The Open
University

Open Research Online

The Open University's repository of research publications
and other research outputs

Determination of age, sex and origin of guillemots
(Uria aalge) and razorbills (Alca torda) killed in oilspills
and other incidents

Thesis

How to cite:

Jones, Peter Hope (1985). Determination of age, sex and origin of guillemots (Uria aalge) and razorbills (Alca
torda) killed in oilspills and other incidents. MPhil thesis. The Open University.

For guidance on citations see FAQs!

(© 1985 The Author

Version: Version of Record

Copyright and Moral Rights for the articles on this site are retained by the individual authors and/or other copyright
owners. For more information on Open Research Online’s data |policy on reuse of materials please consult the policies

page.

oro.open.ac.uk


http://oro.open.ac.uk/help/helpfaq.html
http://oro.open.ac.uk/policies.html

UNRESTRICTED

DETERMINATION OF AGE, SEX AND ORIGIN OF GUILLEMOTS Uria aalge AND

RAZORBILLS Alca torda KILLED IN OILSPILLS AND OTHER INCIDENTS

A dissertation submitted to The Open University in part fulfilment of the

requirements for the degree of Master of Philosophy (Science - Biology).

Peter Hope Jones

Menai Bridge,

Submitted: April 1985
Gwynedd.

:Daﬁé, tif Alomizalan A)brbt 1985

Date of awerd: | Tngy 1985



ProQuest Number: 27775863

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent on the quality of the copy submitted.

in the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 27775863

Published by ProQuest LLC (2020). Copyright of the Dissertation is held by the Author.

Ail Rights Reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106 - 1346



- (ii) -

‘DECLARATION

The substance of this d{ssertation has not already been submitted for any
degree or other qualification, either to The Open University or to any

other university or institution.
Same of the data in this dissertation have been published; they are

contained in Jones et ‘al, in the Reference section, Chapter 8, of the

present work.

(Candidate)

‘This is to certify that the work here submitted was carried out by the

candidate himself. Due acknowlédggﬁgﬁ%”has been made of assistance

received.

Signed c.eeieceriecoceccvocctccccsssrsssconocesoscanonena cecsescessccsens
(Internal Supervisor)

Lo 1. 7= PP A P
(External Supervisor)

Signed .....eecccecrccctacananan D

(Candidate)



- (iid) -

ABSTRACT

Large numbers of auks (Alcidae) have died in recent years in a variety
of mortality incidents, many of whichvresulted from o0il pollution. 'This
thesis explores the background to deterﬁining aée, sex and origin of
Guillemots Uria aalge and Razorbills Alc-a torda invoived in such incidents,

and presents daté resulting from the examination of these birds.

Ageing factors considered were cloacal bursa, supra-orbital ridge,
gonad size, wing and bill measurements, and bill grooves in Razorbills.
Most ageing factors were mutually supportive, though as yet there were

only few confirmations from known-age birds.

Sex determination was usually straight-forward, based on gonadal
inspection. Especially in adults, males were on average shorter-winged
and bigger-billed than feméles'in both species-; however, individual birds
could not safely be sexed from external measurements. Sex ratios, ffom
various mortality inéidents, were.mainly equal in Razorbills of all ages

and in adult Guillemots.

Origins of Razorbills could be fixed morphometrically from size (as
indicated by winglength énd‘bill depth), which separated most birds of the
form torda (breeding in Scandinavia and Russia) from those of the form
'islaﬁdica (breeding in France, Britain, Ireland, Faroe and Iceland).
Guillemots could be fixed more clbsely using three parameters which in-
creased clinally through western Europe towards the north: winglength,

proportion of bridled birds, and degree of colour saturation of upperparts.
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A knowledge bf the age, sex and origin of auks involved in
mortality incidents is importént in contexts of conservation and of pop-
ulation ecology. Present knowledge could be particularly improved
through the implementation of a minimum standard system of examination
of auks killed in inéidénts; the storage and study of known-age  (ringed)
auk corpses; and the acquisition of more data on fine-grain taxonomy in

European .auks.
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1. INTRODUCTION, AND OBJECTIVES

'Auks affected by oilspills are a recurring phenomenon in 20th century
ornithology, with numerous papers and reports attestingvto the interest
and concern which they have aroused. Bourne (1969) has summarised the
occurrences up to 1968, since when there have been some major, and many
minor incidents involving auks and oil. However, auks are also prone to
'‘wrecks' - arrivals of dead and dying unoiled birdé on beaches, usually
after storms at sea -.énd an incident of this kind in the Irish Sea in the
autumn of 1969 Qas deemed serious enough to warrant a government enquiry(

though with inconclusive results (Holdgate 1971).

Auks are very vulnerablé to surface-borne oil pollution because most of
their iives are spent aﬁ sea, and because their natural escape reaction to
threats is usually to dive rather than to fly away. Guillemots and Razorbills
are abundant in‘Britain and Ireland, with populations of breeding in-
dividuals in excéss of 745,000 and 140,000 respectively (Stowe 1982). It is
perhaps not surprising, therefore, that in the beached bird counts
organised by the Royal séciety for the Protection of Birds, these two
species figuie predominantly, with Guillemots second in order of
abundance in the list of birds found (and_58% of them oiled) and Razorbills

fourth (and 61% of them oiled).

Hence, Guillemots and Razorbills have been turning up on beaches in
high numbers, and they were being oiled at a level which potentially could
affect the size of their breeding populations in N.W.Europe. It was felt
that at least two parameters, and possibly a third factor, could be dis-

covered from samples of beached auks: the age and sex composition of any
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givenvsample, and some indication of the natal origin of the birds iﬁQ
volved. Additional data would doubtless accrue on various other factors.
These three objects of investigation can be of considerable con-
servation significanée. Guillemots and Razorbills are long-lived. sea-
birds with»the conéomitant low adult mortality and low annual product;
ivity which this strategy normally involves (Birkhead & Hudson 1977;
Lloyd & Pe;rins 19?7). In any mortality incident, it is valuable to know
the agé proportion in the birds involved - a high proportion of dead
adults is likely to be more damaging to the population than a high
percentage of immatures (some of which would have died anyway before re-
cruitment into the breeding population). It is also valuable to know

.

whether auks, outside the breeding season, may segregate - with sexes

‘or age cohorts using separate areas for 'wintering' or feeding. Finally,

it is essential to know the origins of stricken auks, since conservation

- measures for greater protection might be applied in one country if a

It

high percentage of its breeding auks were known to be dying in winter in

another country.

might be considéred - that most of these points can be covered by
the ringing prograﬁme organiéed in UK by the British Trust for
Ornithology.kWith the increased level of auk ringing in recent years,
more information is certainly emerging on the origins and ages of birds
involved in wrecks, but the ringing returns are biased in that auks are
ringed only at selected colonies (usually those relatively easy of
access). Furthermore, ring wear has, until ;ecently, militated against
an accurate assessment of age cohort mortality patterns, and in any
particular incident the number of rings found is usually too émall for a
confident prediction of age proportions in the incidént overall. Bécaﬁse
neither chicks nor adults can be sexed in the hand, andnbecause finders

only very rarely dissect a ringed bird, the ringing programme can
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contribute very little to a knoWledge‘of sex proportions in beached

birds. Auk ringing in.other European countries (with'high auk populations)
is similarly biased; and in some instances negligible in extent;.Ringing
returns may not, therefore, be particularly usefullin determining the
proportions of birds'from different natal origins involved in one winter
incident. Thus in this context there is potentially a strong role for
results from morphometric examination - not t0~duplicaté the results from

ringing, but to complement them, and perhaps to add significantly to the

data thus collected.

The main objectives of the present study were to assess the methods
for determination of age, sex and origin in Guillemots and Razorbills;
and to present data for these three factors, especially by reference to

examination of birds killed in oilspills and other mortality incidents.



2. . RATIONALE

in dealing witﬁﬁéuk mortality iﬁcidents, ornithoiogists have been slow
. in capitalising on knowledge from an obvious source of study material,
however unfortunate its origin. The usual reaction to a wreck of beached
»birds has been - until recently - a survey of affected beaches, resulting
in a corpse.count of the various species involved, with the birds sub-
sequéﬁtly being buried or at least thrown away above the high water mark.
This is considered to be a wasted opportunity, because so much ﬁore could
be discovered from a sﬁort, but well-qrganiSed, examinaﬁion of each corpse.
‘Since the time of this investigator's involvement in the Amoco Cadiz
oiliné in Brittany in 1978, serious efforts have been directed towards

establishing just such an examination system. The present thesis results

from this work.

Early in this study, there emerged an obvious need for gréater
knowledge of the fine taxonomy of Guillemots and Razorbills in N.W.
Eu;ope. By 1940, eérly taxonomists had arrived at a consensus on the
broad grouping of geographical forms within these two species and -
give or take a few subspecies - there has been little change since that
date. The emphasis, am§ngst actiﬁe ornithologists, has changed from
debating the subspecific rank of Guillemots on, for example, Helgoland
(Lannberg 1923) or Ailsa Craig (Gibson 1951), to debating the field
identification of sibling auk species (van den Berg 1980), with the main
objective of listing a rarity. Those few workers who tried to work to
taxonomic principles with auks from mortality incidents were having to
rely on the fundamental (but difficult-to-obtain) works of Salomohsen

(1944) and Storer (1952), or on the highly condensed summaries in

Witherby (1941) and Vaurie (1965). There was the further complication



that é new generation of ornithologists, trained in field.techniques, some—;A
times tendedhto apply, without the necesséry céution énd coﬁstraint,'
various‘conclusions from museum wbrk,to live or freshly dead birds.
Hence the need, in the 1980s, for a closer and more.criticai look at the
taxonomy of live or freshly dead birds, and a céreful comparison with

results from work on dried skins.

With the advent of‘ringing; and particularly of mistnets, small birds
were more easily trapped £or examination in the hand, and as a result the
ageing and sexing of passerines has been developed to a very high degree
(Svensson 1984). Most ringers handle seabirds only at bfeeding colonies,
where birds are easily assigned to one of two categories: chick or adult.
Oof the few ageing criteria used in the 1970s for Guillemot and Razorbills,
most emanated from the inspired exPérience and intuition (rather than
from a study of known-age birds) of taxonomists of the 1930s and 1940s
(Witherby et al. 1941). |

The large samples of auks emanating from mortality incidents can pro—
vide a wide range of dataf Theré seéms never to have been one person in U.K.
working fulltime, or even mainly, on auk taxonomy or on collecting and
assessing the results from examination of auks in mortality incidents.

The inevitable consequence is an effort by amateurs, including the
present investigator, in trying to salvage potentially useful information -

from an otherwise badly neglected topic. -

In order to collect the maximum information in the shortest‘time, a
technique was evolved for the rapid exam;nation of corpses. This led to
the production of a manual: The examination ofAbirds killed in oilspills
and other incidents (Jones et al. 1982), (Appendix I). Most of the data
for dead birds reported in the present thesis were collected on forms
similar to that shown on page 32 of that manual. A report was produced

after each investigation. The list of reports is produced in Appendix IT,



and data from these are used in the appropriate sections of this
thesis. The raw data are held either by the present investigator or by

the Seabirds at Sea Team of the Nature Conservancy Council in Aberdeen.

Most qf the results presented. here were from information collected,
cdllated, or elicited by the present investigator, but in this field it
.waé necéssary to rely on the willing aésistance of largé numbers of
helpers, so to this extent the basic data base results from the con-
tributions of numerous ornithologists over the past few years. The
working up of results, and the conclusions, are the writer's own work

and responsibility. -

The subject of this thesis covers an extensive fieid, and in order:
to draw conclusions it was necessary to tackle sevefal‘topics in greater
depth than hitherto reported in the literature. The three topics of age,
sex and origins in the auks are inter—related tQ varying degrees, and the
comple#ity of these relationships and their ramifications led to the
scheme of presentation shown in Fig.l. An attempt is made to deal with ‘
each major topic separately, by considering those aspects most germane to
that topic; the results are then pfesented as a synthesis of existing
knowledge, with overall coﬁclusions and suggestions for needs in

clarifying further the present position.




Fig. 1. Scheme of presentation used in the thesis.
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3. AGE DETERMINATION

3.1 Bill grooves in Razorbills

The system for recording the configuration of bill grooves iﬁ
Razorbills is shéwn in Appendix I (Section 3.2 ?ig.l). Since beached
birds are found thrpughout the year, birds with intermediate features will
appear occasionally: in this study, all birds with such features have been
scorea in the next highest category: for example, a Razorbill showihg the
evident start of a sécond black bill groove (W + 1%) has been recorded as

W+ 2.

The only ringed bird examined as a museum skin had a bill of 0 + 0
in its 1st winter (October). The,remaining data all stem from examination

of ringed birds retrapped at breeding colonies in subsequent years.

In.a series of 127 known breeders (caught whilst with egg or chick at
the breeding site), 80% were W + 2; but there were also birds with w + 3
(10%) and W + 1 (10%) (Tabie 1) . At this stage, it is not known whether
the increase in éroportion of W+ 3 bills from 3% at Great Saltee,
through 7% at Foula, to 31% in Iceland, is a true reflection of the
situation or merely due to chance in small samples.Taking another
approach, the known ages of a series of birds with different bill con-
figurations are shown in Table 2. Patently, birds can reach W + é by
their 4th summer, but some élso remain at W + 1 for longer than three or

four years, thus providing the small percentage of breeders with this

bill type.



Table 1.

locality

" Great Saltee

Bardsey

Shiants

Foula

Grimsey
(Iceland)

A s

Razorbill: bill grooves of known breeders (taken off

egg or chick).

nos. of birds in each bill type

W3 W2 W1
. 28 6
0 19 3
0 3 0
3 35 3
8 17 1
totals 12 102 13

(10%) (80%) - (10%)

authority

PHJ

PHJ et al.

D. Steventon

M.I..Tasker

PHJ
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a

Table 2. Razorbill: bill grooves and ages of birds retrapped at
colonies; data from Great Saltee, Bardsey, Shiants
(per D.Steventon) and Fair Isle.

Age in years: underlined true age (ringed as pullus)

'4! = minimum age (ringed as adqlt)
bill grooves age number of birds
W+ 2 L1124 1

9+ 1
8+ 7 . 3
7 2
6+ | 3
6 | 2
5+ 7 6
5 : 4
a+ | 3
; 4 .
W+ 1 7 I
5+ 1
4 4
3 5
2 1

Ww+0

(birds retrapped one or two years after having been ringed as adults
are not included in this table)
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3.2 . Cloacal -bursa

The cloacal bursa, or bursa of Fabricius, has been used in North
America for some years as a method of separating first-year from fullgrown
gamebirds (Gower 1939): the organ was well-developed in young birds but

absent in sexually mature birds..

During the course of internai examination, a search was routinely
made for the cloacal bursa; location and measurements are shown in
Appendix I: section 4.6 and Fig.l1l. When present, the organ was usually
fairlyAreadily visible, and measurement normally presented few problems
(length and breadth were measured to allow for the organ's inherent
plasticity), though it could be difficult to detect if obscured by
visceral fat. It is likely.that'very small bursae wouid have been missed
for two reasons: many of the birds handled were in early stages of.
decomposition so the small organ may not have been easily identifiable;
the necessity for rapid examination (under the pressure of time sﬁdrtage
and large numbers of corpses),cquld have led to a small bursa's being
overiooked. With practice, ho&eve:, these problems would havé been re-
duced, and it is likely that the majority of bursae were found, measured[

and duly recorded.

Bursa details for known-age birds are, at present, lamentably few,
though more will become available with increasing nuﬁﬁers of ringed auks
examined. Ringed birds have provided the following details so far for
Guillemots: one bird two-months old had a bursa of 24 x 14 mm (index = 336),
one 1lst winter bird had a bursa 19 x 11 mm (index = 209), whereas none of
four birds of over 5,6,8 and 10 years had a bursa. There are no reliable

data for ringed Razorbills.

In Razorbills, however, there is an independent source of ageing -

the bill grooves, and for one large sample collected in February 1983, it
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was p&ssible to demonstrate bursal presence in relation td.age (Table 3)
and decreasing bursal index with increase in bill grooves, and hence of
age. (Table 4). All lst—wlnter birds had a bursa, and none of the adults;
most of the presumed younger immatures had a bursa, but very.few of that
group probably comprising a mixfure of immatures and adults. Other data
are for small numbers scattered through the year, so it is not yet
possible to show bursal size linked to time of year. A very few.of the
adult birds (bill W + 2, W + 3) were found to have a very small bursa;
although the birds' breeding status was not known, it seems likely that,

in Razorbills, a very low proportion of adults (perhaps less than 0.5%)

may show a visually detectable bursa.

In Guillemots there are no independent and completely validated
ageing criteria against which bursal size (or even presence) can be tested,
but a combination of bursa details with other faéets éf corpse examination
(gonad development, bill depth at gonys, plumége phase, and winélength)
can produce good supportive eyidence to suggest that presence of bursa is
an indication of immaﬁurity and itsvabseﬁce an indication of édulthood.

This linking of data is demonstrated later.
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Table 3. Details of cloacal bursa for Razorbills examined in the east
coast wreck of February 1983 - data pooled for birds from
Moray Firth, N.E.England and E.Anglia (from Jones et al. in
press).

bill grooves (and sample % of birds mean bursal index

probable ages) size with bursa (length x breadth

: in mm)

W+3, W+2 .

(adult) 462 0 0

W+1

(immature,

possibly '

some adults) 74 9 38

W+0 ‘ »

(immature) 89 81 . ' 47

0+0 - ,

(1st winter) 109 : 100 98
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Table 4. Bursal size index for three bill classes of Razorbill,
February 1983. Data from Orkney and N.E.England (examined
by PHJ) pooled with those from Moray Firth (examined by
C.F.Barrett and G.P.Mudge).

bill type '~ male ' : female
' sample mean s.d. range sample - mean s.d. range
" size ~(mm) size (mm)
0+0 ‘ ' ’
(1st winter) 41 113.8 47.5 60-285 37 108.5 37.9 40-220
W+0 , :
(immature) 17 49.8  24.4 20-104 50 46.8 22.9 15-98
W+l
(probably

immature) 2 } 43.0 31.1 21-65 - . 2 34.0 8.5 28-40
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3.3 - Supra-orbital fidge
| In 1981 J.R.Mather (pérs;comm.)pointed out ﬁhe bbny ridge above the
eyesocket in Guillemots &nd Razorbills as a probably valid method of ageing
these species: apparent adults had a well-developed ridge over each eye-
socket, with apparent immatures and/or first-winter birds lacking the
feature altogether. Mather assumed that the ridge developed with the age
of the bird and that it was a consequence of increasing ossification of |

the cranial section of the skull. Independentiy, Gaston (pers.comm)had
noticed the same feature, and in 1984 he produced a paper suggesting that the
absence of the ridge was a feature of first-winter Brunnich's Guillemots
“(Gaston 1984).

Fpllowing a viewing of Mather's specimens in 1983, I checked the

skins at the museum in Cardiff for this feature. The supra-orbital ridge
was normally not easy to’detect by finger pressure in mounfed specimens,
but in study skins and in fresh carcases the feature was readily deﬁectable
with only a little practice. For Razorbills, there was an‘independent
assessmenﬁ of age from the bill grooves, and comparison showed that the
ridge was absent from practically all first-winter birds, and present in
all of the few adults available for examination; interestingly, a number
of immature birds showed intermediate characters. A very similar result

was- obtained for a sample of Razorbills from Otkney (Table 5).

With this success in a species where age could be independently
assessed, the technique'wés applied to Guillemots where no such check was
possible (Tablé 6). In study'skins, there were significant differences
between gonys-depth means fbr the three categories of'supra—orbital ridge;
a similar result was achieved with unskinned corpses though the samples
were too small for testing. In the latter case, too, mean winglength showed

a substantial rise with increasing development of the ridge.

Thus, as a techhique for ageing Guillemots and Razdrbillsi'
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tacﬁile examination fér thé presence or absence of the supra-orbital
ridge.showed distinct»promisg, though.its'reliabilityymustkbé checked
against known-age birds before it can be validated forkuniversal

application.
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Table 5. Exémination of Razorbills for supra-orbital ridge.

(a) Flat study skins held at the National Museum of Wales, Cardiff;
examined in May 1983.
Birds' origins: Dyfed and Cornwall, 1978 and 1979.

supra-orbital ridge , v totals

bill type . . obvious slight absent
W+ 3 3
adult: 4
W+ 2 1
W+ 1 4 1

immature: - 25
W+0 16 4

0+0 : ' 2 76 ; 1st winter: 78

(b) Corpses, unfrozen after deepfreeze storage, Aberdeen;
examined in June 1983.
Birds' origins: Orkney, February 1983.

supra-orbital ridge ' totals
bill type obvious slight absent
W+ 3 v 14
adult: 22
W+ 2 8 '
W+ 1 4 2

_ immature: 13

0+0 , 6 19 1st winter: 25



Table 6. Measurements of Guillemots clas
orbital ridge.
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sified by presence of supra-

(a) - Flat study skins held at the National Museum of Wales, Cardiff;

examined in May 1983.

Birds' origins: Dyfed and Cornwall, 1978 and 1979.

ridge
n
Awell—developed 114
slight . 32
absent 136

bill depth at gonys

mean standard

(mm) deviation
.12.062 0.48
11.45° 0.36
10.98 - 0.51

range significance
11.0 - 13.1
p<0.001
10.8 - 12.3 _
p<0.001
9.4 - 12.0

(Notes: (a) 1 outlier @ 13.6 omitted; (b) outlier @ 10.3 omitted;
wing length values were probably not valid because
putative adults and immatures were in primary moult in

many cases.

(c) means are significantly different (5% level)
-~ Tukey-Kramer ANOVA. '

(b) Corpses, unfrozen after deep freeze storage, Aberdeen;

éxamined in June 1983.

Birds' origins: Orkney, February'1983.

ridge
n
well-developed 16
slight ‘ 8
absent 13
ridge
n
- well-developed 16
slight 8
absent - 13

bill depth at gonys

mean standard
(mm) deviation
13.09 : 0.50
12.39 0.63
' 11.03. 0.48
winglength
mean . standard
(mm) deviation
206.1 4.56
205.5 3.74

199.8 4.34

range
12.2 - 14.2
11.6 - 13.7
10.4 - 12.0
range
201 - 214
202 - 212

192 - 206
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3.4 Wing and bill measurements

The.ﬁethod used in measuring theIStraightened, flattened wing is
shown in Appendix I (sec%ion 3.6 anding.4); Of the various parameters
which have been measured on birds' bills,. two were chosen‘fsr'this study
in the belief that the length of the culmen and thé depth of the bill at
the gonys would adequately represent the gross size-and-shape of thevbili
for each individual measured. Methods of measurement are shown in

Appendix I (sections 3.7 and 3.9 and Figs 5 and 6).

Measurements for adult Razorbills and for Guillemots caught in
breediﬁg colonies are shown later in Tables 32 to 36, but measurements for
separated age cohorts (measured freshly dead at mortality incidents) are
shown in Tables 7 and 8. As yet, the data for known-age birds are few
(Table 9), but for Guillemots there are interesting indications of an
emerging pattern: birds in the first few months after leaﬁing the natal
colQny~are small in éll three parameters; one bird in the 2nd winter has
adult-sized wing and culmen, but is still small in gonys depth, whereas in
adults (perhaps including an older immature invits 4th winter), wing and
culmen are full-sized, but there is a possibility that bill depth at
gonyé may increase towards the breeding season,.though even in winter

being on average larger than that of immatures.

In Razorbills, therenis a considerable difference in measurements
between the age cohorts when bill-groove configuration is taken as an;in—
dication of age.'Details from samples collected in February 1983 arébshown
in Table 8. Thgre‘are occasional significant differences within the same age
group betwéen localities (pérhapsymore likely a function of different
measurers than of different bird §0pulat;on), but in the main the data are
remarkably homogeneous within age classes. The very obvious aifference is
between 1st wiﬁter birds and older birds for all three parameters; there

is also a marked increase in Winglength and in bill depth between eacéh age
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class (p<0.001 in six winglength_compaiisons andkin six bill depth,
comparisons) though the‘culmen change, even if real, is much>less don-
vinéing (p<0:01 two compérisons, not significant ih foﬁr). The range of
variétion with increasing age is sﬁown through é series of distribution
polygons, for the eaét coést wreck data, in Fig 2. There waé ho overlap -
in measurements between 1st winter and adults, but the W + 1 group was

almost entirely contained within the full adult distribution.

If the presence of cloacal bursa iﬁ Guillemots is taken as evidence
of immaturity, then there is a regular difference in measurements between
the two age cohorts. Details for five_oﬁ the largest samples are shown in
Table'7. In the four cases where a t-test is valid, there were significant
differences between adults and immatures in length of wing (p<0.001) and
in bill depﬁh (p<0.001); for three comparisons of culmen length, means for
‘adults and immatures were alsp’significant (p<0.002 for Moray Firth,
p<0.001 for N.E.England and E.Anglia); In a variety of incidents whefe
small numbers of bifds were iﬁvolved, the same degree of differenée
between adults aﬁd immatures was envinced, even though the means could

not be statistically compafed.



Table 7.

locality
“and date

Buchan
March 1982

Moray Firth
Feb. 1983

N.E.England
Feb. 1983

E.Anglia
Feb. 1983

Skagerrak
Jan. 1981

Measurements for Guillemots and Razorbills in the Moray Firth (1983)

age

ad.

ad.

im.

ad.

im.

ad.

im.

ad d
ad Q

im &

sample
size

193
17

43
59

71
100

101
91

68 -
72

331
326
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wing

mean

(mm)

205.1

199.9

1 205.9

198.2

205.4
198.1

204.4
199.7

206.5
208.3

200.1
200.3

s.d.

5.2
5.4

(6, =N
* o
w -

culmen
mean
(mm)

48.4
46.7

47.8
46.1

48.2
46.6

46.8
44.8

Guillemot:. measurement differences between adults and
immatures separated on the basis of absence and presence,
respectively, of cloacal bursa.

s.d.  gonys

mean
(mm)
2.4  13.6
2.0 11.7
2.8 12.6
2.4 11.7
2.2 13.2
2.4 11.8
2.9 13.4
2.7 12.4
12.9
12.6
11.9
11.5

were made by C.F.Barrett and G.P.Mudge, those for East Anglia by

C.F.Barrett and G.Dore.
other tables.

These measurements are also used in some

s.d.

0.7
0.6

0.7
0.6

o O
[e 0]

[eN e
o O
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- Table 8. Measurements for three age cohorts of Razorbllls from samples
found in the east coast 'wreck' of February 1983.

age and bill sample wing s.d. culmen s.d. gonys s.d. locality
- size mean mean mean
(mm) - (mm) (mm)
adult 114 197.1 - 4.4 32.9 1.7 19.6 1.0 (a)
(W+2, W+3) , ,
145 197.2 4.6 32.4 1.5 19.6 0.8 (b)
193 197.1 4.1 31.7 1.6 19.9 0.8 (c)
immature and 44 193.9 4.3 32.7 1.6 18.1 1.0 (a)
a few adults
(Ww+0, wW+1) 51 193.1 3.7 '32.3 1.4 - 18.6 1.0 (b)
63 194.6 4.1 31.4 1.5 18.9 1.0 (c)
1st winter 37 '187.5 4.2 31.9 1.9 14.8 0.8 (a)
(0+0) ' .
36 189.0 3.9 31.3 1.5 15.0 0.7 (b)
27 189.8 3.3 30.5 1.5 i5.1 0.7 (c)

given sample size is for winglength; it varied slightly for other parameters.

Measurements: (a) Moray Firth: C.F.Barrett & G.P.Mudge.
(b) N.E. England: PHJ

(c) E. Anglia: C.F.Barrett & G.Dore.
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A

Table O. Measurements of ringed, known-age birds, measured fresh
when recovered away from breeding colonies.

ringing ége when wing culmen gonys recovered’
locality recovered . | month  locality
RAZORBILL

Wexford 1st W 191 29 14.6 Oct. Dyfed
GUILLEMOT

Shetland 2 months 184 40 10.1 |Aug.  Sweden
.Shetlgnd 3 months 194 -39 10.3. Oct. Orkney
Wexfordr 3 months 190 40 10.8 | Oct.  Dyfed
Wexford 2nd W 202 47 11.6 Oct. Dyfed
Grampian 4th W 194 45 12.5 | Feb.  Devon
Dyfed 6th W 194 47 14.1 Mar. ‘Cornwall
Grampian 5+ 205 49 13.6 | Mar. Grampian
Faroe 9+ 209 46 12.9 Apr. Berwickshire

Faroce - 10+ 208 44 12.4 Jan. Oslofjord, Norway

Measurements, at Fair Isle in June 1980, of 29 ringed Guillemots known to
have been at least five years old:

n mean s.d. ‘ range
winglength 25% 208.0 4.2 200-214
culmen 29 46.6 2.1 42-51

gonys 29 13.6 0.6 12,7 - 15.0

* 4 wings too abraded for accurate measurement.



Fig. 2.
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bistribution polygons for winglength and bill depth

measurements of Razoibills Alca torda islandica beached

in the Moray Firth, N.E. England and E. Anglia in

February 1983.

14 15 16 17 18 19 20 21 22

bill depth at gonys (mm)
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3.5 Gonadal .development

Measurement of gonads was restricted to.three parameters: length
_;and.width,of the left testis in the male, and diameter of the largest
ovarian follicle in the female. Another valuable feature in sepafating
age cohorts.is the diameter of the oviduct, but this measurement proved
rather difficult to standardise, and the oviduct seemed to degenerate
very quickly in decomposing birds, so this feature was not regularly ,
cﬁecked (in an examination method where pressure of time allowed no
"scope fof long. search and investigation in individual birds). Measurement

methods are described in Appendix 1 (sections 4.1 to 4.3 and Fig.10).

In males, the bréadth of'the testis seemed a much better indicator of
the degree of development than did the length. This was tested for
Guillemot in two pooled samples from Febfuary 1983 (Table 10): whereaé‘thé
difference in mean testis width between adults and immatures was significant
(p<0.001), there was no significant difference between meéns for téstis
length. However, in Razorbills (Table 11) means for bothvparaﬁeters'were
significantly different (§<o.oo1). Whilst testis length and breadth were,
a priori, likely to comprise nofmal distributions, tﬁe small size of thé
latter and the relatively iarge steps in measurement indicated that the

median was perhaps the more realistic parameter.

There was a difference between Guillemot age cohorts in the degree of
gonadai development at all times of year (Tables 13 and 14, and Fig.3)
except for females in autumn wherevthe follicles of all ages were very
small. The collated results, although derived from a wide variety of
sources throughout Britain, are beginning‘to achieve a respectability of
sample size for most seasons (the three periods of the year being derived’
from‘visual inspection of Table 13), and various conclusions can probably

validly be drawn:



(1)

(ii)

(iii)

(iv)

(v)

(vi)
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in adult males, testis Qidth varied from 1 td 6 mm in autumn and
winter,.and from 1 to 8nmm'in'spring and . summeY, . the median value rising
from 3 to 4 mm; *

in immature males, testis width varied from 1 to 4 mm in autumn énd‘"
from 1 to 6 mﬁ in spring and summer, the median value remaining at 1
or 2 mm; - |

in adult females, diémeter of largest fqllicle variéd from‘less than

1 mm to 7 mm in autumn, rising to 1 to 5 mm in spring and summer, the
median vaiue.fising from’<1 mmn to 3 mm;

in immature females, diameter of largest follicle varied from less
than 1 mm to 2 mm in winter (as in adults); rising to 1 to 3 mm in
gpring and summer, the median value rising from‘fl mm to 1 mm;

at each season, and for both sexes (except for'aufumn females), the
median value for each parameter was higher for adults than for
immatures aged §n absence or presence, respectively; of cloacal bursa;
the considerable spread of values at each season would not allow for
safe assignment of age category to individual 5irds on the basis of the
stated gonédal measurements, thoughva substantial difference between

ages was evident in large samples.

For Razorbills, the only substantial sample was that for February 1983

(detailed in Table 12), so a similar analysis must await the collection of

the relevant data.
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Table 10. Guillemot: length and breadth of left testis forﬂpooled
samples frdm Moray Firth and N.E.England in February 1983:
numbers in each 1 mm size class.
mm. _ - length - breadth

no bursa with bursa ' . no bursa with bursa
(ad.) (im.) (ad.) (im.)

(SN
(5,18
N

14 1

13 3 10

12 6 17

11 127 13

10 15 18

9 7 21

8 2 17

7 6 1

6 3

5 8

4 20

3 8 4
2 6 36
1 63
sample size: 47 104 ' 47 104
mean: . 10.5 10.1 3.9 1.5
standard . : ‘

deviation: 1.4 - _ 1.9 1.2 0.6

median: 10 ’10 -4 1
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Table 11. Razorbill: ‘length and breadth of left testis for pooled
samples from Moray Firth and N.E.England in February 1983:
numbers in each lmm size class.

ﬁm. length ‘ ’ : breadth
W+2, W+3 - 0+0° W+2, W+3 0+0
(ad.) _ (im.) (ad.) (im.)
13 B 2
12 » 6
1 11
10 22 3
9 25 4
8 21 1
7 8 10 1
6 3 7 3
5 2 8 10
4 1 44
3 - 34
2 7 14
1 1 20
sample size: 100 >34 100 34
mean: 9.2 6.8 » 3.7 1.4
sfandard |
deviation: 1.6 1.7 1.0 0.5

median: 9 7 4 1



- 29..

Table 12. Gonadal development, as indicated by two parameters; in age
cohorts: percentage in each size class with median values
underlined. Data from the east coast 'wreck' of February 1983.

‘"RAZORBILLS

MALES

v . sample significance
age (bill grooves) ~ testis width. (mm) size . = (t-test)
1 2 3 4 5 6 7

adult (W+2, W+3) 1 7 37 39 13 3 1. 180
p<0.001
imm. (W+1, W+0) 18 55 21 5 1 0 O© 66
p<0.001
1st winter (0+0) 60 40
FEMALES
age (bill grooves) mean width of largest sample
: follicle (mm) size
<1 1 2 3
adults (W+3, W+2) 31 26 39 4 279
p<0.001
imm. (Ww+1, wW+0) ‘ 71 17 10 1 101
. , p<0.001
1st winter (0+0) 100 0 0 o0 47
GUILLEMOTS
MALES testis width (mm) sample
. , ) size
age 1 2 3 4 5 6 7
_ adult (no bursa) 2 10 27 .42 12 5 2 = o3
: R : p<0.001
imm. (with bursa) 49 46 3 1 1 0 0 157
FEMALES
. age mean width of largest sample
follicle (mm) size -
<1 1 2 3
adult (no bursa) 15 31 42 12 123
: p<0.001

imm. (with bursa) 84 4 12 0 94
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13.. Guillemoﬁs: testis width measurements in males at various
times of year and, for females, diameter of largest ovarian

follicle. Figures show numbers of birds in each size class.

testis
width
(mm) A B

- N W b !,

8
-
6 2
5 18
4 39 1
3 2 29
2 1 28
1 1 1
sample
size: 4 117 1
max.
follicle
diam.
(mm)
7
211 1
<1 8 21 33
not
visible
sample
size: 10 39

Sample localities and dates:
: Newcastle, September 81;

: Orkney,

GmY"go0Ww

adult (nB bursa)

C DEF G H

1

1 3

5 1 3 4

4 2 3 8

9-4 3 1

3

319 10 9 17

1

1 7

1 5 5 7

8 9 10 10
2 3 2

October

28

38

20

103

13
29
51

1

431117 18 25 95

81;

N W W

14

=, WwN

: Devon, Cornwall, winter 80/81;
: Forth, March 82;
: Shetland June 81.

A:

C:

E:
’

8
I:

immature (with bursa)

2
1 5
2 28 14 7 2 31
35 18 8 1 28
3 70 3215 3
7
16
527 2 22
22 7

5 62 2 7 0 45

Grampian, August 81;
Aberdeen, Sep. 81;

Stonehaven, winter 81/82;
G: Shetland, January 82;

Buchan, March 82;

59 01

I J

1

2

4

2

2 2

8 2
14 13
2

3 2

3 5
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Table 14. Guillemots: collated..results for gonad deyelopment with
season. Figures are percentages for each gonad size class
within the sample for that season; median values underlined.

testis adult (no bursa) - | immature (with bursa)
width
(mm) autumn winter spring/summer autumn winter  spring/
(Aug-Oct) (Nov-Feb) (Mar-June) (Aug-Oct) (Nov-Feb) summer
: (Mar-June)

8 3

7 2

6 2 2 10 4

5 14 24 26 | | 7

4 32 24 37 2 14

3 27 42 17 5 7

2 23 8 4 42 53 14

1 2 1 51 47 E&
sample : ' :
size: 125 38 134 . 120 62 28
max. ' /
follicle ' o N
diam.
(mm)

5 ‘ 3

4 2 18

3 24 29 25

2 12 59 49 5 15 12

1 25 15 1 12 35 63

<1 63 _@_ 50

sample

size: 56 46 127 76 46 8
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Fig. 3. Guillemots: gonad size in two seasons for the two sexes.

Percentage in each size class; median value arrowed.

Autumn adult males

40 1
.3 —
- 20

—

11 2 3 45 6 7

Autumn immature males

80
el
s [ L
40
e
20
1 2 3 4 5 6 7 8
testis width (mm)
80 117V . Autumn
% females
40 7

20 _"I_l ‘.

lOO"

Autumn
80 immature
females
60
%
40 1
20 |

1 1 2 3 4 5
maximum follicle
diameter (mm)

Spring adult males

40 '
% ,
20
1 273 4 5 6 7 8
80 Spring immature males
6o {1
%
40
e I T e I
1 2 3 4 5 6 78
testis width (mm)
80 ] Spring
60 adult
g females
40 \ 1

2 | —71

100 Spring
80 1 immature
females
60 ‘
%
40 1
20 I
1 1 2 3 4 5
maximum follicle
diameter (mm)
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3;6 Plumage in Guillemots

(a) Head and neck pattern

FWitherby éﬁ al. (1941) described lst-winter plumage as (amohgst other
features) "like adult winter but more often with white shdwing across back
of neck". This feature was checked on 6 adult aﬁd 66 immature Guillemots
beached in winter in south Devon and north Cornwall. The heads~were
photographed by K.Partridge, and.the plﬁmage categories devised by PHJ:

five types viewed from above, and three types viewed from the side (Fig.4).

Too few adults were available for compérison with immatures (as de-
duced from absence and presence, respectively, of cloacal bursa), but
within the latter group two comparisons were made, especially since there

seemed to be more birds with dark napes than with whitish napes (Table 15).

On the nape views,‘19 were in Types 1 and 2, compared with 33 in Types 4
and 5; on the side view, 10 were in Type A, compared with 26 in Type C.

Differences were significant in both cases (Binomial Test, z = 1.8, p=0.072).

Thus in the samplg examined, immatures did not "more ofteh“ have Qﬁite
showing across the back of the neck. However, at that stage in the
evolution of the auk examination system it Qas not poésible to separate

- 1st-winter bird; from older immatures, so the poin£ still needs to be
clarified since fhe true age composition within the Devon/Gornwall sample

was not known.

(b) ‘Wing coverts

Parrack (1967) and Kuschert et al. (1981) described the differing
colours in the wing coverts as a criterion for distinguishing 1lst-
winter Guillemots, and both papers pointed to the likelihood that white-

tipped underwing coverts were similarly diagnostic of ist-winter birds.

Using the system of Kuschert et al., a series of 85 wings was
examined for Guillemots which had died in N.E.England in the wreck of

February 1983. All were from specimens known to be with cloacal bursa, and
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therefofe almost certain ﬁo have been imm;tures. The Kuschert system
should have .separated out.the,lst-wintef.bifds (witﬁ.aumoult bouhdafy)
from older immatures (without a moult boundary); a corollary of this
should be that measuréments for winglength and bill depth at gonys should
be greater in the older birds ~ which should also ha#e a smailér bufsal
index. The results of separating the wings by eye on the moult boundary
criterion were inconclusive (Table 16) . Parrack's method produced
varying conclusions with different replicate attempﬁs at separation, so

it was not considered further. Presumably, therefore, more experience is

needed in the application of these methods.

Close examination was made of wings from nine adults (no bursa)‘and
nine immatures (with bursa) from the Skagerrak incident of January 1981
to check on tips of greater underﬁing coverts. There Qas considerable
variation (Fig.5), and although thé adults' coverts were generally darker;
- often with grey‘extending right to the tips of the feathers, the feature:
was by no means présent on all examples. Immatures, in almost all cases,
showed white tips to the feathers. However, it was often aifficult to
distiﬁgﬁish pale grey central areas from dull white outer areas of the
same feather, so there were problems'in maintaining ﬁhe same standards of

objectivity when examining a series of wings.

(c) Differing stages of moult

First-summer Guillemots havebbeen considered (by, for example,
Witherby et al. 1941 and Storer 1952) to be recognisable by the later re—k
tention of winter plumage into the spring. Some Guillemots can attain
'summer' breeding plumage by the end of November, whilst other birds on
egg or chick can retain some white cheek feathers through June and July
(personal field observations). Table 17 has been compiled to show the
plumage phases of different age cohorts at'differeht times of year. All

birds were in winter plumage in SeptemberYOctober, but by February up to
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' three-quarters of the adults were back in breeding plumage, and élmost

all of them by March. Immatures almost all.rémained in wintervplumage
until later in the spriné. However, these results are only generalisations
since (a) timing may change from year to year aécording to, for.example,
'tempe:ature or food supply; (b) p:oportions may differ with latitude and .
“natal origiqs of the birds involved; and (c) it was not possible to

separate lst-winter birds from older immatures.

In principle it seemed as if most immatures (in full winter plumage)
could be separated from most adults (in full summér plumage) thrbugh the
winter and spring, but more data are needed to confirm and elaborate on
this outline; in any case; it would not be prudent to predict the age of

an individual bird on this criterion.
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A Y

Table 15. Head plumage patterns in winter Guillemots; plumage types
as in Fig. 4; numbers of birds in each class:
adults top right in each box, and immatures bottom left.

1 2 3 4 5
. 2'
a 5 5
_ . -
8 ) 1 2
17 7
1
C
~ 11 15
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Table 16. Guillemots: comparison of wings of immatures (with bursa)
according to the Kuschert (1981) system of separating out
1st-winter birds. ‘

parameter  without moult boundary = with moult boundary comparison
. . ) .of means
i.e. older birds i.e. lst-winter
n mean s.d. . n mean s.d.
winglength 32 199.5 4.2 : 53 197.6 4.0 p<0.05
bill depth
at gonys 32 12.0 0.5 53 11.9 0.5 n.s.

bursal index
(length x .
breadth) 32 109.3 56.1 53 .120.2 45.4 . n.s.



 Table 17.

period

sépt-OQt
Nov-Jan
Feb

Mar

June
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Guillemot: collated proportions (shown as percentages) in
‘summer' and 'winter' head plumages at different times of

the year; age separation effected on cloacal bursa.

adult

" immature

adult

immature

adult

immature

adult

immature

adult

immature

' summer'
plumage

0
0
76
57

96

100

78

intermediate

19

26

22

'winter'
plumage

100

100

100

17

99

100

sample

© size

60

113

57

96

129

242

14

23

27
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Fig. 4. Head patterns in Guillemots, winter plumage,

from Devon and Cornwall, 1980 and 1981.

complete band - clear white speckled speckled no white
of clear white with nape whitish ‘edges with visible
stripe '~ band wide dark
across nape
1 2 3 4 >
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‘Fig. 5. Guillemot: tips of outer greater coverts in underwings of
ninevadult (no bursa) and nine immature (with bursa) birds' 

from Skagerrak, January 1981. | | | | |
e Ao

adults

Ny Y'Y
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3.7 Discussion and conclusions

The cloacal bursa was first described by Fabricius (1€25) but
iﬁs function réﬁained e;igmatic until the middle of ﬁhe twentieth century.
: Most,wprk has centred on the organ's physiology, aqdvit'achieved some
fame when it was found tq be involved in the Production.of antibodies
(Glick 1983). The organ (part of the bird's ljmphatic system) is a dorsal
diverticulum of the cloaca. In chickens it grows most rapidly between
hatching énd three weeks of age, remains stable for a time; tﬁen regresses
before sexual maturity. General descriptions éf bursae (including those in

Guillemot) were given 'in Forbes (1877), with more recent statements on

form and function in King (1981) Rose (1981) and Glick (1983).

Away from the field of medicine and poultfyfrearing, the potential
value of tﬁe bursa as an indicator bf_age in gaﬁebirds was pointed out by
Gower (1939), andtby the late 1960s it had become part of the standard set
of game management techniques in North America (Taber 1969); This
technique seems not‘vefy prevalent-in Europe, partly becéuse it is not
universally applicable through- the bird families: in‘some waders the bursa
may be used as an indicator of birds in their first autumn, but not sub-
‘sequently (McNeil & Burton 1972), so that the feature (although mentioned)
is not emphasised in general Ageing techniques for waders (Prater et al .
1977) . However, the bursal index (length and breadth) was a useful guide’
to age in a sample of 48 known-age (ringed) Puffins examined in Iceland
(Petersen 1977): the mean index.decreased from 101 mm in two-year-olds,
to 24 mm in five—year-qlds. Peterson was careful to‘add that "the presence
of a bursa cannot be taken to indicate that Puffins have not bred",
though 100% of his sample of 52 3 and 4 year-old birds had a bursa, whilst
only 1 from a sample of eight 6-8 year-olds showed it. Data for
Razorbills from the present study agree in principle with Petersen's
" work, but for Guillemot there are unfortunately not enough data from

examinations of ringed birds.
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The large vériénée about the mean bﬁrsal index for each age class
(Peterson 1977 and Table 4 this study) implies.that the exéct_age of an
individual auk is not likely to be given by this one par;ﬁeter. Moreover,
the bu:sa is known to respond to stress (a genetal reaction of lymphoid
tissue in vertebrates), and in an experiment withystarved juvenile
pigeons, the bursa had shrunk and "preéented an appeérance that is
characteristic of birds which are approaching sexuai maturity"” (Dominic
and Naik 1962) . Sihce the auks beached in incidents will be under stresé,
it Qas ihteresting to note.that the range of bursal index in Razorbills is
still quite considerable, so it can be coﬁcluded that - at least in the
wreck of February 1983 - the cloacal bursae of Razorbills and Guillemots
did not regress dramétically. However, the stress factor‘must be borne in

mind when considering the bursa as an invariable indicator of immaturity.

The technique of examination for the state of the supré—orbitél ridge
in Guillemots and Razorbills looks extremely promising as an aid in the
identification of lst-winter birds. It is potentially even more valuable
in that the degree of development of this ridge can be accurately judged
in less than five seconds (a vital conéiderationvwhen dealing with large
numbers of corpses in an incident), thus obviating the considerable time-
waste necessary in checking, for exémple, skull pneumatisation in
passerines. The extent of pneumatisation has not been checked in auk
skulls; some doubt was thrown on the general principle of ageing by this
method in Hogg's (1980) work which showed an impressive"progression of
ages' through a series of skulls of domestic fowls all known to be 2% years
old. Nor does any work on auks seem to have been undertaken as a follow-
up to the researches of Van Soest & Van;Utrecht (1971) on the layered
structure of bones of birds as a possible indicator of age. These, aﬁd
similar methods, would be out of the question at an auk mortality in-
cident, but here again the value in retention, examination and curation

of ringed, known-age auks is amply demonstrated.
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Wing and bill ﬁéasureménts have long been known to differ with age
in Guillemots and Rézorbill; (Salomonsen 1944), though the work has
usually been done from\skins rather. than from fresh birds, with the
notable_excepﬁion of‘VerweyPs (1922) .researches. However a collation of
measurements from the literature is probably not.very meaningful since -
in Guillemots particularly - the ages were often determined initially on
criteria which seem rather dubious, or at least unproven. A combination of
two measurements is sufficient to effect the complete separation of 1st
winter from adult Razorbills, but otherwise the measurement differences‘
between age coﬁorts are probably not sufficient, iﬁ themselves, to permit

the ageing of individual auks on this criterion.

Gonadal development and regression is accepted as a normal function
of a breeding bird's year, so it was not unexpected that adult Guillemots
would show such a pattern. The choice of testis width td illustrate this
in males was determined by a greater change (betﬁeen seasons) in width
than in length. Maximum testis development (as indicated by wéight) in
Brunnich's Guillemots in N.W.Russia wés shown to take place in a re-
latively short period just at and before the beginning of laying by the
females (Uspenski 1958); this cannot be deduced from the presenf study
because of the paucity of data through the birds' breeding period. A
similar shofﬁ 'maximum development' period was showp by Belopol'skii (1957)
for Common and Brunnich's Guillemotsvin N.W.Russia; it was also shown
that this periéd could be earlier in years of favourable conditions; and
that the final development and regression of ovary and follicle in females

was even more condensed in time.

In the context of separating age cohorts, the main point to emerge
from this study is that, in Guillemots, the chosen parameters were sub-
stantially different between adults and immatures in spring, much less so

in autumn and winter, but that the degree of overlap in range did not allow
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the accurate ageing of an individual_dn this parameter.

In Razérbilis, whe're an independent indidatof of'ageris provided by
the bill grooves, the link between.age and buréal indéx‘is very evident.
In Guillemots, the few data'from iinged Birds suggest that presence of the
bursa is a valid indication of immaturity} by analogy with Puffin and
Razorbill, and from the corroborativé indicatibns of wing, bill and
gonadal measurements, this suggestion’is raised to the levellof a
working hypothesis’until this can be confirmed or amended by future

examination of more ringed birds.

'The various factors éo far cénsidered in the ageing of Razorbills
are shown in Table 18, and of Guillemots in Table 19. Patently, more
effort is needed in obtaining and examining corpses of ringed birds;
particularly in order to check on the bursal factor and the supra-orbital
ridge in both>species, fhe bill groove factor in Razorbills, and the

plumage factors in Guillemots.
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Table 18, Razorbill: factors considered in ageing. Underlined values
are the more reliable, though individual outliers may occur
across most adjacent classes in each factor. '

factor 1st winter immature - adult

bill grooves ' 0+0 W+0 and W+2, W+3
' most W+1 some W+1

mean bill depth . : o
at gonys (mm) <16.5 .15.5-20.0 >17.0

cloacal bursa ' presenﬁ v present ; usually
) absent
bursal index (mm) 40-285 ' 15-104 0 .

' ' (21-65)
supra-orbital groove absent intermediate strong
winter testis width (mm) 1-2 15 1-7

(median) ‘ (1) - (2) (4)
max. follicle diam. (mm) <1 <1-3 -

(median) (<1) (<1) (1)
mean winglength (mm) 189 194 197

(A. t. islandica)
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Table 19. Guillemot: factors considered in ageing. At this stage, none
is completely reliable, since all depend on the not-
completely-proven bursa presence or absence.

factor immature » adult

(including

1st winter)

cloacal bursa present

bursal index (mm) ? 10-300 0

winter testis width (mm)
(median)

max.'follicle diam. (mm)
(median).

probable factors,
for further research

supra-orbital ridge
covert moult boundary

mean bill depth
at gonys (mm)

mean winglength (mm)

1-5
(2)

1-2
(<1)

1st winter

absent

present

11

immature
intermediate

absent

12.5

* dependent upon latitude of natal origin

adult
strong

absent

13
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4, SEX. DETERMINATION

In spring and summer, gonadal inspection of Guillemots and
.Razorbills leads almost invafiably»to ready identification of the two
testes in males and the sinéle ovary in females; Details of the siting
and appearance of the gonands ere shown in Appeﬁdix I (Sectiehi4 and |

~Figs. 4 and 10).

For birds found in autumn and winter, examination may need to be
more careful, since in most cases the gonads are appreciably smaller
than in spring (gonadal development with age and season was discussed in

section 3.5).

4.1 - Sex ratios

Gﬁillemots provided good samples at a series of incidents, and the
main blocks of data are shown in Table 20. In winter, adults in U.K.
did notvdiffer significantly from equality in‘the sex ratios, but
females were predominant in the Skagerrak. By contrast, the immature
sex ratio was imbalanced in all three samples: biased towaids males in
the U.K. and towards females in the Skagerrak. For samples taken near
breeding eolonies, there was no difference from equality amongst aaults
in Summer’or winter, nor for the one samplebof immatures‘iﬁ summer. In -
the immediate poStbreeding period, males were dominant in the N.E.

England samples, though juveniles were equally distributed.

In interpreting these data, it is important to bear in mind various
potential pitfalls, since the recorded data may not necessarily represent
the true situation at sea. Nothing is known about the relative
susceptibility of males and females to oiling (e.é; Skagerrek) or to
presumed food shortage (e.g. east coast wreck) but if tpe sexes are

equally vulnerable, then winter populations around U.K. may well
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comprise equal numbers of adult male;land females, though with a pre-
éonderance of males amongst the immatures. The‘suggesfion that immature
females migrate preferehtially out of U.K. waters (some of them to the
Skagerrak) emerges as an intriguing possibility. The high proportion of
males with the juveniles in the N;E._England postbreedihg sample may in-
dica?g that the guardians of the juveniles, in their periods of non- |
flying dependence at sea, could have been mainly males in that in-
cident; there are few data on this point, though Tuck (1960), apparently
refeiring tokBrﬁnnich's Guillemots, stated "collection of adults
accompanying chicks at sea indicated that either sex may care for the

young at that stage".

Razorbill data are féwer, but two good winter samples were
avéilahle from the Skagerrak and east coast incidents (Table 21). For
the fo;mer there was no significant difference from‘equality of sexes in
adults and immatures, whereas adult females preaominated ih the eaét
coast wreck, even though the sex ratio in immatures was not different
from equality. For a variety of combined small saﬁplés elsewhere in the
U.K. in winter, there was no significant departure from équality of '

sexes in any of the three age groups.
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Table 20. Guillemot: sex ratios fot'age groups in various incidents.

LY

MALE . (%) FEMALE (%)
difference :
from
50:50 ratio

WINTER

(a) Skagerrak , :
- adult ‘ 47 (34)  p<0.05 - 91 (e6)
immature _ 255 (39)  p<0.001 401 (61)

(b) East coast wreck ‘ . '
adult 92 (43) " N.S. . 123 (57)
immature 159 (65) p<0.01 87 (35)

(c) other U.K. . :
adult 80 (47) n.s. ' 91 (53)
Aimmature 162 (61) p<0.05 105 (39)

"NEAR 'COLONY

(é) spring and summer
adult 134 (51) n.s. 127 (49)

immature 23 (70) n.s. 10 (30)
(b) winter '

adult 28 (50) . n.s. 28 (50)

immature 0 _ 0

- POSTBREEDING

(a) N.E.England .
adult 69 (84) p<0.001 13 (16)

immature 7 , 3
juvenile 19 (56) n.s. 15 (44)

(b) E.Scotland
adult 5 (26) n.s. 14 (74)
immature 35 (78) p<0.01 10 (22)
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- Table 21. Razorbill:. sex ratios for age groups in various incidents.

MALE (%) ' : FEMALE (%)
difference
from
50:50 ratio

" 'WINTER

(a) Skagerrak

adult 114 (52) n.s. 107 (48)
immature 28 (39) n.s. 44 (61)

(b) East coast wreck

~ adult 181 (39)‘ p<0.05 281 (61)
immature 66 - (40) n.s. 100 (60)
Ist winter _ 49 (52) n.s. 46 (48)

(c) other U.K.
adult . 30 (58) n.s. S22 .(42)
immature | 26 (52) n.s. 24 (48)
1st winter 59 (58) n.s. 43 (42)
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4.2 Sex determination from total head—and—bili length

For certain of the gull species, Coulson et al.(1983) showed that
it wés possible to determine the sex of a high proportion of ih—
-dividuéls from the one parameter of head-and-bill length: 93%;of‘LeSsér
Black-backed Gulls and 96% of Herring Gulls examined. The measure-
‘ment was takeﬁ with a caliper sﬁecially designed for measuriﬁg thé
distance bétween back of the head and bill tip on live or freshly-dead
birds: one of these tools was purchased from Durham University, and the
mean head-and-bill length parameter was calculated for certain samples

of Guillemots and Razorbills (Tables 22 and 23).

‘ﬁ'In large samples of adult,Guillemots at three different stages in
the year, neither‘sex showed significantly different mean values
between samples, but males always had significantly highér values‘than
females. In the one big winter sample of immatures, males were
similarly larger than females in this one‘measurement. However, the
distribution of measuréments (108 ~ 125 mm in adult males, and 104 -
119 mm in‘females) was such as to preclude any useful segregation of the
sexes: in adult males and females only 8% of the individual‘valﬁes lay
outside the overlap zone (108 - 119 mm). For immatures, these values

were 2% for males and 6% for. females.

Razorbills ffoﬁ one incident were similérly grouped: significant
differences between means weré evident for adults, but separatioﬁ was
effected for only 2% 6f males and 6%vof females. Differences in means
éccurred between immature ana lst w. males, but not (within each.sex)

‘between other age groups.

Figs. 6 and 7 show the headlength data plotted on arithmetic pro-
bability paper (where a straight line indicates a normal distribution

and where bimodal data can be divided into the two constituent normal
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distributions). The 'curve' - for cumulative freguéncy of pooled
data - hardly exists, and it is not feasible to pinpoint a meaningful

point of inflexion nor, therefore, a discriminant function for the

separation of sexes from this measurement.

"The conclusion must be that, on the samples examined, this one
parameter - although so successful in gulls - was of no real consequence

in separating sexes in Guillemots and Razorbills.
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Table 22. Guillemot: -head + bill length measurements from samples.

male , female
' comparison
of means
n mean s.d. ‘ n mean s.d.

ADULTS

(a) winter 45 | 115.7 3.48 - p<0.001 68 111.5 2.90
' East coast . L

wreck, Feb'83

(b) colony,

spring: Buchan : '

March '82 89 115.0 3.03 p<0.001 90 112.0 2.71

(c) post-breeding

Newcastle, ‘ : ‘ :

Sept. '81 v 91 115.0 2.80 p<0.001 " 30 110.9 2.74

IMMATURES
" (a) winter 102 111.5 = 2.88 p<0.05 © 51 110.3 3.36

East coast
wreck, Feb'83
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Table 23. Razorbill: Head + bill length measurements from one sample.

winter,
East coast
wreck, Feb '83

adult

_ immature

1st winter -

102

31

36

‘male

mean

91.4

92.0

90.1

s.d.

2,13

1.83

2.44

comparison

of means
n
p<0.001 156
p<0.001 62
n.s. 36

female

mean

90.0

89.6

89.8

s.d.

2.23
2.38

2.05
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4,3 .Sex.determination from other measurements

Results from sets. of three other body measurements are shown for

Guillemots in Tables 24' to 26, and for Razorbills in Tables 27 to 29.

Fo¥ Guillemots, winglength”means were significéntly~different for.
only two of the nine groupsbtested ( t test ), but in adults the male
mean wing.lengths were almost always 0.4 - 2.0 mm shorter than those |
for females. 1In comparing nine sets of data; this difference was
significant (p<0.05, sign test) for.adults, but not for immatures. Culmén'
length showéd a stronger distinctibn between sexes, with significant
difference being evident in all six coﬁparisoné of means in adults, and
in ﬁpree out of fourbin immatures. The sign test indicaﬁed that this
parameter is of significance for adults and immatures. An exactly
similar conclusion applies in the case of measurements of bill depth at

gonys.

For Razorbills, the resuits were not quite as conclusive. Although
winglength means were.rarelyvdifferent betwgen sexes, the indications are
that females had marginally longer wings. Culmen length and gonys depth
for adults tended to be greater in males, though the results were

equivocal in immatures.

From thé-above analyses, there is ample evidence for significant
differences between sexes in means of various of the éarameters, but
none of the measuréments Qas, in itself, adequate for effecting ﬁhe
separation of more than a very small percentage of males from females.
The overlap zone was invariably very extensive, and usually included

well over 90% of the measurements from any one sample.

The use of two measurements combined is illustrated for

Guillemots in Fig. 8. The distribution polygons had partially separated
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(females tending to have bigger wings and smali’headlengtﬁ),rallowing‘
én identification of 40% of the males (36 outside tﬁe overlap zone in é_
| t;;;l sample of 91) and ‘22% of the femaies (20 in a total sample ofi89).
In both sexes there.is evidengg for allometric size increases from o

Significant linear regressions of winglength on head and bill length:

0.2896  p< 0.01 (89 d.f.)"

males : n = 91 't

89

2
]

females: n 0.3016  p< 0.01 (87 d.f.)

However, not even the use of two parameters is satisfactory as a
method for discriminating sexes on measurements, so it is safest to con-
clude that - from the measurements examined - it is not possible safely

to separate the sexes of individual Guillemots.
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Table 24. Guillemot: sex differences in winglength.

T

~ comparison . 'difference of
male - of means female ' male mean
n mean  s.d. n mean s.d. (mm)
ADULTS
“‘'winter
Moray Firth 21  205.4 5.3 - 22 206.4 5.1 - 1.0
N.E.England 27 204.4 5.1 n.s. - 44 206.0 4.6 - 1.6
E.Anglia 45  204.9 | 4.8 n.s. 57  203.9 4.4 + 1.0
Skagerrak 68 = 206.5 4.1 p<0.05 72 208.3 5.3 - 1.8
N.Cornwali 40 - 199.6 4.3 n.s. 45 200.0 4.2 - 0.4
colony,vspring
Buchan = 99 204.1 4.0 p<0.01 94  206.1 4.5 - 2.0
" Forth 17 203.3 3.2 - 24 - 204.6 3.2 - 1.3
colony, winter
Noss 9 207.6 2.4 _ 18 209.4 3.1 - 1.8
Fowlsheugh 19  206.5 4.2 - 1 208.5 3.4 - 2.0
IMMATURES
winéer
Moray Firth 40 198.4 5.7 - 19 197.9 4.8 - +0.5
N.E.England 64 198.1 4.0 n.s. 36 198.0 4.6 + 0.1
E.Anglia 53 199.3 5.2 n.s. 36 199.5 4.3 - 0.2
Skagerrak 331 200.1 4.8 n.s. 326 200.3 4.4 - 0.2

N.Cornwall 55 196.9 4.4 n.s. 31 197.6 4.5 - 0.7
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Table 25.. Guillemot: sex differences in culmen length.

n
ADULTS

winter

Moray Firth 19
N.E.England 26
E.Anglia 42
Skagerrak " 61
N.COfnwali 50
colony,spring
Buchan ‘98
Forth 14

colony, winter

Noss

Fowlsheugh

postbreeding

Newcastle

IMMATURE
winter‘

Moray Firth

N.E.England

E.Anglia
Skagerrak

N.Cornwall

76

38
64
53

305

71

male.
mean

49.1

49.2 .

48.1

49.6

47.5

49.2

49.8-

50.7

50.1

49.5

46.7
47.1
45.2
48.0

47.3

2.4

2.6

2.4

2.0

comparison
of means

p<0.01
p<0.001.
p<0.001

p<0.01

p<0.001

p<0.001

p<0.01
n.s.
p<0.001

p<0.001

22

43

56

T 72

59

94

24

16

10

29

19
35
37

308

42

female
mean

46.7
47.6
45.9
47.6

46.3

47.6

48.3

48.3

47.7

47.0

44.9

45.7

44.3

46.1

45.8

s.d.

- 2.6

2.9

2.4

1.9

2.2

2.9

2.3

2.3

2.2

2.3

2.5

2.4

- 1.9

difference of
. male mean
(mm)

+ 0.9
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Table 26. Guillemot: sex differences in bill depth at gonys.

A

comparison : difference of

male . of means female male mean
n mean s.d. . SR n mean s.d. (mm)
| ADﬁLTé |
winter
Moray Firth 20 :12}éf 0.7 - 21 12,5 0.7 + 0.3
N.E.England 27 13.4 0.7  p<0.05 44  13.0 0.6 + 0.4
E.Anglia 44 13.8 0.6 p<0.001 57  13.2 0.7 + 0.6
Skagerrak 64 12.9 0.6 p;o.o1 68  12.6 0.6 + 0.3
N.Cornwall 54 12.4 0.7 p<0.05 58  12.1 - 0.6 + 0.3
.éolony,spfiﬁg
Buchan 98  13.9 0.5 p<o.bd1' 94 13.5 0.5 '+ 0.4
Forth 16 13.8 0.4 - - 24 13.3 0.6+ 0.5
colony,winter
Noss 9 13.0 0.5 - 18 12.6 0.5 + 0.4
Fowlsheugh 19 13.5 0.6 - 10 13.0 0.5 + 0.5
' postbfeeding |
Newcastle 76 12.8 0.5  p<0.001 29 1222 0.6 + 0.4
IMMATURE
winter
Moray Firth 34 11.7 0.5 - 18 11.4 0.5 + 0.3
N.E.England 64 12.0 0.5 p<0;001 37 11.5 0.6 + 0.5
E.Anglia 49 12.4 0.5 n.s. 42 12.3 0.6 + 0.1

Skagerrak 297 11.9 0.6 p<0.001 326 11.5 0.6 + 0.4

N.Cornwall 73 12.0 0.5 p<0.01 42 11.7 0.6 + 0.3



Table 27.

AﬁUﬁTS
Moray Firth
. N.E.England
E.Anglia

other U.K.

IMMATURES
Moray Firth
N.E.England
E.Anglia

~ other U.K.

‘1st WINTER
Moray Firth
N.E.England
E.Anglia

other U.K.
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Razorbill: sex differences in winglength (all

50

49

79

11

63

12

46

male
mean

196.4

196.1
196.8

196.6

1193.4

191.5

187.7

182.6

s.d.

4.5
4.5
3.9

4.9

4.0

4.9

4.2

- measurements made in winter).

comparison
of means

p<0.05

64

96

110

25

91

11

48

vfemale‘

mean

197.6
197.7
196.9

196.8

194.2

195.5

189.5

189.9

-difference bf

male mean

s.d. (mm)

4.4 -1.2
4.7 - 1.6
3.8 - 0.1
4.6 - 0.2
4.0 - 0.8
4.5 - 4.0
3.6 - 1.8
6.1 - 7.3
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Table 28. Razorbill: sex differences in culmen length (all
measurements made in winter). :

ADULTS

Moray Firth

N.E.England

E.Anglia

other U.XK.

IMMATURES
Moray Firth
~ N.E.England
" E.Anglia
other U.K.
1st WINTER
Moray Firth
N.E.England
E.Anglia

other U.K.

52

49

80

15

67

13

48

11

male

mean

33.1

32.9

32.3

32.8

32.7

31.5

©31.5

30.2

1.7
1.3
1.6

2.0

1.3

1.8

1.7

2.9

comparison
of means

n.s. 68
p<0.01 96

p<0.001 114

- 28
p<0.01 98
- 12
n.s 45

female
mean

32.7
32.2
31.2

31.9

"32.0

32.2

31.5

31.3

s.d.

1.7

1.5

1.4

1.6

1.5

1.5

1.6

2.7

differencé:df
male mean -
(mm)
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Table 29. Razorbill: gex differences in bill depth at gonys '
(all measurements made in winter).

comparison o difference of

male ‘of means ‘ female male mean
h mean “-s.d. ' n mean s.d.- (mm)
ADULTS
Moray Firth 51 20.0 - 0.8 p<0.001 68 19.4 1.1 +.0.6
N.E.England 49 20.0 0.8 p<0.001 96 19.5 0.8 + 0.5
E.Anglia 115 19.6 0.7 = n.s. - 80 19.8 0.8 - 0.2
other U.K. 15 19.6 = 0.8 - 29 19.3  0.7. +0.3
IMMATURES
Moray Firth .
N.E.England 70 18.7 0.8  p<0.05 95 ' 18.4 1.1 + 0.3
E.Anglia : : ‘
other U.K. 13 18.8 1.0 - 12 17.9 0.9 +0.9
‘1st WINTER
Moray Firth ‘
N.E.England 37 15.0 0.8 n.s. 36 14.8 0.7 + 0.2
E.Anglia ’

other U.K. 13 14.6 0.9 = - 9 14.6 0.6 0
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Fig. 8. Guillembts, Buchan, March 1982:,piot of two
v parameters by sex. (One outliér’male_omitted:
213 x 125). |
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. 4.4 Discussion and conclusions

| Sex determination.by gonédal.inspection of»deéd birds normally pre-
sents no problems, except opcasionally in firgtwwinﬁgr individuals -
particularly Razorbills. For those inexperienced in the work, it is also
necessary to consider the need for care in distinguishing between un-
developed ovary»(usualiy granuiériland adrehal'giand-or part:of the
kidney (both usually smooth-té#tured). In fresh specimens, fhe céﬁ—
trasting (usually yellowish)'colour of the gonads, and of the testes in
partiéular,-makes the organé étand out against thié background, but wiﬁh

the onset of decompoéition they can fade to a brownish-grey, making

them much less readily visible.

There are few data on sex ratios in»Guillemot and Razofbill pop-
ulations. "In fadt, the sex ratio in hurres is not clearly understood"
(Tuck 1960), and this statement still stands; it is almost unkho&niin
;Raéorbilis. Tuékbhiméelf,feCOIdéd no significant disparity in Séx raﬁio

amongst 1400 murres examined in winter in Newfoundland, but the context

does not clarify whether thé species was U.aalge‘or'U.lbmvia, or‘perhaés
both, since the two species are present‘off Newfoundland at that éeason;
‘Most of our knowledge for Guillemots comes from the work of Uspenski‘.
(1958) during the birds' breeding season in N.W; Russia: in Novaya
Zemlya 56% males (D= 34), and in Seven Isiands 59% males (n = 36)
(Kaftanovski 1951). Uspenski points to the greater participation of
males in incubation and in feeding of‘thé yoﬁng (and hence thé greater
chances of their being found on the sea) as the reason for the apparently
greater proportions of males in the three samples. Beloﬁol'skii (1957),
working in the Barents Sea, recorded a similar higher proportion of males

when presenting data on mean weights:>56% males (n = 375).

For British waters, Beer (1968) found 52% males in a sample of 84

Guillemots oiled in the Torrey Canyon incident of March 1967, whilst in
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Newfoundland Threlfall apdlMahoney (1980)'found‘51%;m§1es in a sample of
238 taken in’tﬁe period May - Juiy 1966—68;v However; in neither case was
a separation of age ¢ohq;té made. Fér the-Netherlénas.cbaét in one
autumn,.Verwey (1922)’found‘56% males amongst 34 adults, and 73% males

amongst 63 immatures.

Data from the p?ésént study indicate, for aduit Guillemots near the
breeding colony, equality of sexes in éuﬁmér ana wintér,vand equality in
U.K. wintér incidents, thoughvé éredominance of females in one winter‘iné
cident in the Skagerrak and of males in one autumn incident off

'N.E. England. The immature sex ratié'in winﬁer was biased towards males
in U.K. and towards females in the Skagerrak incident. Razorbill data in
the éiesent sﬁudy were all obtained_from winter iﬁcidents: equality of
sexes for adults and immatures iﬁ‘oﬁe'Skégéfrak incident and various
small U.XK. incidenté,,but a biaé towards é&ulﬁ fémales,in the East coast
wreck of‘1983. If othe: data exist in the literature on Razorbill sex

ratios, they are very elusive.

The existing information on sex ratios is therefore scanty in thé
extréme, especially for Razorbills, and the continued examination éf kills
from incidents is obviously valuable and necessary. This paucity of in-
formation lends added iﬁportance to the~quest for the sexing of live birds

from measurements or plumage examination.

Sex determination from total head-and-bill length, althgugh very
successful in gulls (Coulson gE_gi; 1983), did not give helpfui resulﬁs
when tested for either Guillemot or Razorbill, adults or immatures.
Certainly, for the reasonably large samples of Guillemots and Razorbills
examined by this method, the parameter Qas probably of no great help iﬁ
separating the sexes even when, as in Razorbill, the age cohorts could be

well defined. Further examinations should be made to extend the sample
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size and range for each species, but the auguries are not good.

For European populations of éuillemoﬁ; Witherby (1§41)'notedr

" negligible differences between sexes in measurements made onusméll‘
samples, whilst Salomonsen (1944), with larger éamples, cbﬁ&luded
similarly. ,Storer‘(1952) concluded that "there is»no significant

sexual difference in wing and tarsal meésuremént"»fér‘gzig;species,
though his‘tests were cénducted’on;measureﬁents from thé’PgéifiCAand
Atlantic forms of North American Guillemots. However, he foundrthat the
figures for culmen length andkbill depth were consistently greater in
males than in females: the’point had previously been demonstrated for
bill aepth in European specimené by Verwey (1922).‘ Threlfall and
Mahohey>(1980) were specifically reéearching the use -of méasurements;in
sexing Guillémots taken in Newfoundland waters; despite fairly
sophisticated statistical treatment of'the data from a sample of 238
birds, "it proved impossible to sex "this species on théAbasis:of measure- .
ments witﬁAany‘degreé of certainty"}A Parameters examined were weight,
winglength, culmen length and bill -depth, tarsus length-and tail‘length.
There was no comment dn»ageing, and there‘are indications*ffrom quoted
bill»depth.measurements)vthat immature (péssibly first-year) birds were
included in the sample; if this were so, then éerhaps the increased |
variance would have been sufficient to mask anf sex‘differencevwithin‘
each1age cohort. Nevertheless, mean valueé for female winglengths were
higher than thoée for males, with the reverse applying in culmen length
and.bill'depth, A similar explanation (failure to segregate age classes)
may have lain behind Beer's (1968) finding of "no significant differences
between body measurements of the two sexes" in a sample of 84 Guillemots
from the Torrey Canyon disaster (though neither the parameters nor their

mean values were stated).

Table 30 shows sexes separated in series of measurements from
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various regions thrqugh.the range‘of the séecies; vcoupled with measure-
ments from this study (Table 24 fo?29),.they indicate the almost uﬁiversal
findings that, in adults from the same region, females.have loﬂger mean

\

winglengths than males, and males have longer and_deéber'billsvthan females.

For Razorbills, néither»Witherby (1941) hor Séiomoﬁsen (1944’
commented on . sex differencéé in measurements, and data elsewhere in the
literature arelfew; Téble 31 shows measurements for the'two sexes in
series of measurements ftom the North Atlahtic; coupled with measurements
from this study; they indicate thét, in adults from the same region,

- females usually (though perhaps not invariably) have longer mean wing-

lengths than males, and males havellongerjandbdeeper bills than females.

 The ﬁing loading of both species is already close to a critical
level, and pgrhaps the females need the extra lift when carrying the egg
Which averages, according to Uépenéki t1958), about 1i% of the weight of
the parent bird. Indications are that males in general are heaﬁier than
females: 2.5% in a Guillemot sample.of 375 spread over a summer season,
and 4.6% in a similar Razorbill sample of 142 (Belopol'skii 1957), thus
the slightly larger female wing length (and possibly area, though this is
not confirmed) assumes even greater importance. Other reasons fér fhe
evolution of slightly loﬁéer wings might be adduced if females migrated
further than males, or if a larger'wiﬁg conferred an enhancéd hunting
ability when the egg protein was being laid down. The number and spread
of samples in Guillemots,_less so in Razorbills, does indicate thét the
difference - though slight - ié real, but the evolutionary implications of
small differences in measurements befween males and femaleé is béyond the

scope of this thesis.
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" Table - 30. Guillemot measurements: some quoted values.

' Slight difference in methods of measurement are
not important in this table which demonstrates -
for each set of uniformly-measured data - the
differences between sexes.

sample winglength culmen length bill depth authority & ldcality4~

size
I | I ¢ d e | I 9
121 117 | 200.9 202.3| 44.3 42.4 14.3 14.1 Threlfall & Mahoney
‘ . (1980) Newfoundland
- 91* 61 208.5 209.2 49.2 . 47.1 13.7 13.6 California (Storer
' ' ' : 1952)
12 23 214.4 214.6| 49.0 47.0 14.4 14.0 British Columbia
: : : (Storer)
a5 25 217.8  216.7 47.7 45.8 14.5 14.0 Alaska (Storer)
‘38 41 207.3 208.9 44.6 43.2 13.8 13.3 Eastern N.America
' - : (Storer)
19 15 . : ‘ 14.0 12.8 Verwey (1922)
: ' Netherlands
17 7 201.4 204.1 48.2  46.3 14.9 14.4 Salomonsen (1944)
' Norway, Sweden,
Iceland
125 94 210.8 211.5 48.7 46.6 Belopol'skii -(1957)
(wing) : , . East Murman
51 41 '
(bill)
34 37 208 209 49.3 47.2 14.9 14.5 Smail et al. (1972)
(wing) ’ ) California '
48 46 '
(bill)

* Storer's sample size varied slightly between parameters.



Table
sample
size
g 2
10 15
7 6
15 11
73 51
18 15

A Y

31. Razorbill measurements: some quoted values.
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'Slight differences in methods of measurement are not
important in this table which demonstrates - for each
set of uniformly-measured data - the difference between

sexes.
winglength "
& 2

209.4 205.8
212.3 211.5
210.3 211.5

207.5 . 208.5

- culmen .length

o Q
35.1 33.9
36.5 35.9
35.28 33.4
34.6 33.6
133.4 32.0

bill depth

g @
24.6 23.8
25.1 23.6
23.5 - 22.8
21.9

20.5

authority & locality

Sweden (Salomonsen
(1944)

Greenland
(Salomonsen)

Norway & Sweden . .
(Salomonsen)

Belopol'skii (1957) .
East Murman

Lloyd (1976)
various localities
represented in two
museums.

most sample sizes varied Slightly between parameters.
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5. ORIGINS. '

5.1 Measurements at caqlonies

Between 1979 ana 1983 éu;iiem;téi;nd Razorbills caught at severél
' bfeeding colonies were measured_using the methods detailed in Appendix 1.
‘Pracfically all‘the Razorbills were breeding adults, taken ihdividualiy
out of rock crevices where they were’guarding egg or chick; thé great
majority.wéré of bill f&pes W + 2 and Wk¥ 3. -Thé irﬁe status of the
Guillemots is less certain because the colonieé at the chick-reéfing
period may be visited by older. immatures (3 -4 year olds) which might
have been amongst the samplé,vwith birds inseparablyvmixed together on
bieéding ledges. Howevef;,these non—breeders'are likely to comprise
only.a very small‘minoritvaithin the samples - which can probably safely
be used as representative §f the‘bfeediﬁg populatioﬁ for each locality.
Any ‘birds with badly worn tips to the outer primary feathers have been
omitted in calculation of mean winglength values.

For Guillemot, winglength means are‘shown for thirteen sample siteé‘
in Eig.9, whilst details of wianength, culmen leﬁgth and gonys depth are
- shown in Tables 32 to 34 respectively. Detaiis for Razorbill winglengths
are shown in Fig. 10 and Table 35,Awith gonys data in Tablek36. Weights

for both species are shown in Table 37.

Mean winglength values are plotted against latitude in Figs. 11 and
12. Fo? Razorbills, the regression of winglength on latitude is not
significant for the form islandica (r= -0.1147, 5 d.f.). An interesting
situation emerges in Guillemot: altﬁough a regression analysis using all
13 points is significant (r = 0.9242, p<0.001, 11 4.f.), visual inspection
- indicates two sections to the cline, with Shetland in pivotal position

(the three sets of data from Shetland are included in both analyses

below).
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Skomer  to Shetland  r = 0.9559  0<0.001 7 4.f.

0.8819 ©  p<0.01 ~ 5 d.f.

Shetland to vardg : r

The two regression lines indicated by these results are shown in Fig. 11.

Thus, for Guillem&ts; the link of winglength with latitudefis stfong»
within the British Isles, and present; thoﬁgh slightly weaker,vin the .
sector Shetland/N;Nérway. ‘There was relétiﬁely little variation in ‘
culmen length and gonys depth from Guillemot samples, though the birds

from Finmark were generally bigger overall.
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Table 32. Guillemot: winglength .measurements of fullgrown birds in
breeding colonies. Numbers correspond with those in Fig.9.

coﬁntry colony

(1)
(2)
(3)
(4)

(5)
©)

(7)

(8)

(9)

(10)
(11)

(12)

(13)

wales . Skomer
Ireland. Gt.Saltee
Scotland I. of May
Denmark  Graesholm
Scotland Canna

Scotland Troup Hd
& Whinnyfold

Scotland Fair Isle

Scotland Foula

Scotland Noss

Faroe - Esturoy
Iceland Grimsey

Norway Rgst

Norway Vardg

date
c.1975
1982
1982
1983

79/81
1979
1980

1980

1980

1977
1981

1981

1980

~sample

size

- 84

35
83
46

91

39

- 252

38

65

19
60

45

95

mean
(mm)
197.6
199.5
200.0
201.2

203.8

203.6 -

206.6
207.3

207.3

207.0
207.2

202.6

210.5

" a outlier of 217

b outlier of 196

s.d.

4.75.

- 3.67

4.83

4.43

4.81

3.64

4.30

3.96

4.71
3.03
3.49

5.50

5.50

iange
185-210
194-209
192-2122
193-210

193-215

195-210

196-219 -

. 198-214

196-217

200-212
199-216

- Bp2-223

199-223

authority
T.R.Birkhead
PHJ |
M.P.Harris
P.Lyngs

R.L.Swann &
A.D.K.Ramsay

J.Hardey &
R.Rae

PHJ
M.L.Tasker

lake &

B.F.B
T.J.Dixon

S.Prendergast
PHJ

T.Anker-Nilssen

_&-O.W.R¢stad

R.Barrett
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Table 33. Guillemot: gulmen-length measurements of fullgrown birds
. in breeding colonies. Numbers correspond with those in -

Fig. 9.
country colony daﬁe - sample mean s.d. range authority
' ' ‘ ~gize - (mm)
(2) Ireland Gt.Saltee 1982 35 45.3  2.06  40-49 PHJ
(4) Denmark Graesholm 1983 - 46 45.5 .2.08 ' 42-53 P.Lyngs
(5) Scotland Canna 79/81 37 46.6 ©2.55 42-54 R.L.Swann &
’ ' A.D.K.Ramsay -
(7) Scotland Fair Isle 1980 98 = 46.5 2.39  39-52 PHJ
(8) Scotland Foula 11980 66 47.1  2.31 42-52 M.L.Tasker -
(9) Scotland Noss | 1980 @ 65 48.6 2.07 44;53 B.F.Blake &
o : : ‘ : - T.J.Dixon
(11) Iceland Grimsey 1981 61  45.6 1.84 42-49 PHJ
(12) Norway  Rfst 1981 45 45.2  2.15  41-49 . Anker-Nilssen

. & O.W.Rgstad

(13) Norway  Vardd 1980 95  47.0 3.10 39-56 R.Barrett -



Table 34.
country colony >“'date
(1) Wales Skomer c.i975;
(2) Ireland Gt.Saltee - 1982
(4) Denmark Graesholm 1983
(7) Scotland Fair Isle 1980
(8) Scotland Foula 1980
(9) Scotland Noss 1980
(11) Iceland Grimsey 1981
(12). Norway  Rest - 1981
(13) Norway Vard¢ 1980 -

-.76 -

Guillemot: yonys depth measurements of'fullgrown birds in
breeding colonies. .Numbers correspond with those in Fig.9.

sample  mean .
(mm)

size
84
‘ 35
46
98
67

67

61

45

96

13.1

13.0

14.1

13.5
13.5

13.3

13.3

13.5

14.1

- s.d.

0.64
0.60
0.60
0.64

0.66

0.70

0.51

0.58

0.60

range
12.0-14.5
12.0-14.3
13.0-15.2
12.2-14.9
12.0-15.0

11.9-14.8

12.1-14.4

12.6-14.8

authoriﬁy
T.R.Birkhead
- PHJ -
P.Lyngs
PHJ_
M.L.Taskef

B.F.Blake &
T.J.Dixon

PHJT

T.Anker-Nilssen

& O.W.Rgstad

12.5-15.5

R.Barrett



Table 35.
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‘colonies. Numbers correspond with those in Fig.10.

~country

(1)
(2)
(3)
(4)

(5)

. (6)
(7)
(8)

(9)

(10)

Ireland
Ireland

Wales

.Scotland

Scotland

Scotland
Scotland
Iceland

Norway

Norway'

‘colony
" Kerry Is..

Gt.Saltee -

Bardsey
I. of May

Canna

Shiants
Foula

Grimsey

Rfst

Horndy -

date -

66/73

1982

81/83

1982

79/81

1982

1980
1981

1981

.81/82

sample mean

size
27
34
24
25

31

62
36

32

73

31

(mm)

194.2
198.3
196.1
194.2

198.9

197.2
197.8

196.1

207.8

211.6

4.87

4.23
3.92
5.63

4.11

6.20

5.90

range

187-203

188-206
191-205
186-205

190-206

189-206

189-206

187-203.

198-217

187-220

Razorbill: %inglengthumeaSurements of adults in breeding

authority -
P.G.H.Evans
PHJ

P.J.Roberts &

‘M.Sutherland

M.P.Harris

L.Swann &
D.K.Ramsay

R.

A.

D.L.Steventon

M.L.Tasker¥*
PHJ

T.Anker-Nilssen
& O.W.Rgstad

R.Barrett

*subsequently published in Furness (1983)
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Table 36. Razorbill: gonys depth measurements of adults in breeding
"colonies. Numbers  correspond with those in Fig. 10..

country L éolony © date.

(2) .Ireland Gt.Saltee 1982

(7) Scotland Foula 1980

(8) Iceland Grimsey 1981

(9) Norway  Rgst - 1981

(10) Norway ‘Horngy 81/82

*2 low outliers @ 16.8 and 17.7

sample
size

- 36
- 70
37

32

74

mean -

(mm)

20.7

20.6

20.9

22.2

22.9

s.d.

0.71

1.01

0.91

1.52

1.30

range . .

19.6-21.9
*18.4-22.7

19.5-23.3

19.5-25.0

rauthority

PHJ
M.L.Tasker
PHJ

T.Anker-
Nilssen &

O.W.R¢stad

J.Barrett



Table 37.

T Y A R

breeding colonies at two seasons.

K cdlohy*'

"GUILLEMOT

(a) breeding season _

 Great Saltee
Iéle of ﬂéy
cama
Troup Head
Fair Isle
Grimsey

Vardg.

E.Murman

(b) winter

Forth estuary
Fowlsheugh -
Noss

. RAZORBILL

(a) breeding season

Kerry islands
Great Saltee
Isle of May

Grimsey

N
sample
‘size

80

34 PR

27

22

10 .

96

375

43
32

27

27
32
24

37

‘ mean
{gm)

923.3

942.0

926.7

926.3

986.8

1007.0 .
- 1039.2

» 1053

1094.0

1122.2

1087.8

610.0

630.0

625.0

631.1

s.d. "

106.9
52.9

46.4

50.2
87.1
58.3

82.5

114.8
64.2

86.3

31.3
49.4
40.8

37.8

- range

~.830-1040

1 820-1050

/850-1010

830-1020
840-1200
930-1090
850-1240

825-1285

850-1310 -

1020-1300

930-1280

550-670

570-710

. 560-720

560-740

Guillemot and Razorbill: weights of birds at or near

’ ;-authority :

PHJ

M.P.Harris

PHJ
R.Barrett_

Belopol'skii
(1957)

B.F.Blake &
T.J.Dixon

B.F.Blake &
T.J.Dixon

B.F.Blake

"P.G.H.Evans

PHJ
M.P.Harris

- PHJ

* localities as in previous tables; Fowlsheugh is in E. Scotland between

Troup Head and Isle of May.
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Fié. 9. Guillemot- winglength means for Samples of fullgrown
birds in breedlng colonles (numbers in brackets

correspond with detalls given in Table 32)

(11) .
1207.2
o
(10)
207.0
(8) (9)
207.3 @M 207.3
. ® D
206.6
(5) ,fo - (6)
203.8"°  203.6
(3)
200.0
(2)
199.5

197.6
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Fig. 10. Razorbill: winglength means for samplés of adults
from breeding colonies (numbers in brackets correspond :

‘with details given in Table 35). =

(8)
196.1

(L
194.2
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Fig. 11. Guillemot: mean winglength of colony birds
‘ v by latitude in N.W. Europe..

0.9559
0.8819
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vFig..l2;- Razorbill:.mean winglength of adult breeders

by ;atitude in N.W. Europe.
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5.2 Post%mortemvchanges in measurements

.in 1978, an oilspill from the tanker 'Christos Bitas' reéulted in a
carnage of Guillemoté and Razorbills off the coast of -Dyfed. Skins wereb
méde from COrpses‘of both species cbllected ét that time; these specimens
w;re prepéred and cuéatéd by thévNaﬁional Museum of Wales (Morgan 1980),

and this was the collection of flat skins examined in the present study.

Four measurements were taken from each skin: Qinglength, culmen
length and bill depth at gonys‘(deséribed in Appendix I, and illustrated
there in Figs. 4 - 6), together with the‘measurément between bill tib and
thé distal end of the nqst;i; groove. For each individuélly—numbered'
skin, measurements were takeﬁ soon aftér‘ﬁhe birds weré deadr(November

1978) and on three occasions subsequently: all measurements were made

by PHJ.

- Personal variation in skin measurement

In order to‘be sure that any changes were not due to too much
personal variation,'two of the‘sets df'measurements were made in May and"
October 1983: sufficientiy élose togethér that there was little chance of
shrinkage between times (skins were élmost five years old by this stage),
and sufficiently far apart to preclude any memory, on the part of the
measurer, of means and varianceé. Both sets of measurements were made-
fairly‘rapidly in order to simulate the rushed conditions which are normal
at thevexaminétion of birds during an'oilspill; the collated results are’

shown in Table 38.

Consistency in winglength measurement was high in both species,
though mistakes had obviously been méde, indicating the need to check
potential outlier values very carefully during initial examination of a
.sample of birds. For both species, there was no significant difference

between means of the two sets of winglength measurements. Bill length



'measurements indicated that a highér consistency was’ébtainea frén
nostril-to-tip measurements, perhap5»becausé the bnoxipal‘point of
ménsuremént was rather difficult tn ascertain on tne éulmen épecimens.
Measurement of biil'deéth at gonyé - wnilsf anbimportant parémetef ; is
notoriousiy difficuln'and vafiable;’and patently a.gréater variabilit&-

must be expected, since

(a) it is an inherently short measurement;
(b)  more mistakes are likely when reading the vernier scale on the
‘ caliper;

{c) the curvature of the fhamphotheca can produce problems in measure-

ment replication (see Appendix I, Fig.6,bcentral diagram).

.

Measurement changes over a period of five years

‘Collated and summariséd results for_twé sets of measurements (madé
after the cuiation of the study skins) are snown in Table 39. Basically,
it was evident that most of the shrinkage occurred within tno months of
skinning and drying - there Was only little change subseéuently. The
effec£ isvfurther demonstrated in Table 40, showing a significant change |
in sample mean between measurements of freshly dead birds and the same
individuals two monﬁhs affer skinning. No significant change occurred

subsequently.
These data, and the principles which they illustrate, are fundamental
when considering any comparison of museum study skins with live birds or

with fresh, unskinned, corpses.

Measurements of skins and live birds

A long series of measurements was made in various European museums,
using skins of Guillemots collected at, or very near, breeding colonies
during the breeding season. The results, when compared with measurements

from live birds (Fig. 13) indicate that



 ; 86 -
(a) for any given latitude, the museum measurements ﬁor ﬁean winglength
| are likely to be 3-5 mm shorter than for live birds (i.5;2.5%
vdecreéSe)b ‘ v | |

- (b) there is clinal variation in three steps through Europe.
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' Table 38. Personal variation in skin measurements: collation of resﬁlts;

parameter % within 1 mm % within 2 mm approximate relationship

.of previous of previous with the mean
measurement measurement
winglength
* Guillemot ©89.2 | 96.1 1 mm = 0.5% of the mean
‘ : 2mm = 1.0%
Razorbill 87.5 . 99.1

culmen length

Guillemot ’ 81.1. 96.1 1 mm = 2% of the mean
» T 2 mm = 4% : ’
Razorbill ' 96.2 o s 98.1
nostril to tip
~ Guillemot - 95.0 - 98.6 1 mm = 2% of the mean
' : ‘ : 2 mm = 4%
Razorbill - 97.1 100

% within 0.1 mm % within 0.5 mm

of previous of previous
measurement measurement
depth at gonys
Guillemot . 65.8 . 96.7 0.1 mm = 1% of the mean
: 0.5 mm = 5%
Razorbill 51.0 97.0 0.1 mm = 1% of the mean

|
=y
o0

0.5 mm =
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Table . 39. Guillemot and Razorbill: postmortem changes in measurements
in a sample at the National Museum of Wales, first measured
in November 1978. ' ’ '

WINGLENGTH

Guillemot

Razorbill

CULMEN LENGTH

Guillemot

Razorbill

NOSTRIL TO TIP

Guillemot

Razorbill

GONYS DEPTH
Guillemot

Razorbill

n

104

59

103

59

104

59

104

59

- 0.6

~after 2 months (Jan.'79)

- median range
change of
(mm) change
-2 +1 to -7
-2 +1 to -6
0 +2 to -4
-1 +1 to -4
0 +2 to -2
0 +2 to -2
- 0.5

+0.3 to -1.5

A

+0.2 to -1.7

after 5 years (Oct.'83)

n

101

57

101

57

- 100

57

101

57

median
change

(mm)

- 0.5

- 0.4

range
of

change
41 to -7
+1 to -6
+2 to —S
+1 to =5
+3 to -2

- +1 to -2

+0.3 to -1.5

" 4+0.3 to -1.7
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Table 40. Comparisdn of winglength measurements for two sets 6f_skins.

sample mean standard range 1
size = (mm) ~ deviation : ‘
GUILLEMOT
freshly dead ' 83 192.9 5.1 180 - 205
p<0.002
after 2 months 83 190.4 4.9 176 - 202
. : n.s : L .
after 5 years 83~ 190.2. 5.7 177 - 202
RAZORBILL
freshly dead o 58  190.1 4.4 179 - 201
) p<0.01 ) .
~after 2 months 58 187.6 4.3 177 - 198
v ‘n.s R _
after 5 years 57~ 188.5 4.5 178 - 198

N.B. Fewer Guillemots than in Table 39 because birds with initial
winglength of less than 180 mm were mainly moulting, and these
specimens were excluded in calculation of means.
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Fig. 13. Guillemotg meanFWinglength of colony birds by
latitude in‘NQW. Europe. | ’
"CLOSéd dots =_1ivé4birds; open dots = museum skins.
‘ n Omitted is one set of skinvvalues from Berlengas,

Portugal: mean winglength = 195.5'at latitude 39.5O N.

70

65 1

60 1

195 - 200 205 210

> mean winglength (mm)



FE- T

‘ 5.3 ﬁriéling proportions in .Guillemots

The two forms of Guillemot - bridled’aﬁd non-bridled - -are normally
readily identifiable at‘close tO'medium range when birds are in breeding
plumage. Researches su@marised'by Southeﬁn (1939).coﬁfirmed thé
existence of.a.ciiﬁe between‘N.W} F£;nce'and northern Norway in a
gradual}y inéreaéing'proportion §frbridled bird§ frdﬁ south té ﬁorth.
Fo;lowing on ffomAthese surveys made by predecessors between 1938 ana
1960, Birkhead (1984) instituted a fourth in 1981/82, so it was super-

fluous for PHJ to undertake addiﬁional survey:work in the field.

. The main emphasis in this study was the;efore centred'on‘recérding
the proportions of bridled biﬁds dQuring examination 6f Guillemots killed
in incidents. Data for clean birds in breediﬁé plﬁmage were eésy to
collect, but sampleé at other times of yeér provea morekproblemétical, on
two counﬁs: | |
(a) ,bifdélwere often fouled with oil and dirt,

(b’ the 'bridle' was often less easj to discern when the bird was in
‘winter' plumage (additionally, &efferieé and Parsloﬁ (1976) stated
that, in first winter birdé,vthe winter plumage tended to encroach

on the bridle, and that the orbital ring became less distinct).

Details for birds eXamined at breeding colonies are shown in Table 41.
The sample from Grimsey was éoilected as a series of freshly-dead birds
having been killed by falling Stones following an earth tremor; the
bridling proportion of 5.4% was not significantly different'frqm that of
7.7% obtained by counting 1035 live birds from the cliff tbp.in that area
(xz = 1,03). HoweVer, the proportion of bridled birdg may change Locally.
Counts made for Grimsey are shown in Fig. 14; differences in the pro-
portions of bridled birds in the two north-eastern sectors are significant
(x2 = 5.909, p<0.05), so it is obviously preferable to have high numbers

'in samples both of live birds at colonies and of dead birds at incidents.
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In all six samples in Table 41, the bridling proportions for birds
examined in the hénd were lower than in the‘relévant‘field counts
(§<0.05 sign test), but the samples were comparatively small. If this

_ proved to be a general principle, it would have to be borne in mind when

comparing this parameter between mortality samples and field counts.

In view ofithé‘paucityvof information on birdsyéhowing intermediate -
characters between bridled aﬁd non;bridled forms,fit"iS'worth noting such -
an individual caught at the Fair Isle, Shetland, in June 1980: there wéé a
sémi—bridle on the left side, but ho’sign'of any bridling on the right.
Because of the speed of operation nécessary in dealing with Guillemot
corpses in a mortality incidenﬁ, it‘was not possible to produce accurate
figures‘on fhe.proportiéns of intermediate’types, buﬁ aﬁrleast,thiée other

specimens. were noted in the period 1980-83.
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Table 41. Guillemot: comparison of bridling proportions for samples
examined in the hand at breeding colonies and counts of
live birds at that site. ‘

site ‘ proportion bridled in proportion bridled at or
' samples at colonies . near that site - in
' Birkhead (1984)

_n-’ - - % . n. . %*_
Great Saltee, » ‘
Ireland 35 0 e 8202 0.8
Fair‘Isle, _ , . .o
Scotland ’ 283 17.3 ‘ 2983 23.0
Foula, »
Scotland 66 19.7 1225 _ 27.4
Noss, ‘ ) :
Scotland , . 66 21.2 o 2000 - 22.9
Grimsey, o . ,
Iceland , 149 5.4 1394 9.6
Rgst,

Norway | 46 6.5 1180 17.0
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Eig;'l4: Counts to establish proportions of bridled Guillemots

at;Grimsey, off northern Iceland, on 17 July>1981.

29 bridled (13.1%)
in total of 222

80 bridled (7.7%)
in total of 1035 _

. 18 bridled (9.0%)
GRIMSEY.. in total of 199

"5 bridled (10.6%)
in total of 47

2 bridled (8.0%)
in total of 25
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. 5.4 ‘Upperpatt.colour in»Gﬁillemot v

With a cline in-inéreasing colour saturation of Guillemot upéerparts
fiom south to north (Vaurie i968)y.it was important to classify specimens
from particular colonies and incidénts. Two app;daéhes ihitially seeméd
bracticable: a compariéon_of clea# fgathers with a known standard se:ies
‘of specimens (paper of‘féather),:Orffhe'méasuréﬁeﬁt_of the colour by means

of a calibrated instrument.

Ehe latter approach seemed muchrthe’bést but it quickly proved to be
‘too expensive - reflection denéitometers of various makes usually costing.
well over £800. Howevef, it was_possible td use a machine"in>the British
Museum's Department of Palaeéntology foi examination of one samplé of
wings. ‘The machine's émall viewiﬁg cell was first caiibraﬁed-against a
chalk whité block Qf magnesium carbonate, then placed directly onto the
ouﬁer secondary .coverts éf each of the wings tested. :There'is known to
be the possibility of systematic érrOrs‘bétween,calibration and measuréf
ment, if, for these’opérations, the appliqator head is held . in different
planes (Beerens 1980), so calibration and.meaéuréient were béth done

with the machine head faéing vertically downward.

At a more practical level, three methdds emerged for consideration:
a relativély inexpensive book with coloux samples selected for wildlife
vapplication‘(Smithe 1978) ; neutral value scales, ranging from white{
through varying degrees ofvgreyness, to black (Muﬁsell 1971 ahd Eastman
Kodak 1977); and a series of specimen Guillemot»wings, (graaéd ana chosen
from specimens available) to cover the range of darkness of colour éhown'
in N.W. Europe. Wings, taken from various Guillemot corpses, were
cléaned, dried, and stored in the dark béfore being compared with these

sets of standards, under ‘daylight' fluorescent lighting.

LS MY SOUULE S
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(a) Reflection densitometer

The macﬁine was first tested'usiﬁgvtwo wings of obviously different
.cblour, with light pas#éd through'various colour filters ranging from
&ioletv(4260 Angstrbm units wavelehgth) to deep redi(6840 A), giving an
“1abridged spectroéhotometric curVe_for each specimen. The latter filter
produced the greatést difference’between saﬁples as well as the highest

values (which were therefore less subjeét to error). It was not possible

to have white (unfiltered) light on this particular model.

Using this daxk red fiiter,'the variation in ieadings around the,
same spot on the wing 'coverts were tested on three wing specimens, moving
from.one to the 6ther between each reading to give, eventually, ten
readings per wing; the whole test was repeated once(Table'42)?' Readings
ranged between 4% and 11% of mean values,'and it seeméd as though PEJ
‘had learned to use~£he machine more éfficiently by the second tést. ffhe
, uppefwing coverts‘éf Guillemot, although fairly uniform at a distance, are
nowhere near homogenous in colour when viewed very closely, and the
variation in the Placing éf the machine’s light—emitting aperture was
obviously showing up this range of colour. 1In moving the machiﬁe head
over the wing of bird no. 83, the range of variation on the coverts~Was
mainly between 11 and 13 deflection units, rising to 17 on the palé
feathers near thé carpal joint, and drépping to 10 on the darker inner
primaries. Table 43 waé constructed following examination of a series of

specimens chosen by eye.

The use of an appaxently objective machine was in no way a pénacea
to the problem of standardisation.and repeatability, though perhaps an
observer could improve with experience in usé of the machine. However,
problems with the interpretation of results from the machine, and the
cost of acquiring one in order to obtain the.necessary experience in its

use, led to consideration of other methods of grading the wing colours.

[ ) IR IR IV LR b R A e D]
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(b) ‘Colour .guides

The comprehenéive bﬁnséllcbiéﬁﬁ.guide(shéwingﬂlsbo colours, and"
‘selling at £400 in 198f) Qas too‘complex'for this work, but an excellent.
‘small guidé‘was purchased froﬁ,thé American Museumbdf Natural History:
| ‘Naturalist's Color Guidg by F.B.Smithe at ca. £9. Not unexpectedly, the
range Qf grey;browns:was”extensive,'and the timevnecesséry fof matching |
one wing made the calibration of a long series of wings very time-
consuming and tiring to the éyes; The Guide's capacity for facilitating
a.coioﬁr match was good, buﬁ the system was eveﬁtualiy_adjudgéd impiacticéi

on the time factor.

(c) .Neutral value scales
Thé exact colour value of each specimén Qinélwas considered ﬁot as

importaht as the intensity of saturation (or ‘degree of darkness), so
‘various,serieé of wings were examined using only-greybécales without
conSideration‘of colour. - The standa?ds used were the Munsell Neutral
Value Scale (£19 in 1982) and the Kodak Reflection Density‘Guide

(€4 in 1982). Being each on one sheet df Card; these were more
satisfactory than the colour charts (which necessitated flicking
thrqugh.several pages) and for the darkervwings they worked_very well. -
However, the paler wihgs proved problematical since brown took over
from black and made comparison with shades of grey rathervdifficult, so
thié system also had drawbacks. Comparison of éalibration by this

system and by reflection densitometer is shown in Table 43.

(d) Specimen wings

kHaving_experience of the range of colour‘values shown by Guillemots
throughout their European cline, it was possible to divide this range
into eight steps, each one just separable by eye from’the adjacent step.'
From a loﬁg series of‘éleanedrspecimen wings. obtained in recent mortality

incidents, samples were chosen to represent these steps; these were
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:labelled as. standard types from 2 (palest avallable) to 8 (darkest
available). The colour range was from a pale warm brown through to black,
‘and the reflectance of white light decreased from 6% for the palest wing .
to 1.5% for the darkest (Table 43) Various sets of cleaned and dried
wings were calibrated agalnst the ‘standards under 'dayllght' lighting, and

the method proved easy and qulck.

The ene major drawbaek to.this system is the fact;that dark)plumage
colours tend to fade‘after’death, Yo} the 'staadard‘ wings would become non-
standard after an unknown peried - possibly'three or four years - even
though carefulIY.stored in the dark after each session of‘use. It is known
(J.Dyek pers. comm.) that,black winds from male(:ommongipoters will show a
measureable change.in degree of,darkness within one year, even when~storedk

in the dark.

Results
Distribution of shade of upperwing is shown for‘three samples in

Table 44. Difference between birds from colonies in S.E.Ireland and

N.E. Scotland are well—marked, though there was an overlap of 22% (31 birds

T in types 4 + 5 with the remaining 110 outside this range) . The.winter _
sample showed that 24% at least were likely to have been from’outside the
raege of birds breeding in seuthern Britain - that is, 26 of the Devon/.
Cornwall samples of iiO were darker than the range of colour shown by
breeders from near that latituder(Great Saitee). However, the colour of
upperparts almost certainly fades with time after the autumn moult, so

that winter birds may anyway be slightly darker than the same population

in summer.

et
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Table 42. vVariation in readings of reflection densitometer on

wing number

1st series

83 (pale)
210
55  (dark)

2nd series
83
210

55

" no.
tests

10

10

10

10

10

10

mean
reading

" 11.8

11.4

‘6.6-:>'

12.1

11.7

6.8

standard
deviation

0.92

0.70

0.70

0.74

0.48

0.42

10

10

11

11

Guillemot upperwing coverts (dark red filter used).

range of
readings

13. -

12

13

12

coefficient
of variation

(%)

7.8
6.1

10.6
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'»Table 43.’ 'Callbrétion' by’reflection'denéitometer and. dark red fiiter,
of the series of Guillemot wings chosen by eye as representlng
a. graded series of colour. intensity...

wing ' type : % deflection approximate
number e number . on machine* % reflectance
' : of white light +

83 2 (palest) 12 6
a2 - 3 i 11 | 5.5
191 . 4 o 5 ’
84 e | 7 X 3
% TR ZEE e i s , o2
55 >, ; | ’8 (darkest’“ o 5 S ‘   >"':’ 1.5

* this value should (accorxding to the manufacturer) be halved to give
the reflectance of white light.

+ wings compared directly with Munsell grey scale.

e



. Table . 44.

locality
and time

Great Saltee
(in colony,
July)

Buchan

Guillemot uppérwing'éoiéur,for three samples (medium‘
values underlined). :

(pale)

(near colony,

- March)

S. Devon &
Cornwall
(winter)
adult

immature

18

19

%

23

B - 101 -

colour code

20

30

14

(dark)

sample
size

35

106

20

90
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5.5 -Discussion and conclusions

Measurements of Guillemots and Razorbilis‘at breeding'colonies con-
firmed - for the former - presence of a cline of increasing winglength
with latitude in N.W. Europe and - for the latter - the homogenelty of

'measurements for populatlons between Wales/Ireland and Iceland. Thls is
believed to be the first collation of measurements taken on live birds in

this region.

- Two: otherveets of'measurements,(hoth’of‘Guillemots)‘need evaluation;
those of Grandjean (1977) made in Iceland, andvthose of Threlfall and
Mahoney (1980) madevin Newfoundiand. Grandjean's observations were made
on a set of 150’Guillemots "captured with fowlers net" between 6 and 13
“July 1969, with w1nglength'measured "on the flattened wing", and bill
:depth "as the maximm vertlcal depth of the closed bill" - methodologles
similar to those utilised in the present study. Grandjean comments on the
fact that "the w1ng length is small compared to that of other populatlons o
of the nominate subspecies", it is even sma;ler whenpconsrderlng that
comparison was made with other measurements tahen fron'etudy skins which
-had presumably shrunk in winglength neasurement. A reason for thisd |
anoma;y can be suggested, as follows: it seens likely that Grandjean's
sample included,an unknown percentage of‘immature birds since the bill-
depth measurements ranged'from 11.2 mﬁ - a'most unlikely value for a
breeding bird - even though the mean for the sample was 13.8 mm. If
plotted on the regression of mean winglength on latitude (Fig. 11),
Grandjean's data (198.5 mm at 63.5°) are so far displaced as to suggest
either some extraordinary local anomaly in the cline or, perhaps more
likely, a large difference'in wing measurement metliodology and/or the
inclusion of a considerable number of immature (shorter—winged) birds in

the sample. These results were therefore not included in Fig. 11.
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idTheisanéle.meaeured'by Threlfallvand Maﬁdnéyi(lééO) was taken in tne‘
‘sprlng and summer perlod May - July, 1966—1968 with measurements taken
"using'the'methods outlined’in Witherby et‘al. (1965)" ,(a reprlntlng of .u
Witherby et al. 1941)>“Here agaln, the sample is likely to 1nclude somevy
1mmature birds, 51nce bill depth minima are 11. 5 mm; and the standard |
deviations for both sexes (1.0 forvmales and O 9 for females in'thie
parameter) are con51derably higher than those 1n Table 26 of the étesent
study. Their second conelu51on —‘that the w1nglength range of the sub-
spe01es aalge should be expanded from Wltherby [ 195 210 for males to thelr :
own 180-213 and from Wltherby s 195- 207 for” females to their own 188 217 -

can be criticised on two grounds: the comparison of fresh measurements

with those from skins, and the possible inclusion of immature birds in the

large ( 238) Newfoundland sample,4when comparing with Witherby's

small ( 17) :sample. L

v Tne'measntementdof live birds in breeding colonies'iska vitallyh,:

"~ important aid in 'calibrating'»or 'typing’ birds killed ln incidents

which occur outside the breeding eeason. However, the sample variance at
any given site is quite high for these parameters measured so far: the eo-
efficient of variation for winglength varied between,l.S% and 2.6% for
‘Gnillemots at the 13 sites in Table 32, whilst for Razorbill winélenéths
-the eoeffieient ranged between 2.0% and 2.9% for the eight sites in

»Table 35. Thekrange of Winglengths at each site made it imperative that,
in any attempt at inferfing the’origins of 'incident‘birds', a large
sample be measured; it is obviously a hopelees proposition to infer precise
origins from individual birds or very small samnles, especially_ since
outlier values may perhaps occur as a feature in a range of measurements
at breeding colonies. At the same time it is important that the"colony
measurements' be taken from birds which should, wherever possible,‘be
proven breeders - reasonably easy to establish for Razorbills (birds with

'adult' bills sitting on one egg or chick at an individual nestsite),
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.rﬁrvmore difricult;ror.Guillemote_(ﬁo.morphological_iadulthood‘-feature,
and often large humbere mixed tojether‘on cliff ;edges)., fhe eoion§
measurements presented }n this study_are proﬁebly open ro furtﬁer're—

finement and a higher degree of 'quality‘control' in this respect.

The major taxonogic,works'on Guillemots.(Salomonsen 1944 and Storer
1982) and on Razorbills (salomonsen 1944)>esed meesurements from museum
skins, and some sﬁbeequent studies have-centinued this well-established -
tradition'(e.g. Vaurie‘1965, Pethon 1967).  However, thekinterest in
becological fieldwork since‘the 1950s hae prodeeed sets of measurements for-
‘live birds, usually collected incidentally to deteiled-work Qe.bopulation
dynamics and morements; feeding ecology or chick development (Barrett, éﬁl‘
prese; Birkhead; in iirtr fellOWing 1976; ‘SQann and‘Rameay,'in litt.‘
fellowiﬁg 1983), though some workers have set out deliberately to take body"~v
and weight measurements for taxonoﬁic purposes,‘(Corkhiil_1972, Harris 1979,

i Furness & Baillie 1981).

>’Some of the efforts made in'compering measurements from beached.birds
withrthose from ﬁuseum skins were rather uncritical (e.g.‘Bourne 1967, 1968,
Parrack 1967) and although the latter referred to the problem of skin
'shrinkage, the conclusions of both authors - in respect of auke' origins -
are epeh to considerable doubt. ' In particular, Guillemote with reported
‘-ﬁinglengths of 215 (apparentiykmeasured fresh) and of 212 and 213
(apparently measured on skins) are referred to'the‘far northern form

U. a. hyperborea»whereas, in fact, any of these birds could have been bred

in Shetland or even further south. However, these were early studies in
field taxonomy on auks, and these efforts stimulated a more critical

- approach in subsequent reporting.

- Meanwhile, the subject of post-mortem shrinkage in skinned birds was

' being examined in grebes (Fjeldsf 1980), Lapwing (Veps;l;inen 1968),
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Dunlln (Greenwoodv1979), Ringed Plover and Dunlin (Green 1980); waders
_(Engelmoer'et;al: 19SBi gulls (Barth,1967), and Puffin (Harris 1980) The
picture which emerged was that}the degree of shrinkage in w1nglength was
often statistically significant and usually representing 1-3% of the mean,
that gains might occur as well as losses, and that there was considerable

- (1980) B
‘individual variation in the amount of shrinkage. HarrisAfurther reported
that the change in hlS sample occurred during the first two months after
‘ death but not subsequently, and Engelmoer et a&19§Lund that longer wings N
3 had greater percentage shrinkage, but none’of the authors tested his own
variation in measurements of the same individual wings.v In searching for ,
the mechanism of shrlnkage Knox (1980) found from X—ray photographs that
considerable differences could occur (even between the two wings of the .
same bird) in "the angles at which the bones of the hand become set after
deathﬁ. This could account‘forfmuchﬂof the recoxrded variation in the

amount of}shrinkage.' The problem, therefore was well-attested and a

probable explanation had emerged.

'gInvconsidering shrinkage values.forlother measurements, Greenwood
concluded that tail length in his Dunlinbsample.had decreased significantly,
whereas bill length and tarsus length showed no significant change;-Harris'
showed a significant decrease in Puffin bill length but notkin‘bill depth;
Engelmoerket;al,-found, in,the“main, no changes in wader bill'and tarsus
lengths; ’Fjeldsg demonstrated marked ' changes in bill dimensions of grebes’
but only little change in tarsus measurements. Fjelds8 also.producedra |
correction factor: "the factor by which the measurement of a skinned |

specimen should be multiplied to get the fresh measurement”.

Results from the present study are thus in close agreement with those
of most other workers; in a large sample of Razorbills and Guillemots:
(a) most change occurred within two months of death, and was insignificant

thereafter;
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(b)" median winglength shrinkége in Razo;bills ahaséuiliemots‘re-
presented about.i% of the me;ﬁ Qinglengthq‘a ;ignificant chqngé}
(g) median>shrinkage \¥n éulmen'length and nostril-to-tip length was
negligible.for bqth species, V
(d) median shrinkage in bill dépth'aﬁ gdh?s rép¥éséh£ea aﬁouﬁ"S% sf the 5
mean, a highly significant change; T | ‘ Fe
‘(e) ind;vidual vériatibn in degree Qf shrinkage was consideréble;
(£) ~ in both species and fér all parameters there were a few increases in
postmortem measurement aé well as the more usual decfeases;
- Additionally, it,wasbshbwn‘that
(9) personal‘variation in xeplicate measurements resultea in a few
Obvious3§rrors; however( there was zero modal difference between
measurement sets, and highkconsistencf between ofiginal aﬁd repeat
‘ winglength.measureménts (96% within 1% of first ﬁeasuﬁement) av‘
Qreaterivariability in.repeat'measureménts of bill diménsions:

(c. 97% within 4%).

In any comparison, therefore, between measureménts from live birds
or fresh bodies and museum skins,.theée results indicate thét - for
Guillemots and Razorbills - culﬁen‘iength might be validly compared withouf
need for correctionkfactors; mean wingléngth for a large homogeneous
muséum sample is likely to be about 1-2% less than that for a similar
sample of livé or freshly dead bi#ds, whiist’mean bill aepth at gonys is
likely to be 5% less. However, theSe factors must be used with great
caution because nothing is known about long-term shrinkage, or effects of
different skin.preparatioﬁ methods. Alexander (1960) has shown that re—'
lative humidity levels can alter skull measurements of Muskrat specimens,
vso there may be many unsuspectea factors operating. As a general
principle it is safest to compare fresh measurements with fresh measure-
ments and skin measurements with skin measurements, in both cases with

the measurements made by the same individuals using the same method of



- 107 =

measuring.

. The bridled form of the Guillemot caused considerable controversy

Aln the 19th century debate over whether or not Urla“rlngv1avBrunn1ch
comérlsed a true spec1es, and evenvas late as 1926 the two—spec1es case wasn.
Stlll belng champloned (Krassovskll 1936). However, by the 1930s'1n o
Europe and North.Amerlca, lt was generally accepted that "the Brldled

Guillemot is beyond all reasonable doubt only a varlety of the ‘common

.‘dspec1es“, and that "a general trend in the proportlon of brldled blrds

occurred'(Southern 1939). An lnqulry of the British Trust for

Ornlthology was 1nstlgated with the result that this trend was mapped for'
the Brltlsh Isles, show1ng the ex1stence of a cline from <1% brldllng in »
southern Brltaln to 26% in Shetland Counts abroad 1nd1cated proportlons

vof over 40% in S. Iceland Bear Island, ‘N Norway and N.W. RUSSla (Southern
1939 kSouthern & Reeve 1941) The survey was repeated in 1948-50 (Southern
11951), in 1959-60 (Southern 1962), and in 1981—82 (Blrkhead 1984) Major

k concluslons were that the cline had remalned falrly stable over that period
though with a few marked local changes;

The explanation of the cline is still in debate, though there isba'link

 with minimum air temperature during the breeding season. The geneticb;sig‘for
the bridled form has been discussed-hy Huxley (1939), Southern'(loc;cit),

- and by Jefferies and Parslow (1976) thesellast using breeding experiments
w1th.capt1ve birds and concluding that the results were "compatlble with

" bridling being a rece551on’var1ant from the normal, carried by a single -
~gene on one of the autosomes" Other 1ntensmve surveys of selected reglons
have been reported for Norway by Brun (1970), for Iceland by Einarsson (1979),
and for N. Labrador by Birkhead & Lock (1980), whilst the intra—colony

distribution of bridled birds has also been examined (Birkhead et al,1980).

For the purposes of aiding in identifying the origin of a sample of

beached birds, it is sufficient to know the proportion of bridled birds in a
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#egion, andnoﬁevmap-is fﬁndamental to.this aim.  Data~in'Birkhead (1984)
indicatéd'that bridling proportioné rise;frﬁm <1% in southern Britain to
nearly 30% in.Shetlandktsig: 15). ElseWhéré:in Eﬁfoée.én évenﬂséeeper
section of ﬁhe cline shows a révegsal in Iceland with 52% at one site on
the south coast and about 5%'on thé nofth‘cééﬁt;: Faroe hgs ébout‘28% ,’
bridled'birds, Bear_Islénd 50% and Norway-from{12%viqvthe éouth to 26% in
the north-east, rising to 50% in N. Russia. The bridling proportion is
between 7 and 27% in E. Canédé but;bridlipg is uﬁknown in the Pacific
populations of the Guillemoﬁi _Thé firm establishment of the existence of
the cline south to north thréugh Britain provides‘a valuablé tool in 'typing'
a sample offbeaéhed birds to their natal 6?igins.
- : o ¥

Shade of colour has lQng been a fundamental factor in the . array of
parametérs uéed'by ornithological taxonomists, particularly in the separation .
- of cbntigﬁqus oxjgeograpﬁicaili—closé sﬁbspecies.7 However, two factors
militate against the uneqﬁivdcal use of this partiéular parameter,
particularly in examination of museum specimens: the difficulty involved in
conveying; between taxonomists, the precise value of golour impliea in_any.
statement; and the change of colour which can océd; invmﬁseum skins held
for a period of time. The first point can be resolved”through the use ofv
reflection spectrophotémeﬁry (Dyck 1966) which, when carefully used;'can
produce repeatable résults,,but problems remain since the heterogeneous
structure (and‘often colour) - of, forvex$mple, a Guillemot upperwing can
still produce an embarrasingly high Variaﬁce about a mean value. The semi-
quantitativg approach adopted in this study Was also used by Monaghan et al.
(1983) in comparing shades of pale grey on upperwings of Herring Guils:
five populations from within Britain were demonstrably paler than one from -
northern Norway. One major advantage of gulls and - to a lesser extent -
of Guillemots is that overall colour is not as important as the shade of
darkness, so there is no need for the greater complications necessary when

considering, for example, the "plain grayish olive-green plumage of the



S e PN i

'midback"Aof.Red—eyed.Vireos,(Barlo& & Williamé 1971);

The'Secbnd poinfv(qpange éf colour wifh étoiégé)‘is eépecially relevant
in Guillemots, where so much énérgy has beén expended upon considéring fhe
- importance of minufe differences of colour in order to‘establish:a taxonomic
: point.(ﬁsually at subspecies lévei). Wagstaffe (1949) mentioned “perplexing
and vexatious postQmorﬁemf changes ihbcoloﬁr of ﬁuseum gull specimens, and
thé problem'ofi'foxing' was well known both to taxidermists and taxonomists:
the change from a dark bfown colour of plumage to a reddish brown. Foxing
léeemed to.éccﬁr most quicklyiif the specimen Qere.subjecteé to sunlight,
but this chahge also bccﬁrred in museum specimené keﬁt,in the dark. Many -of
the Guillemot skins.exémined_in'museums had foxed badly, and theybbo;e no
coioui:reSembiance whatsoever to live birds. The concept of carefully comf‘:
’ pafing the back colour of a_freshly‘dead Gﬁiilemét with,.éay, ﬁhé type )
séecimen'of7albioﬁis, in‘order tq éscertain-thé subspegiés, becomes of
highlyydubious value; Particuiarly.impressive Was the.case where early in .
this study, five specimens of albiénis and five of aalge were borrowed from
é.museum for comparison with~freshly—dead Guillemots:‘none of the ten was
remotely similar in colour to the'fresh,speCimens;’ The rate of fo#ing;‘the
individual variation involved, the mechanics of the process: all seém
very poorly researched, so thataj;present there is no hope in appiying any
sort of correction factor to museum skins in order to ascertain their true

original colour.

One further aspéct needs‘consideratiop.  There is clearly a fading of
back célbur in Gﬁillemots with time from the main autumn moult. With birds
exam;ned in summer, there is often a paier edge to the flight feathers, with
darker areas on those sectiéns of the feathers protected from light when
the wing is folded. It would thus seem that, over a period of time, ex-

- posed feathers fade much more quickly ﬁhan those which are usually covered.

This was very obvious in‘moulting fullgrown birds examined in September and
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_October where there was a. very considerable difference between old (pale
brown) and new(slaty-brown) feathers; this difference was alscvévident in_

moulting captive birds (Birkhead & Taylor 1977). .

Since back colour is ciearly_an important parametér_in 'typing’
Guillemots to.thei: origins, there is clearly néed for more research on.
three prime topics: (a) thé'deterﬁination of 'mean:colourﬁ and range for
a:variety of breeding sites; (b) the invention pf;avrelatively inexpensive
portable reflectionvdensitometer'for use in this work,~and (c) the establish-
- ment of ;he rate of change of colour in Guillemot backalumage over the

course of the:year between moults.

Thus the three parameters - wing measurement, proportion of'bfidled‘
,birds in Guillemots, and upperpart‘colour in'Guiilemoté - all have'varibus
problems associated with methodé and comparison of‘méasurements; butiwhen
uéed in combination (and with an awareness of potential problems) they can
provide a hostjvaluable guide for the typing of’Guilleﬁots int§ an area of
natal origin. Thé greater homogeneity amongst Razorbills over a wide area
militates against the vaiue of winglength and back colour, but ét least the
winglength can separate out many birds from the Scandinavian/Russiéh .
populations in comparison with thoée from thé'Iceiand/Faroe/Britain/Ireland/

France complex.
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Fig. lS.‘ Contbured proportions of bridled Guillemots at'breéding:
- colonies in Britain and Ireland, 1981-82 (from raw data
in Birkhead 1984). Dots show the sites whefekcounts.*

were made.

e
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6. SYNTHESIS AND DISCUSSION

6.1 Geographic variation and dispersal

6.1.1 Geographic variation, in_Europe, of Guillemot and Razorbill

The generic name Uria was coined for Guillemot by Brisson in 1760

and the specific name by Pontoppidanvin 17@3 as his Colymbus Aalge. The

two main subspecies, apart from the nominate form, are U.a.albionis

"Witherby 1923 and U.a.hyperborea Salomonsen 1932. dther subspeciés'whiqh

have had periodic currency have been U.intermedia Nilsson 1835,

U.a.spiloptera Salomonsen 1932, and U.a.ibericus Bernis 1949. The geo-
graphical distribution of all the named forms is shown in Fig.16, and

"ﬁhat of the three forms accepted by Vaurie (1965) in Fig.17.

The major criteria used in the separation of these forms are
wiﬁglength and colour.qf the back - albionis being shorter-winged and
paler than aalge, and hyperborea being longer-winged and darker. Other
éritéria mentioned by various authors have been strong underwing -
markings ('spiloptera') and shorter, deeper bill (hyperborea). Storéi
(1952) and Vaurie (19655’describe the geographic variation in Guillemot
as mainly clinal, and it is evident, in the N;W.European sector of the»
world distfibution of this species, that three factors increase with
latitude: (a) winglength; (b) proportion of bridled birds; and (c)
;aturation.of colour of upperparts. This is showﬂ, for three subspecies,

in Table 45.

The name Alca Torda was given to Razorbill by Linnaeus in 1758,

and a British form Alca torda britannica was separated off by Ticehurst
in 1936. The range of this subspecies was extended by Salomonsen t§ in-
clude Faroe in 1942, and Iceland in 1944, Salomonsen also erected the
subspecies A.t.pica in 1944 for northern Norway and Russia, western
Greenland and eastern Canada. However, Vaurie (1965) restricted the

nomenclature to two subspecies, torda and islandica (= britannica
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- above) with the breeding distributions shown'broadly'in Fig.18.

Séparation of torda and islandica is effected on winglength and depth of

bill (Salomonsen 1944 and Vaurie 1965) (Table 46).
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‘Table 45. .Guillemot;‘generAIised differences between tﬁree'subspecies
~ (data from various sources):

; Birkhead (1984), Salomonsen (1944),
Vaurie (1965), VWitherby et al. (1941)."

albionis aalge hyperborea
winglength range ‘ 7 :
in adults (skins) ~190-204 . 195-210 : 204-227
proportions of : B ' '

" bridled birds (%) =~ = 0-5 ' 5-50 -20-60
colour of - : » _
upperparts ; pale grey-brown blackish-brown brownish-black
latitude

(degrees N.) o 39-56 55-70 TR 68-75 .
of breeding ’ ' ' ~
colonies



Table 46.

subspecies

torda

torda

islandica

islandica
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RaZorbill:.separation of the two subspecies on measurement
of adults as museum skins. '

sex .saﬁple
' size
(mm)
& 18
St 29
d 22
d ?

..n\)

* one outlier at 207

~winglength .

range
(mm)
202 - 218
201 - 218
181 - 202
185 - 203+
185 - 200

bill depth

'~ range
(mm)
23 - 26.5
22 - 26
19 - 22.5
21 - 23
20 - 22

authority

Vaurie_1965\

Salémonsen
1944

- Vaurie 1965

Salomonsen
1944

. following

Witherby

1941
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J 6.1.2 Clines, and ﬁha delimiéing of subapeciés-

Morphological variation within a bird species;had been ration—:
alised by the mid—19th\century into'the concepta af subspecies and
trinomial nomenclature.aIn the first half of the 20th century,

Guillemat and Razorbili were split into numerousjsuch forms;_subseqﬁehtly,'
a reaction to this over—zealous splitting. led gq their being lumpea into

a smaller number of subspecies. The validity of subapecies in birds'seems
to have been largely a matter of personal opinioa (and frequentv
acrimonious disséntion), especially when somewhat arbitrary points were
assigned names along what provéd‘to be a continuous gradient in ane or
more_taxonomic cha;acters.'Although the auks tended tobhave disjunct

rather than continuous distributions, they still produced embarrassing
compiications (as when, for example, the Guillemots of Shetland (supposedly
aalge) wera ﬁbuna to resemble those of Faroe (spiloptera) rather than

those of mainland Scotland (aalge)) (sglomonsen 1944) . “

The word 'cline' was coined by Huxley (1938) to déscribe a
gradient in a measurable character, and the theoreticai mathematical
basis for clines was set out by Haldane (1948) . This commonsenae‘
approach came as a mixéd blessing to taxonomists, and something'of a -
confusion to the postwar generation of field (rather than museuﬂ~bird—
watchers who were weaned thfough Witherby's (1941) Handbook on the coa—
cept of clearly separable subspecies. At this time too, Lack (1946) in
discussing the taxonomy of the Robin, felt it "both simpler and mare
accurate to describe subspecies variations in teims of geographical
trends, and to omit altogether the tyranny_of subspecific_aames".‘
Meanwhile, Amadon (1949) was wrestling with a definition of a’aubspecies
as a standard whareby 75% of a population muat'be séparable from all
(99+%) of the membera of'overlapping populatiéns (equivalent to the
statement that 97% of one of two overlapping popuiations‘must be

separable from 97% of the other).
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' Sibiéy}(1954>»indicafed-thatl“ornithologistsvhévebbeen coﬁcernéd
for some time with the problem of the taxonomic: treatment of élines" and
concluded that, since clinal variationvwas‘eSPeciéllf difficult to
express in terms of the trinomial, clines might be-betﬁerbdescfibed than
named; however, trinomiél nomenclature was still valuable, and clines
were an addition tévthé:preéent sYstem; noﬁ a substitute‘or replécement:
Hubbell (1954) made the point thét clines could not be.taxonomic units,
and where two or more non-coincident clines existéd it was inadvisabie tobs
try to separate out subspecies. Nor héa discussion been restricted to the
zoological world: Bocher (1967) was conceined over plant ecotypes‘and
"varieties',vand concluded thét partsiof clines 'éometimes ought to be

described either as Subspecies or as varieties" though conceding that the

exact line between them may often not be possible to define.

Iﬁ the light of these, aﬁdJmany ofﬁef, discussibns in the liferature,
I had long been of. the opinion that the plethora of subspecific names for
minér geographic variates in Guillemots were not justified, especiélly
since many were based on relatively small‘differences.betweeh relati&ely
small samples; for this reaéon, the use of trinomial nomenclature was
minimal in the section of this thesis dealing with the main presentation

of results.

Razorbills and Guillemots show interesting differences in the
pattern of geographical variation; the following section considers this
variation in more detail, and discusses the validity of the currently-

accepted delimitation of subspecies.

Within Europe, breeding Razorbills divide into two supposedly’
discrete forms, though. Salomonsen (1944) did suggest that birds from
Norway and Russia were "on an average slightly larger" than breeders

from the Baltic. Data from the present study suggest a homogeneity of



size:(aS'ﬁanifested'in wing and bill.measarements)vthrough most of the
range of islandica - though'there are as yet no data from live breeders

1h France, Helgoland or Faroe. However, there are. dlstlnct anomalles 1n :
. the Scandxnav1an/Russman populatlons. In the first place, there are

: statistically-significant‘differences betweeo means of winglength and'bill
depth for live Razorbills from N. W. and N.E. Norway, unfortunately, there
are no known measurements for llve blrds from S.W. Norway (Runde in litt. ),
so the possibility of a cline of»increasing winglength up the Norwegian
coast cannot yet be validly postulated. Seoondly,Athe mean.wihg length for
84 aduit Eggéa_RaZorbills killed in an oiling incideht in the ékagetrak>in
January 1981 was 214.5 mm (comparea with 211.6.£or'adults from N.E.Norway
and 207.8’for N.W.Nor&ay); af’least some of these birds may have come from
the ﬁhiﬁe Sea since birds ringed in that region had been recovered in some
numbers in the Skagerrak (Bianki ‘1967) . However, thevmean wioglength of
live breeding birds from the White Sea coionies is aépareotly not known.
If there is a cline of increasing size between southern:Norway/Sweden and
northern Norway/Murmansk, this would provide the interesting sceae of one
subspecies‘homogeneous throoghout its range, and an adjaoent'subspecies
clinal with increasingrwinglength from S.W. fo N.E.. However, confirmation

of this possibility awaits further fieldwork.

Razorbills therefore demonstrate categofical var;atioa - distioct
differences.between*adjacent subspecies. This makes‘thevnomeoclature in
‘N.W. Europe fairly straightforward (islandica in France, Britain, Ireland,:
Faroe and Iceland, and torda in Norway, Sweden and Russia) and -
allowing for some overlap - makes diVieion‘into two major regions of

origin a valid possibility on the basis of wing and bill measurements.

Clinal variation in Guillemots produces a more complex taxonomic
situation, especially since data are few or lacking for many critical

points along the clines. At the present stage of knowledge (and following
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A Vaurle 1965); names are given to the two ertremes of the clines of

“back colour and w1nglength the pale,bshort-w1nged alblonls 1n the south :
and the dark, long-w1nged therborea in the north the remalnder, com- |
prising the middle sections of these cllnes, are lumped into the_nominate
"form aalgg_despite-minor local variations. It is usnallw assumedvthat“"
steps in a cline are associated with eone'fairly rapid environmental change
unless there is some evidence for secondary intergradation (the coming to-
gether of two forms after a perlod of separation) (Endler 1977), and in
Europe there is evidence for such steps in the north of Scotland w1th a
rapld increase in the proportlon of brldled blrds, and on the English/
Scottlsh border, where there is a rapid change from. pale to dark in the.
colour of the uppérpag%gf*) eegté%%neeggg%)the cllne in w1nglength
apparently slows north of'Shetland -and it may be that the zone between
South Wales and Shetland is a: long steep step between two less steep

sectlons, however, for this character there is nothing like the short

steep zones illustrated by back colour and bridling proportion. The

separation zone between aalgevand albionis is regarded as southern
‘Scotland'(Vaurie 1965) or as ﬁorthumberland/Berwickshire on the east side
of Britain and Clyde/Islay in the west (Witherby 1926 and 1941). Witherby
(1941) carefullf separated the Farnes and Ailsa Craig (albionie) from |
St. Abhs and Islay (aalge) - the‘pairs on east and west being less than
75 km‘apart; However,‘there does not seem to have been a critical in-
spection of birds‘from these four sites since the concept of clines
gained acceptance and, until this is done, it seems pointless to debate

the issue further. The line between hyperborea and aalge was defined by

Salomonsen (1944) as Lofoten (aalge) / Tromsg (hyperborea), with a gap of
about 100 km between them;.this judgement was accepted by Vaurie (1965),
but Pethon (1967) concluded that the birds of northern Norway were aalge
and that hyperborea did not breed at all in Norway. Pethon went to the nub
of the problem in sqggesting that the subspecies concept might be replaced

by designating the clinally-variable Guillemots of Europe as Uria aalge



- 123_

cl. ‘ibericus/hyperborea (Pont.), especially sinceihone of the described

subspecies could validly be acceptéd if the 75% rule were applied.
Since this time the debate has lapsed, though Guillemot subspecies are

often referred to in the modern literaﬁure, and in trying'to answer the

question of whether these subspecies are valid, one is reminded of

Einstein's comment in Scientific American of April 1950: "the answer is-- -

'ves' or 'no' depending on the interpretation”.

The evolution of these forms within Europe makes a fascinating field
for conjecture. It has been bravely tackled by de Wijs (1978), but is

considered beydnd the scope of this,present thesis.

Despite the besf'efforts;of the 'numericai téxonomiétsf, claésification

v'vremains,‘in ﬁany areas, a somewhat subjeqtive field. In the present cése,1

I consider thatrit would not be justified to make categoricél pronounce-

ments‘onvGuillemot subspécies ahd on the precise range of each, becausé::

(é)’ the variation is clinal throughout the European range;

(b) relétively little is known about mofphometric differenqesibetween1,
geoéréphically-close colonies;

(c) there are few seﬁs of means and ranges of measurements for adeqﬁate
samples at varidﬁs points along the clines..

Therefore, for practical purposes; it.may be‘best'to'ignore subspecies,

and to describe groups of birds (measured'to agreed standards by agreed

methods) according to,mean’winglength, proportions of bridled birds, and

‘colour of upperparts; a possible format is shown in Table 47.
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Table 47. vPossibiiity\ofva 'clinal index' as a measure tdbreplace
subspecies nomenclature in European Guillemots.

cline: ' " ‘mean adult $ bridled = = mean adult
. , : winglength . , ’ back colour
. approx. range , S o .
in Europe: © o 27195-215 .o 0-=60 ' pale brown - black
' : (PHJ scale 2-9) *

~ index

9 > 214 51-60 9
8 212-214 41 - 50 '8
7 209-211 . 31 - 40 7
6 206-208 | 21 - 30 6
5 203-205 11 - 20 5
4 200-202 6 - 10 4
3 - 197-199 1.1 - 5 3
2 194-196 ©0.1-1.0 2
. g e )

< 194 | o -

_* eventually to be replaced by % reflectance of white light

- elinal index examples:

breeders from South Wales: wing 198 (index 3 ) , bridling 0.5% (index 2),
back colourv3 (index 3). Full index: 323

Shetland: : wing 207 (index 6), bridling 25% (index 6),
back colour 7 (index 7). Full index: 667

N. Norway: wing 210 (index 7), bridling 26% (index 6),
back colour 9 (index 9). Full index: 769
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6.1.3 ﬁispeféal‘outéidé the bféeding séésén. >:a

The taxonomy of birds,ié‘usually based on desdriptioné of
breeding birds in theif’habifual breeding area. fhese”éfeas weré
discussed in the previqus section; and mapped there’asrnon-overlapping
b(evén though'ocaniqnally COntiguoﬁsf distributions. Outside the breeding
season, the position bécomeé more compliéatéa‘by fhe'dispersal>6f birds ‘

away from their natal and/or breeding areas.

After the breéding season, full-grown Guillemots and Razorbills
move>awaY frém theirvcolonies to moult at sea, and at the same time the
juveniles of that year develop their flight feathers and éresumably be-
comé’indepéndent of their parents or'guardians. From October (in some
British cases):onwards, birds visit the breeding colonies, usually for
pefiods of 2-3 days with longer intervais between visits, but their
 location at this time of year ié very poorly understood aﬁd En mény cases

not known.

Resuits frdm ring;ng.many thousands of auks in W.Europe during
this century have permitted éhalysis into patterns ofvdispersal,.
'moftality and winter distributidn. Movements and mortality of Eritish
ﬁazorbills were descfibed by Lloyd (1974) and Nérth'(1980) and of’British_
Gdillemots by Birkhead (1974) but the major mapping'of recoveries from o
ringing in»Britain‘and Ireland was by Meadr(19745.jThe natural extension

of this work onto a European basis is being tackled by Baillie (1982).

Generalised dispersal patterns are shown for European Guiliemots
in Fig. 19, and for some British and Irish Guillemots in Fig. 20 and
Razorbills in Fig{ 21..The main point is to demonstrate thaf,.outside the
breeding season, an auk incident of high mortality may involve birds.
from a wide variety of natal origins: for example, in the Skagerrak,

Guillemots could have emanated from Norway, Helgoland, England, Scotland,
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Farbe, and pdssibly Sweden and Denmark, whilst thevEnglish Channel could
- hold Guillemots from Iieland, Wales, England,'France, Helgoland, Scotland

and possibly Norway.

The generalisea'pictures cannot demonstrate‘one major complication -
which has élready beeﬁ‘pro§ed to occﬁr:vdifferent agevcohorts can haveA 
different disperéal,and_wintering patterns. This factor underiines thé
importance, at any mortality incident, of'establishing the age as-well as
the origins of.the'birdé involved;‘In winté£‘eséééiaily,ithere is need
for careful analysisuahd iﬁﬁerpretation of the amassed data since auks
.are very likely, at that season, to comprise a heterogeneous collection

of both sexes, all ages, and a possibly widé’diVersity of natal origins.
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Fig. 19.'AGuillemots;,indications of movemeht‘toward$ 

mid-winter recovery zones for birds ringed in nine

selectedbareaé (from déscripﬁive data in Baillie 1982{.,i‘_ 1'

oo
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Fig. 20. Guillemots: indications of movement towards.
mainbrécovery zones fof birds ringed in the two hatched

. areas (from.maps in Mead 1974).
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Fig. 21. Razorbills: indications of”mbéeméht'tdwards I

,”main recovery zones for birds ringed in the two hatched -

areas (from:mapsvin Mead 1974) .
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6.2  Examination of beached auks

‘672;1 Past activities

‘Several effort; have been made to e#tract info%maﬁioh_from.dead
auks on beaches. Usually this process consists of an assessment of the
numbers of birds per unit lehgth_of beach, thé total numbers of birds in-
volved the degree of oiling’(oflbirds aﬁdbof beach), and the proportions
of species. Results from British work of this nature héve been céllated

and analysed by Stowe,(1982); SO this'present section will be concerned

with examinations which extended beyond the parameters outlined above.

As early as 1920—22,'Verwey_(1922) examiﬁea about 700 Guillemots
and ‘130 Razorbills "furnished by the destructions of seabirds oﬁ our
[Dﬁtch] coast by stormy weather'and oil 6n the Water", and established
the patterné-of moult iﬁ the two species. In 1948 an attempt was ﬁadé by
Voous (1948) to determine, from skins of such auk casualties, the sub-
specific rank of Guillemots appearing on the Dutch shore. From the mid—:
1960s onwards, various papers appeared, dealing with a variety of topics:
toxic chemical.analysis was particularly prominent in the seventies,. but
élso the origins of affected birds were regularly suggested - often from
interpretations which, though made with confidehce, lécked_due regard .

for: the complexities of the topic.

Table 48 has been prepared from known resuits of auk.corpse
examination. However, it may not be comprehensive becéuse there are
likely to be a number of papers, particularly in regional jourhals,
which have not yet been found. Nevertheless it does indicate the strong
interest in the topic, the range of examination carried out, and the

numerous locations involved.

Apparently there has neither been a synthesis of existing in-
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fofmation, hof arunified apprgach té‘collecting*défa‘dthet than numbers
of individual birds. This was probably due both ﬁo_the iéck of any
. standardised system of‘ﬁata—éollecting, and té the:féct that, at‘the
majority of incidents, all'available interested peopie were involved
either. in chedking thg.beaches ofkin caringvfdr the live bird victims.
The few professional ornithologists were usually so involved with logistics<af
pollution control, site and specieé proteétiéh, and ﬁortaliti'moﬁiﬁdring;’
thatkthey were“usually‘unable to contribute.more than moral support .to 53‘
the examinatién of éuk corpses. . Amongst cher things, there was Clearly a
need for a standard data-collection methodolégy, so a 'Manual of
suggested procedure' in 'the examination of birds killedvin oilsﬁills”and
éther inéidehts‘ was duly prepared through the collaboration of British
and ﬁorwegian workers (Appendix I).’This sbived one éf‘the maih_problems}
andvthe dﬁcument was‘welcomed, and used, by a‘variety of intéres;ed,and

involved parties in Britain and Europe.
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Table  48.

Published examinations of auks involved MS.EOHﬂmeﬁw incidents.

examination for:

.wcvwwomn%os, authority species cause of location

date Guill. - Raz. age  weight sex ~ origin toxics death

. womm. Verwey + + + + Netherlands
1948 <oo¢w -+ -+ Netherlands
wwmm« Mather + + Yorkshire
,meq% Bourne + + + + + S.W.Britain
_Hmmu Parrack + + +- k N.E.England
1968 Beer + w. + + + Cornwall
AHWWm. Bourne + + + Scotland
1969 Bourne. + + U.K.

Hwoqo,, mmwaomdm T+ + + + + + Irish Sea
1970 qosmw + + +A + N.Wales
1971 Jones + ) + Merioneth
1972 Bailey + o+ + + + Alaska
qum, Smail + + + + + + California

ceid e
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.wcvwwnmﬁHODA authority _wmmowmm,‘. 1 examination for: o cause of location
nwww. : . Guill. Raz. mow weight .mmx origin .ﬁoxwomk death
.quw. ommnmummb _ + e B | + , ‘ "Iceland
,. 1973 | Brown s+ | o+ | - | | | o+ B. Canada
1974 uHowm,+ M + o _ v ]+ + Irish Sea/Clyde
1975 - Scott + + ) + + . , e + . Oregon
1977 .| Lambert +  D - . + : Germany
._,quw. v zrwwmm,\ 1 + ..+ | + | + .:. : + Ireland-
| wwma Anker- i + _ + | + - + + B A Skagerrak
Nilssen+ , A . o
mew ._NcnormWﬁ+ . + o+ | + m. | . , , | Germany
1982 Wﬁosm ..+ . : o ¥ i WOHWmSHHm
1982 .uosmm + : + + + . + + “ Brittany
1983 Jones + + X . : + + + + : S.W.England
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.6.2,2 ‘Present methodology -

ThélMénuél (Appéndix I) Has béen used ‘at most récent inciaents
where morphometric data have been collected. In iﬁé use.at‘several such
incidents, only a few éinor modifiéations have been.ﬁougd neéeésary, but
- additions will need to-be made as knowledge improves. For example,
sectiéns aré needed on the sup:é-o;bitél‘ridge, on ageing Guillemots by
wing—covért coioqré, aﬁd perhaps ageing onvcoﬁQOlutions at the distai
end of the oviduct; At the present‘stétevof lack of manpowe;vand'resouréeé,
the principles will need to reﬁain aS~earlie£:'thé‘collection of the most
valuable bits of information in the least éossible time. The'preseﬁt |
system, using a team of'three,experienced workers (one on external = -
examination, one on interﬁal, one Writing) can cope with abou£v15-20

auk -corpses per hour - four minutes or less per bird.

If the birds are not too badly~de¢omposed, sexing.is reaSonably_
straigﬁtforWard exceptfin first—winter‘RaZOrpiils where tﬁe gonads caﬁ be »
-difficult to find, and harder to identify. Ageingvin Razorbills ié also
easy (if bill grodvés are accepted asrclassifying criteria), but one of -
the greatest needs is for the identification of first-winter Guillemots -
supra-orbital grooves appear to be the best character for advancement
here, and maybe the‘wing—co&ert criteria can be confirmed.»Large bursa -
and thin bills are good indicators, but at this stage.it is usually im-
possible to separate fits;—winter Guillemoﬁsifrom older immatures.

Weight and fat content are usually linked, and it is an éasy job to ,
remove and iabel‘each stomach for stqrage and subsequent examination.
Analysis of the data has evolved into a format for each species, ‘as

indicated in Table 49.

From nature conservation agencies needing information, the main
requests are for the age and sex composition of the kill (once the pro-

portion of species has been established); these are easy to present in
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the form of a table,: the ohly»éaveat being from tﬁe,competence of the
corpée—examiner in sexing the birds and from the criteria uséd in.ageing.
The other main reéueét\is for thé origin of the birds involved; this is
fery much dependent on a knoWledge'of the type Qf iﬁformation presented
eérlier in this thegié; bﬁt'essentially'the interpretation (forAGuillemots)
_is based on meanjwihglengths fo;fadults‘and for immatures;_propoftionyof 
bridled birds; and back colour. The presence. of tinged birds can ofteﬁ
' help,'but it can also’assume.ap unwarranted‘impbftahce: for example, at
an oilspill off the Forth estuary in Aprilvi979, a sample of 23 Guillemots'b
contained one bird ringed in Faroe; examination showed this indiVidual'tov
. be darker-backed than the other Guillemots which were adjudged - on wing-
 leﬁgth, 5%.bridling; and paler backs - to be ofylocal stock. Hencé ﬁhe
ringéd bird was completely unrepxesentativelpf the majority of birds in-
Volved-in that incident. Obviously, ét oﬁher times, ringed birds can be a
mést valuablé indiéation of the‘o;igin of the sample, but there is still -
- need for careful evaluation and ihterpretation of gli_the data before a

considered opinion can be put forward."

I consider that the present situation in_this field is a great
improvement over that which obtaiﬁed five years'ago,'but there is also
‘much scope for continued survéy and research>if’the present méthodolbgy
is to improve and if it is to beéome‘standard pfocedure at any bird

mortality incident.
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Table 49. Presentation format for analysed results from auks
' examined by use of the Manual in Appendix I.

Guillemot
1. Sample size.

2. Age and sex composition;’e.g.

age , male o female totals - (%) -
" adult (no bursa) ° 27 a7 (43)
immature (with bursa) 66 . ‘30 : .96 (57)

3. . Plumage (summer, lntermedlate, winter) by age, and plumage by sex
for adults; proportion bridled, by age.

4. ‘Olllng pr0portlons in the ‘different categorles of oiling:
no oil, 10% of plumage oil-covered, 20% ... etc. '

5. . Winglength: sample size, mean, standard deviation, range - separated
for adult and immature, and for sex if the sample is large.

6. Culmen length (as in 5_abcve).

7. Bill'depth‘at‘gonysf(as in.S aboye)c
8. Headlength (as in 5 abote). |

9; Weight (as in 5 above).

10. Fat content: numbers of birds, or percentage, in each fat category,.
lelded by age.

11. Gonads: numbers of birds, or percentage, in: each 1 mmvcategory for
testis width in males, and for females in categories (for diameter
of largest folllcle) of < 0. 5 mm 0.5, 1, 2, etc.

12,  Bursa: bursal index by testis width or follicle diameter.

Razorbill : essentially similar, but age is divided into three categories on
bill morphology: 1lst winter (0+0 bill), immature (W+0 and W+1),
and adult (W+2 and W+3).

Where samples size allows, t-tests are made to compare parameters between
age cohorts or between sexes, and X2 tests are made to compare the deviations
of, e.g., sex ratios from 50:50.

Subsequent examination can give an upperpart colour index from the dried
wings, and food spectrum from stomach contents.
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6.2.3 Future needs in survey and research

- In this,stﬁdy, one éf_thejbasic'aims‘— that‘of_estaﬁlishing the sex
of beaéhed Guillemots and Rééorbills F:wasvrélafively easy to attain. Fdf
the-factors‘of age and origin, the,baéicﬁstandaras;were initially.rather'
dubious, whilst theAinterpretation of the data Qéie beset bj uncerﬁéiﬁties
in a variet& of éllied{fields. Many of these problems could bé feéolved 
through (i) identification of Aata needs; (ii) coiléctién of the relevant
data, aﬁd (iii)‘application of extensive khowledge énd experience in theii
analysis, interpretation and preséntatioh; Thé'eventual docﬁment wogld_be
a cbmpletion of the wofk whiqh has beén stafted in this'thesis, and it
wbﬁldbcompriée an imébrtént advance ‘in the'studyfofbage,‘séxband origin in

European Guillemots and Razorbills.

Table 50 indicates, in four categories, the data requirement and the
-‘hecessary analysis. Apart from the first-priority crucial point'of
collection of ringed birds, the items are not ranked in any particular

order. -
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Table 50. Needs in furthering knowledge on aspects of age, sex and orlgln'

Aa.
ab.
Ac.
Ad.

Ae.

Af.

Ag.

Ai.

Aj.

al.

Ba..

Ca.
Cb.
Cc.
Cd.

Ce.

in European- Guillemots: and Razorbills.

DATA COLLECTION

ringed birds: systems for dollection,.storage, curation. -

data on age in relation to skull pneumatlsatlon and layered

structure of bones.

weights for fit birds away from the colonies and'throughout the year.
measurements of Russian birds from Russian museums;
blood protein analyses. for separation of populations.

colour photographs and measurements of normal (and of stressed or
dlseased) 1nternal organs.

information on bridling in winter-plumaged Guillemots. . -

vcomplete 1nspectlon - (pHJ system) of more birds in summer’and
- early autumn. : - -

data on supra-orbital ridge, headlength, and oviduct convolutions.
data on wing coverts and winter head pattern in relation to age.

measurements (and colour) for breeding Guillemots at colonies
throughout the range of the species. :

measurements for breeding Razorbills at colonies in Norway, Sweden
and Russia. S

* INVENTION

cheap,kreliable, portable reflectemeter for Guillemot back colour;
mains-powered for laboratory use, battery-powered for field use.

COLLATION AND ANALYSIS

bursa regression with age in Guillemot.

separation of ages and sexes by multivariate anaiyses.

changes, through the year, in colour of upperparts.

changes, through the year, in weight and fat in different age groups.

development of wing and bill with age in Guillemot.



Cf.
Cg.

Ch.

Ci.

Da.

Db.

Dc.

pd.
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(Table 50 continued)v 

gonadal development through the season, and through the pre—r

breeding years.
confirmation of Razorbill age/bill groove relationship.

identification of first-winter Guillemots. .

‘colour comparisons for fresh Guillemot wings.

INTERPRhTATION AND PRESENTATION

examlnatlon of freshly—dead birds in the llght of results
known—age rlnged birds.

rev1ew of agelng and sex1ng crlterla for both species.

review. of taxonomy of European Gulllemots and Razorbills.

conservatlon-orlented review of the show SO far.

from
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7.  GENERAL CONCLUSIONS

The project origihated ae an exercise to find a.meehe-of proviaihg '
information of value»ie essessing the conservation implications of oil-
spills and other mortality incidents; in particular,.to establish the |
genders, ages, and netal~origins of Guillemets and Razorbills involved;e
This'assumed, as ‘a major premise, that there were standerd and valid :»;ﬁ~
criteria by whichvsex, age and originvcould be determined, but it quickly
became clear that this was neither trﬁe nor straiéht—forward. Coﬁsequently,
- this study concentrated on attempting*to find ﬁeans by’which the age and
oiigin could be validly and reliably determined.

Several reports on mortality incidents have been prepared
(Aépendik,II), but since it ie considered that the age and’origin criteria'
have still not been'comprehensively cenfirmed, it ie therefore ﬁerhaps
premature to preseht collated results from all the aukfincidents in- |

vestigatedbto date.

After assessment of methods for determining age, sex and origin'in,
Guillemot and‘Razorbill; a complex web of interconnected factors emerged,
and the linkages are shown in Fig.22. The general cenclusions from the’
assessment are eet out below,»ﬁnderlined-(the conclusione apply to both

species, except where only one is mentioned).

7.1  Age

7.1.1 Bill grooves in Razorbill have long been considered as indicators

of age. It has been shown in this study that the winglength and bill depth
parameters increase considerably with age (as indicated by bill grooves),
and that birds caught in colonies as breeders always show at least one

black groove (and usually two) in front of the white groove.
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Bill'groovés in Razorbills are linked with measurement differences,

birds with most grooves having the largest measurements.

7.1.2 The cloacal bursa, part of a bird's lymphaﬁic sfstem and involved
in the production of éntibodieé,:has been shown to decrease in size with .
increasing age of Razorbills (as shown by bill grooves). The presenée of

a bﬁréa (iﬁ Guillémoté,aé QéilLa§;Razorbi1ls)lis.usuallyilinkgdjwiih'

_ smaller measurements of Winglength,:bill depth and gonad dimensibns, whilst

the absence of a bursa is usually a’featu:e of birds with larger

morphological measurements. —

The bursa is linked with age (from bill-grooves) in Razorbills, and the.

presence/absence of this organ is linked with measurement differences

both’ in Guillemots and in Razorbills.

7.1.3 "The:supra-ofbital ridge,_a protﬁuding ridge;above the eye—socket;
preéuﬁably develqps with increasing cranial ossification. Teéts 6n flat
study skins aﬁdvunfrozen coféses of Razorbills indidated that the riage
ﬁasyﬁery obvious on.adult Razorbills (aged by bill grooves) and absent

or only.very slightly developed in first-winter birds.

The supra-orbital ridge is linked with age (from bill grooves) in

Razorbills and the absence of this ridge is probably an iﬁdication of a

first-winter bird.

7'1f4 " Gonad size, aé indicatéd’by testis w;dth in ﬁales and diaméter
of the largest ovarian follicle in feméles, was larger -vfor one~$ub—
stantial Razorbill sample - in adulté than in immatures (aged by bill
grooves). In Guillemots (aged on cloacal bursa) the same conclusions
obtained, and in‘addition it was found fhat in a series of samples taken
throughout the year, the gonads of adults increased gradually throughout
the period from autumn to spring/summer whereas those of immatures did

not show such changes.



Gonads, of both species, arebbigger in adults than in immatures;

~gonads develop through the yeér in adult Guillemots but not in immatures.
7.1.5 One of thg majO{ difficulties in the study.ﬁésithe paucity>0f
known-age specimens égainst thch the conclusions férlaééing criteriab' 
" could be tested. Additiénailyithe differences betwgén;putativévaggs;
whilst often signifitant as mean values of largevsamples,vwere not‘always ‘
adeqqgte in ageing ihdividuéls. Until good sampies of ringed tknown—age)
_auks have beén collectéd from mortality incidents, and examined in the |
ways .detailed :kin thiskstuay, the rahgéfof varié£ion befweenvsame—agei

individuals and within a sample of one age cohort cannot be ascertained.

Overall, most ageing factors were mutually supportive, though not yet ’

firmly linked to known-age birds; various parameters were significantly

different between ages in a big sample, but not adequate for ageing of

individuals.

- 7.2 Sex
7.2.1 Sex determination was usually straightforward, from gonadal in-
spection, though first-winter birds (particularly Razorbills) sometimes

had very small gonads which were difficult to see or which degenerated

quickly in the early stages of corpse decomposition.

Sex determination, from gonadal inspection of fresh corpses, was usually -

straightforward.

7.2.2  Sex ratios were determined for samples in mortality incidents:
from a variety of incidents in Britain (and one in the Skagerrak),
Razorbills showed usually equal numbers of males and females in all age
cohorts, whereas Guillemots usually showed equality of sexes in adults

but some distinct sex ratio biases among immatures in winter.
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Sex ratios were mainly equal in Razorbills of all ages and in adult

Guillemots, though with biases among,immature Guillemots in winter.

AN

A7.2.3 Differences in mean values for morphologlcal measurements were

f: shown when comparlng males and females of the same age cohort. In adult

Guillemots from the same region, and adult Razorbills from the same sub-
species, females usually (though not invariably) showed longer mean
winglengths‘than males,'whilst males shewed longer and deeper bills than
: females; ﬁesults for immatures were not so clear-cut, though'similar

tendencies were evident - more so in the Guillemqt than in the Razorbill.

Especially in adults, males were shorter-winged but bigger-billed than

females.

7.2.4. Birds’sexed by gonadal inspection were measured: winglength;
-headlength, culmen length and bill depth Whilst in a large sample there
was often a significant difference between mean values for the two sexes,
there was invariably a large overlap zone which included a high proportion
“of both sexes. Individuals therefore could not safely be sexed by use of -

those measurements.

Sexing of individual birds by external measurement was precluded by large

overlap between the sexes.

7.3 Origins
7.3.1  'Within-species' size variation in European Guillemots is quite

complex but is less marked in Razorbills. Measurements.of Guillemots in
breeding colonies showed that the cline of increasing size (exemplified
by wing-length) extended northwards through Europe, being steepest
within the Britisn Isles. Razorbill winglengths were slmilar throughout
the British Isles to Iceland, with larger birds from Notway to Russia.
It became obvious that 'fiela taxonomy' in Europe needs much more work

in data-collection.
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Mean wingleﬁgth of Guillemot increased clinally through Europe, being

. steepest within the British Isles, whereas in Razorbill, winglength was

similar from the Britiéh-Isles to Iceland, and larger in Norway/Russia.

5.3.2 Post-mortem shrinkage‘of auk skins can be considerable, with
1 mést change occu¥rin§ in tﬁé first'two'months after skinning} there can
be wide individual vafiation‘in‘the degree of shrinkage, but in thev‘
Razorbills and Guillemots sampled, there was a_i% reduction in measured

winglength and S%Vin bill depth compared with freshly-dead spécimens. The

e cline in Guillemot winglength was equally apparent from museumbspecimens,'

~but with slightly réduced mean measurements fof»each’latitude.:

Post-mortem shrinkage of auk skins resulted in 1% reduction in

measurements of winglength and 5% in bill depth.

7.3.3 Razorbills in mortality incidents may be 'typed' morphometrically -

to only two main areaé of origin relating directly to the subspecies

rangé: the smaller islandica with similar measurements throughout the area

‘British Isles to Iceland, and the largef torda of Norway, Sweden and

Russia. The latter may perhaps clinally increase in size northwards

through its breeding range, though this is not yet confirmed. Guillemots .

may be 'typed' to finer areas of'origin, using three criteria which all

increase clinally to the north: winglength, proportion of bridled- birds,

and colour saturation of upperparts.‘In the present context at least, the

- subspecies concept in the Guillemdt could perhaps be bettef replaced by a

clinal index incorporating these three parameters.

Origins of Razorbills could only be fixed morphometrically from size

(winglength and bill depth) related to the two subspecies, whereas

Guillemots could be fixed more closely using the three clinal parameters

of winglength, bridling proportion and upperpart colour.

7.4 Overall

'In considering the age, sex and origins of Guillemots and

TIMUR R 2 P | e 74 e s
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1'Razorbills involvea in mortaiity incidents; it is‘evident that the.
complex reiationships betﬁeen thevinteracting faetors need clarification.
However, several of thé present problems are soluble given the collection,
\storage'and examination of known-age (ringed) birds. Fieldwork (some of
it reported here) has demonstrated thatvconsidereble progress has been
made; and it is believed that a continuation of this study would lead to
further refinement of,information of significant conservation and

~bioiogical importanceQ‘

- 'Age determination was'hampered by empirical difficulties, mainly
the'paucity‘of‘specimens of known-age birds for certain idehtification
and ponfirmaﬁicn of ageing criteria. However; cloacal bursa, supra-
orbital ridge;‘gonad size,'and selected morphological measurements, were -
mutually supportire of putetive age determinations, including those

based more firmly on bill greoves in Razorbills.

Sex determination, from gonadal inspection of fresh corpses, was
usually straightforward, but for neither species could the sex of an in- -

dividual bird be determined by external measurement.

Origiﬁs of Razorbills could be tied, for ﬁost individuals, to
the zones occupied by one er ether of the two subspecies.’Guillemots; in
a sizeable sample, could be'tied'to‘finer areas of originiby pinpoihting
their position on fhe clines of‘winglength, bridliﬁg proportions and

upperpart colour.

It is believed that this investigation has advanced knowledge on

the subject in producing useful, though sometimes tentative, conclusions.
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Fig. 22, Interaction of factors involved in the examination of

Guillemots and Razorbills.;

T
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1.  INTRODUCTION

There have been many incidents in the past few decades where
0il pollution has caused the deaths of large numbers of seabirds
and seaducks, and occasionally of divers and grebes. Other incidents
have caused exteﬁsive mortality, such as dinoflagellate poisoning,
and in sum, many tens of thbusénds of bird corpses have been found

on the shores of N.W. Europe and other parts of the world.

These incidents are of sufficient concern fpr the numbers and
species of affected birds to be recorded, but until recently there
has been little effort made to retrieve more information from these
samples. It is felt that much more use could be made of the available
material, or at least from samples of it. This manual suggests a
procedure which has been evolved at various oilspills since 1977,
with a view to collecting information towards answering questiohs of

conserﬁation importance and biological value. For each incident:
(i) What are the proportions of ages and sexes in each species?
(ii) What is‘the geographical origin of the birds involved?
(iii) Are there other details which can be of value, e.g. the
physiological state (as indicated by weight, fat levels

and gonad size); the food (as indicated by stomach

contents); the state of moult?



This manual has evolved mainly for work on Guillemots Uria

aalge and Razorbills Alca torda in N.W. Europe, with less

experience on Puffins Fratercula arctica, Little Auks Alle alle

and Black Guillemots Cepphus grylle, but it could probably be

adapted for use with a wide variety of species world-wide, with

special categories added to cater for local requirements.

We are grateful to the following for their helpful comments
on early drafts of this manual: Rob Barrett, Bill Bourne,
Tim Dixon, Derek Langslow, Peter Morgan, Nils Rdy, Tim Stowe,

Mark Tasker, Trina Tyson and Tony Williams.



2.  EXAMINATION PROCEDURE - INITIAL COMMENTS

In most incidents it is likely that corpses will be collected
on the beaches in plastic sacks before transportation to the
examination centre. Thought should be given to the location of
this centre, preferably with adequate outside space for car parking
and for the initial storage and sorting of carcasses; it should
have a hot and cold water supply and preferably a telephone, together

with ample table-~ and bench-space.

If corpses are to be cleaned and made into museum skins, this
calls for refrigerated space, cleaning materials, etc. and the
specialised work involved in one incident in Wales has been described
by MORGAN, P.J. (1980): "The collection, storage, cleaning and
research of oiled auk corpses' The National Museum of Wales, Cardiff.
However, this present manual deals onlyiwith the examination of
corpses which will subsequently be destroyed, though if numbers of
'corpses are large, it would be valuable to have excess corpses'stored
in deep-freeze facilities ﬁntil required. The size of an 'adequate'
sample cannot easily be gauged since, by the time the birds have been
divided into categories of age, sex, origin, etc., there need to be
at least 30 in each catego;y for ready statistical comparison. Field
experience has shown that a total sample of about 300 birds per
species can often satisfy the statistical requirements without

causing too many problems in, initially, the collection of the data,



and subsequently, the computation of results. The optimum solution

is to examine as many birds as possible.

In corpse examination, a working team should comprise not more
than three persons - one to make external measurements, one to make
internal examination and measurements, and one to record the data.
The writing work is most important, and the team should be allowed
to work without the constant movément and chatter of people not
connected with the examination process. If there are sufficient
competent persons, two or more teams could be set up to work on
different species, or else time could be made duriﬁg the first day
or two to instruct people in the system. It is vital that each
worker knows exactly what and how to measure; all measurements mﬁst

be standardised between individuals.

Hygiene is important, and the examiners should wear rubber
gloves and should be aware of the dangers from cuts caused by, for
example, jagged ends of a bird's ribcage, or from aspergillosis in
a bird's lungs. Medical advice must be sought rapidly if, after
such dissections, a worker develops an infected cut or high tempera-

ture.

Data are best collected on sheets prepared as shown in Appendix
II. In anoilspill incident, samples coming from different localities
are usually kept in separate sacks, and locality details should be

noted for each sample of birds. It is vital that each bird be given



a number just prior to examination, and that this number be used on
any specimens to be stored subsequently, e.g. wings, stomachs, or
other organs for chemical testing. Each record sheet should be
headed with species, the locality of the incident, and preferably
the date of finding, and the examiners' initials. The cequence
and abbreviations in the next two sections are those shown on the

record sheets in Appendix II.



3. EXTERNAL EXAMINATION

3.1 No.

302 BI‘/B.g.

(= specimen number). This is the important unique

number which must be given to each bird, and which
must be used on labels for»all specimens from that
individual, e.g. wing or stomach. The system of
consecutive numbering can be devised by the operating
team, but at each incident the risk of confusion is
lessened if the digits are preceded by a letter
corresponding to the species name: G = Gﬁillemot,

R = Razorbill, P = Puffin, etc. A code is also needed

to identify each incident.

(= bridled ? /bill grooves). Guillemots are checked

fqr the presence or absence of a bridle (white eye-ring
and stripe) and noted "yes" or '"mo". This feature

may be difficult to see in birds in full winter plumage,
and it is wiser to put "?'" if the head plumage is too

soiled for accurate assessment.

For Razorbills, the numbers of bill grooves are noted
using the formula aW + b, where a = number of white (w)
grooves, and b = number of black grooves (Fig. 1).

Thus 2W + 3 means 2 white and '3 black grooves.
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3.3 % oil (= % of body area covered by 0il). Only those areas

completely covered by oil are considered, not areas
which are only smudged. The bird is laid on the
table with its wings extended, first on its back
and then on its belly. The percentage area oiled is
rounded off to the nearest 10%; dorsal and central
sides are each considered as 50%, with the body 3%0%

and each wing being scored 10%.

Fig. 2 Extent of Oiling. When estimating the percentage of the
corpse covered by oil, the dorsal side and the ventral
side are regarded as 50% each, one wing-side as 10%.
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Summer and winter plumages of Guillemot and Razorbill

3

Fig.
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B4 wt.

3.5 Plu.

11

(= weight). If any parts of the body have been

eaten by predators or are missing, e.g. head,
wing, intestines, the bird should not be weighed,
but birds with oil on the plumage should still
be weighed.' Weight is measured to the nearest

10 gm.

(= plumage). Winter head plumage is noted as "W",
summer plumage as "S". Transitions between the
two are nofed with the dominant plumage first,
e.g. "W/S" = winter plumage with traces of summer
plumage. N.B. A bird in full summer plumage can
have, amongst the brown or black feathers, some
white ones which are not necessarily remnants of

the winter plumage.
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Having

winglength - maximum flattened chord).

(

3.6 Wing

checked that the longest primary feather is intact,

the wing is held close in to the body and the

ts

join

-

The

ruler inserted between wing and body.

in the alula region are straightened by pushing

the leading edge of the wing so that it lies along

Wing length is

the edge of the ruler (Fig. 4).
'measured to the nearest 1 mm.
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3.7 Culm.

2.8 Head + B.

3.9 Gonys

13

(= culmen = bill length). Measured, using vernier

calipers, from the proximal edge of fhe horny sheath
of the upper mandible (Fig. 5); this is often con-
cealed by feathers. Culmen length is measured to

the nearest 1 mm. but to the nearest 0.1 mm in Little

Auks.

(= head plus bill = total head length). The distance

from the tip of the bill to the back of the head.
Check that the head is bent forward so that it forms
an acute angle with the throat. Measured to the
nearest 1 mm. This measurement is at present
experimental, but it is known to be of value in

sexing Herring Gulls Larus argentatus, and Kittiwakes

Rissa tridactyla.

(= bill depth at the gonys). Measured (making sure

that the bill is fully closed) using vernier calipers,
as the vertical depth of the bill at the gonys, and

at right angles to the cutting edges of the mandibles
(Fig. 6). vNote that this does not necessarily
correspond to the maximum height of the bill in
Razorbills. The measurement may also be difficult

to take on Little Auk and Black Guillemot but, at the
present state of our knowledge, it should be taken
nevertheless. Note the three measurements for Puffins
(Fig. 7). Gonys measurements are given to the nearest

0.1 mm.
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Gonys measurement in Guillemot and Razorbill

Fig. 6

7AN 81
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b, INTERNAL EXAMINATION

The easiest way to open up a bird is to put it on its back
with the head pointing away from the observer. Using strong
scissors, a first cut is made through the skin on the bird's left
dorso-ventral side. The skin can be peeled back to reveal the
abdominal wall (Fig. 8a). Then a cut is made through the wall,
ribs and sternum from just in front of the cloaca forward towards
the bird's left wing (Fig. 8b). Sharply-pointed scissors should
not be used (or at least they should be used with great care)

since these may easily puncturé well-filled stomachs.

Fig. 8 Initial opening of the body cavity




4.1 Sex

4.2 dtestes

l+. 3 g-fOll -
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The bird's sex is determined by inspection ofbthe
gonads. These lie exposed on top of the kidneys
well forward in the body caviﬁy (Fig. 9), and it
is often necessary - for good viewing and
measuring - to push the intestines to one side.
The males have two sausage- or bean-shaped testes
(Fig. 10) which are often pale in colour, though
they tend to darken in specimens in the early
stages of decomposition. The bird's right testis

may be hidden by a membrane between the kidneys.

' Females (in auks) have only one ovary, more club-

shaped, positioned on the bird's left side; Care
must be taken not to mistake the left adrenal gland
(which is not granular) for the ovary. The size
of the gonads varies greatly with the stage of the

reproductive cycle (Fig. 10).

(= length and breadth of the bird's left-side testis).

Measured using vernier calipers, and noted to the.

"nearest 0.1 mm.

(= diameter of the largest follicle). The ovary

normally has a granular structure due to developing
eggs (follicles). The diameter of the largest

follicle is measured using vernier calipers: if under

it o e
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Fig. 9
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Fig. 10 Poorly-developed (left) and well-developed (right)

testes and ovaries in Guillemot and Razorbill

s

\

Diam.,

largest
follicle
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0.5 mm it is difficult to measure and is noted
as O on the data form; otherwise, measurements

are noted to the nearest 0.1 mm.

(The state of the oviduct is often a good guide to
whether or not a female has previously laid an egg
(and hence in deciding whether or not the bird is
adult); normally it is very thin and thread-like
along its whole length in birds which have not laid,
and much wider in birds which have laid, often in

this case with a series of convolutions at the

~ distal end. The diameter of the oviduct varies

along its length, and it is a measurement which is
difficult to make for a consistent comparison between
birds, but a record of, e.g. "wide convoluted
oviduct" or "threadlike oviduct" could be a useful

item for the Notes column.)

(= subcutaneous fat). Scale 0-3. This is the fat

lying under the abdominal skin, and the amount is
estimated as follows: if the feather papillae are
not visible through a thick layer of fat, the value
3 is given; if the whole area of the skin is covered
by a thin layer of fat and the feather papillae are
visible, the value given is 2; if the fat iies in
thin strips, concentrated around‘the papillae, the
value given is 1; and if there is no fat at all, the

value given is O.
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4.5 Dep. fat (= deposition fat). Scale 0-3. This is the fat within

the hind end of the body cavity, (generally concentrated
around the dloaca), graded O-3. The figure 3 is noted
when 1afge clumps of fat are found around the cloaca and
the'smail intestine, O when no fat is seen. ‘The

gradation is subjective and difficult to standardise.

4.6 Bursa (= léngth and breadth of the cloacal bursa, or bursa

Fabricius). The bursa is a rather plastic sack-like
organ which opens into the cloaca on the bird's right
side (Figs. 9 & 1?. If there is much deposition fat
the bursa is often concealed and difficult to find.
If absent the figure O is noted otherwise the bursa's

length and breadth are measured to the nearest 1 mm.

Fig. 11 Measurement of length (L) and breadth (B) of
bursa

urete
r caeca

— rectum

BURSA
k{ : cloaca

w87

cloacal opening
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Se. NOTES, AND ROUTINE SPECIMEN COLLECTION
5.1 Notes

In this column on the data form, notes can be made of any
relevant information which is not accommodated in the preceding
columﬁs. Important details such as ring number should be entered
here, or details of any plumage peculiarities or internal abnor-
malities. This, too, is the place to explain, or elaborate on,
unusual items in the data, e.g. "unusual culmen length due to
greatly extended bill-tip; photograph taken'. Other points to note
are the presence of brood patches or an egg in the uterus. Overall
moult studies are perhaps best made from prepared cleaned skins, but
it is always valuable to check for sheathing at the bases of the outer
primaries since the mean winglength of a sample can be considerably
altered by the inclusion of birds with outervprimaries not completely
grown. A note must always be made for birds which have been cleaned
or kept in captivity, since these treatments can have important

effects on some aspects of the data.

Another important task for the data-writing recorder is to ask
for confirmation when an extreme or unlikely measurement is called.
If the figure is confirmed‘upon checking and re-measurement, then it
should be underlined on the data form. When a specific piece of
information is missing or uncertain, a dash or question-mark sﬁbuld

be entered in the form; the space should never be left blank.
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5.2 Specimens

In the work of the Seabirds at Sea Team in Aberdeen, PHJ and BFB
have routinely removed stomachs from all auks (at the end of the
jinternal examination) and wings from Guillemots (after external
examination and weighing). Although stomachs of oiled auks normally
contain relatively few identifiable food reméins. this is not
invariably the case, and some very valuable data have been forthcoming
from such specimens. However, the subsequent identification work is
rather specialised, and not quickly or easily leafned by an ornithologist
untrained in marine biology, so if stomachs are removed, it is important
to ensure that there is a specialist available, and willing to examine

them!

The treatment of specimens is discussed in more detail in Section
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6. PRESERVATION OF WHOLE BIRDS AND SELECTED ORGANS
6.1 Whole birds

If time and storage space permit, it could be valuable to store
a few of the freshest whole carcasses deepfrozen from an incident.
If any particular feature of environmental pollution is suspected,
advice should be sought from an appropriate specialist on the numbers

of specimens needed.

6.2 Ringed birds

These specimens are especially valuable, and if ringed as chicks
they represent known-aged birds from specific localities, with conse-
quently important information on morphometrics and other factors.

They should be examined according to the standard procedure, taking
care to do as little damage as posSible'whilst opening the skin and
body cavity, and ensuring that the ring number is enfered in the
'Notes' column, and that the ring is ieft in place on the tarsus.

The corpse should then be deep-frozen prior to transfer for curation in
an appropriate museum (e.g. the National Museum of Wales, in Cardiff,
has begun a collection of skins and carcasses of ringed auks found

dead around British coasts).
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" 6.3 Stomachs

A stomach sample can easily be collected by.lifting the whole
forward end of a bird's élimentary tract and cutting posterior of
 the gizzard to remove that organ together with the forward end of
the‘stomach (which, in auks, grades into the oesophagﬁs); fhe
second cut should be made as far forward into the body cavity as

can comfortably be reached with the point of the sc¢issors.

The method of stomach preservation depends on circumstances.
When dealing with fresh-killed birds, the ideal treatment is
injection of buffered formalin or the immediate openingand flushing
of contents with industrial methylated spirits (c. 70% alcohol).
In handling oilspill victims however, the necessity of arresting
post-mortem deterioration of contents is less important and,‘after
removal, the whole stomach may be tied off with the string of a

label and stored in a jarlof c.70% alcohol with other samples. The

sample number must be clearly written on the label using pencil

since ink or ballpoint will become illegible in alcohol.

It is important to noie that alcohol is not a fixative, and
if samples are to be stored for long periods before examination,
then buffered formalin should be used. The acidity of non-buffered
formalin rapidly erodes the identifiable characteristics of fish

otoliths and should not be used unless absolutely unavoidable.
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<™

Fig. 12 Removed stomach with label

to be tightened

6.4 Other selected internal organs

If samples are to be kept for heavy metal analysis or for
quantifi&ation of pesticide and PCB residues, the bestrprocedure
"is to put whole sample birds info deepfreeze. However, individual
organs can also produce valuablé results; kidney and liver are
best in this context. The whole liver, and samplés of the kidney,
should be kept in glass pots (not plastic) and deepfrozen; the
brain is also a key organ, and in this case the best procedure is
to cut off the bird's head, and keep it deepfrozen in a plastic
bag. In all cases, specimens must be taken from fresh carcasses,
and each pot or bag must be clearly labelled with the specimen

number, the incident and its date.
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6.5 Wings

It could be useful to keep one wing from each Guillemot. This
species, in Europe, varies considerably in the colour of the upper-
wing, the dégree of spotting on the underwing, and winglength.

These features are usually linked to the individual bird's geographical
origin, and a wing specimen could help in providing cénfirmatory
evidence in this context and also as a check on one of the most
importamt morphometric parameters - winglength. The wing should be
broken acorss the humerus, with pliers, quite clése to the body,

and the skin cut with scissors to remove the whole wing including all
the secondaries. Wings can be dried in warm air, and stored for

future examination, preferably in the dark to reduce 'foxing' (colour
change in brown and black plumage). The numbered label can be tied
between primaries and secondaries, and tightened over the 'forearm'

and not over the primaries - or the label will fall off.

~Fig. 13 Removed wing with label




Appendix I. List of equipment used in the examination procedure

1. Safety

1.1 Thin rubber gloves

1.2 Antiseptic liquid (for use on cuts and grazes)

2. Recording

2.1 Prepared record sheets (data forms)
2.2 Pens, pencils and erasers

2.3 Notebooks and spare paper

e Measuring

3.1 Stopped wing rules (up to 300 mm for European auks)

3.2 Vernier calipers

3.3 Spring balance (up to 1500 gm for European auks). A
dial weighing balance is preferable, being easier and

quicker to use, but not often available.
L4,  Dissection

k,1 Large scissors

k.2 Small scissors . -
4,3  TForceps

4,L  Seekers

4,5 Scalpels

L,6 Pliers (for wing removal)



(Appendix I continued)

6'

7.

Storage

5.1 Plastic, wide-mouth, screw-top containers (for stomachs)

5.2 70% industrial methylated spirit (alcohol) (for stomachs)

5.3 Sticky labels (outside of storage containers)

5.+ Tie-on tags (for wings and stomachs)

5.5 Deepfreeze unit (or ready access to one nearby)

5.6 Cardboard boxes

5.7 Polythene bags

5.8 Glass pots or jars (samples for pesticide analysis etc.)

Disposal

6.1 Large plastic sacks

General

7.1 Newspapers (as floor- and table-covering)

7.2 Paper tissues (for cleaning hands, dissection instruments,

wingrules, etc.)

7.3 Detergent and disinfectant (for cleaning tables, sinks,
floors)

7.4  Thin lubricating oil (for cleaning and protecting calipers,

wingrules and pliers)
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Appendix II. Example of data form (next page)

The proforma is best prepared across lined sheets of AL paper;

copies can then be made as needed.
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-*: Appendix II.

1. .(9.1.80)

2.(30.10.80) -

3. (4.11.80)

4. (4.12.80)

5.(20. 3.81)

6. (-. 4.81)
7.(21. 9.81)
8.(24.10.81)

9.(16.11.81)

10. (14.12.81)
11.n.4. (=1982)

12.(13. 1.82)

13.(28. 1.82)
14.(28. 3.82)
15. (1. 4.82)

16. (8. 5.82)

17.(25. 5.82)

List of reports produced, since 1979, on auk examination -

- (date ofi report in brackets)

- Guillemots examined at Little Créech on 7 January 1980.

Work on Guillemots and Razorbills in Shetland, summer 1980.

Corpses of Guillemqts oiled in N.E. England in March 1980.

. Guillemots killed in an oilspill off the Forth estuary in

April 1979.

Guillemots found ashore oiled in Norfolk, February 1981.:

Auks found dead in the Cruden Bay/Collieston area near

Aberdeen in June 1980.‘k

© ~ Measurements of thé'larger auks-Uria aalge, U. lomvia, and

" Alca torda at Grimsey, Iceland, in July 1981.

Examination of corpses of Guillemofs killed by»oil off’

‘Tyneside in September 1981.

Auks found oiled at Rattray Head, Grampian, mid-August 1981.

‘Auks found in salmon nets at Downie Bay, Troup Head,

Grampian, 12 June 1981.
Examination of Guillemots killed by oil off the coasts of

South Devon and North Cornwall in 1981.

‘Auks found dead in Orkney, early October 1981.

Guillemots found dead on the coast near Aberdeen in late

September 1981.
Examination of auks killed in an 0ilspill off the Buchan
coast in March 1982.

Examination of Guillemots shot in the Firth of Forth on

5 March 1982.

Examination of Guillemots shot off the Fair Isle, Shetland

. in June 1981.

Examination of Guillemots shot at Noss, Shetland, 25 January

1982,



18.(16. 7.82)

19.(17. 8.82)

20.( 2. 4.83)

21.(23.11.83)

Age; sex and origins of auks Alcidae killed in the

/ Skagerrak oiling incident of January 1981.

Measurements of Guillemots and Razorbills at Great -
Saltee, S.E. Ireland, in June 1982.

Examination of dead Razorbills and Guillemots in

N.E. England, March 1983.

Examination of Guillemots shot near Fowlshéuéh}?.,"

Stonehaven, winter 1981/82.



