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Preface

I am particularly pleased to include this volume in our Special Issue series. The Workshop and
Symposium were very successful and the fruits of the contacts made there are evident in the
quality of the 49 papers included here. Individual recognition techniques for cetaceans can
perhaps be said to have come of age with this volume. What was perhaps not long ago seen as a
‘fringe’ area of cetology can now be recognised as valuable and productive in improving our
knowledge of the population biology of cetaceans.

I would also here like to thank Philip Hammond, who undertook a great deal more work
than is normally expected of a *guest’ editor, following the volume right through to the final
stages with the printers; Marilyn K. Marx of the Center for Coastal Studies who spent a
considerable amount of her time tracking down obscure references for me, always with a smile
(at least on the telephone!); and finally to the staff of Black Bear Press who worked extremely
hard to meet final deadlines.

G. P. DONOVAN
Series Editor

Cover design: Greg Donovan and Phil Hammond, Humpback fluke photograph courtesy of
the Center for Coastal Studies, Provincetown, Mass., USA.
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Introduction

In June 1987, as part of its ‘Comprehensive Assessment’ of whale stocks (see special issue 11 in
this series), the Scientific Committee recommended to the Commission that a symposium and
workshop be held on the use of non-lethal techniques, especially photo-identification, to
estimate cetacean population parameters. The technique of identifying individual cetaceans
using unique patterns of natural markings had been pioneered in the early 1970s by workers
such as Mike Bigg (killer whales), Chuck Jurasz (humpback whales) and Roger Payne (right
whales). These studies had concentrated on distribution, migration, behaviour and general life
history. However, it became clear that data on resightings of individuals could provide
information on the abundance, survivorship, reproductive rates and population differentiation
of whales which would be a valuable aid to their management. Some estimates of these
population parameters had already been made, primarily for humpback, right and killer
whales where long series of data existed, but it had become increasingly apparent that
photo-identification was potentially a valuable tool in the study of many other cetacean
species.

A major goal of the symposium and workshop was to provide a forum for discussion
between researchers who were primarily field workers and those who were primarily analysts
in order to develop and improve methods for data collection and estimating population
parameters. Related goals were to review photographic techniques, and to discuss sampling
protocols and analytical details.

In April 1988, the US National Marine Fisheries Service hosted a 2 day symposium and a 3
day workshop in La Jolla, California, chaired by J. L. Bannister. Response to the call for
papers for the symposium was so great that many presentations had to be made as posters
rather than talks. The subject of these presentations varied widely from descriptions of data
collection and processing techniques, to highlighting problems in analysis and the calculation
of estimates of population parameters. There were also a considerable number of case studies
presented which encompassed species which have been the subject of photo-identification for
many years and species for which this technique is a recent innovation. The papers published in
this volume are grouped according to these categories. The codes ending with ‘ID’ and a
number refer to verbal presentations (and a few papers submitted after the symposium), while
those ending with ‘P’ and a number refer to poster presentations.

The symposium was successful in demonstrating both the extent and value of
photo-identification studies throughout the world, and some of the ways in which the resulting
data could be used to estimate population parameters. The presentations generated much
discussion during the symposium and this was continued and developed during the workshop,
the report of which is published as part of this volume. The fruits of this are revealed in the
peer-reviewed published papers, which have been extensively revised in the light of these
discussions.

We owe our gratitude to a number of people. D. DeMaster, S. Katona, R. Payne and G.
Scott helped organise the symposium and workshop. Staff at the National Marine Mammal
Laboratory, Seattle and the Southwest Fisheries Center, La Jolla assisted in symposium
organisation and logistics. Particular thanks are due to the following scientists who gave a
considerable amount of time to reviewing the submitted papers:

W. Amos, T. Arnbom, S. Baker, K. Balcomb, J. Bannister, J. Barlow, P. Best, M. Bigg, J.
Breiwick, R. Brownell, M. Bryden, S. Buckland, J. Calamobokidis, C. Carlson, P. Clapham,
C. Clarke, J. Cooke, R. Cormack, V. da Silva, R. Davis, W. de la Mare, D. DeMaster, E.
Dorsey, C. Fairfield, C. Fowler, D. Gaskin, J. Geraci, D. Glockner-Ferrari, J. Gordon, J.
Haldiman, J. Hall, L. Hansen, J. Harvey, A. Hiby, R. Hoelzel, H. Huber, S. Katona, G.
Kirkwood, S. Kraus, S. Kruse, J. Laake, K. Lakhani, R. Lambertsen, W. Lawton, S.
Leatherwood, C. Lockyer, T. Loughlin, P. Lovell, H. Marsh, A. Martin, D. Mattila, C.
Mayo, R. Merrick, E. Mitchell, P. Olesiuk, J. Perkins, W. Perrin, T. Quinn, A. Raftery, S.
Reilly, D. Rice, D. Rugh, O. Ryder, M. Scott, R. Sears, T. Smith, R. Wells, H. Whitehead,
B. Wiirsig, A. York, J. Zeh.

It is also appropriate here to acknowledge the funding of the International Whaling
Commission, which paid not only for 23 participants but also for the production of this volume.
In particular, Martin Harvey dealt admirably with the administrative nightmare of routing
money around the world in several currencies.

Finally, we would like to thank Stella Duff and Helen Coulson who typed, retyped and
proof-read many of the manuscripts and typeset the tables—a soul destroying task they
achieved with charm and good humour!

Philip Hammond
Sally Mizroch
Greg Donovan
Cambridge, 1990.
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Humpback whale, West Greenland, courtesy Finn Larsen.
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Report of the Workshop on Individual Recognition and the
Estimation of Cetacean Population Parameters

The meeting was held at the Southwest Fisheries Center,
La Jolla, California, from 14 May 1988. A list of
participants is given in Annex A.

1-5 INTRODUCTION

At its 1987 meeting, the Scientific Committee had
recommended that a Workshop be held, as part of the
IWC’s Comprehensive Assessment, to address the
question of the use of natural markings to estimate
population parameters (IWC, 1988, p.132-3).

A steering group comprising Mizroch (Convenor),
Donovan, Katona, Hammond and Payne was appointed to
plan the meeting. DeMaster and Scott were added
subsequently. The Workshop was preceded by a
Symposium held under the auspices of the IWC at Scripps
Institute of Oceanography from 29 April to 4 May. In
addition to the Workshop participants, all of whom took an
active part in the Symposium, a wider audience of some
200 persons attended the Symposium. Most of the papers
referenced in this report were presented in verbal or poster
form at the Symposium.

The Scientific Committee had noted the successful use of
photo-identification techniques on species such as
humpback and right whales. It noted that it is particularly
important to evaluate the method for species with
apparently subtle markings, and where the populations
may be large and primarily pelagic. It is also important to
evaluate sample size requirements for population
estimates of various levels of precision.

A major goal of the Workshop was to provide a forum
for exchange of expertise between researchers who are
primarily field workers and those who are primarily
analysts, in order to develop and improve methods for
estimating  population  parameters based  on
photo-identification of individuals. Additional goals were
to allow the sharing of information on coding,
photographic and matching techniques, to develop
common terms of reference, and to evaluate current and
likely levels of precision of population parameters
estimated from such data.

Bannister was elected chairman. Donovan agreed to act
as rapporteur assisted by Hammond, Hoelzel, Barlow,
Buckland, Katona and Best. He also carried out the final
editing of the report.

The Agenda adopted is shown as Annex B and the list of
documents and posters available at the symposium is given
in Annex C.

6. INDIVIDUAL RECOGNITION

6.1 DNA fingerprinting

The genomic components useful for individual
identification and the mechanisms that generate high levels
of variation in those regions are described in detail in
Hoelzel and Dover (1989). The process of ‘DNA
fingerprinting’ (Jeffreys, Wilson and Thein, 1985) utilises
these hypervariable sequences to create a series of bands
that is specific to individuals. Whole DNA is digested with

an appropriate restriction enzyme, run electrophoretically
on an agarose gel, blotted and probed with a radioactively
labelled sequence of the ‘mini-satellite’ region described by
Jeffreys et al. (1985) or another similar sequence (see
Hoelzel and Dover, 1989). Typically most fragments
identified by this procedure will be rare in the population,
with a few being more common.

Fragments that migrate the same distance on a gel can be
treated as the same allele for the purposes of this
estimation and their frequency in the population given by
q. Jeffreys et al. (1985) note that the probability, x, that a
fragment in individual A is present in individual B is
related to the allele frequency q by:

X =2q-¢°

If there is an average of n variable fragments per
fingerprint, then the mean probability that all the
fragments in individual A are also present in an unrelated
individual B can be estimated by x". This is a maximum
estimate of the probability of a mis-match. SC/A88/ID29
determined this probability to be about 1.5 x 10 for a
sample of 13 fin whales using just one probe. The use of
additional probes and the investigation of a larger sample
will reduce this probability.

While it may be difficult to distinguish all individuals
photographically in some species, biopsy sampling and
subsequent DNA fingerprinting can uniquely identify all
individuals sampled. However, it is likely to take more
time and effort to collect biopsy samples than photographs
(see SC/A88/1D29).

6.2. Photographs of natural markings

The use of photographic techniques to identify individuals
from their natural markings has been well-established for a
number of cetacean species, e.g. right, humpback and
killer whales. Table 1 summarises the current extent of
such studies by species. The Workshop discussed the
degree to which these techniques could be applied to
populations of interest to the Commission which are not
currently under study. Annex D describes the results of an
exercise undertaken at the Workshop to estimate
approximate sample sizes necessary to obtain estimates of
fin and minke whale populations of different sizes. These
estimates indicate how feasible it might be to conduct
photo-identification studies on these populations for
assessment purposes. This question is addressed further in
SC/A88/1ID43.

6.3. Acoustic ‘techniques’

Several workers (e.g. Clark, 1989) have begun to examine
the potential of examining ‘voiceprints’ to identify
individuals of various species including bowhead, sperm
and killer whales. So far these studies have proved
inconclusive but the existence of mimicry and the need for
factor analysis suggests that such techniques (i.e. in the
context of identifying individuals) are not likely to be
useful in estimating population parameters in the near
future, if at all.
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Summary of photo-identification effort on cetaceans, 1988. Only a selection of the studies on small cetaceans are presented here.
For further information see Wiirsig and Jefferson, Paper SC/A88/ID13, published in this volume.

REPORT OF THE WORKSHOP

Table 1

Primary Character Area Platform Years Custodian Contributors  Approx cat.
(Secondary) size
Right whales
North Atlantic
Callosities (Scars, N.W. Atlantic Vessels, aircraft 1959-88  New England Aquarium 1-9 257
birthmarks, lip crenulations) (esp. from 1980)
Southern Hemisphere
Callosities (body markings, W. Australia Aircraft 1967-88  J.L. Bannister 250
Callosities (body markings) S. Australia Aircraft 1987-88  J.K Ling 4
Callosities (body markings) S. Africa Helicopter 1979-87  P.B.Best 280
Callosities (body markings) Tristan da Cunha, Helicopter, shore 1983-85 P.B. Best 10
Gough Island
Callosities (body markings, Argentina Aircraft 1970-87  R.Payne 10-16 850
scars) (& Brazil) (shore boats)
Callosities (body markings, St Catarina, Brazil Aircraft 1987 J.T. Palazo 30
scars)
Callosities New Zealand, Shore, ships, aircraft 1982-88 M.W. Cawthorn 79-80 180
Campbell Island
Bowhead whales
Dorsal pigmentation N. Bering, Chukchi Aircraft 1976-87 National Marine 17-20 1,400
and Beaufort Seas Mammal Laboratory
Blue whales
Indian Ocean
Flukes, pigmentation, scars Sri Lanka (NE coast)  Sailboat 1983-84 E. Dorsey 21-24 32
North Pacific
Body pigmentation California, Mexico Vessel 1983-88 Cascadia Research 25-28 220
Collective
Mottling on back and flanks Sea of Cortez Small boats 1981-88  Mingan Island 92
(ventral fluke pattern, scars) Cetacean study
North Atlantic
Mottling on back and flanks Gulf of St Lawrence Small boats 1979-88 Mingan Island 2,29-30 196
(ventral fluke pattern, scars) Cetacean study
Fin whales
North Atlantic
Dorsal fin, pigmentation NW Atlantic Vessels 1974-88 College of the Atlantic 2,6,8,23,30-36 200
patterns (body scars) (+ 300 to be catalogued)
North Pacific
Dorsal fin Gulf of California, Small boats 1982-86  B. Tershy, D. Breese 81-87 149
Mexico & EN Pacific
Sei whales
North Atlantic
Dorsal fin, scars S. Gulf of Maine Vessels 1986-88  Center for Coastal Studies, 60
Cetacean res.unit, Gloucester
Bryde’s whales
North Pacific
Dorsal fin Gulf of California Small boats 1982-86  B. Tershy, D. Breese 81-87 160
Mexico & E.N. Pacific
S. Hemisphere
Dorsal fin S. Africa Ship 1983 P.B. Best 50
Minke whales
North Pacific
Dorsal fins, San Juan Islands, Small boats 1977-87 E. Dorsey 37-39,24 30
scars, body pigment Washington
Dorsal fins, Monterey Bay, Small boats 1984-87  J.Stern 38 17
scars, body pigment California
Dorsal fins, Johnstone Small boats 1981-86  E. Dorsey 37,40 7
scars, body pigment Strait, B.C.
Dorsal fin Gulf of California Small boats 1982-86  B. Tershy, D. Breese 41-42 6
Cont.
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Primary Character Area Platform Years Custodian Contributors  Approx cat.
(Secondary) size
Gray whales
Pigmentation, scarring Washington State Small boats, aircraft 198586  Cascadia Res. Collective 10
Pigmentation, scars on back Baja: San Ignacio Small boats 197782  M.L.Jones 434
1983-87  M.L. Jones(occasional) 735
Pigmentation, scars on back Baja: Guerro Negro Small boats 1980-82  P.J. Bryant 403-701a
Pigmentation, scars on back Baja: Ojo de Liebre Small boats 1980-81 National Marine 56-112
_ Mammal Lab.
Pigmentation, scars on back Baja: Bahia Magdalena Small boats 198487  L.Fleischer ?
Pigmentation, scars on back Baja: Bahia Magdalena Small boats 1982 S. Lawson (UC Irvine) 200
Pigmentation, scars on back Canada: Vancouver Small boats 1975-? J. Darling ?
Pigmentation, scars on back Mexico: Yavarros Small boats 1980-82 L. Findley, O. Vidal ?
& Bahia Reforma
Humpback whales
North Pacific
Flukes Mexico Small boats 1986-88 Centre for Whale Research 50
Friday Harbor
Body patterns (dorsal fins, Hawaii Small boats, divers 1975-88 Centre for Whale Studies, 77-78 583 ads
pigmentation, lip grooves) Hawaii 268 calves
Flukes Hawaii Small boats 1975-88 Centre for Whale Studies, 77-78 210 ads
Hawaii 2 calves
Flukes Isla Gorgona, Small boats 1986-87  L.F. Constain <100
Colombia
Flukes, dorsal fins Hawaii, S.E. Alaska Small boats 1977-88 Kewalo Basin 43-50 1200-1400
Marine Mamm. Lab
Flukes Mexico Small boats 1982-88 Urban, UABCS; 18,40-42  350-400
Aguayo, UNAM 57,67-68
Flukes California Small boats 1983-88 Cascadia Res. Collective;  27-28 190
Centre for Whale Research
Flukes S.E. Alaska Small boats 1979-88  Jan Straley 200-300
Flukes N. Pacific Small boats 1975-88 National Marine 8,4857-58,  6000°
Mammal Laboratory 67-68,77-18,
88-91
North Atlantic
Ventral flukes North Atlantic Small boats, whale watching 1968-88 College of the Atlantic 1,2,4,6,30, 3700
vessels, etc. 33,34,36,
71-76
(comprised of N.E. Atlantic 11
Iceland 20
Greenland 162
Newfoundland 1451
Gulf of Lawrence 123
Gulf of Maine 574
S.E. coast USA 3
Bermuda 114
Dominican Rep 1107
Puerto Rico 468
Virgin Bank 113)
Flukes; dorsal S. Gulf of Vessels 1978-88 Centre for Coastal Studies 550°
fin size, shape, Maine,
scarring, W. Indies
(body scars)
S. Hemisphere
Flukes (dorsal fin) S. Africa Ship 1985-88  P.B.Best 10
Flukes (dorsal fin, E. Australia Boat 1984-88  G. Kaufman 400
body pigment)
Flukes Palmer Peninsula, Research vessels 1986-87 College of Atlantic 30
Antarctica inflatables
Sperm whales
Indian Ocean
Fluke edges, dorsal fins Sri Lanka Small boats 1982-84  J. Gordon 10,22-23 50
North Pacific
Fluke edges, dorsal fins Galapagos Islands Small boats 1985,87  H. Whitehead 23 580
North Atlantic
Fluke edges, dorsal fins Azores Small boats 1985-87 J. Gordon 22 50
Fluke edges, dorsal fins W. Indies Small boats 1982-86  T. Ambom 23,51,64 50
Fluke edges, dorsal fins Nova Scotia Small boats 1986 T. Arnbom 23 2
Fluke edges, dorsal fins N. Norway Small boats 1987 T. Arnbom 53 40
Cont.
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Primary Character Area Platform Years Custodian Contributors APP"‘_)" cat.
(Secondary) size
Killer whales
S. Hemisphere
Dorsal fins, scars Argentina Shore 198688  J.C. Lopez 39,54 35
Dorsal fins Marion Island Shore 1985-87  Mammal Research Inst. 55 10
N. Atlantic
Dorsal fin, saddle patch Iceland Small boats 1981-86  T.Lyrholm 53,58,73 140
N. Pacific
Dorsal fin, saddle patch S.E. Alaska Small boats 1976-88  Centre for 47,57,58 150
Whale Research
Dorsal fin, saddle patch British Columbia Small boats 197387 M.Bigg 56-58 350
Washington
Dorsal fin, saddle patch E. Gulf of Alaska Small boats 1984-87 Hubbs Marine Res. Inst. 43,4547 300
57,58
Dorsal fin, saddle patch Gulf of California Small boats 1982-86 D. Breese, A. Acevedo 69-70,24 30
Bottlenose dolphins
Dorsal fin, scars, freeze brands Central west, Florida  Small boats 1970-88 R.S. Wells et al. 59 480
Dorsal fin, scars S. California Small boats 1981-83 San Diego State Univ. 60,61 400
1984-88
Hector’s dolphins
Dorsal fin, scars New Zealand Small boat 1984-88 E. Slooten, S. Dawson 300
(pigmentation)
Risso’s dolphins
Dorsal fin, nicks, notches Monterey Bay, Small boats, 198588  S.Kruse 62-64 250
California whale-watching vessels
Dorsal fin, nicks, notches Azores Small boats 1987 T. Ambom 22 60
Spinner dolphins
Dorsal fin, nicks, notches Hawaii Small boats 1979-81 K. Norris et al. 11,63,65 220
Short-finned pilot whales
Saddle mark, dorsal fin Northern coastal Vessel 1986-88 Far Seas Fisheries Research 66 100
Pacific, off Japan Lab., Tokyo
Dorsal fin (saddle mark) California Small boats 1983-88  S. Shane, D. McSweeney
Dorsal fin (saddle mark) Hawaii Small boats 1985-88  S. Shane, D. McSweeney
White-beaked dolphins
Scars, unusual pigment S. Gulf of Maine Vessels 1981-88  Centre for Coastal Studies 10
Baiji
Dorsal fin, face pigmentation ~ Changjiang River Research vessel & 1986-87  Inst.of Hydrobiology €
small fishing boats P.R.China
Dorsal fin, notches, From Jinjiang Small boat 1988 Nanjing Normal €

to Heishazhou
Changjiang River

scars, wounds University, P.R. China

: Range accounts for maximum if only one side of the whale was photographed, while minimum represents whales with both sides photographed.
+ 500-600 fluke identifications not analysed

‘ This total is (except where indicated) a catalogue of collections with multiple years of data and photos of individuals, and includes most of the data
sets mentioned above.
216 in publ catalogues; fluke photos included in North Atlantic catalogue, other body parts not.

€ Just starting project

Contributors

1. Univ. of Rhode Island, RI; 2. Center for Coastal Studies, Provincetown, MA; 3. Woods Hole Oceanographic Institute, MA; 4. College of the
Atlantic; 5. Marineland of Florida; 6. Cetacean Research Unit of Gloucester; 7. University of Guelph; 8. Okeanos Ocean Research Foundation, NY;
9. About § whale-watching organisations and 30 individuals; 10. R. Payne; 11. B. Wiirsig; 12. C. Clark; 13. P. Thomas; 14. K. Payne; 15. G. Harris; 16.
J.T. Palazo; 17. L.G.L. Ltd; 18. Cascadia Research Collective; 19. NOSC; 20. Envirosphere; 21. A. Alling; 22. J. Gordon; 23. H. Whitehead; 24.
Others; 25. Long Marine Laboratory; 26. Moss Landing Marine Laboratory, 27. Farallones Research Assoc.; 28. Hopkins Marine Station; 29.
GREMM,; 30. Atlantic Cetacean Research Center, Gloucester, MA; 31. Web of Life Study Center, Plymouth, MA; 32. Maine Whalewatch, Northeast
Harbor, MA; 33. New England Aquarium, Boston, MA; 34. Whale Research Group, Memorial Univ., St Johns, Newfoundland; 35. Mystic Marinelife
Aquarium, Mystic, CT; 36. Mingan Island Cetacean Study, Sept Iles, Quebec; 37. E. Dorsey, 38. J. Stern; 39. R. Hoelzel; 40. Jeff Jacobsen; 41. B.
Tershy; 42. D. Breese; 43. 1. Hall; 44. J. Reinke; 45. C. Matkin; 46. O. von Zeigesen; 47. D. McSweeney; 48. J. Straley; 49. B. Dolphin; 50. G.
Kaufman; 51. W. Watkins; 52. P. Tyack; 53. T. Lyrholm; 54. J.C. Lopez; 55. Mammal Research Institute, University of Pretoria; 56. M. Bigg; 57. K.
Balcomb; 58. S. Leatherwood; 59. Dolphin Biology Research Associates Inc.; 60. L.J. Hansen; 61. R.H. DeFran; 62. S. Kruse; 63. R. Wells; 64. D.
Goley; 65. M. Wiirsig; 66. T. Kasuya; 67. University of Mexico (UNAM); 68. University of Baja California (UABCS); 69. Instituto de Technologia y
Escuela Ciencias Marinas, Guaymas (ITESM); 70. Programa Nacional de Investigaciones y Conservacio de Mamiferos Marinos (PNICMM); 71. Sea
Mammal Research Unit, Cambridge, England; 72. Greenland Fisheries Environmental Research Institute; 73. Iceland Marine Research Institute; 74.
Dalhousie University; 75. Brier Island Ocean Study; 76. Centre for Marine Biological Investigations, Autonomous University of Santo Domingo,
Dominican Republic; 77. M. Ferrari; 78. D. Glockner-Ferrari; 79. M.W. Cawthorn; 80. Campbell Island Meteorological Station personnel; 81. C.
Strong; 82. L. Findley; 83. O. Vidal; 84. S. Flores; 85. L. Fleischer; 86. G. Silber; 87. M. McKammy; 88. Kewalo Basin Marine Mammal Laboratory;
89. North Gulf Oceanic Society; 90. West Coast Whales Research Foundation; 91. Pacific Whale Foundation AR061279
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Two workshop papers, SC/A88/P15 and P17, explored
the use of acoustic techniques in conjunction with
photo-identification studies. These were distributed but
not discussed. These papers, and one other not available in
manuscript form (SC/A88/P2) were presented as posters
during the symposium.

7. DATA COLLECTION PROCEDURES

7.1. Sampling strategy
Information on research objectives, study area, research
platform, sampling period and sampling strategy for nine
species of mysticetes and four species of odontocetes is
contained in Annex E.

Existing photo-identification studies have concentrated
on species or local populations containing approximately
several hundred to several thousand individuals (e.g. over
3,500 animals in the North Atlantic humpback whale
catalogue).

Sampling protocols developed so far reflect a
compromise between obtaining broad geographic sampling
coverage, maximising the number of individuals sampled
and dedicating adequate sampling time to each individual
encountered. Ongoing studies involving photo-
identification have a variety of objectives and some, such
as behavioural investigations emphasising focal animals,
require sampling strategies that are not ideal for providing
data useful in estimating population size (e.g.
SC/A88/ID44). On the other hand, broad-scale sampling
programmes designed for estimating population size may
not yield data adequate for estimating calving rate,
mortality or other parameters. Some projects concentrate
on only one segment of the population, such as right whale
cows and calves (e.g. SC/A88/ID16). Such studies can
provide information on population growth trends even if
they cannot produce estimates of total population size.

Photographs for individual identification are often
obtained opportunistically or incidentally to other
dedicated projects. This may be unavoidable, owing to
financial constraints or reliance on commercial whale
watching vessels which have fixed schedules and must
direct their efforts toward locations of known whale
abundance or towards animals displaying particular
behaviour.

None of the sampling protocols described in Annex E
are random, and most emphasise areas of known or
suspected cetacean abundance. Sampling of animals in
narrow strip widths has occurred nearshore for right whales
on their breeding grounds and for bowhead whales
migrating in leads. Effort has been concentrated on
productive feeding banks or near productivity-enhancing
submarine topographic features for humpback, fin, minke
and right whales. Sampling efficiency has also increased in
photo-identification studies at locations where species such
as gray, right or humpback whales aggregate for breeding.

When animals are located, efforts are made to obtain
good photographs of identifying features. Up to an hour
may be required in some cases if the animals dive for long
periods of time or are uncooperative (SC/A88/ID34).
Some species, such as humpback whales, may be reliably
photo-identified from only one photograph, but
photographs of additional body features, e.g. dorsal fin,
may facilitate re-identification and may allow problems of
‘tay loss’ to be investigated if the primary mark changes or

is lost (e.g. see SC/A88/ID35). Other species, such as right,
bowhead and fin whales, may require suites of photographs
of numerous features on both sides of the body. Obtaining
complete photographic coverage of such species can
require substantial field time. Use of appropriate platforms
can reduce this problem, for example the use of aircraft
and helicopters to photograph right whales. In such cases a
single photograph of the dorsal view of the head can
replace photographs of the left and right sides of the head.
Aircraft are expensive and are not feasible for daily
offshore work on feeding ranges. Aircraft have been used
in some locations to increase sampling efficiency by guiding
boats to whales.

The usefulness of photo-identification studies will be
maximised if careful records are kept for all data associated
with each photograph and if investigators extend sampling
strategies as broadly as possible within practical limits. It is
important to design sampling programmes consistent with
geographical or social boundaries of study populations if
data are to be used in the estimation of population
parameters. A useful technique may be to initiate a project
and then modify the sampling programme in subsequent
seasons guided by previous results. Sampling design is
discussed in Section 10.1.3.

Photo-identification studies of several odontocetes have
been facilitated by the restricted habitats of study
populations. Long term investigations of pods of killer
whales resident year round in Puget Sound and near
Vancouver Island have been carried out for 20 years
(SC/A88/ID3). Bottlenose dolphins have been studied
close to shore along the Florida coast for 18 years
(SC/A88/P22). Long-term stability of groups or association
between individuals further facilitates sampling of Kkiller
whales, sperm whales and bottlenose dolphins.
Photo-identification sampling of some odontocete species
may be hindered by large population size or difficulty in
photographing small, fast animals. Nevertheless,
sufficiently clear photographs reveal natural markings
useful for individual identification, and ongoing studies of
local populations of pilot whales, Risso’s dolphin, dusky
dolphin, spinner dolphin, Dall’s porpoise, white whale,
Pacific white-sided dolphin, beiji and others show great
promise (see summary in SC/A88/ID13).

7.2 Techniques for the collection and storage of biopsy
samples

Only an outline of field techniques is provided here. More
details are given in Annex F but the reader should consult
the following papers for a full discussion: Lambertsen,
Baker, Duffield and Chamberlin—-Lea (1988); Hoelzel and
Dover (1989); SC/A88/ID28 and 29.

Small biopsy darts can be used to collect samples of
living tissue from free-ranging cetaceans and several
designs have been described for darts used to collect
samples from a variety of species (Winn, Bischoff and
Tarushi, 1973; Aguilar and Nadal, 1984; Mathews, Keller
and Weiner, 1988; Lambertsen, 1987; SC/A88/SD29).
Maximum information can be obtained through the
collection of all dermal layers and some blubber. The
dermal tissues can be used for a variety of genetic and
biochemical analyses, including karyotyping, protein
electrophoresis and examination of variation in
mitochondrial DNA and nuclear DNA. Blubber samples
can be used for toxicology and fatty acid composition
studies in naturally-marked populations.
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Once the sample has been obtained, procedures for
storage vary with the type of study it is to be used in. For
DNA analysis the sample simply needs to be scored,
immersed in saturated salt solution and frozen if possible.
For subsequent cell culture a sterile environment is
essential (SC/A88/ID28); methodology is described in
Annex F.

7.3. Genomic catalogues

DNA fingerprints consist of a ladder of bands on
autoradiography film. The molecular weight of a particular
band can be determined as a function of the distance it
migrated on the gel. The pattern can therefore be
described and stored in computer memory as a series of
molecular weights. There are two main problems with the
interpretation of this information (for a more complete
discussion see SC/A88/1D29).

The first problem is that bands vary in intensity and some
are sufficiently faint that they may not be detected every
time the same sample is run under standardised conditions.
There are at least two possible solutions to this: one is to
ignore bands below a certain intensity, the other is to run a
standard of varying intensity bands on each gel.

The second problem is related to characteristics of the
gel which determine the differential band migrations. Even
when gels are carefully controlled there can be some
variation in the migration pattern from one side of the gel
to the other. This can be solved by rejecting imperfect gels,
or by standardising each line with a separate marker.

7.4. Photographic techniques
Obtaining a good photograph for photo-identification
studies depends on the following factors:

(1) choice of equipment;
(2) choice of film and developing procedures;
(3) ability to approach an animal and behaviour of animal.

To some extent these will vary by species. However, for all
species, the importance of taking or dictating good field
notes cannot be overemphasised. Separating field events
using marker photographs (e.g. blanks, the time on a
watch, the horizon as a diagonal on a frame) is
recommended. A summary of lenses and films currently
used is given in Table 2.

Equipment

It is important to use high quality cameras and lenses.
There was some discussion of the value of auto-focus
lenses. It is unclear whether these lenses are fast enough
for use on small cetaceans. However they have been shown
to work well for killer and humpback whales. Automatic
aperture or shuttering has advantages in rapid shooting
across a changing field. However glare, ice, etc. might
cause false metering such that the photographer might
often need to use manual override. Auto-focus and
auto-metering equipment are|controlled electronically and
may prove less than perfectly reliable under severe field
conditions.

It is important to take several photographs of an
individual to ensure that a suitable photograph or suite of
photographs is obtained. A motor drive or power winder is
recommended; the latter, although slower, is cheaper and
usually sufficient.

The lens size chosen should be such that the diagnostic
portion of the animal is as large as possible within the
frame. Whatever lens is used, it is important always to use
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the highest shutter speed and aperture setting possible to
maximise the chance of obtaining a sharp image. Shutter
speeds should always be 1/500th second or greater. If large
lenses are used, some researchers strongly recommend use
of a shoulder brace to keep the lens steady.

Table 2

Some lens and film types used in photo-identification studies. All are
used from vessels apart from those marked with an asterisk which are
used in aerial photography

Lens Film Types

Humpback whales

300mm Illford HP5 pushed to ASA 1600

Sperm whales

300mm Ilford HPS5 pushed to ASA 1600

Fin whales

300mm Ilford HPS pushed to ASA 1600

70-210mm Kodachrome 64, Ektachrome 200+400

(rose filter) Fujichrome 100

Blue whales

300mm Ilford HP5 pushed to ASA 1600, Kodachrome 200
Minke whales

300mm Ilford HPS pushed to ASA 1600

Bowhead whales*

150-180mm Ektachrome 200, Fujichrome 100

Large format

Right whales

300mm Ektachrome 200 - Argentina*

Large format  Ektachrome 200 - South Africa*, Australia*
250mm Eltachrome 200

Gray whales

300mm Iiford HP5/Kodak TriX pushed to ASA 1600
Bryde’s whales

300mm Fujichrome 100, Ektachrome 200, Kodachrome 64
Sei whales

300-400mm Kodak T-max at 400 ISO, Kodak TriX

Dall’s porpoise

300mm Kodak TriX and T-max at 400 ASA

Baiji

100-300mm Lucky 400 and Eastman 200

Most workers use 35mm cameras. However, several
aerial studies use medium-format cameras which cover a
greater area of sea (e.g. SC/A88/ID15, 16 and 17).
Experiments with a gyroscope to steady cameras used from
an aircraft did not significantly increase the quality of
photographs (SC/A88/ID1). As a back-up to keeping good
notes, data-back cameras, which can include date and time
on each frame, are recommended.

Incident light meters provide the best exposure readings
for photographs taken from vessels whereas reflected light
meters with narrowly focused fields are best for aerial
photographs. Light meter readings should be taken
frequently. At least two camera systems, one of which is
operated manually, should be available in the field. It is
important to practice handling and processing techniques
before a field season.

Several workers have experimented with
photogrammetric techniques, either using stereo
photography or using accurate known-distance

photographs. Examples include the work of Gordon (1990)
on sperm whales, Jacobsen and Zimmerman (SC/A88/P10)
on killer whales and various workers on bowhead whales
(e.g. Cubbage and Calambokidis, 1987; Davis, Koski,
Richardson, Evans and Alliston, 1982; Withrow and
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Goebel-Diaz, 1989). The potential of auto-focus lenses to

provide accurate distance measurements via a digital
readout should be investigated.

Choice of film

For those species for which black and white photographs
contain sufficient information (e.g. humpback, sperm,
blue, killer and minke whales), the best film has been
found to be Iiford HP5 push-processed to 1600 ASA. The
processing procedure is described in Annex G.

A variety of colour slide and print film has been used.
The most common are Ektachrome 200, Kodachrome 64
and Fujichrome 100. Although as yet not widely used, the
new Kodachrome 200 was recommended by several
workers.

If films are not being developed in-house, the
importance of using a good professional laboratory cannot
be overemphasised. If films are being developed in-house,
the importance of keeping chemicals up-to-date similarly
cannot be overemphasised.

Ability to approach animals/behaviour of animals

To obtain a good photograph, it is important to develop a
method which permits a close enough approach at a
suitable angle to the animal. For many species this involves
the use of small boats with outboard motors. In such cases,
rapid changes in engine speed and boat direction must be
avoided. For aerial work, slow aircraft or helicopters are
preferred to minimise the effect of movement relative to
the animal. Typical altitudes for photography are
300-600ft, with the whale directly below the aircraft. For
species where dorsal fin or flank photographs are required,
an approach following the direction of travel of the whale
but slowly getting closer to it has been successful.

7.5 Photographic catalogues and collections

7.5.1 Catalogues
It is important to distinguish between a catalogue, which
contains the type specimen of each identified animal, and a
complete photographic collection. However, in terms of
creating a catalogue, i.e. choosing which animals
(photographs) to include, the procedures are identical to
the reidentification procedures discussed under Item 8.1,
where photographs of sufficient quality (see below) which
are not matched with those in the existing catalogue are
added to it. In this regard it should be noted that ‘poor’
photographs of whales with identifying features that can
still be discerned should be included in a catalogue.
Particular points to note about catalogues are that they
should:

(1) be periodically reassessed;

(i) be updated to include the best and most recent
photographs of individuals (and should document any
changes in patterns over time — see Item 8.2. below);
and

(iii) include, where possible, photographs of all
identifying features and not just the primary feature
used (e.g. with humpback whales, photographs of
dorsal fins as well as flukes).

For certain species and/or platforms, suites of
photographs may comprise the ‘type photograph’ (e.g.
North Atlantic right whales, balaenopterid whales).

7.5.2 Photographic collections

There are two aspects that must be eonsidered for each
photograph. One is the quality of the photographic image,
specifically as it relates to focus, glare, angle, distance or
the amount of the identifying feature showing. The other is
the distinctiveness of the identifying feature or markings of
the animal. Some well marked animals are more easily
reidentified than others, while some with less distinctive
markings may be resighted but not recognised in
subsequent sightings. It is recommended that photographic
quality and recognisability be judged separately in
categories excellent, good and poor (see Hammond, 1986;
SC/A88/ID11).

The need to develop an objective method of evaluating
photographic quality was noted in the context of deciding
which resighting to use when estimating population
abundance (see e.g. Arnbom, 1987).

For estimating population size using mark-recapture
methods, to ensure equal catchability, it is important to use
only photographs whose quality is either excellent or good,
no matter how ‘distinctive’ the animal’s markings are. (See
Item 10 below).

For other parameters such as calving intervals, poor
photographs of distinctively marked individuals should be
used to maximise the amount of available data (e.g. as
described in SC/A88/ID30).

Archiving photographs

Given the long term benefits of photographs of identified
whales, images should be carefully preserved. Many years,
even decades, after photographs have been collected, they
may still be important for studies of individual animals.
Protection is needed against moisture, heat, dust, light,
fire, theft, excess handling, mishandling and
contamination. Contamination sources include glue in
some boxes and plastics in non-archival quality storage
sheets.

Photographs should be duplicated so that one collection
is conveniently available and the other is well preserved.
Using prints to search for matches while storing the
transparencies is typical of many projects. Most
researchers suffer budgetary restrictions that prevent full
duplication of their collections; however where more than
one photograph of an animal exists, the collection can be
divided to some degree. Selected portions of a collection
might be copied, in which case archival type film should be
used.

Photographs should be stored vertically in metal file
boxes, waxed paper boxes or plastic trays, in such a way
that they are not in contact with each other. Although
plastic sheets provide protection and convenient access to
transparencies, they are not considered the best means for
long term storage!.

Long term storage should be in a low-access area that is
fireproof (without sprinklers), cool, dry and secure from
theft. Moisture is a greater concern than heat, in that a
collection that cannot be stored in a watertight container
should not be taken from cool storage to warm, moist
areas, risking condensation. Fireproof boxes are rated for
protection from burning stored materials, not for
protection from melting. It is best to have duplicate
collections at well separated locations.

1 Kodak’s book, Conservation of Photographs (F-40. Cat.#1935723,
156pp.. $33.30 US, via Eastman Kodak, Dept. 412L, 343 State St.,
Rochester, NY 14650) is recommended.
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Storing images on video disc is recommended, since
many images (54,000) can be contained in a small area with
convenient access through a laser video disc player. Video
discs can be copied and circulated among researchers. As
data are not stored on the disc, the institution providing the
photographs can retain control of the information. Video
images are several generations away from the original, so
video discs should not be considered the only means of
archiving.

When a photographic collection is to be stored
long-term, researchers should consider including
well-documented data files with the photographs.

8. REIDENTIFYING INDIVIDUALS

8.1. Genomic data-bases

When individual identifications are stored in a
computer-based catalogue, each can be listed as a series of
molecular weights (SC/A88/ID29). A new individual can
be compared with those already in the catalogue by
comparison with each array of weights. Matches selected
by the computer can be compared by eye from the original
fingerprints. Any questionable matches can be re-run
together on the same gel from the stored DNA. This
requires storage of DNA from each individual as well as
the series of molecular weights from the gel.

8.2. Methods for matching photographs
The aim of matching photographs is to determine whether
or not an individual has been seen before. Methods of
matching vary from catalogue to catalogue. Some workers
examine negatives using a microscope (e.g., for Kkiller
whales - Bigg, humpback whale fluke patterns -
Calambokidis), others examine contact prints and then
make full-size prints of potentially ‘new’ animals (e.g. for
humpback whales — Carlson), others examine colour slides
(e.g. right whales — Bannister, fin whales — Agler); yet
others examine full-size prints (e.g. minke whales -
Dorsey). For animals easily identified in the field, detailed
field notes can be valuable in matching.

To reduce the time needed to examine the catalogue for
a match, many researchers pre-sort according to the
category of the identifying features (see above) e.g.
general colour pattern of a tail fluke. This is particularly
important for large collections. Computer assistance in
sorting is discussed below. However, any classification
system is subject to errors and comparisons should not
simply be made with the ‘most likely’ categories.

Whichever method is used, there are two major
potential sources of error:

(i) missing a match;

(ii) falsely identifying a match.

To reduce the occurrence of such errors, the following
protocols have proved successful:

(i) matches or new whales should be confirmed by more
than one, and preferably several, experienced
workers;

(ii) photographs should be viewed against catalogues
several times;

(iii) catalogues should be reviewed periodically for
duplicates;

(iv) long sessions of matching (>2-3hrs) should be
avoided.

The value of using experienced workers is illustrated in
SC/A88/ID35. Individuals become familiar with animals
within their catalogues and with the most important
identification features with experience. The possibility of
using persons with above-average matching abilities, for
example, those with eidetic memories, should be explored.
The question of what to do with *doubtful’ matches was
raised. This is particularly a problem with species which
require ‘suites’ of photographs. It was agreed that
‘doubtful’ matches should be kept separately, and
periodically examined against the catalogue. Keeping
careful records of matches that are made after long periods
of time will provide information on the extent of the
problem of mis-matching.

In order to obtain better estimates of the probability of
the two kinds of matching errors occurring, catalogue
curators should, for each kind of error separately, record:

(1) the date of the discovery of the error;

(2) the date of entry of each photograph involved in the
error into the catalogue; and, if possible

(3) the number of photographs entered into the catalogue
between the photographs involved in the error; and

(4) the number of times the two photographs were
compared before the error was discovered.

8.3 Computer assistance

Rowntree reported that her experience with right whales
suggests that a catalogue of about 850 animals, for which a
single matching attempt may take 3 hours, is about the
maximum practical before computer assistance becomes

desirable.
At present, two types of system are being developed.

The first, exemplified in SC/A88/ID11 for humpback
whales, scores coded descriptions of the identifying
features and then ranks those already in the data base
against the photograph to be matched. Images are then
retrieved automatically from a video disc. This is a
computerised version of the hand-sorting used for many
catalogues, resulting in major time savings in both sorting
and in retrieving images of likely matches. This system also
allows for easy retrieval of images classified as described
under Item 7.5.2.

The second type of system, exemplified in SC/A88/ID9
for seal pelage markings, uses a computerised 3-D model
of the relevant part of the body of the animal. The
photographic image is aligned with the model and
digitised. This allows automatic matching of photographs
taken at different angles. Although the seal catalogue is
currently small, experimental testing has shown that about
2% of catalogue photos require comparison by eye with a
given photograph. Such a system is particularly useful if
patterns cannot easily be categorised and may be useful for
species with complex flank patterns, such as the blue
whale, or for species where the angle of the photograph can
cause difficulties in matching, such as the right whale.

A system for sperm whales, using readily available
software and hardware, is described in SC/A88/ID42.

9. SPATIAL AND TEMPORAL DISTRIBUTIONS

Studies of individually identified animals can be used to
determine patterns of movement and patterns of
association among individuals. Knowledge of such patterns
can be used in designing studies for estimating population
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parameters, in determining biases that might be expected
in calculating parameters and, hopefully, in correcting such
biases.

9.1 Population differentiation

For purposes of management, marine mammal
populations are typically divided into management units,
or stocks. If a genetic difference can be shown between
such stocks, they may be referred to as genetic stocks. In
general, genetic differences are not a necessary condition
for defining management stocks but in most cases are a
sufficient condition. Information from distinctively
marked individuals or from DNA markers within
individuals can be useful in defining stock structure.

The consistent return of individual humpback whales to
the same feeding grounds has been used to define what
have been called feeding sub-stocks in the North Atlantic
(SC/A88/ID2). A similar pattern exists in the North Pacific
(SC/AS88/ID2S).

Individual identification data have shown that North
Atlantic humpback whales from many feeding grounds mix
in the same breeding areas. The mixing may not be
completely random in that individuals from one feeding
area may more often frequent a particular breeding area.
This heterogeneity may be further complicated by age and
sex specific patterns of migration. Mixing on breeding
grounds diminishes the chances of genetic isolation
between putative feeding sub-stocks. The likelihood of
genetic mixing is further supported by observations of
seven courtship groups in the North Atlantic breeding
grounds, which had recognisable individuals from different
feeding areas within the same group (Mattila, Clapham,
Katona and Stone, 1989).

Although there is reason to believe that feeding
sub-stocks are not genetically isolated, it is possible that
some genetic differences do exist. Molecular genetic tests
for such differences are possible with biopsy samples from
as few as 20 randomly selected individuals from each area.
The likelihood that animals return initially to feeding areas
with their mothers indicates that mitochondrial DNA
(mt-DNA) techniques may prove useful, especially if used
in conjunction with nuclear DNA methods such as DNA
fingerprinting. Although mt-DNA was not successful in
distinguishing morphologically-defined stocks of tropical
dolphins (Dizon, 1987), the resolution power can be
increased over that used in their study. Approaches to
population discrimination using molecular markers are
reviewed by Hoelzel and Dover (1989).

Hoelzel and Dover (1989) recommended that molecular
genetic techniques be tried with humpback whales to
examine questions of stock differentiation. Sufficient
samples for a preliminary study might be obtained using
biopsy samples from stranded whales from at least two
feeding stocks in the North Atlantic. As in any genetic
study, individual identification data from those whales
would be valuable in interpreting results.

Preliminary results of comparisons between resident and
transient killer whales in the northeastern Pacific indicate
the presence of genetic differences. Hoelzel reported that
additional tests using more powerful techniques are being
applied in an attempt to confirm this. Behavioural and
morphological differences have previously been noted
between resident and transient groups (SC/A88/P17).

In addition to colour patterns, differences in the
frequency of scars and marks such as killer whale tooth
marks on flukes may be useful in defining stocks.

9.2 Relationships within populations

Persistent relationships between individuals have been
found in many cetacean studies (e.g. see SC/A88/ID3).
Such relationships are capable of biasing estimates
of certain population parameters, such as those that
assume random mixing of individuals. Whitehead
(SC/A88/ID45-formerly SC/40/Sp3) has developed an
index called the correlation of association to describe the
patterns of recurring association between individuals. He
also presents a test for determining whether a given group
is closed, based on this correlation. This is discussed
further under Item 10.

Site and temporal specificity

Based on resightings of distinctive individuals, some
animals return consistently to a particular location. Some
may also show considerable temporal specificity, such as
returning to a certain location at the same time of the year.
In a migrating species, this temporal specificity might be
exemplified by an individual that passes a given point at
approximately the same time each year. Such site and
temporal specificity in movement patterns could
potentially bias the estimation of population parameters.

Site and temporal specificity have both been
demonstrated for humpback (e.g. SC/A88/ID2 and 25) and
right (e.g. SC/A88/ID16 and 18) whales. Humpback
whales show site specificity in their return to feeding areas.
Temporal specificity is shown in the synchrony with which
some humpbacks and right whales appear to return to the
breeding areas in different years. However, individual
humpback and right whales have been seen to make large
changes in their movement patterns over short time
periods.

Different sex and age classes often show differences in
site specificity and can show differences in temporal
patterns as well. For instance, female right whales with
calves segregate from other animals near the coasts of
South Africa, Argentina, and Australia. Adult bowhead
whales appear to migrate later than younger age classes.
Such differences may make it necessary to estimate
population parameters separately for particular age and/or
sex classes of a population (e.g. see SC/A88/ID16).

10. ESTIMATING POPULATION PARAMETERS

10.1 Population size

The use of existing capture-recapture models to estimate
population size is appealing because they are well-known
and have been well-studied. All the model assumptions
have been stated, tests are available to investigate the
violation of these assumptions and a considerable amount
of work has been done on the effects of these violations on
estimates of population size. However, because it is
unlikely that an existing model will be exactly appropriate
for any particular study, the development of new models
(e.g. SC/A88/ID1) is essential to obtain the maximum from
the biological information.

Capture-recapture techniques using photo-identification
data provide estimates of absolute abundance but the most
important consideration for populations recovering from
severe depletion is the rate at which they are recovering. In
these cases, estimates of relative abundance are equally
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useful. Series of absolute estimates may give trends even if
they are biased as long as the bias is consistent with time.
However, in Jolly-Seber analyses of data where
heterogeneity is present, bias is greater in estimates at the
beginning and end of a series even if heterogeneity remains
constant throughout the study period. A series of
independent Petersen estimates would not have the same
problem but, in general, care needs to be taken in the
interpretation of series of estimates. A good example of
this is the apparent increase in the number of humpbacks in
the Gulf of Maine as discussed in SC/A88/ID4.

An alternative to using a series of population estimates
to determine whether or not a population is increasing or
decreasing is to obtain accurate and precise estimates of
survival rate and reproductive parameters. SC/A88/ID5
and SC/A88/ID6 demonstrate that it is possible to estimate
these parameters with a high degree of precision from
photo-identification data if sample sizes are large enough
to ensure high resighting probabilities. There is certainly
merit in following both approaches; which is better will
depend upon the circumstances of each study. It is worth
noting that the poor definition of markings in very young
animals of some species (e.g. humpback whales,
SC/A88/ID35) may make the estimation of juvenile
survival rates difficult.

10.1.1 Models and assumptions

The Workshop found it convenient to use Hammond
(1986) as a basis for discussion of the estimation of
population size from photo-identification data. This paper
describes the basic models, their assumptions, some likely
violations and their affects on population estimates.

The most important assumptions were identified as
being geographical closure, demographic closure (for
closed population models), permanence of markings and
equal catchability.

(i) Geographical closure

In any capture-recapture study it is essential to define the
population under investigation and thus the group of
animals to which the population estimates refer. The
Workshop recognised that animals do move in and out of
study areas especially on feeding grounds where
distribution will change in response to prey movements
(e.g. see SC/A88/ID23). In addition, whales are known to
segregate in breeding and feeding areas and on migration.
There are two ideal cases for a study: (i) an area where the
whole population is known to return on a regular basis is
sampled; (ii) a subset of the population which is known to
return regularly to the same area is sampled. An example
of the former is the study of humpback whales in the North
Atlantic where there is evidence that the entire population
migrates to and mixes on the breeding grounds
(SC/A88/ID2). An example of the latter is the study of
right whale cows and calves off South Africa
(SC/A8/ID16). If neither of these ideal situations exist,
the study population will not be geographically closed
(e.g., SC/A88/ID24, SC/AS88/ID36). In these cases,
additional data and/or the development of new models will
be necessary to account for this. This is discussed further
below under Item 10.1.3.

(ii) Demographic closure

Open population models, such as the Jolly-Seber model,
allow for births (including permanent immigration) and
deaths (including permanent emigration). Closed

population models assume no demographic change but this
assumption can be relaxed for the two sample Petersen
model. In particular, if there are no births, then the
Petersen model can give a valid population estimate at the
time of the first sample even if mortality is occurring. This
is the basis for using the Petersen model to estimate North
Atlantic humpback population size (SC/A88/ID2). For
long series of data, the Jolly-Seber open population model
is the obvious existing model to investigate but a series of
independent Petersen estimates may be more appropriate
under certain circumstances (see above and SC/A88/ID4).

(iii) Permanence of markings

If natural markings change with time this will have the
same effect as tags being lost in conventional
capture-recapture studies, i.e., population size will be
overestimated. In general, for all species, researchers are
confident that any changes which do occur in natural
markings do not seriously affect their ability to reidentify
whales. This is supported by evidence from ‘doubly
marked” (i.e. where in addition to the standard
identification feature, such as the fluke shape and colour
pattern, an additional feature, such as the shape and
pigmentation of the dorsal fin, is available) animals in both
right and humpback whales. For some species, changes are
much more common in young animals; for example right
whale calves cannot be identified in the first few months of
life. SC/A88/ID35 addresses the problem of fluke markings
changing with time in North Atlantic humpback whales. It
concluded that changes in fluke patterns during the first
two years of life can cause errors in identification and that
general matching errors were approximately equally
divided between making a false match and failing to make a
match. These results suggest that humpbacks less than two
years of age should not be included in the marked
population for the purposes of estimating abundance.

10.1.2 Unequal capture probabilities
Most simple models for estimating population size from
capture-recapture data assume that all animals are equally
likely to be captured within a sampling occasion. This is
unlikely to be true for a number of reasons. First, marking
may affect catchability. This is likely to be less of a problem
in photo-identification studies than in conventional
capture-recapture studies. However, there are certain
factors that could be relevant. One of these is the ‘friendly
whale’ phenomenon where animals become habituated to
boats (e.g. humpbacks in the Gulf of Maine). This may
result in animals becoming more or less likely to be
photographed. In studies where the photographs are taken
from aircraft some animals may become habituated to the
sound of the aircraft or may react adversely to it. In
practice, any problem of this nature is likely to appear as
heterogeneity of capture probabilities rather than as
probability of capture changing after marking.
Heterogeneity of capture probabilities, where individual
animals have inherently different likelihoods of being
captured, will occur to some extent in most if not all
photo-identification studies. The effect is to cause an
underestimate in population size as discussed in
SC/A88/ID4. Hammond (1986) divides the capture process
in photo-identification studies into three phases: sighting
the whale, photographing the whale and including the
photograph in the sample; he discusses how each may
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suffer from heterogeneity. Problems of heterogeneity in
sighting whales are similar to those of geographic closure as
discussed above (and see below under Item 10.1.3).

Problems of heterogeneity in photographing whales
include researchers being able to recognise individuals in
the field, differential reaction of whales to boats or aircraft,
and differential behaviour of individuals. If inclusion of a
photograph in a sample is based on identifiability rather
than photographic quality, this will also introduce
heterogeneity. Hammond (1986) and SC/AS88/ID4
describe some ways to reduce the effects of this on
estimates of population size.

10.1.3 Improvements to existing methods

It is important to stress that it is not possible to list a series
of existing models for analysis from which can be chosen
the ‘best’ model. This is because each biological situation is
different and it is likely that none of the existing models is
directly appropriate. What is needed is the development of
a model for each particular species in a given area. The key
factor here is the utilisation of biological information in
addition to the capture-recapture data.

Analyses of data from very well studied populations,
such as the resident killer whales of British Columbia and
Washington, could be useful in determining how sensitive
estimates of population parameters are to variability in
sampling. Care should be taken, however, in drawing
general conclusions from specific studies, precisely
because each situation is different. In this respect, a
well-designed simulation study could be more valuable.
Subsets of data from existing data sets can be used to test
assumptions or to investigate how well certain models
perform.

There are certain problems with the estimation of
population size using existing models which can be
addressed by the development of new analytical
techniques, by the collection of additional data or both. In
particular, the important problem of all whales not being
equally catchable in a given sample can be investigated and
potentially accommodated in some cases. If aknown group
of animals, such as cows and calves, frequents an area
regularly, then the model described in SC/A88/ID16 is an
appropriate way to analyse the data. In this case, the
additional biological information being used is the
distribution of calving intervals. It may be possible using
maximum likelihood methods or by extending the
Bayesian methods used in SC/A88/ID16 to estimate the
most likely combination of survival rate and rate of
population change rather than having to provide an
independent estimate of survival.

If it is suspected or apparent that a group of animals of
unknown size and composition is unavailable or less
available to be sampled in a given season, the problem is
more difficult. However, additional data on the presence
of animals outside the study area and the distribution of
animals within the study area could be collected and used
in models developed to utilise this extra information. In the
first case, regular aerial surveys of the study area and the
surrounding area would show how the relative proportions
of animals inside and outside the study area change with
time. Alternatively, by extending photo-identification
effort outside the usual study area, the distribution of a
sample of individual animals inside and outside the area
could be obtained (e.g. SC/A88/ID24). This may also be
achieved by telemetry. These data could be used to
calculate rates of exchange between the study area and the

surrounding area.

In the second case, the study area could be split up into
sub-areas and the proportion of time that a sample of
individuals spent in each sub-area used to investigate at
what rate the population mixed within the study area.
These problems are more apparent in some areas than
others. Animals in feeding areas will tend to change
distribution in response to their prey. In breeding areas this
may be less likely; for example, the available evidence
suggests that humpback whales move through their
breeding areas in a steady parade.

Subsets of data consisting of animals known to be alive
during a certain period can be used to test the assumption
of equal probability of capture (Carothers, 1971; Seber,
1982, pp. 161-2, 226-8) although the power of the test is
weak. Such data could also be used to construct models in
which the probability of an animal being seen in any given
year is a function of whether or not that animal was seen in
the previous year or years. This is the kind of model
described in SC/A88/ID7 for sperm whales which could be
very useful in cases where the animals under study are
known to be part of a larger population.

In cases where identification of animals requires a ‘suite’
of photographs (e.g. North Atlantic right whales, fin
whales), heterogeneity of capture probabilities may be
introduced if sufficient photographs cannot be taken of
each animal in order for it to be identified. The solution to
this problem is to ensure that enough time is spent with
each animal to allow identification. If this cannot always be
done, data on the number of encounters with whales where
identification could not be achieved and data on times from
first encounter to last photo-identification picture for all
whales would allow the problem to be addressed. These
considerations also apply to species where only one
photograph may be needed to identify an animal, but the
problem is likely to be more acute the more photographs
are required.

As general guidelines to researchers concerned about
the problem of some animals being less available than
others, it may be useful to consider the following. Firstly,
look for evidence that there is not homogeneous mixing
within the study area. If this is apparent, as is likely in
feeding areas, it may be necessary to adjust sampling
strategy. For example, areas visited only when whales are
not present in other areas may need to be sampled more
regularly. Secondly, increase sampling to an area beyond
the study area to investigate rates of movement in and out
of the area. If there is significant movement, either
sampling should be extended to a wider area if the aim is to
cover the whole population, or models should be
developed to take account of the problem if the aim is to
study a particular area (e.g. as in SC/A88/ID24). Finally, it
is important to include a statistician in the research team to
advise on sampling strategy and develop models for
analysis.

10.2.1 Survivorship

As with abundance estimation, the Workshop noted that
the major difficulty in estimating survival rates from
natural markings data is usually heterogeneity in the
probabilities of identification. However, the problem may
be investigated if cohorts of identified animals are defined,
and survival rates estimated over time for each cohort. The
cohort for a given year is defined to be all whales first
identified in that year. Cohorts may be combined by date
to assess which survival estimates show evidence of bias as
aresult of heterogeneity in probabilities of identification or
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whether survival is variable over time. Alternatively,
cohorts may be combined by ‘age’ (i.e. years from first
identification) to assess whether  survival is
age—-dependent. Further details are given in SC/A88/ID5.
It was noted that the methods are unlikely to yield useful
estimates of calf and juvenile survival rates. This is an
omission that must be rectified if survival estimates are to
be used in conjunction with reproductive rates to monitor
population size. It was thought that North Pacific and
North Atlantic humpback and Argentinean right whale
data may allow estimation of juvenile survival rates at least
over a six-month period, from identified cow-calf pairs (see
Item 11).

If the open-population Jolly-Seber model is applied, and
survival is thought to be variable over time, a simple
arithmetic or geometric mean of the survival estimates will
provide an approximately unbiased estimate of ‘average’
survival if probabilities of identification are homogeneous.
However, in the presence of age-specific and/or
time-specific rates, average survival is a crude concept that
may not be well defined; further heterogeneity causes the
estimate to be biased downwards. Average survival may be
estimated under this approach by taking the arithmetic
mean of the age-specific survival estimates, weighted by
the estimated number of identified whales contributing to
each survival estimate. It was noted that age-specific
survival rates are generally poorly estimated for older
animals, since few (if any) data are available for them,
unless a study is continued for several decades. The
method of analysing cohorts is valid for an increasing (or
decreasing) population.

Mark-recapture models generally do not allow mortality
to be distinguished from permanent emigration.
Independent information is required; for example, if there
are several study areas, movement between them may
allow estimation of migration rates, although
distinguishing between permanent and temporary
emigration may be difficult.

Minimum survival rates, based on animals known to be
alive, may sometimes prove useful, although bias can be
particularly high towards the end of a sequence of data
(which would appear as reduced survival at older ages) if,
for example, any animal not seen for at least three years is
assumed to have died. A long sequence of data will reduce
this difficulty, but sampling should be relatively
homogeneous over time.

10.2.2. Reproduction

10.2.2.1. Age at first reproduction

Long-term photo-identification studies can provide
valuable information on age at first reproduction of
females. However it is important when presenting results
not simply to provide a mean age but also to include:

(i) a histogram of the distribution of known ages at first
reproduction

(ii) information on estimated ages at first reproduction
(e.g. SC/A88/ID31)

(iii) information on whether females included under (i)
and (ii) were seen without calves in each year prior to
the year they were first seen with a calf or whether
they were absent from the study area in any years.

It was noted that unless studies are carried out for long time
periods, there will be a tendency for animals maturing
early to be over-represented. If known age animals become

available, either via strandings or scientific whaling, it is
important that earplugs be collected if at all possible (see
Item 11) to verify and calibrate current aging techniques.

10.2.2.2 Calving interval

As in the case of age at first reproduction, it is important
that as much data as possible on the reproductive history of
known females be provided, rather than simply reporting a
mean calving interval. Whether she was present with a calf,
present with no calf, or not seen should be reported for
each animal for each year (e.g. see SC/A88/ID31).

10.2.2.3 Reproductive rate

Barlow (SC/A88/ID6) has developed a model of
population growth that incorporates the sort of birth
interval information that is commonly collected in studies
of identifiable individuals. The model involves calculation
of two sets of probabilities. It first estimates the probability
of giving birth at each interval after the prior birth.
Information used to calculate these birth interval
probabilities include the number of individuals (a) seen
with a calf, (b) seen without a calf and (c) not seen, all
observed at a series of times after each cow/calf pair is seen.
The second set of probabilities, the first birth probabilities,
represents the likelihood that a female will be seen with a
calf at a given age if she has never had a previous calf. It is
estimated from the number of females seen (a) with calves
and (b) without calves at given ages. This method for
estimating the model parameters assumes that mortality
rates are the same for all adult females and that they are
known. It also requires that the probability of being seen in
a given season is the same for females with and without
calves, and that this probability is either known or is
estimated from the data. Modification of these methods
may be possible to model actual populations for which data
are already available. An alternative model which requires
less information is discussed in SC/A88/ID1.

Given the two sets of probabilities (birth interval and
first birth), the model in SC/A88/ID6 calculates
age-specific birth rates as a Markov chain. By these
methods, age-specific birth rates can be estimated for ages
that are greater than the oldest known-aged individual.

The rather complicated estimation procedure for the
birth interval model was deemed necessary due to biases in
the more commonly use methods for estimating birth
parameters. A simple calculation of mean birth interval is
not sufficient to estimate mean reproductive rate because
of the asymmetric contributions to population growth by
individuals with less than average birth intervals relative to
those with greater than average birth intervals. Estimation
of birth intervals is further complicated by missed
individuals. If missed individuals are not allowed in
estimating birth intervals, the observed distribution will be
skewed towards shorter birth intervals. If missed
individuals are allowed and if some of those missed animals
have a calf in the interim, the distribution will be skewed
towards longer birth intervals.

Another common birth rate parameter that has been
calculated from identifiable individuals is the ratio of births
occurring in a given year to the number of individuals that
are known to be mature. This parameter is typically biased
because for the first year in which a female is known to be
mature, she will always have a calf. This will overestimate
the birth rate. If the first year is excluded and the average
calving interval is greater than one year, birth rate will be
underestimated. Because the degree of bias diminishes in a
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predictable manner as the length of time that a female is
observed increases, it may be possible to correct the bias in
such an estimate of birth rate.

11. RECOMMENDATIONS FOR RESEARCH?

The Workshop draws attention to the fact that
photo-identification studies are long-term and that their
value is dependent on long-term funding.

The Workshop noted the serious analytical problems
which can arise if photo-identification data are not
obtained for one year of a long series. It therefore strongly
recommends that the Scientific Committee assigns highest
priority to funding requests in such circumstances. Should
such requests be submitted they should be given higher
priority than the recommendations in Table 3 below which
require IWC funding.

Table 3

Proposals requiring funding®* (list not in priority order).

Workshops

Biopsy workshop £15,000
Photogrammetry workshop £20,000
Research proposals

Further development of North Atlantic fin whale catalogue £9,000
Video disc archive of photo collections or catalogues £4,000
Further development of computer assisted matching £5,000
Studies leading to estimates of calf mortality £10,000

[*see Annex J for progress up to August 1990]

11.1 Catalogues and photographic collections

As discussed under Item 10, the value of using
photo-identification data for estimating cetacean
population parameters is considerably enhanced by having
a single co-ordinating centre and catalogue for each species
in each ocean area (e.g. North Atlantic and North Pacific
humpback whales).

The workshop recommends that central catalogues be
created for each species and ocean area e.g. blue whales in
the North Atlantic. A specific proposal for a central
catalogue for fin whales in the North Atlantic is given in
Annex I1. The Workshop recommends this be funded.
Where this is not practical, catalogues containing possible
common individuals should be compared (e.g. comparison
of photographs of humpbacks in the North Atlantic
Humpback Fluke Catalogue with those of eastern
Canadian animals curated by Mitchell).

The Workshop also recommends that funding should be
continued for updating of existing catalogues.

When catalogues are being established it is important for
co-ordinators to develop a list of associated data to
accompany photographs and store them on a data base.
These may include: date, time, location, photographer,
roll of film, frame, identity of individual, behaviour
including groupings. Precise requirements must be
determined on a case by case basis.

As discussed under Item 7.5, it is important that
photographic collections are protected from chance
destruction or damage. The most practical and economic
method appears to be storage on video disc. The workshop
recommends that researchers arrange for their

2 Editor’s note. This section contains all the Recommendations made
at the May 1988 Workshop. I have summarised progress (up to July
1990) on those projects that required IWC financing in Annex J.

photographic collections to be archived in this manner,
either using the US National Marine Mammal Laboratory
system or a similar local system. It was agreed that this
should be co-ordinated by the NMML and that a copy of
each disc should be stored by the Commission. These discs
should be updated annually with the costs of mastering met
by the Commission. Estimated costs for the coming year
are £4,000.

It was noted that the disc stores only photographs.
Associated data would be held by the supplying institution;
use of the photographs thus remains under the control of
supplying institution.

11.2 Analytical techniques

As discussed under Item 10, models for estimating
cetacean population parameters need to be developed on a
case-by-case basis. Similarly the value of field work and the
ease of subsequent analysis are dependent on the sampling
strategy chosen.

The Workshop recommends that research proposals
using photo-identification techniques incorporate funding
to employ a statistician to assist in experimental design and
analysis of results.

It noted that the validity of current models and the effect
of violations of assumptions can be tested by examining
data from populations where most or all of the animals in a
population are known.

11.3 Biopsy sampling

During discussion of several items the Workshop had
noted the potential value of data which can be obtained
from biopsy sampling. In addition to individual
identification by DNA ‘fingerprinting’, biopsy samples
provide the opportunity for other genetic and biochemical
analyses of interest to the Commission.

The Workshop therefore recommends that the
Commission sponsors a workshop on current studies,
collection methodology and uses to which biopsy samples
can be put , as outlined in Annex I2. Experts from both
within and outside cetacean research should attend.

11.4 Collection of data from known-age animals
Collection of relevant material from previously identified
animals, particularly earplugs from humpback whales of
known age (see SC/A88/ID31), could help greatly in
resolving current difficulties in determining rate of lamina
deposition especially if the readers of previous earplug sets
are available. This would permit conversion of existing
data to absolute age, including those from earlier whaling
operations for which earplug ‘ages’ already exist.
The Workshop recommends:

(i) that every effort be made to obtain such material from
animals taken in commercial, scientific or aboriginal
whaling, and from stranded or entrapped animals.
Whaling countries should ensure that animals taken

from populations already subject to
photo-identification studies are photographed as a
routine.

(i1) that further efforts be made to locate and/or examine
earplug collections made by Chittleborough from
Australian postwar humpback catches, and by
Mitchell from eastern Canadian catches.
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11.5 Effects of photo-identification and biopsy darts on
study animals

Such effects can be broadly classified into two types,
short-term (immediate reaction to the darting or approach
of vessel for photography) and long-term (changes in
distribution, survival or reproductive success caused by
repeated attempts to biopsy or identify individuals). While
short-term effects are more amenable to study, it is the
long-term effects that are more significant for the health of
the individual and population; these are by their nature
very difficult to assess.

At this time the Workshop is unaware of any deleterious
effects on the dynamics of whale populations caused by
photo-identification studies, which in some cases have
been in progress for up to 20 years. The effects of biopsy
sampling, being a recent innovation, can not yet be
evaluated in the same manner, but the Workshop felt that
such activities are more likely to be short-term in nature
and much more restricted in terms of the numbers of
individual animals sampled.

The Workshop recommends that this topic be addressed
by the Workshop proposed under Item 11.3.

11.6 Estimation of juvenile mortality

As discussed under Item 10.2.1, it may be possible to
obtain an estimate of calf mortality from existing North
Pacific humpback whale photographic data. However,
much work is needed in correlating underwater and fluke
photographs and in establishing collaboration between
contributors with collections from the feeding and
breeding grounds.

The Workshop recommends that the Commission
provide partial support for the initial stages of the analysis
and for the collections’ integration into the NMML
computer-based system, as described in Annex I3 .

11.7 Computer-assisted matching

The value of computer-assisted matching is discussed
under Item 8.3. The Workshop recommends that this work
be continued and that workers continue to exchange ideas
and also to examine systems used for other non-cetacean
species. The value of developing integrated systems was
noted.

The Workshop recommends that the Commission
provides funding for a study to evaluate the applicability of
the digitising technique of SC/A88/ID9 to whale species as
described in Annex 14 .

11.8 Workshop on photogrammetry

The Workshop recognised the value of studies combining
photo-identification and photogrammetry, for example in
establishing individual growth rates. It recommends that
the workshop described in Annex I5 be funded by the
Commission.

11.9 Extension of field studies

The Workshop noted that photo-identification of
individuals is possible for all cetacean species studied so
far, although not with equal facility for each. Estimates of
population size have been calculated for several previously
unassessed stocks. Measurements of calving intervals, ages
at first parturition and adult survival rates have been
obtained in some stocks, and are potentially obtainable in
others, provided that the data series are continued
uninterrupted.

The Workshop therefore recommends the continued
funding of existing studies.

In addition, photo-identification studies and biopsy
sampling have the potential of answering several wider
questions relevant to cetacean biology.

The Workshop therefore also recommends:

(i) the extension of existing studies to cover all areas of a
population’s range (e.g. humpback whales in the
Bonin Is., off British Columbia, the Cape Verde
Islands, Isla Gorgona (Colombia)).

(ii) the initiation of photo-identification studies as part of
other research programmes, including (a) in areas
where scientific whaling occurs and (b) in the ongoing
assessment of Antarctic marine ecosystems by
CCAMLR members, using, for example,
photo-identification of humpback, blue and southern
right whale populations to delineate stocks and
identify movements;

(iii) studies on the efficiency of individual identification
for species where it has not been extensively used;

(iv) the comparison of breeding and feeding areas to
permit  possible capture-recapture  population
estimates of specific stocks;

(v) incorporation in existing photo-identification studies
of at least the opportunistic collection of tissue
samples (e.g. from stranded or entrapped whales and
from sloughed skin), to assess population genetic
structure and assist in stock definition.

With respect to item (ii), the Workshop recommends
that in the event of a further IWC/IDCR minke whale
assessment cruise, the equivalent of 1-2 days work under
good conditions be allocated to photo-identification of
minke whales, as a feasibility study for a more dedicated
study. It is important that an experienced and qualified
person carry out this work. Similarly it recommends that
such studies are undertaken for fin and minke whales in the
North Atlantic.

11.10 Assistance to Third World Countries

Given the demonstrated value of techniques for the
identification of individuals, and the initiation of studies of
this nature by institutions in developing countries, the
Workshop recommends that organisations with
considerable experience in this field offer assistance to
these institutions, collaborate more closely with them, and,
where possible, accept visiting scientists under a
programme of training in relevant techniques.

11.11 Development of ‘Studbooks’

The Workshop particularly emphasises the value of
photo-identification techniques in the assessment,
monitoring and management of severely endangered
cetaceans and recommends that such studies continue and
be expanded for species such as Eubalaena glacialis
(remaining population of perhaps 300) and Lipotes
vexillifex (300—400 remaining), with the goals of identifying
and monitoring the birth, reproduction, movements and
deaths of all individuals in the populations. The potential
exists of using biopsy techniques in tandem with
photo-identification to determine sex and to establish
genealogies comparable to the extremely valuable
international species “studbooks’ that have been developed
for many critically endangered terrestrial large mammals
(see Ralls and Ballou, 1986).
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11.12 Summary of recommendations seeking IWC funding
These are listed by heading in Table 3. The Workshop did
not assign priorities but agreed that if insufficient funds are
available partial funding for any or all could be considered.
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Annex D

Report on an Exercise to Estimate Approximate Sample Sizes Necessary
to Obtain Capture-Recapture Estimates of Fin and Minke Whale
Populations of Different Sizes

To estimate approximate sample sizes that would be
necessary to obtain capture-recapture population
estimates of a given precision for fin and minke whales, a
simple exercise was undertaken. This was limited to using
the Petersen estimator and assuming that all model
assumptions were satisfied. Population sizes were chosen
for each species as follows: fin 10,000; minke 50,000,
100,000, 500,000. Coefficients of variation of 0.5 and 0.1
were chosen corresponding to approximate 95%
confidence limits of +100% of the estimate and +20% of
the estimate, respectively. It was felt important to calculate
not only the number of animals which would need to be
photo-identified, but also the number which would need to
be encountered. To do this, estimates were made of the
percentage of animals encountered which could be
photographed (75% for fin and minke) and the percentage
of those photographed which could be identified (100% for
fin and 50% for minke). These estimates were based on the
opinions of field workers who had extensive experience of
photo-identifying fin and minke whales. Table 1 gives
sample size estimates for these combinations of
parameters. A more thorough review of this question for
minke whales, using experimental data obtained in the
Antartic after the workshop (see the Recommendations
section of the main report), is given in SC/A88/ID43.

Table 1

Approximate sample sizes needed to estimate population sizes of given
precision using the Petersen estimator. It is assumed that 75% of
animals encountered can be photographed. For more details see text.

% photographed Number
No. identified which are encountered
Pop. size cv each year identifiable each year
Fin whales
10,000 0.5 200 100% 270
0.1 1,000 100% 1,300
Minke whales
50,000 0.5 450 50% 1,200
0.1 2,200 50% 6,000
100,000 0.5 630 50% 1,700
0.1 3,200 50% 8,400
500,000 0.5 1,400 50% 3,800
0.1 7,100 50% 18,900
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Annex E

Sampling Strategies used in some Major Photo-identification Studies

This Annex summarises some of the current sampling
strategies for studies of nine species of mysticetes and four
species of odontocetes that use individual photographic
identification techniques. It is not intended to be a
comprehensive listing.

BOWHEAD WHALE

(1) Bering, Chukchi and Beaufort Seas, particularly near
Point Barrow

Compiled by: David Rugh, National Marine Mammal
Laboratory, 7600 Sand Point Way N.E., BIN C15700,
Seattle, WA 98115, USA.

Platform
Aircraft (Twin Otter).

Sampling Period

Mid-April to June during migration past Pt. Barrow
August-September and during summer feeding in Beaufort
Sea.

Objectives
Population size estimation, reproduction, survivorship,
demographics and behaviour.

General

Dates of aerial photographic sampling are chosen to fit
within the expected period of the migration past Pt.
Barrow from mid-April to early June. Low densities of
whales provide low or no returns for aerial efforts, so
flights are timed to coincide with periods when several
whales can be found per flight (2-3 hours each).

Two thorough seasons may be adequate to accomplish a
single population estimate, but budget, weather, logistical
and technical considerations limit effort in some seasons
and are beyond the control of research workers. Many
years or decades of effort may be required for obtaining
good reproductive or survivorship data, whereas
behavioural data may be obtained in one season.

Sampling Strategy

Aerial transects offshore from Pt. Barrow provide an
estimate of the width of the migratory corridor. Reports
from the census conducted by the North Slope Borough
also help shape temporal sampling effort. Flights are
targeted to areas where whales are most expected, such as
along breaks in sea ice closest to shore. Multiple passes are
made over each group of whales until adequate
photographs have been obtained or the animals sound. For
studies in the Beaufort Sea. flights are along tracklines
designed to maximise chances of finding whales.
Systematic tracklines done in other studies help find whale
concentrations. Typical search altitude is 1000 ft., while

photographs are taken at 300-600 ft. Minimum flight speed
(about 80 mph) is attempted by flying into the wind just
above stall speed. Weather conditions, water turbidity,
dense sea ice, and funding limitations restrict sampling
effort.

Comments

No major improvements are needed if the full theoretical
program can be carried out. Handheld cameras are
superior to fixed cameras in aircraft. Computerised data
entry systems are excellent, but should not cripple a
project when the computer is inoperable.

RIGHT WHALE
(1) North Atlantic Scotian Shelf to Florida

Compiled by: Scott Kraus, New England Aquarium,
Central Wharf, Boston, Mass. 02110, USA.

For: The North Atlantic Right Whale Consortium (Univ.
of Rhode Island, Center for Coastal Studies, Woods Hole
Kodachrome 200, Ektachrome 400 and HPS or Tri X black
Oceanographic Inst.).

Platform
Vessels and aircraft.

Objectives
Population size estimation, reproduction, survivorship,
demographics and behaviour.

General

Scotian Shelf efforts (July-October) and Bay of Fundy
(July-October) efforts use vessels and aircraft. Systematic
tracklines are modified by continuous sightings per unit
effort analyses. Cape Cod and Massachusetts Bay efforts
(March-May, Center for Coastal Studies) use vessels and
fixed tracks to focus on habitat use and feeding strategies.
Great South Channel efforts (April-June, Univ. of Rhode
Island) use aircraft and some vessels, systematic aerial
tracklines and some randomised surveys to focus on
distribution abundance and feeding. Southeast U.S.
coastline efforts (January-May) use aircraft, systematic
tracklines from Savannah, Georgia, to Miami, Florida, and
out to 20 miles.

Photographs from boats are taken with 80-210 mm zoom
and 300 mm fixed-focus lenses of right and left sides of right
whale heads, callosity patterns, lip ridges, birth marks and
scars. Dorsal and ventral flukes are also photographed.

Kodachrome 200, Ektachrome 400 and HP5 or Tr X black
and white films are used.

Sampling Strategy

Systematic tracklines supplemented with opportunistic
efforts.
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Comments

Inconsistent aircraft configuration, attraction to large
surface-active groups and differences between research
workers in different groups are sources of variability.
Efforts have been repeated over periods of years, giving
opportunity for sequential improvements. Photographic
efforts are needed in the Gulf of St. Lawrence,
Newfoundland, Greenland and Cintra Bay, Spain.

(2) Southern Ocean coasts of Brazil, Uruguay and
Argentina, particularly Peninsula Valdez

Compiled by: Roger Payne, Vickie Rowntree and Jose
Truda Palazo, Long Term Research Institute, 191 Weston
Road, Lincoln, MA 01773, USA.

Platform
Aircraft, cliff-tops, small boats.

Sampling Period

Whales are present June-December, but funding limits
sampling to September-October. Samples less than three
years in length are not useful.

Objectives
Reproduction, survivorship, demographics and behaviour.

Sampling Strategy

Complete surveys of the 495km coastline of Peninsula
Valdez are done by air, circling at 300ft and photographing
callosity patterns while recording time and group location.
Aerial photographic surveys off the Brazilian coast are also
done to determine range of population found off Valdez.

Comments

Some aspects of behaviour have been well documented,
but others need more work. Good information on
reproduction and fair information on migration have been
obtained. About 40% of population is known to age and
sex. The sampling period is too short to determine
survivorship reliably. Comparisons between years are
limited by variability of effort.

(3) Southern Ocean, South Africa

Compiled by: Peter Best, Whale Unit, c/o South African
Museum, PO Box 61, Cape Town 8000, South Africa.

Platform
Helicopter.

Sampling Period

Once per year, mid-October for 2-3 days. Sampling period
coincides with peak abundance of whales on the coast and
(hopefully) with end of calving. Sampling period is
deliberately limited to ensure comparability between years
and to maximise return with limited funding.

Objectives
Population size estimation, reproduction, survivorship,

demographics.

Sampling Strategy
Flights cover the same area of coast in the same

configuration each year. This area covers the distribution
of about 90% of mothers and calves on the South African

coast. Photography is limited to cow-calf pairs, because
they are the only classes fully represented in coastal waters
at this time and photography of such pairs maximises
information return per photograph, since sex and maturity
of the adult are known and the calf is a known age animal.
Helicopter manoeuvrability allows all animals to be
photographed. The same number of frames (11-12) are
taken of each pair and three standard views (dry head, wet
head and dry back) are attempted for each animal. Water
clarity and helicopter endurance (2.5hr) main problems.

Comments

Sources of uncertainty include whether all calves have been
born before the sampling period, whether some females
habitually calve earlier or later than the sampling period.
Monthly surveys, funding permitting, would eliminate
these uncertainties. Funding limitations are severe. Major
improvements to sampling have been use of extra fuel
stores for extending surveys and calibration of 250mm lens
for more accurate focusing. The 9 year sampling period is
not yet sufficient to estimate average age at first
parturition. Another 3 years of effort may be needed for
that. Another 3-6 years may allow adult survival rate
estimation. Population growth rate estimation was not
originally an objective, but the data appear to be useful for
indication of population growth trends.

(4) Southern Ocean, Southwestern Australia

Compiled by: John Bannister, Western Australian
Museum, Francis Street, Perth WA 6001, Australia.

Platform
Aircraft.

Sampling Period

Late austral winter-spring (August-October), three
days/mo. animals present July-November, sampling
coincides with maximum abundance. Cost limits period.

Objectives
Population size  estimation, reproduction, survivorship,
demographics and behaviour.

Sampling Strategy

Flights along coastline cover areas where animals
congregate, within 1 mile of shore. Survey length,
600n.miles, was originally chosen to cover maximum likely
area of local ‘stock’. Aircraft flies beachline with observers
searching seaward. Highway monoplane (Cessna 172 or
185) flies at 1500ft, 100kt with 2 persons, pilot/observer
and observer/photographer. Winds less than 15kt, calm to
low swell, good to excellent visibility are required. Whales
are circled at 300-600ft, counted and photographed.
Constraints include availability of pilot, photographer,
aircraft and good weather. Funding limits flights to 1/mo
now, although 2/mo were possible up to 1986.

Comments

A major question is the extent to which population is
closed. Son.e animals are known to travel between and
beyond eastern and western limits of the study area.
Complementary surveys are now being conducted to the
east along S. Australian coast to link up with present
efforts. W. Coast cannot be covered under present funding
availability. Survey was originally designed only to count
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animals, rather than photograph them. Limited flight time
and necessity to get to the few landing/refuelling sites limits
opportunity for photographic work. Work should continue
beyond 1990 to permit estimates of age at first parturition.

GRAY WHALE
(1) Eastern North Pacific

Compiled by: Jim Poole, Southwest Fisheries Center,
NMES, P.O. Box 271, La Jolla, CA 92038, USA and John
Calambokidis, Cascadia Research Collective, Waterstreet
Bldg., Suite 201,218 1/2W. 4th Avenue, Olympia, WA
98501, USA.

Platform
Vessels and shore stations.

Sampling Period

Year round; January-April in Baja breeding lagoons,
December-May along California coast during migration,
April-November from California to British Columbia
portions of feeding range.

Objectives
Population size estimation, reproduction, survivorship,
demographics and behaviour.

Sampling Strategy

During migration, sampling from shore of animal
migrating past station and near-shore small boat surveys
are used. During summer and autumn feeding period small
boats are used near shore. In the breeding lagoons line
transects through the lagoon are done in small boats.

Comments
There is no single coordinated or dedicated effort to
photo-identify gray whales. Photo-identification of gray
whales from aircraft is possible, but has not been used
extensively.

BLUE WHALE
(1) California (Gulf of Farallones and Monterey Bay)

Compiled by: John Calambokidis, Cascadia Research
Collective, Waterstreet Bldg., Suite 201, 218 1/2W. 4th
Avenue, Olympia, WA 98501, USA.

Platform
Small boats and commercial whale watching boats.

Sampling Period

June-November, corresponding to the main period when
whales are present off California, although earlier sightings
have recently been found. Poor weather limits sampling in
some areas.

Objectives
Population size estimation, reproduction, survivorship,
demographics and behaviour.

Sampling Strategy

Sampling is currently limited by funding constraints and
blue whale photo-identification is done incidental to
studies on humpback whales. Effort from whale-watch
trips or nature trips is helpful but variable. Effort is

currently identifying only a small proportion of the
population and at least several additional years of effort
will be needed to allow quantitative examination Of
movements between areas and estimation of population
sizes. Direction of effort to locations of highest whale
concentrations maximises identifications that can be made

with available effort.

Comments ‘
Agreed upon categories for pigmentation, a un!form
grading system for photographs and improved quality of
photographs are all needed.

(2) Gulf of St. Lawrence and Sea of Cortez

Compiled by: Richard Sears, Mingan Island Cetacean
Study, 285 Green Street, St. Lambert, Quebec, J4P 1T3,
Canada.

Platform
Outboard-powered inflatable boats and sailboats (40’-60").

Sampling Period
May-November (G.St.Lawrence) and March-May (Sea of
Cortez).

Objectives
Population size estimation, reproduction, survivorship,
demographics and behaviour.

Sampling Strategy

Daily trips to known areas of concentration in the Mingan
Islands area of the Gulf of St. Lawrence are done with as
many hours of effort as weather and gasoline allow. Longer
range trips throughout the Gulf of St. Lawrence range
from the Saguenay River to the Strait of Belle Isle.
Because the empbhasis is on behaviour,
photo-identification is a very important aspect of our work.
Emphasis is on inter and intra-species interactions and
habitat use.

Comments

Expansion of the field season to May-November has
provided better information by increasing the chances of
‘catching’ individuals. Regular sampling effort at Mingan
assures continuity in year to year data. Use of sailing
vessels has expanded range of the sampling area. More
systematic transect-type sampling could be employed on
occasion to test sampling efficiency and other bias.

FIN WHALE
(1) Western North Atlantic

Compiled by: Beverly Agler, Allied Whale, College of the
Atlantic, Bar Harbor, Maine 04609, USA.

Platform
Inflatable boats and 15-50m whalewatch vessels.

Sampling Period
April-October, 1974-1987 with most effort 1981-1987.

Objectives

Population size estimation, reproduction, survivorship,
demographics and behaviour.
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Sampling Strategy

Transect sampling and additional sampling of more areas
would be important improvements, but funding
restrictions make them unlikely. Collaborators include
Provincetown Center for Coastal Studies, Atlantic
Cetacean Research Center, Mystic Aquarium, Okeanos
Ocean Research Foundation and Mingan Island Cetacean
Study.

SEI WHALE
(1) Southern Gulf of Maine

Compiled by: Phil Clapham, Center for Coastal Studies,
Box 1036, Provincetown, MA 02657, USA.

Platform
30m commercial whaling vessels.

Sampling Period
Mid-April to November, limited by operation of vessels.

Objectives
Population  size
demographics.

estimation,  reproduction  and

Sampling Strategy

Opportunistic effort in rare years when species is present.
Effort is entirely opportunistic, and there is no control over
area searched.

Comments

Given the ‘capricious’ nature of sei whale distribution or
presence in this survey area, it will be difficult to conduct
long-term studies aimed at assessing population
parameters. Not enough is known about this animal in the
study area to design a proper sampling program.

BRYDE’S WHALE

(1) Gulf of California (Canal de Ballenas 1982-1986;
Loreto, Sergio Flores and Luis Fleischer, 1987-1988; La
Paz, Jorge Urban, 1988); W. Coast South Africa (Peter
Best, 1987)

Compiled by: Bernie Tershy, Moss Landing Marine
Laboratories, P.O. Box 450, Moss Landing, CA
95039-0450, USA.

Platform
Boats. Small skiff 12-15 feet. No large boats.

Sampling Period
Most effort is incidental to other studies described in this
Annex.

Objectives
Habitat use, residency patterns, social behaviour and
approximate population size.

Sampling Strategy

All photographs are opportunistic except for Canal de
Ballenas and Loreto work, where quantifiable and
consistent, but non-random, sampling is done. In the Canal
de Ballenas daily trips were directed to locations with
greatest chance for photographing whales. Most of the
study area was covered weekly. After 1983 emphasis was

placed on photographing whales with distinctive markings.
Photographic effort usually continued until each individual
and all associated whales were photographed during each
sighting. Evasive or ‘hard to photograph’ whales were
often not photographed in order to avoid harassment and
to optimise use of research time. Species of Balaenoptera
most rare in the previous month received preferential
attention. Cow-calf pairs were preferentially sampled.

Comments

Sampling strategy is not optimal for estimation of
population  size, reproduction, survivorship  or
demographics. Those were not the primary questions that
the Gulf of California project was addressing. More money
and additional boats would have allowed better sampling.

MINKE WHALE
(1) San Juan Islands, Washington State, USA

Compiled by: Eleanor Dorsey, Long Term Research
Institute, 191 Weston Road, Lincoln, MA 01773, USA.

Platform
Small outboard motor boats.

Sampling Period

June-September, because minke whales are most
numerous then and weather is best for sampling. Whales
are still present in October, but weather is limiting. Study
requires 3-5 years to achieve objectives.

Objectives
Behaviour - feeding ecology.

Sampling Strategy

Four main feeding locations in San Juan Islands were
identified from incidental sightings and trial and error. All
locations were visited as weather and time permitted and
individuals were followed as focal animals for variable
lengths of time. Attempts were made to identify all animals
in an area. Occasional searches of other areas were made.

Comments

Sampling works well for study objectives. Researchers had
trouble finding any animals at all before they located the
four feeding locations. For other objectives, such as
population estimation or delimitation of home ranges,
some other sampling strategy would be necessary.

HUMPBACK WHALE

(1) California and Mexico

Compiled by: Ken Balcomb, 1359 Smugglers Cove Road,
Friday Harbor, WA 98250, USA.

Platform
Small outboard-powered boats, 14m Trimaran.

Sampling Period

California-1986,1987,1988; 6 weeks each year. Three year
period selected to allow triple-catch mark-recapture
population estimate.

Mexico — 1988, 1989, 1990, 6 weeks each year in winter.
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Objectives

Population size estimation, demographics, substock
structure.

Sampling Strategy

Project assumes Gulf of Farallones and Central California
contains one closed feeding ‘population’ where individuals
randomly forage in the Farallones sanctuary area. Whales
are located by aerial survey, then found using boats for
photography of flukes. As many whales are photographed
as possible. Mark-recapture population estimates are done
between years.

Comments

Assumptions of ‘closed population’ and equal ‘catchability’
of individuals are not certain. Improvement could be
achieved by expanding range of study to evaluate
‘closedness’ of population. Results need to be evaluated
statistically to test for randomness.

(2) Auau Channel, Hawaii

Compiled by: Debbie Glockner-Ferrari, Center for Whale
Studies, 1728 San Luis Road, Walnut Creek, CA 94596,
USA.

Platform
Inflatable boat and
snorkelling at surface.

underwater observations by

Sampling Period
1975-present, mid-January tomid-May from 1977-present.

Sampling Strategy

The project focuses on identification and sexing of
mothers, calves and escorts, but also includes identification
of whales observed in other types of groupings such as
surface active groups, pairs, singles etc. The whales are
located by observations from the coast and also using a CB
communication network with whalewatch vessels, fishing
boats and dive boats. Emphasis is placed on observing
individuals over a long period within one day as opposed to
photographing as many individuals as possible. The study
objectives are focused on determining reproductive rates
and calving intervals, therefore sampling is not random.
Observations of individuals are made not only from the
surface, but also below it.

Comments

The combination of underwater and surface observations is
extremely effective in obtaining data on the reproductive
cycle and behaviour of this species. A gentle approach to
the whales is extremely important when working with
mothers and calves. Caution must be exercised when
photographing resting mothers and calves or they will
move out of an area and perhaps experience stress that
could affect survival of calves.

(3) Hawaii and Southeast Alaska

Compiled by: Scott Baker, National Cancer Institute —
Frederick Cancer Research Facility, Building 560, Room
21-105, Frederick, Maryland 21701-1013, USA.

Platform
Inflatable boats and small outboard boats.

Sampling Period
January-April in Hawaii, June-September in Alaska.

Sampling Strategy

This project attempts to collect photographs from as many
animals as possible in most years. In Hawaii, however, the
focus was on behavioural studies in some years. In Hawaii,
sampling is generally confined to the islands of Hawaii or
Maui, though all islands were sampled in some years.

Comments

Samples in Southeast Alaska are large in most years, but
collected only in portions of the regional habitat. Some
sample years received lower sample efforts in both Hawaii
and Alaska. Relative sample size in Hawail is still only a
small proportion of the seasonal population, perhaps only
10-20% each year. Across all years, however, regional
samples are substantial.

(4) Southeastern Alaska, including Glacier Bay
National Park

Compiled by: Jan Straley, PO Box 273, Sitka, Alaska
99835, USA.

Platform
Small, 5-7m, inflatable and fibreglass skiffs, powered with
outboard motors.

Sampling period

Southeastern Alaska — Year-round with emphasis on fall
and winter. Glacier Bay National Park — June— September
each year.

Objectives
Population size estimation, migration, demographics,
reproductive histories, feeding strategies, behaviour.

Sampling strategies

Survey routes are determined from reported sightings. If
no reported sightings. a systematic route schedule is
followed. Surveys are not usually conducted in the same
area on consecutive days so as to minimise potential impact
monitoring may have upon the whales. If more than one
pod is encountered a quick observation of the estimated
number of whales and pods is done from a distance. The
pods are then approached one by one beginning from the
closest pod and working to the farthest away pod. While
approaching one pod the other pods are monitored as to
their position and movements. An individual whale is not
approached longer than one hour per day. The overall
sampling strategy is to obtain as many fluke identification
photographs as possible, especially cows and calves.

Comments

Sampling effort is not consistent throughout southeastern
Alaska. Most of the effort is concentrated in the northern
southeastern Alaska during late spring and summer. Effort
in the fall and winter is sporadic due to inclement weather
and limited daylight.
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(5) Palmer Peninsula, Antarctica

Compiled by: Steven Katona, College of the Atlantic, Bar
Harbor, MA 04609, USA.

Platform
Inflatable boats and research vessels.

Sampling Period
Austral summer, 1986.

Objectives
Migration and population substock structure.

Sampling Strategy

Whales were photographed by Greg Stone (College of the
Atlantic) and William Hamner (University of California at
Los Angeles) opportunistically in calm waters nearshore or
between ice masses. Small boats were useful in these
situations. Right whale photographs were compared with
the catalogue of photographs maintained by Roger Payne
at the Long Term Research Institute and are available to
other scientists. Humpback photographs were compared
with the North Atlantic Humpback Whale Catalogue at
College of the Atlantic and are available to other scientists.

(6) Southern Gulf of Maine; West Indies

Compiled by: Phil Clapham, Center for Coastal Studies,
Box 826, Provincetown, MA 02657, USA.

Platform

Gulf of Maine — 30m commercial whalewatching boats,
12m research vessel, 16m auxiliary ketch, inflatables; West
Indies — 16m auxiliary ketch, inflatables.

Sampling Period

Year round in southern Gulf of Maine, daily mid-April to
November wusing whalewatching vessels. Different
behaviours require different lengths of study. West Indies
work occurs January-March annually.

Objectives
Population size estimation, reproduction, survivorship,
demographics and behaviour.

Sampling Strategy

As many individuals are photo-identified as possible.
Whalewatch cruises are entirely opportunistic. Research
vessel cruises are non-random, directed to areas of whale
abundance, but often cover areas where whales are not
abundant. Photo-identification work is often incidental to
other studies. Sampling design is also constrained by
contract requirements for some project work, but
photo-identification work is done opportunistically
whenever possible. Census transects for humpback whales
only are carried out in the West Indies. As many
identifying photographs are taken as possible while the
boat is not on census transect. Funding constraints cause
variability in effort between seasons.

Comments
Constraints on sampling prohibit reliable abundance

estimation for southern Gulf of Maine study area. Use of a
primary research vessel on survey tracks and simultaneous

deployment of inflatable boats for photo-identification
work is a useful method for increasing the photographic
pool while simultaneously estimating abundance.

(7) Mexican Pacific

Compiled by: Jorge Urbdn, Autonomous University of
Baja California sur; Anelio Aguayo and Carlos Alvarez,
Autonomous University of Mexico.

Platform
Small boats (pangas, inflatables).

Sampling Period

January-March (Mainland coast); January-April (Baja
southern coast); mid-February to mid-May (Revillagigedo
Islands); all year (Gulf of California).

Objectives
Migration and substock movements; population size
estimation, reproduction, survivorship, demographics and
behaviour.

Sampling Strategy

Although some random effort is made, most boat trips are
directed toward obtaining the largest number of
photo-identification photographs possible and also
recording the songs of whales.

Comments

Effort is not homogeneous in all years and at all locations,
but the number of photo-identified whales, about 400, is
considered to be a good sample for some of the objectives.
The number of available boats and the cost of
photographic materials and fuel have limited the scope of
studies.

SPERM WHALE

(1) Galapagos Islands, Sri Lanka, Azores

Compiled by: Hal Whitehead, Dalhousie University,
Halifax, NS, Canada, B3H 4J1 and Jonathan Gordon,
Department of Zoology, University of Cambridge,
Downing Street, Cambridge.

Platform
10-14m auxiliary sail.

Sampling Period

January-June (Galapagos), sampling done in two-week
periods at sea; January-March (Sri  Lanka);
May-September (Azores). Two data years are sufficient
for some objectives, but several more years of high effort
are needed for most objectives to be met.

Objectives
Structure and stability of groups, population size
estimation, reproduction, survivorship, demographics and
behaviour.

Sampling Strategy

All whales encountered in the vicinity are photographed in
order to study group structure. Since it is important to stay
with groups as long as possible, fewer total animals can be
photo-identified than would otherwise be the case.

AR061302



30 REPORT OF THE SCIENTIFIC COMMITTEE, ANNEX E (PHOTO-IDENTIFICATION STUDIES)

Comments

Sperm whales are most easily found and followed
acoustically. It is more profitable to concentrate on flukes,
photographing from behind, than to concentrate on dorsal
fins and photograph from the side. Flukes are easier to
identify in large samples, even though fins are easier to
obtain. ldeally, photographs of both fluke and dorsal fin
should be taken for the same animal.

KILLER WHALE

(1) Within 5 Mi of shore in British Columbia — Washington
State Coast. Two core areas are recognised in the resident
form: Haro Strait and Johnstone Strait; at some time
during each summer all individuals enter both areas. No
core area exists for the transient form.

Compiled by: Michael Bigg, Department of Fisheries and
Oceans, Pacific Biological Station, Nanaimo, BC, Canada
VIR 5K6.

Platform
Small boats (5-6m) with inboard or outboard motors.

Sampling Period

Mainly July-September and opportunistically at other
times. Approximately 3040 field days per year are needed
in each core area to determine population size for the
resident form. Study has been underway since 1973.

Objectives
Births and deaths in each year, demographics and
behaviour.

Sampling Strategy

Two strategies are used to study the resident and transient
forms of killer whales: 1) to wait in core areas for whales to
arrive and to find them by searching or relying on sightings
from volunteers; and 2) to wait at the lab until volunteer
observers notify by telephone that a pod has been seen
near shore; a boat is then trailered to the closest launching
ramp and deployed.

Comments

Sampling strategy is routine now after 14 years. Work
should continue to monitor population parameters,
behaviour, movements, social organisation, lineage, and
stock differentiation. If skin biopsies can be taken without
disturbing individuals, much can be learned about the
validity of lineages derived by association analysis, as well
as establishment of paternities and stocks.

BOTTLENOSE DOLPHIN
(1) Southern California, San Diego County

Compiled by: Larry Hansen, Southeast Fisheries Center,
Miami Laboratory, 75 Virginia Beach Drive, Miami, FL
33149, USA and R.H. Defran, Cetacean Behaviour
Laboratory, San Diego State University, San Diego, CA
92183, USA.

Platform
5m outboard powered skiff.

Sampling Period
1981-1988, year around.

Objectives
Demographics and behaviour (including Site Fidelity)-

Sampling Strategy

Since these dolphins occur in scattered groups within 1/4 of
the coast, survey vessel runs a transect parallel to coast,
about 100m or less offshore. Dolphins are photographed
when encountered until it is believed an adequate sample is
collected. Good photographs have been obtained using
35mm cameras, 400mm f 4.5 lens, and Kodachrome 64 or
Tri-X black and white films.

Comments

No measure of photographic sampling effort is currently
available. It is difficult to sample all individuals when
groups are larger than about 30 animals. The sorting
system of Defran and Schultz (SC/A88/P4, based on ratio
of distance between tip of dorsal fin and notches, improved
sorting efficiency and decreased sorting time.

(2) Central West Coast of Florida, Primarily Shallow,
Protected, Inshore Waters

Compiled by: Randall Wells, University of California, 100
Shaffer Road, Santa Cruz, CA 95060, USA.

Platform
Small outboard powered boats.

Sampling Period

This is a long-term (1970-present) study of resident dolphin
communities. Censuses and behavioural observations have
occurred at various times throughout the year. The single
most important factor in choosing censuring periods is the
reproductive season. Censuses before and immediately
following the summer calving season provide information
on births to identifiable females, and calf survivorship
during the first year of life. Minimum censuring period is
1-2 weeks of daily boat surveys.

Objectives
Population size estimation, reproduction, survivorship,
demographics and behaviour.

Sampling Strategy

During the 1970s, effort concentrated on identifying home
ranges and social association patterns of the resident
dolphins through tagging, radio tracking, and observations
of naturally-marked dolphins. This work also created a
situation in which the proportion of readily recognisable
individuals was much greater than would have been
available from natural markings alone. The study area was
selected because of its location near the home laboratory.
The size of the study area was based on the empirically
determined home range of the resident dolphin
community.

During the 1980s the project used information on home
ranges and social associations derived from photographic
identification efforts to define the ranges and membership
of adjacent resident dolphin communities. Once the
stability of the geographical limits and membership of the
most-thoroughly-studied community were defined, it was
possible to monitor population parameters for the
community. Census routes were established to provide
thorough coverage of the home range, and photographic
identification surveys were conducted several times each
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year, as funding allowed. Additional information on
demographics and genetic structure of the community
relative to adjacent communities were obtained from
capture-sample-release efforts during 1984-present. The
capture-release program also provides opportunities to
mark dolphins that might otherwise be considered
unmarked from photographs.

Information on presence/absence and births is obtained
directly from censuses. Survivorship information is
obtained both from censuses in the home range and
outside, and from examination of beach stranded
carcasses.

Comments

The current sampling strategy has evolved over the past 18
years. For the sake of consistency in between-year
comparisons, sampling will probably continue as is.
Suggested improvements might include: (1) increased
survey coverage outside of the home range to identify
emigrations in order to factor these out of
‘disappearances’; (2) increased use of DNA fingerprinting
to identify animals that are beach stranded in comparison
with samples from prior live captures; and (3) more
frequent surveys during the year to allow for better
estimations of birth rates, as well as to provide additional
opportunities to monitor changes in fin characteristics.

SPINNER DOLPHIN
(1) Kona Coast, Hawaii

Compiled by: Randall Wells, University of California, 100
Shaffer Road, Santa Cruz, CA 95060, USA.

Platform
Small boats and cliff-based theodolite tracking stations.

Sampling Period
Continuous sampling during May, 1979, through October,
1980, and again during June 1981.

Objectives
Population size estimation, reproduction and behaviour.

Sampling Strategy

Work takes place from a base in Kealake’akua Bay. All
shore-based identifications were from a cliff over this bay.
Photographic identification efforts were primarily for the
purpose of examining the social structure of these animals.
Calculation of a population size estimate from
mark-recapture techniques and calculation of a rough
reproduction estimate from percentage of calves observed
were secondary to the compilation of a catalogue and
resightings for social association studies. Boats moved
close to shore, where spinner dolphins rest during daylight
hours, and photographed as many individuals as possible
when schools were encountered. School size was up to 200
animals. Sampling was limited geographically and did not
cover the entire range of individuals observed. Sampling
was limited by sea conditions and boat size, funding and
availability of harbours for safe mooring or refuelling.

Comments

Opportunistic observations and resightings of a tagged
individual indicated that at least some of the recognisable
dolphins ranged around the entire coast of the Big Island,
while most vessel work was limited to a relatively small
section of the Kona coast. Additional funding, field time
and larger sampling vessels would be necessary to expand
the sampling program. Individually-identified animals
along the Kona coast appeared to have core areas within
their overall ranges, though there was much mixing
between core areas of defined, stratified sampling within
core areas could be done using photo-identification and
population estimates could be prepared after correcting for
mixing between areas.

Additional photo-identification work offshore of the
island of Hawaii (Big Island) and at other locations would
allow assessment of the hypothesis of non-mixing between
spinner dolphins using the Big Island for resting and
dolphis using other areas.

Reproductive rates were estimated from crude
photogrammetry druing regular aerial surveys around the
entire coast of the Big Island. More sophisticated
photogrammetric techniques exist that could greatly refine
these estimates.

BALJI (CHINESE RIVER DOLPHIN, Lipotes vexillifer

(1) Middle and lower reaches of Yangtze River

Compiled by: Zhang Xianfeng, Inst. of Hydrobiologie
Sinica and Gao Anli, Nanjing Normal Univ.

Platform
Research ship, small fishing boats and land. 8m fishing
boat with 12HP outboard.

Sampling Period

March 1986-December 1987. Best sample period has not
yet been evaluated. A period of 5-10 years of study may be
required.

Objectives
Population size estimation and monitor, reproduction,
survivorship, behaviour, migration and home range.

Sampling Strategy

Since these studies are just beginning, exact strategies are
not in place. The small size and shy behaviour of this
species and complex environment of Yangtze River make
collection of data difficult. As few as 300 individuals
remain alive, which will be a further constraint to
sampling.

Comments
Important information on migration range, home range,

group structure, and exchange between groups can be
obtained through photo-identification. These data will be
essential for management plans. Data sufficient for
population estimation will require longer. It is better that
photo-identification should be combined with other
techniques, such as radio-tracking.
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Annex F

Collection and Storage of Biopsy Samples

BIOPSY DART

All current models are cylindrical core samplers and range
in size from about 7mm to 1lcm in diameter and 2cm to Scm
in length. For DNA analysis a minimum sample size of
200mg of skin (including both epidermal and dermal
layers) is recommended. The dart diameter required to
achieve this will depend on skin thickness for the subject
species. If the skin is about 8mm thick, the dart should be
about 8mm in diameter.

A biopsy dart should effectively penetrate the skin and
retain the sample without remaining embedded. Retention
of the sample can be achieved with three inpointing barbs
or the use of a ‘butterfly’ valve. Proper stopping and
expulsion are achieved with a wide (2cm to 4cm) metal
base and in some cases the addition of a rubber pad.

PROJECTION EQUIPMENT

Although a variety of projection devices have been used,
including a modified harpoon gun and spear gun, for most
species compound-bows or crossbows provide adequate
range. A 25 pound-test compound bow with hollow core
fibreglass arrows is sufficient in some cases, for example on
killer whales (Hoelzel and Amos, 1988) and gray whales
(Mathews, Keller and Weiner, 1988) at a range of 10-20m.
For humpback whales a 100 or 150 pound-test bow and
metal arrow shaft has been used at a range of 10-30m
(SC/A88/ID28). To avoid disturbing the subject, the
strength of the bow should be adjusted to the minimum
necessary to give sufficient range and ensure expulsion
from the sampling site.

RETRIEVAL

In some cases it is necessary to use a retrieval line attached
to the dart, for example when working from a large,
high-decked ship. Independent flotation should be used in
preference to a tethered line [to avoid entanglement. The
flotation should be a light rrJaterial (such as cork sealed
with a rubberised paint) attached to the arrow shaft just
behind the dart.

STERILE TECHNIQUE, PROCESSING AND
STORAGE

Before firing, the dart should be immersed in alcohol,
flamed and re-immersed to minimise the risk of infecting
the wound. For cell culture the sample is removed from the
dart with a sterile implement and the dermal papillary layer
is sectioned with a sterile scalpel. This layer is then placed
in sterile tubes containing culture media with antibiotics
and is stable for up to 12 hours if kept cool but not frozen
(SC/A88/ID28). Processing samples in locally sterile
conditions (SC/A88/ID28) or a portable plexiglass box with
arm ports at the sides will help minimise contamination
(see Mathews et al., 1988).

For longer storage and transport, cryopreservation
following the field methods described in Mathews et al.
(1988) are recommended. The dermal papillary sample
should be scored and replaced in a small cryotube
containing culture media with antibiotics and 10% DMSO
(dimethylsulphoxide) at 4°C for approximately 2 hr. The
sample is then placed in the vapour phase (the upper
position of the storage case) of a liquid nitrogen
dry-shipper for 1 hr to allow gradual freezing. The sample
can then be stored indefinitely in the dry shipper or larger
liquid nitrogen freezer.

Samples to be used for DNA analysis (for example the
remaining epidermal layers if the dermis is used for tissue
culture), should be scored with a scalpel, immersed in a
saturated salt solution and frozen as soon as possible
(though salt preservation alone is sufficient for up to one
month). Use of a 20% DMSO solution saturated with salt
will improve preservation. Sterile techniques are not
critical at this stage.

Blubber samples and skin to be used for enzyme
electrophoresis should be frozen under liquid nitrogen.
Blubber to be used for toxicology studies should be cleaned
according to standard procedures (IWC, 1986) and frozen
in containers approved by the US Environmental
Protection Agency, or similar.
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Annex G

Procedure for Push Processing Kodak and Ilford HP5 Film

Elwood Miles
Miles Photo Lab, Nanaimo, British Columbia, Canada, V9S 3RS

INTRODUCTION

Kodak Tri-X and Ilford HPS5 films are commonly used in
photo-identification studies of cetaceans. Frequently these
films are exposed and developed at a higher rating than the
recommended 400 ASA, such as 800, 1200 or 1600 ASA.
Using a higher ASA permits increased photographic depth
of field and increased camera shutter speed. Such
underdeveloped film has optimal contrast, detail and grain
only when it is custom processed. However, little
information is published on how to push process these
films. This Annex describes a process which was
established empirically by R. Nelson, Nanaimo, British
Columbia and which I used for five years in developing film
of killer whales, humpbacks and gray whales. Kodak T
Max 400 film can be processed by this procedure but the
film does not provide as much subject detail under low light
conditions when exposed at 1600 ASA as do Kodak Tri-X
and Ilford HP5 films.

1. PREPARATION OF CHEMICALS

Except where noted, all chemicals and rinses should be
kept at 20°C.

(a) Developer

This solution is prepared in the necessary quantity
immediately before use and is used only once. For each
35mm roll of film to be developed, dissolve 15ml of sodium
sulphite photographic grade in 300ml of water at 20°C. Stir
briskly. Add 20ml of Edwal FG7 Developer. Stir in gently
to avoid disturbing any undissolved sulphite. Chemical
reaction will have raised the temperature to the working
temperature of 21°C.

(b) Stop bath

Add 10ml of Kodak Stop Bath to 1000ml of water, stir in
and bottle. This quantity is sufficient to process three reels
of film at once in one tank. This solution can be re-used.

(c) Fixer

This can be used several times and should be returned to its
storage bottle and tested before it is used again. Add 250ml
of Ilford-llfospeed Fixer to 750ml of water, stir in and
bottle. This quantity of solution will cover three rolls at one
time.

(d) Hypo-clearing agent

A hypo-clearing agent is needed to reduce the time for
washing the film. Add 30ml of Edwal 4 and I Clearing
Agent to 1000m] of distilled water, stir and bottle.

(e) Kodak Photo Flo Solution

This solution or Edwal LFN Solution can be used to help
the water drain off the film. Add one or two drops of one of
the above solutions to about 600ml of distilled water. Place
in a container that is large enough to hold at least one of the
film reels.

2. DEVELOPING THE FILM

(a) Developer

Load the film on reels in complete darkness and place the
film in the development tank, which could hold 1-3 reels.
Securely fasten the light seal and turn on the lights. Add
300ml of developing solution per reel at 21°C. Do not allow
any sulphite residue to be added. Start the timer. Place the
watertight lid on the tank. Invert the tank five times by
rolling the wrist for a total of five seconds, rap the bottom
of the tank firmly on the counter three times to remove air
bubbles from the film. Repeat the inverting and rapping
procedure after 30sec. and one min. and then repeat the
inverting procedure alone every 30sec. without rapping for
the remainder of the time. The times are 6.5 min. for 400
ASA, 8 min. for 800 ASA, 9 min. for 1200 ASA and 10
min. for 1600 ASA. At the end of the development time
drain off the used developer into the sink.

(b) Stop bath

Immediately add the stop bath using 300ml per reel . Invert
the tank with the lid in place every 10sec. for 30sec. and
drain into storage bottle. Rinse the film by adding water to
the tank, agitate for 30sec. and drain.

(¢) Fixer

Add 300m! of the fixer solution per reel. Do not use lesser
amounts. Agitate by inverting the tank once every 15sec.
for 1.5 min. and then drain the solution back into the
storage bottle. Remove the tank cap and light seal and
inspect the film to be sure that it has cleared. Replace the
seal and rinse in water for 30sec. and drain.

(d) Hypo-clearing agent
Add 300ml of this agent per reel. Agitate once every 15sec.
for 1.5 min., then drain the solution back into the storage
bottle. Add rinse water.

(e) Water rinse

Turn on the hot water tap and run it into the sink until the
water reaches about 50°C. Now adjust the hot and cold
water taps to produce a constant 20°C. Let the water run
freely into the developing tank for five minutes with the
light seal in place. Regularly monitor the temperature to
keep it at 20°C = +1°C.
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() Photo Flo rinse

Placc the developed film (still on the reel) in the solution
and spin backward and forward for 30sec. without breaking
the water surface. Rap the container on the counter to
release air bubbles.

3. HANGING AND DRYING

When the Photo Flo rinse appears to be free of bubbles,
remove the film from the reel, attach film clips top and
bottom and inspect the emulsion surface to be sure that no
bubbles are present. If bubbles are present, hand dip the
film through the rinse or use a hand syringe of Photo Flo
solution to wash the bubbles off the film. Hang the film and
with a piece of clean paper towel wipe the shiny side of the
film to remove water. Use a continuous motion top to
bottom. Hang the film in a warm location free from dust
and air currents. Do not handle the film until it is
completely dry. The emulsion side should never be
touched.

4. MISCELLANEOUS POINTS

(a) The strength of the fixer solution should be checked
before each use. To do this take a piece of exposed,
undeveloped film of the same type as to be processed' aqd
place it in the fixer solution. The film should clear w1tl_1m
30sec. If it does not, replace the stop bath, fixer, clearing
agent and Photo Flo solutions. .

(b) Care must be taken to use the recommended.tlmes and
temperatures. Sudden changes in temperature will damqge
the emulsion and produce an effect similar to excessive
grain. .
(c) Extra development time will increase contrast if
necessary.

(d) If the process produces too much contrast, first reduce
the amount of agitation during development and then if
necessary reduce the development time by 30sec.

Annex H

Genetic Assessment of Effective Population Size

The ‘effective population size’ (N¢) is the average number
of individuals that contribute genetically to the subsequent
generation. It is especially important to know N to
conserve populations at a level that maintains genetic
diversity and minimises the risk of inbreeding depression.
Lack of diversity could deny a species the necessary
flexibility to respond to a changing environment over
evolutionary time. Inbreeding is detrimental to the fitness
of individuals. The following is a very brief review of the
methods available for estimating N.. For a more complete
discussion please refer to Hoelzel and Dover (1989).

N. can be estimated if the number of males and females
in a population, and their reproductive variances are
known. The most difficult variable is usually male
reproductive variance. In particularly well documented
populations, this can be estimated by extending known
maternal genealogies with paternity testing by DNA
fingerprinting.

If it is not feasible to assess the reproductive success of a
number of males in a population by directly tracing
genealogies, male reproductive variance can be estimated
by measuring allele frequencies in the population of males

of reproductive age, and comparing the variance among
adult males with the variance in paternal alleles among
offspring. If the variance among offspring is very much less
than that among reproductive males, then this would
suggest a polygynous system where a few males are
achieving most of the matings.

A long-term estimation (an average over evolutionary
time) can be obtained through the analysis of
mitochondrial DNA (mtDNA). Given the assumption that
most mutations in the mitochondrial genome are
effectively neutral point mutations accumulating at an
average rate (for mammals) of about 2% per million years,
Ne can be estimated by measuring the genetic distance
between at least 20 randomly chosen individuals. This
procedure is described in more detail in section 3.3 of
Hoelzel and Dover (1989).

REFERENCE

Hoelzel, A.R. and Dover, G.A. 1989. Molecular techniques for
examining genetic variation and stock identity in cetacean species.
Rep. int. Whal. Commn (special issue 11):81-120.

AR061307



REP. INT. WHAL. COMMN (SPECIAL ISSUE 12) 35

Annex I

Details of Recommendations Requiring IWC Funding

Annex I1. PROPOSAL FOR FURTHER DEVELOPMENT AND INITIAL COMPILATION OF THE NORTH
ATLANTIC FINBACK WHALE CATALOGUE

Curation facility : College of the Atlantic, Bar Harbor, ME 07609

Fin whales, Balaenoptera physalus, are a species of special
concern to the IWC. At present the North Atlantic fin
whale catalogue is in its early stages. This proposal
requests funding to further develop and implement
methods to photographically identify fin whales.
Techniques are available which allow the identification of
individuals, but they need further refinement to be used to
catalogue the number of individuals in the population. This
project would establish cataloguing procedures, database

design and management. It would also provide for the
coordination of the compilation of six small regional
catalogues (an additional 300-500 individuals and
approximately 2,000 photographs) and their associated
databases. Although all collaborators have already agreed
to contribute photographs, compilation and further
development of techniques has been delayed due to lack of
funding. £9,000 is required.

Annex I2. WORKSHOP ON THE GENETIC AND BIOCHEMICAL ANALYSIS OF TISSUE SAMPLES COLLECTED
BY BIOPSY SAMPLING AND OTHER MEANS

1. Introduction

It is proposed that the IWC sponsors a 34 day workshop
for 15-20 participants on the collection of tissue samples
from cetaceans and the subsequent analysis of those
samples. The areas of expertise represented by participants
should include, the collection of tissue samples in the field,
the preservation and transport of tissue for various types of
analyses, recombinant DNA analysis of samples, and the
interpretation of genetic variation for the conservation of
populations. It is estimated that the workshop would cost
between £10,000 and £15,000.

2. Sample collection

There are three essential components to the apparatus
used for the remote collection of biopsy samples (collection
device, projection and retrieval), and numerous designs
have been suggested for each.

2(a) Collection device

Various devices have been tested or proposed. Most
designs are cylindrical core samplers, sharpened at the
leading edge and including internal barbs or other devices
for sample retention. Experience to date suggests that the
best design will depend on application and the subject
species. The design of appropriate apparatus for the
various applications will greatly benefit from discussions
among those experienced in their use. It will be useful to
further integrate these discussions with participants who
have experience with the preservation, required quantity
and type of tissue needed for subsequent analyses.

2(b) Projection device

Projection equipment has included modified harpoon
guns, spearguns and various types of bows. The choice of
equipment is usually dependent on required range,
accuracy, and the effectiveness of dart deflection. Further
considerations for future designs should include portability
and adjustable projection velocity.

2(c) Retrieval
Existing retrieval systems include a line tether and fishing
reel, and independent floatation. These systems could be
optimised to minimise the risk of entanglement and loss of
sample.

Further discussion on sample collection could include
methods for sampling entrapped animals and the preferred
tissues to sample from stranded animals.

3. Sample preservation

The preservation of tissue for DNA analysis will require
different and less stringent conditions than the
preservation of live tissue for tissue culture. Both
techniques are presently being perfected in various labs.
Further, different types of DNA analysis optimally require
different levels of stringency. The success rate for the
storage and transportation of tissue samples to a lab for
tissue culture is currently fairly low. A discussion of
techniques used in different labs and under different field
conditions would be very useful.
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4. Genetic analysis

There are currently numerous laboratories investigating
various genomic regions for their structure and variability.
These genomic components include ribosomal DNA which
has been suggested to be useful for stock identification,
mini-satellite regions which are useful at least for the
identification of individuals, kinship and paternity, and
mitochondrial DNA which can trace the movements of
females and estimate genetic distance between
populations. These components have been discussed by
Hoelzel and Dover (1989). It is clear, however, that there
are numerous additional possibilities being developed in
other labs, and that a discussion of the possible application
of various techniques would be extremely useful. This
would be especially true for special applications, for
example when only very little or very degraded material

was available. Further, other kinds of information, .fOT
example sex, may now be able to be determined by similar
analyses of the same tissue samples.

5. Storage and interpretation

The appropriate methodology for the long-term storage of
samples including extracted DNA and tissue cultures
should be discussed. Methods will vary to some extent with
the analytical techniques used. If possible a technique
should be developed that incorporates sufficient stringency
to be adequate for all proposed analyses.

The interpretation of data is expected to be a major item
for consideration. This would hopefully include an
agreement on what kinds of information can be interpreted
from various types of results and how results could be
effectively compared between labs.

Annex I3. PROPOSAL FOR INITIAL WORK TOWARDS ESTIMATION OF JUVENILE MORTALITY RATE IN
NORTH PACIFIC HUMPBACK WHALES

Background

Debbie Glockner-Ferrari and Mark Ferrari have taken
over 62,900 surface and underwater photographs of
individual humpback whales in the waters off the west
coast of Maui, Hawaii during the period from 1975 through
1988. Glockner-Ferrari pioneered the technique of
identifying and sexing individual humpback whales based
on underwater photographs of body patterns, and is one of
the few, if not the only researcher, to use this
photo-identification technique extensively. Over 580
adults and 260 calves have been identified based on
analysis of the underwater photographs.

Analysis of the surface photographs (that is, the tail
flukes) has been of secondary importance in their studies,
and full cross-correlated analysis of body and fluke pattern
photographs is available at this time only for those
photographs taken during 1984-1985.

These researchers and all other major research groups
working in the North Pacific in breeding and feeding areas
have contributed their fluke photos to the US National
Marine Mammal Laboratory’s (NMML) centralised fluke
photograph collection, and the integrated data set curated
by the NMML will provide a synoptic picture of humpback
whale movement between feeding and breeding areas.
Given the range of data from studies by these researchers
and other contributors to the NMML system, it is expected
that a collaborative estimate of calf mortality may be
produced by comparing presence of individual mothers
and calves in Hawaii to their presence in Alaska feeding
areas. Because Glockner-Ferrari and Ferrari have
specialised in studies of reproduction and mother/calf
interactions, any collaborative effort to estimate calf
mortality would be incomplete without their data.

In order to integrate their data into the North Pacific
collection of humpback whale fluke photographs, it will be
necessary to cross-correlate all their body pattern
photographs with all their fluke photographs. Fluke data
from 1984 and 1985 are already encoded into the NMML
humpback whale photo-identification encoding system.
Data from 1975-1983 and 1986-1988 will be
cross-correlated, and special attention will be paid to body
pattern markings as a cross-check on the stability of fluke
markings.

Objectives

(1) Analyse all fluke photographs taken from 1975-1983
and 1986-1988, to identify individuals and determine
resighting history.

(2) Analyse underwater slides depicting body patterns to
identify and sex individual whales.

(3) Cross-reference both catalogues.

(4) Comparision of resighting histories of known females
on breeding ground to obtain complete calving interval
data to determine reproductive rates.

(5) Submit photos to NMML to be encoding into the
computerised matching system.

Future analyses

(1) Possible recognition of calves in subsequent years,
which would provide a larger body of known age
individuals. Given complete resighting histories, this
information will allow estimation of age at sexual
maturity.

(2) Identification and sexing of individuals, including
mothers and calves, from sloughed skin samples using
DNA fingerprinting techniques.

Timetable
One month: preparation of photographs for processing and
photo processing.

Five months: cross-correlation of body pattern and fluke
photographic collections; and tabulation of resighting
histories from the cross-correlated data set.

Proposed budget

It is requested that the IWC provide funding of £7,500 to
Debbie Glockner-Ferrari and Mark Ferrari to offset costs
of data analysis and photographic reproduction. It is also
requested that the IWC provide £2,500 to the US National
Marine Mammal Laboratory to encode and extensively
cross-match this particular data set in preparation for a
larger scale analysis of this and other contributed data sets.
Results of this cross-matching will lead to a collaborative
analysis of estimates of calf mortality.
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Future studies

Data tabulated as the result of this study will be a large
component of a future study on calf mortality of humpback
whales in the North Pacific. The large scale analysis of calf

mortality will be the result of collaborations between these
researchers and others who have contributed photographs
to the NMML centralised collection. Future analysis will
go forward pending completion of this work.

Annex I4. PROPOSAL - AN INVESTIGATION OF THE FEASIBILITY OF COMPUTER MATCHING OF
PHOTOGRAPHS OF CETACEAN NATURAL MARKINGS

Phil Lovell
Conservation Research Group, PO Box 114, Cambridge CB4 1YJ, UK
and Lex Hiby
Sea Mammal Research Unit, clo BAS, High Cross, Madingley Road, Cambridge, CB3 OET, UK

A recent study of grey seals has demonstrated that
photographs of the head and neck region can be matched
on the basis of pelage markings and that the matching can
be achieved automatically using a microcomputer
(SC/A88/IDY). By automating the matching process the
effort involved in using natural markings can be greatly
reduced, allowing the techniques to be extended to larger
populations. It may be possible to develop computer
matching for some of the cetacean studies in which
photographs are currently matched by eye, for example
southern right whales, humpback whales and blue whales.
It was suggested at the Workshop that the feasibility of
such developments should be investigated. We have not

yet had time to consider which approach would be suitable
for each species (for example, the use of 3D modelling
versus the development of orientation-invariant pattern
characterisations). Our proposal is to make a preliminary
study of the problems involved in each case and then to
develop one or more prototype systems. It is not possible,
given a fixed budget and time-scale, to guarantee a fully
operational system. However, experience with the seal
matching problem suggests that significant progress should
be possible within a study period of three months.

Budget : £5,000 salary including overheads + £750 travel
expenses

Annex I5. WORKSHOP ON PHOTOGRAMMETRY

The complexity of photogrammetric techniques and
proliferation of interest in knowing morphometrics of
living whales has resulted in a critical need for respective
researchers to exchange information. Discussions are
needed to update each other on field methods (such as
stereo systems or single camera units mounted on aircraft
or boats), laboratory techniques (such as digitisers of
frequency distributions of size categories. A workshop
with a format and length similar to the present Workshop
would be appropriate.

The sooner the meeting occurs, the more benefit there
will be for projects about to begin or in their early phases.
Costs should be similar to that of the present Workshop.

The estimated cost is based on approximately 30
scientists convened for 4 days, perhaps at the National
Marine Mammal Laboratory in Seattle. If a third of these
scientists can find their own transportation and lodging, the
cost to the IWC will be £20,000.
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Annex J

Review of Progress on Recommendations Requiring IWC
Funding up to August 1990

G.P. Donovan

Reference

Proposal

Funding *

Progress

Item11.1
Annex I1

Item 11.3
Item 11.5
Annex I2

Item 11.6
Annex I3

Item 11.7
Annex 14

Item 11.8

Annex I5

Item 11

Item 11.1

Item 11.9

Further development and initial
compilation of the North Atlantic
Fin Whale Catalogue

Workshop on the Genetic and
Biochemical Analysis of Tissue
Samples (including the effects of
photo-identification and biopsy
sampling on animals)

Initial work towards estimation of
juvenile mortality rate in North
Pacific humpback whales

Investigation of the feasibility of

computer matching of photos of
cetacean natural markings

Workshop on Photogrammetry

Ensuring continuation of series
of data in long-term studies

Archival storage of photographic
collections

Feasibility study of photo-id
techniques for SH minke whales

£9,000

£15,000

£10,000

£8,750

£20,000

£12,000

£4,000

£2,460

The proposal was submitted to the 1988 Scientific Committee meeting. It was
commended in principle but the Committee recommended that it be resubmitted in
1990 to include all areas of the western North Atlantic (RIWC 39:110). This was done
and the revised proposal (SC/41/RP3) was recommended for funding by the
Committee (RIWC 40:72). Unfortunately this was not endorsed by the Commission
due to the overall financial situation it was in.

This proposal was endorsed by the 1989 Scientific Committee meeting and a steering
Comnmittee established (RIWC 39:133; 40:48). The meeting took place in La Jolla,
California, from 27-29 September 1989. The report of that meeting (SC/42/Rep1)
and associated papers will be published in special issue 13. Further discussion on the
effects of biopsy sampling on animals is given in Annex J of the 1990 Scientific
Committee report (RIWC 41:in press)

The proposal was revised slightly (RIWC 39:116) before presentation to the
Scientific Committee at the 1988 meeting. The Committee recommended that it be
funded and this was done. As yet, no final report has been received.

The proposal was revised slightly (RIWC39:135) before presentation to the
Scientific Committee at the 1988 meeting. The Committee recommended that it be
funded in full and this was done. The report of the work carried out was presented to
the 1990 meeting of the Committee (SC/42/PS5) and will be published in RIWC 41.

The proposal was discussed at the 1988 meeting of the Scientific Committee. The
Comnmittee endorsed the concept of the proposal but agreed that a more detailed
proposal was required that justified the need to give high priority to this subject under
the Comprehensive Assessment. No plans to hold the Workshop have been made
since

A proposal to provide one year’s funding to continue the series of surveys of right
whales off South Africa (SC/40/RP1) was presented to the 1988 Scientific Committee
meeting. The Committee recommended this for funding in full and this was done. The
report of this work was submitted to the 1989 meeting (SC/41/PS4).

The proposal was discussed at the 1988 meeting of the Scientific Committee. The
Comnmittee endorsed the concept of the proposal but did not recommend it for
funding ‘because data cannot..... be made readily available to Scientific Committee
members and financial commitment is for more than one year’.

The Scientific Committee recommended the funding of a pilot study to look at
available photographs and if successful recommended that some ship time on the
IWC/IDCR minke whale assessment cruise be allocated. This was done and the results
presented in the paper by Joyce and Dorsey published in this volume. In addition,
money was allocated in the budgets for the 1989/90 and 1990/91 cruises for such work.

*Funding provided by the IWC is given in normal type. Money requested but not provided is shown in italics.
Note: RIWC = Rep. int. Whal. Commn
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Annex K

Shooting whales (photographically) from small boats:
An introductory guide

Sally A. Mizroch! and Michael A. Bigg?

1 National Marine Mammal Laboratory, Seattle, WA, USA
2 Pacific Biological Station, Nanaimo, B.C., Canada

As photo-identification collections grow and aids such as
computerised video matching are increasingly used, great
attention must be paid to photographic techniques. For
more detail on examination of negatives and prints, see
Bigg, Balcomb and Ellis (1986).

Choice of film
For whales that are mainly black, gray and/or white, high
speed black and white (B&W) film, such as Ilford HP-3, is
preferred. Colour slide film generally does not have the
detail or latitude to be used on a regular basis for ID work
from small boats, although in some cases right whale
callosity/cyamid patterns are slightly better defined using a
high speed colour film, such as Kodachrome 200
Professional. If there is any doubt about which type of film
to choose, try shooting B&W and colour side by side or
alternately for a few weeks, and then compare ID’s and the
proportion of good, usable shots.

Once the correct film has been chosen, the components
of taking a good ID shot are: framing, focusing, exposure,
developing and printing.

Framing and focusing
Before beginning field work with a new species, it is
important to examine as many good identification
photographs of your species as possible, to train your eye
to the detail of the ID image. For example, look at Sears,
Wenzel and Williamson (1987) for blue whales, Bigg, Ellis,
Ford and Balcomb (1987) for killer whales and Katona,
Harcourt, Perkins and Kraus (1980) for humpback whales.
Always shoot some practice rolls on land before going
into the field, both to check the camera and to practice fast
focusing. If possible, use a fast auto-focus camera, or
practice focusing and timing by shooting any fast-moving
activities, such as sporting events. Make sure to hold the
camera very steady. Under some light conditions, such as
haze or fog, you may need to switch from auto-focus to
manual focus. Always take a back-up camera system in
case the primary system develops any technical problems.
Timing is important when taking an ID shot. Determine
the most distinctive ID features of your species, and take
photos of those parts when they are most exposed. For
example, for killer whales, photograph the saddle patch
when it is out of the water (Figs 1a and 1b), not as it first
begins to surface (Fig. 1c). With humpback whales, the
back will show a pronounced arch or hump as the animal

Fig. 1. Example shots of killer whales. a. Whale A2, an adult female
with large nick at top, photographed 12 July 1986. b. Whale J12, an
adult female with M-shaped scratches on saddle, photographed 21
April 1975. c. Not an ideal shot. Photos a. and b. by G. Ellis, Pacific
Biological Station, Nanaimo, B.C.. Canada. Photo c. by S.
Mizroch.
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Fig. 2. Example shots of a humpback whale. a. Note the rake marks
on the trailing edge, the open circle on the left fluke, and the
numerous lines and spots throughout the fluke. b. Printed from the
same negative, but printed too dark. Only a few line scars show.
Negative loaned by Cascadia Research Collective, Olympia,
Washington, USA.

prepares for a deep dive, then the tail stock will begin to
come out of the water. Focus on the caudal area as it rises
and take photographs of the tail when the flukes are
completely out of the water (Fig 2a). With right whales,
take photographs of the crenulations along the lower jaw,
post-blowhole callosities, white blowholes, belly and chin
pigmentation, mandibular callosity islands, pigmentation,
scars, and markings on the flukes, body, tail stock, fluke
tips and head. Good photographs of any other unusual
features are sometimes enough to make an identification
within a season and often between years.

Exposures

If your study is to be carried out from a small boat, as is
usually the case, it is important to use as fast a shutter
speed as possible to minimise effects of boat and animal
movement. Use high speed film, pushed to 800 or 1600
ASA, set the shutter speed at 1/1000 sec or faster, and use
as small an f-stop as possible (e.g. in the range from f8-f22)
to increase depth of field. Set exposures based on incident
light readings from a hand-held meter; because lighting
conditions change rapidly, take meter readings fairly often.

Processing

In photo-ID studies, the (photo) negatives are the baseline
data, from which all analyses will spring. Therefore, do not
take short cuts in processing. If shooting llford HP-5, use
the processing method described in Annex G.

Printing

Commercial labs will generally print negatives for proper
exposure of the entire content of the negative. This often
results in prints in which the surroundings are
well-exposed, usually at the expense of the ID detail of the
whale. Fig. 2b gives an example of a typical badly printed
ID shot.

A good ID print usually has a background that looks
very washed out (Figs 1b, 1c and 2a). If in doubt, print
lighter than darker. Use polycontrast paper (e.g. Kodak or
Iiford) and experiment with polycontrast filters to heighten
contrast. Ensure that you do not lose fine details by using
too high a contrast. For example, a grade 3 polycontrast<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>