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Sperm whales were tracked visually and acoustically in lh"e waters west of the

Galapagos between February and April 1085, A metliod for photographically

identifying ‘individual sperm whales is described. - M!asurcg‘of the pholngnph
quality were cnmpared with the certainty with which individuals were identified.

A total of 210 females or immatures, 7 large adult’ males and 6 ul\rs were

recognized with-certainty and individually identified. A simple model suggested
that up to 95 of the females/immatures could not be identi d using this mcthod

of photographic identification, despile_' ‘high quality photographs. lt was sha\un
that these individuals have a lower number of unique marks on their flukes than

he 210 identified females/immatures. The assumption of random samplinnghon
\k ng phglogrlph‘b of individual sp;rm whales is discussed. The time and
geographlcal positions  of - the re-slghtmgs of known indivi xduals suggest that the

sperm whales preferred & rich upwemng area.

The identified females/i s were cl d ipto’ 23 discrete groups.
Thirteen of &\m groups contained more than six mcnaled members

(_)hser\'auons of calves and the high frequency of dorsal fins' with a callus ~~

suggested that the groups of sperm whales off the Galapagosell into the category
of *mixed groups®. Whales recorded as escorting a calfl were most probably
females. Different females/immatures 'we.re observed to escort the same calf, and
identified females/immatures were observed with several different cal‘:(:‘s

Large males were observed either as singles, pairs or a set of three. In the
observatibns:of identified individuals there was no indication that pnrlicl;lll’ pairs

. of large males, or large males of a sifmilar size, were preferred companions. No

fresh wounds or agonistic behaviour between large miiles was observed. The lack ",
.of sightings of medium-sized males suggest that they .do not, take part in"

\ .
reproduction in this area. ' The proportion of large mnles to mature femu%

suggests that all large males do not mlgnu to the brzedmg groundsqnd do ‘ot
participate in-breeding every year. Identified large males were oburved with

different mixed groups and, further. different llrge mlles ‘were associated with
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particular mixed groups. There was no indication that some mixed groups
associated more with large males, than others. l.;argg males seemed to follow a
strategy of searching for mixed g-ro;xps, instead of holding harems. ’

During an attack by killer wha.les on sperm whales a high degree of cbordlﬁauon
,of the sperm whales' behavlour Was noted. T“entv-one _percent of the s_perm,
“hale flukes had tooth mark ' scars of which a majority were probably derived
from shark n".tacks A difference in the number of unique ma}ks on the flukes
between different geogra}wh)cal areas siggests that the’ mev.hpd of individual
* photographiy identification relvmv on uniquely marked ﬂukes may be less
successful in.other arcas. LI L .
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s . THE TAIL s /

The compact round body of ils rootrezpands into two broad, firm,
flat palms or flukes, gradually shoaling away To less than an inch in
thickness. At the crolch or Junction, these flukes slightly operlap then
sideways recede from each other like ‘wings, leaving a wide vacancy
between. In no living thing -are the lines of beauly more exquisitely
defined than in the crescentic boarders of these flukes. *

. The more I consider thig mighty tail, the more do T deplore my

igability to express it. At times there are gestures in it, which, though

., they would well grace the hand af a man, remam wholly inezplicable.

In an ive-herd, so Ily, are these mystic

- gestures, lhal I have heard hunlera who have declared them akin to

Free‘Maean “sign. and symbols; that the whale, mdeed, by these

methods mlellrgmlly conversed wulh the warld Y
. . L . HERMAN MELVILLE
. " Moby-Dick




TABLE OF CONTENTS

& -, @ i
ACKNOWLEDGEMENTS !

THE TAIL
TABLE OF CONTENTS
LIST OF TABLES ‘
LIST OF FIGURES
‘1. INTRODUCTION
1.1. USE OF NON-INTRUSIVE METHODS
1.2, ADOPTED TERMINOLOGY ‘
1.3. THE SPERM WHALE
1.3.1. General Iil‘e—hislol;y v
= 1.3.2. Schooling })zhn’iour
1.3.3. Distribution nn\lf\e‘ed}ng
1.3.4. Migration
1.3.5. Care giving

, 1.3.6. Natural predation .

1.4. WHALING OFF THE GALAPAGOS AND.ADJACENT WATERS
" L J

2. METHODS AND MATERIALS
2.1. STUDY AREA
2.2. SHIP, CREW AND WA“'CHES
(

b

/

o
vi

xil




. o

* 2.3. TRACKING SPERM WHALES

2.5. ANALYSIS OF THE PHOTOGRAPHS
v | 2.5.1. Measures-of fluke phglo'é'raphs . ‘
i - ' _— 2.5.2. Shape of the fluke notch

i
oA . -2.5.3. Dorsal fins and calluses -

IDENTIFICATION .

26.1. Unidue marks and certainty value of flukes

- _262 Matching of flukes and dorsal fins and development. of a

catalogue

+ 2.7. GROUPS

= "o RELIABILITY TEST
B 2.9, IDENTIFIABILITY
2.10. SPEED OF THE WHALES - _
¢ 3.RESULTS . L
. 3 1. EVALUATION OF THE METHOD

7 whales from flukes
P 3 1.2, Marks useful for lndmdual 1denhﬁcshon

3.2. INDIVIDUAL lDENTlFICATlON

3.2.1. Identified flukes

3.2.2. Identifiability of flukes
* . 3.8.3.1dentified dorsal fins

] ) 2.4. PHOTOGRAPHS FOR INDIVIDUAL IDENTIFICATION
. vy

* 26.CATALOGUING, ~ MATCHING,. . AND

3.1.1. The importance of different measureinents for identifying

28

32




3.3. REIDENTIFICATIONS -

PR
3.3.1. Flukes el 5 9

3.3.2. Dorsal f ins = 49

. 3.3.3. Matebing flukes and dorsal fins T @
. CHANGES OF MARKS 50

.PRESE'QCI-TUF CALLUSES " 50

4 36 GROUPS ' . - K

' 3.6.1. Number of groups 30d individuals " © 4 51
- ° 3.6.2. Differences in ma’;l‘u and notches between groups B

g 4.6.3. Calves, escorts and followers K P |
i 4.7, INTERACTIONS 55

. S 37 Belween; gr’oups N i

: '37.2. Between groups and males | ey -8

3.8. PREDATION ‘ _ 50

38.1. A killer whale attack 61

39. MOVEMENTS AND SPEED ) _ 6

: ", 4. DIscussioN LT S o

41 EVALUATION OF ’I'HE METHOD USING lNDlVIDL'A.i. 65
PHOTOGRAPH]C IDENTIFICATION

42 MOVEMENTS, DIVING, SITE-FIDELITY AND SPEED 68

. 4.2.1. Movements
‘. i . '4.2.2. Diving
L 4237Sitefidelitg

/ " 4.2.4. Speed

—

¢

“ ) o8 .
. . e
]
70
viil ’ -
4= >




"

4.3. SOCIAL ORGANIZATION
4.3.1. Fem’a’les and immature males )
- 4.3.2. Galves and escorts
4.3.3. Males . .
.4.3.4. Proportion f lerge males to n?.'ature females
4.3.5. Associati-:ns between Ig\ge males and mixed groups
P44, CARE—GMNG AND PREDATION )
4.5. CONCLUS[ONS
4.6. SUMMARY
LITERATURE CITED ,

APPENDIXT /




Table 2-1:*

~. Table 2-2:

Table 2-3:

Table 3-1:

[
Loe
Table 342:

Table 3-3:

.
Table 3-4:

Table 3-5:

List of Tables

Des'éripli&n of photograph  quality - measurements
: v S
(X1:X8). Jursesces

Description ‘ol’_lhe'unique‘mér\ks on flukes ahd’ dorsal fins

—
used for individual Jdenl.lfu'ahon of sperm whales.

. & ’
The two' analysers means J'\!Hu a reliability test of (he‘

photo, qunlm rneasures ‘and certamt\ \ulues

Cena}nty values and the different measurements for

identifiability, their mean, median,, minimum and
i v A .

values.

Number of fluke - pbotograpbs and. theie »d}nur)mg :

certamty values.

Number of whales with certain ldenuﬁcntmn and mumber

dividual i

of days these § ¥ were ified using h
S ¥ “

'o{‘l;lukes 1.

Denved groupings of whales, number of ammals identified
and esumated within each group, Lhe numbev of days on
whlch groupmg was xdentn‘ ed the time span hetween Jits
flrs'. ‘and last )denm‘\canon, and assocmuons with other

groups.

Summary of ib of groups:

31

4




Table 3-6:

Table 3-7:

‘ f_—
Identified largé malu and their estimated length and age
(from Whltchead and Arnbom, in press), days identified,
span ol' days ldenm'ed and associations with other large

males and mned groups

+ Types and mean number’of natural marks on. the flukes of

individual spe;fn whale.

L

xi -

60




iy o8

\.\

" Figure 1-1:

‘Figure 1-2:

Fiéure 2-1:

N4 Figure.2-2:

Figure 2-3:

% lf‘igu" 2-6:

Figure 2-8:

* 1000 m depth contour.

] )
on 23 March, and C) on 11 April, 1085.

List of Figures

s B . s .
Photograph  of breaching sperm ‘whale, Physeter

* macrocephalus.

Diagram of migrations of sperm whale groupings in
relation to latitude and month of thie year, southern

hemisphefe (from Best, 1679). ..

N v
Map of the Galapagos ‘lsfands. A dashed line indicates

the 1000 m deptlr contour. ...
s

~Movements of the research vessel while tracking sperm *

whales off the Galapagos. A dashed line indicates the

Photographs-of flukes of spermwhales off the Galapagos:
A) with open floke notch; and B) with closed fluke
- ;

totch.

Phowgmphs of “dorsal fins of gperm  whales -off the
Galapagos: A) remale/*mmnure with a eallus; B) large

‘male” wnhout a callus

2o

Phobugraphs showmg different nmque rparks on flukes or _

sperm whales off the Gal

Photographs * of matching flukes of an individually

* identified sperm yvhale: 'A) identified ;n 24 February, B)

xii - %
' a

29

33,




Figure 2-7:

' Figure 3-1:
Figure 3-2:
“

1 “Figure 3-3:

Figure 3-4:

Figure 3-5:

X, ) N
Figure 3-8:

Photographs of matching dorsal fins of an individually
idensified sperm whale: A) identified on 21 March, and

B) on 31 March, 1985. .

Mean focus and exposure, measured from photographs of
sperm whale flukes, plotted against certainty values.. ...
Mean p;rcentnge of the negative covered by the fluke

plotted against certainty values. ..

Mean deviation of orientation and tilt of the flukes from

being perpendicular to the camera axis, plotted against

certainty values.
Mean percentage of flukes visible above water surface

against certainty values.

Days on which mixed groups (G1-13) and large mabs

were identified. ~Each. identification of the males ‘is

represented by the la;t digit of the identification code -

1

(e.g. 503 = *3").

Positions in which mixed grou.ps. represented by uncircled

T
numbers, and large males, .represented by circled

> ¢ 5 \
numbers, were first identified on each' day. Each first *

42

44

44

57

. Qe
identification is represented by the last digit of the .

identification code (e, G3=*3*, G10="10* for groups;

506="6" and 503="3" for the males). A dashed line

’ indicates ‘the 1,000 m depth contour. (Modified from"

Whitehea¥ And Arnbom, in press).




3
Chapter 1
INTRODUCTION

Dunng the last two centuries more. than 1300000 sperm uhnle< have lmcn
'caught by whalers around the world. Despl(e this, large catth, our knuvnh-dge of
sperm whale Liology is sLlll incomplete (Best, Canhnm nnd Mnclv.-od 108-(]

Descriptions of the social behnnour of the sperm whl]e are n]m0<t exclusive

* aivecdotal (e g Caldwell, Caldwell and Rice, l%ﬁ) .Despite pecent xmpm\wlncnh
in' our know ledge of sperm whale social organization, it.should be stressed §)|nl
x;early all the observation made sp far have been bn.f(-d on‘exnminalion of whole
schools of wlhiales (or mémbers from. them)'at one moment of time (normally after

'déalh), and such synoptic observations gro\»ide very li[.lie information on inter-

and intraschodl relationships (Best, 1079). Sperm whale social ‘be!xavinur is of

special interest fo the members of the Scientifie C: ittée of the International
Whaling Commission (TWC) because of its implications for management of the
species (Gordon. 1986). Two issues are or special concern for management: the
. nature, of the interactions between groups ol fernale sperm whales and hr;e males;.
'and whethér *medium-sized® males. take part'in breedmg (IWC, 1983). -
This thesis presents information on the socisl organization and belmuour of

.sperm whales using the method of individual photographic identificati Sperm

whales were tracked from a snm'll vessel, in the waters west of the Galapagos
" Islands in early 1985. The stu&y provided a unique opportunity to rnr;\pnre
“sys(elpati(: observations of live -animals with anecdotal az‘:scriptions and
conclusions based on whaling, data. Phow;rnp‘h of flukes and dorsal fins made it
_ possible to identify individual sperm whales. These individual identifications were

used lo investig and i ions between individuals and groups of
sperm whales. . %
" e




1.1. USE OF NO: INTRUSIVE METHODS - . .

During the past 20 yms increasing numbers of studies of rree-ln ing Whales have

used the hnique of md;y:dnnl h hic i ification using natural marks . '
and-scars.  This tephniqlue‘has widened - our knowledge of the migrations,

population biology- and social béhaviour of severjl cetacean populations including

“killer whales (Bigg, 1082); humpbsck whales Megapter lize (Katona and

Whiiehea& ‘lﬂBl ‘Whitehead, i982 Darling and Jurasz, 1983); minke whales
Balamaplzra neularoatru!u (Dorsey, N&) right whales Eubalazna australis

s(Paync, Brasier, Dorsey, Perkms, Rowntree and Titus, 1983); and blue ‘whales

Balaennplcra mustulus (Sears; 1084). Until recently, the emphlsls for this work

" had beea on specles which spend at least some of. their ume elose to shore. The

sperm whale whi¢h generally inhabits deep ‘water, had attracted very little non—

‘intrusive research, until the World Wildlife Fund Tulip Project began in 1982.

This thesis develops and test the relmhxhby of fluke phomgrapl‘is asg a mean of

. individual nienuﬁcatmn of spenm whales ¥ . 5

L.2. ADQPTED TERMINOLOGY , .

The following terms have been "adopted in'this 't.hesls (except “herg direct
reference is made to the (mdmgx of other authors): = | ¢

'Aggr,egatlonh A set af several gmups, -

* Association®.. M from. diffe ere identified within 120 min of
one another. Of the 120 min, llﬂ min conespond to twice the mode dive
cycle (ie. dive pe(md plus time spent atisurface between dives; Whitehead,
1986¢) and the remaining 10 min are allowed for the vessel to' come within
range for identification. "

*Calf*. A whale less: than 5.1 min length and one year of age (Best et al;, 1084).

*Cluster®. A term for either & single whale or a set of whales swimming in 2
coordinated maner, each less than 100 m from its nearest neighbour within .
the cluster. :

*Encounter®. A 5 min observation period.




*Escort®. A whale swimming less than 1.5 m from a calf. A whale was only
scored as an escort if confirmed from a photograph. i

*Female®. A mature female.

B T w 5
*Female/immature®. A whale for which it is not known whether it is s mature
female or a immature of either sex.

*Follower®. A whale identified within the same encounter and clusur as a 2alf,
. with a maxi: cluster size of-3 ing calves).

“ . :
*Group®. A set of whales which is prsumed to be closed over periods of weeks.

' \'lmmuture' Either a female or male nmrnalnre

*Large male*. Male more than 13.7 sioiig, previimed siabire: (Beat ls.n) s

*Lob-tail*. Flukes lifted above the surface, and brought down flat onto the
surface, often with greal power (Whitehead, 1985).

" *Mixed -group®. Nursery and harem schools are groups of fem;les with their
young and a large male present (karem) or not present (nursery). I will
follow Best (1979) and refer to these as mixed groups. .

*Non-intrusive®. Not purposely killing, injuring or disturbing whales.
"*Set*. A general term for whales observed together. |
|
*Side-fluke*. The whale swims on its side and only a part of the ﬂnkg“’u above

thre surface. 7 3 o

1.3. THE SPERM WHALE " : |
S

" »
" The sperm whale (Physeter macrocephalus, Linnaeus 1758) belongs to the order
Cetacea. Two taxonomic names, P. catodon and. P. macrocephalus,/ which both

refer to the sperm whale, occur-in the literature on the lpecles In general, P.

macracephalua was most widely used before the early 20th ce tury, and P.
catodon was favoured thereafter for some 60 years until about 10 years ago when
" P. macrocephalus was ;enernlly Teinstated (Husson and Holthuis, 1914 Schevill,
1088).
i The sperm whale (Figure l-l), the largest odontocete, u more sexually




dimorphic than any other cetacesn species (Best, 1079). Mgales reach a length of
181m (Clarke, Aguayo and Paliza, 1968) and females 12‘:3 m (Clark'e, 1956).
Males may we’igh up to 60 tons and !émn]s up to 15 ﬁ’ox;s (lnékyer, 198‘1). Sperm
whales throughout the world are similar in their external characteristics (Best and
Gambell, 1968; Clarke et al., 1968). The skin is’more wrinkled than that of any
other whale species and the colour varies from a dark bluish. grey to iron grey
(Matthews, 1938; Clarke, 1956). This variation may depend on the geogra;]ﬁ;
location wher; the whales- were caught by whalers, but may also arise from

differences in environmental conditions within an area (Best and Gambell, 1968).

1.3.1. General life-history’ «

In an‘unéxploited- population female spernt whales reach sexual maturity at
approximately 9 years a;f age and a leﬂgth of 8.5-9.5 m (Ohsumi, 1965; Best,
1974). ‘The gestation period is 14-16 months, estimated from mating and calving
periods (Matthews, 1938‘ Ohsumi, 1985; Best, 1068; Gambell, 1972), and 18.9
months when estimated from neonatal and adult brain welgln (Best et al, 1984).

At birth the calves are spproximately 4.0 m long (Clarke et al, 1058 Best et al,
1984) and after a year the calvos have grown to 8.1 m (Best et al, 1984). There is
no dlrrerence in length between the sexes at this ageé (Ohsumi, 1965; Best et al,
1984).

The. Iuctatmn period is normally 24-25 months (Ohsumi, 1965 Best, 1974) and
lactating calves will eat solid food -before ‘one year ‘of_age (Best et al, 1984}.‘
There is one record of a male having milk in its stomach at an age of 13 years’
(Best et al., 1984’ Females .older than 20 years have a more prolonged lactation
period than younger females (Best et al 1984)

The resting period between lactation and concephon is usunlly €10 months long
(Best, 1074) althoukh it may be pro]onged up'to 5 ygus (Gambe].l, 1972). The
calving interval is every 5-8 years. ‘which is one of the lowest birthrates (6%)
observed in mainfals”(Best, 1070): Obsumi (1965)" concluded that females are
commonly ‘reproductively active for 16-20 years which agrees with Best et al.
(1984) who stated that females éive birth to 4 calves in their lifetime. -
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Males reach puberty at an age of 8-10 years and a lenglh of ghout 9.5 m
(Nishiwaki, Obsumi, and Maeda, XW\Benm. 1971; Best, 1074). Only 2.5%
males 10.7-11.6 m long and 13:16 years of age are mature, 14% of those 12.2-13.7
m long-and 15-29 years of age are mature, while 75% of the males Jarger than
13.7 m are mature (Best, 1070). . S
An inflection poiiitin the male growth curve occurs at about 18-20 yurs of age Ay, ®
(Best, 1870; Gaskin and Clwihorn, 1W3) ‘which is about the time when males are
maturing (Ohsuml, 1966; Géskin and! Cawthorn, 1973; Best, 1979). Around a
length of 14 m heavy.scars have been observed on the heads of males frdm ﬁghls
with other males (Kato, 1084). Best (1979) divides the males into three size

classes; small bachelors {10.7-11.9 m), medium-sized bachelors ( 3.7 m) and
large bachelors (larger than 13.7 m). 5 . \/J :

1.3.2. Schooling hehnvlol-xr

The sperm whale may have a more complex school structure than any other
large whgle (Mitchell, 1877). Ohsumi (1871) proposed a form of matriarchal

org . The eigh h and b cefitury open-boat whalers were
aware that the different kinds of sperm \hhale schools segrepled by sex and age
(e.g. Beale, 1839)." Clarke (1956) noted that males were either solitary or in
schools while fernales were invariably gregarious. Males within_a school tend to
occupy a restricted ﬂz: range with a difference of 1.8 m or less in length between
the smallest and largest whales (Best, 1079). He “also found ages_(2.0-19.8 years
range) to be more variable than Jlength within the school, which suggests that
male groups are actuslly more &mogenous by size than by age (Best, 1079).

From ‘modern” whaling data and observations at sea, sperm whale schools bave
been divided into different discrete school types depending on size and sex: mixed_
(harem and nursery), juvenile, small bachelor, medium-sized and large Adult
bachelor ;chools (Gaskin, 1970; Ohguml. 1071; Best, 1979). However, th;aE
proposals are not well d ) d with well studied groups of known individuals,

Mixed groups )

‘The mixed group sppears to be a discrete lchool when sighted (Best, |01D)




i o » o

_ Caldwell et al! (1968] Tound tight schooling behaviour of individual mixed groups

to be quite characteristic. The mean number of whales £ the. mixed- group has
been giien as 28 (Best, 1079), 27.1 (Obsumi, 1971) or 21.7-22.9 (Gambell, 1072),
The proportion of ferales within the mixed group is esnmnted to be 0.78 (Best,
1979); the rest are male immatures an calves. The proportion of mature ferhales:
to total females’in the mixed groups i{abou; 0.75. Within a mixed group at n.n’y i
time, females were found in all stages of reproduction: pregnant, lactating ard
resting (Best, 1979). " There are several accoints of Im:g-term‘'rela'.ionshil:u&‘f7
between j‘e{nales. On four different occasjons, two females were marked by:
Jap: r b and later recap d togethér after time sp.x.msv‘of 5, 8,10

and 10 years, respectively (Ohsumi, 1971). i

Juvenile groups T .
 Best (1979) caldulated the proportion of juvenile females and males observed in
mixed groups n%ﬁoncluded that a large percentage of the juvenile females and”

" males in the population were not present in the mixed groups, and therefore it

seemed likely that both sexes may 'l'orm: juvenile, groups. There are few catch
data from these groups due to restrictions on catching whales less than 10.6 m

long. .~ _

. Smali bnchelor groups-
The smnll bachelor, groups contain 10-50 animals (Best, 1979) Males are ~
normllly 10.7-119 m long. h_{lales seem to leave the mixed groups to form small

v.bachelc;r gi-o’)ips 8t 10.7 m’long and at an age of 15 years but they may depart as

early as 4-5 ‘years of age (Best, 1979).

Medium-sized bachelor groups

The normal number of whales in a medmm sized bachelor group is 3-15
individuals (Gukm' 1970; Best, 1979). The medium-sized males originate from
small “bachelor groups. The length of the males in these groups is between
12.0:13.7 m (Best, 1979).

Lugﬂ bachelor groups i

Luge bachelor groups conmn 1-5 members (Best, 1979). These mnles -are mare
than 137 m long and are presumed to be breedlng_ nales who ;om the mixed -

_e .
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schools during the breeding season (Bedt et al, 1984), although Rice (in Caldwell
et al., 1966) suggested.that small bachelors which are found year \a.ronnd in the

A Sirie srea as‘(xﬁs;ed groups could- also breed. Howéver, Best (1979) noted that the
low spermaw;fgensity in the semen fluid of small bachelors indicates that it is
unlikely small bachelors are active breeders. ) s

1.3.3. Distribution and feeding ..

The sperm whale has the most widespread-distribution of all the‘ cetaceans -
(Tormosov, 1977). 1t is found from ' the tropics o the polar regions in all’ the
oceans and isypost abundant in productive waters, such as where currepts. meet
(Bennet, 1840). According to Townsind (1935) the distribution of the sperm
whale is determined by two major factors+ food and reproductive needs, Sperm

. whales feed mai;:ly on meso- and bith'ypelagic cephalopods (Best, 197h) but also
on fish (Matthews, 1638). Alien objects such as stones, coconuts and glass buogs,
have also been ‘I‘o‘und in stomachs (Nemoto and Nasu, 1963). Clarke (1980)‘
showed that the size of a sperm whale was correlated with size of its cepha.lopod
prey. Stomachs from ]arge males contained larger cephalopods than those from
smaller females (Clarke, 1080). This may be attributed to dl‘fferenl. diving
abilities, efficiency, of catching cephalofods, spatinl distribution of the thlles, ‘ora
combination of these factors (Best, 1070). Early whalers were weli aware of ‘the

" diving sbility of sperm whales (e Besle, 183); Bennet, 1840): Harpooned large

males sometimes hauled out 1,500 m line in a presumed’ vzmcal dive; while

females s.nd smsller whales hauled ont less line (Beale, 1839). Heezen (1957)

rhentions ten accounts of sperm whales found entangled in deep sea cables, the
deepest observation being 1,118 m. : LIS

Mixed and small bachelor group; have genérnlly ‘been found between 50 >IN and
40°S8, especmlly in the tropicel and subtroplcal waters (Figure 1-2). "There'sre-
several records of female sperm whales whmh -were marked and then recsptured in

" the same a:eu wnthm the time-span ‘of one or seversl years (Best, 1079)— This

v indicates that they mny use the same migration routes in successive: 9enrs (Best, -

. 1979). Berzin (197i) speculated that females may use the same wintering grounds




s . ‘ L, 10
but during the summer a wider area may be visited. Gordon (1986) presented
data from Sri Lanka whlch showed that the same individually identified mixed
group was re-identified wxl.hm a/few km from the location in which it had been
ohservéd 8 year eslier. Small huhelor and juvenile groups have a similar
distribution to mixed groups. The mediurn-sized bachelors are observed in waters
Trom the tropics to latitudes of 40-50°. The large bachelors are found in tropmnl

“and polar regions: movements into the colder wateTs are probably mostly. seasonal.

1 3 4. ngrntlon B

wbalmg duta show a\general nugracmn of mxxed groups towards higher
latitudes during summer (Townsend, 1035). Smaller hac\lor and juvemle groups.
" are beheved.to have similar migrations to the mixed groups. Medium-sized
bachelors enter the polar region in small numbers during the summer. Of the
* large bachelors, 75-00% are found in the paiu regions during the summer and
. 10-25% ate found in lower latitudes (Ohsuml, 1966; Best, 1074). Several large
mailes are known w have migrated from the northern to southern Atlantic
\Ivashin, 1981).. There may also be migrationin an west - east direction. A male
was marked off Newfoundland  and “recaptured clgh'. years later off Spain
(Mltchell 1075).  There are different migration pattems in.the northern and
soutfiern hemispheres, due to the seasonal difference of six months. .

1.35. Care givAlng/ <

" First year calves have ‘poor diving ability (Best et al., 1984). The calf, at the |
smfnce, seem! to follow the adults at depth (Best et sl 1984; Gordon, 1986) and
calves are often rejoined- by -adults surfacing close to theCIGordon, 1086).
Gordon (1986) found that calves .associated closely with several different adults
‘within a group and that some adults sssociated with' more than one call. Calves
assoemed with adult females as well as immature males (Gordon, 1986).
Ctldwell and  Caldwell's (1968) . reyiew of . information on the epimeletic
behaviour of sperm whales show that descriptions by nmeteenth century whalers
L~ ud more recent obxerv;twns of ~bid logists are remnrknbly similar. There are
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Figure 1-2: Diagram of migrations_of sperm whale groupings
in relation to latituc_h -and month of the year,
- southern hemisphe&n (from Best, 1979). |
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numerous accounts of females standing by other injured females and calves. No
cbservations exist of either mature or immature males . helping other sperm
+ whales. Nishiwaki (1962) observed 2030, _Spel‘l:ll whales surrounding a large
harpooned whale by pointingyheir heads towards the large whale and thrashing
their flukes 4n the outski)}ﬁest ;& al. (1984) describe killer whales (drciylua
orca) attacking spermrWhales when seversl calves were present. The calves wore

surmunded by larger sperm whales who appenred to protect Lhe calf from t\he .

hller V\hales

An ‘example of the tight bond between specmc members of- mixed groups oceurs
when they strand on shore (Robson and van Bree, 1971; Stéphenson, 1675; Mm,
1985). "Robson’and van Bree (1871) desdiibed sperm"whales strandiog jnsmall,

subgroups one after the other in New Zealﬂnd

1.3.6. N'acunl predation

Bullen (1809) describes an attack of two killer whales and a swordfish (Xiphius

gladius) oii'a large male sperm whale. A review by Perkins and Whitebead
(1983) of ‘accounts of swordfish and thresher sharks aitacking whales suggested
. 'that the story. may often not be literally true, even though swordfish swords have

been found in whales’ (Jonsgard, 1963). None of these whales. were seriously

injured by the swords. This may be due to the fact that whales which have been:

lethally injured are not- found. Examifiation of killer whale stomach contents lLias

" ‘revealed remnants of sperm whales (Yukhov, Vinogradova and Medvedev, 1075) - .

A movie was apparentiy made by Russian whalers showing -a killer whale attack’

on sperm whale females .nnd calves (Yukhov et al., 1875). However, there is no
description of the ‘attack itsell._ Best et al (1984) examined stranded and net-
entangled 'sperm whale calves alon’g the South African con.ét and found that
_ several of the calves had severe uuunes due to killer whales. Sperm 'ghnles hken
by Russian whalers'had tooth mark scars from Killer Whales, and these madrks
were most ~!req||gnt1y found on. pectoral and caudal fins (Shevehenko, 1075).
Ren‘mins;or sperm whales in killer whale stoniachs vlver_e‘ more often ‘found in

tropical and subtropical waters (Yukhov et al., 1975). During an-atiack observed
. ~

»




off South AI_ricn. killer whales were seen swimming arol_u;d.i: sperm whale school
(Best et al,, 1984). Sharks have been noted to follow schools of sperm whales
(Gambell. 1968; Best et al., 1984).

. WHALING OFF THE GALAPAGOS AND ADJACENT‘
WATERS . . e

Captsin Colnett Wizo visited the Galapagos Islands in 1793, mentjoned the vast
number of sperm whales and the polennal for suppomng Tuture sperm \Ahlle
fisheries (Colnett, 1798). Othér whaling' hterature also cites the Galapngos as a

sperm whale ground (¢.g. Beale, 1839; Bennet, 1840; ME'V)"E, 1851) A study of ~

nineteenth céntuary logbooks from the open-boat whaling west off-the Galapagps
lslandsihowed a steady decline i in the average weight of thE‘-{hales caught and

the number of v«hales observed, which -was aftributed to uhalmg pressure

. (Shuster, 1983). No reported whaling has been conducted during the last century"

off the Galapagos Islands. However, an intdnse fishery for sperm whales has been

going on for several decades off the west coast of South America (Clarke, Aguayo

‘and Paliza, 1980). It is not known if the sperm whales off Galapagos belong to

- the northern or southern hemisphere stock or whether it is a separate stockRice,

U):S) There is evldence that the stock exploited off Peru has diminished smce

- 1959-61, and 1: has been shown that the proportion of males of breedmg status in

 the catch lms deehned from 36% in 1959-61 to about 11% in 1075 77 {Clarke et

al,, 1980). It was also concluded that the decling in pregnancy rate of. whales
killed off Peru, between 1959-61 and 1975-77, was due to insufficient large males
(Clarke et al., 1080). . 3




'C.hapter 2
METHODS AND MATERIALS

2.1. STUDY AREA N

“Usmg a small s[oop, a tolnl of 716. h were spent in \mml or acoustic ccnlacl

vuth sggregauons of sperm whales in the waters west of the Galnpngas Islands-

(1°00'S; 91°00'W) between February 23 - Apnl 20°1085. This is thought to'be *

the height of the breeding season for North Pacific sperm whales (Ohsumx. 1965;
Berzin, 1971) and ihe timé-pf the year that the weather should be predictably
calm %\n\"enaghel, 1978). The latter was a major consideration in the choice of
the study area and time. Off the Galapa;os, large male sperm whales and groups
of females, had been observed (Colne.u 1798; Clarke, 1962; Schuster, 1983). The
Galapagos Islands were Jalso considered to be calving grounds (Colnett, 1798
Melville, 1854). g

The Galapagos are voleanic islands that rise from a seafloor 2,000 - 3,500 m

déep and that are situated on the Equator 965 km. G{esl of mainland Ecuador
(Figure 2-1). “Thé highest volc_a.no‘ rises 1,677 m above sea Jevel. West of the °
islands the shelfbreak is very steep, falling from the coast to 1,500 m depth within
1 km from land. The study was conducted 1'- 175 km west and soulhv’ves@ of
Isabela Island, 0°25'S; 91'05'W (Figure 2-2).. West of Isabela, the Equatorial
Undercurrent, a subsurface enshnrd ﬂowmg current, hits the shelfbreak. Thus a-
cold water 3 upwggpng is usually present west of Isabela Island (Houvenaghel, 1978).
“The study was divided into four periods in 1985: 21-28.February, 5-16 March, 20 *
March - 3 April, and 823 April. Beiween: periods the boad was re-supphed at
Puerto A) ora on smm Cruz lshnd {Figure 2-1). «




Figure 2-1: Map of the Galapagos Islands.
A dashed line indicates the 1000 m
depth contour.
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Figure 2-2: Movements of the research vessel while

tracking sperm whales off the Galapagos.
A dashed line indicates the 1000 m
& . . depth contour.
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2.2. SHIP, CREW AND WATCHES

The study was carried out from the 10 m specially equipped sloop, the Elendil,
‘of the Gladiateur class.  The Doat was manned with a crew of five who
participated as scientists and sailors. Elendil is sufficiently small to be
manoeuvrable dnd flexible enough to track sperm whales, yet large enough to

. pmviée a relatively stable platform from which to"work. Engine noise made the
sperm whales aware of the boat, but it did not seem to distress thefn (Arnbom,
Papastavrou, Weilgart and Whllehead in press). ‘e

Mast steps made it possible to climb up to the spreaders whicly were used-as an
observation platform with an eye height 9.2 m.above sea level., : .

‘A continous record was kept of the ships’ movements (Figure 2-2). Positions
were given by Tracor. THanstar Satellite Navigator, giviog a fix, scéurate (o about
"0.2 nautical miles (0.370 km) approximately every 2 h. In addition, c'ombass
benrings‘on landmarks and sun sights with a sextant .were used for confirmation.

When following, sperm whales during daylight the crew took 2-h shifts at four i
different locationsy one steering, one taking notes, one observing and taking
photographs while standing on the spreadets (a short range VHF walkie—tnlkie was
used to report observations from the spreaders to the note-taker on decl{), and

one taking photographs from the bow. The fifth crew member either rested,
cooked or helped one of the others. During the night each crew member took a
+ 3h watch, steering and tracking the whales. After sunéet, all the d
that day were checked.

. 2.3. TRACKING SPERM WHALES

Sp;m whales were normally found in deeper waters (off the shel
15 h after lés\}ing Puerto Ayora were spent steaming towards deep water west of
Isabela Island. When the boai reached the edge of the shelf, an omni_directional‘(
hydrophone (Benthos AQ17) was lowered fc;r 5 m every h, and monitored for the
distinctive’ elicks of sperm whales (Bsck\ls and Schevill, 1966). The hydrophone
was used in conjunction with a Barcus-Ben'y Standard Preamplifier. If hght'and
ibility permitted, a *look:out* was kept from the deck and from the spr/eaders.
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When sperm whales were heard on the hydrophone,.l bearing (accurate to 15
degrees) was taken with n,d‘irectional hydrophone (built by Dev-Tec Inc.), and the
subjective acoustic intensity of the sperm whale clicks was-noted (scale 0-5: silent

to very, loud). The esti d distsnce the hydroph can pic.k up sperm whale
clicks is 7.5 km. The beat was directed towards the sperm Whale clicks at a speed

of 7-10 km/h. Every 10-15 min a new bearing was taken according to where the

. sperm whale clicks were most intense. This procedure was continued .until the

sperm.whales were seen, or at niéht, uatil sound intensity was 4-5, indicating that

.the whales were.nearby (within a:pproximately 500 m). Sperm whales were

tmcked acoustically and visually day and night until the whales were | lost or left.
Rezsons for losing or leaving, the sperm whales included fuel shortage, engine
failyre and dolphin *jam*® {(the-dolphin sounds masked out the, sounds &f the ~
sperm whales). )

’ -2.4. PHOTOGRAPHS FOR INDIVIDUAL IDENTIFICATION

‘Whenever d‘istance (usually less than 100 mj to whales and light conditions
pesmitted, black nnd‘ white photographs were taken of the flukes (Figure 2-3).
Pictures were taken either whefthe flukes were ;'aised in the air before preparing
for.a p‘ro‘l:nged dive; or the whales lob-tailed or when whales side-fluked. The
part of the whale wiﬂch has photographed was noted ’Logelher with the frame

number on a film sheet. Photographs of the flukes were optained by manoeuvring

" the boat as discreetly as.-possible behind the whales ang staying there -until the,

whales raised their fykes. : *

The dorsal fins were. photographed when the whales were perpendlcular to and
less than 40 m from the boat (Figure 2-4). The phowgrapher med to photograph
the dorsal fin of each visible whale successively, whenever possxble

‘The fluke’ and dorsal fin photographs used for individual identification were
normally taken from *Lh‘e deck at the bow using one or more 35 mm cameras
(Canon A-1, AE-1 and\\_Ftb) and 300 mm telephoto lenses (Canon F-stop 4).
Durihg the st\g 154 rolls of black and white film of various lengths (20, 38 and
72 frames per roll) were used. To achieve good resolution, photographs for_




Figure 2-3: Photograpbs of flukes of sperm whales
off the Galapagos: A) with open fluke notch;
and B) with closed fluke notch. K
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Figure 2-4: ! Photographs of dorsal fins of sperm
2 whales off the Galapagos: A) female/immature
" with.a callus; B) large male without a
callus.
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individual identification were taken with a shutter speed of 1000/sec when light
pen'mmd o
Euh film was individually marked with a number which was also recnrded ona
film sheet. For each:photograph the foll'owmg data were noted on the film sheet: )
frame number, time, pm “of whde'phowp;:phed‘ oumber of whales within the ,
goup, photographer, and for_each-film, ASA rating and brand of
film (lllnrd FP4 and HP5, Kodak Plus—g{ Pan, or Tri-X). To separate.serjes of
photographs, one or m_renl *blanks® were taken as reference points on the filmr.
A *blank® was normally a photograph of an identifiable object. g

. e
2.5. ANALYSIS OF THE PHOTOGRAPHS . " .

2.5.1. Measures of ﬂuke photogrlplu

Measures of the phob'ognph quality were hken to favestigale Bow ey aifact
individual 1denuﬁcnuon of sperm wiales. The exposed ‘blagk and white films
were developed and contact sheets were printed and marked ‘with the film
n;lmber. The nebliva showing flukes were un]&sed under a dissecting

icroscope (WILD M7, Heerbrugg) with a magnification of 6-30 times. For each
fluke negative, the following medsures-of photograph qlnlity \fvere noted:
" percentage of negative covered by flukes, focus, exposure, orientation llld tilt of
the. fluke, and percentage of the fluke vmhle above the water surface.  Full
descriptions of the méasures can be_fouhd i in Table 2-1. Means of the photograph

. quality measures were plotted agsinst the certainty vnlue of an individual's
Idenurclhon (m mhon 2.6.1. for certainty value).

z.s.z. Shape of the fluke notch

Ve’in.;er (1080) stated that the shape of the fluke' notch- can be used to
distinguish différent populations of sperm whales. He divided' the, shape of the
fluke fotch into three types but he did not explain the different types. I divided
the fluke notch into two types - open and closed (Figure 2-3). This was noted for
each identified whale with & certainty value of 4 or 5 (section 2.6.1). i}

hile 2

Ha i g k




Tahle 2-1.

Description of photu quality measures "(x1-X8) .

X1

X6

X6

Focus;

the of the photograph.  Each ph:wogra‘;;h was éivei a focus grade

1aTpne

_ between one and five: 1. Very blutry. 2aBlurry but’ glnurll outlines visible;

3. Reasonable but small nicke not visible; 4. Reasonable and small nicks
visible; 6. Excellent, everything in focus,'a very good picture.

I et~

wag_used with different enclosed area-sizes (0.75, 1.56, 3.13,76.26, 12.5, 265.0,

of the-percentage area the individual fluke occupied rel tiv;
a of the negative.' A semi-transparent m“\lring paper

to the total

50.0 n}d 100%) drawl to scale Ihich gave the percentage of the negative ‘the
£1luke covered. Flukes covuing less than 1% were estimated to the nearest 0.1%,

. more than 1% and less than 5% to 0. 2! and more than 5 % to the nnr-ab 0.5%.

Tilt;

the Angln between the axis of the fluke and the water surface. When ' the
fluke was perpendicular to the water surface, the tilt was O degrees. When

* the fluke was aligned with the water ‘surface the tilt was'90 degrees.

Exposure;

.
Orientation;

% visible; -

the relative darkness or lightness of the photograph. Exposure
was divided into seven light conditions, with the very light, [

. photograph at +3, the normal at O and the very dark at _-3A

(Absolute value used in ngrn.uon)

the angle between the lurh of ‘the fluke and a plane perpandicnln
to the axis of the camera lens. When the ventral side of a
fluke was perpendicular to the axis of the camera lens, the
deviation'yas 0 degrees. When the fluke was aligned with th
axis of. thd camera lens, the deviation was 90 degrees.

percentage of area of fluke photographed i e. 100%
when the whole fluke is visible.

24
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- 2.5.3. Dorsal fins and calluses

‘ Kasuya and Ohsumi (1966) have shown that 63% of the females and 30% of the
immature males have a callus prese;ll and no large males have a callus. The
callus is a defon‘nicy of the epidermis and thought to be regulated by hormone§
(Kasuya and Ohsumi, 1966). Negatives o'f dorsal fins were examined visually- ;n;i
it v’\'ss noted whether a callus was either present, not present, or if its presence

was uncertain (Figure 2-4).

2.8. CATALOGUING; MATCHING, AND INDIVIDUAL .
IDENTIFICATION

,
2.6.1. Unique marks and certainty value of flukes

Individual flukes varied from having smooth to rougs edges. In extreme cases,

large portions were missing. Marks used for,individual identification of flukes

were small and distinct nicks, waves, scallops, tooth mark scars, missing portions, '

holeIS, the general shape of flukes and the fluke notch and, in one case, growth of
barnacles (Figure 2-5 and Table 2-2). Each photograph was given'a certainty
value (Q) of 0-5 with 0 rep ing identifi and § indicating absolute
cerlainty of identification. An identified whale has the potential to be ror

identified on ‘a later occasion, while 2 whale Which was not identifiable from the
photograph has no potential to be re-identified. The certainty value graded the
certainty of an individual's identification, and not the quality of the photograph.

Certainty values of 4 and 5 indicate a ph with certain indi

. identification (see reliability test, section 2.8).

. Matching of flukes and dorsal fins and development of a

catalogue

- “Each negativé was first observed under a di: i i pe and P!

with prints in a fluke catslogue. If the fluke on the negative did not match with
any print, or if there was any uncertainty, & print was made of the negative. A
fluke on a pegative which did not match with any print.was given a new

[
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Figure 2-5: Photographs showing different unique
marks on flukes of sperm whales off
. the Galapagos.
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Table 2-2. ‘. _—

Description of unique marks on flukes and dorsal fins which are
useful for individual identification of spérm whale

Small nicks; are only distinguished when the fluke was
relatively close when photographed. - ks

; T
Distinct nicks; are distinguished at relatively
3 long distances.

Waves; are ‘lhlliSI “depressions along the trailing edge ¥
. of the fluke. . v
Scallops; were\only recordgd for flukes. Looks ‘as though a

.semi-circle has been carved out of the trailing edge.

Missing portions; are large parts of the fluke-tips missing. | #
These marks are distinguishable at distance.

Holes; are only recorded when the fluke is
perpendicular to the axis of the camera.

Tooth mark scars;  are often seen as several parallel white lines.

. Calluses; are greyish deformities on the dorsal fim.

The callus varies in colour, shape and position
on the dorsal fin.
Skin sheddings; are observed as lighter areas or lines on the backs
) of ‘the whales.

I Q-




identification’ number. When a match (Figure' 2-6) was found the identification
number of the ‘matching catalogie print was given to the fluke on the negative.
A print was made if the ne;;nive was of better photographic quality than the .
print already catalogued. “The best print of each identified individual was used to
estimate the number of nniqu‘e marks on the flukes. The order of the prints in
the catalogue was based on the smoothness of the trailing edges of the flukes, with
the most rigged edges "at the beginning, and no marks at all on flukes at the end
of the catalogue. : " ’
Each analysed dorsal fin negative was given a classification which represented
% * éither the possibiiity or impbssibi]ity) of identifying individuals. Those negatives-
g which were’classified as *possible to identify individuals*, were printed and a
catalogué was ‘made. Matched dorsal fins (Figure 2-7) were given the same
identification number. * The matching was repeated twice to ensure that all
identifisble dorsal fins were included in the catalogue. Catalogued dorsal fins
were separated into those with certain and. not certain individual identification.

This was done to screen out those whales which were possibly but not certainly-

e Vindividual]y identified. The catalogue was divided into left and right dorsal fins
' depending on which side of the dorsal fin was photographed. ' ’
" : Dorsal fin and flukes of the same identified individual were matched when
= possible. Although it was not always possible to identify the individual with :

certainty from the dorsal fin, it.was sometimes possible to determine whether a
callus was present or not. These dorsal fins were matched, whenever possible,

with flukes from id
" (Section 2.5.3).

, and the p of a callus was recorded

2.7. GROUPS

Tc; achieve an objective description of the social qrganization of ‘the
females/i off the Gal identifications of particular individuals”
flicient of association, R(x,y), was i
of identified female/immatute whales x and y:
R@x,y)= {5/(&6&(1)) * (1/N()+1/NC) /2

d between each pair’

were used. A

/

i .
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Figure 2-8: Photographs of matching fukes of
an individually identified sperm whale:

A) identified 6n 24 February, B) on

23 March, and C) on 11 April, 1985.
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Figure 2-7: . Photographs of matching dorsal fins®
of an individually identified sperm whale:
A)'identified on 21 March, and B) on
© 31 March, 1885 .
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where the summation is made over i, those occasions on which x /nnd ) were
identified <240 min apart (240 min_was chosen gs the cut-off, as there appeared

to be occasional changes in the primary set of whales being followed over intervals

of this dufa'tion); and (i) is the time interval in min between Bhe jdentification of .

x and y on occasion i (times recorded to'nearest 5 min). N(x) and N(y) are the
total number of identifications of x and'y. Thusf 2 whles were each identified

on 3 occssnons, slways within 5 min of one another, then:

t(i) = 0 (obsefved within the same cncounnr)
1/"(!)*1/“(7) 1/(3‘1/3 = 2/3, then
RG. 3)-2’?? 6/60 (2/8)/2 =1.0

_ The association matrix, [R(xy)], was used as input in a Group Average

- Hierarchical Cluster ‘Analysis (Everitt, 1974). -Groups were merged using this

I b Iikelih

until a

d ratio test showed a significant (at P<0.05)
decrease in the fit of the data (of the days on which individuals were identified)
for the resultant group to 2 model of closure compared with its two constituent
groups. .

2.8. RELIABILITY TEST N

A reliability test was conducted to see if the ;naly:;er (Arnbom) was consistent
in his estimate of matching and grading the negatives (Table 2-3). Two rolls of
film were randomly- selected with 10 and.22 fluke photographs respectively. The

matchmg and grading method was explsined by a written statement gnd was

- presented to an expenenced(&talo@e (H. (Whitehead). . Whitehead was not

permitted to see the negatives before the test. The fikes graded at.certainty
values 4 or § (N=22) were matched iden;.icn]ly by Arnbom and Whitehead,
except for three flukes, which Whitehead scored 4 while Arnbom scored 3.
Although'the two analysts had significantly different means for the measures X1-
X8, all, but one, were corré]ntedﬂ(’l‘able 2-3).  The only measure in "which

Arnbom's and Whitehead‘s esti were not lated significantly-. was
exposure (r==0.24, P <0.20).
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Table2s 5

‘The two analysers® means.
. the analysers

significance level for 2-tailed

t-test of the

the absolute value of the difference between
means, correlation between the analysers’ scores.and the
ans, used for the

evaluatfon of the method of 1 o cation. The
analysers, Arnbom .(A) and Whitd) examined the same 32 photographs.
Measure Mean Absolute value 2-Tailed t-test
m (A? diff. mean T P<
Fac'il 3.59 3.26 0.34 N ?D.BHZ ©0.001
X cover 4.23  3.91 0.32 0.935 0.001
~ Exposure 0.63 -0.37 0.9 0.23 0.196
Orientation 23.08 13.869 9.47 0.845 ' 0.001
Tl 13.44 " 18.00 4.66 0.908 0.001
% visible 76.00 82.66 6.66 0.979 0.001
Quality a 2.859 2.189 0.40 0.911 0.001
v

&t
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2.9. IDENTIFIABILITY

" When using the method of individual ph hic identification for mark-recapture

population @stimates, it is usully assumed thst all members of the population sre
equally. identifiasble (Hammond, 1986). To test this assumption multiple regression
techpiques (Edwards, ;&‘lﬂ) were used to make & preliminary investigation of the
identifiability of individual sperm whales in the Gll‘a‘pa;u.popullbicn. The certainty
'v;lue (Q) was regressed on the 6 measures of photograph quality ilele 2-2). . The
regression model was used to derive predicted certainty values given the photograph
quality measures for identified individuals. These predicted certainty values v;ere

compared with actual certainty values.
2.10. SPEED OF THE WHALES

2

The speed of the whales was estimated by measuring -the distance between the
positions of the first identification of s particular individual on 2 consecutive days,
di_vided by the time between the identifications. It was expected that the whales' speed
over bottom was effected by the wut."vu(ﬂowi.ng South Equatorial Current. Speed was
therefore entered'into one of 4 categories: r;ioving NW, NE, SW sand SE. Because of the
small sample size, the categories were combined to calculate the mean speed of animals

. moving generally E (SE  NE categories) W (SW + NW), S (SW + SE)and N (NW +
NE). When several whales from the Same group were identified, on the same consecutive

days, the mean speed was used. -
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Chapter 3

RESULTS

3.1. EVALUATION OF THE METHOD

3.1.1. The imp of diff aents for identifying whales-

+ . from flukes ,

\ B e
“The 6 measurements used “for the- assessment. of the method of individual

photographic identification 'wgre focus, percentage of negative covered, tilt,
exposure, orientation and percentage visible (Table 2-1). The measurements were
entered in_ a stepwise linear regression on fluke certainty Q (section 2.6). The
regressior accounted for 78% of the variance in Qp The final regression was:
Q=030 +0. 78X1 + 0.57X2_- ﬂ.DlSXa + 0.84,\" . 0.00475)(5 + ﬂljll?Xﬁ
Measurements were entered ‘in this equation in the order of their contribution to

exphmmg the variagce in Q. Focus or resoluuon of the photograph was the most

hanical

, followed by the percentage of the negative
covered by the fluke. The percentage of the fluke visible was the least important
messufement; only a small proportion of the fluke needs to be visible to show the
trailing edge4here marks for identification are found.

Each measurement's (X1-X6) mean and standard ‘deviation for each of the
certainty values of 3, 4 and 5 are given in Table 3-1. The mean for each of the 6
measurements, was plotted against the-different certainty values (Figure 3l to
34). ' s ’

From s k

ge of the mean di ions of sperm whale flukes and the Tocal

length of the lens, measurement X2, the percentage of the negative covered by the
fluke, could be converted into -the distance between the phow‘graph'er and the
fNuke (Appendix 1). It was found that the median distance from the photographer




Table 3-1 a-c.

Measurements of photograph quality related to the

certainty of identification. Their mean, median, minimum and
maximum valueg, and the number of photographs for the different
quality-values.

% &
a) Certainty value-3: Likely, but mot cu_rf.l_in of identification

Measure Mean (Standard Median Minimum Maximum Number of

deviation) . photographe
Visible 78.17. (26.94)  90.00.  10.00 100.00 169
Tilt 26.42 (17.58)  20.00 0.00" 135.00 165
Orientation 24.64 (20.33)  20.00 0.00 145.00 165
Negative 2.29  (2.17) 1.70" 0.20 - 19.00 169
Focus 3.04  (0.56) 3.00 2.00 4.000 169
Exposure -0.14  (0.72) 0.00 -3.00 3.00 169

b) Certainty value 4: Certain identification

Visible 76.66 (21.51) 80-08- 10.00 100.00 +523
Tilt 22.60 (16.80) 17.00 0.00 170.00 521
Orientation 20.36 (11.29) +20.00 4 0.00 160.00 ' 6523
Negative 3.14  (2.42) 2.60 0.10 18700 523
Focus 3.44 (0.83) 3.00 - 1.00 5.00 623

Exposure -0.16  (0.76) 0.00 -3.00 3.00 623

c) Certainty value 6: Certain identification, small details visible

Visible - 82.50 (16.90) 80.00 60.00 100.00

‘8
Tilt 16.88°  (8.79) 16.00 5.00 30.00 8
Orientation 17.13  (6.79) 16.00 10.00 30.00 8
Negative 6.06 (2.83) 6.00 2.60 10.00 8
Focus 4.25 (0.71) 4.00 3.00 \ b5.00 8 .
. Exposure 0.13  (0.84) 0.00 -1.00 1.00 8 -




Figure 3-1: Mean focus and exposure, measured
. from photographs of sperm whale flukes,
- plotted against certainty values.” %

Figure 3-2: Mean percentage of the negative covered by the fluke
- plotted against certainty values.
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Figure 3-3: Mean deviation of orientation and tilt

of the flukes from being perpendicular to the
‘ camera axis, plotted against certainty values.

Figure 3-4: Mean percentage of flukes visible above
N water surface against certainty values.
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to the whale flukes decreased when the certainty value incressed: 90.2 m (Q=3),
714 m (Q=4) and 60.2,m (Q=5), The maximum distances between the
photographer and the whale fluke, for which certainty values of 3, 4 and 5 were
obtained were also calculated: * 265 m (Q=3), 301 m (Q=4) and 77.2 nK(Q—S)
The maximum distance for a phomgraph of certainty value 4, was (ro\m a

photograph of a female/immature which hred a very distinct ﬂnke

3.1.2. Marks useful for Iidividual identlﬁntion

The marks mostuseful: for individual identification were nicks, sz’:allops,_missing
portions and tooth mark scars. At greater distances, missing portions and scallops -
‘were the most belp‘l‘nl features for identification: as t_.he)" were the most visible
marks. . - -

Marks useful for identifying whales from dorsal fins were tooth mark scars, the
shape of the fin, patterns of skin shedding, and the presence and form of the.
callus. During underwater observations much dead skin was observed behind the
whales- Therefore it was believed that patterns of skin she.dding could only be

helpful for identification over sbort periods..

3.2. INDIVIDUAL IDENTIFICATION

3.2.1. Identified flukes

From the 1,268 phctogmphs of flukes 41.8% (531/1,268) were given a certamty
value of 4 or 5 (Table 3-2). These rep; d certaip individual id of

210 females/immatures, 6 males and l)cnlf Additionally there was one large male
and one calf whose best photograph had cerlawty values of 3, but which were
definitely different individuals from the other identified males and calf. Thus 210
females/immatures, 7 large whales and 2 calves were individually identified with
certainty from photographs of ﬂ\l}(es (Table 3-3).

N




Table3-2.

) Number of fluke photographs and their certainty values.

Certainty valte - 0 1 2 3 4 5 TOTAL .
# of photographs 337, 81 160 169 623 8 1268
% of total number
of photographs 26.6° .6.4 11.8 13.3 41.2 0.8 100
\
Table 3-3.

Number of whales with certain identification (certainty value 4 or 5) and number
of occasions thi individuals were identified using photographs of flukes.

Number of days i =

identified L, 1 2 3 4 5 6 "TOTAL
# of females + o . i L ‘
immatures . 147 41 18 5 [} 1 210
#of ul;uz males® 4 2 1 0 0 [ 7t
# of calves? B 2 o o o o 0 2?2

Total # of whales .
identified 163 - 43 17 3 0 1 219

1 one of, the 7 adult males has a certainty value of 3 (likely but not
certain of identification). but the adult male is certainly a different
individual from the other 6 large males.

A

2 one of the calves (less than 1 y) has a certainty value of 3, but ‘_ v
the calf is certainly a different individual than the other calf.



3.2.2. Identifiability of flukes

Using the regression of certainty value (Q) on the measurements of photograph
quality (X1-X6), the best photographs of 20 females/immatures were predicted,
dual identifiation certainty value of 4 or 5. These

but not given, an actual indi
are animals photographed with "good® photographs, but not identifiable by a -
method that considers only identification of certainty 4 and 5. These constituted

8.7% (20/(210+20)) of the estimated females/i with good
The mean number of unique marks on the flukes of these whales was 5.1 (s:d. 2.4)

while the whales with an actual certainty value'of 4 or 5 had & mean of §.4 (s.d.
3.6) unique marks. A one-tailed t-test gave a significant difference in the number
of marks on the flukes between these two categories (t=4.58, P < 0.01). None of
the individuals with a predicted certainty value of 4 or more, and an actual
certainty value of less than 4, had a predicted certainty value of 5. This may
imply that it is not possible to identify 8.7% of the photographed sperm whales
off Galapagos, using the method of individual ph hic identificati But it

may also imply, which is more likely, that if a better photograph of predicted
certainty value of 5 was taken of the individual, it might have been pdssible to
identify that particular individual. Therefore 8.7% is an estimated upper limit for

the number of females/immatures not identifiable by the method described above.

38.2.3. Identified dorsal fins

Fr;;a 1,568 negatives showing 2,164 dorsal fins, 38 females/immature males, 8
large males and 6 calves were individually identified with certainty. -F'or 3
females/immatures, 5 large males and 2 calves identification was ‘bnsgé on,
photographs from both left and right side of the dorsal fin. Twenty-four of the
femlles/immatpm were identified from photographs of the left side of the dorsal
fin and the”re’mni’niﬁg 11 from the right side. Of these 35 one-sided
identifications, 24 (19 left and 5 right) weré definitel from \different individuals.
The remaining 11 (5 left and 8 right) which may répx;esent as few as 6 different

dividuals: if an individual was first identified from the left side and then later

1

, from from the right side it may have been individuals might have



49
7

been identified from the different sides catalogued as 2 different individuals.
Because of the low probability of positively identifying animals Iru;n their dorsal
fins, this technique was not subjected to the same detailed analysis as the fluke
identifications.

.3. RE-IDENTIFICATIONS

3.3.1. Flukes

‘There were 107 females/immatures snd 1 mnl? which were only identified once.
Forty fema]es]immnturu and 3 large males were re-identified on the same day
and 63 females/lmmntures and 3 large males were identified on 2 or more days
(Table 3-3). The greatest time span between' the hrst a‘nd/lsst xdentlﬁcnu?n of a
particular femnle/lmmsture wis 46 days, sad of & Takge male: 4 iy,

3.3.2. Dorsal fins

Using dorsal fins for identification, 8 lemals/}mmalure males were re-identified
on the same day, and 5 on 2 or more days. Five large males were re-identified, 1
on the same day, and 4 on 2 or more days. Two calves were re-identified on the
same day and 3 on 2 or more days. The largest time span between 2
identifications for large males and females/immatures was 36 days and I'or calves
10 days. ,

Y Z
18.3. Matching flukes and dorsal fins

It was possible to maich dorsal fins and flukes for 8 females/immatures and 6
large males. The dorsal fins were id'entil'ied- on 2 or more days for 3
l'emales/lmmntures and 4 large males. By combining dorsal fin and fluke re-
id an additional 55 re-i ifications from dorsal fins could be added
to the more extensive re-identification data from flukes. The total number of re-
identifications of flukes and dorsal fins for 103 females/immatures (individuals re-
identified on the same .day + individuals identified oh 2 or more days) was 327
and for 6-large males 49.
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3.4. CHANGES OF MARKS

There were 338 re-identifications of flukes from 109 individually identified
whales (females/immatures + large males), inclnding the first sighting of th
whale. The time span of the re-identifications ranged from 5 min to 46 days, apd
no changes of the marks along the trailing edges of the flukes were recofded
during the study period. Three of the- felﬁales/immnm_riaﬁd 4 large males
which were identified from both dorsal fin and flukes were seen on 2 or more
days, and none of these whales showed any changes on the flukes.or the dorsal fin.
One female/immature was identified from both dorsal fin ard flukes over a period

- qf 36.days. S - 2%
3.5. PRESENCE OF CALLUSES

There were 576 whales (not individually identified: the same whale may have
been photographed during several encounters but no animal was counted twice
"within the same encounter) from which it was possible to say, whether or not
there was a callus present on the dorsal fin. .Of the females/immatures, 84%
_ (484/576) were recorded with a callus and 16% (92/576) wiu{om a callus. None
of the 6 large males had a callus. . R
Following Gordon (1986), these results were tésted, to see if they were different =
from the expected values from all sperm whales on the tropical grounds and from
mixed groups-alone. Gordon (1988) assumed that a callus” indicates mgture
females, and that various life history parameters from ‘Best (1979) applied.
According to Best (1979) tropical populations should include Soth mixed groups

and groups isting entirely of il A mixed group'contains
58.5% mature females, and on the tropical grounds 33% of the total population
are mature females (Best, 1979). . 3 . - ¥
Assuming that 58.5% in the mixed groups are mature females and all bave a
“callus, a chi-square test showed a significant difference between observed (484)
and expected (337) number of calluses in mixed groups ()(2 = 154.62, df. =1, P :
< 0.001). Assuming that 33% of the total whale population on tropical grounds
are mature females that all have & @llus, a chi-square. test showed 2 significant
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difference between observed (484) and expected (190) number of calluses (X% =
524.56, d.. = 1, P < 0.001). Hence, there were more calluses than expected for
both of thesé tests. . oL

Thirty-four individuals positively identified from fluke photographs were
analysed for callus presence. Thirty had a callus; 4 did mot. Four ‘of these
indi\:ii}als wers noticed -with a callus on 2 different gncounlers, and no

discrepangy was detected.
3.6. GROUPS

3.6.1. Number of groups and individuals

There were 13 groups (as produced by the methods described in section 2.7)
with more than 6 identified whales each (Table 3-4), and 9 other groups with from
1-3 identiﬁed members; these latter groups may have been unidentified members
of the erger groups. The numbér of days on which the different groups were
identified varied between 1-8.

3.8.2. Differences in marks and notches between groups

’
The mean pumber of marks (section 3.1.2) on the flukes, of animals ffom

— different groups varied from 5.9-10.8 with a mean of 8.2 (Table 3-5). The overall-

ratio of animals with open rather than closed fluke notches (section 2.5.2) was

- "10579, There was an overall significant difference in the proportion of open and

,closegﬁ'luke noteh between the groups (X2 = 27.03 d.f. = 12, 0.001 < P < 0.01).
""Wor groups (G3 and Gl11) were significantly different from the overall ratio (x2
— 5.33 and 6.00, d.f. = 1, 0.02 < p < 0.05). Group G3 had more,closed and
G11 had mote open fluke notches. '




52

) = 1 1 . L €10
. ‘- T 1 8 21
. = T , T ot o
65°8D(2) '90°¥D" (9) 19 €z 9 (9°2) L'€Y 2t 01D
01D°9D°¥D°2D°1D 8y v nv.u.v 9°01 6 T e
01D (2)90° (2)¥D" (2)€D° 1D o€ 9 (9'€) 8°L1 8
= . 141 z 'v) 202 a L9
. ®©a w G (6'9) z2'82 a1 99
mu..aunu.ﬁnvoo.vo. (@)ed oy L (8'2) 9'22 (14 0
01D'89°90°1D € ,m (8'2) 602 81 v
(2)89° (2)99°2D = 114 9’ (1) £°81 81 €0
' 69°€D° 1D €7 v (6'9) 8°62 0z 20
(akep mVoS.S.nudw. oy .8 DT v 1)

‘ : i (a'9)
i ‘q3TA BUOTIEITIT POTITY eqwmyy TUOTIEITFII
ouUOT3eTo088Y -UOPT jo wedg -UEPE -nmn uwotyerndod eeyeqa Jo § -uUePT nnuuc

*ouo weqy Jejeesd ;1 seseqjuesed uy weard ey pegeroosse oxem sdnoid jo sxyed -»-_d 30 Iequnu eyl

8dnoid IeU30 Y3TA (I0W30TE eUO FO UTW OZT UFYITA PeTFTauept sduoid q30q O eIequew) SUOTIETIOEEE

pue ‘sfep up Buyyqdy | 39CT PUT 387} 637 UeeAleq weds ewy3 oU3 ‘PeTITIUepT sva Buydnoid ey

qot1ya wo sfep jo Jequnu py3 “(ssexd uy‘moqury puwe
pue ejemryse uotqerndod ® ‘PeTITAUGPT TEWIUY JO IOQUNU Y3 YITA

woi1j) I011e

"Iy

eya o sSurduoid peatieq




53

3.8.3. Calves, escorts and followers

Both records of visual observations and i ion of ph h the

13 groups possessed between 0-2 calves per group (Tsble 3-5). Six calves were
individually identified from dorsal fins and 2 from flukes. The identities ‘of the

escorts and followers of the calves were examined. Four of the individually
identified females/immatures were obser\;ed with calves on 3 different occasions
and 1 female/immature on 11 occasions. - However, the ratio (number of
observations with a calf/total number of observations) shows that nove of
females/immatures mentioned above were identified exclusively with calves. The
identification ratio for these lem‘ales’/imma.mres varied between 0.48-0.75.

On 3 separate occasions a particular call was recorded as escorted, and each

time by a different individually identified female/i Two particular

females/immatures were identified together with different calves on different
occasions. Thus, it seems that different females/immatures accompany more than
1 calf at different times. |-

Assuming that the proportion of mature females in mixed grou%;s 0.59 and the
calving ifiterval is 6 y (Best, 1979; Best et al., 1084), the expected number of first
y calves for the mixed groups in Table 3-4 can be estimated as follows: estimated
number of individuals in mixed groups x proportion of mll‘.ure l’emales in mixed
groups (0.59)/calving interval (6 y). The observed number of calves for the mixed
groups was lower than expected (Table 3-5). ¥

All 7 females/immatures which escorted calves, and for which the
presence/absence_ of & callus could be determined, had a callus on the do{nl fin.
The only sperm whale observed with remoras, presumably Remora australia
(Rice and Caldwell, 1961) was a calf, which had 7 remoras attached to its back.




‘ Tabless, . - 0 T 4 ) .

: Bl-ryo{ attributes o! groups: mean number of lu'kllndxudunl parnnng'
of individuals per group with tooth mark scars, identified individuals with and
h +  without enuu-, number of calves observed and uxpn:t.cd per group (see section
. 3.6.2), individuals with open or closed motch in the nm and number of ,identified .

individuals per grotp. ) 4 5

‘II) of Marks/ % with Callus ,No cal- Calves . \ - Notch » <« Total ‘a

group ind. - tthmk. lus obs. expect. open closed numbei”

61 8.63 1.8 2 - 2 14 12 3 14

@ 7.8 38.1 2 1 . i 2.9 ‘ PO 20 .

G 1083 235 - 4 - i 110. " . & 42 18 °

[ 7.07 1.1 4 - 2 20° ' 7 8 18

[ 7.95 167 - - L 2.2: 14 4~ 20

66  7.56 133 - 2 - 2.8 77 19 :
. @ 147 67 3 1 1. 20 s 8w ' .

G  8.47 417 4" - 1 1.7 4 8 14 .

@ 9.25 - 18.7 3 - - 'L: i 3 3 9

G0 . 7.71 28.6 4 - 1 1.3 4 1 12
* 01‘1; 10.00 3.5 2 - - 4 s - 10

@z 588 12.5 = - 1 . 5 -3 8 g

613 8.67 . 00 1 - 1 - 5 1 7
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3.7. INTERACTIONS

3.7.1. Between groups

On 19 occasions 2 or more groups associated (see section 1.2 for definition).
with each other (Table 3-4). For 15 of tl?ese 19 associations (7955) therevwere 2
groups observed together; the remaining 4 occasions involved 3 groups (21%).
There were very short time intervals between the identification o, groups GlI and -
GI10 on the 5 days they were seen together {(on 4 days within the same encounter
and once within 20 min of one another).

3.7.2. Between groups and males

All 7 identified males weré seen in association with mixed groups. Four of the
mixed’ groups. were observed with different identified males at different times
(Tab]e 3-6 and Figure 3-5). = - .

Three of the males were seen repeatedly with the same mixed group, but 2 of
these assoéiations were on consecutive dai's Two or more large mnlu were

'observed together with a miked group wlthm the same encounter on 5 occasions.
For 4 of these occasions, there were 2 [a:ge ma.les présent and-oncé 3 large malés
were observed together with 2 mixed group. However, these large mxles were not
always individually identified. Pnrhcular males associated with other mdmdunl
males at different times (Tnble ‘3—6) There seemed to be no individual

“'preferences. in- the assbeiations of ‘the large males, or-tendency for lafge males of
the approximate same length, to associate (Table 3-8). No ngomsuc behnvnour 3
was seen between the large males

The Tollowing describes the oceasion when 3 large males nnd 2 mixed groups
were sighted wget_her. On 11 March at 14.00,’ 2 unidentified mixed groups were
npprc;nching one another. . One group ‘consisted of npproximuely 20
_I'emales/lmmatures accompanied by 2 'large. males, and the other group had

y ly 15 females/i ied by 1 single large male. The 2
groups and the males were swimming at a normal speed of 2-4 km/h. When the

groups and the males were 100-150 m apart, the single male in the smaller group




Table 3-6.

Identified mature males (: with ated length i
(mean of '1-8 photographic measurements per hrlhldnll {rﬂn Whitehead and !
Arnbom, in press). estimated age using Ohsumi’s (1977) age-length key, 'number
of days identified, span of days over which identified, and associations
(identifisd within 120 min of 1 another) with other males and groups of

female The number of days a male was ociated with other males or groupa
. is given in parentheses if greater than one.

Identify Length Age Days iden- Epan of Associated with:

number (=) (y)  tified days Ma. \ Graupr

500 16.06 37 "3 3 a 63(2)

501 16.38 >39 3 36 501,‘500(2) G4(2), G5, G8B, |
|

502 T14.03. 27 1 1 - G1. G9, G10

503 13.74° 25 4 368 501, 608 61, G8(2)

B4 . - - 14 v - “not identified

505 —_— = S - 64, G5

608 14.39 30 2 4 501(2), 503 Ga "

98




Figure 3-5: Dayybn which mixed groups (G1-13)
and large males were identified. Each

identification of the males is represented °

by the last digit of the identification
code (e.g. 503 = "3*).
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accelerated to a speed of 810 km/h and swam towards the larger group
containing the pair of large males. When the distance between the single and the
pair was 50-75 m, the 3 large males dove, .more or less simultaneously, and
disappeared out of sight. The boat was less than 75 m from the nearest large
male when they dove. No sound except sporadic clicks from the
females/immatures was heard on the kiydrophone when the large males
submerged. Normally we would hear series of clicks (Backus and Schevill, 1966)
from the females/immatures. After approximately 30 s (the large males-were still -~
out of sight) the characteristic *slow click® (Weilgart and Whitehegd, in prep.)
from 1 -large male was heard. However, it was not posslbl&\_Q/d/etermme from
which male the sound came from. The 2 mixed groups converged into 1
aggregation. when the males were out of sighc._’ Four to 5 min after the/
" 'subr:-nergance, the 3 large males resurfaced in a loose cluster. At that time, the

large males and the aggregation were.swimming with a speed of 1-4 km/h.

3.8. PREDATION

The analysis of flukes showed that 21% (39/100) of lhelid!nliﬁed individuals
had tooth mark scafs. It was only possible to record the pr-seilqe or absence of
tooth mark scars on 190 of the 210 individually identified fem: I /i
because, for the others, the photograph quality was not sufficient to distinguish

tooth marks on the fluke. There was no significant differences in the proportion
of individuals with tooth mark scars from the different groups | pven in Table 3—5
(x* =12.07 df. = 12, P > 0.30).

Apart from the tooth mark scars there were small round holes, missing pieces
and scall‘qps which could bave been made by sharks or other animals. The total
number nf each different kind of mark was divided by the number of individusls

from wln:h |t was possible to record the presence of the mark. ,Holes and miulng ’
pxeces were found on 8% and 19%, respectively and 1,7 ncallops were recorded
per individual whale (Tnble 3-7). Tuts of observed number of mnrks and scallops
between mixed groups showed no significant overall differences (X = 5.70, df.
=12, P > 0.99 for marks; X? = 1.46, d.f. =12, P >0.95 for scallops).




lele 37,

Types and number of nrh/udividull. standard deviation, maximum number
of marks/individual, and the number of identified whales for which pnuncc

of nrha:wld be determined.

Type of mean/ s.d. max/ number of
* mark ind - ind | whales
Small nicks 31 (2.8 16 201
Distinct nicks 1.4  (1.3) ] 214
= Yayes 1.1 (1.3) 7 214
Scallops 1.7 (.8 7 218
‘  Miseing portidks 0.19  (0.48) -2 213
Holes 0.082 (0.31) 2 208
Toothmarks 0.21  (0.41) & 190-
<
./{'
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3.8.1. A killer whale attack

.The following description is a summary from Arnbom et‘al, (in press). A mixed
group was followed for 2 consecutive days on 17-18 April. The group was
attended by 1 large male from 10:20 17 April to 17:20 18 April. The mean size of
the observed clusters was 19 o 17 April and 1.5 early on 18 April. At 09:45 on
18 April -the, sperm whales suddenly clumped together and killer whales were
observ ed hendmg for the mixed group. The” boat was maneuvered into the
vmmty of the whales. Dunng the next 3 h (00:45-12:30 ) we watched and
recorded the killer whales attacking: The maximum number of sperm whales
observed was 31, includi\{g 1 large male snd’l> calf (Group G3 is estimated to
contain 183 (s.d. 1.0) members, thus during the attack another mixed group was
probably preseut). The cstimated number.of killer whales was 20-25, including -2
large males and 2 calves. During the attack the mean cluster size knr the sperm
whales -Tmreased dramatically to 16.2 (from 1.9 and 1.5 earlier, see sbove). The
sperm whale calf was positioned in the middle of the cluster and the male was
normally seen on the flank or behind. ‘__The killer whales attacked the sperm
whales from either the flank or from behind, while the sperm whiles tried” to
orient their heads towards the Killer ‘whales. ‘The only injuries observed were
gashes on the sperm whales.

At 12:30 the klller whales left and swam away m 8 southwestern dlrecnon The
sperm whales swam around in several 360 deg'rees turns, and then moved off in a
northeastern direction. *No sounds were heard during the §'h the sperm whales
were followed, e)’(cept for the large male whose distinct‘iv:"slow clicks* were
heard at 17:00. During the flight the mean cluster size was 18.2 with a maximum
of 34 sperm whales observed. The whales swam in a coordinated manner, all
fluking Up within a few min of each other. They stayed under the surface for
about 20 min and at the surface for about 10 min. At sunset the decision was
made that we should keep the same course and speed during the night. No
sounds were emitted and we could not use the directional bydrophone to [nllow
the whales. : R

The following day (19 April) at 07:00 several female/immature sperm whales,
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and a large male sperm whale, were observed and pbotographs of the flukes were
taken. The large male was identified; it was the same male as the day before but_
the mixed group was new. The group may either have been the unidentified
group from the day before or & totally new mixed group. '

3.9. MOVEMENTS'AND SPEED ™

The positions of thé first identification of mixed groups and large males on
different days ere shown in Figure 3-6. There seemed to be no tendency for a
particular group or a large male to be identified in a specific area. The whales
were génerally observed within a distance of 55 km from the shelf break in waters .

. deeper than 3,500 m. There seemed to be 2 latitudes where the whales.turned,
0°25'N and 1° 20 (Figure 2-2). . )

The sperm whales' mesn speed over the bottom was 2.53 km/h (s.d. 0.94).
};Xowever, the mean speed varied with the compass heading. The mean speed of
the whales swimming towards north (N=7) was 2.54 km/h (s.d. 0.37), south
(N=4) 252 km/b (s.d. 0.77), we}ﬁis) 3.28 km/h (s.d. 0.37) and east (N=86)
1.91 km/h (s-d. 0.33). There was a significant difference (H=5.63, d.f=1, P <
0.02) in speed (1.37 km/h), using a Kruskall-Wallis test, between times when the
whales were heading west or east. .



Figure 3-6: Positions in which mixed groups,
represented by uncircled numbers,
and large males, represented by circled
numbers, were first identified on
each day. Each first identification
is represented by the last digit of
the identification code (e.g. G
0* for groups; 506=
_ 3* for the males). A dashed line
indicates the 1,000 m depth contour.
(Modified from Whitehead and Arnbom, =
in press)
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_Chapter 4
DISCUSSION

4.1. EVALUATION OF THE METHOD USING INDIVIDUAL
PHOTOGRAPHIC IDENTIFICATION

A key to successful individm photographic identification, is good quality

. pholographs'._ Focus (resolution) of the negative and the distance to the whales
were the most important deterqlinsnts of photograph *quality®. More than 50%
of the fluke photographs with certainty values of 4 or 5 were taken when the
whales was within 70 m of ihe photographer. The significance of the focus of the
negative emphasized the importance of using a fist shutter, speed. By ul«usg s
film with 400 ASA or even expbsing the film at 1200 ASA it is possible to
maintain a higher shutter speed than with slower films and also to use a narrow
aperture which will- increase the depth of field. The latteris important for flukes
photographed at an angle. higg, Elis and Balcomb (1088) stressed the

importance of focus and distance’ when taking photographs for individual '

identification.

A fluke photographed perpendicular to the axis of camera, is most desirable. ;

However this occurs rarely. " It was found that flukes with a devistion of less than
30-35° from *flat on® were useful. Small variations in exposure did not change
the identiliability of flukes. However, négltivu which were\very dark or light

made some identifications impossible. As long as the trailing edge of the fluke

was visible, it was usually possible to ldenufy individuals,

The number of animals identified from.flukes was néarly a magnitude Ilrger "

than from dorsal fins, partislly because .more emphasis was placed on
photographing and analysing flukes. Also marks were more visible and thus easier
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to recognize on-flukes than on dorsal fins. The trailing edge of a fluke is much

longer than s dorsal fin ridge and, therefore more marks can be recogoized than

“on a dorsal fin. When photographing a fluke, the boat was stationed behind the

whale, while for a dorsal fin the bost was perpendicular and relatively closer to
the animal which may hnve disturbed and sltered the behaviour of ‘the whales,
and thus made them more dllrcult to approach.

Gordon (lySB) had better success using dorsal fins for . identification of sperm
w!]ales thanThad! Gordon used colour-slides which show more detailed patterns
of colour differences than black and white film (Bigg el al, 1086).. The
colouration of the callus on the dorsal fin was useful for, the individual
identification (J. Gordon, pers. comm.).

I wes able to identify 14 snimals based on both their dorsal fins and flukes.

This.inléreased the number of certain identification /re-identifications by 73%% for

* these individuals. I recommened that future studies should use’ ¢lour film for
"dorsal fins and place more emphasis on photographing and matching dorsal fin
--and fluke of single animals. .

+ Trailitg -edges @' sperm whale flukes may change with time. However, no
changes in -marks were noticed during the 2 month study period. Studies are
needed to _investigate the rate of change Of matural marks and the long-term

efulness of individusl, ph ic identifieation. Gordon (1886) matched 7

. individual spérm whales between 2 consecutive y and Bigg et.al. ('1.986) reported -

that natural marks on'l Llller whale remained unchanged for st least 20 v The
plgmentuuon ‘patterns on nukes of young humpback whalm change over time
while the fringe of the fluke seems to be more stable (C Carlson‘ pers. comm. ).

‘When using individual identi ion for 1 timates, based on mark-

Tecapture techniques, it is desix‘at;le to photograph whales at random. However,
Hammond (1988) suggests that there exist in most populations of animals inherent
differences in the characteristics and behaviour of individuals such that capture

babiliti h dl.

" and recap pr i oy reg of the method of
.. sampling.

A mumber of sa.mp]mg bu.saes are possible in my study. Fluking behaviour




seemed similar for individusl female/immature sperm whales. However cal
rarely raise li\eir flukes in the air. Thus fewer photographs of call l’lukesax(r’e
obtained. One of the mature males did not raise its flukes more' than 45 * ly\nm
the water surface and no good photograph, with the fluke perpendicular to the
water surface, could ¥ taken. Fortunately, this particular male bhad an unususl
curled fluke which allowed identification by this means.

During the stl;dy'uff Galapagos most er‘nphasis was placed on photographing
whales which had just returned to the surface after a dive. The sperm whales’
spent about 10 min at the surface between 45 min dives. This may bave led to s
biassed effort towards smaller, sick, ‘injured enimals or mothers ;;compxnying
calves which may have surfaced at more‘(requem intgx;islsA When different
groups surfaced at the same time and distance from the bonhe steered towards
‘the larger group, and thus, perhaps, biassed our sample towards social animeks.
Similarly when a mature male was present n—mre effort was directed lowards the
male and the whales near him. Within the same day individuals were probably
not photegraphed at ;nndom, as wha]&;verespread over several km and the boat
tended to remain with 1 subset of the whales, but between days (after at least 1
night)- individuals “were photographed more randomly. Onl s few occasions, for
unknown ressons, the whales were barder to approach. Despitertt_me problems,
statistical tests on the dahpugos data, using days as sampling units,‘vdid not reject
the assumption of equal catchability (Whitehead, 1986b). W

It was not possible to identify with cer:ainty up 1087% o{'the photographed
female/immature sperm vwlmfs'gs off-Galapagos, using the method of individunl‘
phobographi%‘identilizntionT These whales had fewer unique marks on their flukes
than the ones which were individually identified with certaity.

The only other imethod used for recognizing individual sperm whales has been ¥
shooting stainless-steel ®Discovery tags® into the whale and later recovering the
marks ‘during whaling operations. There are some disadvantages to using
Discovery tags: the distance to the whale has to be within 10-35 m to-implant a
mark (Kato, 1081); there is only one possibility of re-identification; whales have to
be killed to read the number on the Discovery tags; and tags are vfrequen‘tly
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';hed' (IWC, in press). Off the Galapagos 1 fema.le/mmature sperm whale was
identified on 23 different

4.2 MOVEMENTS, DIVING, SITE-FIDELITY AND SPEED

’Movments

“The sperm whales off the Gnlnpagos Islands stayed off the shelf but generally
within 55 km of it. Their distribution seemed to be centred on a 200 km long

4.

' a

area where the Equatorial Upderwater Current hits the shell west of Isabela :

Island and creates upwelling (Houvenaghel, 1978).
Gaskin (1976) showed that sperm whales off New Zealand were often observed

in newly uixwelled waters. However, Volkev and Moroz (1977) were not able to
relate the distribution of sperm whales in the eastern fnrt of the tropical Pacific

to oceanographic surface water conditions. They pointed out tirat this might be
attributed to the distribution of the prey species of the sperm whales, meso- and
bathypelagic cephalopods, béing affected by water masses far below the water

surface.
‘

4.2.2. Diving "

The—m]dy_oﬂ the Galapagos was'carried out in waters deeper than 3,500 m.
-Ps ¥ (1086) preliminary, results of identified squid besks collected from

faeces left by dlvmg sperm whales, suggested, ‘that they consnsud mainly of the
family Histioteuthidag. Annlysu of dive traces of the sperm wlu.l- of the
Gnlapngos’howed that the whales usually levelled out at 410 m (Papuhvrou,
! 1986). The dive time for the individually identified females/immatures was about
456 min (Whitehead, lDEBb) which is longer than the 20 min which has been
recorded for females. The only ongmannuree, to my. knowledge, which mentions
_dive times for females under non-stressed condllions, is Beale (1839). He was’
cumoul bechuse he could only dutlnguuh groups -of females, not mdnvldunia
Several other authors mention dive times for females but all seem to either quou
Beale directly or indirectly, or uue obaeruuonl on hunted Wllllt! The only hma.

{ - .
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during the study off Gvalnpago’s'. when the sperm-whales were regularly ‘diving for
about’ 20>xhin and staying at the _syr[acé for 10 min, was during the flight after the
killer whale attack (Section '3411). ‘The’sperm whales were obviously stressed and
the dive time is similar to the 20 min which- has been recorded for females during
whaling operations (Best, 1074). - ' .

. %

4.2.3. Site-fidelity

Particular individuals were identified off the Galapagos Islands for
approximately 7 weeks which was close to the total study period. During the
study the mixed groups were followed and identified in an area along the shelf-
break (section 4.2.1) where they presumably were foraging for squid (section
4.2.2). The results show that the sperm whales preferred an area west<of
Galapagos and they stayed 'there for the study period. This. area may be
described as some sort of foraging and perhaps reproductive home-range. - Futuré
studies are needed to survey adjacent waters off the Galapagos to achieve more
conclusive evidence of home-ranges for sperm whales. From re-identification of a
particular mixed group within a few km between 2 .consecutive y, Gordon (1986),
proposed that there may be site-fidelity for mixed groups. Similar results 'are
available lron; whaling -data (ﬁest, 1979). Animals were tagged and later re-
captured in the same area off South Africa, suggeéting that mixed groups use the
same migration route in con§ecutive y (Best, 1979). However more field studies
are needed at different times of y to find out whether the mixed groups off the
Galapagos are resident year around.

A female marked in May 1975 with a stainless-steel Discovery tag 400 km"
northwest of the Galapagos was killed 10 months later off tHe Peruvian copst
| proxi ly 1,500 km h of the islands (Ivashin, 1977). This. {inding
shows that females migrate through the general area of the Gnhp’agos but it does

not imﬂly that the whales ffom jusl west of Galapagos migrate to the South

American coast. There is app ly' 8 general : of sperm
whales along the South Arh_griean coast from February to May (Christensen, 1926;
Clarke, 1062), although sperm whales gre found y round in the eastern tropical

. ‘ . ; . . <
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Pacific (Townsend, 1935; Bannister and Mitchell, 1980). It is not known whether
th’e sperm whales off the Galapagos are resident y around or belong to northern
or southern hemisphere stocke or both (Rice, 1975). Berzin (1874 in Berzin and
Vei;:gu, 1981) suggested that the sperm \;hnls off the Galapagos form a separate
popul:lion.. Fnl-l:\re studies using—the method of individual photographic
identification may be useful for identifying stocks. '

4.2.4. Speed

The mean speed of identifieZ whales over the bottom between consecutive days

of 2.5 km/h was less than the 3.9 km/h Whitehead (1986¢) estimated over shorter

. periods. The differences can be explained by the whales not always moving in

straight lines over periods of 1 day. Undisturbed animals have been recorded to
swim at a speed of .4.5-5.5 km/h (Beale, 1835). Beale did not say whether any
calves were present. Lack of data hindered a comparison of speed between mixed
groups with and without calves. Groups with calves might swim at a slower
speed. y ; h ’
The mean speeds over the bottom for whales moving in a northern and southern
direction were similar (2.5 and 2.5 km/h, rapectiéy)A However, there was a
difference in mean speeds over the bottom for whales moving in a westerly or
easterly direction. This can be ‘attributed to the westward flowing South

Equatorial Current (SEC). A crude calculation of the speed of the current gave:
Vwest " Veurrent = Veast + Veurreat

2
3.28-X=101+X

Yeest = mean speed (km/h) of whales heading west
Veurrent = SPeed (km/h) of the current
Veust

= mean speed (km/h) of whales heading east
: X =089 ‘

The actual speed over bottom of the whales from west and east heading whales,
was 2.6 km/b. This was calculated by correcting for the speed of the current
(3.3-0.7). The estimated speed of the current was 23 cm/sec west flow which is
‘within the range of -eatlier recorded speeds of 20-100 cm/sec west flowy for the
SEC for this time of the year (Firing, Lukas, Sadler and Wyrtki, 1083). The
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. U __
estimated current speed of 23 cm/sec of the SEC is not the actual speed .because
the eastward mgving E ial Und 's infl of the diving whales

could not be estimated. 4 .
|

4.3. SOCIAL ORGANIZATION

4.3.1. Females and immature males . b1 .

The predominance of whales 7-11 m in length (Whitehéad and Arnbom, in
press), observations of calves and the high frequency of calluses on the dorsal fins,
strongly suggest that most of the whales encountered during February to- April

1985, off the Galapagos, were mature. females and immatures. The 210

females/i s with certain individual identification were always observed in,
the vicinity (less than 500’171] of other females/immatures. Individual whales were
observed alone, but o‘nly for short time periods (approxim‘ately_ 10 min). This
confirms Clarke's (1856) observations that females are invariably gregarious.

#® The 210 females/immatures were clustered into 23 groups, and 13 of which

" contained more than 6 identified individuals. These 13 groups were assumed to

be mixed groups. Ten of the mixed groups were identified on 2 or more days.
The cstimwedian size of these groups was 19.5 animals (Whitchead and
Arnbom, in press). This is similar to the median figure of 25 for mixed groups,
which Best, (1079) derived from a literature review. The largest time span
between first and last identifications of a particular mixed group (G8) was 49
days, which is close to the total study time of 57 days. The largest time span
between 2 identifications of a particular indlvidun‘a! was 46 days. The mixed
groups were observed to associate on several occuions; and 2 groups (GI and
G10) wére observed to assoéiatjmore than other groups.” The data suggest that
identified individuals did ndt switch groups durﬂzg the study, although it may |
have occured. ! \ ¥ * d
Only once did the observed qumbe‘r of whales exceed the.estimated number of
individuals in the identified group. This was on the 18 April when killer whales
attacked group G3 (section 3.11).  Group G3 is estimated-to have 18.3 (s.e.'1.0)
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members (Whitehead and Arnbom, in press), but on that particulate date 34
whales were observed. This suggests that another gréup was present but not

(fied. An al i lanation could be that the estimated number of
members in. G3 was to low. Statistical tests to the estimated grouping of G3
showed no signifi dep: from the multinominal model (Whitehead, 1986c).

Therefore the grouping of G3 was retamed

There was an overall-difference between the groups when comparing the shape
of the fluke notch, which suggests that thére are morphological differences
between groups and may imply that these groups are genetically d;screte.

Studies of killer whales off British C'olumbia (Bigg, 1982; Ford and Fisher, 1083)

show that discrete pods “associate regularly but when they disassociate each pod

. contains the same individuals as before the association. During 15 y of study no

killer whales have been recorded to switch pods.

It has also been shown (Ford and Fisher, 1983) that the more commonly
associated differént pairs of killer whale pods had more similarity in their sound
repertoire. Ford and Fisher (1983) suggested that those pods which associate
more than others are more genetically related to one another, but no concrete
evidence of genetic similarities has been put forward.

The largest terrestrial mammal, which is relatively well studied, is the African
elephant (Lozodonta africana). The African elephant is in several ways similar to

the sperm whale: it has a long gestation, a calving interv roximately 6 y, is

long lived and shows group segregation by sex and age (Dbﬁgleunilwn and
Douglas-Hamilton, 1975; Laws, Parker and Johnsbone, 1975). Grcups of female
elephants and their offspring have.a mean group size of 22.5 ammals in_ high
density areas (Laws et al., 1975) which is similar to the estimated mean group size *
of 19.7 animals for sperm whales off Galapagos. Douglas-Hamilton and.Do'\lglu-
Hamilton (1976) suggested that for thedé female elephant groups the ties between
individuals may be strongest between calves of similar age and their different

mothers, When a female elepl;nnt group reaches a certain size, which may,

depend on a balance between ition for food and clu for mutual

protection, a mother and her offspring may leave the group to start their own
. i
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female group (Duuglas-Hamilton and Douglas-Hamilton, 1975). In Douglas-
Hamiltons' study several elephant groups showed ;piitting tendencies, with well
developed sub-units, but never sétually separated by more than'1 km, which is
probably the lihht at which femaile groups could remain in vocal contact (Douglas-
Hamilton and Douglas-Hamilton, 1975). It is not Rno“n at what distance sperm
whales can detect each other acoustically, although we could hear the sperm
whales with the hydrophone at approximately 7.5 km. During an attack by killer °
whales on sperm whales, 2 mixed groups were observed {0 merge and behaveé as 1
cohesive unit against the attackers (Section 3.11 and 4.5). These groups may have
originated from a common kin group. Strong family ties between these groups
may have led to the frequent associations. Alternatively, these groups may have
associated frequently, and therefore developed group coordination against
predators.

4.3.2. Calves and escorts

The number of calves o’bse‘rved within each mixed group varied from 0-2
individuals and was lower from the expected number (section 3.8.2). The
observation of fewer calves than expected may be explained by the high mortality
for calves during their first y (Best, 1979), if the calves had been born several
months bel‘zre the start of my study. No births of sperm whales were observed
during the Galapagos study. Future studies are needed to investigate the calving
season Or seasons off the Galapagos.

Different individual females/immatures were observed to escort the same calf of
different occasions. Further, identified females/immatures were observed with
several different  calves on different occasions. These observations suggest that
females/imynatures may accompany 1 or several calves, and also that different
femaldg/| :g 3
be confirmed. However, all the 7 individuals that scored as escorts and from
which it was possible to decide if a CB“II! was present or not, had a callus on the
dorsal fin, indicating that these were lemnle:

These findings are very similar to Gordonn (1088) results from Sri Llnka ;

N

5 A
latures accompany particular calves. The.sex of the escorts could not
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Gordon showed that calves associated closely with several different adult females,

and some females-associated with a number of different calves. These studies off

.Galapagos and Sri Lanka confirm Ash's (1962) speculation that calves are

atunaed by different individuals at different times.

*The observations of remoras on a calf's back and the very few umes calf flukes
were raised in the air suggest limited diving ability of calves. These observations
concur with Best et al. (1884). As sperm whales feed st considerable depth and
the calf probably cannot follow the mother for several consecuuve deep dives,

there would be an sdvantage in being able to share the caring of calves with other

" escorting ' individuals especially since predation by sharks seems to be an

important threat to the ealves (section 4.5).

In African elephants, siblings and adult females (which are not the mother or a
sibling) have been observed to take care of calves (Douglas-Hamilton and Douglas-
Hamilton, 1975). Communal suckling has been reccrded in several large mammals
with complex social organization such as lions (Panthera leo) and African
elephants iSchaller, 1972; Douglas-Hamilton and Doug]as-Hamilu;n, 1975). It has
not been observed ‘in the Cetacea although ;t/ might occur in sperm whales (Best
et al., 1084). There is circumstantial evidence which supports communal suckling
in sperm whales such as the finding that there is always a surplus of lactating
females to number of calves in mixed groups and that milk traces have been
found in stomachs ofJ\lveniles up to 13 y of age (Best gt al., 1984). There is one

account_from the Indian Ocean of two sperm whale calves of similar size which

appeared to be suckling at the same time from the same individual (H.
Whitehena, pers. comm.). In sperm whules.‘birtbs of twins have not been
recorded, although whaling data show a proportion of 0.005 of prenatal twins
(Gambell, 1972) Whitehead's observation is not likely to have been of ‘twins,
although this.cannot be excluded. Communal Aueklm; was "discussed by Best et
al. (1084). Who quoted Schaller (1972) as follows: *communal suckling has an
advantage to the offspring that if the mother should have inadequsie milk, dry up
early or die, its youdg can still obtain milk from other lactating females in the

group. Disadvéntdges of such beh include the d of milk for °

newborn young as a result of the attentions of older offspring®.
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4.3.3. Males

The largé sperm whales off Gnlnpngo’s were between 13.7-164 m long

. (Whitehead and Arnbom, in press) and none had a callus on the dorsal fin. There

is no record of a female larger than 12.3 m (Clarke, 1056) and large males do not

have a callus (Kasuya and Obsumi, 1966). Thus it was assumed they were large
males. A B

The large males were observed singly, in pairs or, once, in a set of three but
always associating with groups of females/immatures. There was no obvious
tendency for any particular males, or males of the same size, to be identified
together. . &

‘The pumber of large males observed bogel.hex: at the same time ‘off Galapagos is
in sccordence with a review by Besi -(1979). However, off the Galapazos‘lurge
males of different sizes were identified together, while Best (1979) presents
material which indicates that males of similar size swim together. The difference
between this study and Best's may be that my observations were in tropical
waters, presumably on a breeding ground, while Best's were in sub-tropical waters

during migrati It may be

for males to swim together during
migration, while on the breeding grounds they msy compete with one another for
females and therefore avoid males of similar size.

Results from Kato (1984) show an increase in the number of scars observed on
large males at a length of 14 m, the length at which spérm whale males come into
breeding conditin (Best, 1070). All the identified large males off Galapagos were
13.7 m or longer. Thus, the large males identified in this study are likely to be of
potential breeding status. No fresh wounds or agonistic behaviour between large
males was observed off the Galapagos.

Large bulls of the African elephant have rarely been observed fighting and it has.
been suggested ‘that resident large bulls know t&e other 'bulls and their relative
social status (Douglas-Hamilton and Douglas-Hamill 1975). The ability of large
sperm whales to hurt one another in a combat is high. Broken jaws, missing teeth
and heavy ‘Acntjng are frequently found \[But' and Gambell, 1068; Kato, 1084).
Ten-iwrisl‘ males of Grevy's zebra (Equus mwl) tolerate other males'as long

. {



76

there is no female in oestms'iK_lmgel, 1972). However when an oestrus female is
present the resident male 'chl‘uw away the other males from is terﬁwry " Fights
between lnrge sperm’ whale males’ may only occur when a female in obstrus is
present. !

Water visibility off the Galapagos varied between 1-40 m, so the usefulness of
visual displays between lirge males may have been_limited. No lob-tailing or
breaching‘wa:observed from large males. Sperm whales probably communicate
more acoustically than visually. During the rutting season red deer (Cervus
elaphus) stags use sounds for display and it has been shown that the stags avoid
fighting with individuals they are unlikely to beat (Batzler, 1974; Clutton-Brock,
Albon, Gibson and Guinness, 1879). The distinct ®slow clicks® of large male
sperm whales (Weilgart and Whitehead, in prep.) may also be used for assessment.
The only observation di\ring the Galapagos study which l;my support this, was

the encounter.whep 3 large sperm whale males were identified together with

pp ly 35.females/i , but only 1 large male was clicking (section
3.7.2). Best et al. (1984) proposed that medium-sized (12.2-13.7 m) males may
also take part in the breeding. The lack of any identification of medium-sized
males during the study off Galapagos suggest that such males may not be

involved in reproduction in thls area.

4.3.4. Proportion of large males to mature females

Whitehead (1088b) used Schnabel mark-recapture census to uhmnte the
number of !emnles/nmma.tm'es off the Galapagos Islands. However ‘Whitehead'
d that any immi rati into, or migration from, the study area will have’

consldeubly biassed hls eshmale of 272 (studnrd error 23.6) females/immgtures.

d Using & maximum correcuon facbor of 0037 from the‘regression analysis of

ldentlﬁlblhty to ‘account I‘or the whales that may not be xdentmable by the‘
method used in this study (aechon 3.2. 2), a total populmon estimate l'pr my stud’
area is 272-296 femnles/n‘fnmnures s * " S

Beat (1070) estimated the' ratio of large mu]es to séxually mntnre temnles ine

pgpvuht_llon, 6, and an, estimate ot the propnruon of mature females in




mixed group is 0.585 (0.78 of the population of mixed groups are females and 0.7
of these are mature, from Best, 1879). Then, the expected proportion of large
males to mature females in tropical waters is 0.225 (0.585 x 1/2.6). The observed
ratio of large males to mature females, assuming all large males during the study
period off Galapagos ‘were ide’nliﬁed and that the total estimated population of
females/immatures in mixed groups was 272-206, was 0.0404-0.0440 (7/0 585 x ’
296 or 272).

The proportion of large males to mature females off lhe Galapagos
(0.0404-0.0440) was considerably lower than the expected (0.225). Obsumi (1960)

‘from h jcal age distributi of sperm whales and North Pacific

whaling data, that 75-00%of the large males migrate to high latitudes during

summer. Based.on Obsumi's (1966) analyses and the distribution of large males
from whaling data, Best (1979) suggested that only 10-25% of the large males
take part in the breeding each y. Best believed that, every spring, all large males
migrate to the low latitudes, and, after a selection process, the medium-sized and
large males which were unsuccessful in obtaining eccess to a mixed group,
migrated back to the high latitudes. If the expected number of large males on the
breeding grounds (0.225) is corrected for Best's assumption that 10-25% of the
large malls take part in the breeding the corrected proportion will be
0.0225-0.0560, which is similar to what was observed (0.2404-0.0440) off the
Galapagos.
However, the Galapagos data do not concur with the suggestion that all large
males migtlu to the low latitudes each y. The time of the year and the low
# proportion of hr;e males to mature females indicates that only a small proporuon
of the large males migrate to the breeding grounds and take plrt in reproduction,
It>is not known whether the large males observed off Galapagos are resident for
several consecutive breeding seasons or migrate away after the breeding season is
over. However Whitehead and Arnbom (in press) calculated that the proportion _
of large males to other animals which were sighted less than 300 m from the
research vessel increased from 0.0024 in late February to 0.028 in April. They
suggested immigration of large males into the area might have occurred during
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the study period. The peak of the breeding season for the northern hemisphere
stock of sperm whales is thought tobe from March to"May (Obsumi, 1965; Berzin,
1971). Thus the increase of large males seems to coincide with the breeding season

for the northern hemisphere stock.

4.3.5. Associations between large males and mixéd groups

By using the sound of the *slow click® as an indication of the presence of males
(Weilgart and Whitehead, in prep.), Whitehead and Arnbom (in press) estimated
that.16% of the time that groups of ‘females/immatures were followed, they were
attended by 1 or more large males. The 21 encounters with large males varied in
duration from 5 min to over 19 h, although it was often difficult to tell when a
male joined or left a group (Whitehéad and Arnbom, in press). During 15
encounters with males, the association between the male and the group was clear
(only I group was identified before, during‘ and after the encounter). These
encounters had a mean duration of 5 h and 52 min.

Identified large males were observed with different mixed groups, and, different
large males were associated with the same mixed groups. The data did not
suggest that some mixed groups associated more with large males more than other
mixed groups. These findings do not support the general belief that 1 large male
holds a harem during the breeding season (e.g. Berzin, 1871). -

From a simple model, Whitehead and Arnbom (in press) suggest that as long as
the time between e\ncounugin; groups of females for a large male is less than the
period of oestrus, a "searching strategy®, as observed off the Galapagos, should be
favoured over a "harem holding strategy®. Whitehead and Arnbom stress'that

the model is simplistic and various factors could modify or invalidate its ,
conclusions: females mighl‘ eject males from the group, *resident® males might
. Ppossess an advantagé during encounters with other males, or a female might show
signs of approaching oestrus which could be monitored by males.
The Galapagos study- confirms Besi'u (1979) suggestion, from his analysis of the
dil‘ferenll species of ecto-parasites found on large males and females, that the
interaction betwee‘n females and large males may only be briel, a matter of a few
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days. The study supports Besv. et al. (1984) specnhuon that sperm uhl.lcs may
have a behaviour which resemblus the 'seuchmg strategy® of bull elephmu
suggested by (Barnes, 1082). =

4.4. CARE-GIVING A.Nﬂ PREDATION -

When the killer whales Antuked the sperm whales, the ?perm whales bunched
together with the calf .positioned in the middlc of the group. The killer whales
tried to approach the sperm whiles, from behind or the flank. The sperm whales
tried to position themselves so rheir heads always pointed towards the attackers.
Sperm whales are known lo‘divi to a depth of more than 1,500 m (Heezen, 1957)

ely 300 m (Bowers, 1075). The attack@ sperm
whales did not dive cut of reach of the killer whales. This may be attributed to

and killer whales to approximal

the limited diving ability of. the calf, or the need to return to thesurface for
breath. No sperm whale was killed and only & few gashes were seen. No pieces of
blubber or flesh were noticed. The whales shgved a coordinated b.uhm'iuul
during the flight.

Sperm whales have been seen to bunch around calves during a killer whale
attack and just after a birth (Gambell, 1968; Best et al., 1984; Weilgart and
Whitehead, 1086). This bunching behaviour may have evolved as a mean of
prolécting calves from predators such as killer whales and sharks (Best et al.,
1084). Other- mammals known to protect calves from predators by bunching
around calves include African elephant and muskox, Ovibos moschatus, (Hone,
1034; Douglas-Hamilton and Douglas-Hamilton, 1975). Jarman (1974) suggests
that a group may successfully defend itself agdinst a predator in 8 concerted
action, where a single animal could not. :

The killer whales were not successful in attacking the sperm whnleu, which
seemed to defend themselves with their jaws and flukes. The number of sperm
whales ding the_calf, dination between these individuals, and the

* power of the sperm whale jaw are probably efficient ways to protect ‘calves from
killer wl;nla. However l{at et al. (1084) found stranded and net-entangled sperm
whale calves which had tooth mark scars from killer whales.: -
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’ B;th killer whales and sperm whales leave parallel tc’oth mark scars on their
. victims. (Best et al., 1084). Other likely sources for the tooth mark scars on the
whale flukes off the Galapagos dre éebha]opods, sharks and false killer wﬁaies
(Peeudorcn crassidens), However, it seems impossible for cephalopods to make
"parallel lines in the free edge of the tail, as the cuts are too close together (FA.
Aldrich, pers. commn.). . - =

Killer whales have erupted deeth in both upper and lower jaw while sperm
whales have erupted teeth in the lower jaw but rarely any erupted teeth in the
upper jaw. Thus if it had been possible to see the ventral and the dorsal side of
the flukes it might have been possible to tell if the tooth mark scars were from
sperm or killer whales. However this was not possible from the photographs. No
flukes with 2 parallel rows of tooth mark scars were found, which could have been
used for comparing the shape between the 2 jaw rows: sperm whales have straight
jaws, while killer whales have curved jaws.

There are differences in tooth mark scars on the flukes of sperm and humpback
whales. The information on humpback whales comes from photographs in the
catalogues of humpback flukes in the northwest Atlantic (Katona, Harcourt,
Perkins and Kraus, 1080) and of the southefn gulf of Maine (Mayo, Carlson,
Clapham and Mattila, 1985). The entire surface area of some humphnck flukes is
covered with tooth mark scars, while on sperm whale flukes these‘were only found
along the trailing edges. Most tooth mark scars on the flukes of humpbacks are
from killer whales (Katona et al., 1980). This suggests that most of the tooth
mark scars on the sperm whale flukes are either from a different species or, less
likely, from killer whales but that they only bite along the edge of the flukes. A
photograph of possible tooth mark scars from a shark on a sperm whale calf (in
Best et al, 1084), shows similar tooth mark scars found on 8 of the flukes
phbtogmphed off Gala;ug'osl . )

A comparison of the .anallop shapes o'rl the flukes with photographs (in
Lineaweaver Il and B&cklls, 1970) of a blue shark (Mannu“ylnuca) attacking a
dead dolphin, quggests that uca.llnps are made by alm-ks The results from the
Gall seerh to gthen the assy n '\ that aharks attack spertn whales.
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There is a description of Moby-Dick's ﬂukui#Mel\'iHe (l851‘) *his bronti fins are
bored, scalloped out like a lost sheep's ear®. Sharks have been present appirth of
sperm whales (Gambell, 1968) and have also been noted to follow groups (Best,
1079). Off Sri Lanka, the number of natural marks on the tnﬂling‘ edges of the
flukes was lower than off Galapagos lsllnds (J. Gordon, pers. comm.). This may
be becsuse of ‘a better ability of the sperm whales off Sri Lanka to defend
Lhemsclvcs against predators or there maybbe Iﬁs predators. However 1h|s would
imply that the method of individual photographic identification rEJ‘)mg on
uniquely marked flukes may be less successful in other areas. ’
4.5. CONCLUSIONS .

!ndi\'idunl sperm whales such as Mocha Dick, Timgr Tim and New foundland

Tom were well known to whalers by their distinetive natural marks (Reynolds, ~

1839; Slijper, 1982) However, not until recently have scientists started to use Lhe
method of individual photographic identification on sperm whales.

The results presented in this thesis confirm that females/immatures live in
discrete groups, at least for several weeks. However the results do not support the
general belief that male sperm wbales hold a harem, rather it seems like they
adopted a searching strategy for fémale. groups. The lack of observafions of
medium-sized males suggests that fhey do not migrate to the breeding ground apd
I.ake part in the reproducuon nnkthe ratio of the number of Ilr;: males to
mnlur: females indicates that there is only a smdl proportion of the large males

are available fnr breeding every y.

The non-intrusive methods developed for studying living sperm whales by Hal ’

Whitehead and Jonathan Gordon and their colleagues have brought us over a

Id in the und ding of the social Y f these animals. Previously it -

was thought 6 be almost impracticable technicflly and economically (Ohsuml,
1971) to obtain systematic and”protracted bburvniunroiuperm whales in Jhe

" wild (Best, 1979). The results in this thesis are just)a first step in our:

understanding of the true nature of the Leviathan which has mo(e books devou.-d
to him than any other marine animal. '




4.6. SUMMARY - . K
1. Focus and distance between the photographer and the whale were the most
important factors’ when tak\ngphotugraphs useful for the identification oﬂ

individual sperm whales. | P :
. & —
2. The median distance between the.phvtogra.pher and#he whale for phnlngmphs

of individubl*with certain identification was about 70 m. %
3. Photographed Thikes with 2 déviation of less than 30-35 degrees from being
% perpendlcular to the camera axis were useful for ldenun\cntmn -~
4. RQasonable variations ol the L ciative llghtness and darkness on- the -n'egative E
5 did nor change the identifiabi ty of flukes. * < e

It ‘was poss)b]e to identify 1nd1v1dua]s as long as the trailing edge of the fluke

- was visible.

i e

6. It'was easier to 1denmy individuals from’ the natnral marks on flukes Lhan
dorsal fms .

" shape of fluke and the type of flike notch. Additionally, on dorsal fins, skin
shedding patterns and the presencﬁ' and fofmof a callus were useful.
748, No changes of natural marks were ﬁohced during the study penod a]thongh
the trailing edge of the flukes may change with time.

g

Fluhng hehnvmur was similar for individual sperm whales, although -calves
rarely raised their flukes in the & n(r before a dive.
~—_ 1ol e

“10. It was estimated- tha!. up to 8.7%, of the phowgraphed I‘emale/lmmatnre sperm
v\hales off the Galapngos were not. possible to ldenuly using the method of

11..Fwo hundred and' ten’ females/i ‘aere individually identified with
certainty from fluke patterns. : "

12. Sixty-three l‘emales/lmmsmres 4 large males’ nnd 3 calves were ldentrﬁed on2
or more days. ¥

‘13. The gcographlcnl posmons of re-ldent)?cnuons of known individuals suggest
that the sperm whales prelerred a rich upwellmg area. . . A

.

7. ~Natural marks used for individual 1denhﬁcauon were nicks, dlstmct.mcks, .
waves, scallops, holes, ‘missing portions, tooth mark scafs, barnacles, the




) 14, B\e-ldentxtwu.tibn.:)f individuals showed that m.any stayed in hie area for at
least the duratior of the study period, which suggests that the sperm whales

-off the Galapagos have’. at least a temporary home range. 5 g
15. The mean speed over the bottom for i als identified on consecutive days
+ was 2.5 km/h. :
16 Fema.les/lmmatllres always acéured in-groups.
17 1 lly identified females/i were cr’ltered into, 23 dlscr\e'{ )
groups. Tlnrteen of lhese groups contained more than 6 assocmed\
individuals. .

18 Ten of the i3 gmups were observed on 2 or more days.

1, 19. The estlmaled median size for these .lO foups was 18.5 ammals per group.
y ~20 Obsen ations of calves, the high l‘requency of dorsal fins with a callus, and the
predomm.m:e of whalg 7-11 m in length snfgqsud that, most sperm whales
off Galapagos belongéd to mixed groups,of mature females, immatures and
calves. f <,

-21. Mixed groups assoclated -on seven.l occasmns and 2 of the groups assocm.ed
more than others. b » Ve

' 22, There was an overall dxn‘erence between groups when comparing the shape of
the fluke notch:

23. The estimated number-of identified calves per mixed group. vmed from 0 to 2.
Thls was lower ilmn the expegted number.

\ R

24 All whale! s?ored as escortmg a calf gnd from whichsit was possible to tell if a
callus was present‘ar not, had Dcallus. This indicates that they were
Y l‘emalu
" 25, Dnﬂerent remn]eslnmmatum were observed to escort the.same calf. Furcher,.
particular !emulcs/lmmaturu were observed with several calves. -

~ 26, Seven large mules with lengths of 13 7-16.4 m were mdwnd\mlly ldentlﬁed w:th
. cer'.mnty N

v
27 'N?m of the large males had a callus on the dorsal I"m‘
28. The large males were observed either ss‘sipgles, pairs or a set of ‘three.
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I, . v .

: 29, There was' no preference for particular luge males, or Inrge males of similar
o . sizt, to be identified together: .

30. The large males are likely to be of potential breedmg status.
31. No fresh wounds or agonistic beha\’wnr bétween large males was observed.

“32. The lack of slghtmgs of medium-sized (12.0-13.7 m) males suggests thgt tl\e)’ “
do not take pan in mpmductlon in lhls area!
. 33. The prcporuon of large males to mature females suggests ‘that all lnrge males
LY . do not mlg'rste to breeding grolmds and therefore do not tdke part in
N : . repmductwn every year.

:4. Ydentified large m@l_gﬁ were obsgrved with' different 'mixed groups. -

A

5. Diffgrent large males were associated with the 'same\nixed g\mup‘.l
»
1
. ~36. There.was no mdxcatmn that some mixed: groups assomted more wnth large ¥ v
' ‘males, more than others. 8

&%

K

37..The large males seemed to- follow a sﬁategy of searchmg for mixed gmups,
. instead of holdmg harems.

“38. During an .attack by killer whales. on sperm whales high degree of
coordination of the sperm whales was noted. For mst.an : larger dnimals .
bunched around a calf and thus protected it . . ’ -

%

39. Tvlenty-one percent of the flukes had tooth mark scars of which a mnjonty
were probably derived from sharks auacks, but - 'some may also be from
sperm, killer or false killer whales.

0. Scallops on the 'tmiling edge of the. fl\lkes are probably caused by sharks.

F

5 41. A difference in the number of uniyile marks on the flukes b‘etw:ex; different
geographical areas suggests. that the methiod of photographic identification '

relying on uniquely marked flukes may be less successful in other areas. . 17
. “ : 4
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" ® APPENDIX 1° s
FORMULA' FOR cunvmn‘ THE PERCENTAGE AREA.OF A
NEGATIVE 0CCUPIED" BY-A‘FLUKE INTO DISTANCE FROM : .

PHDTOGKAP)ER T0 PHDTDGMP!EJ 'HALE

The relationehip in Figure 1 makes it possible to convert’
the runelgo srea of a negative occupied by 8 fluke into the
distance (R) between the p and the p
wha The photo quality measures (X2,'X3, XS and, K&) are

+ described in more detail.on plgl 28 in Table 2-1. -

‘Figure 1. .

¥idth of !lnk- on, negative. . 3
Actusl width of-fluke (2.95 m).' This llnXQ width is Xrom -
two female sperm whales which were 10 m in length dnd had
fluke widthe of 2.90 m and 3.00 m, nup-:uulf (tmn

tables in Fujidd; 1966).

Focal length of lens 0.300 m) |

b4
‘R= Di-n.n*- b-tvun phof.o;nphar and phntegrlph'd whalé\in mr.rq. &

0

Kctual srea of flnh visible n nngaf.lvl = xz/wo.mn N 3

X2 = Percentage ares the 1 fluke pied to

the total area of the negative.

NArea = Tot&Il area of negastive (0.0:
i . 9

" The corrected area of the flukesis a/

. "the ueio 4 the width to the depth f

‘024w "

The *

+ almdst perpendicylar £o the camera axis). The meah for s/b from
" these ten prints was 0.382 (e.d. 0. 0097) .




Other correction hcburp ‘necesgary to- uv.mf.- the width al the
“'{luke on the .negative 'were

tions of f1uke face lrmﬂ baing porpundi:lﬁu' to the
of the canera, mlPllll‘ll X3 and X6 (Cos (X3) and Cos' (XS))
ntage of -the ﬂnka out of the ‘vater (xe/ioo)

. The !elluving !nml; makes it. pnuihlc to estimate the’ -m.n of the’

“fluke o ,n/bhc negative

. VAR X 7 24)
" = V@h2XeCoX3)Cox5)

2’

", Formula [2] is “ingerted in formuia [1]; to give v.h- range, R:

A d

Wﬂ O/ 2XCarXeICusX), *
leerntllre cited g . o

Fn)ino, K. HEB\ On the body proponicn- of the sperm Ihl].l

(P(xyutcr catodon) ., Sci. Rep Whalza Res. Inat 11: 47- -85

ot
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