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.AtsSTP,ACT

The hypothesis that. a whit,e undersided sea-bird has a

smalLer undersides contrast, a.gainst the sky than any other-

coloured sea-bird, was support,edo for white undersid.ed and

black undersided sea-birds by the results of a series of ex-

peri-ment,s involving a new technique for the measurement of

bird contrast. Ttris t,echnique involves not.ing the distance

a photographic negative image of a sea-bird approaches to a

human observeru before being seen by the observer" This

distance is related to the contrast of tåe image and.o in

turn, to the contrast of the sea*bird under it,s set of en-

vironmental conditions. Â mounted sea-lcird is used which

allowsn with the use of paint,s, same-sized individuars of a

sea-bird species to have different underside col-ours thus

facilit,ating experimental control.

A literature.search reveaLed that, most adult gulls

Lariní have partially white i"e. pied., undersides. With a

series of similar experiments, involving photographs tat<en

u.nder cjoudless skies, a conditional relationship was sup-

port,ed for partially-whit,e undersided Franklinrs Gulls

L?¿us pipixcan, On some occasions ttre results supported

Çraik's hypothesj-s, however on others the result,s supported

the converse relationship Èhat, the Franklinßs Gult has a

smaller undersides contrast than a white undersided sea-hird."



A probable cont,ingent. variable was horizonLal- bearing of

the sun,

Ttre consequences of the *rperimental findings for the

explanation, by natural selection theoryo of the partially-

whit,e undersides coloration of gulls was briefly discussed.

The undersides coloration may either be optimally effect,ive

or a compromise propertyu under natural conditions"
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CTIAPTER 1

INTRODUCTTON

K.J.!^i" Craik (L94aa) presented- the hypothesesn that, a

whit,e undersided sea-bird has a smaller contrast against

the sky than any other-coloured sea-bird and, that a sea-

bird with a small contrast against the sky approaches nearer

unseen to fish prey than a sea-bird witl¡ a larger conLrast"

These hypotheses, when joined with various otåer hypotheses

state, in summary, that whit,e undersided sea-bird.s give

rise to more offspring than otfier-coloured sea-birds i"e.

that tåe undersides colour of white undersided sea-birds is

advantageous for survival and could be explained by natural

select,ion theory (Craik L944a) " The objectives of the

present, study v/ere first.o to t,est Craikss hypothesis con-

cerning sea-bird undersides coloration and contrasto second,

to invest,igate whether adult gul1s Larinj- have whj-t.e under-

sides, and tåird, to evaluat.e the possible adaptive nature

of the undersides coloration of gulls, compared wittr white

und.er-sided sea-birds "

Crair presented his hypotheses as follows:

"It is often considered that the whit,e plumage of gulls,

terns, gannets et,c", in temperate climates is in con-

tradict,ion to the principle of protective and adaptive



coloration. ". o As is now well knov¡n, aircraft of Coas-

tal Command on anti-submarine patrol are paint.ed white

on their undersides. Thís treatment was devised by

Mert,on of their Operational Research Sect,ion on theo-

ret.ical grounds to render tl:em l-ess visible t,o suþmar-

ines" Merton showed tnat a rn¡hit,e object. wili have a

smaller contrast against, the sky than a darker one,

even at ranges of severar miles and that whit,e paínt

shourd therefore decrease ttre range at, whicn the sub-

marine Lookouts spotted. the aircraft and gave warning

to submerge, Surely Lhe same end may have been achiev-

ed by natural selection" in the ivhite colorati on of

the undersÍdes of many sea-birds rvhich depend for

their food on spotting and catching fish very near the

surface, If the bird is r¡¡hit,e its contrast against

the sky will be smaller and ttre fish will be less like-

1y to see it, in time bo dive beyond the bírdfs reach"

As the visual acuity of fish is much poorer than that

of man, the ranges involved are short and Èk¡e reduction

of contrast by scattered light negligible, he¡:ce tl:e

benefit, of v¡hite coloration will be greater than in Lhe

case of aircraft" "

A reconstruct,ion of Craik¡s apparent. argument 'i.ncl-ud-
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ing both explicit, and implicit component,s follows, The

argument (see above) appears to be based on the hypothesi s,

oerived- by Mert.on on theoretical grou-nds (reported_ in Craik

L944al that:

a whit,e object has a smaller contrast, against the sky

than an object of any othe:: colour" " " ".hypothesis (1)

and- on the relat,ionship:

an object with a small contrast, can approach nearer to

a human observer than a same-sized object with a larg-

er contrast, before being seen 1oy the observer

" relat.ionship (1)

.A less generalized- version of hypothesis (1) isc

a white undersided sea-bird has a smaller contrast,

against the sky, than a sea-bird with undersides of any

other colour . hypothesj-s (2'l

By analogy with relationship (1) t

a sea-bird with a small contrast against the sky, ap-

proaches nearer to a surface living fish than a same-

sized sea-bird with undersides of a larger contrast,

prior to beíng seen by the fish " ".hypothesis (3)

The chain of hy:potJreses¿ concerning the advantage of

white undersides for survival" with additions by Craik (L944b)

and- Phillips (i962, may be elaborated ass a white under-



4

sided sea-bird has a smaller contrast than any other-

coloured sea-bird (hypothesis zt " A sea-bird with a small_

u.ndersides contrast approaches nearer to a fish unseen,

than a same-sízed sea-bird with a larger contrast (hy.oo-

thesis 3). Ã seabird that approaches nearer to a fish be*

fore being seen by the fish and v¿hich plunge dives to catch

fisho either cat,ches more fish or catches the same number

more quickly than a sea-bird which approaches less near. if

the fish gives an escape resporlse concommittant, with "seeing,'

the sea-bird. A fish-eating sea-bird which catches more

fish or the same number more quickly. gives rise Lo more oft-

spring than a sea-bird Lhat catches l-ess fish or Lhe same

number l-ess quickly"

A) Test of hypothesis (Zl part i

Hypothesis (2) has not, gone unchallenged" pirenne and

Crombie (L944, calculat.ed that under clear cLoudless sky, a

condit,ion common in many climates e.g" central Canada (Xen-

drew and Gurrie 1955, see also world climate surveys by

Kendrew L937 and Rumney 1968) o white undersided sea-birds

may be more conspicuous i.e" have a larger contrast than

black undersided sea-birds against the sky,

Phillips (L962') experimentally confirmed the togical

derivative of hypoËheses ("2) and (3), i.e. whit,e undersided
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sea-birds approach nearer to fish than etc", for whit,e

undersided and black undersided sea-bírds, under various

conditions including cloudless skies, using flat wooden

sea-bird. rmodels ¡ " Phillips r experiments provide no direct,

evidence for or against hypothesis t2), in facL, ï could

find no evidence that hypothesis (2) has been empirically

tested"

To test hypothesis (2) concerning white undersided and

black undersided, sea-birds, f díd a large series of simple

experiments, using a ne\,ìr photographic techníque (Ctrapt.er 2) "

Contrast against the sky o of mounted sea-birds over water,

was measured indirectly, wiÈh the aid of rel-ationship (1),

under many environmental conditions, including cloudless

sky.

B) The undersides coloration of adult gulls

Do adult gulls have white undersides? I determined

the undersides coloration of adult gulls by means of a 1it-

erature search" which revealed (see Appendix 1 and Table 3

for full results) tåat all the gul1 species except one have

partially white, J-.e. pied, under-sides.

C) Test of hypothesis (2) * Part f.$ "

I{ith a large series of experiments, using mount.ed adult

Franklin¡s Gulls Larus pipixcan and the new photographic

t,echnique, I test,ed vzhether the und.ersides contrast of the



part,ially white undersided Franklinçs Gull ís larger or

smaller than the undersides contrasÈ of a whit.e undersided

sea-bird (Chapter 3) "

Apart from whit.e undersides, hypothesis (2) gives lit-

t,le informat,ion about dífferences in conLrasL between other-

coloured undersides" Do ad-ult Franklinns Gulls have a larg-

er or smaller contrast than black undersided sea-birds? I

t,est,ed the above quest,ion (which is not, contained in hypo-

thesis (2)'þwiLhr a similar series of ecperiments to those men-

tioned above (chapter 4} "

In drapter 5 n the advantage for survival of the under-

sides coloration of gullsn and white undersided sea-birds

is discussed"

The classificat,ion of gulls recommended by Moynihan

(1959) is used in this thesis" Although authorities differ

as t,o how many species of gulls exist" I followed Moynihants

species list exce,ot for thayeri, treated by tì,Ioynihan as a

subspecies of argentatus, but now given specific rank on the

basis of Smithrs publication (1966) " A fuIl chronological

su.rvey of studieso discussing Craikrs (L944a) publication

and ideas is given in Appendix lV,



CHAPTER 2

DO WHITE UNÐ]IRSTDED SEA-BIRDS HAVE A LARGER OR SMATJLER UNDER-

SIDES CONTRAST THÀN BLACK U¡{DERS]DED SEÃ-BTRDS?

Physical contrast (C), or relative brightness differ-

ence, is the raLio of the difference between the great.er ob-

ject brightness (P) and the surround brightness (U) t.o the

surround brightness j-,e"

or in the case of a bright,er surround

C8:U-P
U (e.g. Tschermak-seysenegg 1952) .

Measurement. of the brightness of an object is difficult,

when part,s of the object exhibit, different values, a condi-

tion likeIy to prevail in sea-birds. In this study I there-

fore used an indirect measure of contrast, based on relation-

ship (1) , where one observes the distarrce object.s approach

to a human observer before the objects are seen by the obser-

ver. It, foll-ows that those objects approaching nearer have

smaller contrasts et,c".

An assessment of differences in contrast, of sea-birds

in the field has several other drawbacks, the most, import-

ant, of which is experimental control. I used sea-bird inod-

els instead of sea-bj-rds. The model-s were mounted specimens

C=P-U
ü



of. the same size and species, their undersides being painted

white or black"

Another apnarent drawback, êt least with indirect, mea-

surement is atmospheric scat.tering which effects contrast,

but, owing to the short, distances involved is believed to

have only a negligible effect on contrast for fish vision

(Pirenne and Crombie 1944'). In the experiments reported

here atmospheric scat,tering !\¡as reduced to a low level by

phot,ography (see Page i B ) " negative phot,ographs of the models

being u.sed in place of the models. ForLunately a panchro-

mat.ic film photographic negat,ive also approximately repro-

duces the contrasÈ of an objecL, (see Page 19), and has the

added advantage of providing a permanent, record"

The experiment,so conduct,ed in the laboratoryo consisted

of moving the photographic negatives towards a human obser-

ver. Each experiment used a pair of photographs taken under

a set of atmos¡rneric and lake condit,ions, the camera being

posítioned on the most, probable gulllfish axis for first

spoLt,ing by a fish" The tnree experimental- hypotheses \deres

the negative photographic image (n"p"i.) of a white under-

sided sea-bird model approaches nearer (¡ra) , equally ÍÌear

{ilof ), or less near (IÍoz) to a human observer than a n"p,i"

of a bl-ack unclersíded- sea-bird model before the observer
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sees an n"P"i" of a mod_el"

Ãpparatus and materials

Sea-bird models : three adult FrankLin I s Gu.l-ls were

shot, near Oak Lake, Manitoba, Plumage v¡as virtually una-

f f ected by the pellet.s " These gulls v/ere skinned and mount-

ed to resemble a flying sea-bird, wings ouÈstret,ched" The

entire head and undersides of two of the models were painted

either white or black wiih interior flat l-atex paint.s (the

third was used in the experiments reported in Chapters 3 and

4't " To enable a model t,o be fast,ened to tJ-e omodel support

apparatusu descrí.bed below, a wooden bar, with four attached

spring action clothes pegs¿ \^¡as attached to the dorsal sur-

face of t;he wings by fine cotton thread (fig" la) "

Model suproort app-aratus: the models Î¡/ere supported by

a large wooden frame, having a six foo€ long L-shaped angled

iron bar suspended across tJre middle (r'igs. lb and 2), in

Oak Lake" The clothes pegs of a modeL v¡ere attached to one

side of the iron bar" a home-made chaj-r being sunk complet,e-

ly underwater, under the bar, so the photographer could

reach to at.tach a model" The apparatus was positioned such

that, the long axis of a model was on the east-west compass

bearing, facing east, the apparatus having been placed in

water about thirty inches deep such Lhat, a model, in posj--
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FI G.



12

tion, \¡/as suspended about six feet above the wat.eres surface"

A map of the sit.e is shown in nig, 3" A permanent camera

holder courd not be safely used as a high wave would have

flooded the camera. To avoíd Èhis problem the position of

the camera siteo about six feet arvay from the aoparatus

(fig. fc), was marked by sinking a boulder, the position of

which was regularly checked by tape measure" The camera v/as

hand held, above this posit,ion, the base of the camera about

two inches from the lvater surface"

Photographys an .Asahi Pentax Sl-a S.L"R. camera v/as

used with a Super Takumar 55 mm F/2 automaÈic lens, med.i-um

yellow Vivitar filt,er and- lens hood" To assure t-l:at the

camera remained dryo while focussing and- releasing the

shut,ter a twenty inch cable release twist,ed around the body

and a right angle view finder \dere used. Shutt,er speed was

maintained- at L/25O sec for all photographs, the size of

Èhe aperture being estimated with the aid of a cossen Six-

tino lignt meter" Black and whiÈe 35 mm Kodak tri-X pan-

chromatic film was employed throughout, exposed film being

developed in a single ro11 developing tank, with Acufine de-

veloper and replenisher, Edwal quick-fix and phot,o-flo.

Experimental .apparatus: the experiments in which con-

trasts of the photographs were compared-, \,vere done under
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laborat,ory conditions" To standardize the nethod of com-

paring the negatives a holdíng apparatus was used consist-

ing of a wooden bar with four spring-action clothes pegs at-

t,ached such Èhat each pair of pegs could hold one negative,

the bar being attached t,o the camera plat.e of a tripod"

Smal1 plastic blocks with rvheels were placed under each tri-

pod leg, a long cord being at,tached such that' Ltre ent'ire

apparatus could be pulled towards the observer (Fig" 4') "

The apparatus was pulled at a constant rate of approximately

1"5 Ft/sec" Illu.mination for the negatives was provided by

a'120 volt, 60 watt lamp placed behind the negatives and

held. in a lamp holder set to direcÈ ttie beam at a whit'e

sheet stret,ched across a wall behind the negatives. Diffuse

reflected light, from the sheet, passed through the negatives,

t,o the observer " Ã11 oLher possible light sources were

blacked out"

Methods

Negative preparation: Under a set of environmental

conditionso the photograph of one of Ltre models would be

taken, then the model would be quickly removed, the second

model put, up and it,s photograph taken" The elapsed time be-

tween successive photographs was about one and a half min-

utes, In totai n 564 inCividual photographs v/ere taken on
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282 occasions? 2 per occasion" the phot,ographs being taken

between the official times of sunrise and sunset, from 13

July to 11 August l-970 (extracted from the Canadian Almanac

for L97O, the f i gures f or trrlinnipeg with a +11 minuLes ad-

justmen-u) " To avoid select.ing part,icular conditions photo-

graphy occasions were randomly select,ed" Only when torren-

tial and high wind prairie thunderstorms or hailsLorms pre-

vented photography were these times ígnored"

Environmental variables record.ed., at tl:e t,imes photo-

graphs v/ere taken* r¡/êrêa cl-oud covero position of the sun,

wind clirect.ion" cloud thickness and. colour of cloud. obscur-

ing su,n, cloud thickness and colour of cloud behind guJ-l

(and in tfie phot,ograpn; o visibility? \^/ave height, and pre-

cipitation" Tneir values and levels of measurement etc"

are full-y descri-bed in /{ppendix Vl"

Experimental Design s 282 singie experiments, each us-

ing a different pair of negatives were done j-n tåe labora-

tory" In each experj-ment, the dependent, variabl-e was: the

difference between the distance of a n"p,i, of the white

model and Èhe distance of an n"p.i. of the bl-aci< model- from

Lhe observer before tne observer sees an n.p,i. of a nodel.

Tne nominal leve1 of measurement r,¡as used, Lhree values be-

ing recorded: +1 (distance of n"p.i" of black model from

oþserver great,er), O (distance of n"p.i. ¡s Èhe same) u -1
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{distance of n"p"i" of white model from observer greater).

The negat,ives, pulled t.owards the observer, were stopped

r'¡hen the n"p"i" of both modeLs had loeen detecied"

The independent variable was the contrast of the model-

n"p"i.'s" Each experimenL consisted of presenting the two

negat.ives simultaneously, and recordíng Uhe vaLue of the de-

pendent, variable" To eliminate any problems of intersub-

ject vari-ation, one observer, myself, \¡/as used. Order ef-

fects í.e. instances where the effect of a treatment on a

su.bject, depends on the ef f ect of the treatment (s) whích pre-

ced.es it, are usually negligible in psycho-physical experi-

ments (e"g. Ray 1960 z7O4). This design eliminated the ef-

fects of time series variation in which tJle variables change

temporally but not spatially. Another equalised variable

was the densities of silver o of the model¡s background, in

the negatives " Possible confounding variables \^/ere ttrose

which varied in value spat,ially, e"g. the dependent. variable

might have been affected by a variable, perhaps light inten-

sity, which had differenÈ values in the two positions of

the negatives. For each experiment the measuremenLs on tl:e

dependent, variable were tfierefore replicatedo doing L2 pre-

sentations in 12 minutes and using the same two negatives

on each presentation"
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The occasion of measurement (in fact time of the start

of each rpullu i"e. presentation) v/as randomly assigned by

sel-ectÍng seconds of the 72O second (12 min") experimental

period from a random numbers tabl-e" The same select,ion s¡as

used for each experiment. Presumably a set. of seconds could

have been selected. where some of the seconds were t,oo close

to allow time to finj-sh a previous presenÈation" Such set,s

would be rejected" On any occasion of measuremenÈ two ar-

rangemenLs of the negatives \^/ere possíble the negat,ive of

the white model could be on the left and the other negative

on the right or vice versa. The arrangement of negatives

\^/as randomly assigned-"

I{hen it, was necessary to re-enter the experimental room,

from the ¡outside environment'o experiments v/ere not started

until at, least ten minutes had passed" A preliminary series

of experiments in which I was completely unaware of the ran*

domisation routine, was also carried out"

Analysis: The data from each experJ-ment were analysed

using tkre non-parametric, one-taiIed, Signs test (Sieget

1956, Goldst,ein L964) ., This test simply ínvolves counting

the number of positive and negative signs of the sample of

differences. All tied- cases are dropped" The sampl-e of dif-

ferences would represent a population of differences with
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pao if Ho1, or Ho2 were the case.

Data confirming relationship (1) c rhe differential

threshold of visilcility of an object, has been foundo experi-

mentally, to depend- on the cont,rast of the object with its

background, and the area of the image of the object on the

retina (see summary by Le Grand L957, " This relationship

seems to be general e"g" the threshold to a first' approxima-

tion does not depend on ttre spectral composition of light

from the object, The angular area of the object, which de-

termínes the area of its image on the retina (le Grand) de-

creases as the reciprocal of the square of t-he distance away

from the observer (e"g. Pirenne and Crombj-e L944, Craik

L9a,4b) " It, follows that the threshold of visibility depends

on the contrast of the object, and its distance from tåe ob-

server "

The control__qf a'Lnrssjoheric ssatterinq: The int,ensity

of atmospheric scattering of light, increases approximately

with distance (eirenne and Crombj-e 1944) " To decrease the

intensity of atmospheric scattering of light' from an object,

the object should be brought closer to the observer" A sea-

bird model woulo be seen first some distance away from an

observern a photographic negative of the model, v¡hich ís

much smaller (see Figure 5) rvould fj-rsÈ be seen close up to
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the observer" Use of the photograph, as a substitute for

the model, must great.ly decrease the atmospheric scat,t.ering"

A negative photograph approximately reproduces the con-

trast of an object: In a 0perfect! photographic negative

the brightness of parts of a negative are inversely propor-

tional to the brightness of corresloonding part.s of the photo-

graphed scene (Baines 1958) " Using Lhe formula given on

Page 7 it can be calc ulated that for a perfect. negative the

contrast of Lhe negative equals the con'crast of the object.

Presumably most negatives differ from perfect. negat,ives by

the difference between the spectral sensitivity of the photo-

graphic emulsion and the spectral sensitivity of the human

eye" Orthochromat,ic film differs considerably from the eye

in spectral sensítivity. Panchromatic film used with a med-

ium yellow filter approaches closely the human spectral sen-

sitivity curve" Therefore the contrast of a panchromatic

negative musL approximately equal the contrasÈ of the corres-

ponding object"

Result,s and Conclusions

ln all 282 experiments, and on every presentation, the

n,p,i. of the bl-ack model was invariably seen first (+1) "

Ho1 and Ho2 were rejected (P(0.01) " The environmental con-

diLions recorded during each occasion of phot,ography are
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listed in Appendix VI" The number of experiment,s per cloud

cover condit,ion are listed in Table i " The preliminary ser-.

ies of experiments in which I, as observer¿ was unaware of

the randomisation routine, gave ident.ical results to tnose

above"

Using relatíonship (U and t'he experj-ment'al results iÈ

follows that in all cases the conÈrasts of negat,ives oÍ the

whit,e undersided sea-bi-rd model were smaller than those of

the black undersided. model. Fo1lowing the proof above (un-

der all the environmental condit'íons invest,igat'ed) . the

white under-sided. sea-bird model had a smaller undersides

contrast against the sky tfian the black undersided model.

In conclusion these dat.a support the relationship that whit,e

und-ersided sea-birds have smal-ler undersi-des contrasts a-

gainst, the sky than black undersided sea-birds, ioeo hypo-

thesis (2) is confirmed for white undersided and black under-

sided sea-birds.

Tabi-e I

The number of experiments per cloud cover

Cloud cover Numher of

condition

experiments

73

L2

36 contûd

0

I

2
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Cloud Cover

5

6

7

B

3

A

Number of Experiments

33

11

l7

2L

J¿

L7
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C}IAPTER 3

D O ÃDULT FRANKLIIV! S GULLS TIA\ZE A LARGER OR SMALLER U}ü.D.TR_

SIDES CONTRAST AGAINST TITE SKY THAN VíHTTE UNDM.STDED

SEA-BTRDS

The negative preparat.ion apparatus, experimentaL appar-

aLus, experimental design and analysis used \^/ere identical

to those used j-n the experiments reported. in Chapt,er 2i ex-

cept that part.ially wtrite undersided Franklinos Gullso not

bl-ack undersided sea-'birds were invest,igaËed.. To prepare

suitable negatives, f used an unpainted" mountedn adult,

nupt,ia-I Franklin!s Gull, having black wing t,ips, pale grey

primaries" whit,e secondaries, whit,e wing bands, whit,e wing

lining, white axillaries, whit,e underparts and a deep black

hood (g'ig,S) " A photograph of this model was taken orr every

occasion that Èhe photographs used in the previous series of

experiments were taken, The white undersided model nega-

tives \^/ere used again for this series. 73 experimenÈs were

done and only using negatives taken under cloudless skies"

The experimental hypotheses werea tJ:e n.p"i" of a whit,e un-

dersided sea-bird model approaches nearer (Ha), equally near

{Ho1) or less near (uo2) to a human observer than a n.p"i"

of a Franklinîs Gull model þefore the observer sees an fl.,poi. of
a model-"
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Results

Tn 31 of the 73 experiments Ho1 and Ho2 were reject,ed

þ< 0"01), a value of +1 being recorded on every presenta-

tion" fn a further 10 experiment,s all- measurements were

tied, i"e. 0 was recorded on every presentation, and there-

fore the results were inconcl-usive" In the other 32 experj--

ments, Hol ancl ila were rejected (P<0.01), a value of -1

being recorded on every presentation" Using relationship

(U the experimental data and the proof in Chapt,er 2 u it

foli-ows Ëhat for 31 of the experiment,s the undersides con-

trasts of the v¡hit,e undersíd.ed sea-bird model were smaller

than the undersides contrasLs of t}re Franklinüs Gu1l model,

while, in the other 32 ecperi-ment,s t*re undersides contrasls

of the Franklin's GulL model were smaller than those of the

whi-t,e undersided sea-bird mod.el" In concl-usion the data

support, a conditional relationship o vLzo tåat under some

conditíons Franklin!s Gulls leave smaller undersides contr-

asts against tJ:e sky than whríte undersided sea-birds, and

vice versa" The data support, hypothesis (2) only under cer-

tain condit,ions.

To evaluate the contingency Lk¡e environmental condi-

tions recorded during photography and the accepted experi-

mental hypotheses (Ha or Ho2) , víere test.ed for associat,j-on
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using Gu-uÈmanss coefficient of predictability (Freeman 1965'! "

I assumed that, the l-0 occasions orr which the experimental-

resu.l"ts \^/ere not staÈistically significant feII randomly,

There was little association for wind direction (p> "05, or

wave height (P

for the horizontai bearing of Lhe sun (Lamda = 0.906 in a 2 * 56

contingency table; Lamda = 0"781 in a grouped 2 X 2 cont.in-

gency table. For tj'e 2 X 2 table chi-squarê = 40"94

(p<0.001) a where observat.ions were grouped on either side of

the median compass direction for v¡l:ích data were obtained

{tabte 2) "

TABLE 2

T¡iE ASSOCIATTOIV BETWENN SUNES BEARÏNG AND ACCEPTEÐ EXPERT-

MENTAL ITYPOTHESIS

Accept,ed. experimental Hyp" Horizontal Bearing of the sun
(in degrees)

35 L7O L75 310 Total

Ha62531

Ho32032

Total 38 25 63

Lamda = 0"781

)Chi ' =4O.94, P< 0,001-

T,fhen tåe sun v¡as in the sector NE to S, i"e" ant,erior
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t,o the model the undersides contrast was smaller than that

of the white und.ersided model, when the sun vias in Lhe

sector S to NV[o i"e" ;oosteríor to Lhe model, tåe undersides

contrast, of the Franklinrs GuIl model was larger than that,

of the whit,e undersided model" Tne association suggest,s

that, the horizontal Oearing of the suï1., is an important var-

iable aËfect.ing the conÈrast, of a sea-bird,
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CHAPTER 4

DO ÃDULT FRANKLIN8S GULLS HÀVE A LARGER OR SMALLER UT\DSR-

SÏDES CONTRê,ST AGATNST TITE SKY ,r,rIAÀI ÈJ,ACK UNDffi.,SID¡JÐ

S-UA-BIRDS?

Tne only drfierences -between tr:e serl-es of experrment,s

report,ed here and those in Chapters 2 and 3 are that the

negatives of trre partially white undersided Franklin's Gull

model and tire black undersided moCel \^/ere compared.

Results

For all 282 experiments" Ho1 and Ho2 were reject.ed

.{p(0.0f) . On every presentatj-on +I was recorded" Using

relationship (1) and the experimental results" Ín all cases

the contrasts of negatíves of the Frar¡l< l-in o s Gull model

\^/ere smaller than those of the black undersided model" Fol-

lowing the proof in CTrapter 2, (under all environmental con-

ditions investigated) the Franklinns Gul-I model Lherefore

had a smal-Ler undersides contrast a.gainst the sky than the

black undersided model. In concl-usion these dat,a support,

the relationship that Frank'linus Gulls have smaller under-

sides contrasts against the sky than black undersided sea-

birds "
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CHAPTER 5

DÏSCUSSTCN

fne experimental results presented in Ckrapter (2) sup-

port hypothesis (2), for white undersided and black under-

sided sea-birds. The experimental results in Chapier (3)

support a conditì onal relationship" On some occasions the

results supporÈ hypothesis (2), on others the results sup-

port the relationship that an adul-t Franklin¡s Gull has a

small-er undersides contrast than a rvl:it,e undersided sea-

bird" A probable cont,ingent variable is horízontal posit'ion

of the sun (Chapter 3) "

Natural selection theory could simply explain the under-

sid-es coloration of the Franklinus GuIl if first, it, was

fcund that, its u.ndersides are opt,imally effective i.e" no

other-coloured sea-bird has a smaller contrasL, under cer-

tain conditions, second, if ttre chain of hypotheses, elabor-

ated on Page { , received some degree of confirmat,ion and

third if it rvas found Lhat gulls plunge dive for fish when

the undersides are optimal ly effective. In generalo it may

be hypottresized that partially - white und.ersj-ded gulls

(except probably the nearly all-dark speci-es - åppendix li

under some conditions have a smaller conÈrast Èhan rn¡hi-te un-
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dersided sea-birds" If gulls do not plunge dive mainly

when t^he undersides are optimalo natural- select,ion theory

might explain pa.rtially-whíLe undersides as a- compromise

property (see Mayr L9632 L94-L97, Tinbergen L967). This

argument also applies to white undersided sea-birds"

Certain other effect,s of the undersides coloration of

adult. gulls have been demonstrated" For example, Averill

(1923) pointed out, that black feathers, often found in the

wing tips of adult gulls, resist wear much bett,er than white

feathers (see also Van Tlzne and Berger L966: lOl-) . The

dark brown hood of the Black-headed Gull assist,s in the in-

timidation of territorial rivals, (it4ash as reported in Tin-

bergen L967), Experimental evid.ence present.ed by Smith

(1966) showed that the wing-tip pattern of Thayerrs GuI1,

Glaucous Gull, and the Herring GulI act,, together witlr the

eye-head contrast^u âs a species discrimination fact,or"

Other possible effect,s of white coloration of sea-birds are

given in Appendix v

Vrihat, is the present status of the 'chaint of hypotheses

(Ct¡apter 1) ? Phillips demonstraLed-, v¡j-th a lit,erature

search, that various whit,e undersided sea-birds plunge dive

for and eat fish" In Appendices 11 and 111 the resul-t,s of.

a lit,erature search show that many gulI species plunge dive
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for and eat fish"

Do físh show escape responses to gulls and- other sea-

birCs? The sticklebacl<s and pelagic marine fisho used by

Phillips gave escape responses to his modeis (Âppendix tV) "

Descriptions of interact,ions between fish and gulls are

rare in literature. Cowan (1968) observed adu1t Herring

Gulls approaching mulIet iÏugil sp" from the air (in order

to rob offal from the fish) and found that the mullet did

not appear to respond to the gulls presence even during of-

fal snatchíng" Also Cowan (1968 unpu.bl" note) observed an

adult, Black-headed Gull, in winter plumage, swimming, while

around the gull v/ere several large shoals of small físh, in-

dividuats of which often broke the surface, but shorved lit.-

tle other activity. Vühen the guIl jumped up from the sur.

face and divedo the fish shoals immedíately brokê uP, tfre

fish swimming av¡ay in all directions "

SLatement,s concerning the rates of. físh capture by

whít,e undersided. or partially whit,e undersided sea-birds,

compared, under similar conditions, with d.ifferent.ly colour-

ed sea-loirds are rare in the l-íterature'

Antony (1906) observed Heermanrs Gulls (nearly all-

darl< undersides) catching fish at. a hígher rat,e than West'ern

Gulls, (partially-wþite und.ersid-es) , feeding on herring off
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California. However that various other condit,ions affect

the rat.e of f ish capture (rain, high wind-) , is indicated

by lrüilson and Greenhalghrs (1965) observations of fishing

by Lesser Bl-ack-backed Gul1s.

Are fish cru.cial to sea-bird survival? Clearly food.

affects animals, sufficient quantit,ies promote survival,

tack of food or food shortage may cause death. Does such

morta-lity actually occur in nature? For various passerine

and- neo-passerine species surviving bird- numbers in a popu-

iatíon and availability of food have been found to be close-

ly correlated (see summary by Lack L9662 276) ' That' fish

are critical in nature, to the survival of sea-birdso hov/-

ever has yet to be demonstrated.

In conclusion Craikrs hypothesis (Hypothesis 2) is

partially supported but under cerlain conditions my exper-

imental data support, a converse relationship involving tåe

partially rvhite undersided Franl<linrs Gull and whit,e under-

sided sea-birds. Pirenne and crombiJs Og44) contrast

values , f.oy v¡hit,e sea-birds and black sea-birds are not sup-

ported. Craik's chain of hypotheses still remain viable

for sea-bird.s. fhe measurement of undersides contrast using

different positions of model and camera, the elaboration of

sea-bird contrast measurement, technique and experiment,s
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aki-n to PhiJ-lips (L962) u.sing more realistic models are

all logical steps fov further investigat.ion.

"1+f
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APPEIqDIX 1

DO ÃDULT GULLS TLAV-E '/üHTTE UNDERSIDES?

Dwight's work (1925), "The gulls (laridae) of the wortd.;

their plumages, moults, variations, relationships ancr dis-

tributionsl' contains ext,ensive descriptions of gulls* For

some species, Dwight, ommit,t,ed reference t,o colorat,ion of

various parts of the undersides. To supplement Dwight!s

work, I searct:ed throu.gh the modern literature, Law state-

ments of tfie coloration of adult, gul1s are list,ed below"

In some cases the author originally gave his descriptions

in this form, oLhers I have inductively converted" Thej-r

degree of confirmation is varíed-" Only a few species of

gulls have been shown to exhibit geographical variation in

undersides coloraÈion "

Descript,ions q-F plumages are usually either taken from

extant birds or from dead specimens, often in a museum.

Aft,er long periods of timen tJ. e plumage of most, museum spec-

imens fades (Veverso L964), so that a described colour may

be lighter than the counterpart colour in a live bird"

Soft. parts coloration and adherent colours such as Èhe pink

cosmetic colours d.erived from the coloured oil of the preen

gland (eertholCo L967) may disappear or change aft,er only

a short period of Èime. For the purposes of tÏ¡e ,oresent
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Group 1

Laughing Gull Larus at,ricilla: und-erhead whit,e, under-

parts vihite, dud<y clouding on sides of throat and breasi:,

primaries blacko gïey and whiteo wing-lining gyeyo axil-

laries i,vhit,e, white wing-bands, tail white (nwight,), pecu-

liarities of adult nuptial: bLack hood, loss of clouding

on tk¿roat. and breast (Dlvight) " BreasÈ suffused rvith pink

(uurphy 1936) "

Lava Gull L. fuliginosus; dark sooty brornrn, sometimes

greyer, hood extending to chino chin .lorowrÌ, grey Ltrroat and

sid.es paling on þreast and abdomen, crissum nearly whiten

primaries black and grey, tail clear pale grey, middle pairs

of rectrices darker, ou.ter pairs nearly v,rhj-te, undertail

coverts paler grey (Owigfrt¡ 
"

Hemprichrs Gull L. hemprichi: dark brown hood, griz-

zled with grey at post,erior marginn pale brown chin, grey

brown throat,, grey brown .breast. and sides mergíng gradually

into white post,eriorly, primaries black and grey, secondar-

ies deep clove brown, wi-ng-lining wholly brorrn-r" whit.e wing-

bands, tail white (pwignt.) " Greyish brown underwi-ngs (pog-

den L964) " Underwing and axillaries brown (l{einertzhagen

L954) " Peculiarities of adulb nupt,ial; hood clear bi-ackish

brovure (owignt)
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Great Bl-ack-headed GulJ_ I," ichthya_etus; head whj-te"

underparts pure whiteo prìmaries white, black greyd sec-

ondaries grey, and white iving-bands (pwigfrt) . Undervring

and Lail whit,e (ueinert,zhagen l-9540 Bannerman and Bannerman

1958) " Peculiarities of adult nuptial; deep bl_ack hood.

(owigat) 
"

T¡ühite-eyed Gu11 L. leucopthalmus E g'rízzleð- black hood"

grey breast and sid.es pa'l ing into whiÈe of abdomen, prim-

aries black and rvhite, secondaries mouse-grey to black,

white wing-bands, wing-lining greyo tail white, greyish at,

base of central pairs, edge of wing white (Owigfrt¡. Und.er-

wings dark brownish grey (Cave and Macdonald 1955) " pecul-

iarities of adult nuptial¡ hood and "apron" black (Owigfrt¡ 
"

rYedit,erranean GuLl L. melanocephalus: underhead vrhiteo

underparts snov{f white, primaries pale from faint grey Èo

rr¡l:it.e tips, secondaries grey and whit,e, r.¡hít,e wing-bands,

tail white (nwigfrt¡. peclrliariÈies of adult nuptial: ,Jet

black hood (Owight) . Jet,-black hood in all J-ights (Taver-

ner L97O).

Franklin¡s Gull L" pipixcans underhead white, under-

part,s whit,e, primaries vrhite, grey and black, grey second-

aries, whit,e wing-bands, tail- whit,e, central ,oair of rec-

trices grey (Ðwight) , Black wing t,ips (undersurface) , pal_e
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gyey primaries (except for black wing tips) , whit,e second.a-

ries (undersurface) 
" rvhite wing bands (und.ersurface) o v,rhite

r^ring-1ining, white axillaries (Cowan I97O pers, obs", Oak

Lake" Manitoba) " Peeuliarities of adutt nuptial; deep

black hoodu rosy tint.ed underparts (Dv,right) " Rosy pinri

breast and underparts remarkably bright at beginning of

breeding season (Moynihan 1958u Cov/an L97O perso obso, Delta

Ifarsh and oak Lake, Manitoba) "

Group 2

Heermannts Gull L" heermanni; head with dusay hood

indistinctly streaked with broirrn and whiteo underparts grey,

chin and upper throat white, latter with dusky flecks on

sides, primaries tolack, v,¡hite wing-bands, tail black with

white ti;o (owigfrt) " Pecu-liarit,ies of adult nupt,ial3 creamy-

whit,e hood blending into grey of breast. (Owight)

Gray GuI1 L" modegtus: wood brown hood, und,erparts

uniformly grey, wnite wing bands, tarJ- grey (Di,'right,) " A:<-

illarj-es and wing-Iining greyish ciove--orovRl (murphy 1936) "

Pecul-iarities of adul-t nuptíals hood comp'l et,ely whit,e

(lrlurphy) .

Group 3

Red-legged Kitt,iwaKe L" brevirostris: head and neck

whit.e, underparts whiten prj-maries grey È-ipped with þl-ack,
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secondaries gîeY r

whit,e {owignt.¡ "

Ki-ttiwarce L"

whiten primaries

wìng bands, tail

Group 4

\^zrlit,e wing bands, wing-lining gtey, Lail

i,{ing-lining grey (rough L957} .

tridactylus: undernead ivhit,e, underparts

pale gyey, black, secondaries greyo whit,e

whit,e (Dr,vight) .

Saunder¡s Gull L" saundersi: underhead whíte, under-

parts vrhiteo primaries gyey o black and white, secondaries

largely whit,eo white rving bandsu wing-liníng pale grey,

tail whit,e, edge of wJ-ng white (owight) " Peculiarj-Ëies of

adult nupt.ial: black hood (pwigfrt) 
"

Group 5

Biack-bil-led GUJ-I- L" bulleri: fread, underparts and

Èail pure v,rhit,e, primaries largely black, secondaries grey¡

wing lining greyish (owight) " Underparts ent,irely white

(f'alIa 1960) . Peculiarit,ies of adult nupÈial: whit,e breast,

has a more rosy tint, in the breeding season (Owignt¡ "

Grey-headed- Gu1l L" cirrocephalus: und-erhead whiteu

underparts whit,eo primaries blackn whit,e and grey, second-

aries greyo wing-lining grey (Druight) . Peculiarities of a-

durt, nuptial: pale grey hood, almosÈ white on chin (Ðv;ight)

Ventral- surface has rosy bloom (Vrurphy 1936) ,

Slender-bill-ed Gu.ll L" geneí; underhead whiteo under-
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part,s white, primaries rvhiLe. black and grey" secondar-ies

neuLral grey, axillaries v¡hile, wing-lining grey (¡wight) 
"

Pink or rosy pink t-inEe on white coloured- und.erparts less

bright Lnan in nuptial plumage (Bannerman 1953, Geroudet,

1965) " Peculiarities of adult nupt,ial: T,'irl:ite everywhere,

including wingso becomes more rosy (nwight, t¡Ia1lace L964,

Ba-nnerman l-953, Geroudet L965, Cave and rvlacd-onald 1955) "

Silvero Hartlaubss and Red.-billed Gull L. novaehollan-

diq,e: head- pure whit.eo underparts white, primaries blacku

whit,eo secondaries grey, ta-il whit,e (owight¡ .

BonaparLess Gull L. philadelphia; whit,e underhead,

underparts whiteo primaries blacko whit.e and grey, second-

aries grey* white wing-lining" tail rvhit,e (owight) " Pecu--

liaríties of adult nuptial: blu-ish-blacl< hood (nwight) 
"

Rosy breast in spring (Cabrietson and Jewett 1970) "

Black-headed Gull L" ridibundus: under-head whit,e,

underparts whiteo primaries v,rhite, black and greyo second-

arj-es grey" wing-lining grey, axíllaries greyn tail white

(owigtrt¡ . underwing pale blue-grey (cíbsorrhii-l 1949) " un-

dersíde of wing dark (Brunn and Singer I97O). Broad dusky

streak on underwing (eond 1960) " Peculiarities of adult,

nuptial: brovrn hood (owight¡ . Pinh cosmetic coloration

(eerthold 1967).
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Andean Gull L. serranus s nead pure vrhite, underparts

white with rosy tinge, primaries black, white and greyr sec-

ondaries gvey n tail rvhite (olright.¡ " üIing-li-ning grey o ãx-

illaries white (ioiurphy 1936) " Peeuliarities of adult nu-p-

tials black hood (owight¡ " Brownish-black hood., rosy ven-

tral surface (murphy 1936) "

Group 6

Litt,le GuII L" minutu_s c underhead white" underpart,s

white, primaries and secondaries pale neutral greyo white

t,ípped, white wing bando wing-tining plumbeous greY, tail

whj-te (¡wight) " underwing dark slaty grey, bordered by

whit,e (Furse 1967) - Dark slaty underwing (f isher L947) "

Peculiarities of adult nuptial: black hood and rosier tinge

of underparts (owignt¡ " Rosy tinge on breast and abdomen

(Harrison 1950, Coward 1952),

Ross ! s GulI L. roseus: under-head whit,eo underpart's

white with Aeci¿e.lfy ""* "j-nge 
most marked on breasÈ" Pri-

maries wholly grey, black outer web of tenth, white wing

1cand, secondaries grey, axillaries whiteo pale neutral grey-

wi-ng-lining (owigtrt) " Underwings greyish (curtis L967) "

"One distinctíve character which was visible in skins al-

though not, emphasized- in any bool<s I have consulted is the

very gxey underwing". (Bourne L967) " Underwings pale pear-
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Ly grey (Snyder L957) " Underwings creamy-gïey (Aldcroft,

Cowan and Kennedy I969J - Peculi-arít,ies of ad.ul_t, nuptiat 3

narrow black collar and- rosier whit,e underpart.s (pwight) 
"

Delicate black necklace (Snycler 1957) .

Group 7

Swallow-tailed. Gu.ll L" furcatus s underhead pure whit,e,

ill-defined grey colLarn underparts whit,e clouded with pale

grey on throat" the sides of the throat markedly grey" pri-

maries grey, black and white, secondaries pale grey, whit,e

wing-bands" tail whit,e (owight) " Ventral surface white

(Uurphy 1936) " Peculiarities of adult nuptial: dusky hood

and rosy throat and breast (Owignt) " Velvet-grey hood.

(ttailman 1966). Ðark grey head and neck (Harris L97O) "

Sabine!s Gull L" sabiryL: underhead white, underparts

whiteo sides of breast faintly grey, primaries black, grey

and whiteo second-aries whít,e, whit,e wíng-bandsn whit,e wing-

lining with dusky margi-ns at edge of wing, tail white

(owignt) " Peculiarit.ies of adult nupt,ial: plumbeou.s or

darl< neutral grey hood- with narrow black coll-ar (Owíght¡ 
"

Grey hood, narrow black ring dividing hood from whit,e neck

(nrown et al Ig67t " Sometímes pinkish und.erparÈs (Snyd.er

Le57) .
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Group B

Ivory GulI L"

{owigrrt¡ "

Group 9

eburneuss en¿ire plumage ivory whit,e

Dolphin Gul-l- L. scoresbii: head with dusky grey hood

reaching only to sides of throat, underpart,s pale grey,

nearly whit,e on chino nearly whit.e on upper throat and

crissum, primaries black and white" secondaries greyo white

wing-bands, wing-liníng deep greyo tail white (Pwight) " Pe-

culiarities of adult nuptial: paie grey heado uníform with

neck (Pwignt) .

Group 10

Herring Gull- L. argentaLusc under-head snowy whiten

underparts white, primaries black, whit,e and grey, second-

ar j.es grey o whit,e wing bands, axillaries and wing-lining

pure white, t,ail snol¡¡y whit,eo ed.ge of wing white (Ow:-gfit) ,

Audouinrs Gull L" audouinis head whit.e, underparts

pure vrhite, primaries blacko i,vhi-te and grey" secondaríes

greyo white wi-ng-bands, greyi-sh vring-lining and axillaries,

white tail (Owight) " Pale grey wing-lining (rvteinet.zhagen

1954) " underwing suffused greyi-sh, lower breast and flanks

lightly suffused grey (wallace 1969) "

Belcher0s Gul-l L" belcheri: head with dull brownish-
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blacl< hood to well belov¿ €ye, underparts white, pale grey

wash on breast, dusky snotting and slight, streaked. collar

across upper throat, primaries black, grey and white, sec-

ondaries slate, white wing-bands, r,uhit,e tail wítå broad

black sub-terminal band (owight¡. Atlantic race does not,

have the black hood of the Pacific race (o1rog L967't "

Trüing-lining r¿þi¿e j-n At,lant,ic race? grey in Pacific race

(Escalante 1966) " Pearl-grey tinge on breast, of Pacific

race -- not found in AÈlant,ic race" Black tail band nar-

rower in Atlantic race (Olrog I967j " Peculiarities of a-

dult, nuptial: probably has white head (Owignt) 
"

California GulI L" californicus e under-head whit,e,

underparts pure whit.e, primaries blacko white and greyo

secondaries grey, whít,e wing band and tail (Oraright) "

Common Gul-l- L. canus: underhead vøhiteo underparts

pure whiteo prímaries black, grey and white, tail white

(owigfrt¡ , Axillaries whit,e (tvteinertzhagen 1954) "

Black-tailed eull L. crassirostris g underhead white,

underparts pure \,vnite, primaries bl-acko grey and. white" sec*

ondaries deep neutral greyn whit,e wing bands, wing-lining

and axill4ries white, tail white with black sub-terminal

band, edge of wing white (Dtvigh.L,) "

Ring-bi11ed Gull- L. delav¡arensis c underhead whit'e,

underparÈs whit^eo prinraries black, whit,e and grey, second-
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a-ries greyn white vring bands, wing-lining white, tail- pure

whÍte, ed-ge of wing v¡hiÈe (Owight) . Shov¡s J-arger black

area on undersides of prÍmaries than Herri-ng Gull (eond.

1960, R.obbins et al L966) "

Southern Black-backed cull L" d-ominicanus: underhead

white" primaries bl-ack and white, secondaries greyer than

primarieso whíte wing bands, whit,e wing-lining and tail

(Dviight) . Body plumage entirely white except for wings and

mantle (ralla f96O) " I.il:it'e u-nderwings (ruurphy 1936i "

Lesser Black-backed Gull L" fuscus: underhead white,

u.nderparts white, primaries black, white, grey, secondaries

slaty, white wing bands, wing-líning and tail white (Owight)

More extensive bl-ack on under primaries than Great Black-

backed Gull (Bruun and Singer I97O).

Glaucous-winged Gull L, gl-aucescens: underhead white,

u.nderparts white, obscure dusky barring or spotting across

throat" primaries drab grey, vrhit,e" secondaries grey o

white wing bands, tail white (nrvight) " Pecul-iarit,ies of

adult nuptial: Throat all v¡hite (owight¡ "

Iceland Gull- L. glaucoldes: head white, faintly cloud-

ed underparts whit,e, primaries grey and whj-te, secondaries

grey, rvhite wing bands, also whit.e rving-liningo axillaries,

tail and edge oi-' wíng (Owiqht) " Peculiarities of adult
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nuptial: head completely white (Ðv\righti "

Glaucous Gull L" hyperboreus: head, undericarts, and

tail pure white, primaries rvhite, gTeY o secondaries gTeY n

white wing bands, wing-lining whit.e, axillaries white (nwight¡

Great Black-baclced GulI L" marinus: head white or

Iightly streaked wiLh dusky brown, underparts snov/y rnrhiÈeo

primaries black and whit,eo secondaries slaty to sooty black,

white wing bands" Peculiarities of adu]t, nuptial: Head- com-

p] etel1r white (orvight) .

ifestern Gu11 L" occidentalis: head white, underparLs

wlriteo primaries black, rvhit,e and grey, secondaries qYeY,

white wing bands, tail rvhite (owigtrti "

Pacif ic Gull- L" pacificus: underhead whít'e, under-

"oarts pure whit,e, oft,en with rosy tinge, primaries black

and white, secondaries black, whit'e wing bands, white wing

lining, tail whit.e with subterminal black band (Owigfrt¡ .

Snovryr white head. and undersurface (farr 1961) "

staty-backed Gull L. schistisagus å underhead whit,e,

underparts white, primaries black, whit,e and grey, second-

aries dark neutral- grey to slat.e blacko white wing lining,

white axíllaries" tail pure white (nwignt) . Vrlhite under-

parts, vrhit,e head and t,ail (Yamashina 1961-) '

Thayerrs Gull L" thayq{i3 very simi'lar to Herring



l, r)

Gull except. difÍers in area of black in lving tipq, the

black paler (Codfrey I966J "

Thereforeu one species has entirely white undersides,

35 species have partially white undersides while six species

have undersides with litt.te white coloration" A summary ís

given in Table 3.

TABLE 3

The undersides colouration of adult gu1ls - a summary.

Colour cat,egory (in order No ot species No. of species
of increasing area of (non-nuptial per category
darlc coloration) plumage) which which acquire

fit each cate- a dark nuptial
gory hood

Entirely white I 0

t¡fhite and grey e"g. grey 4 1

reml_9es,
?ühite and some grey/bJ.ack

e.g"
Grey remiges, black wing L7 4

tips "
I,rlhite and greyþLack e"g.

grey remiges,
Grey wing*l-ining, black 13 5

wing tips"
Irtrhite and darl< grey/black

e.g" black"
V,Iing-tips, slat,e wing-lin- 2 I

ing, grey remiges"
¡{ainly dark. 5 ?

Total 42 13
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APPEIVDTX 1T

DO ADULT GULLS FEED OI{ FISH?

Phillr,os (L962j carried out a lit.erature search to

investigate whether gulls feed on fish. He found records

of fish as food for the rnajority of guIl species, but was

unabl-e to trace food records for Audouints Gull, the r¡ilhite-

eyed Gu1l, and the Andean Gull" The emphasis of my litera-

ture search was the coverage of records pulclished since

Phillíp¡s work and records published in the North American

literature, which perhaps vrere less available to Phillips"

Most gull specíes are hj-ghly omnivorous" The usual

meËhods of studying their foods incl-ude examination of gut

contents, examinations of droppings and pellets, examina-

tion of regurgitated gut contents and direct observation of

easily identified foods during food capture or the feeding

of young (see Hartley L964, " The l-iterature contains eitl:er

simple geneializations of the food of guils or singular

statements. These are given here as l-aw statements or as

singular statements of fact for adult gulls, whether the

fish v,/ere directly eaten or fed to young" Some records

failed to distinguish between fish offal and fish. Scient-

ific i:ames for i-"ish are given if given by the author cited.
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oNo records located' refers to the lit,era,cure surveyecl"

Group 1.

Laughing Gull: eats fish (obtained by parasitism)

(Leck L967, Hatch L97O) " Fish offai taken (Uatctr¡ . Catch

live individuals of small-size fish (lturphy L936, rrough 1951,

Bent L963) " Eats fish (Oberholser 1938) .

Lava Gul-lc catch live small f ish (Nelson 1968) .

Eai:s fish offal (Hailman 1963) "

Hemprichrs Gu.l]: eats offal (fisfr offal?) (nogden

7964), Catch live smal-l_ fry (Fogden) "

Great Biack-headed Gulls no records located_"

Ttlhite-eyed GuI1: no records locat,ed. ',In no¡-t-breed..

ing season off Eritrea follorvs fish shoals and whates off*

shcre" (Smitn 1957j "

ir{edit,erranean Gull: êats smal-l fish (Geroudet. 1965) "

Franklinrs Gull: tish taken off. Perun follovr anchovy

shoals off Peru, Silversides (Atnerinidae) found in stom-

acns (lturphy I93b) " Possibly catch lj-ve small fish (eent

1963) " Fishes in ponds (Robbi-ns et at 19661 "

Group 2

HeeÍmannos Gufl: eats fish otfal, catch live herrrng

cf.i California (Antony 1906) " Eats snal-l fish (Pough 1957} "

Gray Gul-l: bones of f ish f ound in stomachs (ivlurphy
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1936) "

Group 3

Red-legged Kittiwake: catch .l_ive fish (eough l_957) "

Kit.tir^¡ake: eats fish offal (Bosrvall t96O) " Catch

live fish (Geroudet 1965, Fisher L947, Cowa::d L952, Bent

1963) , Fish found in stomachs on l[ev¡found]_and includ_e

ca¡¡lin and sand Launce, catch live ca.olin and sand Launce

(Amnodyt,es amLe-ri-canus) off Newfound.lancl (fnreIfall l968) .

Catch live Caplin off Labrador (toAO 1%3, Bent 1963)-

Catch lj-ve sticktebacks on pacific Coast (eent 1963) " Am-

@, å" tobianu.s, A" marlnus, C1upea haren-

gus_n C, Eprgttul, Gadus_:nerlangus, G" mor::hua found in sto-

machs and directly observed fecl to young on Farne Islands,

England (Pearson L968\. åmmodytes tobj-anus, Mallotus vi1-

loFuq, ç]-upea_har9ryus, Gadus morrhua, Foreogrdi¡s =aidq,

Gasterosteus oculatu_s, Zoarces viviparus eaten, catches

.l-ive pelagic fish Barents Sea (eelopolskii L957, "

Group 4"

Saunder's Gull3 no records located.

Group 5-

Black-billed. Gul-I: freshrvater Gal-axiad fish (Cala-

Nias attenuatus) fed to young (Beer 1966).

Grey-headed Gulls eats fish offal (l.,turphy 1936) "
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Slend-er-billed Gull¿- eats fish (tnJallace L964) "

Catches live fish (Meinert.zhagen LgS4j "

silver. rÍartlaub's and Red*bil-l-ed Gull e onnivorolls

diet (carrick and rYurray 196¿,) " small f ish regurgitated. by

nestlings (curr L9541 o live sprats and flounders caught

(elackburn L962't, ca"tches live smal-l post.-larval f ish (ralla

et al L966) "

Bonaparte¡s Gull: catch live fish (eabrielson and

Lincoln L959, Wolf and Gill L96L, Tuft,s L96L, Bent 1963) "

Fish in st,omachs (Sprunt and Cl:amberlain L97O) "

Black-headed Gurr: ca-tch live fish (crook 1953, Fisher

1947"t " Eat,s fish offal (ceroudet l_965) , Eats fish (Spårck

1e50) .

Andean Gu1ls no records located"

Group 6"

Little Gull-; catch live small fish (Geroudet L965,

Bent L963, Fisher 1947, Coward 19521 "

Ross's Gull: no records located" Probably eats fish

{eough 19s1) "

Group 7"

Swallow-taíled Gul1s regurgitate clupeoid fish (in-

cluding Sardinops sp.) and flying fish (Snorv and. Snow 1967,

Harris I97O) " Whole fish fed to young (Hailman L964) -
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Sabine's Gu-ll: eat small fishes at breedíng grounds

(eabrielson and Lincoln 1959u Bent L9'o3) "

Group B"

Ivory Gu1ls remains of fish found in stomachs in-

cluding Boreogadus said.a (Bateson and Plowright 1959) "

Group 9 "

Dolphj-n GuIl: no records located" Omnivorous (¡¡iurphy

i.e36) "

Grou;o 10

Herring Gull-3 eats fish (GeroudeL L965, Sparck 1950,

Tinbergen 1953). Catch líve fish (pisher L947, Roberts L932,

Bent 1963) " Eat,s fish offal (tkrrefall 1968, Geroud-et 1965,

Cowan 1968, Sprunt and Chamberlain L97O) " Eats dead fish

thrown from trawler (mainly gurnets Trå,gle spp" and flatfi-sh,

probably Solea variegat,a) (Boswa1l 1960) . Caplin (viallotus

vill.osus) found in stomachs - Newfoundland, also catch -l íve

Captin (Threlfall f96B). Cod, herring eaten by young, cod,

herring and Caplin eaten by adults Barents Sea (Belopo-

skii L957) " Fish found- in stomachs (see Harris 1965 for re-

viewi. Eats Sea Lamprey (Southern and Schnell L964, "

Audouin's Gull: catches líve small fish (viallace L969)

Bel-cher's Gull: f eeds on f ish at breeding place

{Ol-rog 1967) " Remains of f ish includi,ng qqgsþinolg¡_,Paloma
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Engraulis ringeus and sciaenids in stomachs South Chrincha

Islandsr Peru (l.turphy 1936) .

Cal-ifornia Gull: eats dead fish (eent 1963). Remains

of small minnows î c,arp a-round breeding colony" catfish eaten

{Cabrielson and Jewett L97O}. Eats fish (eough 1951} "

Common Gull-: eats dead fish, sticklebacks and small

fyy (eent 1963) " Cat,ch l-ive fish (¡'isher L947j. CaLeir, live

herring and Caplín-Barents Sea (eelopolskii 1957t - Catch

l-ive smelt (Rand 1956) " Eats fish (Sparck 1950) o Gabrielson

and Lincoln 1959) "

Black-tailed Gull: feeds on sardines, J-aunce and

other small fish (eough L957'). Collect in Ajiro and Usami

Bay where sardines and other fish supposedly plentiful

iKuroda 1963) "

Ring-bilIed Gull: eats fish and dead fish (eabriel-

son and Jewett l97)n Sprunt and Chamberlain 1970) " Catch

lÍve fish (Rand 1956) "

Southern Black-backed Gul1: catch live fish (lru"rphy

1936) . Eats of fal (¡'i-sfra) {nordham 1967). Numerous in

Copacabana Bay when greaL run of sardines present (iviitchelt

Le57') "

Lesser Black-lcacl<ed Gull: dead fish throvm from traw-

1er eate& (noswall 1960) . Catches li ve eels (Anguilla ang-

uilla) in freshwat,er (Wilson and. creenhalgh 1965) " Catch
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li ve fish (ceroudet L965, Físher L947, " Fish iound in sto-

machs (see Harris 1965). Anm_odytes lanceolatus, A" tobia-

rrusr A" marinus, Gadu.s ryerlenguF, G. rno!fhi1g,, Anggllla vu.l*

garis found in stomachs, Farne Islands, England (Pearson 1968)

Glaucous-wínged. Gull: dead salmonn live fish cau.ght

(eabrielson and Jewett L97O, Pough L957, Bent 1963) "

Iceland Gulls eats fish (fisher 1947). Catches fish

(eough 19s1i "

clau-cous GulI: eaÈs fish (fisher L947, Bent L963,

iTacpherson 1961). Eats fish offal (eelopolskii L957 u Mac-

-pherson 1961I

Great Bi-ack-backed Gull: dead- fish tårown from traw-

lers eaten (eoswall 1960). Ea-t,s fish (Geroudet, 1965n Bent

I963't. Fish in stomachs (inc. Salmon taken from gill nets),

Tomcod (tvticrogadus tomcod) Newfoundland (fhrelfal-l 1968) "

Fish in stomachs (see Harris 1965) " Catches live físh (f'¡-sn-

er I947J, Codn herring eaten by young, cod, herring, caplin

eaten by adults, Barents Sea (Belopolskii L9571 "

Î'{estern Gu113 catch live fish (eough L957, Antony

1906) " Eat,s dead fish, dead salmon (cabrielson and Jewet.t.

L97O'ì. Ca-tches fish o by parasitism (eough 1957) .

Pacific Gulls eats fish (Tarr 1961) "

Slaty-backed GutlB eats dead salmon (Pough L957,
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Bent 1963) . E ollows trawlers of f Kushi-ro (t<uroda L9631 "

Cat,ches líve fish {Yamashìna- 1961i "

Thayer¡s GulJ-: no records located"" Feeds at garbage

dumps (Macpherson L96L) "

In suminary, in Lhe literature I searched, I locat,ed

records oft,en involving live cau.ght fish o of fish in the

diet, for thirty-five species. For seven species no fish

record-s were locat,ed.
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APPEI{D]X 111

ÐO ÀDULT GULLS PLUNGE DIVE FOR FTSH?

Trre large food spectrum of gulls is reflected, in the

large number of ways gulls obtain food, which vary from cap-

turing bats in flight, (Cleeves L969), to foot paddling for

shore invertebrat,es (e"g. Buckley L966) o to parasitizing

fish (Cowan 1968) , This Appendix j-s concerned. with whether

gulls catch fish by a particular meÈhod: p-l-unge diving"

The definítíon of .olunge diving used in this thesis is sim-

ply, "diving suodenly into water direct from ttre air" and

includes cases which involve just parÈial submersion" Var-

iou.s kinds of plunge d.iving have been described in the lit-

eratu-re, as well as other feeding methods which perhaps fit,

the above definition (e"g" skimming for or snatching fish,

whilst in flight,) . The various types are described bel-ow

and list,ed in Figure 7 "

Phillips (f962) made a lj-t,erature search and found re-

cord-s of plunge diving for fish for various gull species"

BoÈh Phillips and Tinbergen (l-9671 comrnented on gaps in the

literature which prevented a thorough survey" Ãgain my

search concentrated on records published since l-960, and the

Nor-çh American litera'ture, These record.s are given below as
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law statemenLs r,r¡hether originaliy stated as su-ch or not;

A1l- the statement,s below either refer to adult gulls or in-

clude aCults. uNo records l-oca-tedr refers to the litera-

Lure I surveyed"

Group 1

Laughing GulI: snatch small fish from surface (Rana

L956, Murphy 1936) "

Lava Gull: no records locat,ed"

Hemprichus Gull: plunge dives for fish (fogden L964')

Great, Black-headed GuI1: no records l-ocated"

lrfhrit,e-eyed GuIl3 no records located.

Mediterranean Gulls no records located.

Frankl-inrs Gulls on 18 July 1970 near Oak Lake, !ian-

itooa I watched an adult nuptial Franklín!s Gull- ""oIunge

diveo'. The gul1 was flying south across a pond at a height

of about eight feet and 100 yeards from the nearest bank

when it twistecl its head back and suddenly fell to the sur-

facen and part,ially submerged, hitting the surface Ïrard with

íts breast, its head and foreparts already under water" An

instant, Iater the gull seemed to jab quickly wit'h its bill"

It then immediately surfaced and fLew off to a field with a

large object in its bill, probably a fish or an amphibian.
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Just prior to the observation several Forsterrs Terns

St,erna forsteri had been plunge diving a"nd catching fish at

the pond. On 22 July an adult nuptial Franlclin!s Gull wa.s

seen performing an identícal dive and it fl_ew off with a

similar prey (Cowan ,oers. obs") . No record.s were 'located

in the literature"

Group 2

Heermann¡s Gull: snatches fish from the surface

{Antony 1906) "

Gray Gulls no records located"

Group 3

Red-legged Kit.tiwake s plunge dives for fish (eough

J-957',r. "

Kíttiwake: plunge dives for fish (¡'isher L947o Gab-

rj-elson and Lincoln f959) " Dives "rnzith more skill than any

other 9u11" for fish (Coward L952't " Often subme::ges com-

plet,ely when plunge diving (Geroudet, 19650 Bent 1963),

Plunge dives in a tern-like manner (Harríson l-950, Bent 1963)

Plunges partly belov¿ the water surface to catch live Caplin

and Sand Launce with a sharp downward movement of the head

(fhrelfall 1968). Snatches fish from surface (eent 1963) "

Dives to a depLh of 0"5 to 1.0 metres (eelopolskii L957).
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Group 4

Saund-er ! s GulIs no records loca"ted.

Group 5

Black-billed Gull s may dive for f ish (Beer

Grey-headed GuIl: no records l-ocated.

Slender-billed Gullå no records located"

Silvero Hartlaub's and Red-billed Gu.l1: no

locat,ed" Blacl<bu.rn (L962) recorded an int,eresting

sequence which involved Ìbeatingr for fish prey"

L966) -

records

feeding

Bonaf:arte's Gul-13 plunge dives for fish in tern-

l-ike fashion (fufts 196r, Bent 1963, Rand 1956) " Dives for

fish from two to five feet above the su-r face, enters the

water at a sixty degree angle and completely submerges or

matþum ers from a height of f ive to fift,een feet to the sur-

face and doesn!t submerge completely (Wolt and Gill 1961) "

Black-headed- GuIl3 plunge dives for fish (pisher 1947,

Bent L963, Crook 1953) " Fish obtained by a jump into the

air and a plunge dive (e"g" Crook 1953) " Plunge dives but

rarely completely submerges (Geroudet 1965) " An adult has

been recorded- skimmingo just the lower mandible ent.ering

the wat.er (eucl<ley and Hailman 1970) "

Andean Gu.l"ls no records loca-t,ed"
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snotch¡ng fish
frorn surfoce

skimming

e.g loughing gull, heermon's
gull, t<iüiwoke,oudoui nrs

gull, southern block-backed
gull, western gull.

e.g. fronkliris
gull.

gulf, bonoportds

e.g. bonopor te's gull.

þ

v
A.

þ

jump- up off surf oce
ond dive, portiol or
comflete immersicn

e.g. kittiwokg bl ock-heoded
gull, bonoportds gull,
common gull, herring gull,
lesser block-bocked gull.

e.g. block-heoded gull, belchers
gull, herning g ull, n in g,

billed gull, southern block-
bocked gull.

e'g. block-heoded gull.

>a

folling to surfoce,
portiol immersion

ongled dive,
portiol immersion

tern-like divg
port¡ol or complete

immersion

FIG,7. A CLASSIFICATION OF GULL PLUNGE DIVING TYPES
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Gro1-r_;o 5

Little GuIlå plu-nge dives for fish {F"isher L947'} "

Rossus GuIl: i')o records located"

Group 7

Sv¿allow-tailed Gul-r: no records located.

Sabineus Gull: plunge dives for fish in tern-l-irce

fashion (Arown et al L967i

Group B

Ivory Gull: extremely unwi rlinE t.o settle on war:er

ancl prcks up food as i t novers (eaLeson and Plow::ight 1959) .

GrouÐ 9

Dolphin Gullå no records located.

Group t0

Herring Cu.rls plu.nge dives for fisn from variou-s

neíght.s, sometimes completely sulomerging (Fisher L94'7, Tin*

bergeir f953o Bent l-cr63" Gerouclet 1965) - Fish caugnt by

plunge diving in Lern-lii<e manner (Roper-Ls L9320 Gabrielson

and Lìncoln L959, BenL 1963, Bruun and Singer L97û'). May

fly u¡c a foot or so from swimming and plunge d"ive, subrnerg*

ing or part,iai-iy suÌ:merging (Tinbergen -19530 Tnomas and

Tnomas l-965) "

'l qÃ.qt

Audouins Gull: sna.tch fish from surface (lvallace
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Belcher's cull; slvimming birds take flight i,víth a

feiv flaps and then plunge downwards -like terns from a heignt

of one to three metres (Escalante f966).

California Gu-rl: no records located (f olose::ved tvzo

immature Calif ornia Gul-l-s plu.nge diving at Cnesterman' s

Beacrr, Vancouver Island, August L97O but no prey lvere seen

caught., (Coivan pers. obs") "

Common GuIl: plunge dives for fish (pisher L947) .

Catches smelt by diving l=rom the air (Rand L956) " For ten

minutes f observeC one adu-lt and two near-adults (b1ac}< tip-

ped tails) plunge Civing from two to seven feet into shal-

low water, and catching fish, ât Ckrestermanrs Beach, Vancou-

ver Island, August I97C (Cowan pers" obs").

Black-tailed Gulls no records located.

Ring-billed Gu1l: rj-ses a few feet above water from

swimming position and plunge dives for fish, almost complete-

1y submerging (Rand 1956).

Southern Bl-ack-backed Gu.ll: fish snatched. from sur-

faceo also plunge dives after a shcrt forward leap from

sw'imming posit,ion, nearly completely submerging(Murphy 1936) "

Lesser B1ack-backed Gull; plunge dives for fish

(Coward L952) " Plu-nges into water frorn height. of u.p to

eight feeL" withoul completei-y submerging, t.o ca-Èch eels
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{wilson and Greer:ha}gh L965) "

G] au.cous-v,iinged_ Gu1l3 no records locaied"

Icel_and Gul l: plunge dives (fingergen 1953) "

. 
Glaucous GuIl: plunge dives (finbergen I953) "

Great. B_iack-backed GulL e plunge dives f or f ish

(F isher 1947' .

irrestern Gull; snatches f ish from surface (nough LgsT ,

Antony 1906).

Pacrfic Gu11å no record.s l_ocat.ed.

Slaty-backed Gulls rro records located. "Feeds on

fish lcy picking up with bi1ll' (yamashina 1961).

Thayerrs Gullå no records located,

fn sunrmary" in the particular l_it,erature I searched.,

r located records of plunge diving for fish for seventeen

gul1 species. For four additional species the record.s con*

cerned plunge diving þut ej_ther the prê! \trê.s not given or

the prey v/as not a fish" No records at. arl- vr'ere rocated

for twenty-one species"
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A.DPENDIX lV

C}R.ONOLOGTC/{L SURVEY OF STUDTES TNVOLVTNG CRATKI S }ryPOTHESES

Thayer (1909) produced a forerunner to hypotheses (Z¡

and (3) r "the more vital service rendered by their sea-

bird coloration is doubtless concearment aEainst the sky a-

bove, from the eyes of aquatic animals below them". "Aqua-

tic animals" -- as Phillips (1962) pointed- out -- may be

eiLher predators or prey" Craik's publÍcation (l944a) ís

fully reviewed in Chapter 1" Pirenne and Crombie (1944)

calculated, using rel-ationship (1), that under an overcast

sky the difference between the critícal ranges of visibíli-

ty of black objects and i,vhite objects, neglecting atmos-

pheric scattering, will be of the order of. ten per cent and

also that a lclack bird ten per cent smaller in 't inear dim-

ensions than a white bird would become invisible at the

same range as the latter. Their calculat,ions for cloudless

skies are referred- to in Cl:a;oter I. Craik (L944b\, in re-

ply to Pirenne and Crombie {7944) stated, "Further .ijre con-

dit,ions of cloudless blue sky, under which the bird will

be brighter than 't*le sky are rather rare in temperat,e cli-

mates and there wi ll be other conditions, such as sun shin-

jng through breal<s in cloud, in which Lhe brightness oÍ. the
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bird may exa.ctly equal that. of the baclcground"" lrTo cli-

matical. references \rere given. Armstrong {rgaLt attempt-

ed to show that the white colouraL'ion of various v¡hite-

coloured sea-birds could not be advantageous for survival

in the manner suggested by Craik (L944a1 . Armstrong (,IO4a"¡

pointed out that those albatrosses (Oiomedidae) and shear-

waters (Procellaridae) which are predominantly whitê, ". o "

do not feed mainly on living fish bu.t on organisms not en-

dowed with sufficiently long sight, for the colouration of

the bird predator to be of importance"" He also mentioned

that some v¡hite sea*birds feed chiefly at. night and, that

gulls are primarily scaverigers. These objections faIl

short, in that the birds he used as examples, ês he himself

admitted, do eittrer sometimes feed on fish, sometimes feed

by day and someLimes donrt scavenge" Tinbergen (1953) sum-

med up the situation v,/e11, "in my opinion the cri-ticism is

noÈ very convincing and like Craik's contribution should be

regarded as speculative""

The only empi¡js¿f data pertaining to Craikos hypo-

theses has come from G"C. Phitlips (L962) whose doctoral

thesis was directed at evaluating and testing the logical

derivative of hypotheses 2 and 3. Phillips confirmed this

derivative regarding white sea-birds and black sea-birds by
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experiments in v,¡hich the responses of fish, stickle backs

GasterosLeus açuteatusn in a tank, were observed t,o flat

v¡ooden sea-bírd- models that were compietel-y white or com-

plet,eJ-y brack" In a-d-ciition, various pelagic fish showed

excape responses to the model-s bu-t some cryptically col-our-

ed fish remained motionless in the presence of the models "

Craik (LgAaaI mentioned fish as "seeing", this term being

used in his hypotheses. "Seeing" is obviousl-y not, an ob-

servable. Phillips (Lg62) subst.itut,ed "escape-response"

for"seeing", an escaroe response probably being the first.

gross ef f ect of the gull st,imul-us. Phillips pointed out

that Craikos icleas coul-d apply only to those r,rzhíte under-

sided. sea-bird.s v¡hich plunge-dive for their epipelagic L-"ish

prey, âs a.oart from those that, swim on the surface and then

grasp prey n or submerge for prey. If a bird s\^/am around on

the surface prior to chasing prey it would presumably lose

the advantage of white underside colourat,ion. Phillips ¿l-

so demonstrated that, blacl< objects held in the air and vj-ev¡-

ed against the sky fronr an u-nderwater position by a frogman

Homo sapiens are more conspicuous than white objects" By a

lit,erature search Phillips found records of fish as food-

and of plunge d-iving for fish o ioy many sea-bird species,

Phillips speculated that dark nuptial hoods, ". ". may be ex-
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pected to render a hooded guli more conspicuous to aquat,íc

prey it coul-d- ,orovide a handicap to f .i sh-eating guJ-ls

du-ring the rvínter months v.zhen food may be less easily ob-

tained".

Tinbergen (L967j discussed philtips (tgøZ) experiment,s

in relat,ion to the colouration of Black-head.ed Gull_s " Af ter

noting that Black-headed Gulls feed maj_nly on insects and.

earthivorms during the surnmer, he stated, ".".wê understand.

-"/hy the B1ack-headed Gu-ll can afforcl a dark faceo.-,,o And

later, "wê r,vilI also have to f ind. positive advantages of the

colour patLerns o..", Tìnbergen (L969 pers. corres.) wrote,

"Another puzzLíng thing j-n an otherwise -pretty clear situa-

tion is the fact that the white headed. Common Gull undou-þ-

tedly eats many insects. Yet if philiips, findings can be

exÈrapoated we should. expect tåe Common Gull to spend quite

a proportion of iÈs feed-ing activity plunge-diving for fish,'.

Perhaps it should be not,ed that in fact, both the ei-ack-

headed Gu1l and the Common GuIl do eat fish during trre breed-

ing season (e.g" Sparck 1950) though a smaller proportion of

the to'L,al- diet than insects. Salomonsen (i968), after a re-

view of Tinbergen!s paper (L967), added, ',th.e theory may ex-

plain rvhy the young Kittiviake, unl-ike alt other ímmature

marine gulls, quickly adopts a rvhite hea-d and underparts sim-
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ila-r to those of the a-dult: iusi after feeding ít leaves

the inshore zane again unlike oÍ:her immatu-re gulls and

starLs feedinq' in the peragic zone't.
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APPENDIX V

OTHER POSSIBLE SFFECTS OF THH !.üHITE COLORAgfOid OE SEA-BTR.DS

Conspicuousnesss Darr,/-in (189û) stated that the all-

whit,e or all--black plumage of some sea-lcirds renders these

birds conspicuou-s and is adapted for facÍlitating the "meet-

rng of the sexes". Darwin also considered. that these color-

ations wil-l allow feeding bird.s t,o be seen from greater dis-

tances and so facilitate Lhe col-lection of sea-birds around

a food source bu-t that this effect is fortuitous. À::mstrong

(J-9461 hypothesized that white coloration enhances the col-

lection of sea-b'i rds around f ood it,ems such as f ish shoals

but unlike Darwin considerecl whit.e coloration to l:e adarrted

for this possibly altruist,ic effect and was crit,icized. for

this reason by Phillips (L962). Huxley (L934J and Cott

(L94Oj both stated that various sea-birds are consipicuous,

inciuding guIls and gannets Sula spp" altJrough empirical

contrast vai-ues, e"g" of gu1ls seen against sear are lacking"

Moynihan (L960) revealed a possible functional advan-

tage oL-' the conspicuou.sness of sea-biros {as vievred by

ottrer sea-birds) " He statedo "It trzill be generally advanta-

geou.s for any species to be as conspicuous as possible, in-

sofar as conspi-cuousness wil-l make it easier for individu"a-] s



to locate and recogn-ize one anoLher " It is also possil:le

that conspicu-ousness may actually make a bjrd more "attrac-

tive" to its fellorvsi gr even enable it to convey stronger

and more effective sign stimuli for all sorts of social re-

acLions". Tt should- Jce pointed out that consï¡icuousness may

be a function of hue, or movement as r¿ell- as contrast.

Flashinge the rapid change in contrast, of light re-

flected from the grey or black (hood, mantle) and whit,e sur-

faces during the rnovements of a 9u.11 or tern prior to plunge-

diving produce a "flash" (Feare 1967), Feare considered

that flashing facilitates the collection of Larids around a

food source but that. white coloration j-s not adapted for

feeding enhancement as such but for assisting adulL/young

attraction after the young l-eave the nest"

fnconspicuousnessi Phillips (L962) commented that

the white underparts or a swimming bird (the aistinction

betv¡een underparts and undersid.es is important here¡ may

render su-ch birds less conspicuous to underwater predators

and. prey and gave a record of an adult Black-headed Gull-

being taken from underwatero .orobably by a pike" Giegg

{L945, 1947) gave records of fish taking various sea-birds

including the Herring Gull and other gulls and what was

probabty a fish, taking a crey-headed Gull, .Ðitman {L962
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a,b) ,Ðresented records of fish and Snapping Turtles

Chel-ydra serpentj-na t,aking water-birds, lout' no gulIs \^/ere

taken -

ReducLion in aEgression: perhaps the i,vhit,e colorati on

or the pied pl-umage pa.ttern is non-agg::essive and functions

to reduce íntra- and- inter- specific hostility (in the non-

breeding season for hooded gulls) as in the more general

hypothesis put forward by Hamilton and Barth (L962) " That

gu.lls may be aggressive (as apart from an increased or lov¡*

ered rate of aggression) in the non-breeding season is re-

fl-ected in the observations of, for example, defense of v¡in-

ter food supplies (Ingolfsson 1969u Ðrury and SmiÈh 1968),
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APPEIìi-DIX Vl

The enviÍonmental variables recorded on each occasion

of phot,ography (Chapter 2j v,zere, after date (A) and. Èime of

day (e) t

(Cl Clouo thicl<ness of cLoud obscuring sun s visually

reported as either no cioud (C) , silky (1) , "Lhicker " (2)

(not silky, no vertical development), some vertical develop-

ment (3) and much vertical development (a'] " These are ob-

servable properties of various cloud types (e"9" Pøttersen

1958) and are associated with increasing thickness of cloud.

(ol cloud colour of cloud obscuring sul1å recorded

as no cloud (0), white (1),1i9ht grey (2) , dark grey (3),

blacl< (al .

(E) positj-on of the surrs the horizontal- bearj-ng

was estimated in degrees with a compass" The posit.ion was

sometimes unobtainalcle oÌ,?ing to obscuring cloud (0) .

(F) v¡ind direction: a thuml¡ est'imate given as one

of the eight major compass bearings or as no wind (Ol -

(el preci.rritation: no precipitat,ion (l), precipi-

tation (2) "

(H) cloud thickness of cloud behind. 9u1 1 and in the

photograph: as (c) "

(rl cloud colour ot cloud lcehind gull and in the
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ohotograph: as (Di "

i,T) visibility e not poor

selected point), poor (21 (could

point) .

(could see to .L:re-

see to pre-selected

I t't

not

(¡<l l{ave rreights Tecorded as millpond (1}, ripples

(,2j, \^iaves but no r,vhite caps (3), waves with white caps {41 "

(t) cloud cover; visually est,imated and- expressed

on the standard. scale ranging from 0 to 8. (Petterssen

1958, World t'{et,eorologÍcaL Association f956} "

The actual condit,'i ons recorded are listed below" For

cioudless skies, i,vhere the corresponding experrment demon*

strated that the Franklin's Gull model had a smalier cont-

rast than the rvhite undersided model {Chapter 3} , an ast'er-

isk is given. Tirose occasions (10i, where tlre experiments

gave statistical-ly inconclusive results a"re given trvo aster-
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