostic field characteristics of Orcinus
orca) aided in verification of the remainder. We discarded
questionable records.
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Fig. 1. Survey effort by NMFS dolphin-tuna observer program
(1974-79), in hours of ship time by 5° square.
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OBSERVED SHAPE AND
POSITIONAL VARIANTS OF

GEOGRAPHIC VARIATION IN THE COLOR PATTERN OF KILLER WHALES

ALL COMPONENTS OF THE
KILLER WHALE (ORCINUS
ORCA) COLOR PATTERN
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Fig. 1. Components of the Orcinus orca color pattern with all observed shape and positional variants of the killer whale color pattern (after

Evans and Yablokov, 1978).
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catcher boats. The IWC Area where each group of
specimens was collected was designated on the data form.
The largest sample (n = 177) was collected in Area V. The
sample size from Areas I11 and IV was small (n = 38), and
since all the material was collected between 40°E and 90°E,
near the dividing line between these Areas, the samples
were combined. In addition, it was also indicated whether
pods were encountered far into open ice leads or in open
water. Details of the numbers of individuals studied by sex
and locality of collection are given in Table 2. Since the
sample sizes for the longitudinally separate groups for open
water were so small they were combined and only the
latitudinally separated groups (in ice versus open water)
were tested for differences.

Table 2
Orcinus orca sampled for color pattern in Antarctic by Soviet whaling

fleets.

Sex
Locality Male  Female Total®
AreaV, ‘inice’ 70 65 135
AreaV, ‘open water’ 21 21 42
AreallI-IV, ‘inice’ 7 7 14
Area III-1V, ‘open water’ 12 12 24
Total 110 106 216

* 20 samples were from 1977-78 season, 5 from 78-79 and 190 from
79-80 season.

ANALYSIS AND SUMMARY OF RESULTS

General features of Orcinus color pattern

In Evans and Yablokov (1978). Guldberg-Nausen’s (1894)
description of the color pattern of a fetal Orcinus was
briefly discussed. In their illustration the specimen had all
the major components of the Orcinus pattern. In addition,
their illustrations indicated the presence of a general dorsal
cape similar to that described by Perrin (1972) as a general
feature of delphinid color patterns. Based on photographic
samples from Northern Hemisphere available at the time
we considered this was a feature that apparently was not
expressed in the adult color pattern. Upon more detailed
examination of photographic samples from the Southern
Hemisphere several individuals from the area of McMurdo
Sound, Antarctic, illustrated a very visible dorsal cape

configuration of the McMurdo Sound group.

(Fig. 2). The margin of this dorsal cape runs from near the
apex of the melon to behind the dorsal fin, passing high
over the eye, forming the dorsal margin of the post-ocular
patch, and dipping below the dorsal fin to form the lower
lateral margin of the post-dorsal fin saddle. On
re-examination it was possible to detect this cape in the
photographs of all specimens from Antarctic waters and
from a few specimens from Argentina. G. M. Vienger
(TINRO) also noted that all specimens taken by the Soviet
Antarctic fleet had a pronounced cape pattern. This
feature is not discernable in photographs of individuals
from any of the other geographic areas studied. It is,
however, possible with careful scrutiny to detect the
margin of a cape in living specimens from Icelandic and
Puget Sound waters on display at Sea World, San Diego.

Color pattern component analyses
Because of the previously mentioned differences in our
data collection methods, the photographic material and
on-site (Soviet Antarctic Whaling Fleet) data were
analyzed separately. Depending on the sample size and
consistency of the data, some samples from adjoining areas
were combined. If the frequency of occurrence of a pattern
variant was low for all geographic areas, we dropped the
variant out of the analysis. We also assumed that the
components of the color pattern varied independently. We
would like to caution that in light of the observed
connection (dorsal cape) between the post-dorsal fin
saddle and post-ocular patch this assumption of
independence may not be valid for these two components.
To test for homogeneity among variants of each color
pattern component as a function of geographic area
Chi-square (¥2) contingency tests were performed (Sokal
and Rohlf, 1969). In 2 X 2 contingency tables where cell
size was less than 5, Yates correction was used. All analysis
was performed using SPSS (Statistics Package for the
Social Sciences, Nie ef al., 1975).

Photographic data

All photographic material was segregated by geographic
region (see Table 1). Material was pooled from all pods
observed within these regions. Due to the gross level of the
analysis, no attempt was made to control for interpod
differences. Tracings were made of each visible
component. These tracings were used to determine which
variant of each component (Fig. 1) provided the best
match. The frequency of occurrence of component variants
for each geographic area was tabularized for comparison.

Fig. 2. Expression of dorsal cape pattern was observed in all Antarctic Orcinus orca studied. This photo illustrates the dorsal cape

















































































































































































































































































782 BEST: SEASONAL ABUNDANCE, FEEDING, REPRODUCTION, AGE & GROWTH IN MINKE WHALES OFF DURBAN

Fig. 9. Stained section of minke whale ear plug. Line indicates
transition phase.

There seems a correlation between maturity and the
presence of a transition phase in minke whales at Durban,
although there is insufficient material to test for each sex
separately (Table 21). The assumption has therefore been
made that the transition phase also represents the
attainment of sexual maturity in minke whales.

Table 21

Presence of a transition phase in the ear plug of minke whales from
Durban

Sexual maturity
classification

% showing

Number examined  transition phase

Immature 21 4.8
Pubertal! 12 16.7
Mature 94 83.0

' One to two corpora in ovaries or both mature and immature tubules
in testes,

The particular value of the transition phase is that it is
possible to investigate not only the current age at sexual
maturity but also historical trends in this parameter
(Lockyer, 1979; Masaki. 1976, 1979). However most
previous such analyses have plotted the age at which the
transition phase appears against the year of birth of the
whale. This approach leads to a bias (which has been
recognised by most authors) in that in more recent years
there is under-representation of late-maturing whales,

leading to under-estimation of the mean age at sexual
maturity in those year classes (Free and Beddington, 1980;
Horwood, 1980).

In this paper the data for 112 animals have been plotted
two ways, firstly against the year of birth and secondly
against the year in which the whale became sexually
mature (Fig. 10).

Because of the small amount of material available, data
for both sexes have had to be combined, but as male and
female minke whales mature at very similar ages (Masaki,
1979) the results should be applicable to either sex.

Both data sets indicate a decline in the age at sexual
maturity (= transition phase) over time. Ignoring the two
oldest animals (whose inclusion might unduly weight the
results). linear regressions have been fitted to the
remaining data, producing the following estimating
equations:

y = 11.58 — 0.0986x (year of maturation)

y = 13.21 — 0.1535x (year of birth),

where y = age at sexual maturity

= year of maturation or birth (1935 = 1 and 1925
= 1, respectively)

P
I

The slopes of both regressions are significantly different
from zero (t = 3.38, p. < 0.005; t = 6.85, p < 0.001,
respectively), though that for the year of birth seems to be
somewhat greater than that for the year of maturation.
However (as noted above), the fact that late-maturing
animals in the more recent age classes have not yet
matured means that the coefficient of slope for year of
birth may be overestimated. This bias probably came into
effect from the 1957 year class, as animals born in that year
and maturing at age 12 would only reach maturity in 1969
(or after the sampling started). A linear regression fitted to
the data prior to 1957 vields an estimating equation of

y = 12.04 — 0.0999x,

which is very close to that for the year of maturation.
Hence Fig. 10 may be free of the bias inherent in plots of
age at maturity against year of birth. From that regression
the age at maturity of animals reaching maturity is
estimated to have declined from 10.5 in 1945 to 7.7 in 1973
(s.e. + 1.9 years).

The latter estimate is within the ranges predicted from
direct biological observations for both sexes off Durban
during the period 1970~75 (in which most of the material
was collected). However the two sets of results are not
directly comparable, as they concern different segments of
the population.

A decline in the age at sexual maturity for both sexes of
southern minke whales has also been described by Masaki
(1979), although the decline was much greater, from an
average of 13.8 years prior to the 1944 year class to 6.2
years after the 1965 year class. Some of this discrepancy
may be due to the different methods of analysis used.

This decline commences well before concerted pelagic
exploitation of southern minke whales began (1971/72),
and may reflect a faster growth rate due presumably to
more food being available as a result of depletion of other
baleen whale species feeding on Euphausia superba (IWC,
1979).



































































































































































































































































































































































































































































































































