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ABSBUCT

the work of w*ich thio study is an account vac carried out 

while the author was Deputy Loader of the British Ornithologists 1 

Union Centenary Expedition to Ascension Island , from lavember 

1957 to April 1959.

The objects of the expedition were to investigate the general 

breeding biology of the resident tropical seabirds with a view to 

discovering how the timing of their breeding was controlled. In 

moat temperate birds the controlling factors are changes in day-length, 

temperature, and availability of food; the particular interest of 

the eleven species at Aftoension was that they were living in an 

environment with no seasonal change in day-length or cliiaate, and 

apparently a uniform availability of food*

The author was responsible for studies on three of these 

species, the White Booty flfla 4afltylafoaf the Brown Booty gala,

and the Fairy Tern (jygis aj-ba. A few observations wore

also made on the ton or so pairs of the Redfooted Booty 

which were present. The bulk of this study 10 an account of the 

comparative breeding biology of the White and Brown Boobies* The 

Fairy Tern Is not closely comparable to them, and only those aspects 

of its biolo^r relevant to the general problem (brooding, food, and 

moult) are dealt with, In an Appendix*

The study Is divided Into nine sections, of which four deal 

with the breeding of the boobies, and three with other observations 

on the species 1 biology, vis, moult and food (both of which were 

found to have an important relation to the breeding biology), and 

behaviour, which had neither been fully described nor analysed 

before.

Section Z is introductory, the alas, scope, and oethods of 

study being described, together with the habitat. Ascension Island 

lies roughly in the middle of the South Atlantic (8°S, U°25fV). 

It is a peak of the Mid-Atlantic Ridge, triangular in shape, with 
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sides of about ai :ht miles, and rises from coastal plains to 

2,800 ft* in the middle. Its volcanic origin is clearly soen in 

the numerous extinct craters* ash-fielda, and lava-flows, which are 

little weathered lay the uniformly uarm and sunny clinate and the 

continuous south-east Trade-winds, Vegetation is confined to the 

slopes above about lfOCX) ft.

As a result of man's introduction of rats and cats, the sea- 

sbirds are no longer found on the main island and, with the exception 

of the Wideawake Tern, are now confined to off-shore stacks and 

islets. The.expedition1 s main work was therefore done on Boatswain- 

ibird Island, a volcanic plug some 300 ft* high and 400 yds, across, 

about 300 yds, off the south-east corner of Ascension* Only 

intermittent visits could be paid to this island, and the author 

spent about 130 days, spaced over 15 months, on it.

Section II deals with the colonies and breeding seasons* 

There were 1200-1300 pairs of tfhite Boobies breeding on Boatswain- 

sbird Island, and one or two pairs elsewhere. 600-700 pairs of 

Brown Boobies bred at Ascension, of which about two-thirds were on 

Boatswain-bird Island and the reminder on small stacks*

& both species there were clearly-marked peaks of laying, 

with intervening periods when the number of new clutches was very 

small. In the White Booty breeding appeared to occur annually 

(only one fun season was studied* but deductions were made about the 

preceding and following ones), in the Brown about every eight months 

(two full seasons were seen, and again deductions were made about 

others)* In both species the time taken from laying of eggs to 

fledging of chicks was the same, six to seven months. Individuals 

of both species conformed to the breeding seasons of the population* 

and if out of phase for some reason, they had a longer or shorter 

"rest" period as necessary to bring them into phase again at the next 

season, these two discoveries at once suggested that external factors 

were modifying the birds' internal physiological cycles and controlling 

the/
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the time of breeding* What these factors oight be is discussed 

later In the study, In the light of subsequent discoveries about 

th*  peeies 1 breeding biology.

The two species differed not only in periodicity of casual 

cycle but also in the time of year at which laying took place. 

The periodicity wao such, bowovcr, that every two years the Brown 

Boobies would lay at aliaost the oaae time as the White* The 

significance of this, and its possible relation to annual variation 

in oceanic conditions with their origin in the melting of the 

Antarctic ice, is discussed, together with published information 

about the species 1 broking seasons in other parts of the world*

Section III deals with clutch-size and incubation* Both 

species wera found to lay two eggs, with very few exceptions, but 

only one chick was raised* Incubation is described, and the attentive 

epolls at the nest analysed | the attentive spells of both species were 

found to be variable, those of the White Booby being about 4B hours 

and those of the Brown about 24 hours* This probably Indicated a 

differ once in the birds 1 feeding range (partly confirmed by a study 

of their food), important in the consideration of the tw> species* 

eoologlcal differences. Some desertions occurred during the study 

of attention spells, and the circumstances of these strongly Indicated 

that the birds were experiencing difficulty in flying food, thla 

view subsequently being supported by other events.

In Section Tf the feeding, care, and growth of the chick are 

described* Records of growth rates of both normal, and abnormal 

chicks were obtained, and theee provided further evidence of the 

operation of a food shortage* Losses in woi t̂ ht and reductions 

of growth rate occurred in chicks of varying ages but at roughly 

the sane date, August and September 1958*

The second chick of the clutch hatched about five days after 

the first and never lived nore than two or three days, Tho curiou* 

circumstances of this are deecrlbeds the smaller chick was apTarontly 

expellee from the nest by the larger, and not starved to death as a



result of the larger chick's rjoro vigorous danands, as has been 

shown in some other species of birds* Experiments with twins 

were carried, out to investigate this situation further; the 

larger chick 1 a ability to establish a supremacy was found to be 

so strong as to operate oven vhon the dif Terence in sise between 

artificial twins was very small; and some parents vero able to 

raise twin chicks at apparently the normal rate of growth for two 

veeks or aora. Ibssifcle reasons for this striking behaviour amongst 

the chicks and its relevance to clutch size and breeding success 

are discussed*

In Section V, breeding success is described. Both species 

had a lov breeding success, and big losses of eggs and chicks of 

the White Booby occurred in August and September 1958, supporting 

the other evidence concerning shortage of food* In one area of the 

White Booty colony studied only 4*5£ of the eggs laid gave rise to 

flying young, in another area the figure being 9^. In the Brown 

Booby 5% of the eggs laid gave rise to flying young in one season, 

while in the following season the figure was 133&J the difforenoe 

here was probably due to shortage of food IB the first season causing 

late deaths aaong chicks,

Section VI deals mainly with moult in the White Booty* Lees 

information was obtained about the Brown Booty but the procedure 

appeared to be the same a@ in the Whitej in view of the Brown 

Booby's shorter sexual cycle, however, more information than could 

be obtained would have been interesting. The sequence of primary 

ooult was discovered when exa&ining juvenile White Boobies which had 

returned to the island after a post-fledging dispersal* The change 

from Juvenile to adult pfcuaage took more than two years, tha shedding 

and regrowth of the primaries, from the innenaost outwards, occurring 

in three spaced concurrent cycles. This remarkable procedure was 

found to operate in auuits as wall. There was also a period of 

pauae in the primary moult of sotee aaults, correlated with the tiiae 

when most birds had chicks, but there wore exceptions to this and



soae bird* were m>ulting their primaries throughout their 

breeding. The primary moult of s^e of the other species of 

Ascension seablrds was examined in the light of these discoveries, 

and the rosults indicated a prolonged moult with a period of pause 

during breeding* This, together with the rotation of moult to 

the availability of food and the breeding seasons in tropical 

seabirds, is discussed.

Section VII is an analysis of the food of the boobies with 

some observations on their feeding behaviour. Both species 

regurgitated freely, the contents of all such food samples being 

noted and specimens preserved for later identification* Flying- 

I fish were found to be prominent in the diet of both species, but 

both also took small fish on occasion, sometimes in large numbers, 

and, particularly in the case of the Brown Booby, to the exclusion 

of flying-fish* White Boobies generally concentrated more on 

large flying-fish (about 20 <a. long) than Srown Boobies, and the 

latter took a higher proportion of small fish of more species than 

the Whit® Booby. When they did take large fish, the Brown Boobies 

took a slightly greater variety than the White* Only Brown Boobies 

were seen regularly to fish close inshore* Thus there was an 

overlap in the two species' food, but they appeared to differ in 

feeding methods, in the variety of species taken, and In size 

profsronce*

Section VIII is a comparative account and interpretation of 

behaviour patterns observed in the course of other observations on 

establishment of territories, conduct of isated birds, pairing, 

territorial behaviour, and permanence of pair-bonds* These patterns 

and the situations in which they occurred have not been described 

before and are important for the understanding of the derivation 

of certain behaviour patterns in other aeabers of tho family kulidaa 

Borne of the behavioural differences between Whit a and Brown Boobiea 

were apparently related to differences in thoir nesting habits.

Section/



itgtinn H contains the general cor clue ions from the 

above findings anu Q discussion of their r Nation to the 

relation of seablrd rubbers and the control of brooding 

times of birds in a tropical oarino environment. Particulr.rly 

stressed ere the iaportanoe of studies on the ooult cycle and 

availability of food in rotation to the breeding seasons. 

It is ar-^uod that the two boobies oay have evolved the observed 

differoacee in breeding biology as a means of exploiting, in 

different waye, cyclical variations — perhape eriall — in the 

availability of food, these being a result of variations in 

oceanic oorsditionfi*



HABITAT, METHODS.

!• Introduction*

This study was undertaken as part of the programme of the 

British Ornithologists 1 Union Centenary Expedition to Ascension 

Island. The aims of the expedition were to investigate the 

phenomena of breeding seasons in the seabirda of an area with 

no appreciable variation in cliaate or day-length throughout the 

year. The expedition was on Ascension from Kovember 1957 until 

April 1959.

Eleven species of pan-tropical seabirds breed at Ascension, 

and of these I studied the Boobies afl^ spp. and Fairy Tern GvgLa 

OliSb Host of the information here presented was obtained from 

studies of the White BootQT & flMffoXafoft *&* Brown Booby 

§» lencQgaster* About ten pairs of Redfooted Boobies S. sola were 

also present, but only one neat was accessible and the others (I was 

not certain how many of them did nest) could not be observed except 

from the sea* Hence the White and Brown Boobies are the main 

subject. A abort account of the Fairy Tern has been included as 

an appendix, with special reference to aspects of its biology 

relevant to the study of the Boobies.

The scope of the study was determined by several factors. 

Firstly, I did not have 18 months* continuous residence with the 

birds. The colonies were difficult to get at and only/intermittent

& flfictylatra is known as the White, Blue-facod, and Masked Booby. 

Its face is not strictly blue, certainly not so blue as that of the 

Radfooted, while the sale Brown Booby in non-brooding dress also haa 

KLue about the face. Furthermore, all the boobies have conspicuous 

face patterns and in that sense aro "Basked". I therefore propose to 

use the term ^hite Booby, which emphasises the contrast with the Brown; 

the Redfooted is also usually white, but its red feet are always 

conspicuous and its name is already universally employed*
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intermittent visits could be paid to them; this meant many problems 

in the recording of events* Secondly, the study was restricted to 

the birds while at the breeding colonies; their range and behaviour 

at sea, for instance, could not be investigated* Thirdly, there 

was no way of assessing the marine life and its availability as 

food to the birds, except through what they brought back to the 

colonies, finally, the scope was limited by the length of the 

expedition's stay. It was planned that we should see two laying 

seasons, or at least one complete breeding cycle* It was not 

desirable that a pioneer study of this nature should be longer; 

practically nothing was known of the breeding of the Ascension 

eeabirds, with the exception of the Wideawake tern, which was known 

to lay at roughly 9§HO>nth intervals (Ghapin* 1954)* It happened 

that I saw one complete breeding season of the white Booby, one and 

most of a second of the Brown Booty, and almost two complete ones 

of the Fairy Tern.

How far vere these particular seasons representative of the 

birds' normal way of life? And how normal vere the lengths of 

sexual cycle that vere indicated? In this thesis I present the 

findings and draw conclusions where possible, and relate these to 

the wider problem of the breeding of tropical seabirds. It will 

be seen that many more problems have been raised than have been 

answered.

2. Habitat*

Ascension Island (Fig*l) lies between latitudes 7 and 80S, and 
at 14°20'H, in the Atlantic Ocean, approximately midway between West 
Africa and South America, about 1600 miles vest of the former and 
1500 east of the latter, and 1000 south of Sierra Leone. The nearest 
land is the Island of St.Helena, TOO miles to the south-east* 
Ascension ia a peak of the aid-Atlantic lidge* It lies in the 
middle of the belt of south-east trade winds.

Tho/



The climate is uniformly warn and sunny, and there are rarely 

extremes of wind or temperature* The rainfall on the central peak* 

Green Mountain (at about 2,500 ft. ) is roughly 25 Inches annually, 

but on the coast is an irregular five Inches, in some years negligible. 

The day-time mart mum te-iperatures aro about 8f?°F, occasionally rising 

to 951 at night the minimum is about 78. Sxceptional periods of 

rainfall have been known, for example in 1924 and 1959, and the 

existence of dry watercourses about the island testifies to such 

events. Once the nesting colony of 'fideawake Terns Sterna fuscata 

was reported to have been washed away (Huckle,1924)« Imnediately 

after the expedition left, in April 1959, a period of rain began 

and las tad until July; H.CU Allan, oae of the expedition members who 

stayed behind, visited the booby colonies than and reported that 

rivulets had formed in the thick guano layer and many eggs had been 

washed away. After weather of this sort, much of the island becomes 

covered 137 grass and other plants, but in normal times it Is very barren, 

except for the upper 1000 ft. of Green ^fountain, Numerous craters, 

lava fields, dlnfcer and ash are tho features of the landscape. There 

are no birds on most of the main island except at the "Wideawake Fairs11 , 

and none even there when the Wideawakes are not breeding. Later I 

estimated the Ascension population of -Mte Boobies to be about 9,000 

birds and that of the Brown Boobies to be a minimum of 1400, but none 

of these birds was breeding on the main island. Host of them were 

on a large off-chore stack called Boatswain-bird Island,

However, we found evidence that there must once have been very 

large colonies of saabirds on the main island, although we could not 

guess the actual numbers. Two areas in particular were important! 

that stretching from Strath Gannet Hill (the name is significant) to 

the southernmost point of the island, embracing liars Bay to Gannet 

Bay, this area being a very rou$a lava field} and that at the north 

corner of the island, froa Sisters Peak to Syramiii Itoint ani east as 

far as Porpoise Iblnt, again mostly rough lava. In these areas the 

rocks wore encrusted with a white substance identified later as 

phosphatic guano derivative* In the hollows and crevioes was much 

dust/



duet, again of a phospbatic nature, some of it occasionally 

being recognisable as guano, and amongst the dust were fragnents 

of feathers (some clearly those of boobies froa their size and 

shape tat not assignable to species), bonoo, and egg-shells* 

Some bones wore later identified as thoso of White and Redfooted 

Boobies, but the relative numbers could not be established, and 

bones of Brown Boobies, difficult to distinguish from those of 

White Boobies, x^ere not certainly found.

Near the foot of Sisters Peak was a fumarole. It had a 

narrov vertical shaft, opening at the top of what looked like a 

gigantic aole-hill, while at the bottom, some 20 feet down, was a 

chamber* The floor of this natural trap was littered with bones 

which proved to be mostly those of Wideawakes and White Boobies. 

Two further pieces of evidence confirmed that there had once been 

a booty colony theres A panorama of the island, painted from a 

sketch made in 1819 by Admiral Sir Jahleel Brenton , shows birds 

in flight and on the ground in this area, some of them being 

unndstakoably White Boobies* Also, a map of the island made in 

1838 designated this same area as "North Gannet Fair"; White 

Boobies are still called Qaonots on the island, and "Fair" is the 

term still applied to the Wideawake breeding colonies* The SSJM 

map also marked a South Gannet Fair near the present South Gannet 

Hill. This colony oust have been on the lava field that stretches 

from this Mil to the southernmost corner of the island, where 

there is much pbosphatic dust and again fragientB of feathers* 

Further evidence of this colony was given by Darwin (1845), who wrote 

of his visit to Ascension in 1836, "One of my excursions took me 

towards the S,W« extremity of the island* *** Whilst passing this 

end of the island at sea, I could not imagine what the white 

patches were with which the whole plain was mottled; I now found

The painting now hangs in the Africana ?liseum, Johannesburg, 

We were shown a photograph of it»
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that they were sea-fowl, sleeping in S'xsh full confidence, that 

even in add-day a nan could walk up and seize hold of them. 0 

He did not say what the birds were, and they might have been 

Wideawakes, which are still found there; but it is not the habit 

of Wideawakes to remain asleep "in full confidence* while you walk 

amongst then. This is true of boobies, however, and I could often 

seize hold of a sleeping bird. I believe that Darwin saw White 

Boobies there, where now there are none*

The reason that they, and the other species as wall, have 

gone is probably predatlon by cats or rats, both of course introduced 

by man. The history of this has been dealt with ty Stonohouse (i960). 

We found no evidence that the rats were affecting the birds at the 

present tiiae, and they could certainly not be described as a 

plague. If they had been a serious menace to the Wideawakes, we 

would have seen some evidence of it* they may, however, have been 

important predators at one tine. It is generally assumed that the 

introduction of rats to a colony of ground-nesting birds inevitably 

results in the eventual demise of the birds, as happened for example 

to the Puffins FratrfiCT&ft S£gMc& on Ailsa Cralg (Fisher & !oeldey,1954)« 

On the other hand, Vogt (1942), in his study of the Piquero Hgifc 

y&rjLasa$a. and other guano birds on the island of Lobos de Tierra 

off Bern, advocates the destruction of rats in the colonies not 

because they are harmful to the birds or eggs or chicks, but because
*

they prey upon the lizards which eat the birds9 ectoparasites* It 

is therefore difficult to assess how important the rats on Ascension 

have been in reducing the numbers of birds. About the cats there 

is more information* Darwin (loc* cit.) described them as being 

a plague (1336)5 like the rats, they are not a plague now, but 

their numbers are probably kept in check by food shortage during the 

absence of the Wideawakes. Probably this is also why the l/ideawskes 

survive; boobies are resident more or less all the year round on 

their breeding colonies, and would provide a continuous source of 

food fbr cats as long as they survived. I imagined, after being 

painfully/



painfully attacked Bys«lf ty boobies, that the adults would 

be able to defeaiythemstives ant chioks fron cats, bat I was 

proved wrong when watching a snail stack at Gbooanut Boy, 

separated from the mainland only hr* a deep ehaan some twanty 

feet across. A few Brown and White Boobies were nesting on the 

stack, and occasionally a bixd landed on the •^fT^Atid aide of 

the chasm* I found a freshly-killed adult male White Booby 

there, its head torn off, and at the same time saw a cat 

disappear ajaang the rocks; there were heaps of bones and feathers 

from other boobies that had nreviouely presumably died the saae 

way*

Urns all the Ascension seabirda, with the exception of the 

Wideawakes, are confined to off-ehora stacks and cliffs whore 

they are safe froa ground predators* The position; of the 'various 

colonies and their approximate numbers of breeding pairs are ciarked 

on the map (Pig. !)• There nay have been a few pairs on sone 

inaccessible parts of the south coast that I did not see*

Jfy work on the boobies was done in two placesi i) four 

stacks between fyrasdd fbint and English Bay, vhich could be readied 

by rowing-boat from Georgetown (see Fig* 1, Stacks 1-4-), and whore 

only Brown Boobies nested, and ii) Boatsi-^ain-bird Inland,

Boatswain-bird Island is a volcanic plug, separated from the 

south-east corner of the main island %y a channel about 300 yards 

wide (Flats 1). It is 300 feet hl^h and almost sheer all round; 

the top is an undulating plain of some seven acres, and this is 

vfesre the White Booty colonies are* The Brown Boobies occupy 

the edges of the plateau, the gulllas, and steep slopes above the 

sheer cliffs* The guano layer on top was about two feet thick in 

the valleys, and the whole island was whitened ty encrustations 

of it* The softness of the underlying rock (trachyte) and the 

crust of guano made the Island a treacherous place to work on.

The guano deposits were laot exploited in the early 1930fs, 

and the island has been undisturbed since then. The guano workers 

boilt/



built a eaull landing stage at the aouthai-most tip of the island,

where the drop to the sea is least steep, and froa there a
«. 
precarious path has been cut to the top. In spite of this

assistance, we found that operation of the landing was never 

easy, and hazardous when hi^i seas were running*.

The expedition Base Camp was situated at the foot of South 

Garnet Hill, in the south-wast corner of the main island* from 

where we visited the stacks and Boatswaia-bird Island at regular 

intervals* Three or four days at a time, oaeasionally six, were 

spent at Boatswain-bird lalaud, where ve built a hot and put down 

a auoring buoy for the boat j all stores and fresh water had to be 

ferried out* the nearest possible parmnsnt mooring for the boat 

was in Ibrth East Bay, which was a three-mile run from the ialanrU 

The sea conditions wore rarely so rough as to prevent us making 

this run, hut sometioos heavy rollers prevented us getting to the 

boat at Its mooring. These roll era, a feature of oceanic island** 

usually lasted three or four days; their origin is uncertain 

{Murpky, 1936). They sometimes prevented us from visiting the 

stacks from Georgetown*

A general account of Ascension, its history, and the work of 

the Expedition has been given by Stonehouae (i960-)*

3. Methods*

In our 15 months in the Held I spent about 130 days oa 

Boatswain-bird Island and visited the stacks 23 times, at rou^ily 

monthly Intervals*

M»st observations were made during daytime, a few at night* 

Behaviour studies were aost fruitful in the early part of the 

day, and generally the birds were least active during the hottest 

time, about old-day and afternoon, Observations after dark were 

confined to times when ffioonli^it made it possible to climb about 
on Boatswain-bird Island, which was perilous in complete darkness. 

Mostly such excursions were for the purpose of cheokiog the presence



of fcojwn birds, or fbr estima -ing total numbers, sinoo more birds 

were always present at night. Some checks on incubation spells 

necessitated ni{$it work*

Brown Boobies were less convenient to study than %*hite, as 

they were nore tintd and took flight more readily if alarmed. 

Binoculars were rarely necessary, and if one kept still or moved 

only carefully most birds were undisturbed by the presence of an 

observer, even within a few feet*

giCfitog" Both species of booby were marked with Timbered 

alunJniura rings* The first series was supplied by the National 

Institute fbr Oceanography, and tho size used was %>• 6 (with clip),

but as this was Just, too large for both species every ring had to
er 

be adjuster to a snaHJ internal diameter before using. later

we received rings from the British Trust for Ornithology; their 

size Nb, £ (with clip) fitted the Brown Booby but was too small 

for the %ite. Some of the new tonal rings were used (overlapped) 

on the White Boobies, but the hardness of the metal aade this a 

complex operation and the Milte Boobies were difficult to deal 

with single-handed conyway.

Rings were easy to see on standing birds, and sometimes one 

could crawl closo enough to read the number without catching the 

bird, but this was dangerous if within striking distance of

Coloured celluloid rings of the "flatband" poultry type were 

tried at first* Even when sealed with acetone, however, they could 

•till be renoved by the birds, either completely, or so that they 

became jaaued over the webs of the feet* This practice war therefore 

discontinued. The aluminium rings could be coloured with cellulose 

lacquer or paint, which remained recognisable for about two months, 

or longer if seen at close quarters. Lacquer had to bo applied after 

the ring was put on, othe vise it flaked off when the pliers were 

used | in most eases the process was not worth the trouble* I 

V0ed the*e jatntriH rings to identify imature birds whose plmage 

was njt distinguishable from that of the adults, and also for some



of the individuals that were bain j closely observed in a 

behaviour study. Adults whose breading histories I wished 

to follow were ringed on the left leg, those that were being 

observed for daily habits on .the right; chicks were ringed on
N

the left leg and ianature birds of unte*>wn ago on the ri.^it, 
their subsequent plumage changes helping to keep the categories 
distinct* A system of this sort was quite easy to devise and 
made the lack of colour-rings but little drawback The chief 
aid to the identification of ringed birds, however, was locality** 
Bach bird, when it was on the colony at all, could nearly always 
be found in the save place. Hence a ringed bird found in the 
colony where no adult had previously been ringed was almost 
certainly an immature bird just visiting.

374 Vhite Boobies and 244 Brown Boobies were ringed* 
Nearly three-quarters of these vere chicks ringed towards the 
end of our stay, in the hope of recoveries away from the colony* 
(This has proved an empty hope, to date*) *fy policy was to ring 
few birds and to concentrate on those likely to provide information 
over the succeeding months; too aany ringed birds would have 
resulted in ouch wasteful catching of birds and the checking of 
numbers* 106 adult White Boobies and 64 chicks, aad 33 adult; 
Brown Boobies and 33 chicks, were ringed with this policy in view. 
This selective ringing was Justified, I think, because of the 
Boobies only 11 out of 106 were never seen again; a remarkably 
small figure, considering mortality and the possible loss of 
rings* Hone of the adult Brawn Boobies was never seen again, 
I think, but some could not be caught again and I cannot quote 
definite figures*

&djj)gs Dyes were useful for short-term work, since they 
were easily applied and showed up well on the White Boobies' 
plumage* But after handling the birds usually went and bathed, 
thus Immediately diluting the colour* Methasol Fast dyes, 
soluble in alcohol, were supplied ty Imperial Gheiaical Indus trios

Ltd. /
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Ltd* ifcint lasted longer than dye, and also showed up well, 

but it tended to become patchy aa tfao bird's body-*oult proceeded, 
and sometimes also nicked up dust before it dried. Neither 
ringing nor dyeing nor painting appeared to have any peraanent 

effact on the birds 1 behavour*

Hoa1>-m^rfclfrgt Marking of individual nests was a problon. 

Numbered pegs stuck into the ground or placed near a nest were 
either quickly pulled up and used for courtship and nestbuildinfc 
or soon became obscured under a crust of squirted excrement* 
Eventually I used numbered pieces of plywood placed face-downwards 
under a heavy stone, but checking the number thus became an 
unwieldy operation, especially if the owner of the nest was aggressive. 
Some of the Brown Booby nests vera near a rock-face on which a number 
could be painted above the line of guano-spray. The methods used 
for marking nests or recording numbers of nests in the various study 
areas are described later when dealing with the laying season of the 
White Booty; all the Brown Booby nests on Boatswain-bird Island 
were Individually narked, but those on the stacks were not*

Eggs disappeared from some nests and appeared
in others* 111 eggs were therefore marked with pencil as soon 
after laying as possible, and this turned out to be a very necessary 
help to the understanding of what wasr happening, and the establishment 
of incubation periods* The eggs 1 surface layer of chalk was soft 
when laid, and marks made then never became obscured, even though 
the egg subsequently became dirty* Often the disoolouration of 
an egg was a good indication of its age.

ShiSfeSBCfc&BS1 Thia vas not easy because the chicks ware 
naked at hatching and the growing white down quickly lost ary 
paint or dye applied. However, it was not necessary to mark very 
young chicks; there yas never sure than one in a nest for more 
than two or three days, the two differing in siae anyway, and until 
the chick was old enough to be marked by ringing it never strayed 
from the nest or from the company of its parents, one or other
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of whoa was already ringed. Chicks' ring-numbers were soon 

obscured ty a crust o^uano, and for checking this had to be 

scraped away. This crust disa^->earec as soon as the chick 

paid its first visit to the sea, and the condition of the ring 

was a very good Indication of whether the chick had done this 

or not. Chicks had to be marked for the experiments with twins, 

and this was done by tying a piece of soft thread round the tarsus 

and changing it as the growth of the leg raado necessary.

HMJUlTtT* The technique of catching and handling boobies 

deserves mention* White Boobies on the breeding colony usually 

stood their ground and were easy to approach and catch with a short 

hand-net. Bat in the nelubs* or resting groups (see later) they 

panicked into flight. Brown Boobies frequented places from which 

they could easily take flight and were more timid. Ibwevor, a 

cautious approach followed ly a sudden dive with the hand-net was 

usually effective for catching both species* For birds on places 

where a sudden dive was out of the question, or for more timid 

individuals, a long-handled net with a frame of about 2 ft*diameter 

was used.

A booby in a net had to be handled with care and skill; 

until the latter was achieved I suffered numerous minor injuries 

froa the strike of the beak and the strong grip of the mandibles. 

A firm grip of the hand, with the fingers kept clear of the gape, 

was necessary from the moment of capture until the bird was 

finally released* this meant sitting on the ground and claspdng 

the bird's wings and body with knees and rl ;#it elbow, leaving the 

right hand partly free to operate* Thumb and indaac finger of the 

left hand could be used by bringing the bird's head round as 

required, bat retaining the grip with the other fingers. teathar
•

gloves proved useless*

Iiong chases of birds were avoided when possible, tartly 

because of the pursuer's fear for his bare toes, and partly 

because the pursued birds became very alarmed and were therefore

sore difficult to catch subsequently* 
Weighing: /



Fig* 2. OulMB measurement. AJTOV ahovs point
of transition between bin and facial akia*
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Adults and large chicks wore weighed in a 

hessianjbag, email chicks in a cloth bag; the weights of those 

vere checked regularly because there was some variation due to 

the birds regurgitating into them while beir>g weighed.

Spring balances, measuring up to 200g z 2g, 50Og z 5g, 

IKg z lOg, aad 5Kg z lOOg vere used (according to the size of 

the chick) and were checked periodically* They remained extremely 

accurate in soite of hard usage and rough treatment in dusty 

conditions. The chief difficulty about weighing vas the continuous 

wind everywhere on the island* Nearly always the birds had to be 

taken to a relatively sheltered spot and several readings natle,

Weights recorded vere accurate to half of each division on 

the balance, l*e* to Ig up to 200g, to 2g up to 500g, to 5g up 

to IKg, and to 50g up to 5Kg»

i&asurooentis vere made with a stainless-steel

3Qca rule mounted on a wooden block with an end-stop. Culmens 
vere measured with dividers, aad wings longer than 300 an with 

a flexible steel rule,

As toe transition point between beak and facial skin vas 

not always eleart the culaen length vas taken to be the distance 
between the tip of the beak and the bases of the anterior feather 
tracts of the forehead (Fig. 2). This measurement could also bo 

made on small chides beeause^he feather-tracts vere quite distinct 

froa the szaooth skin immediately behind the beak*

Iflngs vere measured from the carpal joint, held against the 

stop, to the tip of the longest primary, the ving being flattened 
and straightened on the rule* Until the primaries had erupted, 

the aeasureaent vas made to the tip of the ving stump excluding 

dovju In older chicks and adults the accuracy of the ving 
MMMNMnt vas more in doubt, but a series of measurements taken 
over a period of four weeks on chicks whose feathers had finished 
growing shoved a good consistency, vith accuracy to the nearest 5 nan.

The end of the flexible rule vas held ag&inat the carpal joint, 
tiw/
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the wing folded, and the free hand was drawn along the outermost 

primary. This measurement is close to the "standard wing* 

measureoent of skins, i.o* the wing was flattened and atrcl^itenod, 

not neasured as an arc*

These two measurements, culraan and right wing, proved to be 

good indices of growth rate. Growth curves of both were plotted 

against age, and were used to estimate ages of other chicles from 

their measurements. Other measurements were found to be ineon- 

trenient; the gape, for instance, varied with the pressure put on 

the baccal skin, the foot length with the bird f s effort to cor^ita 

toes; and on the tarsus (which was a relatively short measuresent 

and therefore subject to greater proportional orror) it was 

difficult to establish fixed points, especially when the chick was 

•Mil and its legs chubby. The tarsus and longeet toe measured 

together were also subject to the saae difficulty.

ffagtiflf^ra]^! were taken with a 35 saa !*eica camera* Esrfepoaoly 

bright light and excessive contrast necessitated care with exposure 

and development, in the case of aonoehrome; colour generally ^ave 

good results* the file used was Panatoaie X and Kodachrome* 

All •DBoehroae fUa was processed and printed at Base Camp* A 

Bell & Howell 16 m ciu6 camera was used to take shots of behaviour 

sequences,

L MG tape-roeordeg was used to obtain a complete rspoa*toir9 

of the calls of both species of booby at the breeding colony* 

This is now in the Natural History Sound Library of the 3BC.

n the aeqRQg* In the adults of both species

the seat os differed in three respects, which cade their distinction 

easy and aided in the recognition of ringed pairs.

i* Voice. The male's voice was a hi^i-pltched asthaatie 

whistle, while the female's was louder and a strident goose-like 

honking. In the Brown Booty the tiahre in both sexes was weaker 

and lew rausioal, bat the description is generally true for both 

species. One or two of the faoales* voices lacked the soroal 

sonority/,
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sonority, their call being a hoarse rattle, but eren these 

could not be mistaken for males* Murphy (1936) established 

that in the White Booby and the Blue-footed Booty S, ng£puxil 
this voice difference was due to an anatomical difference at 
the Junction of the trachea and bronchial tubest the female 

had a thin membrane whereas the homologous structure in the 

aale was a hard eg^-ehaped protuberance. By dissection of an 
adult aale and fsaale found soon after death I confirmed this 

for the Ascension White Booby, Murphy also said that the 
tracheae of young males and f creates showed the earao structure 
as those of adult f eraales, irdicating that the voice of the 
adult male is a secondary sexual develojnent* I did not dissect 
any iasaature birds *tnd eannot say at what age the change took 
took place, but in handling thara I noted where possible the voice 
of saoh. Of 47 jteature birds handled, 26 had the feraale or 
juvenile voice and 21 were not heard to eallf none had a aale 
voice* They ranged in age from 7 to 27 months, but were mostly 
about 14 racmths* Ho bird with traces of brown feathers in the 
rump (the last sign of iraaaturity to remain) had a aale -voice* 
I therefore conclude that the male TO tee is not attained until 
birds are in adult pluaage, and perhaps oot until they are ready 

to attsrapt breeding.

2. Colour of soft parts* In both species the soft parts 
of the male were raore brightly coloured than those of the feaale, 
less so in the White than the Brown Booby.

In the White Booty, the beak of both saxes was straw-coloured 
and the legs a dull orange. Sbs*e fsaales had dull olive legs 
without any orange tinge at all* Soae inales had rich orange 
legs, and beaks a bright straw colour* X could not definitely 
establish that the assuaotion of brlghtLy-colonred soft parts 
was associated with courtship or breeding; this was so in some 
cases bat not in others. The main difference between the sexes 
was that the feoale never attained the rich orange legs that the 

•ale tonetimsmi did| a few foaales had beaks nearly as bright aa 

the/
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colour.

Colour-differences vere always more distinct in the 
Brown Booby. Except when in nuptial dress, the male's leg* 
w* olive-green and the beak tip a pale flesh, the eye-rin 
blue, and the facial skin, gulars, and base of beak greenish 

yellow. During courtship and before egg-laying, however, the 
legs and gulars turneu bright chromo-yaLLow, and the blue 
eye-rios became aore noticeable* Tho return to the non- 
ibreeding condition began soon after egg-la;dng; the yellov 
was lost gradually and remained longest on the gulars* In the 
female there was also a change correlated with breeding activity, 
but it was less striking. The facial akin, legs and feet were 
always pale yellow, but the yellow became stronger during the 
nuptial period* Feaales vere easily distinguished also by their 
conspicuous inky patch immediately in front of each eye. Th« 
males had a smudge in front of the eye too, but it was a paler 
blue and not a clear-cut patch*

3. Size* In both species the female was larger than the 
male. This was lass obvious in the White Booty than the Drown, 
but the members of a pair could usually be distinguished ty this 
moans when together* Too few White Boobies wore measured to be 
able to establish whether differences betwoon the neana of wing* 
slength, culmen-length and weight in males and feraalee were 
statistically significant. 3y considering first voice, then 
colouration and size, it was always easy to distinguish the male 
from the feoale in a pair.

In the Brown Booby the sine difference was more noticeable* 
14 Bales and 26 females vere wcd^ied and their wings and culiaena 
measured (Appendix B). The differences between the means were 
significant for all three measurements (P< 0,001 in each case, 
variance taken into account)* Fig*3 shows culaer and wingf and 
weight and wing, plotted against each other. There is & sli$it 
overlap in the weight-wing; weight being the most variable of 

the three neasurcsaenta, this might be expected. The sex of
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Juveniles eould thus not be reliably determined froa aeasure- 
OMMt alone* in adulta the difficulty would not arise because 
they could be sored on the basis of other diameters.
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It BREEDER, PART Is Population, the colonies, breeding
seasons.

Wiite Booby. 

1. Population*

I estimated that there were 1200-1300 breeding pairs 

on Boatswain-bird Island. On a nigfct-tlme census in March 

1959 I found more birds than on any other occasion, and the 

following figures are based on this. There were about 6,500 

non-breeding birds in the " ! clubs" (see below). In the dark 

it was not possible to distinguish birds in late immature plumge 

from adults, but from estimations stado during daylight I 

calculated that about half of these 6,500 would be immature 

birds. The total number would therefore be about 9,000 birds, 

made up of 2*3000 breeding adults, 3*4000 "unemployed" adults 

or young adults about to attempt breeding for the first time, 

and 3-4000 teature and Juveniles (not chicks). It seemed 

at that time that Boatswain-bird Island could hardly have 

carried any more White Boobies*

A few pairs bred in other >laces (see Fig, l) but not in 

sufficient numbers to affect the general population figure.

2+ The colonies.

The White Booby colonies occupied most of the top of 

Boatswain-bird Island (Plate 1). A few nests were lower down 

on level parts such as the path. The nests were most dense on 

level or slightly sloping parts of the plateau, the steeper parts 

being occupied by Frigate Birds. Hie colonies were always occupied 

by adult birds, their density varying with the time of day and 

stage of the breeding season. From noon until evening niost adults 

were away ftrora the colonies unless they had aggs or chicks; they 

began to return at sundown or befora, and during the night, at 

least prior to laying, both members of the pair were present in 

nitrly every territory. When a pair had eggs or a chick, tho 

parent not on incubation dufgr usually stayed away froa tho 

territory/
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territory at night. Apart from adults, the only birds in the 

colonies vere chicks of varying ages or recently-fledged 

Juveniles. Once a Juvenile had finally left the hreediaf 

colony, however, it apparently did cot return thsre until in 

adult plumge. Even thou<£i present on the islarxl, immature 

birds were never seen on the breeding colonies. Some of the 

birds on the colonies ware unmatod, and probably young auults, 

but they could not be distinguished from the established pairs 

except by their behaviour (sea Section VIII), Territories wore 

strictly defended even outside the breeding season, and as wiH 

be seen later, these and the pair-bonds were penaanent.

Away fro3 the colonies, in what were obviously traditional 

places round the edge of the plateau asad on the steep edges, there 

were always congregations of White Boobies which we called Rclubs*. 

The birds in the® were rou^ily classified as follows* "near-adults*1 

were birds wit! only a fa* brown flecks on back and rump (the 

sequence of the change frois the brown Juvenile to the white adult 

Itaftge is fully described in Section 71, Moult)j "Juveniles'1 

wore dark brown on back, rump, and heads "iramtures* were stages 

between the two. There were six such clubs. One consisted 

usually of adults and/or near-adults, one of lamaturee and adults 

(usually segregated), one mostly of adults and near-adults but with 

a few immatures, another mostly of Juveniles, and the remaining two 

exclusively of Juveniles and ismtures. The numbers in thoee clubs 

varied greatly and were highest at night. (This, together witfc 

the fact that established pairs tended to return to the coloxy at 

night, suggested that the Ascension White Boobies wore relatively 

sedentary aiad did not spend very long periods away from the island; 

as will be seen later, this may be important when considering the 

degree to which the populations of Ascension birds may be isolated 

froa others.) Proa their different typos of ptLuiaage it was clear 

that the Juveniles in the clubs were of a variety of ages. 

Breeding adults also used the clubs, as was shown by marking 

with/



vith dyes; adults marked when incubating were later seen in 

the clubs vhon the other partner vas incubating, and adults 

dyed while in the clubs wore later seen on the brooding 

colonies in a territory. Ringed unrated adults that I vas 

vatching in conneetion vith pair-formation were also seen in 

the clubs* The activities carrieu on in them were mostly 

preening, resting, and sunning* Individual distances were 

leas in the clubs than in the breading territories, and there 

vas some otutual preening between adjoining adults (irrespective 

of sex or whether they had a aate elsewhere), between adults 

and iaoatures, and between juveniles; but self-preening vas 

most frequent.

3» The breeding seasons*

ft) General*

Our first visit to the colony vas in November 1957. Z 

found 98 nests vith eggs (less than one-twelfth of the total 

breeding population), and chicks in all stages from newly- 

thatched to recently Hedged, but the majority ware at the 

fully-feathared stage, not yet flying, l«e* about 3J- aonths old* 

On that visit the nuaber of young birds indicated that a breeding 

season was alaost over* Subsequently two areas were selected for 

special study; one, "Far Area" (Fig. 4), containing about 600 

pairs, vas narked out as a grid of squares 10 yards z 10 yards, and 

the contents of each square was cheeked once a aonth* In the other,

*!%it Area*, where there were 70 pairs, each nest vas narked and itn 

progress followed more closely*

The date of laying of the first egg vas taken as the "fixed 

point11 of the breeding season for each pair* All new eggs wore

•arked vith a code indicating their approximate time of laying, 

All deserted or abandoned eggs, or eggs found out of the nest, and 

dead chicks, were removed at each visit so that they should not be 

counted a second time*

w



Fig. 4. White Booby colony. Far Area.

ITurrber of clutches per 10-yard square, Season II.

Frigate Gully

Vote: Arrows radiate from centres of first laying to 
areas of later laying.
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The nunibeB of clutches started in each month from 

December 1957 to April 1959 are shown in Table 1. It can 

be seen that there was a definite peak of laying, and that 

laying in Far Area and Hut Area, about a hundred yards apart, 

was at approximately the same rate throughout the season*

The numbers of clutches laid each month give a clear enough

picture of the progress of the breeding season for the months
(Fig 5). 

during which I was actually counting eggs,/ But ny deductions

about the previous breeding season and the subsequent one require 

more detailed explanation. For the purpose of discussion I shall 

refer to the seasons as I (1957, before my arrival), II (as 

observed), and III (after our departure)*

Season It Observations in Far Area began in January 1958, when 

there were 23 pairs incubating eggs* As part of an attempt to find 

out about replacement of lost clutches, all these eggs were removed, 

the age of the embryos estimated, and the date of laying calculated. 

From the number of young of various ages, I also deduced that 50 

dutches were laid before the beginning of November and an 

additional 34 in December* These numbers are probably too low 

because chick mortality was not taken into account. The number of 

newly-fledged juveniles on the colony could not be taken to correspond 

to the number of clutches at any particular date because they were 

not all on the colony at the same time, and also their ages were 

impossible to estimate* The ages of the downy chicks were only roughly 

assessed, and dates of laying of the eggs from which they hatched were 

approximate. However, by comparing later with the situation at the 

end of Season II, it was clear that the peak of laying in Season I 

certainly occurred before October, and probably about August 1957. 

Season, IIi As mentioned above, Season II clearly had its peak 

in July 1958, starting in May and ending in August. After that, 

laying was sporadic until early April 1959, when the number of fresh 

clutches began to increase, indicating the start of Season III. 

last visit to the colonies was on April 5, 1959.
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Fig. 5» Number of clutches started each month.
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The naln evidence for Season III was however 

obtained ty R.Q.Allan during hie visit to the colonies In 

July 1959. In Far Area he selected three of the most dense 

squares and made a count of their contents, describing the chicks 

so that I could sake a rough estimate of their ages. His figures 

compared closely with mine for the previous seasons In the first 

square he found six clutches, one chick, and 28 abandoned eggs* 

The latter had been washed out of nests ty the prolonged rain 

mentioned earlier, and I have assumed that these represent 14 

clutches. The number of ditches In that square in Season III was 

thus two-thirds of what it was IB Season II. Probably the 

figures would correspond more closely if, as I think likely, the 

28 eggs represented more than 14 clutches, some other eggs having 

rolled or been washed well auay from the square In question. In 

the second square, Allan found 15 clutches, one naked chick, and 

three older chicks. Kxeept for the three chicks, this is the saae 

as my figure for Season II. In the third square, Allan's figure of 

20 clutches was exactly the same as mine for Season II*

These figures show such a close correspondence that I conclude 

that there was a peak of egg-laying, in June or early July 1959, 

which was of roughly the same magnitude as the one that occurred 

In June/July 195Sj I have represented this on Fig. 5 as being 

350 clutches.

The figures for Hut Area also agreed very closely. Here 

Season II shoved a flatter peak of laying than in Far Area, but it 

came at the same time; no clutches were laid between August 1958 

and the following April. Allan made a complete census of this area 

in July 1959, and from his descriptions of chicks I was able to 

calculate that the build-up to the peak of egg-laying was appro*- 

simately the same as in the previous season* The remarkably close 

correspondence between his figures and mint is shown in Table 2 „ 

Re found more chicks at a aore advanced stage than I did at the 

nearest corresponding time in Season II, but his visit was 10 days 

later/



Table 2. White Booby: comparison of a census taken on 
July 5, 1958 with one taken on July 15, 1959 
by E.G. Allan. Hut Area*

Category Ho. of examples of each category:

Season II (1958) Season III (1959)

Eggss 1 12 11

2 22 12

3 or more 1 3
	(one 6 and two 3's) 

Chicks: Baked 4 1

Downing 0 7

^•downed 4 4

Full-downed 3 $

^-feathered 0 4

^-feathered 1 0

Totals 47 48

Notes The later date of Allan's Tisit explains some of the 
differences between the two censuses* e.g. 10 days 
is about the tine that elapses between the newly-hatched 
or naked stage and the "downing" stage*
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later in the year than mine. 10 days was about the time that the 

chick took to pass from the naked stage to being covered with down 

and from the fully-downed to the half-feathered stage. Hence the 

two censuses correspond even more closely than it at first seased.

The general conclusion, then, in spite of rather little 

information about Season I, was that the White Boobies 1 breeding 

seasons occurred at approximately annual intervals*

b) Individuals*

So far, the findings were straight-forward. I also wanted to 

know how individual birds or pairs behaved in this routine, and 

what was the length of their sexual cycles* As might be expected, 

the results of this were less clear, presumably because of the 

great variability in breeding success, and the spread of laying*

First it should be mentioned that the time taken from the 

laying of the first egg to the fledging of the chick was about 

163 days (5& months). Even after fledging, the chicks returned 

to the nest site and were fed (or at least begged to be fed) for 

three or four weeks, and so the length of a successful breeding 

season is probably close to six months, perhaps a little more*

In order to find out the intervals between successive layings 

(not replacements) of individuals, 116 adults of 75 pairs were 

ringed. Since the pairs were permanent I hav« taken the information 

from one ringed bird to be true also of the pair, although the mate 

was not ringed* Jfcr observations began so late in Season I that 

some of the 75 pairs had to be selected froi outside the two study 

areas. Furthermore, I believed that birds with eggs or small chicks 

in January might be exceptional cases (as later proved true) and 80 

I also selected birds which had wen-grown or flying young. The 

laying dates of these ( £ one week) were calculated fro:a the 

measurements of the chicks| in the cases of flying young* as 

explained above* such estimations could not be closer than t two 

veeks. Aa well as these chicks' parents (i.e* the successful 

breeders/
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breeders of Season I), I have included the birds whose eg^s 

I reacted in January1; since many of these would probably have been 

unsuccessful anyway, (by analogy with late clutches in Seasonal), 

I think this does not seriously bias the results. I slso ringed 

adults vhioh laid late in Season 1 and whose chicks died before 

fledging* SuBBing up, the 75 pairs in this study were made up 

as follows! successful and unsuccessful breeders vhieh laid near 

the peak of Season I, and successful and unsuccessful breeders vhioh 

laid late in Season I* I also used birds not known in Season I 

but vhioh laid near the peak of Season II* were unsuccessful, and 

laid at a known date in Season III. 

fresultst Of the 66 pairs that bred in Season I (successfully or not)
j r (AC r!x>-- :. ^

only 2p vere found breeding again the following season. The other
**'

40 were all seen at some tine during Season II, sons more than once, 

but so far as vas known, did not breed* These 40 pairs emphasised 

the misfortune of not being able to keep continuous records; some of 

them may have laid eggs and lost them again between my visits, so 

that although I sav the birds at the peak of Season II I had no 

iisann of telling whether they had bred or not (except by dissection, 

vhieh would have destroyed the chance of later information)* The birds' 

behaviour like-wise did not help, since some pairs were seen intermitt­ 

ently courting, nest building, and even copulating without necessarily 

laying eggs subsequently* Of these 40 pairs* therefore* it can only 

be said that none bred successfully in Season II; and if any did 

lay eggs they lost them again very quickly. The problem was further 

complicated by the fact that in Season n there were many unsuccessful 

breeders anyway, the reason for which is discussed later* A few,
%

however, may not have bred in Season II because they had started 

late in Season I and therefore were not rid of their chicks in time 

to lay again early in Season II; as I did not follow all such 

ohddas to fledging (or to their death) I do not have full details 

about this* If such pairs had been going to breed late in Season II, 

i.e. a year after their previous attempt, they &icht have been 

prevented/

1 Fain J-K, Fig 6.



Fig. 6. Breeding intervals of individual White Boobies.
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prevented frjm doing 00 by the same factors as caused so many 

other birds to be unsuccessful*

The information from the 35 pairs which did breed again is 

set out in Appendix 0 and shown in Fig. 6* The cases have been 

arranged in chronological order showing clearly the birds that 

laid late in 1957* This slant towards the right, however, is not 

reflected in Season II, although in one case, A, a pair which bred 

late in Season I and was successful bred again late in Season II* 

Five pairs (B - F) which were very early in Season II were equally 

early in Season III, all thus remaining out of phase with the rest 

of the population* A successful pair, G, which laid in the middle 

of Season I, appeared to miss Season II altogether and laid again 

at the peak of Season III* but they may have laid and lost eggs in 

Season II without ay knowing* The same may have been true of a 

pair, H, which laid late in Season I* raised their chick successfully, 

and apparently did not lay in Season II although they were similar in 

timing to two other pairs which did* Fifteen pairs (J - I) were 

seen late in Season I to have eggs, lost them* and laid again at 

the peak of Season II* These eggs late in Season I may have been 

second attempts after earlier failures.

Brown Booty. 

1* imputation*

The numbers were more difficult to estimate than in the case 

of the White Booby, largely because the birds were less sedentary 

and many nested in inaccessible places. I estimated that there were 

600-700 breeding pairs on Ascension, of which tw;-thirds were on 

Boatswain-bird Island* I could not estimate the number of immature 

or non-breeding birds, and furthermore, sone adults may have been 

omitted from the count of breeding pairs because they had lost their 

eggs. The total population, then, was likely to have been greater 

than 700 pairs, but how much greater could not be assessed; my guess
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is that it was not much Bore than double that figure*

2* The colonies*

Brown Boobies nested on the steep higher slopes of Joutswmin- 

bird Island and the broader ledges lower down* A few pairs 

encroached on to the edges of the plateau occupied by the White 

Boobies, but generally the two species kept apart* This might 

hare been by preference of habitat, and interspecific fighting 

orer territories was extremely rare, but the general impression 

gained was that the Brown Boobies nested where they were not pushed 

off by the White* There were, however, what seosed to be possible 

nesting places unoccupied by either species*

There were also small colonies of Brown Boobies on each of 

the Georgetown stacks numbering from less than 10 pairs to about 

40 (Fig* 1)« All four stacks were treated together when counting 

the number of dutches, and there was no difference amongst then 

in the timing of laying* The work done on the stacks was on 

numbers of fresh clutches, survival of youngf and ringing of some 

adults* Individual nests were not marked*

On Boatswain-bird Island the density of nests in different 

areas depended on the topography, although even where this was 

favourable it seemed that the density was less than that in the 

White Booby. Outside the breeding season, the Brown Boobies were 

usually absent, and as the breeding season approached, they spent 

more and more time at their nest sites, coming in at night or early 

morning before first light and leaving again soon after sunrise* 

There were no clubs formed by Brown Boobies* Immature birds were 

rarely seen* and then never more than one or two at a time; six 

birds, ringed as chicks, returned to the island at 12-15 months old, 

and stayed near their respective birth places* There may have been 

places on the inaccessible cliffs of the main island where unemployed 

adults or immatures roosted in clubs, but I could see no reason 

they should do that in preference to staying on Boatswain-bird 

Island/
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Island itself like the Unite Boobies* The change free juvenile 

to adult plu&age was t*«*l** to that in the White Booby (sea section 

on moult) as far as I was able to follow it, and therefore probably 

continued similarly as far as the adult f on; yet no Broun Boobies 

between the age of about a year and full maturity were seen on the 

island* One or two birds which had a few brown flecks on the 

upper part of the white breaat (suggesting they were not quite 

nature) were the nearest approach to a sub-adult condition ever 

seen* The length of the intervening period was unknown, but by 

analogy with the White Booby it Bay have been as long as two or 

three years; where the i&oature birds went in this period, I do 

not know* They Bay have regained at sea« Certainly the absence of 

immature birds, which were a feature of the Unite Booby colonies, 

was striking*

Summing up, the Brown Booby colonies differed from those of the 

White Booby in that they appeared to consist entirely of established 

pairs (but see section on behaviour for some exceptions), with an 

occasional juvenile which had returned to its birthplace for a short 

period*

3* The breeding seasons*

a) General*

Kost of the accessible nests on BoatswaiiWbird Island were 

narked* Dates of lading and the progress of each nest were checked 

regularly* Monthly visits were Bade to the Georgetown stacks, and 

the number of new clutches recorded each time, all eggs being Barked 

as they appeared* A total of 59B clutches was recorded in the two 

places of study, and the Bonths in which they were laid are shown in 

Table 1 and Fig* 5* The results for Boatswain-bird Island and the 

stacks are given separately, and it is clear that the sa&e course 

was followed in both, despite their being about eight sea~sdles 

apart*

In December 1957 a few pairs had eggs, but there were atoo chicks 

of/
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of all ages in the colony. The approximate number of oUrtches 

laid between October and December could therefore be calculated, 

altbo gh this Bust be smaller than the actual number because 

losses of eg^s and chicks could not be taken into account. Fr»sj 

January 1958 onwards the pattern of laying vac cleavert there 

were two marked peaks, the first in April and the second in 

December. There was considerable spread around these two peaksj 

the laying quickly built up to the peak but fell off slowly. The 

lumber of clutches which were second attempts after early losses is 

shown in Fig. 5; these formed only a small pro:>ortion of the totals. 

Thus the clutches laid in the period following the peak were not 

only replacements. Judging by later experience of the pattern of 

laying that followed a peak, and by the ages of the chicks in the 

colony at such a tine in the season, I concluded from what I saw 

in December 1957 that a peak of laying occurred about the previous 

August. In the next section I shall show the relation of individual 

nests to these peaks, and shall rafer to the seasons as A (deduced as 

August 1957, B (April 1958), and C (December 1958). This avoids 

possible confusion with the Seasons I-III of the White Booty, which 

were at different times of year. The intervals between the Brown 

Booty laying seasons were thus approximately eigit months.

Four further pieces of evidence in connection with this 

eight-months periodicity came to light after I had left. Firstly, 

in July 1959, !• e. seven months after the previous peak of laying, 

Allan visited the colony and found no eggs and only a very few 

half-grown chicks in ay study area} these few chicks could have 

been the last stragglers from the December 1958 laying season, 

i.e. hatohed from clutches laid as late as April. The Brown Boobies 1 

nests would of course be particularly susceptible to the effects of 

the heavy rains, and a breeding-season might have been washed out. 

Nevertheless* had the birds been present in numbers, *\l&& would 

undoubtedly have seen thsa.

Secondly, on a visit to a small part of the same colony on

9 »OT«ber 1959, P.Critchley, the Cdhle & Wireless Farm Manager, 

caught/
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caught nine of ay ringed birds. (If a brooding season had not 

been in progress he would orobably not have been able to catoh 

any). two of them were on egss and five with chicks, three of the 

five chicks being large* This means that tho season after the 

December 1956 one must have started later than Allan's July 1959 

visit but before October (to allow some of the chicks to become 

large*). That peak, around Aucjuat-Sept ember, would be eight-nine 

months after the previous one.

Thirdly, one of the Gable & Wireless boatmen visited the 

Georgetown stacks on 16 February I960 in ordor to collect Brown 

Baoby eggs required for albumen samples* at my request. He could 

not obtain any eggs and reported that the birds had not yet started 

to lay. On 8 March following he again visited the stacks and 

returned with 10 fresh eggs (containing undeveloped embryos) 

selected from nests containing a single egg (A.R. Iferrison, Gable 

& Wireless Manager, Ascension, in litt. ). In my experience, the 

chance of finding ten nests on the stacks with fresh eggs was vary 

small, except at the start of a breeding season. I have already 

shown that in both the breeding seasons I observed, the pattern of 

laying on the stacks was very similar to that of the Boatswain-bird 

Island colony, and I therefore conclude that a laying peak occurred 

about ftoch April I960.

Fourthly, H.Hirth of the University of Florida, who was 

studying the Asecnsion turtles,visited Boatswain-bird Island at our 

request on 28 April I960* He caught 10 ringed Brown Boobies, eight 

with eggs and two with chicks. This undoubtedly shows that there 

was a considerable amount of breeding activity at that tioa, and 

supports my conclusion that there was a laying peak at Ascension 

in Ifarch-April I960.

the approximate dates of the five laying peaks between August 

1957 and April I960, and the Intervals between them, are set out in 

Table 3» I conclude that at Ascension the Brown Booby has a 

sexual/



Table 3« Broun Boobgr laying peak* and intervals between them,

Date of peak
Ho. of months 

interval

e* Aug 1957 

Apr 1958 

DM1958 

Aug-i>ep 1959 

Maxsapr 1960

8

6*8
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sexual cycle of about eigjit monthff that is to say, a braading 

season occurs three tines in erviry tvo years*

b) Individuals*

The time frora egg-laying to fl edging of the chick vas approx- 

timately the same as in the Whito Booty, i«o* about six months. 

Young Brown Boobies wore aeon intend ttently at ths nest-site up to 

four wedcs after first fLedging, and begged for food, but their parents 

were obviously intolerant of this and I do not think the chicks could 

be described as wholly dependent on their parents for food at that 

Afe. Thus although the Brown and White Boobies took the same length 

of time to raise a chick, the former started to breed again after 

a much shorter interval*

Because Brown Boobies were more difficult to catch than 

Whites, different methods were used to discover the intervals 

between successive laying* of individuals* 32 ringed birds nested 

a second time in exactly the same spot as the first, and thefe were

no exceptions; consequently I assumed that wherever this happehed
• 

the same birds were involved* If there was any doubt about the

site of a nest being the same as in the previous season, it was 

excluded from this study* Thus 112 pairs were used to determine 

breeding intervals* The results are shown in Fig, 7* 

The pairs fall into five categoriesi

I) Six which laid in the latter oart of Season A, and raised 

a chick* All missed the peak of Season B (the chicks were dependent 

until then), and four of them missed Season B altogether* The other 

Wo attempted to brood late in Season B, one of them making a second 

attempt after losing the first clutch* All six laid again at the 

peak of Season 0*

II) Thirteen pair* which laid at the peak of Season B (one 

rather early) and raised a chick. Sevan of them laid again at the 

peak of Season Cf while the other six misted the peak but laid later, 

at the "secondary* peak* The latter six may have laid also at the



Fig. 7. Breeding intervals of individual Brown Boobies,
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peak and lost their eg^s without ay knowledge, in which case their 

observed clutches would be replacements.

ill) Thirteen pairs which laid about the peak of Season B and 

hatched chicks, but all the chicks died at varying ages. All but 

two of tho thirteen laid again at tha peak of Season C, but these two, 

as aontloned in ii), nay have laid anu lost their oggs without ay 

knowledge. All eleven laid thair first ogj of Season C earlier than 

those Season B birds which raised a chick (group ii), with one 

exception*

lv) 79 pairs not shown In Fig, 7 whoso laying dates ware 

spread over the whore of Season B and whose eggs were lost before 

hatching* In spite of this spread in Season B 70 of them laid again 

all close to the peak of Season C. The other nine ware not known to 

lay at tho peak, but did so at the secondary peaks again these nay 

have bean second attempts* the first perhaps being unnoticed*

taning up, pairs which wore successful tended to lay again 

after about al^ht months; unsuccessful pairs or those out of phase 

with the majority tended to shorten or lengthen their interval to 

the naxt laying so as to come into phase a^ain* Because there was a 

big spread of laying* aid great variability in breading success, an 

average of all tha intervals between successive layin^does not cone 

to eight months* The behaviour of individual palm therefore should 

be viewed In the light of the seasons for the population as a whole*

Conclusions*

In both species ther were clearly-parked peaks of laying, with 

intervening periods when the number of new clutches was very snail* 

In the Mte Booty bCTMdlng appear GV to be annual, in the Brown, 

about every eight month** But in both species the time taken to 

complete breeding, froi lay in- to tha fledging of the chicks was 

the same, viz. six to seven aonths.

In the White Booty, successful pairs, whether they laid at the



or late in the season, cane Into phase ajain in the following 

season) the "rest* period was thus shorter in ao~ie birds than in 

others* Pairs that laid late i;. the season ool were unsuccessful 

also tended to come into phase in the following season; their"rest" 

period was thus longer, and they did not attdnot to breea again out 

of ohase. Fairs that laid late i: the season and were successful 

either laid late in the following one (because they were not free 

of their chiok in time) or missed it altogether* Again they could 

have bred out of phase, but did not, and instead the 'rest" period 

was extandeu until the next season* The general iandancy, then, 

was for individual pairs to conform to the breeding season of the 

population as a whole, but there were some exceptions*

In the Brown Booty, pairs which laid at tha peak of a season 

and were successful were ready to lay again, and did, near the peak 

of the following one* Their "rest" period was therefore short* 

Fairs which laid late in a season and raised a chick were not ready 

to lay at the peek of the following one and either laid late in it 

or missed it altogether and laid at the peak of the next season* 

Some pairs laid at various time0 throughout the coason and lost their 

chiok before fi edging i they thus became free, theoretically, to lay 

again at an even greater variety of times, but instead of doing this 

they became synchronise once more by laying at the neafc of the 

following season* The same was true of the many pairs that laid at 

varying time* throughout the season and lost their eggs$ inst00ji 

of repeatedly attempting to breed again, they waited until the 

following season, Thus those that laid late in tha season had a 

shorter *roet" before the next attempt than did those that laid early, 

This is shown in Fig* 7, where the elope to the ri^it in Season B 

10 not reflected in Reason 0*

I/uring my study, the two species differed not only in the 

periodicity of their se0aal cycle, but also in the time of year at 

which they laid* It should be stressed that the oeriodicity was such 

that every two years, if the same oeriodieitgr was maintained by both 

specie*/



•peciee, the Brown Boobies would lay at almost the save tine as 

the "kite Boobies, viz. in August or Saptoabor. The importance of 

this is discussed latar.

The signifioanca of the intervals batwson laying of individual 

pairs lias in their variation, showing that some external stimulus 

Bust havs been aodiiying the internal physiological cycle. The 

interval vas long or shorty auch that the breouing season conformed 

with that of the majority, i.e. somo pressure was tending to make nost 

birds breed at the same time. In the Brown Booty this pressure 

apparently aoted in the same way on two colonies as far apart as 

Boatswain-bird Island and the Georgetown stacks. This suggested that 

the external stimulus or stimuli involved were environmental and not 

purely social* and is discussed further later.

Non-brooding*

Hitherto I have been concerned only wiUi the positive evidence 

about breeding in both spacles. Soue negative evidence should now be 

mentioned. I have already stated that of 75 pairs of White Boobi^e 

marked while brewing, only 35 war a known to braed again tha following 

season* The Brown Boobies were fliailar* 17 pairs wera successful 

in Season B and bred again the nonet season* (grxxup (ii)), *jut another 

17 such pairs wore not known to breed again; 13 pair* were partly 

successful but loet a chick before fledging (group (iii)) and bred 

mgainf while nine similar paim were not known to breed again; and 

though 79 pair* that lost their eggs (group &v)) did lay again next 

season, another 51 apparently did not. Iiess was known about individual 

pairs hero than in the case of the White Booty, where (as mentioned 

earlier) most of the pairs in question were kaova to be present on 

the colony and either laid without my knowing or did not lay for some 

other reason. Fewer Brown Boobies w@ro ringed — 13 pairs out of the 

77 in creation — and therefore it vas difficult to obtain information 

about them*

The posaittlitieg were as follows! Firstly, the birds that were 

»•*/
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not known bo breed in the next season mi£it have died* This seated 

unlikely because of the large msabers involved; and of 17 ringed 

bird*, four were se<m again at their old nests, showing that at 

least some ^i/^ not die* secondly, some nay hove aoved to different 

nest-sites in the react season, perhaps because of a alight change 

in topography due to a land-slide $ none of 32 known pairs did this, 

•o probably it is fedaporbant* Thirdly, neat-carkers my have 

been lost or displaced* I kaow this happened in about 10 case* 

because I found the markers later* If a marker had ^one, or been 

covered up, £ had to regard a nest as a new one and discount it 

from the study of breeding intervals* To search the whole study area 

for concealed markers was impossible. Thus in perhaps ten cases 

birds say have bred in the same place ana yet been recorded as new 

nest** Probably all three factors were concerned to some extent* 

In addition* of the 17 successful pairs from Season B, I knov that 

three could probably not have bred again in Reason G because they were 

not freo of their chicks in tiiae*

There wore 189 clutches in the five months of Season B 

(sacond attonpts excluded), while for Season C (saae period of time, 

same area, and including new nests) the total was 156* This suggests 

that even considering the above three factors, there wars still fewer 

birds brs&JLng in Reason C, and that the difference in numbers between 

the two seasons was not wholly due to inaccuracies of recording, 

Probably, therefore* in both species at least some of the pairs not 

known to bread a second time really did not do so* This requires some

It should be noted first that it was not the habit of any 

particular category of birds to miss a season, becausa the non-breeding 

pairs in both species came from all the categories of the previous 

season! successful and unsuccessful, late and early*

I thiidc that non-breeding was a result of lack of food* 

Sviuvjnce that a food shortage occurred at Ascension was found 

during September and October 1958, when chicks of both species lost
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weight or died of starvation, and egg* were deserted* 

la fully dooonented later. Adult Blaok Noddies 4ooufi, 

were seen attempting to feed starving ohioks but were unable to 

regurgitate any food (N.P.Ashmole, personal communication), and 

•any of the chicks died. Although neither of the Boobies was 

laying in numbers at this time, (the peak for the White Boobies 

being in the previous July and for the Brown in the previous April 

and again not until the following December), the food shortage 

could have extended outside the period in which it was observed, 

and migjht therefore have prevented breeding in a proportion of the 

population* It has been recorded (Murphy, 1936, and Hutchinson, 1950) 

that on the guano islands off Peru aad South West Africa, during 

times of disturbance of the oold current and consequent shortage of 

fish, the guano birds deserted eggt and chicks, or left the breeding 

colonies without attempting to neat*

Food shortage, then,was a possible explanation of the non- 

sbreeding on Ascension, How it nay have operated is discussed in 

more detail later.

Breeding seasons in other parts of the world* 

1, The races of the White and Brown Boobies,

A taxonomio analysis of the two species is not one of the 

objects of this paper, but before discussing breeding seasons in 

other oarts of their ranges, it is as well to consider the relation* 

sships between the races* Both species, broadly speaking, are 

distributed all over the tropieal oceans, exoept that there are very 

few records of the White Booty brooding in the west Atlantic and 

Caribtaos-, and the Brown apparently does not breed in the west of 

the Indian Ocean or in the Galapagos Islands (see Appendix D).

The White Booby is regarded as one species throughout it* 

range Oi eters,1931). Rothschild (1915) gave oubspacific rank to 

races from the Atlantic, Indian Ocean, West Pacific, California and 

South/



35.

South American coasts, and the Galapagos, all on the basis 

of the colouration of soft oarts* The colouration of soft 

parts varied considerably in the Ascension birds, even in the 

sane individual at different times of year, and I therefore 

doubt if true differences can be established on this basis* 

There are too few skins in the British Museum (Nat*Hist*) 

for a comparison of the races to be made on the basis of 

size, but there appears to be some variation) the race from 

the West Pacific and Australasia (subspecies personata) in 

particular is larger and more heavily built than any of the 

others* Murphy (1936) found that birds from the Pacific vere 

larger than those from the Atlantic*

The Brown Booby, likewise regarded as one species and 

likewise represented in the British Museum by too few specimens 

for a full study, also shows size differences between the races* 

Robinson & Kinnear (1928) measured skins from the Atlantic*

Pacific, and Indian Oceans, and found no difference between the
and 

three means of wing-length/culm en* I believe, however , that it

is misleading to consider all the birds from as large an area as 

an ocean to belong to a single race* I found* for instance, 

that the mean culraan-length of Ascension birds was less than the 

mean of all other races considered together, although there was 

no difference in wing-length (Table 4). A greater difference, 

however, was found if the Ascension birds were compared not-1th 

all the other races, but only with birds from the C.Verde Islandet 

five females from there had a mean wing-length of £25 mm and a 

mean culmen-length of 100 m*m* These figures are respectively 

19 an and 6,5 mm greater than the figures for Ascension* I 

therefore believe that one cannot consider all the Atlantic

MBMM»«««MiMaBB«MM«IMBW>«>««M>»««IBMM>IIIB««nBm-«»«~»»«MMMMB^M^B»«^V<^BMBBM>^BB^MMMB»«M>W«MtwMBVBMM^__

This might conceivably have been due to the facial skin of 

dried specimens having contracted away from the beak, thus 

giving a longer culm en measurement*



Table L* Mean wing and euli&en Beasurements of Brown Boobies; 
Ascension population compared with others*
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Heat of world

Kalesi

So* of birds

9
10

wing
390
387

Culrnen

89

95

Femaleaf

Ho« of birds

U
15

fflag

4ID6
-409

C^ilinmn

93.5

99

Hotes All measureKents In m
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populations as a single race, and a full study mi^ht reveal the 

existence of a dine. Chasen (quoted in van Bemmel & Hoogerwerf, 

1940), referring to the races of Brown Bojbies in the Indian ocean, 

said, "Almost evary breeding colony oould be separated on some 

difference or other • •• ll This may veil be true of other areas 

besides the Atlantic and Indian Oceans.

If most of the breeding populations are at least partly 

isolated, as the above evidence suggests, it is possible that a 

variety of different breeding rhythns has been evolved, depending 

upon local factors, and this must be remembered when considering 

breeding seasons throughout the Boobies 1 rangej it should also 

be remembered that my findings about the Asoension population 

may not necessarily be true of what £& is at oresent considered 

to be the sane species elsewhere*

2, The published records*

Many records of breeding of '*Jhite and Brown Boobies have been 

published* Some of theae may not indicate the true breeding 

season* For instance, there were many months when I could have 

said of the Ascension birds that thare were eggs and young of all 

ages, and on a single visit at any of these times I could have 

believed them to be in orocees of breeding} but there were vary 

few months in which there were no eggs at all* This could explain 

why nearly all the published records give positive evidence of 

breeding. This information is set out in Appendix D. Vague 

records of birds "breeding" or "nesting* have been excluded in the 

light of my experience on Ascension, and only those in which it was 

actually -tatad that eggs or chicks were seen are included* Even 

so, the above qualification holds* Few conclusions can therefore 

be drawn, except that more long-term study is needed*

All authors are cited in the Aonendlx and are therefore excluded 

from the text here*
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a) White Boobyi In the Indian ^oean the Miite Booby 

appears to breed annually on Latham !•• and the Seychelles, 

and also, but at a different time of year, on the nore easterly 

island! of Gooos Keeling and vloenoeng Api. It is said to do 

the same on WiUia Is. near Australia, on Oanton Is* in the central 

Pacific, and in the Hawaiian group. In the Salapagos, except for 

one record, breeding has been reported only in the late and early 

months of the year. No author has suggested that the bird anywhere 

breeds at intervals that are not annual, although several have noted 

that it might have a long season.

Past recordJ from Ascension itself are few. Sir David Gill 

(in Penrose, 1879) reported breeding in January 1873, but his 

impression might have been gained from the mere presence of the 

birds, and this naed not mean that they were breeding. Simoons 

(1927) showed a photograph, taken in December 1925, of part of the 

Boatswain-bird Island colony which I knew well, and it can be seen 

that although an average number of adults were present, none of then 

vas incubating and there were no chicks. This is particularly 

interesting because it Is exactly what I would expect if the previous 

breeding season had been in July.

b) Brown Booty. It in noticeable that all the Caribbean 

reoords of Brown Boobies breeding are in January or February, and 

all are from different years. Fhelps & Pholpe (1959), however, 

indicated that breeding continued well aftar that, even until 

October. Both reoords from St.fcul's Rooks (1902 and 1921) 

indicate breeding in November and December* The three records 

from the Indian Ocean, again all in different years, suggest that 

breeding is in the early months of the year.

<*

Looking at all the reoords together, it can be seen that 

nearly every month of the year is represented! an uncritical 

interpretation of this would be that the Boobies bred all the year 

round./
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round. But it should be rameabored that v/hore any bird has a 

sexual cycle that Is not annual, records from different years 

will inevitably BU tgest that it lays eggs throughout the year; 

and statements of this sort have indeed been made*

Discussion of breeding seasons.

That breeding appears to occur at different times of year 

all round the vorld may be attributed to variation in latitude 

and climate, for some of the lacalit.ies ara subject to definite 

periods of rain and wind, The factors controlling breeding in 

the Ascension boobies cannot be suggested with full certainty since 

the seasons witnessed might not have been truly representative. 

It might be argued, for instance, that since the Brown Boobies* 

Season B was largely unsuccessful, the following one may have begun 

as soon as possible* perhaps as soon as the shortage of food was 

relieved. However, successful pairs bred again Just as did 

unsuccessful ones, whereas if the Intrinsic cycle were annual, 

this would not have been the case* Furthermore, the evidence about 

the breeding seasons subsequent to the period of study suggests that 

ay conclusions are correct, and I shall therefore discuss the breeding 

seasons as if what I observed was normal at least in rhythm if not 

in success.

It has been shown by nany workers (and reviewed, e.g.Lehrman,1959) 

that in birds the timing of the breeding season, and indeed whether 

breeding takes place at all, is controlled ty seasonal variation in 

such factors as day-length, temperature, food-supply, and availability 

of nest-sites, these environmental variables acting as the internal 

physiological cycle allows, I do not know the length of this cycle 

in boobies, but it oust be less than 35 weeks in the Browns the 

tiae between successive layings, a chick being successfully raised 

froa the first, was known in six eases and the mean of these was 

35 weeks. The White Booty took roughly the saae tiae over its 

breeding season as the Brown, and one might therefore assume that 

their/



sexual cyole» stvold be tho same length* This was not 

the case* It would therefore sees thut the White Booty 

Ascension was not breeding as fast, so to speak, as it 

have dona*

It has bean said (Marshall, 1959) that birds emerge

fron th^ir regeneration phase (of the gonads — see

Harshall, 1954, for hi*tological details of ^mad cycles) at periods 

characteristic of the species, fro ; which "it follows that the 

length of the period may be a powerful factor in the regulation 

of their reproductive date** Nevertheless, such eharacteristic 

internal periodicities oust have been arrive, at by a process 

of natural selection? and, further, presumably these periodicities 

would not be aaintained unless tho selective factor or factors — 

which must be environmental — continued to operate, An effect of 

this sort has been poatulatod by filler (1959) in !or£-tricfcia_; 

birds from an equatorial region, vhare breeding is Bix-aonthly, had 

a nuch shorter post-juvenile "refractory period" than relatives from 

TitiflMT latitudes where breeding was annual* Thus although the 

White and Brown Boobies nay now have internal cycles of different 

length, it should still be possible to discover the factor or factors 

regulating these. If there were ::o regulating factor, some boobies 

would iTiisiiiislily breed at all tdaes of the year, each individual 

maintaining the periodicity eharacteristic of the species, bat 

breeding indepandantly. far fro-n this being the case, the breeding 

seasons of both species were waULfaarked? only a snail proportion 

of birds breeding differently from the asjln body,

The commoner factors controlling the timing of breeding in 

sort bird species have been mentioned above* Marshall & Roberts 

(1959) hoped to uncover the factors responsible in a species not 

subject to these obvious influences by investigating a colony of 

Cormorants B&LAS&SaOBL tN&GL and £» afidflaOsl on Lake Victoria 

(lot* CP 20* M) where clinate and day-length were not expected to show 

seasonal/
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seasonal variation and food was abundant throujiout the year. 

They found, however, that breeding was influenced ty scarcity of 

nesting sites and an annually occurring r>erlod of bad weather which 

prevented the reproductive cycles being synchronised in all the 

individuals of the colony. They suggested that nevertheless 

the Cormorants probably possessed a sexual rhythm comparable to 

that of the Ascension Wideawakes, in which the breeding seasons 

are snychronised and occur regularly at intervals of about 

9fr Months. By analogy with the Wideawakes, the boobies 1 seasons 

should have been synchronised and regular, since there was no 

variation in climate or availability of nest-sites throughout the 

year. This appear xi to be the case, with the notable difference 

that the cycle in the two species was not the same,

Some regulating factor other than availability of nest-sites 

or climate must therefore hava bean operating. Apparently the only 

two remaining possibilities are social stimulation and the food 

supply,

Whether social stimulation was lm>jrtant or not is difficult 

to establish, Even if it were, it could presumably aot only by 

compressing the breeding season, and the question of why the White 

Booty should have an annual cycle and differ from the Brown would 

still not be answered. In the White Booby, laying did not begin 

uniformly all over the colony. For instance, in Far Area there were 

three centres where the first clutches were laid; in Fig,4, arrows 

from these centres show that laying spread fro^a there to neighbouring 

squares, and the figures for the number of clutches in each square 

show that laying began first in the most densely populated areas. 

But laying did not proceed concentrically over the whole colony. 

Thus social stimulation might have been having a local effect, a 

synchronisation within a synchronisation, In the Brown Booly the 

Boatswain-bird Island birds laid in phase with those on the Steaks, 

which suggested that some other factor was responsible hera, social 

stimulation being unlikely at such a distance, (Nevertheless a 

small/



small colony of Wideawakes on Boatswain-bird Island laid in 

ptese with the main island population*) 

Bourne (1955 and personal communication) found that in the 

Verde Islanis the different colonies of Brown Boobies were not 

synchronised in tirae of laying, although there seemed to be a 

general uniformity in times of breeding within each colony* 

Cbulson £ White (1959) showtci that in Kittiwake colonies,after 

allowing for oosaible effects from different physical conditions, 

laying was earliest where nests were most dense. Thus even in a 

species whose breeding season is timed orlmarily by climatio 

factors, the effect of social stimulation is still apparent* 

In the same way, social stimulation could be having a subsidiary 

effect on the laying of the boobies, but it *y no means follows 

that this was determining the general time of breeding*

There remains the question of the food supply* The food 

and feeding behaviour of the two boobies is discussed later, but 

this study was limited in scope, and very little is known about 

the aost important problem, the availability of food in the sea 

round Ascension* We could not investigate this ourselves, so the 

question cannot be answerer conclusively, but cyclic variations in 

oceanic conditions might have been the first link, so to speak, of 

a biological chain culminating in variations in the birds 1 food 

supply. The possibility of atich oceanic conditions operating 

at Ascension is discussed below*

Cyclical variation in oceanic conditions*

In some places, the food supply of seabirds is known to fail 

suddenly, and it may also fluctuate in the other direction, although 

less is known about this* The most striking and well-known cases, 

as mentioned earlier, occur off the west coast of South America, 

when the cool Rumboldt Current is sometimas replaced by the warm 

equatorial water from the north, known as ^ Kino*. The seabirds, 

deprived of their food, die in catastrophic numbers or migrate 

away/
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away (Murphy, 1936). Because of the commercial importance 

of the guano islands, these events have been recorded for 

nearly a hundred years, and it appears that periods of catastrophe 

occur on an average about evary twelve years, but not regularly. 

Hutchinson (1950} has analysed these records, and also those 

from the west coast of South Africa, which because of its 

geographical similarities, undergoes similar phenomena; the 

Benguela Current, with its upwelling of cool water, provides 

resources which culminate in food for the seabirds nesting on 

the islands there. Commercial interests in the guano have again 

provided records of events, since 1881, the variation in the guano 

crop indicating fluctuations ?.n the sea conditions* Hutchinson 

considered only the years in which there was a definite effect on 

the birds, other years, when bad crops were a result of heavy rain 

washing away the guano, being excluded. There seemed to be a 

tendency for the events on the South African coast to precede those 

on the South American coast; the complexity of factors involved 

in the South African phenomena, however, made detailed comparison
v

unprofitable. Nevertheless there was an implication that there 

might be a link through some long-period oceanographic change 

propagated through the Antarctic Ocean. Hutchinson concludes, 

"If further observations confirm this very tentative suggestion, 

it is obvious that the phenomena will acquire extraordinary 

oceanographic significance". Petterson (1929), less cautious, 

considered that periodic changes in climate of widespread effect 

have a proximate cause in the outbursts of ice from the Antarctic 

shelf. He also considered that the Humboldt, Benguela, and West 

Australian Currents all had their origin in the Antarctic Ocean, 

and explained their periodic anomalies as being due to increases in 

their flow, which in turn, because of the earth's rotation, increased 

their deviation away from their respective coasts, the way thus being 

opened/



opened for the descent of the ware tropical current free the 

north* Bowoan (1930) apparently doubted the validity of such 

a generalisation, but admitted that the charges that take place 

on so colossal a scale in the movement of ice out of the Antarctic 

could hardly be without climatic effect. Deacon (1933) shoved 

that the deep ocean currents were influenced by the Antarctic 

Icecap as far as ablout 30° H* Hardy (1936) described how Deacon 

found in this nortb-aoving water waves of varying salinity and 

oxygen content, believed to be the result of winter and susmcr 

melting of the Antarctic ice, and thus showing that the Antarctic 

water takes about seven years to reach the northern hemisphere*

Sow Ascension lies in the path of the equatorial current 

which is a continuation of the Jenguela Current* The tropical 

convergence (Deacon, 1933) runs alaost diagonally across the South 
Atlantic between Ascension and St. Helena, roughly 200 ailes south 

of the {toner* The position of this line is due to the influence 

of the Beaguela Current in the east and the southerly Email 

Current in the vest* Thus it seems reasonable to suppose that

Ascension could come within the sphere of influence of these
•

cies*iti1 e phenomena, even if only in a modified form*

flie features of catastrophe years in both Humboldt and 

Benguela Currents appear to be Biiailar j one of these features 

is unusually heavy and prolonged rainfall* Ascension is occasion* 

ally subject to periods of imaimially heavy rain; one such period 

lasted roughly from May to July 1959, and was preceded, as will be 

shown, by a shortage of food for the local seabirds around September 

1958* A previous period of heavy rain was recorded in 1924, when 

the Wideawakes' eggs were washed away (Huokle 1924); Hutchinaon 

(op.cit.) gives 1924 as a year in which fish were scarce round the 

South Africa guano islands* At first sight it is tecyptin^ to 

correlate these events, tut the reasons behind local cli. tie 

dies are so variable that it would be iiapruaent to d more

than mention them here*



It aay be remembered, however, that unusual disturbances 

in tha lives of the ssabirds — or rather, in the sea, with consequent 

effects on the birds — are not likely to be detected unless they 

are of considerable magnitude, or of conracrclal importance, or the 

•abject of a special study. Thns, althou^i a catastrophe year 

vould be vary marked on the vest ooast of Africa, and olthouf* its 

periphenl affects, as explained above, mi^rb reach Ascension, 

they vo-ild be so oodified as to escape notice unless revealed ty 

a special study such as I made*

It aust be stressed that such onV-of-the-ordinary events, 

although temporarily iaportant, need not be postulated as the 

permanent factor regulating brooding seasons; but they could, be

the octrees of a regular cycle, perhaps with its basts in the 
seasonal melting of the Antarctic ice. Such a regular cycle

could result (although the correction is not yet clear) in a 

regular, though perhaps smLl, fluctuation in availability of 

food, enough to establish regular breeding seasons among the birds*

The eightp-oonthly cycle of the Brown Booby, however, is 

difficult to account for on this basis* Nevertheless, an ai^xt- 

imonthly cycle means that a breeding season will occur at the 

sane time every second year, and this could be interpreted as 

a regular bi^umoal cycle vith an extra breec ing season in each 

two-yaar period* If the interpolated bree ing season was ever 

successful (and vith a fairly constant food supply it oight be), 

then selection vould operate in favour of its retention* In this 

vay the timing of the Brown Boobies 9 breeding could be dependant, 

like that of the White Boobies, on an annual cycle in the sea*



Ill BRSEDIHO, PART it Clutoh, incubation, brooding, desertions.

1. GLuteh-sise.

Both species laid two eggs.

On the White Booby colonies in Jbvember 1957 I found 69 clutches 

of one and 27 clutches of two egni (mean 1.3)> but it later appeared 

that any such count vould give a misleading result. Both species 

rolled eg&8 into their nests froni nearly, end og^rs were lost. 

As a result, White Boobies with three eg*s were occasionally
X

seen, there were single oases of five, six, and seven eggs in 

a nest, and unattended eggs lay all around. Such oollections 

of eggs were rot seen in Brown Boob^ colonies, probably because 

of the topography; eggs kicked out of a Brown Booby's nest would 

likely break or fall over a cliff. Nevertheless I found three 

cases of an egg narked in one nest being incubated in another, and 

twice, marked chicks a few days old were found being brooded in 

other nearby nests.

The boobies' attachment was to the nest-sita and not to the 

eggs or chicks | even though the nest site in many cases was hardly 

distinguishable frosi the surrounding ground. Birdo tfhose egga 

had been removed or lost returned to the nest and sat down in the 

incubating position, though they gave thie up after about a day. 

Both species acceptea and ineulated eggs of 5tona Petrels 

Q£^U£&£Gffi&. Castro and Frigate Birds. One pair of Vlhite Boobies 

was found to be incubating an egg-sized stone, and others readily 

accepted stones if their eggs wore removed. Jbrth (1946) and Murphy 

(1936) have also reported this in VJhite Boobies.

Ten White Boobies in a test rolled an egi into the nest if 

within beak-reach, bat if beyond this the egg was ignored. The 

number of eggs already in the nest apparently did not matter} one 

female continued to roll in eggs from 15 cms. until she was sitting 

on s<?van, when she became restless.

Brown/
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Brown Boobiee took instant flight fron the incubating 

position whan alarmed, and eggs oust so etimos have been kicked out 

by the push of launching. This would however not account for the 

many eg^s lost when the birds were not alarmed by our presence, 

or for tho numerous losses of ?i1hite Boobies 1 eg-p which were laid 

on level ground.

One Brown Booby only was definitely known to lay three eggs, 

its nest being close to a rock face such that an egg could not 

have got into it from elsewhere.

Summarising, both Brown and '/hit 9 Boobies laid two egga, 

probably very rarely three, but it would be misleading to give 

the clutch-size as a fraction* Eggs were lost from nests and 

others were rolled in to augment or replace the clutch, thus making 

the estimation of clutch-size by sampling imx>ssible.

2. Incubation.

a) Incubating behaviours Neither species has a brood-patch; 

the eggs are clasped between the feet and the incubating bird 

rests on its tarsi, which are flat on the ground. The outer toe 

of each foot is also on the ground, the other toes and webs 

being spread over the eggs* Nearly it would be difficult to 

incubate more than two eggs in this way, and a clutch of three 

is rare in the dulidae; the Oannets (Morue spp. * Peters, 1931) 

lay only one egg, -sossibly because they breec in cool climates and 

could not easily keep two eggs warm* During incubation the webs of 

both Brown and White Boobies were more vascularised than at other 

times. This method of incubating is similar to that described 

in the Gaxmet (Surney, 1913, and Vfitherby et al. , 1940) and in 

the Ttoite Booty (Murphy, 1936 )j presumably it is common to all 

the Sulidae. I do not know of it in any other family, and neither 

gfaaeton nor Fregata.. the only other genera of Peleoaniformes on 

Ascension, incubated in this way. The Shag

incubates with the eggs on top of the feet (Snow, I960). 

Incubation/
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Incubation began a» «<>on as the flret e^g was laid, and lasted 

42-46 days in the White Booby and 43-47 in the Brown* Kendeigh 

(1952) gives 42-45 days as tha probable incubation period in the 

Sula species. The second egg was laid, and consequently hatched, 

about five (occasionally four or six) days after the first,

b) Attentive spellss On the average, raaie and female took 

equal shares of the incubation, but the length of attentive spells 

was very variable and over a short time one oartner might be present 

for much longer intervals than the other. For instance, a male 

White Booby with an 18-day-old chick spent three spells with it 

of 10, 15, and 15 hours, while the two intervening spells by the 

female wore of only five hours each* Similar oases occurred in 

both species during incubation of eggs* 

i) Methods of observation.

Six nests of the White Booby were observed during August 

and September, and again from November 1956 until January 1959* 

The details of the attentive spoils, dates of laying and hatching, 

are given in Appendix B. ^our different )airs were involved, 

two of them twice* In August and September, all four rmlrt 

deserted about half way through the incubation period, and so 

moat of the information comes from the two pairs that nested 

successfully in l&vomberj from other shorter observations in 

the colony it was clear that these two pairs werenot unusual 

in their incubation rhythm* Three of the four pairs that 

deserted provided interesting information, discussed in the next 

section,

Sight Brown Boobies' nests were observed, involving five 

different pairs, three of which made second attempts after failure. 

The clutches war© laid in March (l), April ft ), June (2), July (l ), 

and December (3) of 1958. There were three desertions before 

hatching, of which two occurred during observations but were 

not caused by the^

Rests were checked at about three-hourly intervals during

the day and until about 2300 hrs., but not between then and 07JO hrs.
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except on 18 occasions when checks were made before 

sunrise to see if change overs took place in the latter 

**\t of the night. The times of sunrise and sunset varied 

slightly throughout the year but for present purposes are 

taken to have been at a proximately 0700 and 1900 hrs« 

respectively.^-

Greatest activity at Brown Booty nests was always at dawn, 

and where a change-over was found to have taken place between 

2300 and 0700 hrs, it could certainly be assumed to have 

occurred at dawn. This was not however true of the White Booty 

and no assumptions could be made about that species. The 

lengths of the incubation spells, and the times at which change- 

sovers occurred, are therefore accurate to about three hours, 

except where a change-over was actually witnessed* Accuracy 

of this order was sufficient to indicate the pattern of the 

incubating rhythm, A spell of incubation was taken to have 

begun when the bird was first seen on the nest and to have ended 

when the other partner was first seen, except where the change 

was witnessed*

Interrupted visits to the colonies meant that records of 

incubation could not be continuous* Hire observations were 

obtained about Brown Boobies because their shells on the nest 

were shorter than those of the White*

ii) Results*

The White Boobies 1 attentive spells varieu from 13 to 43 

hours, with extremes of 54 and 63 hours; but there vere no very 

short spells and three-quarters of the 28 spells observed were 

of 24. hours or more (Table 5)« In the Brown Booty, on the 

other hand, although the length again varied greatly (from one 

hour to 37), only four of the 135 spells observed ware longer

Ascension lies at Longitude 14° W and is therefore one hour 

behind Greenwich Mean Time which is kept locally; the correct 

local times of sunrise and sunset would of course be 0600 and 1800 bra.



Table Sr Duration of incubation spells, White and Broun Booby*

White Booby Broun Booby

" -••u*"* —••

hours

1>18

21-24

28-31

33-34

4>48

54
63
Mmni 

32 hrs.

Botest 1*

vwv w

spells

4
7
5
a
7
i
i

Total

The White Boo

4*W«J£}WB* * II

hours

1^6

7-12

1>18

19-24

25-30

37
-

Beans 
12 hrs*

by figures include 12

MW* %**

spells

38

35
33
24

4
I
~

Total 
135

incomplete
of 18 hrs* or more; none of the Brown Booby spells were 
incomplete*

2* The White Booby figures are derived from six nests —» 
four pairs and second attests by two or them; 
the Broun Booby figures from eight nests ~~ 
£Lte paira and second attempts by three of them*

3* Hale and female took roughly equal shares of incubation 
and are therefore not distinguished in the table*

4* Spells ware timed from when the bird was first seen on 
the nest to when the partner was first seen* unless the 
change-over was actually witnessed* Hie times are 
therefore accurate to about three hours*

5* Spells immediately prior to desertion are excluded*



of change—ovar during incubation, White and 
Broun Booby*

Unite 
Booby

Ho* of changes!

Bn 
Booby

At dawn (0630-0730) II

Morning (0800-1230) 3

Afternoon (1300-1300) 17

At duek (18301930) U

During darkness 11 
(2000-0600)

Total* 56

48

39

34

20

2

143

Notes} 1* Daytime cheeks were cade at roughly three-hourly
intervals; 18 checks were Bade between 2300 and 0700 hrs* 
Activity at Brown Booby nests was greatest around dawn, 
and change-over* between 2300 and 0700 were token to 
have occurred then* When Unite Boobies changed during 
the night this assumption could not be sad* and only 
known ti&es have been included in the table*

All changes, even after short spells, have been

3* Change-overs were not different aftor hatching and 
changes during brooding have been included*
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24 hours* This striking difference betveon the two species 

Is further emphasised by the fact that the mean length of 

Incubation spells in the White Booby nas nore than twice that 

In the Brown (Table 5).

There was also a difference, though less marked, in the 

tine of day at which change-overs occurred* In the Vfhlte Booby 

this ould be at any time of day or night, but was least frequent 

during the morning (Table 6)* In the Brown Booby, that same 

period in the morning, together with the period around dawn, 

was when most (6l£) of the changes occurred* In the White 

60017 20£ of the changes were during the night, whereas In the 

Brown very few occurred at that time. After their eggs had 

hatched, the White Boobies tended to change over more often in 

the night and -uorning, but the Brown showed no difference, and 

all change-ovirs are Included In Table 6* This change in the 

White Boobies 1 behaviour was preeuaably related to the chick's 

need to be fed.

3* Brooding*

The chick was not brooder by clasping between the feet* at 

least not after the first three or four days, although the parent 

still sat on and completely covered it* The second egg presumably 

was ttnaffected by this slight change, and usually hatched success- 

ifully at the expected time, although the chick never survived for 

long (see later)* The surviving chick was covered by the parent 

until It was ten or twelve days old, by which time it was almost 

clothed In white down and was too big to be brooded* The parents 

still attempted to brood it, but gradually gave this up and merely 

stood beside or partly over it, this guarding being kept up 

continuously until the chick was five weeks old, sometimes longer* 

There was no obvious attempt by the parents to shield it from the 

sun, nor did I see the chick clamber on to the parents 1 webs to 

keep off the hot ground, as reported by Murphy (1936)* Later the

chick/
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ohiok was left alone for varying periods, up to a whole day, but 

raraly at nigit* The oeriods while the chick waa b^ing guarded, 

though not necessarily actually brooded, I shall call brooding 

spells*

In the White Booty the change in length of spells after the 

efegs hatched waa strikingi the longest brooding spell wad 24 

hours and the aean of 20 spells was 11*6 hours, as against a 

longest incubation spell of 63 hours and a mean of 52 hour* 

(Appendix F), The mean figure for brooding spells is therefore 

close to that of the Brown Booty, whereas for incubation spells there 

was a considerable difference between the two species*

In the Brown Booby the brooding spells were just as variable 

as the incubation ones, but were generally shorter* The longest 

was 20 hours, and the aean of 27 records was 9*3 hours (Appendix F), 

oontrasting with the incubation spells, of which 21 were more than 

20 hours and the mean was 12 hours* The mean length of 12 spells 

on chicks of six to ten days old was 12*^hours, Oiile that of 15 

spells on ohieks of more than 25 days old waa 6.8 hours. Hence 

no$ only were brooding spells shorter than incubating ones, but 

they also tended to beeoae even shorter as the chick grew* Kendei^h 

(1952) found that in most species of birds attentive periods were 

generally shorter after hatching, and brooding attentiveness 

declined as the young grew older*

The difference between the two species in length of Incubation 

spells probably indicates a difference in feeding range on the 

part of the adult*. The importance of this is discussed later*

4* Desertion*

Information was obtained from three pairs of White Boobies 

and two Brown vhioh deserted during observations on incubation 

spells* The desertions were clearly not caused, nor were the 

birds apparently affected in any viy, by what little disturbance 

the/
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the observations necessitated. The desertions were not exceptional, 

because many others occurred at about the same time, and therefore 

the following accounts are considered to be representative of a 

widespread phenomenon*

The most important oases in the ^hite Booby were nests DA. 

and DB2 (Appendix £)* In the first, the male was present when 

observations began and remained on the eggs for a further 70 

hours, uhen he stopped incubating but stood over the aggs for 

a further six hours and than left* Threo hours later he was 

seen 25 yards from the nest, and 12 hours after that in co*spany 

with tho fonala in tha same place* He was a*aln seen there 

three days later, but the nest was clearly deserted* In the 

second case, the male was again incubating at tho start of obser- 

ivationa, but was relieved after a further 4& hours; this in 

itself was not an unusually long spell, but he night have been 

incubating for some time prior to the first observation* The 

female incubated continuously for 72 hours, then left* This was 

the longest spell ever recorded* The stale returned 24 hours later, 

i*e« after on absence of 96 hours, and incubated for at least 

42 hours, at the end of which observations had to stop* The 

nest was deserted by &y next visit* The third case (DB) was 

less striking* the male, after an off-duty spell of 33 hours, 

incubated for at least 46 and nosslbly 63 hours, then left* 

(There was a gap of 17 hours in the observations before he was 

noticed to be absent*) B either bird was present during the 

following 33 hours, and then both wore seon nearby, but not 

incubating* Both were nearTby again the following dayj but by 

ay next visit the nest was deserted* 46 hours was a longer than 

average spall, but not an outstanding one*

In the two oases of desertion by Brown Boobies, the behaviour 

was similar. In the first, the 41st day of incubation had been 

reached, i*e*. the Qgg waa due to latch in four days. The asule 

was incubating when obsorvations smarted, want on for a further

22 hours, then loftj returned three hours lator, but did not 

incubate/
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Incubate, snd left again* 24 houra later he returned but 

Incubated for only half an hour before leaving again* Six houra 

after this, i.e. 33 houra af -er his first departure and at least 

55 houra after he began hie spell, the female returned* She 

incubated for 4.5 hours, then left* The longest complete nornal 

spall for thia s-ecies was 37 houra. TVo honra later both she and 

the aale were present at the n^at but not incubating, ar*i four 

houra later both had gone; lay qy next visit the nest waa clearly 

deserted* In the aooond case, the ferial o was incubating on the 

18th day when observations started, but left nine hours later* 

Neither bird waa present for a further 43 hours, whan the f scale 

returned, incubated for 26 hours, then left a/*ain* By ay next 

visit the neat was deserted* The male was seen subsequently, so 

desertion was rot due to his death* In one other case, a female 

had a •pell of 24. hours (22nd day of incubation), then the male one 

of twatve houra) the female's nauct apell lasted 39 boura before 

aha waa relieved, and at ny nazt visit the nest was deserted. 

39 houra is more than three tinea the average normal length* 

Again both nerabera of the pair were known to be alive, and bred 

the next season*

It is clear that in both species there y^s a linit to t,he 

length of time a bird would incubate without ralief , and this 

«*• longer in the White Booby than the Brown*

Griffin & Hock (1949) found that a Gannet whoso mate had 

been ronoved stayed on the nest for three dsys, the average norsal 

spell being about 24 houwu Matthews (1954) ?ound that MSLHK 

Shearwaters PjCPft^Mwte PttfflilAaj T*&ose incubation spells averaged 

five days, would incubate for twice and sometimes three times that 

time when the mate had been removed. King Penguins

whose normal spells were two to three weeks, extended 

their/
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their stays to 34 and 35 days before deserting, the partners never 

returning (Stonehouae, 1957). The boobies 1 behaviour therefore 

conformed to this pattern, the difforonce being that their nates 

were not prevented fro-> returning either by artificial meana 

or death*

Some of ay observations shoved that the birds awaiting relief 

appeared to undergo conflicting drives. For instance, the male 

White Booby which incubated for Tt> hours, stood over the eggs for 

sis houm, then left but returned in three hours, was presumably 

hungry but at the same f-ime unwilling to leave his neat.

It was impossible to say definitely that hunger was the cause 

of the desartiona, but it seena very likely, from the evidence* 

Difficulty in finding food, or the necessity to go far afield for 

it, would certainly result in the absent partner being away from 

the neat for longar than usual, Lack (1956) found this in the 

Swift Apqs apus. the length of incubation spells being increased 

in bad weather, i.e. when food was more difficult to find, and 

the relieving bird therefore delayed its return* Desertions also 

occurred when food was short (Lack, personal coaraunication), 

Southern (1959) suggested that Tawny Owl clutches failed to hatch 

in rodent "crash" years because the cock was unable to find enough 

food for the incubating hen, who was thus forced to leave the egga 

and hunt for herself, allowing the egga to become chilled. This 

would certainly result in eventual desertion, but Southern has 

confirmed (personal communication) that egga were also deserted 

before the incubation period was completed. As already mentioned, 

Hutchinaon (1950) described how on the guano islands off the west 

coast of South Africa the Cormorants and other seabirda deserted 

their egga when fish were scarce in the surrounding areas. Presumably 

similar events follow the effects of the warm current which brings 

disaster to the Peruvian guano islands, but the desertion of nesta 

has not actually been described in this connection. However Vogt 

(1942) found that some nests of the Piquero &$& varie.?^ On the 

island/
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Island of Lobol de Tlerra were all abandoned during his 

observation of them, although the season was not a consplculously 

disastrous one; he thought lack of food was the cause*

That the long absences of my boobies was not due to their 

deserting through fear or disturbance was shown when the birds 

returned and Incubated although their partner had already given 

up and left*

I conclude that the most likely explanation of the desertions 

was shortage of food, the boobios, 1 behaviour being entirely 

consistent with that of the other species under such circumstances. 

The evidence from the study of desertions was circumstantial, 

but more direct evidence was obtained from the growth of chicks 

and is discussed later.

•The arrival at the above conclusion was not straightforward, 

and four points require some mention* Firstly, It ma not elear 

why the food shortage should suddenly have manifested Itself 

in the form of long spells of incubation between 11 and 14 

September 1958* Possibly the White Boobies were experiencing a 

particularly acute shortage just at that time* As mentioned earlier, 

the desertions were not exceptional; in Hut Area, for instance* 

18 out of 22 clutches being Incubated at the beginning of August 

failed to hatch* Nine of these had disappeared by the end of 

August, i.e. before the above-mentioned critical period, but nine 

of the remaining 13 eame to grief in September* Details of what 

happened were not obtained, most of the nests simply being found empty 

and the eggs lying in the vicinity] a deserted nest would quickly 

be tramped over by neighbouring birds and the eggs kicked about. 

Presumably, therefore, desertion occurred in these in the same 

way as it did in the nests under observation*
s

Secondly, although the obserbed Brown Booby desertions were 

not exceptional either, only one of then took place in August, i.e. 

Just before similar occurrences among the White Boobies, airi during 

the time when many Brown Booby chicks were uyln* of starvation. 

The/
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The other desertion was in January 1959, whan surviving cMck3, 

although few in number, wera showing iio si jns of malnutrition* 

However, of 39 Brown Boobies that had eggs in December and 
January, 51 (5730 lost their ogjs. I could not say that all 
these losses were due to desertion, but they could hardly all 
have been due to accidents, and aone at least oust have been 
deserted before the eggs disappeared* In both desertions under 
observation, the oggs disappeared soon aft or incubation ceased. 
Shore-crabs, probably Grapsuo maculatus (Gatesl^r), which ranged 
the cliffs up to 100 ft. above the sea, may have been partly 
responsible; they were soon to carry away cracked or broken 
eggs and might have moved whole ones. Many Brown Booby neets, 
however, were in places where crabs did not &>. It is possible 
that the food shortage in August and September continued without 
being noticeable until the following January and may have been 
responsible for the desertions and non-breeding in that soason*

Thirdly, losses of eggs ndgfct have been due to predation, 
but as no ore ators were ever seen, this can be ruled out.

Lastly, Richdale (1957) found that ycmng Tellow-eyed 
Penguins *fagidTP*-fl9 antipodes woro raore liable to desert before 
completion of incubation than older ones, and it might seen 
possible that sone of the boobies deserted because of immaturity. 
This can however be ruled out because two of the three White Booby 
pairs and one of the two Brown Booby pairs under obsorvation had 
successfully raised a chick within the previous six months, and 
there wore too many other desertions throu^iout the colonies 
for Immaturity to be wholly responsible.

Summing up, a food shortage wo'jld acooimt for the desertions 
moro satisfactorily than any other factors, although soie of the 
evidence for it uas indirect*
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If BRfiSUDB, PART 3§ The chick; growth, feeding,abnonnal growth
and food shortage, asynchronous hatching and
consequences*

1* Changes in appearance of chick during growth*
In both snooies the development of the chick was acconoanied 

by changes in its appearance which were classified as follows t

1-8 fcked.

9-13 I>own appearing on back*
14-26 "Downing", l.Q* down beginning to

cover the whole body, the chick thus 
becoming white*

27-36 'Half-down11 , i*e* chick completely
covered with down but the down not yet 
fully grown, and the chick only about 
half the size of the parent*

37-46 °PuU-downa , i,e» the chick entirely
covered by down of the full length and 
almost as big as its parents, beak 
full-grown, but no sign of priaarles 
or retrioes yet*

but were hidden beneath the down for 
a few days*

4-7-60 "Half -featharad", l*e* the primaries and
retrlces now visible through the down 
to a gradually increasing extent; thus 
this stage can be described as early or 
late*

c, 85 "ffc-foathered11, i. o. dowa remaining only
on head, neck, and flanks,

c.105 "FuJJy-featherodn, i.e. down disappeared,
but chick not yet flying to sea, (This 
event was easily date-mined from the 
cleazsttss of the legs and feet),

these stages were determined from fivo Brown Booby chicks, all 
of whl eh agreed fairly closely, and also agreec approxiiaatoly with 
a White Booby chick that was followed through in the same way* The 
White Booby was slightly slower in developaent, but not enough to alter 
the age-groups, Gibson-lttll (19147) described the stages in Bfcovn 
Booty chicks on Christmas Island in a similar way, and it is clear 
that they developed at the same rate as the Ascension birds, except 
that/
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that the latter waru about ten days lator in beginning to fly. 

^his scheme could, be used for making a quick estination of the 

ago-conpotition of the ohioks in a colony of either s >ecies, when 

^hore is insufficient time to tako aeasuronents of a significant 

sample. Froa this the approximate date of the peak of eg^-laying 

could be calculated* The ae-hod is more precise than those 

which result in such generalised statements as *nostly i/ell-grown 

chicks". It would have to be used with caution in other parts of 

the world where the growth rates might not be the sane as on 

Ascension, although the Christmas Island birds show that variation 

between even widely separatee populations can be email*

2, Care of the chick*

In both speelea one parent repaired with the chick continuously 

until it was about fiva weeks old, after which time it was left 

alone for periods of up to a day, but not at night* The chick 

did not go to sea until it was about 120 days old, until when it 

must have been entirely dependent on its parents for food* Sven 

after that, a chick would often beg for food and would be fed, 

but whether this was merely to supplement what it was catching for 

itself* or whether it was still dopenclant on the parents for food, 

I could not tell*

3* Method of feeding the chick*

This was the same in both species* Shall chicks of up to 

two weeks old begged weakly, only raising and waving the head an! 

uttering a faint but continuous "tip-tip-tipping" noise* If the 

adult was prepared to deliver food, it stood over the chick and 

pointed its closed beak downwards. The beak was then slightly 

ppened and pointed further backwards, towards the feet. The chick 

then put its head inside the beak, stretching its neck and pushing 

right up to the base of the adult's gape. The adult assisted 

lowering/
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lowering its head still further, the beak ty this tine being 

pointed backwards underneath its breast* If the chick was large, 

of course, the adult did not have to lover its head at all* The 

adult then regurgitated, a nalge appearing in its neck if the 

bolus was large enough* (Plate 2). The food-begging of the 

chick la described more fully in the section on Behaviour*

If the chick vas small, the amount rogurgitateO was small, and 

appeared to be delivered in controlled quantities. It vas also veil 

digested* The chick gobbled the food while its head was still inside 

the auult'e throat*

At this stage I no bleed an extraordinary dilation of the gape, 

In both adult and chick, oresumably an adaptation for swallowing 

large fish and for enabling regurgitation without damage to the 

buccal cavity from fins and bones co.aing up backwards* The process 

vas also strikingly demonstrate, when the bird yavnsd* As tha 

lover Jav opened, the proximal parts of the rami drew apart, this 

being possible partly because of an elastic fold of skin across the 

inter-ramal area and partly because of the mechanical arrangement 

of the articulating facets* (This was observed by manipulating the 

lower nandlble of a dead bird)* When the beak of a dead bird is 

opened, the articulating surfaces of the two rami are forced apart, 

and since the two rani are held together at their distal ends, 

i*e* at the tip of the mandible, this forcing-apart causes the 

incompletely ossified Junction botwean the sttrangular bone and the 

dentary to hinge* A gap thus appears between the two surangular parts 

of the rami* One is reminded of a snake's ability to separate the 

two halves of its lover jaw. When a booty yawned, the two proximal 

parts of the rami oame together again as the beak closed* The bird 

appeared to close the rami before shutting its beak, but this may 

have been an illusion* To obtain the full details of this mechanism 

it would be necessary to examine the articulation of the bones and 

also to have a film of the yawning movement* Presumably many birds 

that/
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that feed their young by regur^itation can oerfom this 

movement. Gurnoy (1913) noticed that the Garnet had a "hinge 

across the lower jaw, TobabLy to increase the width of the gape 

when feeding the young". I have found no other raference to the 

matter.

Large chides wore insistent in their atteants to force ooen 

the adult's beak and inmediately inserter the whole head into the 

par cot's gape* The efficiency of the above-mentioned gaping 

mocLanism was oloar, for even a full-grown chick could out its whole 

head inside the parent's gape, as seen in Hate 2.

As soon as the chick had obtained food, it withdrew its head, 

sometimes about half of the fish protruding, and •wallowed, while 

the adult gulped back the remainder of the regurgitated food. If 

the food was well digested, the c! ick usually swallowed before 

withdrawing, and one could not see what was being oassed.

Measurement of growth*

Measurements of wing and culmen-length were Bade on many chicks 

of both species and were use* 1 as a means of calculating age* At 

intervals measurements were also made on chicks of known age. Growth 

curves were dram for these and for weight, aad the measurements from 

the chicks of unknown age could be fitted on to then.

The curves for wei^it were the BOB t interesting in view of the 

food shortage that developed* Weights varied more, and thus were 

a better indication of the chick's condition than the dimensions of 

wing and culaon. The growth of wing and culraen was of course slowed 

during starvation, but less markedly than weight*

Because many of the chicks undar observation suffered froa 

starvation (discussed fully later), and because our visits to the 

colonies were intermittent, auch of the information about growth 

has necessarily boan compiled from what may seem confusing sources, 

e.g. experiments with twins, and chicks hatched at diff orent times. 

Straightforward collection of data on growth was not possible. In

proa anting/
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praeenting the results I have had to keep the sources in mind, 

and thus the argument is x>re coiplicated than I sho Id have

5. formal growth* 

a) White Booty.

1) Weights The increase of weight with age is shown on a

logarithmic scale in Fig. 8. 3lx chicks, whose hatching dates were
* 

known, vere veiled at intervals; also included are the weights

of two chicks whose ages were calculated from wing and caiman 

measurements at four and seven days, and five others whose ages 

were similarly calculated when they were between 15 and 20 days old. 

The points on the curve aro therefore derived from 13 chicks, ill 

vere hatched early in 1953, i. a.before there was any hint of food 

shortage.

Also shown on Pig.8 are points derived from two other chicks 

(A and B) of known age which for some unknown reason grew more 

slowly than the others. Clearly these wore abnormal, since their 

growth-curves are distinctly different froi the others. A was 

hatched at the same time as the others, B in October 1958, i.e. after 

the well-marked period of food shortage mentioned earlier. It was 

the only chick on the colony at that tine.

The point X on Fig.8 vac the weight of a chick 85 days old on 

29 September} it is discussed, together with points T and 2, in the 

section on abnormal growth below.

ii) Wing and culmen* The growth curves for wing and culmen are 

shown on Fig. 9« The same birds vere used. Again A is clearly 

separated, the critical period in its life apparently being between 

20 and 30 days, when it fell behind the normal; the culmen length 

was obviously the least affected of the three measurements. Generally 

speaking, up to 30 days old there was little variation between indiv­ 

iduals in wing and culmen length, so these two measurements taken in 

conjunction vere used to determine the ages of other chicks.

Sumnaryi/
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Vedgit increase slowed at about 40 days,

•topped at 80-90 days, after vhich weight was lost until about 

100 days. Thereafter the weight regained more or less constant,

•001 chicks fledging at about 120 days) Bluer variation* imesisi 

fably depended on when the weiring was made in relation to the 

last feeding. The length of the wing increased until about the 

80th day, vhen growth slowed suddenly and reachec a stop fcy about 

the 100th day* The growth rate did not alter appreciably on the 

eruption of the primaries, as is shown by the shape of the curve 

before and after the 37th day* (After eruption, the wing was 

measured to the tip of the longest feather)*

Growth of the oulaen stopped earlier, at about 60 days* 

ProbaHy early development of the beak 10 advantageous, so that the 

chide can defend itself when the parents are absent*

The variation in length of both wing and culaen after growth 

has stopped is probably due to aanif esta ion of the else differ once 

betveen $he sexes. At this age of course the chicks could not 

be sezed*

b/ Brawn Booty*

In the Brown Booty, the pattern of growth was Tory similar 

(fig 10)* The weight curve was complicated by some of the records 

being made during the tine of food shortage, sad discrepancies 

appeared in the latter part of the curve* Wei^its in this case are 

therefore presented in table fora (Table ?)• While discrepancies) 

were noticeable in the weight, they were less so in wing and eulrnan 

measurement, showing again that these two aro more reliable than 

weight for estimating age, especially up to 60 days.

Although the weight curves for the Brown Booby vere nearly 

all aberrant, they nevertheless provided quantitative information 

about the effects of food shortage, discussed later under abnormal 

growth. Only one chick was followed through without setback; it 

vas 100 day* old before the critical period of food shortage and

showed/



100 r-

90

80

70

60

50

30

20 \

Culmen length
in mm.

20

Primaries 
erupted

Wing length 
in mm.

40 60
Age in days

T 
80

500

200

100

30

20
100 120

Fig 10. Growth of culiaen and wing in Brown 
Booby chicks.

Notes: 1. From 14 chicks.
2. Logarithmic scale.



Ta
bl
e 

7,
 

We
ig
ht
s 
of
 B
ro
wn
 B
oo
ls
y 
ch
ie
ka
 a
ga
in
st
 a
ge
 i
n 
da
ys
,

sh
ow
in
g 
no
rm
al
 a

ad
 a
ba
or
mL
 g

ro
wt

h.

GH
1C
K 

N7
MB
BR

1
Ag

e 6 U 14 18 29 33 43 54 60 70 94 10
0

10
7

W
t. 82 13
8

20
5

30
0

59
5

67
4

10
25

11
75

13
50

14
00

12
90

12
25

1
11

40

2

Ag
e 8 10 14 25 29 40 57 67 90 10
3

11
3

wt
. 10
2

12
5

19
4

60
9*

63
9

92
5

13
75

13
00

12
40 24

2?
10

00

3
A

fi 3 10 14 25 29 40 57 67 90 10
3

11
3

12
1

wt
. 99 10
9

19
2

38
9*

47
4

TO
O

10
50

12
00

31
00

jyo
oo2

10
00 90

0

4
Ag

e 6 9 13 25 20 37 49 55 65 89 95 10
2

11
2

12
0

wt
. » 11
3

20
5

56
4

70
4

97
5

11
75

12
25

12
50

11
75

10
25

1
3Q

Q2

80
0

95
0

5
Ag

e t 27 31 38 4* 56 73 88 10
6

11
9

W
t. * 4B
5 af 58
0

85
0

90
0

85
03 £75 BO
O

JS3
L

T
T

 
'

6

Ag
e 9 16 33 39 46 56 64 81 85 11
4

13
3

wt
.

11
5

21
0

66
0

82
51

7Z
S

95
0

10
50

11
50

*
10

00 85
0

10
00

7

Ag
e 7 9 13 24 28 38 49 55 65 89 95 10
2

10
3

wt
. 72 10
7

16
5

40
9

50
0

60
0

97
5

92
5

95
0

11
00 90

0!

6^
0

de
ad

8

Ag
e 6 16 20 33 58 69 72

W
t. 53 24

0
36

0
56

0

tj^
A,

U

fL
fL

t t
j£

%
jio

i^r
^

de
ad

9

Ag
e 6 16 20 33 58 69 79

W
t. 65 27
0

37
5

57
5

1Q
QO 89

Q?
de

ad

10

Ag
e 4 U 21 26

wt
. 54 11
8

20
22

de
ad

i

Fo
r 
no
te
* 

ae
e 

ov
er
le
af
.



NO
TE
S 

TO
 T

AB
LE
 7

,

Ch
i«

9d
l 2

 e
ad

 3
* 

w
hi

ch
 w

er
e 

tw
in

s 
up

 t
o 

th
is

 p
oi

nt
, 

se
pa

ra
te

d.

1 
3 

A
ug

us
t, 

19
<?

a.
2 

10
 A

ug
us

t, 
19

58
. 

^ 
U

 S
ep

te
m

be
r ,1

95
3.

ff
ot

es
t

1.
 

Ch
id
e 
1 
wa
s 

no
rm
al
, 

2 
an
d 

3 
iw
re
 M
M
a
l
 u
p 

to
 1
03
 d
ay
*,

th
e 
re
ma
in
de
r 
we
ra
 a
bn
on
oa
l*

2.
 

VJ
ei
gh
ts
 s

ho
wi
ng
 a
bn
or
ma
li
ty
 a
re
 u
nd
er
 li
ne
d*

3*
 

Ch
ic
k 
1,
 n

or
ma
l 
at
 1
07
 d
ay
s,
 o

ay
 h

av
e 
lo
st
 w

ei
gh
t 
li
ke
 t

he
 o
tb
ex
v 

af
te
r 
3 

Au
gu
st
, 

bu
t 

it
 w
as
 f

ly
in
g 

by
 t

he
n 
an
d 

co
ul
d 

no
t 
be
 

ch
ec
ke
d.
 

It
 w
as
 a
pp
ar
en
tl
y 
no
rm
al
 w
ho
n 
ca
ug
ht
 2

 m
on
th
s 

la
te
r*

Ch
ic
k 
6 
wa
s 

la
te
 i
n 
fl
ed
gi
ng
 b
ut
 w
as
 a

pp
ar
en
tl
y 

no
rm
al
 w
he
n 

ca
ug
ht
 2
\ 
mo
nt
hs
 l

at
er
.



62.

•how«d abnormalities (Ta-J.e 7, Chick 1.) Two other o?ries of 

aaa^uranents (Chicks 2 & 3, table 7) were obtained froi chicks 

that were initially placed together in a nest as a "twin" 

experiment. Both grew normally for 14 days; on the 23rd day 

ore had got into a nai^hbouriug nest and was being fostered* 

Both continued to grow normally, except that Chick 3 (the fostered 

one) was slightly slower than the other, and were 96 days old by the 

critical period; up to this point they are considered as nomal, 

and their subsequent history is discussed later* Three other 

chicks of known age on the stacks were measured (but not weighed) 

on eleven occasions, and these points are included in the curves 

on 7ig*10*

Thus it can be seen that the normal growth curves for the 

Brown Booby closely resembled those for tho White

6* Abnormal growth*

Abnormalities in the growth-rate are described here because 

thggr gave very clear evidence that a shortage of food occurred in 

August and September 1958.

a) V/hite Booby*

Most of the evidence of food shortage in this species came not 

from weighings but from the number of deaths of chicks and desertions 

of eg;;s. The shortage began about the time of the peek of hatchings* 

i*e* August 1953, and there were many deaths of chicks Aortly 

afterwards* This interfere with the programme of weighings and 

also with the experiments on twinning, vhich at that time were 

regarded as being of first importance and had to be done when there 

were chicks of like ages most readily available.

The details recorded in Figs. 8 and 9 were obtained before the 

start of the nain breeding season, and so ban bo used as a standard 

for comparison with abnormalities* Two other chicks, A and B, were 

not raised during the food shortage period and have already been

discussed*/
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discussed. Chioks X, I, and Z vhioh appear on Fig.8, vore growing 

during the food shortage*

X was 85 days old on 29 Septeriber 1958* It was clearly 

belov nonaal weight and died shortly afterwards* Not having 

weighed it previously, I could not tell when it first deviated 

from tho normal, but probably it did so in August, thereafter 

steadily losing weight until its death*

The situation with regard to ? was complicated by its being 
initially used in a twinning experiment* At 19 days, its twin, 
though smaller, was still alive and up to this date sight have been 

competing for food, causing Y's growth to be slower than normal* 
But tgr the 32nd day this twin had died, and thereafter 7 should have 
grown normally. By the 38th day, however, its wei^it was still belov 
normal and ty ny next visit it was missing, presumed dead* It was 
hatched on 10 September, which was during the food-shortage, and this 
might account for its slowness in the early stages* But other chioks 
vere known to grow normally in October, and in theory T ought not to 
have died* I is comparable with B, which hatched early in October 
and likewise grew slowly*

2 was also one of two experimental twins j they wore paired on 
30 July at two days old. As can be seen in Fig 8, its growth up 
to 12 days was normal; moreover, by this time its twin had died 
and subsequent events should not have been influenced by the 

experiment* Between 23 and 29 days Z fs weight fell, but unlike 
many other chicks it did not die, and it continued to grow, though 
abnormally slowly* There was a gap in the waitings between 44 and 

81 days, by which time it was still well below the normal but apparently 
quite fit* Three weighings at tan-day intervals after this suggested 
that the 40-day gap was spanned as drawn on the curve, although there 
could have been another drop and recovery* By 127 days it was up 
to fledging weight, bat was still at the "fffeathered* stage* (?bst 
normal chicks vere flying at 120 days). By 141 days it was fully 

feathered but not flying, Thus its fledging period was extended 

at/



at least 20 days, presumably because of its setback in feeding* 

This setback occurred between 20 and 26 August.

b} Brown BOOOQT*

The evidence of food shortage amongst the Brown Boobies waa 

the same as in the White. I was weighing a number of chicks which 

had successfully passes the early stagos, when it became apparent 

that something was wrong, and weighings were carefully followed.

Chide 4 (Tattle 7) was normal, ty comparison with Chick 1, 

until 95 days, then its weight dropped sharply to 112 days, when 

it was noted as being weak. It recovered and flecged successfully 

at about the normal age* The date of the dip waa 3-20 August*

Chick 5 also followed the normal course until it was 27 days 

old, then its rate of growth suddenly slowed* It too subsequently 

recovered and fledged, although it never reached the normal "ceiling** 

Its falling-off was between 30 July and 10 August* It had another 

small loss of weight about 14 September.

The weights of the next two chicks give even clearer evidence 

of lack of food* Chick 6 followed the normal course until It was 

39 days old, when it suddenly lost weight, but gradually picked 

up to normal, or nearly nonaal, at 81 days* Its weight had dropped 

considerably ty 35 days, and again but aore slowly by 96 and \*4 

dayai Jay 123 days it had picked up nearly to normal again* In 

the end the chick fledged, but it was at least two weeks later than 

normal in doing so* The dates of the two losses in weight wore 

3 August and IS September*

Chicks 7-10 suffered setbacks fto m which they did not recover* 

A drop in Chick 7'a vei^it apparently occurred at 33 days (7 June) 

but since at the next weighing it was back to normal, this oay have 

totem an error in recording. Another drop occurred on 24 June, 

which there was a gradual recovery to 39 days, when its weight was 

nearly/
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nearly back to noroal. Bat ty 95 days its weight had dropped 

steeply, aad still further by 102 days. The next day it diet, 

esjaeiatad* The last drop in walgit began on 28 July, and its) 

death occurred on 11 August.

Chicks 8 and 9 started off as a twin experiment, but b< 

separated at 16 days and thereafter lived independently. Both grew 

at the sane rate for the next 18 days cad probably for longer, the 

next weighing not being for another 25 days after that. By then 

Chiok 9 vac heavier than Chiok 8, but both war© below noroal. There 

•ay have been a drop and a recovery in one of the gaps between 

weighings, but this could not be detected and anyway does not affect 

the argument which is mainly concerned with the next phase in their 

life. 11 days later both had dropped steeply to far below the noraal 

weight j in three days Chick 8 was dead, and seven days after that 

Chick 9 also died. Their decline started on 30 July or shortly 

after, and their deaths were on 13 and 20 august respectively.

Chick 10 was of normal weight at 11 days but by 21 days had 

fallen off slightly. Five days later it died, the date being 

25 august.

Chiok 11 (not shown in Table 7) was weighed at 9 days old 

and was normal* It was not weighted again until it was 98 days old, 

on 14 Septoobor, bgr which tiaejit was 900 grancaes, only slightly 

below nonal. It had apparently survived the period in August which 

had affected other chicks so seriously* but it could have dropped in 

weight and recovered without ay knowlodga. Four days later, however, 

its weight had fallen ty 200 grarames, and 11 days after that it was 

dead, and very thin.

There is one further piece of evidence in Table 7* Chick 1 

showed a gradual fall in weight after 7) days; as it had reached 

100 days of age before 3 August, I believe that this gradual fall 

was normal and unaffected Ty the food shortage. Chicks 2 acd 3, on 

the other hand, showed a slightly irregular and more narked fall. 

The dates of this vere from 3 to 20 August, which is consistent with

the/
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the event* described above. Both of these chickc, as mentioned 

earlier, were the subject of a twinning experiment to begin with 

(thou^i they later separated) and their weights were slightly 

below nomal earlier as vnll, probably as a result of the experiment.

a) Suanary,

Losses in weight, or reductions in grovth-rate, occurred 

at varying timed in the lives of individual cliioks (as was 

particularly evident in the Brown Booty), bat nevertheless it 

noticeable that all Individuals of both species vere affected at 

roughly the same date* There ware two periods uhen these events 

occurred, ore in the first weak of August, and another, less 

important, about the middle of September. Between those there 

was soie recovery of -*reigit by the chicks, if they survived the 

first period* All these facts point to a ladk of food during the 

two periods*

Hot all the losses in weight vere sudden, and the slower ones 

could have been the result of adults staying away from the chicks 

for unusually long times | this can be correlated with the lengthen- 

ilag of incubation spells mentioned earlier, which occurred about 

the same date.

Other evidence concerning 1fce food-shortage will bo discussed 

after the breeding success has been described*

7* Asynchronous hatching and its consequences.

One of the nost striking features of the breeding biology 

of both White and Brown Boobies was that although they laid two 

eggs they never raised more than one chick.

This is not peculiar to the Ascension populations* It is 

widely reported for the %ite Booty, e*g, froia He TroaeHn 

(Brygoo, 1955), Goenoeng Api (Hbosorwerf, 1939), Mait l-giard (North, 

1946), and Horth Keeling (Gibson-HUl, 1950a) in the Indian Ocoan 

are&f and from Layaan (Fisher, 1904), Canton (Murpby et al*,1954), 

WilliS/
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Villis 10. (Reithnullar, 1931) and the Galapagos (Rothschild 

4 Hartert, 1902) in the Pacific. farpty (1936) said that tuo 

•gfi but one chick was general in the White Dooby, and suggested 

that the adults vere ill-conditioned to the presence of moro than 

one chick in the nest, concentrating on one with the rosult that 

the other died of neglect. However, it has been shown that in 

other species whose eggs hatch asynchronously, e.g. the Heron 

4d£a dlfMMft. (Owen 1955) and soiae Corvidae (Lockie 1955), when 

there is a lack of food the youngest chicks always die first 

because they are nrevented fron obtaining food ly their nest-oates, 

not because of selection by the parents* Vesey-Pitzgerald (1957) 

said that in the White Pelican Pofemflppp onoegotalus, the younger 

chick was bullied to death by the old or, two ehioks never surviving 

in one nest*

Heithmuller (op* cit.) observed on Willis Is* that three days 

was the longest that two White Booby chicks survived together* He 

considered that the older managed to get more food and pushed the 

younger out into the sun* As will be seen, ay own observations were 

similar.

Brygoo (op* cit*) is the only author I have found to mention a 

White Booty's nest with more than one chick* This was a single 

exaiple among 31 nests on He Troaelin (350 miles north of Reunion )t 

His photograph shows two chicks about 40 days old (by ay reckoning) 

with an adult at what searns to be an Isolated nest* On Ascension 

two c dcks occasionally wandered together when toeir parents vere 

absent, and they might be attended, even preened, by a non-breeding 

bird for a short time, thus appearing to be a brood of two* As 

Brygoo's nests wore apparently widely dispersed, such an explanation 

is leas likely in his case*

The situation in the Brown Booby is similar, also throughout 

its range* There are records of two eggs but only one surviving 

chick from Christmas Island (Indian Ocean) (Gibson Hill,19-47) the 

Barrier/
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Barrier Reef (Napier, 1928), Canton ('tophy et al.,op.cit.), 

Hawaii (Richardson and Fisher, 1950), the Bahama (Chapman,1906), 

and the Cape Verdes (Bourne, 1955)• Bourne, however, said that two 

nests out of 15 had two living chicks, although he did not rocord 

their age and one might have died later* Chapaan found two 

chicks in two nests out of 740, and a ohotograph of one oxa.iple 

shows that they must have been about 40 days old*

One possible case of two c licks almost succeeding occurred on 

Ascension* On 19 May 1953, two Brown Booty chicks vere found together 

in a Small sully on Stack 4* I could not obsarve whether those wore 

both fed by one pair of adults, because all the birds on the stack 

fled when I landed and remained away until I left again* Two nests 

had not been previously recorded in that gully* There was no means 

of telling whother both chicks vere hatohed from the same clutch; a 

chick fro- outside mi^it have fallen into the goUy and been fostered. 

By measurement of wing and oulmen I estiiaated them as 16 and 10 days 

old when first found* Sine* five or six days normally elapsed between 

hatching of the first and second eggs, t is suggested that they vere 

siblings. The two chicks continued to grow at a rate consistent with 

their estiiaated age* The larger was slightly above normal and fledged 

in due course, apparently without any setbacks, in August* The smaller 

wae normal in weight and measurements at 20 days and again at 34- days, 

indicating that the age estimation was correct* It was particularly 

remarkable that it should have maintained its rate of growth, while 

living with a larger chick* At 62 days, however, (7 August) it 

was dead* Wing and culmen lengths were normal, but it was thin* 

Many other chicks ware dying of starvation in early August 1953*

Thiti appears to be a genuine case of two chicks surviving 

for 34 days, and one might assume that both would have fledged had 

the food shortage not intervened* But it should be treated with 

reserve, for there is no proof that they were siblings* or that they 

vere fed by only one set of parents* In the other 95 cases in which 

two chicks hatched, only one of each pair was raised to a month or

•ore,
BkJidentally/
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Incidentally, it was notable that tho larger chick in tliie 

case apparently survived the period of food shortage without any 

•etbaok. If the parents were able to feed both chicks until 

then, it is oossihle that when the availability of food was 

reduced* they could sUU feed one but not tho other*

Apart from tJiis instance, the pattern of events after the 

hatching of the second chick was invariable, and the samo in both 

Brown and White Booby; the scalier chick soon died. Often it was 

found lying deaxl beside the nest, occasionally still in the nost tut 

trampled, and so.aetizaes outside the nost, still alive but in a weakened 

condition* If replaced in the neat, it was accepted by the adult, but 

was later found outside again. This strongly suggested that the chick 

was somehow ejected from the nest. It seeaeti unlikely that the parent 

was responsible* because an adult was never seen to discriminate between 

the chicks, preoning both of them, for instarce, turn about. Adults 

also did not discriminate between their own chicks and others introduced 

into the nest* Chicks up to eight days old were accepted as twins,and 

twice, Brown Booby chicks were found in neighbouring nests after ejection 

from their own* Adults would not tolerate in their territory chicks 

that could walk about (5..e. from about 40 days old onwards), and they 

must have been able to recognise their own chicks at this stage because 

these often raovea away from the territory while the parents vere absent 

at sea* Ho experiments were done to find out at what age tliie 

recognition was achieved* It is reasonable to conclude that the adults 

were not responsible for the removal or ejection of the smaller chick.

IT many case* the second chick to hatch disa peared without 

trace between oy visits, presumably taken by a Frigate Bird, as would 

be any small chick that happened to be lying unprotected in the colony. 

Several times I saw a Frigate Bird pick up regurgitated White Booby 

food, and once saw one take an unattended chick of its own species* 

Frigate Birds regularly took unattended chicks of the Wideawake Terns 

from the ground*

Eventually Z come to the conclusion that the older chick was

responsible*/
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responsible. I watched a nest in which a six-day old cliiok was 

being brooded along with a newly-latchet one. The foraer vnfl old 

enough to hold up its head and oueh with its feet, whereas the latter 

was weak and Incapable of such movement. Each time the parent stood 

up, the larger chick began to push the smaller about, and sonetiatP 

gripped in its beak the smaller one's nock or wing; this achieved; 

it pushed with its foot* Ifawevar, it did not seen to be strong 

enough to push the smaller chick out of the nost, and certainly not 

so far that the parent could not retrieve the oliick if it mode the 

attempt* But in such a situation adults were never seen to try to 

retrieve a chick, in contrast to their behaviour, described earlier, 

in retrieving a misplaced egg.

filming up, the smaller chide was expelled from the neat soon 

after hatching, apparently as a result of the efforts of the larger 

chick, aul died*

8* Experiments with twins,

The norm! growth of the chick, asynchronous hatching, and the 

circumstances of the loss of the second chick having been discussed, 

we can now consider artificial situations involving twins.

Although the experiments ware not fully conclusive for various 

reasons discussed below, they did suggest that the adults were well 

able to feed two chicks, at least for some clays*

A store striking result was that there was still a tendency for 

one chick to establish a supraaacy, ovan though it was only very 

slightly the larger*

tWllllfl* First * found a chick of (preferably) one to three days 

old, then searched the colonies for another of similar siae to put with 

it, removing the other chick or egg as the case mi^it be* Both chicks 

were weighed and their right wing and eulaen measured*

The adult now had its own chick and another of the some size 

from outside* There was a possibility that it would discriminate 

in favour of its own chick* Z soon found that this was not the case
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at all. Both were accepted, and inrariably the larger survived 
longest, whether it was fee parent! 1 own chick or not* I slso 
found that parents of, say, a waefe-old chick would accept two 
newJgMiatched ones, or one whose chick was newly hatched would 
accept two fire-day-old ones* In this reepect conditions ware 
not the saae at the start of each expariment, especially in the 
Brown Booty, bat there was no Indication froa the results that 
this mattered, Gibson-Hill (1947), changed Brown Booby clicks 
froa one nest to another, and thqy were always accepted, sTan when 
the new chide* s age was up to throe or four weeks different from that 
of the original one. It was not possible to find enough Brown Booty 
chicks of exactly the same a^e to make the experiments uniform.

Generally speaking, in both the White and the Brown 
Booby, one of the chick* proceeded to follow the nomal growth 
curve (weight was the oost useful as an indicator) while the other 
lost veight and disappeared after a faw days in the usual manner* 
Ejection frora tho nest was ajcli. saan,

In two of the Brown Booby experiments an unusual thing 
happened. The twins grew together at the same rate until between 
two and three weeks old, Then one of thea was found in another neat, 
In one case the distance between tha old and the new neat was only 
about three feet, but in the other it was six foetj so the chick 
must either have moved ty its own effort the whole way, or been 
helped into the new neat ay the blooding parent* As already 
mentioned, this was unlikely. In both cases all the chicks wore 
aarked« White Booby chicks did change nests too, but in the twin 
experiment! this happened only onoe (see v) balow)*

a) W^ta Booty. the Uhite Booby results were severely coaplioatad 
because all the experiments vere conducted either during or close 
to the pariod which subsequently turned out to hare been one of 
food shortage, Desortloa and/or death of the chiok was p 
In/
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in aany cases due to the food shortage. Disturbance as a result 

of the experiment sees* unlikely because sone of the deocrtionfl 

took place after one of the twins had died| furthernure there were 

many other desertions of similar and undisturbed chicks nearby at the 

same time.

Sixteen experiments wore perfometU In nine cases the experiment 

ended quickly, the details being as follows! i) One chick, actually 

subtly the heavier of the two, thou^i smaller in culmen and wing, 

had disapneared by my next visit four days later. ii) The paronta 

deserted after two days, iii) & iv) The slightly smallor chick was 

dead outside the nest after one day* It could hardly have starved to 

death in that time, and death was probably due to exposure after 

ejection, v) One of the chicks (slightly tha heavier) was out of the 

neat after one day; it was replaced, but or. the following day the other 

chick was found in a neighbouring neat; it was replaced in the 

original neat, but three days later both vere dead. In this case 

probably the experiment was started too late, both chicks being 

12 days old.

In the four other oases one of the two chicks in each case 

survived four days or less after the start of the experiment. 

Curiously, in all four, the smaller of the two, the one that died, 

was not far below the normal measurements for its age when it died. 

In two of these cases, the larger chick was up to the normal rate 

of growth vhile the other was alive, but it subsequently died, one 

at 20 days old, the other at 50, presumably for the same reason as 

others were dying on the colony at that time.

Thus there were seven remaining oases in which the effects of 

having two chicks in the neat could be observed. These are detailed 

in Appendix 0. They show that in some cases the parents were 

able to raise both chicks for two weeks and more without dotrinent 

to either (as against two or three days where the second to hatch 

was six days behind the other), but that in other cases both 

chicks/
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but to other factors. Likewise, the failure of all the twins to 

survive longer than 23 days need :iot have boen due to the ajcporimentj 

there wore other onses in which chicks, apparently vdil tr> to that 

time, suddenly died* Desertion with subsequent exposure was a likely 

cause*

Whatever the shortcomings, the experiments did show that 

twins could survive together ranch longer than tafo chicks hatched 

in the normal way*

b) firqfr/n^ ftooby^ The results here wero not upset as in the TfJhite 

Booby, although hero again the experiments wars not entirely 

conclusive*

Sight sets of twins were started* In two of those the chicks 

separated, one in each case going to a foster parent and successfully 

surviving, but fortunately this did not happen until after they wore 

six days old in one ease and 14 days in the other, so that sone of 

their progress together was observed* (Appendix G, Hosts 1 and 2).

In four of the remaining six sets, the larger chick quickly 

established a supremacy and grew nornally, while the small died or 

disappeared* (Appendix Q, Rests 3~7)*

Nest 6 was anomalous* Neither chick gained weight at all 

for the first three days of the experiment, probably bocauae I weighed 

them twice dally and thus disturbed the parents too much. On the 

18th day, which was the time of iqy next visit, one chick had 

disappeared and the other was normal*

AH these experiments were done in Hay and early June 1958, 

it a* when there was not yet any sign of anything unusual in other 

parts of the colony*

Sunning up, four sets of twins behaved as if the chicks bad 

been of unequal size, the larger surviving after quickly gaining 

on the smaller, while two behaved zaore like the White Boobies, 

the twins surviving together at alnost the same rate before one 

ejected/
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QMM results for both species therefore eiphaslae two 

important points! that the older chicle's ability to establish 

its sufMemoy was so strong as to operate even when the ciiicks 

vere of nearly tho sane size; and that tho parents vere apparently 

able to provide enough food for normal growth to tvo cMcks, at 

least for a period of about two weeks. These tvo points stress 

that asynchronous hatching and its consequences have important 

effects* There is apparantly no possibility of tha cooker chide 

surviving* The parents' effort is quickly channelled in a single 

direction - the successful raising cf one chick*

9*

Why wore two eggs laid, and why did the second chick never 

survive? It seemed unlikely, as shown ty the experiments with 

twins, that the parents could not provide enough food for two 

sioall chicks* If the similar chick of a normal brood was not fed 

because the larger was hungry and took all the food, again it is 

difficult to believe that the parents sould not supply ':iore than 

enough food to satisfy a week-old chick, since its requirements 

oust have been much greater when older* If, on the other hand, the 

parents '/ere not likely bo be able to raise more than one chick in 

the end, of course it would be to the larger chick's advantage to 

get rid of competition from the srmLler one as quickly as possible* 

The behaviour of the larger chick could have evolved in t is way.

It thus appears that the important factor here la the innate 

behaviour of tho larger chick and not shortage of food, as is the 

case in the Corvidae, for instance, where tho largest chick takes up 

the most advantageous position and therefore gets ^jost food froa 

the visiting parents while the othors get less and aay starve* It 

would be possible bo argue, however, that oven ir. the Corridas one 

would have thought the parents could supply enough food for a whole 

brood of small chickaj this does sonelimes happen, where tho smallest 

chick/
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chick survives for soae time before dying, and it is acre evident 

in the Heron (l«ockie,1955, and Jwen,1955).

If the smaller booty chick, then, is doomed whatever the 

availability of food, it is difficult to see what else the extra 

egg can be but an "insurance policy* against loss of one during 

Incubation* It is perhaps important ii this connection to note 

that of all the tropical boobies only the Rodfooted and Abbottf s 

(Gibson-4lill, 1950b) lay one egg, and they are also the only ones 

that build a nest off the ground. Brown Boobies are able to taild 

nests (but not off the ground) in some places| there 10 no published 

information about eg£-ioss*s, but they might be lower under such 

circumstances than they were at Ascension.

If the "insurance policy11 of laying an extra egg is even 

occasionally successful, selection will favour the retention of 

the habit in the species, provided that the strain of laying 

an extra egg is not so disadvantageous as to offset the occasional 

success* This seeas unlikely as the eggs of the boobies were 

relatively small. Infertility might be another factor resulting 

in the laying of an "insurance" egg, but I found no evidence 

that this was important* It might even be suggested that in the 

past the itiite and Brown Boobies were able to raise more than one 

chick because of ,a better food supply than at present, and that 

the tendency to lay two eggs has not yet been selected out) but this 

is rather speculative and would not account for the behaviour of the 

older chick*

A comparison must be drawn with the Blue-footed Booby SjllA, 

flftllPIBrtl and th* Piquero §» variegat% which lay more eggs than the 

White and Brown Boobies and appear to be able to raise more than one 

chick. Probably this is because their food is more abundant, but 

it would be particularly interesting to know xjhat goes on in their 

nesta when two or more chioks are hatched. The behaviour of the 

chioks may be different from that of the White and Brown Boobies, 

Beebs/
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Beebe (1924) reported that in the Galapagos Blue-footed 

chicks were in pairs, although Gifforfl (1913) had observed that 

seldom more than one survived to the feathered sta^e* Off Peru, 

where the species is more abundant, the clutch is two, soaetine* 

three, and two is a oo mon number of young in the nest 0?urphy,1936)* 

Mirphy adued that Piqueros frequently laid thrae eggs and three 

chicks also survived, in contrast to the situation in White and 

Brown Boobies. But Vogt (1942), referring to the same species 

in the sane part of its range, described a bad season in which 

virtually no chicks at all were roared, and there were other seasons 

when the birds did not lay at all. It is well known, as has been 

mentioned, that off the west coast of South America the £uai»- 

ibirds 1 food supply is extremely variable.

Possibly the White and Brown Boobies are also subject to suoh 

variations, on a lesser scale, in their food supply; Hoogerworf 

(1939), for instance, sav starving Brown Booty chicks, resembling 

those seon on Ascension, on Goenoong Api in the Banda Sea* 

Fluctuation in the food supply is clearly a factor that would 

result in the birds laying a higher clutch than they could in most 

years bring to success, provided there was no disadvantage in the 

"over-laying". As described above, however, it seemed that in the 

Ascension boobies the behaviour of the larger chick was more important, 

in affecting the survival of the smaller, than was the abmxlanoe of 

food.
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, PART £s Breeding

Accurate figures about breeding aucceae were not obtained, for 

reasons diacusaed below, but sufficient pairs were atuditd to 

conclude that in general the success vao low and that big losceo 

of ogga and chicks of the Whito Booby occurred in August and 

September 1958, 

1. White Booby.

a) Hatching success.

Kb useful conclusions could be drawn about this* For instance, 

I found several cases of birds incubating two marked eggs, one 

their own and the other an addled one from nearby* Again, a 

bird found incubating two egga sight have only one ohick at »y 

next visit; the assumption would be that the second ohick had 

hatched and been ejected, but there could be no proof of this* 

Various possibilities of this sort could arise from the boobies* 

habit of losing eggs and rolling in others, and from the regular 

death of the smaller chick soon after hatching* Hence figures for 

hatching success on the basis of intermittent visits would be 

meaningless. There was no reason to believe that thore was a 

high proportion of infertile eggs* !4any of the eggs probably 

failed to hatch because they were dooorfcod, perhaps only for a 

short time, and not because they were infertile. Lack (1954) 

concluded that nidicolous species generally have a high hatching
•

success*

b) Breeding success*

As mentioned earlier, two separate parts of the colony were 

studied* Tar Area consisted of 35 squares, 10 x 10 yards, and 

the contents of each was checked each month* Hut Area was roughly 

triangular in shape, with sides of about 15 yards; each nest was 

narked and more regular checks were node as tine permitted* The two 

areas are therefore treated separately in t*is analysis.

at/
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,t Between the beginning of May and the end of Septenbor 

631 clutoheo ware laid, A chick was known to have hatched 

successfully in 234 nests. There were, doubtless, other chides 

which were deoortod whan 3 mil and vanished because they wort 

eaten ty Frigate Bird»» Hence 234 is probably too snail a figure. 

Of the 234 chicks known to have hatched, 56 fledged (24#). Thus 

of 63L Talrs which attempted to breed, only 56 ($£) succeeded in 

raising a chick (Table 8). In addition, 206 unoarked abandoned 

eggs were found lying in the colony, but these could not be 

assigned to nests* SODS of these vere Drobahly two eggs of a 

clutch, others perhaps only sin glee, and yat others mlgit have 

been laid at random* These 206 eggs therefore represent at least 

103 further attaints at breeding, and probably oore*

Table <fe shows the months in which the clutches wore laid, 

and the numbor of eggs found abandoned* Again it should be 

remembered that the 457 eggs found abandoned could have cone from 

half that number of clutches, although soae may have been single 

eggs from a nest in which the other egg was retained* It can be 

seen that the greatest number of new clutches was in July, while the 

greatest number of eggs wore abandoned in August* Hence in August 

some factor oust have been causing large numbers of dee art ions* 

I believe this was food shortage*

Table 9a also shows that while at the end of July there wore 

95 chicks ali*e, and no deed ones, at the end of August the position 

had changed considerably* In spite of the number of new ehldtai 

that should have hatched, the number of living chicks had increased 

only to 148, and there were 3d dead ones* This email Increase 

In the number of chicks would be partly accounted for by the deserted 

eggs* By the end of September, tho number of living chicks had 

fallen to 58, and another 96 were dead* Many more deaths, thorofore, 

occurred in September* This, together with the evidence from 

chicks which were being weighed, indicated that there was a second 

period of food shortage about the sdddle of September* 

Table/



Far Area

Kit Area

•to. ef 
clutehee 
laid.

631

68

No* of cblc^g 
known to have 
hatched*

234 (27*)

38(56$)

Ho. of 
chicks
fledjed.

56 (24$)

12 (330

Chicks fledged 1U) 
Clutches laid

9
18

Hotesi 1. The total number of clutches laid in Far Area is a 
•aipHmnrr figure because egijs found abandoned were not 
included as clutches. There were 206 of theoe.

2* The number of chicks known to have hatched is a
Eoiniinun in both areas because g^ll chicks could have 
beon eaton ty Frigate Birds before my censuses* The 
figure for Rut Area is relatively high because my 
checks there were more frequent*

3* As the smaller chick of a brood died soon after hatching 
(see text), it is assumed that each clutch resulted in 
only one chick; thus ColUBns 1 and 2 are comparable* 
If two chicks were taken to have hatched per clutch* 
the figures in Column 2 w uld be doubled and the % 
survival of hatched chicks would be halved*

Table nnrl

dead per Booth* For Area* 1958*

North

*7

June
July

August 

{feptenber

October

Ho. of
clutches

50

123

m
96

a
2

So. of 

abandoned

0

1

24
22
127

o

Ho. of 
chicks 
found alive

0

15

95

58 

56

Bo. of 
chicks 
found dead

0

0

0

5

Bates The census from which these figures are derived was taken 
at the end of each month* See also notes for Table 1*

Tabled

Month

May

June

July

August

September

Ho. of 
clutches 
laid

15

24

2£
6
1

So. of
desertions

1

3
9

•U
7

So. of
fthiokg 
alive

0

6

25

20

12

Ho. of 

that died.

0

0

1

*£
5

Kotes Ctf the 24 deathe, 21 were chicks of less than 40 days old.



Tabl a 1.0*
dead* Far

1 week

2

>4
5

6 voeka

s
0

30

0

3

17

I

45

21

12

lotos Ag*» v«r» •atiaatad by inej>ection, as deaeribed 
on page 56*
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Table 10 shows tho ages, estinated as described on pa^e 56, 

of the chicks found dead in August and September* Must chicks 

died when 3-4 weak* old* This is probably their iost critical 

age, when the adults first begin to leave than alone (alth.u^h 

normally only for short periods), and also when their growth 

rate increases* Adults leaving their chicks alone for the first 

time night stay away longer than usual if food was difficult to 

find* The chicks might then die of exposure, since at that age 

they have not yet attained their f il covering of down. Hence 

a general food shortage could become quickly manifested by the 

deaths of chicks 3-4 wookfl old*

Hut Arefti Since each nest in this area was narked, it was known 

to be deserted if found empty, whereas in Far Area the number of 

desertions had to be inferred from the number of abandoned eggs* 

All the eggs in Hut Area were marked, so that it was known whore 

abandoned eggs came from, although both eggs disappeared vittout 

trace from nearly all the deserted nests, probably through rolling 

down the sloping ground and out of the study area* Eggs from four 

deserted nests were found in others, and in four out of six other 

cases in which one egg was lost, the second disappeared later as well*

Apart from those points, the information obtained froio !*ut Area 

was similar to that from Far Area, Between the beginning of Hay 

and the end of September 68 clutches were laid (Table 8)» From 

them, 38 chicks were known to have hatched, and 12 of these fledged* 

The success (18£) therefore appeared to be higher here than in 

Far Area* It was, however, noticeable that in tils area ioro clutches 

were laid earlier than in Far Area, and the chicks which fledged 

successfully were hatched fro® clutches laid early in the season 

(10 out of the 12 in May and June). These chicks were probably 

old enough to survive by the time that the food shortage began* 

Unfortunately I had no records of their weights, which might, like 

thoae discussed earlier, have shown abnormalities.

It can be seen fron Table 9b that by the end of July thore 

bad/
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had been only nine dosertijns and one dead chick, vhile ty the 

end of August there hau been a further 13 desertions and 13 dead 

chicks.

Of the 24 chicks which diet,, 21 dia BO boxora they wora six 

weeks old, which is consistent with the findings for Far

Without comparative figures for other breocdng seasons, it 

cannot be said that the low breeding success in 1953 waa particularly 

unusual* But in December 1957 I was able to ring 47 fledglings in 

another area, roughly half the size of Far Aroa| these chicks, still 

not flying at that late date, must have been tho later part of 

tha previous season 1 s crop, and this suggests th&t decidedly sure 

chieks fledged in 1957 than 1953,

Even without comparative figures, it was still apoarent from 

the numbers of desertions and deaths of chicks, and the times of 

those, that some factor was adversely affecting tho boobiaa 1 

breeding success in 195§» this factor was probably the aamo as 

the on3 whose effects have already been discussed in connection 

with the lengthened incubation spells, desertions, and abnormalities 

in the growth of chicks, namely a shortage of food,

2* Brown Booby*

a) Hatching success*

For the same reasons as given for the White Booby, no conclus- 

iions could be drawn about this. Again I had no reason to believe 

that there was a higfc proportion of infertile eggs,

b) Breeding success,

Two breeding seasons were studied. The total number of nests 

observed and their distribution over the months havo alroaciy been 

examined, and only tho nosta started during tha siDnths around tho 

peak of laying arc considered here, so that success in the two seasons 

may be eon pared. Thus Season II is considered to consist of the 

nests begun in March, April, and *fey 1958, and Season III of the 

nest*/



noetfl begun In the following November, Deoembor, January, and 

part of February, ty last visit to the colony IMS on 5 April 1959* 

and no nests which resulted in chicka hatching later than mid- 

iFebruary havo been 1 eluded, einoe the* chicks would have boon 

lees than a rojnth old at the final visit* As will be explained 

later, I believe that chioka vhich reached the age of ono month 

were likely to survive to fledging.

The results are set out in Table 11.

In Season IX there were 185 dutches* Of those, 7L (3d*) 

were known to hatch a chick* The remainder wore recorded as 

having failed to hatch> although only 96 wars known for csrtaln 

to have failed bofora hatching, the other 18 being nests in which 

a chick may have hatched but disappeared between wy visits* Of the 

7L ohioks kno^n to have hatched, 36 lived to tho age of one aonth 

or store* These 36 wero all aliv© at the beginning of August, 

i* e. before the food shortage began, but ty the end of Au iust 18 

of them had died* The other IS fledged successfully, althou^i as 

described earlier those that *ere being weighed yhovcd losses 

in weight and retardation of development* Thus from 185 clutches 

only 18 chides (l$t) fledged* It should bo remoabered that each 

clutch consisted of two eggs, and that two chicks probably hatched 

in each case, the younger one quickly dying as happened in tea 

White Booty, Again I have considered the raising of one chick a 

success, regardless of whether the second hatched or not*

In Season III there wore 150 clutches. Of these, 60 (&%) 

were known to hatch a chick* The number of known failures 

before hatching was smaller than in the previous season, probably 

only due to a slight difference in recording* 39 chicks survived 

to the age of one aonth or uore, half of thsss being 2-2J- aonths 

old* The ohicka that survived the food shortage of the previous 

season were all aore than a month old at tha start of it, 13 out 

of 18 being jaore than two aonths old* This is not an adequate 

proof, but I believe that the 39 ohioks that reached the age of one 

aonth/
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sjonth in Season HI would survive to fl edging, unlasa there was 

another feod shortago, or uthor extraordinary evont.

Tbo figures for the two soacoaa thus agree closely up to 

four nonths after the peak of laying i.i each, axxl the

success to that point was 20$ in Season II and 2ft£ in Season HI, 

the subsequent reduction in Season XI probably being entiroly due 

to the food shortage,

3. Summary and discusci . r.»

Sailing up, in the White Booby, in one area % of clutches 

(4&i of eggs) laiu gave rise to flying young, vhilo in another part 

of the colony the figure was 18£ of olutchee. In the Brown Booby, 

in one season 1,0$ of clutches (55 of eggs) laid gava rise to flying 

yjung, while in the following season the probable figure was 26$ 

of olutohes* The first season, howorjr, v/aa thought to bo 

strongly affected by food shortage*

There is little information about other birds with wldch these 

figures can be compared. Lack (1954) reviewed all availablo data 

on nesting euooess, but had very little for tha Bobbies. la 

nidicolous Passerinos, for which there was uioat inforoation, uhe 

nuober of young raised from egr^ laid varied from Zt% to 5^, \Jlth 

an average of about ^5^. l^iero was alao considerable variation in 

individual species from year to yoar (e*g« in the Swift, one year 

95£ of the cliicke hatched survivod to fledging^ in axother year 

only JL%), and from piLaca to pdaco (30$ to 74S6 ^ the Robin 

firithflgnfl na!^*ria^A ^ one year)* Ricbdalo (1957) also found 

variation in breeding success in the laHov-eyed Pon^uin, the number 

of young raised from eggs laid varying from 37< to &$, with an 

average of 59$, over IB seasons* In the worst season, 45^ of tbft 

young that hatched survived to Hedging. Ho also found that of 
1,475 eggs laid, only 3«75£ failed to hatch due to natural causos^ a 
figure that is strikingly lover than the one I found for both species

1
Breakage in the nest, falls of rock, disappearances, accidental

ejections, and dosertjons (ay italics).
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of booby. In four breeding seasons of the Shag

aristotalis. the number of chicks fledged front eggs laid varied

from 47? to 70£ (calculated from figures in anow,196o).

Generally sneaking, all my figures showed that the bojbles 

had a markedly lower "brooding success than the species mentioned 

above. Boobies are perhaps not strictly comparable with ooen- 

i nesting nidicolous Passerines, but they are more so with paicuins 

and certainly with Shags. Breeding success is clearly highly 

variable among birds, and I »ay havo happened to witness unusually 

bad seasons on Ascension* In this connection it may be remembered 

that in some seasons on the Peruvian guano Islands the breeding 

success is nil, with a definite correlation with the food supply* 

On Ascension, one of the breeding seasons of the Wideawake Torn 

resulted in about a 2£ success (Storehouse, I960), but this was 

undoubtedly largely a result of predation*

Lack (op. cit. ) concluded that in general about 8~18$ of eggs 

gave rise to breeding adults, while Richdale's figures for the 

Penguins varied froa 6$ to 33^* I could obtain no information 

about post-fledging mortality in the boobies, but if this word 

low, tho figures I obtained for their success up to fledging would 

bring their success up to maturity more into line with those for 

other species.

Finally, Lack considered that about three-qpartsrs of nesting 

losses in Passerines were due to prodation. The boobies had no 

predators of eggs at all, and the losses of small chicks to Frigate 

Birds were negligible, yet their nesting losses were far higher than 

those of the Passerines* This emphasises the importance of fir-ding 

out the reasons for tho desertions described earlier. However, 

too much importance should not be attached to comparing the boobies 

with other species. If the food supply, as it appeared, was the 

most important factor governing tho boobies 1 brooding behaviour, 

i.e. eg£-laying, incubation, desertions, and the care of the chick 

then/
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Table 12* Ages of White Booby juveniles when captured 
after fledging*

Ho* of Ages in nonths
birds ats 8-10 10-12 ia-U 14-16 16-18

First
recovery 3 5 691
Second
recovery 0 05 4 31



TI MDULTt Plumage changes and post-juvenile moult, subsequent 
moult cycles and their signii'ioaDO**

1* Return of juvenile White Boobies after fledging,

Early in the study, in December 1957, 63 chicks in down vere 

ringed, but not measured, their ages thus being known to within 

two months. 26 of these were caught again later, and their ages 

when recovered are shown in Table 12* Only one chick of less than 

eight months old was recaptured, and none more than 18 months, that 

being roughly their age when ay study ended* In addition, 21 

Juveniles caught in the clubs were ringed j their ages, estimated 

by the stage of their moult (see later) were between nino and 

Li months. Only four of these ware recaptured at an age of more 

than 16 months, these four being 19*20 months old, I therefore 

conclude that newly-Hedged birds paid a few visits to their old 

nest-site and the clubs, then tended to ssay away from the island 

until they were about a year old. It was birds of this age and older 

that forma the major proportion of some of the clubs. Whether they 

remained based on the island between this first return and their 

first attempt to establish a territory on the breeding colonies, 

some two or more years later, I could not say definitely; but 

birds ringed in the clubs during their changejfrom Juvenile to adult 

plumage vere not often recaptured, and as the clubs were regularly 

searched for such birds,! conclude their visits were probally 

intermittent*

2* Moult in the juvenile White Booby*

It was while examining these returnee Juveniles that I 

discovered they had started their post-Juvenile feather replacement, 

and this proved to be a useful niean0 of estimating age* (Where 

possible, I shall use the terminology for pluaage changes suggested 

ty Humphrey 4 B&rkes, 1959*)

For each bird captured, the state of moult in its prlnariea 

and roctrices was noted, and the aspect of head, neck, back and rump 

described*/



d ascribed. It was found that changes in these followed a 

regular sequence, and this sequence for the prinaries is shown 

IB Table 13.

Prinariee were numbered fro'i the innemost outwards j the 

moult was scored by considering each primary as a number (l to 10) and 

its stage of growth as a decimal of that number* Usually both wings 

ware the same, especially in youn£ birds, but whero they were 

sli$itly different the average was taken. For exaople, a bird 

whoso tlird primaries were both half-grovn was scored 3*5; if 

that of the left wing was one-quarter grown and that of the right 

wing three-quarters grown, the average, 3*5, was again the score*

Replacement of the rectrices began at about the same time 

as that of the primaries, but it was found to be Irregular and will 

not be considered further*

At five months old, chicks had fully attained their first 

pluimge and had been on the wing for about a month. They had not 

then begun to shed any of the body or flight feathers* At about 

seven months old, replacement of the juvenile feathers lnqsn 

Birds of eight months old were found to be growing their primaries 

No*2, and subsequently it became clear that replacement proceeded
s

outwards ("d^candantly" — Vorheyen, 1956) regularly at the rate 

of about one primary per month (Table 13)* At the age of about 15 

•Dnths, yhen primaries No.6 or 7 were growing, the i»ama*t (8o*l) 

was shed again, and thus a second cycle was started* This was the 

first indication that the njoult of the boobies* primaries followed 

a remarkable course, to be described latsr* After this point, the 

rate of replacement appeared to be slower*

Throughout this sequence in the primaries there was a steady 

replacement of the body feathers, also eonnsncing at about seven 

sjonths of age*

The aspect of the new-fledged chick was as follows (terms as

Perhaps occasionally earlier; one bird of five and a half months 

old was found to have Just shod both its innermost prinaries.



Table 13. Replacement sequence of primaries in juvenile White Boobies

Bird no*

6408

6576

6420

6326

6325

6399

6420

6408

6325

6326

>t The nri

Age (months)

8.8

9.5

10.0

11.1

11.6

11.8

12.1

12.4

13.4

15.2

mary score was obtai

Primary score

2.1

3.25

4.0

4.75

4.75

5.1

5.5
«.

5.0

6.1

8.1, 1.25

ned by taking tlHotel
eaoh growing feather and expressing its stage of growth 
by a decimal (see text)

b. Birds of €ffl1iiA?pftted

No. birds Age (months) Primary seore 
in group Max Mln Mean

2 8-10 2.75 2.5 2.62

i 10-12 3.25

11 13-14 7.5 5.25 6,7

& 1^-16 8.25 6.5 7.66 (and 1.21)

5 16-18 9.5 8.25 8.75 (and 1.652)

Hotel these birds were ringed as chicks in downj the detailed 
aspect of each was not noted, therefore their ages are 
approximate to _ 1 month.

1 Average of 3 eases

2 Average of 5 eases
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uood in Witherty ot al«, 194Q)f the crown, forehead, hind neck, 

sidoo of neck, nape, and ear-coverts wore •airly brown tat with 

some white fieekingj the scapulars, lesser and aedian wing-o^verts 

were almost pure brown, but with aorae white flecking* the mantle, 

back, and nap were pure brown; the primaries, secondaries and 

rootrioeo were dark brown) tha rest of the bird was white*

A change was first noticeable in the head and nook; by 

Bine months of age the head was only slightly speckleu with brown, 

by 13 months it was Tery slightly speckled (and this only detectable 

in the hand), and ty 14-15 Months it was pure white. By nine months 

of ago the baek and wing-coverts were still predominantly brown but 

with increasing white flecking, and they became progressively ooro 

white until bgr 14 Bonths they were only eli&tly flecked with brown, 

and ty I? Bonths were almost pure whL to* The rump was the last part 

of the bird to start changing, remaining alnost pure brown until 

13 aonths, aad thereafter besoming progressively more white until 

by 20 months only a few brown flecks were detectable, even in the 

hand* These changes in tho plumage were accompanied by conspicuous, 

changes in the oolour of the iris, aad less conspicuous changes in 

the oolour of the legs and facial skint the iris was dark brown in 

the chick, but at about eight months began to turn greenj thereafter 

it remained greenish, but yellowing gradually, until by 29 months it 

was nearly pure yellovj but tho full brilliant yellow of the adult was 

not attained until some months later, the precise age being unknown, 

the legs wore olive-grey in the chick, and turnod gradually through 

flesh to orange at about 20 months, but as changes in log colour 

even in adults varied (according to breeding condition), and females 

sometimes had almomt olive grey legs, this was not a good criterion 

of age. the facial skin also turned gradually fron the grey of tho 

ehiok to the inlqr blue of the adult, and the bill from greyish horn 

to dull yellow) again this was not a raliai&e indication of ago 

because/



because bill colour In adults also varied according to breading 

condition*

•sate the ages of young White Boobies could be reliably 

estimated, on the basis of the above criteria and the stage of m ult 

in the primaries, uo to the age of about 18 months.

From this age onwards the story Is more complex, and because 

none of my birds of known age were older than 13 months when my 

study ended, the evidence requires more detailing*

21 Juveniles in the clubs were ringed, their ages being 

estimated by the above means to - one month. They were selected 

on the basis of their general brown colour, indicating that they had 

probably recently returned to the island aft.er their post-fledging 

dispersal, and their moult and aspect was checked. 14 of them 

were recaptured later.

The aoult in the primaries reached the outermost at about 

18 months, i.e. juvenile primary No*10 was then shed. This first 

generation of primaries (the juvenile ones) was always clearly distin­ 

guishable from the second generation, being very worn at the tips 

(due to abrasion before the chick could fly) and considerably lighter 

in colour. Subsequent generations, however, were much less easily 

distinguished from one another, although new feathers were always 

slightly darker than old ones. For this reason, the aspect of the 

bird became an important guide to its age, (and also to the correct 

interpretation of the primary moult), as soon as the distinctive 

first generation of feathars had been shed*

This knowledge enabled me to use information from a further seven 

birds to work out (by a leap-frog method) the moult sequence uo to 

about 24. months of age, I started with a bird of known age, A. It was 

recaptured first at 10 months of age, and again at 12 months, its 

primary moult having advanced by one and a half feathers in that time, 

Bird B, taken from the clubs, was at exactly the same stage as A in 

primary moult and aeoect, showing that it must also have been twelve 

months old at that time. Sight months later it was recaptured, thus 

providing/
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providing details of moult sta/*e and as poet of a 20-oonth-old bird. 

At this point a gap in the sequence occurs, but it was bridged in 

the following way*

Bird C, caught in the clubs, had an aspect similar to that 

of the 20-nonths-old B} its primary moult stage was about one 

feather further on (ooving outwards) than that of B, showing it to 

be slightly older. The moult sta?re of C f s ppiaaries appeared to 

be the sane, Surprisingly, as that of an H-oonths-old bird* 

This apparent confusion arises from the faot that when the sooond 

cycle of the moult had reached priaary No* 7, a third cycle began 

with the shedding of No,l for the third time, and so on* Thus 

what I shall call a triple oyele was established, and birds of this 

age and older continued to replace their primaries by this triple 

cycle, at certain tiotes having three growing feathers (evenly spaced 

in the wing), at other times two; this remarkable system will be 

discussed later* Returning to consider bird C, or any bird of that 

age, it was possible to tell that the first generation of primaries 

had been shed because there were no remaining heavily-abraded 

feathers, but whether the wing was carrying feathers of second, third, 

or later generations could not be established except, as mentioned 

earlier, by other features of the plumage* On the basis of these,C was 

quite clearly not 11, but 22 months old.1

0 was recaptured five months later, and its primary moult 

had advanced lay three feathers* Thus the moult stage and aspect 

of a 27-scnth-old bird were known*

D, also taken from the cluba, was found to be ***!* a primary 

advanced on the stage found in C at 22 months, and two and a half 

primaries behind C's stage at 27 months* D was therefore assumed 

to be about 23 months old* It was recaptured six months later* 

and thus the moult stage and aspect of a 29-month-old bird were

It could be argued that between the stage shown by B and that found 
in G there aight have been a time-lag, but I had no reason to suppose 
that a break would occur in what had been up till then, and continual 
to be, a regular sequence*
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established. By this time the fourth generation of the innermost 

primary was full grown, as was the third generation of primaries 

No.2 to 7, while primary No.8 had Just been shed, and NOB, 9 and 10 

were 'old 1 , I.e. of the second generation* The aspect of 0 

(29 months old) was noted as being like that of an adult female; 

its sax could not be determined from its voice, and presumably 

both sexes pass through t) is stage*

This bird was particularly important, because it enabled me 

to deduce the approximate ages of immature birds in the clubs, 

birds whose aspect was indistinguishable from that of adult females 

and whose primary moult, but for this special knowledge, might 

also have been indistinguishable from that of some adult females*

I now ringed a further 20 birds in the clubs, selecting those 

similar in appearance to D, In doing this, I ran the risk of 

catching birds which vere indeed adult females* In several cases 

I did do so, but was able to reject them because their moult pattern 

did not fit with that of D. It is still possible that a iong the 20 

were some adult females whose pattern of moult in the primaries 

by coincidence was the same as that of D, but if so I never saw then 

again* Adult males, selected by mistake, were at onoe recognised 

by their voices and discarded* The 20 birds were conspicuously 

marked with red paint on the head, and in the following three months 

the breading colonies were regularly searched for such birds* (Any 

adult females marked by accident would have been seen on these 

searches, as an earlier marking experiment showed that adults in the 

dubs were on the colonies at other times*) The marked birds of D*s 

age were subsequently seen many times in the clubs, but only one 

(see belov) was found on the breeding colonies, vhere it was clearly 

a newcomer*

fy purpose in marking these birds of about 29 months old was 

to see if they would go into the colony and breed, thus revealing 

to «e the completion of the sequence in plumage changes from fledging 

to breeding* This was not however entirely successful.
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I did not attempt to ca^cb these -narked biixls for mjult 

checking, 41 I knew they would not have changed -ouch in the 

repairing three aonths of my study, and I did not wish to disturb 

thorn and thereby perhaps affect their behaviour in attempting to 

establish themselves on the colony. One bird, £, was taken two 

and a half months afterwards, its age being then about 31 oonths, 

and its primary m >ult had, as expected, advanced by about one and 

a half feathers, F was a similar bird, rcaptured when its aoult 

was about mid-way between the two stages of S, its age therefore 

bein: about 30 aonths* It was recaptured at about 32 months* 

G was another- bird from the clubs, whose aoult was justi between 

those of B and P at their second recoveries, and thus its age was 

about 32 months* G was captured two months later, i*e. when it was 

about 34 months old, on the colony in company with a male; after 

handling it fled, and did not return* In the light of my previous 

experience of the behaviour of birds which were in the early stages 

of establishing themselves in the breeding colony and trying to 

find a mate (see section on behaviour), I was sure that G was making 

just such an attempt. This was the last observation in the series*

the time then was April, when there was very little breeding 

activity on the colonies and only a few pairs had eg^s. The peak 

of the laying season came in the following July 1959* after I had 

left* I had found from the previous season that the greatest 

activity of unmated birds was at the end of the main laying season; 

hence it was not surprising that ay marked birds did not appear 

on the colonies* Since one of them did, however, it is possible 

that others also did after I had left} observations from the previous 

season suggested that if they did, they probably would not succeed in 

treading that season, although Su'ae of them might establish territories 

and find mates. In July 1959 they would be about 36 aonths old.
t

Hence I conclude that White Boobies do not breed before they are 

three years old| they may do so at four years of age, but $here 

might be a further delay betoaen their first entering the colonies and 

successful/



successful breeding.

dtmaing up, I found that replacement of the Juvenile plumage 

began at aboi-t seven mirths of age; in tha prirmries this was 

regular, symmetrical, and fron tha innerriDSt outwards; in the 

rectrices it vas Irregular and asymmetrical, although it smarted 

at about the same time as in the primrios. These changes vere 

accompanied by a gradual replacement of the feathers of all parts 

of the body (growing feathers were also found on the breast and 

belly, although there was no change in colour of these larts), and 

a gradual assumption of a oure white plumage everywhere except 

primaries, secordaries (which were not studied), and reetrioes. 

At the sane tine the iris changed from browr. through green to 

yellow, the legs froa olive-grey through flesh to a dull, orange, 

the face from grey to dark blue, and the bill from horn to yellow* 

The Juvenile voice w^s retained, at least until about 30 months 

of age, and even at 34 months there was no definite evidence that 

the male voice had been assumed* The second cycle of replacement 

of the primaries began with the innaraost at about 14 months of age, 

the first cycle having by this time reached about priTaary No. 7s when 

the second cycle had reached this feather the bird then being about 

27 months old, a third cycle began again at primary No.l.

By 32*33 ninths of age these various changes had brought 

the bird to an adult appearance, only its voice regaining more OP 

less unaltered*

3* Moult of primaries in unaated White Boobies.

Unaated birds were studied from about August 1958 until March 

1959> bat as their behaviour was Biy main interest I handled them as 

little as *x>ssible* Two birda, however, were caught and their moult 

checked on sore than one occasion, and their priaary replacement 

proved to be following tha saae sequance as has been described in 

Juveniles (Table U). Bird (i) proceeded from primry No*4 to Ho«7 

and froffl Ko*S to Mo* 10 between September and March, while over the same 

period/



Table 14* Moult cycle of priaaries in two unstated White Boobies.

Bird (i) Bird (ii)

Date Score Date Score

12 Aug no moult 29 Oct 1.0, 6.75

USep 4.75, (8.9) 25 Hov 1.5,7.1

16 Dee 5.25, 9.25 19 Ifcc 1.9, 7.5

29 Mar 7.25,10.5 4 ?«b (2.9),8.5

15 Jul no moult 27 Mar 3*75,9.5

Hotest 1. The score was obtained as described in the 
not to Table 13.

2. The figures in brackets indicate that these 
feathers were full-grown but the next had not 
yet been dropped.
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period Bird (ii) proceeded from No8.1 to 3 and from 6 to 9. 

AlthoriTh they wore both ucaated, I did not >nov if they wsre both 

young birds, and Indeed this difference beWeen the stages of their 

moult sugrrastB that they w*re not th« same a?a* Birds hatched in 

the sane season theoretically ori<*ht, as» d^rribafl in the Tevious 

section, to follow similar ->att,erns of moult; departures from 

any such imlformlty could easily occur, hovever, and possible 

consaqujjnces of this vill bs discussed later when comparing the 

moult patternsof adults.

Bird (i) is of interest in ar»other way* In August 1958 and 

a$ain in July 1959, it was recorded as not being in morlt. (This 

was true only of the primaries. One feather was Missing from the 

tail in 1959). I believe similarities such as this between raoult 

stages at an annual interval are important not only in determining 

the rate of moult but also In considering ths relation between 

moult, breading seasons, and the food supply, and this will be 

discussed further later* Aftor being ftund in a no-moult condition 

In August, Bird (i) appeared to start moulting In September bgr 

shedding primaries NOB.A and 9j by the end of the following 

March, i.e. seven months later, it had continued these cycles by 

growing Noe.10, 1, and four-fifths of No.2j and Nos.5, 6, and one* 

tquarter of Ko.7$ and !fes.8f 9, and one-half of No, 10 (for a second 

time). By the following July it had reached a nomioult phase again, 

and I think (by analogy with other birds) in the intervening three 

and a half months it probably continued these cycles by completing the 

growth of NOB. 2, 7, and 10, then growing I9os*3 and 8, then stopping. 

In the three and a half months it would have amolo time to do this 

and then pause in the no-eioult condition* Then after July 1959, it 

uould continue with the cycles by shedding ltoc.4 and 9, sinoe theoe 

would be next In sequence, and this would be Just what it had done in 

September 1958. If all this is true, and as will be seen later, 

evidence from adults syprorts this view, thon it means that a 

generation of feathers (primaries No.1 to 10) was completely shod 

and/
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and replaced only once in tbr^? - ^.~s, 1. o. at a aruch slowar rate 

than the repLaceaant of tha Juvenile primaries. ^ut because throe

i.ne w^re ^^ir-g raplaodfi airaultan^orjaly, i.e. thro? cycles 

s running, enh £os.t.her wo'ild "He replaced o::co aw -oally. ?';ls is 

explained in more deteil later "h3n desorfbln;" bhe triple cycle it 

adults. It can be seen from Tabla 14 that this could also ha?*- been 

true of Bird (il)

Finally It should be notcxi that the tvo periods of no-moult 

in Bird (i) ocsurrod at the saraa Msiesas tho peak of laying ir the 

colony as a whole. The significance of a coasaj ion of moult at 

the *iree of breeding vill also be discussed later.

4« Mbiilt of priaariee in adult White Bojbias.

All the informatioii obtained about adultfl Indicated that 

their prinary moult followed the Gaa« pattarn as that described 

above. Not all the evidence *ras compLete, but it was rx>ssibl9 

in 310 st casee to construe what tms Jaappeningt uenerally speaking, 

then, the primaries w«re moulted in three spaced, outvardly -moving 
cycles, each proceeding at the rate of about half a feather per north 

aad each of the ten primaries being replaced once annually* There 

appeared to ba sose synchrony of moult throughout tho population in 
two respectai firstly, some birds were at roughly tha same stage 

of 5K>ult at the same tirae, but this *>ra6 not wholly iroifora and 

will be further explained; and secondly, during breeding, inary 

birds paused in their otherwise continuous moult, although the 

pause did not coma at any fixed stage in ths sequence* Thare wore, 

however, exceptions to this r'esieral hypothesis which wore given 

endue ^rosinenee as a result of sr/ paying particular attoatioT. to 

birds which vere breeding when I first arrived, I. s. they ware out 

of phase with the min population. Nevertheless the? orovided 

information which must be included in the detailing of tha evideaoo 

below.

The/
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The particulars of birds that were checked over a period
(?•#>• 

of more than seven months are shown in Table 15. / This table

requires detailed explanation* necessarily involving the consider* 

tation of individual oases*

As before, only the primaries have been considered, the 

scoring being the same as for Table 13. The different cycles 

had to be scored separately, e.g. a bird which haci three feathers 

all in some stage of growth at one tine has three scores. (The 

tail feathers were moulted irregularly, sometimes oven when none 

of the primaries were apparently being moulted* Some body moult 

was also noticed at times when the primaries were not being moulted. 

Neither of these aspects of the moult will be further considered 

here, as I could work out no relation, positive or negative, 

between them and the events in the primaries.)

The explanation of Table 15, and the consideration of other 

birds, will be dealt with under the following headingsi the pattern 

of moult, annual Interval, triple cycle, synchrony, breeding during 

pause in moult, mo^lt during breeding, and interpretation* 

a) Tfre pattern of iBQulfrt In every case the moult followed the 

pattern now established, proceeding in sequence from the innermost 

primary outwards. This can be seen most easily by considering a 

single cycle; for example, Bird 3 (Table 15) was growing its third 

primary in Bovember, its fourth in December, its fifth in February, 

and its sixth in March; similarly, in November it was also growing 

its seventh primary, and by the following July this cycle had 

progressed as far as its tenth primary*

All the othe- birds in the table can be similarly interpreted, 

bat there are some apparent exceptions. Bird 10, for instance, 

was growing its first primary in November, and by the next check 

in December this feather was almost completely grown* In the following 

March, however, the same feather was growing again; it must have 

been shed about one month after reaching full size. Presumably the 

abnormal November shedding was due to injury. Supporting thia

explanation/



explanation was the fact ^hat in March the first primary of the 

other ving vaa also growing, whereas in November it had not been* 

Bird 10 was actually even -nore anomalous that this; the detail! 

for its left wing are given in the table, and other details in the 

footnotes. These indicate that probably this bird was carrying 

anomalies in both wings, that in the right wing perhaps being in the 

eighth primary* Without more regular checks over a longer period 

and individually marked feathers, cases of this type could not be 

easily resolved*

b) toi^l fotqrvq^i Table 15 also shows that where the interval 

between checks was approximately a year, there was a similarity 

between the stages of the moult* (This was noted earlier in the 

ease of an unmated bird.} Thus Bird 3 showed a moult stage scored 

as 4*8, 8.0 in February 1953, and 1*5, 5.1, 3.2 in February 1959* 

(The next stage after the 1953 check, by analogy with other birds, 

would probably be the shedding of the first primary*) The actual 

dates of the checks were 17 February 1953 and 3 February 1959, which 

is a fortnight leas than a year, while the moult had gone slightly 

farther than a full circle, but the parallel is still close. Further 

similarities of this sort can be seen in Birds 6 (April 1958 to 

February 1959), 9 (March 1958 to February 195$ 10 (March to *fcrch)f 

11 (January 1958 to Hareh 1959) and — the most striking case — 12, 

where the actual dates were 21 April 1958 (scores 2*5, 6*2, 9.5) and 

27 March 1959 (scores 2.9, 6*0, 9*5)* In two other cases (Birds 7 

and 13l an extrapolation would give similar answers* 

o) Triale cycles The establishment of a triple cycle has already 

been explained in juveniles and unmated birds* It is clear from 

Table 15 that in all but Bird 7 this triple cycle was continuing to 

operate, in that three feathers, or two (depending on the stage of the 

moult), were growing at one time. This aeons that each cycle must 

take T»re than one year to be completed, but that each feather is 

replaced once annually. (It also explains the anrqsl interval between 

similar moult stages, described above.) This concept is somewhat

difficult/
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difficult to grasp until one is faailiar with the whole process 

and also with tha reading of scores, but Bird 3 may be citod as an 

example i In February 1958 it was growing its fourth primary; 

subsequent to this the moult oust have paused (see later), because 

by the following December this cycle had reached only the soventh 

prioary (the November and December scores, 3*5 and 4*4, preclude 

any other explanation), and by the next February had reached the 

eighth) thus in a period of a year (February 1958 to February 1959) 

this particular cycle had advanced only froi the fourth to the eigth

y>T*liBflj>leg hAd boon reaLacad at

One further point should be made here, viz* that the three cycles 

in adults were closer together than was the case in Juveniles, where 

the seventh primary was growing before the next cycle began with 

the shedding of the innermost | from the scores of eight birds 

examined during March 1959 it can be seen that the primaries growing 

were fcs.l or 2, 5 or 6, and 8-10. This can almost certainly be 

explained ao due to the inner primaries taking a shorter time to 

complete their growth than the outer ones* Stresemann & dtresemann 

(I960) found this in the Accipitridae*

d) Synchrony! The similarity between the moult stages of the above 

eight birds checked in March 1959 suggested that there might be 

a synchrony of moult in the population as a whole* Accordingly all 

moult checks on adul to/ere scored, and tested for this. Only slight 

evidence of the anticipated effect could be shown (the figures and 

statistical analysis are given in Appendix H)« ?hls can be explained 

in the following way* The White Boobies 1 annual breeding season would

result in an annual crop of chicks of roughly the same age* Since
almost 

Juvenile birds commenced their moult at/bho same age, and subsequently

followed a regular cycle, when such a crop of young birds begin 

breeding, they should all be approximately at the same stage of moult, 

i*e* synchronised* But as will be seen, some adults got out of phase 

In their breeding and moult, and breeding was not Linked to any 

particular moult stage; further, as has been seen, even in 

individuals/
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individuals the two wiaga might be slightly different in stage 
oi' moult (although this was noticeably raro in young birds whose 
cycle* had not had time to develop any asym etry)j thus anomalies, 
once established, would tend to be perpatuated rather thai, dindnated. 

Hence although the synchronised breading season would result in 
batches of birds toeing synchronised in Boult, the synchrony would 
tend to become lese with increasing age, tho effect being heightened 
by any individt*al differences ir. age amongst the batch of chicks, 
which could be considerable. But the gradual removal of the older 
(non-synchronised) birds from the population (by death), together 
with the continual addition of synchronised ones, would tend to 
preserve a alight synchrony* A more detaileu aeries of observations, 
if possible with the ages of the birds, might show if the two 'effects 
wore demonstrable*

e) gracing flUTififf pause in moultt More details were obtained about 
the moult of birds which bred out of phase than about those that bred 
at the typical time, but the following evidence from a few individuals 
and the series of checks on ffunknown* adults (i.e.those captured 
only once) strongly suggests that there was a general tendency for 
birds not to be moulting in August and September 1953$ this was Just 
aft car the min ?eak of laying.

Before going into this in detail, I should mention the state 
of the primaries recorded as "no-moult*. In some cases it was 
possible to say which of the full-grown feather* were older and which 
newer, but mostly this was unreliable* T is unreliability was in 
marked contrast to the ease with which olu and new feathers could be 
distinguished in birds which were moulting, and this suggested to me 
that during this no-aoult period the primaries were all subjected to 
the same condtions for long enough to produce a uniformity in their 
appearance, I therefore conclude that the progress of the moult was 
temporarily arrested,

Two individuals, shown in Table 15, &VQ clear evidence of what

If
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I meaxu Firstly, in the wing of Bird 8 tho sixth primary was 
three-quarters grown in August 1958; in October, no moult was 

recorded; and in November, the seventh primary (thj next in 

sequence) had only Just been shad* If, as was likely, the sixth 
primary took two weoks to grow from three-quarters to full size, 
that leaves a period of about two months in which no further progress 
in the moult occurred. Secondly, Bird 5 wao starting to grow its 

third primary in July, and yet in November it had Just shed its 
fourth primary; allowing a full month, or evon two months, for the 
growth of the third primary, it is still clear that a pause must have 
occurred. Table 15 shows that all the no-moult records of the "known" 
birds occurred in ^September or October, except for two in November and 
one in February. Also, of 13 chocks made in September and October, 
only four gave oositive evidence of moulting*

This prompted me to analyse all the rajult checks made on 
bradding adults, month by month, noting those that were recorded as 
not being in moult} the results are shown in Table 16* It is clear 
that in the period August-Novomber 1958 more birds were in the no- 
»moult condition than at any other tine. It was extremely unlikely 
that this would have arisen by chance in the sampling (P« 0*001), 
in spite of the variable number of birds checked*

M*Lloyd has analysed these figures further. The birds checked 
in the period January-April 1953 were selected because they were 
breeding, and so the analysis has been done only on those selected 
at random, i.e. in the period July 1958-t%reh 1959. The results 
show that the true proportion of birds moulting in the period 
July-November 1958 was probably (within 95£ confidence limits) 
between 393& and 62£, while the true proportion moulting in the 
period i/ecember 1958-March 1959 was between 9C# and 1CX$. NoYember 
1958 was about two months aftor the main hatching period, so by that 
time birds that had paused during breeding might have started to 
moult again, thus increasing the proportion of moulting birds in 

the figure for July-November. Figures for July/September only would 

show/
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Table 16. All moult checks on adult White Boobies and

Month

Jan «58

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Got

HOT

Dee

Jaa '59

Feb

Har

Total no. 
of cheeks

4

29

6

14

Ho. of
In moult.

4
24

6

14

<f --"•— 

birds i
Mo B<

2

5
0

0

Ho observations

Ho observations

1

S

33

20

14

17

*

15

15

5

a
si
u
10

14

8

15

if

0

>
at
f
4
1
G

0

0

£ shoving 
no moult

33

17

0

0

60

66

45
29

6

0

0

0
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show 4 smaller proportion of moulting birds. This analysis 

therefore shows that ay hypothesis of & m^ult pause during tte 

breeding season was not true of the whole population, but this 

could be explained by a) my oossibly having sampled some non- 

sbreeding birds, b) departures fron synchrony which could arise 

as has Just been discussed, and c) some birds perhaps moulting 

while breeding, which did occur, although under unusual ciroum- 

$ stances (soo below)*

The tendency to pause in moulting thus came slightly later 

than the maximum courtship and laying activity, which was in July* 

This could mean that the pause was timed to coincide with the 

preaence of young chicks, when the availability of food would be 

•ore important than at any other time of year. The full implication 
of this will be discussed later. It must be borne in mind, however, 

that August-November was also about the tine that there was apparently 

a food shortage* Colquhoun (1951) found that in juvenile Wood 

Pigeons Cp^umfoft BihBBlfllf. a cessation of moult occurred during cold 

weather in the winter* If this was a rosult of shortage of food, 

it is conceivable that the boobies might have been affected in a 

similar way.

f) frfcuj-'tf fl"yi*W fo'^kH1 M* fcfce foot of Table 15 ar@ details of 

the raspective birds 1 breeding. All were occupying territories 

on the colony and behaved as adults and have been assumed to be so* 

It can be seen that although in some cases breading occurred while 

the primary moult was in progress, all the individuals concerned 

were abnormal in breedir^g when the majority of the population was not 

doing so. Bird 3, for example, laid in January 1953 and was found 

to be growing its fourth atxi eighth primaries in February, although 

by that time the clutch was deserted* Bird 5 was growing primaries 

No* 3, 6, and 10 in July 1958, and laid in August. It could, however, 
have finished growing the incomplete feathers and thus reached a 

stage of no-oioult just before laying. It laid again in the following 

November (well after the main peak), shed its fourth primary about 

tha same tine, and continued moulting its primaries throughout 

the/
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the successful raising of the chick. Bird 10, the male ^artner 

of 9, war not moulting ite primaries in September 1958, i.e. 

ahortly after ite unsuccessful August clutch was laid, but it 

started moulting them in November, about the same time as its 

mate laid again. Bird 11 was also found to be moulting while 

incubating. There is no doubt, then, that at least some i dividuals 

were able to breed and moult at the same tine, although these 

particular birds were unusual in breeding at a time when very few 

othsro were doing so, this being what brought them to my attention*

In passing it may be noted that the male and female of a 

pair were in no case in exactly the same phase as regards their 

primary moult, although the members of oairs 1 & 2, 3 & 4, and 

7 & 8 were fairly close to each other.

g) J[nfc,erpretations It was suggested to me that the moult of the 

White Booby might be interpreted as a post-breeding shedding of 

the primaries starting at two points. The outer four, because 

of their greater size, would grow more slowly than the inner six* 

A double commencanent in this way would ensure enough time for 

a complete change of feathers in one year as well as allowing 

for a pause during breeding. There are, however, two arguments 

againflt this view; firstly, that there was undoubtedly a third 

cycle operating, and secondly,that this system did not operate in 

Juveniles*. One further point is that if this interpretation were 

correct, at least in the adults, their moult would presumably start 

off, after breeding, at the same points in all individuals, regardless 

of the point reached at the end of the previous moult* There was no 

evidence of this except that a slight synchrony was indicated by 

analysis of all moult checks, and this has already been discussed*

Stresemann & Streseaann (i960), however, found that in some 

Accipitridae the primary moult of juveniles was regular while in 

aaults it appeared to be irregular.
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5» Moult in Brown Boobies,

The little information obtained about Brown Boobios 

indicated that their moult was similar to that of the Vhtte, 

The information was difficult to obtain for two reasonsi 

firstly, the juveniles rarely returned to the Island, even then 

not congregating in clubs as did the White Booby Juveniles, 

and therefore could not be caught; and secondly, the adults 

tended to stay away froA the island when not breading, or if 

present, were very wary,

One Brown Booby chick of known age returned to its birthplace 

when nine months old} it had not ty then shed any feathers, and 

its entire aspect was as at fledging* It was recaptured at the 

same spot five weeks later, when the score for the primaries of 

both wings was 2.8$ three weeks later the score was 3.1. This 

showed that th« primary moult was following the same pattern as in 

the juvenile White Booty and had started at roughly the same age, 

or slightly later* Another juvenile with a broken wing was found 

at Pierhead, Georgetown; because its aspect was the sane as that 

of a chick of known age which I had recently seen (but not oaptured) 

I judged it to be about 16 months old* Its primary score was 1,5, 

9*1« This suggested that a second cycle was beginning as the first 

nearod completion, the sequence thus being similar to that in the 

White Booby, but with the difference that in the White Booby the 

second cycle started when the first had reached approximately the 

seventh feather, not the eighth as in this bird*

Nineteen aoult checks were made on five adults, four of which 

were males (Appendix I), These Indicated a primary moult starting 

at the innermost and working outwards in three concurrent cycles, a 

period of pause, and at least some breeding activity during moulting. 

In all these respects this species was therefore similar to the White 

Booty. In view of its shorter sexual cycle, however, it would be 

particularly interesting to know whether the moult was also completed 

more quickly, and this I unfortunately have not enough data to study.
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6. Summary and discussion*

Shedding and regrowth of the primaries from the innermost 

outwards, as was the case in both boobies, has been noted in the 

Pelecanlformes (Verheyen, 1958), but I know of no detailed 

information about the process in the Suliclae* Tho situation in 

the juvenile European Gannet has not been fully analysed, but ie 

probably similar to that in the White Booby« 15-month-old Gannets 

vere found to be growing their outer primaries (Witherby et al«,194>)> 

and I found that White Boobies of this age ware doing the same, 

although their second cycle would have started at the innermost 

priaariea again by that time. CJurney (1913) noticed that a captive 

Garnet of about five months old was not moulding, but it bagan to 

shed feathers at about eight months old. This was about the age 

that I found moulting began in juvenile White Boobies. Guraey 

estimated that a Gannet would reach adult plumage in about two and 

a half years* This agrees roughly with what I worked out for the 

White Booby, although the adult plumage was attained gradually and 

a bird did not necessarily breed even when it had attained this 

plumage, so I could not give a definite figure* Kay (1950), on the 

other hand, estimated that the Gannet would not attain adult plumage 

until four years old*

There is likewise little published information about moult 

in adult Gannets* Wither^ et al« found that more than 20 birds 

collected in September had two primaries growing, these being 

separated by fully-grown feathers; this strongly suggest* that 

the moult was taking place by means of pore than one cycle, as 

in the White Booby. They also said that adults underwent a complete 

moult between July and December, this sometimes extending as late as 

January and February. According to Gurney, the moult was between 

March and May,and again between August and September, i.e. (presumably) 

immediately before and after the breeding season. He also noticed 

that the moult "seemed to go on a long time" in tame birds. One can 

infer from this that the Gannet 1 s moult may go on alaijst from the end 

of/



of one breeding season to the beginning o ' the next, which would 

be virtually what happened in the «fhite Booby, if my contention 

(that there was a pause in the moult during breeding) is correct*

I found that the moult of the tail In boobies wac highly 

irregular, in contrast to the regularity of that of the primaries! 

Qurney noticed the same thing in the Gannet. Dwight (1925) found 

that in the gulls (liaridae) the t*il moult did not begin until 

the primaries were all or nearly all replaced, and then was 

irregular, although usually the central pair were the first to ga. 

Again, therefore, the boobies are evidently not unique, and further, 

their peculiar tall moult need not be renamed as prejudicing the 

conclusions drawn about their primary moult*

The body moult of the boobies was alao apparently irregular 

and. in some birds was proceeding while the primary moult had stopped. 

The body moult was never found to be extensive, only a few feathers 

being replaced at any one time*

The relation between breeding and moulting has been rather 

little studied, except In northern Passerines where the moult 

is generally complete and post-nuptial.

Marshall (e.g.1954) has shown that in many species interstitial 

exhaustion and tubule steatogeuesis (in the testesj are associated 

with post-nuptial moult, and the general relation of the moult to 

this and other endocrine factors has been reviewed by Assenmaohor 

(1958)| but that breeding can occur during moulting has been shown 

by several authors* Moreauj Wilk & Rowan (1947), for instance, 

reported this in an equatorial forest species which had a regular 

gonad cycle but an extended and apparently unrelated moult of 

primaries, secondaries, and reotrices. Miller (1955) found it among 

Passerines of an arid equatorial region, although as a general rule 

the moult thefce was post-nuptial. (This "general rule") with 

exceptions/
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exceptions is oarticularly ir.tsreetin;* eincc this description 

oould be applied to the situation in the White Boobias.) 

Colquhoun (1951) found that Wood-pigeons had a very extended 

aoult, during which breeding took place, Dwight (1925) found that 

in equatorial gulls the noult was either irregular or prolonged, 

aad that thos-? aoecies with an irregular await could be found 

breeding throughout so many months of the year that it was 

difficult to fix the ?eak of thoir moult, though probably aach 

colony had an individual peak. He did find, however, that every 

species had one complete post-nuptial aoult overy year. V/hether 

this involved a complet3 cycle of soult in the primaries, or only 

a replacement of each feather -,/ith oore than one cycle operating 

at once, he did not say. Tha Vhite Boobies that I found to be 

moulting while brewiing thersfore would not be unique aaong birds.

Thrae cyslos of aoult were operating in the '/hits Boobies 1 

primaries. Replacement of feathers differing from the usual 

method of one at a time has been noted in other spaciea as wall* 

For instance, Yerheyen (1958) aaid that in birds with long wing» 

the moult raight pause for soae time, and than re-start whare it 

left off (or at th3 beginning again, if tho pause wera long), aad 

thus tho complete wing night appear to have two or even three lota 

of feathers of different a~es. Colquhoun (1951) found that in th« 

TJood-pig9on tho aoult of the primaries night stop anu then start 

again at tho beJiinning. Jollie (1947) observed a captive Ea£le 

IflM^ln ohryaaotos. in wliich the primari(KS wora replaced from the 

innemiost outwards at tha rato of one per month until the seventh 

was shed. Than there was an unoxplainad nino-nionths 1 pause (June 

to April) before tho eighth was shed, tha ninth following a month 

later. As the eighth was ahed, ths first was shed a-ain, the 

second being shed at tho same tine as the ninth, I give this in 

detail because it was similar to *'hat I found in the White Booby, 

even to indicating that tha outer feathors took longer to replace 

than the inner ones.

Soae/
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observations wore nada on mult in tho other spacies 

of seabirds on Ascension, moat of them showing more clearly than 

did the Ttoito Boobies that the raoult wan extendod and too1-: place 

between brooding. Infor ation about th3 Wideawake and Black 

Noddy Terns is fron K.P.Ashmole. Both those s^ocies, and the 

Fairy Tern (Appendix A), wars In full plunage durirg the breading 

season, their aoult apparently occupying nearly all of the rest 

of the year. At the end of their br39vi3.ng season, v-hen most 

chicks wore nearly fledged, adults could be found with their 

Innermost primaries ehed or just starting to re-grow. When 

birds first be^an to return to the nesting places for the nejrt 

breeding season* some of them v;er« found, to have th© outermost 

primaries still incompletely grown. (Th© r*airy Tern differed in 

that it was not always the outermost feathers that were* still 

growing, and this species may well have had more than one cycle 

operating9 like the boobies.) The terns thus had a definite 

post-breeding moult, differlrg frow northern Passerines only in 

that the ooult lasted almost until tha start of th© next breeding 

season,

In June and July 1958, Ashiaole and I examined 19 Tellow- 

tbilled Tropic Birds taken from nesting holes with eggs or chicks 

(one a large chick); non© was growing any of the primaries,
>.Kw<r

17 of them, however, ware growing on© or loth of the owfearmoet tali 

feathers. Whether this close synchronisation would be true of the 

entire population or whether the moult wae tied to the breeding 

condition and hence the sam© in all the individuals we selected, 

we cannot tell. One bird found in a nest-hole the previous month 

«as in company with another and oresuraably preparing to breed; it 

was growing three separate primaries in each wing. The inf srcmCQ 

from this is that the primary moult stops during breeding, the 

rectrices perhaps lagging behiad the primaries, but much more 

information is required.

Finally, Ashaole and I found that about 20 irrigate Birds, all 

with egg* or chicks in July 1958, were in full plumage with no sign 

of/
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•f aoult anywhere* they nay have gona through a 

procedure similar to that of the Tropic Thirds, or the terns, 

and completed their noult between brooding.

On rathur little uviuducu, then, the boobies wore raora 

complex than any of thesfc other species in Uieir moult cycle, 

hit like the other species they a parently tended to have a 

moult with a pause during breading. But they also tended to 

r«»in on the island when not breeding, instead of going avay 

like the others, and 00 they could be periodically ex&ained* 

It should be mentioned again that birds breeding at unusual 

times thereby received special attention, and perhaps 

inconsistencies have been ovorstres^ed.

The findings of this study are only partly conclusive, 

but they show that further work is necessary along these 

lines. It is evident that the moult of tropical seabirds and 

its relation to their breeding seasons is important, and this 

will be discussed in general terms later*
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VII FOoDi Feeding behaviour and prey taken.

1. Feeding behaviour*

No systematic study of the boobies 1 feeding habits could 

be Hade, but the following observations supplement the later 

analysis of the food taken*

Four White Boobies were once seen diving within a few 

hundred yards of the rocks, but the speciea was not otherwiae aeen 

feeding close to the shore. This was probably because the White 

Boobioa * diet consisted mainly of Flying-fish Kaqcoetua vp^itana,. 

which is co-naonly known not to approach coasts; we did not see 

Flying-fish on our regular trips along the two and a half miles of 

coast between North East Ba; and Boatswain-bird Island, and only 

rarely oft Georgetown* Brown Boobies, on the other hand, were 

often seen diving in the bays, usually singly. One I watched dived 

in 20 feet of water and emerged with a Pipefish Sgofafrarqaftg saurua, 

of 20*30 em. held crosswise in its beak; it swallowed the fish as 

it flew out to sea pursued by three other Brown Boobies encountered 

on the way, than returned to the same spot in the bay, dived again 

and came up with another Pipefish. Bourne (1955) reported that 

the Brown Boobies in the Cape Verde Is* fed close to the shore and 

were never met with out of sight of land*

Large numbers of fry are occasionally found among the surf 

on the Ascension beaches, orobably driven on shore in attempting 

to escape from Tunny-fish Utrognfl? £2. A fiah obtained on one of 

these occasions was later identified as

locally known as "Stimbras". Brown Boobies and Frigates are 

said by local residents to congregate to catch these fish, the 

boobies diving into the shallow water just outside the breakers, 

but White Boobiea are apparently relatively rare on theae occasions. 

Bangs (1902) reported Brown and Redfooted Boobies feeding in thia 

way on the east coast of Florida.

Once from Boatswain-bird Island I watched a flock of hoobiea, 

Fairy/
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Fairy Terns, Black Noddies, and Wideawakes feeding about a mile 

out to sea. The Brown Boobies, as on other occasions, were diving 

froBi a lower height and less vertically than the Mte. Brown 

Boobies were also seen close to the island making several successive 

shallow dives, although I dia not know that they were actually 

catching fish in this way. Bryant (1859) however described Brown 

Boobies as fishing in this way in the Bahamas. By making frequent 

shallow dives, Brown B.obies might take more small fish more 

quickly than White Boobies, and as will be seen later one 

difference between the food of the two species was that the Brown 

Booby took a higher proportion of snail fish*

As mentioned earlier, the White Boobies 1 incubation and 

brooding spells were longer than those of the Brown, which is 

consistent with the idea that their feeding grounds war? farther 

from the coast*

2. The food.

According to Hurphy (1936), flying-fish are the rfhite Booby's 

principal food in the South American region, the bird's distribution 

apparently being the sane as that of the fish. Stomachs of four 

birds examined contained small squids and their mandibles, 

together with the remains of fishes; a bird shot at sea had a 

flying-fish of 28 en.inside, while another, seen on a breeding 

colony, regurgitated seven smaller flying-fish, and such flying-fish 

were said by the local lighthouse keeper to be the only recognisable 

part of the birds 1 diet that he had ever seen thea disgorge,

Brown Booby chicks in the Bahamas were fed on squids and 

fishes (Ghapoan, 1908), while at another colony in the Bahamas 

(Bryant, 1859) the stomach of one bird contained "a great many 

varieties of fish, auong them a cottus, a parrot-fish, flatfish of 

two soecies, and some large orawns; but their principle food seeaed 

to be flying-fish and a species of ke^rj&agQ&Uft"*

Idttle has bean published since Murphy's review. 

Ves ey-Fitzgerald/
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Vesey-Fitzgerald (1941) said that, the food of the White Booby 

in the Seychelles consisted of pelagic fish, chiefly flying-fish 

SxQOQQtuq and squids. Munro (1944), referring to 'fliite Boobies 

in the Hawaiian Is., said that flying-fish vero plentiful near 

the islands and the birds almost always replete* He quoted 

another observer as saying that squids were also part of their 

diet. Gibson-HiH (1951) mad© observations at a Brown Booby 

colony on Christmas Is. (Indian Ocean); most of the eleven stomachs 

examined contained flying-fish Oyt^selurus halftenaig and Squids were 

present to an appreciably smaller extent* No other material was 

identified, and he did not say over what period tho stomachs 

were collected.

Between January 1958 and March 1959 I examined 28 food samples 

from White Boobies and 56 from Brown Boobies. All were regurgitations 

actually witnessed, but five other fish, presumably too large for 

chicks to swallow, were found on the ground in the colonies, and 

these have been included in the study. As most birds of both 

species regurgitated readily when alarmed, none were killed for 

the examination of stomach contents} three birds found soon after 

death had nothing in their stomachs, although injuries received in 

fighting might have prevented their fishing for eo-ae time prior to 

death. Only a very few of the samples obtained were well digested, 

and these were disregarded* The more timorous birds regurgitated 

freely, the bolder ones not at all unless handled; in general 

Brown Boobies regurgitated more readily than "Mtes, perhaps 

because they nested in places from which they could make a quick 

getaway assisted by the jettisoning of weight, whereas the White 

Boobies were usually more or less immobilised in the middle of a 

dense colony. Frigate Birds did not seem to pursue one species 

rather than the other, so both species probably regurgitated equally 

readily in the air, I handled many White Boobies, but except in one or 

two casee of timorous birds which regurgitated whether their stomachs 

wer*/
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vere full or not, it vas never possible to forecast vhen a 

regurgitati^n was likely* /ishermen in the Seychelles have been 

said to obtain their bait 137 "teasing" the /hits Boobies 

(Vesey-Fitzgerald, 1941) but the Ascensio birds did not throv 

up their food so readily. Large chicks usually regurgitated if 

roughly handled, but ao far as possible I avoided causing this 

because they did not pick up food from the grourxl as do Herons 

4dea S&fffJI (Ovenj 1955)^ and extensive collection of samples 

by this method would have affected thair grovth. Saall chicks 

vere fed vith veil-digested fragments, and samples front them vere 

useless for identification.

I noted the species, number, and estimated lengths of the 

fish in each regurgitatiozu Examples of most of the species vere 

preserved for later identification* large fish had usually been 

swallowed head-first and had often been completely digested as 

far as the pectoral fins, but vith practice their lengths could 

bo estimated to * 25 am. As vill be seen, it proved unnecessary 

that measurements should be more accurate for the oresent analysis*

The food discussed in this study must be considered as that 

of birds at the breading colony, and not only as food for the 

young. Only 23% of the samples vere actually taken from chicks, 

the remainder being froi adults vhich had chicks or vere incubating. 

My impression vas that outside the breeding season both species 

remained based on the island, but they could still have gone to 

sea for long periods and might have been taking different food.

In both species the prey taken fell into tvo clearly defined 

categorise, those up to 10 cm. (small) and those more than 15 ea. 

(large). One saanla from a White Booby consisted of 33

of 10 cm. length, but as these fish are very slender I have included 
them in the size-group 5-7 cm. (Table 17).

H early all the small fish ware 5-7 cm. long, and of then 

ffrtVltttf fipniua vas by far the commonest. (Table 13). Only half of 

the/



table 17* Sice frequency-dlatribuUon table of fish token by
Unite and Broun Boobies*

Ho, of fish fromi 

yhite Booby Brown Booby

4 «B« or 1*90 3 13

5 - 7 en. 3551
"Susall11

8 - 10 ea» 32 10

e« 12 em, 0 1

15 - 20 em. 35 42 

21- 25 cm. 3
"Large*

26 - 30 OB* 1 1

37 OKI. 1 1

notes* 1* Sanples eontalning large numbers of enall fieh 
nere counted to nearest 5*

2* In addition there were 5 "large* fish found on tne 
ground in the Unite Booby eolonys 3 vere 26*30 e&*f 
2 were 31-35 om* In the Broun Booby colony there va* 
a oiiailar records 1 fish 35 OD*



Tabla jfo prey taken by Unite and Broun Boobies, their nu-beraj
and the number of aasplea in which they appeared*

tfh^te Booby Broun Booby 

Ho. of Ho. of Bo* of Ho* of

Itoideotified

Noteai 1. 30 of these were froe 1 sample 

2* 80 apeetean collected*

Exoeoetua volitana
f%A4vnnAT*A£irw ttan^iitt

•jfl'ti fli i* flv^eSMMrtiO'i^ii wi¥t • flfvuif

flatalaria ap*

CoqrporhaB^hua micropterua

qphioblenniua webbii

Engraulis ap*

BenthodesMifl aiso&yi

( Cephalopoda

Holooentrue ascension!*

Centrolophua aiger
DeeaDtarus ao«

39
&

3

1

15
300
26
3*

5
2

*»

20
^

1

I

6
6
2
1

3
1
1

'•»'

46
1
6
2

^

9
260

75
341

2
38
20

10

26

1

6 «

m

6
17

4
3
2)

*i

10

4
I

Large'
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the samples fro* White Boobies contained small fish, while 

nearly two-thirds of those from Brown Boobies did so* Also, 

only 25% of the samples from White Boobies contained exclusively 

small fish, while for the Brown Booby the proportion was 4C#* 

Thus the Brown Booby appeared to have a greater preference for 

small fish than did the White.

Nearly all the large fish were 15-20 cm, long. Mare fish 

of 21-25 ea, appeared in the Brown Booby samples than Ln the White, 

but it is unlikely that this represents a genuine difference in 

size-oreference* 75$ of the samples from White Boobies contained 

large fish, t£& of them exclusively, while only 5756 of those from 

the Brown Booby did so, 34# of them exclusively, agair indicating 

the White Boobies 1 greater preference for large fish and the Brown 

Boobies' for small*

When orj.y small fish were taken, the average number per 

sample was 50 for the -foite Booby and 20 for the Brown, .'hen only 

large fish were ijakon, usually only one or two were present, the 

mean being 1*6 for both species*

Few of the small fish were young individuals of th0 large 

species; when catching the large species, therefore, the boobies 

appeared to select the large Individuals* let smaller individuals 

were available because they turned up in Ban plea from Fairy Terns, 

Wideawakes, and both species of Noddies. Perhaps, then, the 

boobies went for small prey only when it was common.

The species of fish taken, their numbers, and the number of 

samples In which they appeared, are shown in Table 18, The Brown 

Booby took two more species of small fish than the White, and all 

but three samples of large fish fro-n White Boobies consisted of 

Flying-fish ffxQpqefrufi TEH'tefll exclusively.

The distribution of samples and species over the months is 

shown in Table 19* Most of the sa-nples from White Boobies were 

taken between January and March 1958, when adults with eg-js or 

chicks were being handled,' during the following breeding season

(July to September), although as many adults were handled, fewer 
of/



Table 19» Distribution of aanplee and of the two main prey
speaies ov©

&fi& Bo.
saci

Jan '53

Feb

Mar
Apr

May

Jun

Jul
Aug

Sep

Get
MOT
Dec

Jan
Feb

ttur
Total

j£ 1
&2t

7

5
5
2
1
~

2

1
2
»
2
-

1
-
~

23

Mb
Lzoooertiu,
^^^^^^^^^^^^^^^^M

3
5
4
2

1
~

2

0

1

•

2

»

1
«•

•

4 5 11
0 311
2 302

0 211

0 21 18 6

	2 2 0

0 300

0 100

o 300

0 202

- % 0 f

0 30 1

3 1 C
Total 56

Hotel Hie figure* In the species column* represent the number 
of staples in which the fish appeared.
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of then had eggs or chicks and fewer samples were obtained, llost 

of the samples from Brown Boobies were obtained in May 1958, when 

there were most chicks in the nest. There was a slight increase 

again during the following breeding season, from November to January.

The availability of the various food species throughout the 

period of study could not be assessed because my samples appeared 

at irregular intervals, and furthermore the birds were clearly 

selective in their fishing. Nevertheless the occurrence of so"ie 

of the important prey species may be inferred from their appearance 

in the samples (Table 18). White Boobies took flying fish in all 

the months for which there were records, except August, and there 

was only one sample in that month. Brown Boobies, however, took 

no Flying-fish in March, from July to September, and from November 

to January. The other important fish, Qphioblenniug . appeared much 

less regularly! White Boobies produced them in six out of 17 samples 

between January and March 1958 and not at all subsequently, while Brown 

Boobies produced them in 11 out of 34 samples between January and May 

1958, not at all in the nine samples from then until September, and in 

eight out of 11 samples between November and January 1959. Either this 

species was not present outside these times or was present but in 

insufficient numbers to attract the boobies. When taken, it was taken 

more froquantly by Brown Boobies than by White, and then formed a greater 

proportion of their diet than Flying-fish. Sngrauliq figured in the 

food of both boobies for a short time. One of the two samples from 

White Boobies in September consisted of 22 of these fish, and four 

out of six samples from Brown Boobies in July and September consisted 

wholly of then, no Flying-fish at all appearing in the diet during this 

tiiae. AH the Bngraulis examined had obviously been eating — apparently 

exclusively — a bright red Gcpopod (latsr identified as Eucheta marinaj r 

and in the period when Engraulia war* appearing in the food samples, 

the faeces of both boobies aH over the colonies wero dark red in 

colour, indicating that many birds, if not all, wora feeding 

extensively on this fish. There might, however, have been other 

species/
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species of fish also feeding on this common Copepod and then 

being eaten by the birds, but if so none appeared in the samples. 

Holocentrus appeared in half of the 2o samples from Brown Boobies 

in May and once in June (two samples), but not at any other time, 

and it was not present in the sample from a White Booby at that 

time.

Some of the small fish taken by the boobies were also taken 

by Black and Brown Noddies, Wideawakes, and Fairy Terns (see 

Appendix A). Snail specimens of Flying-fish fococoetus. and 

Qpfr3,ftfr,lenniua f En^raiilia. and Holocentrus were found in samnles

from All the terns at times when they were found in the samples from 
boobies*

As has been mentioned, previous information about the food 

of boobies has come from Isolated records. If isolated samples, 

or a small series over a short time, had been taken from the 

Ascension boobies, the resulting picture of their food would have 

varied according to the time when the samples were taken* For 

instance, between July and September, none of the seven samples 

from Brown Boobies contained any Flying-fish, although three of the 

five from White Boobies did. Furthermore, only two of the seven 

samples from Brown Boobies contained any large fish* Again, four 

of the first nine samples I obtained from White Boobies were made up 

of 260 Qphiohlep^iMa (with some squids included), the other five 

being Flying-fish; and of the first five samples from Brown Boobies, 

three contained a single large specimen of Selar

one consisted of 22 Qphiohlfpnlygt and the other contained Flying-fish 

and squid fragments* Hence many more samples had to be obtained 

before the relative importance of the various prey species began 

to emerge*

From the published accounts, squids appeared to be an important 

part of the boobies* diet, but this was apparently not true of the 

Ascension birds, since only five samples contained squids, all of 

these being taken in the first four months of the study. Owen and

Phillips (1956) found that regurgitations of chicks of the Purple 

Heron/
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Heron AKJ^ gir~>urea contained many fewer ins act rornains than had 
been recorded by previous workers analysing stoniach contents, and 
they considered this was due to tho slow rate of digestion of 
insect parts in a Heron's sto:nach. Similarly, boobies probably digest 
squid Jaws only slowly, and an analysis of stomach contents alone 
would over-emphasise the prooortion of squids in the diet. In 
some places, however, squids say form a prominent part of the 
boobies* food, although this was not so at Ascension.

Summarising, Flying-fish were prominent in the diet of both 
boobies, but the birds also took other small fiah, sometimes in 
large numbers and, particularly in the Brown Booby, to the exclusion 
of Flying-fish. White BoobiftS concentrated more on large Flying-fish, 
and Brown Boobies took a higher proportion of smal). fish of more 
spaciea, and also a slightly greater variety of large fish when they did 
take these* Squids were recorded from both species, but vere clearly 
unimportant as a food.

Were these two closely-related birds, living and feeding in 
the same area, competing? On the above evidence, there was a 
considerable overlap in their food, but they appear ad to differ 
both in their feeding methods and in the variety of species taken, 
as well as showing a difference in siao-preference* As Ascension 
is the only possible breeding station in a vast area of ocean, it 
might be argued that the two species have developed an overlap in 
their feeding subsequent to colonisation of the island. (Lochley and 
Fisher, 19%, ha« suggested that the Atlantic was colonised from other 
ooearns). There are many examples of several species of birds feeding 
on the same type of food in tha same area during a temporary 

abundance (Lack, 1946)f I found, however, that in 1958 far from 
there being a superabundance of food, there was a shortage of it, and 
I an inclined to think that the two Ascension boobies are probably 
more different in their feeding than my study was able to show.
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VIII

1* Introduction*

Hy purpose In watching behaviour was to find out about 

differences between mated and unaated birds, the establishment of 

territories by young birds, the mechanism of pairing, and the 

permanence of pair-bonds and territories, and thereby to build 

up a picture of the structure of the colonies, which has already 

been outlined. The study revealed a number of behaviour patterns 

that have not been described before, and this section is an 

account of these. Closer observation night have resulted In more 

details of the postures and their derivation, but I have emphasised 

description rather than analytical interpretation*

Behaviour patterns In the Sonnets Uacig. §£&, (Peters, 1931) 

have been described by Armstrong (1947)* Gibson-Hill (1948), 

Warhaa (1958), and Barlee (in litt. ), and as they clearly differ 

from those of the boobies, will be discussed only where relevant*

The behaviour of boobies has been described only Incidentally* 

Vogt (1942) briefly describee, the courtship of the Flquero &J& 

variaga.tA. and comparison with my own observations on the White 

Booby shows that the two are probably similar in pair-formation, 

advertisement display (except that the Piquero has a "marking-time" 

movement of the feet, not seen In the White Booty), fighting, nest* 

t building, and mutual preening. He said that the advertisement display 

of the male was similar to that of the Blue-footed Booty, and this Is 

borne out ty brief descriptions of the latter species by Rothschild 

and Eartert (1902) and ty Murphy (1936)* Since both these species 

nest In dense colonies on the ground like the White Booby, It Is 

not surprising that all three should show behavioural similarities, 

and this, together with their morphological similarities, suggests 

that the three are probably more closely related to each other than 

to the Redfooted or the Brown Booby* As far as I know, none of 

the behaviour of the Redfooted Booby has bean doflcribed, and therefore
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I include below a description of the advertisement display of this 

species, witnessed on only one occasion. Some of the courtship 

of the Brown Boobies of Christmas Island was described by Gibson-Hill 

(1947), but his observations differed somewhat from mine; I know of 

no other account. The only other species, Abbott ! s Booby Syla. 

now apparently nests only in tall jungle trees on Christmas Island 

in the Indian Ocean (Gibson-hill, 1950fo), and little is known about 

it. Jfy impression from examining the five skins of this species in 

the British Museum is that it is closely related to the White Booby, 

but because of its nesting habits it may have behavioural similarities 

to the Redfooted.

2. Methods.

White Boobies were studied mostly by sitting in the colony 

within a few yards of the birds, which were unaffected by ray 

presence, and field glasses were unnecessary. Brown Boobies were 

less accommodating, and studies were confined to a few bold pairs, 

supplemented by observation of others through field-glasses at a 

range of about 30 yards. Fewer observations were made on Brown 

Boobies than on White, largely because thqy were more often absent 

from the island.

About 130 days were spent at the colony island, spread over 

15 months. During that time the notes on which this study are based 

were made as opportunity arose in the course of other lines of 

investigation, wit|i occasional days or parts of days devoted wholly 

to watahing behaviour.

The techniquesfwhereby individual birds were recognised have 

already been described; rings and paint-marks were most useful, and 

the birds 1 habit of frequenting the same spot was also helpful. A 

few individuals could be recognised by peculiarities of voice or 

plumage, but other methods were more reliable and easier to use, 

A few observations were made on unmarked birds. White Boobies 

could be caught and the ring-number checked; they were not generally 

upeet/
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upsat by this awl soon carried on as if nothing had happened. 
Sotaetiaee the ring-numbers of birds involved in a sequence of 

behaviour could be checked by catching them after it was 
finished, tteated White Bbobles without a territory, T owever. 

tended to leave the colony after handling, and might not return 
for a few hours, or perhaps not at all* Such birds were therefore 

usually marked by splashing with paint, as this alarmed th#a only 

temporarily*

3, Observations*

Twelve behaviour patterns or postures of the White Booby wiH 
be described and some of them have necessarily been given new nameo. 
Briefly, events were as follows* Tfamated males regularly performed 
an advertissmnt display, Sfry««pqrVitfnff. to which undated females 

walking about in the colony responded T^ approaching; unmated 
maloe approached by these females -light attack, or both &dght perform 
a Head-varying; saovement, which was also sesn during territorial 
disputes betvean established pairs* fi^itAi^r often oocurrod 
between neighbouring pairs, and a milder SHUTftrrg batveaa mambers of 
a pair or between undated rial-as and fenales* Birds defeated in a 
flgit (usually those that did not have a territory) aigfet run away 
in a TOil^tu^imjpig postwre* ^Iiis ar«i aj^othef1 apparently appeasing 
posture, fty, ̂ ^^wf^ft^way f usually occurred between immated maleo 
and f emalos when they came together witlwut actually fluting* 

Bill-tucking was clearly related to an elaborate ^UJL'^U'gliig done 
by chicks when attacked by wandering birds. g^^^-^nc^^qg occurred 
between monbors of an established pair or temporary association, i.e* 
a pair fbrmed l^r an advertising nsale accl a wandering foiale, which 
ei|£it later break up, and Keqt-fa^j^ifrg either followed the cosdng- 
s together of two unrated birds, or was performed (less frequently) 
by established pairs* Established pairs regularly indulged in 
tlB'frlfft"'nrftei**T>?f tint this also occurred between members of a temporary 

association, between chicks, and in the clubs* Ooailaifoft and its 
attendant/
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attendant oovaatsnts was seon more frequently among temporarily 

M*»ciating birds than established pairs. Two other postures, 

unrelated to the above events on the colony, will be described:

be^an soon after hatching and developed greatly as the

chick grew, and in older c icks was coon to be similar to the 

tad-wa&r£ns of adults; and fo^bathlisg occurred in adults, such 

a peculiar position beirg adopted that it merited special 

description*

Jfany of these postures had extrsaely similar counterparts in 

the Brown Booty, although some appeared to bo absent. Same of the 

observations on one species, particularly those concerned with 

Sky-pointing, Host-building, and Bill-tucking, helped in the

interpretation of similar bsh&vlour in the other, and therefore
tt> 

the behaiziotir patterns of /two species will be discussed together,

the White Booby being considered first in each case.

Mwrt of the birds in the White Booby colony were natal pairs 

or single nated birds in an established territory, the mate being 

temporarily ahsact. Tfeeaatad birds, oras^jmhly young ones, were 

also in the colonies, in the proportion of about four of each seat 

to 10D established pairs. They wore easily distinguishable from 

birds of established pairs by their greater activity, and but for 

them it wo'old sometimes have been difficult to interpret what the 

lees docioiis+.raUvo birds of established pairs were doing* I first 

noticed anmatad birds whcsi nost of the others had eggs or chicks, 

JUe. at a fairly late stage in the breeding soaaon* tteatod males 

vore the only ones do ing the Sky-pointing display. They had no 

fixed territory, and rnoved about, but within a restricted area of 

about 20 yards square* An tmmtea male sometimes took up its 

station in the territory of an established pair wber they wore 

absent, behaving for the time being as if he wore established, but 

fleeing to a neart^ vacant area when the owners returned. Hnsated 

birds nevor TOn in a fi$st with established ones. Besides those 

n&ted males, there were uzsmted feraales which, by contrast, did 

not/
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did not take up stations but walked about, apparently uneasily, 

in the colony* The unrated rales obviously recognised then 

too, sometimes at distances of 30 yards, and never displayed at 

•atod fenales, even if the latter vere alone* Very occasionally 

they also displayed to a bird flying overhead, but I did not know 

whether such females wore unmated, or even if they were fenales, 

or how such mlee recognised them* Once a male had seen a wandering 

female, he turned to fix his gaze upon her and stretched his nock 

upwards* Then followed the SMHlsS&iig, display! His neck remained 

at ftill stretch, and as he threw his head back until the beak 

pointed vertically, he uttered a characteristic drawn-out whistle, 

a note that I never heard in any other context. At the same 

time the huaeri were lifted so that the ving-tipe were raised 

together above the tail, which was pointed up; the beak remained 

closed (Plates 3 & 4 and Fig. 31). After the cliaax he subsided 

again, the whole movement lasting about two seconds* The display 

was repeated more or less frequently (bet not more frequently 

than every five seconds) depending on whether the feaale moved 

towaxd* or away from him* Between displays he continued to stare 

at her. If she went to another mle he resumed the relaxed 

position and appeared to J-ose interest in her, but would display 

again if she began to wander about once acre. Two or three males 

at once rai#it be staring at and displaying to one female. 

t pointing sales never moved fro:-! their station unless driven 

only the females moved about* Although unmted males Sky-pointod 

repeatedly, I saw only three birds do it when females were beside 

thsni one ^by-pointed three tinea while a female was asleep at 

his feet, but the display was not directed at her or any ot&or 

female and she did not even remove her head fron under her wing; 

on a second occasion a sale Sky-pointed at his mate in their 

territory, but I had not seen this nalo do so before and did not 

see him do it suhsequerrfcly, the 'mir being under observation for 

oore than two aonths; and on the third occasion the situation
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was siinilar, the pair b«ing ore which I knew to havo formed 

aiz aantho previously as a raeult of the mle's ropeated 

displaying. On none of these occasio s did I soo a stimulus 

that night have triggored-off the displays. All of thea 

occurred a*xmt four raonths before tha star?; of the breeding 

•0j|0on on the colony as a whole, so it soms unlikely that 

impending eating was involved; and none of the pairs showed 

other courtship activities or laid eg^9 as far as I knew, until 

ouch later*

Fenales Sky-pointod, to my knowledge, or, only about a dozen 

occasions in my 15 months of study. The only difference froa 

the male's display was that the accompanying note was a long 

hoarse "aaaaaah", noticeably distinct from the babble of other 

noises in the colony* The female was always difficrlt to locate, 

in spite of the note being so conspicuous, tartly because she 

displayed only two or three times, and partly because bar subsequent 

behaviour was apparently never distinctive, or If so not maintained! 

but I ••nigr1 to see the bird concerned on three occasions s once 

the female was alone, and though she displayed several tines, was 

not pointing towards any other bird and no ntale went to her as a 

result! on the second occasion a nale was standing beside tha female 

as she displayed, upon w?dcb he walked away and another male Sky- 

s pointed at her, she then responding by 50ing to him; and on the 

third occasion a female £3gr**pointed several tines to a bird circling 

overhead, following which a sale (presumably the same bird) landed 

beside her and they preenad* Once I saw a str-w-ook-old chick throw 

its head into the Sky-pointing position and utter a long a«M, like 

that of the f eraale, but it was not apparently directed at any other 

bird.

SunEoing up, I conclude that these incidents wore ease optional, 

that Sky-pointing was normUy a display exclusive to moles, and 

that its function was to attract a mate*

Once/
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Once two birds had co TO together, they proceeded to perform 

other courtship activities (described below), and oft on copulated, 

but frequently they split up again and the male began Sky-pointing 

oftoe more* By marking a number of unnatec birds, I was able to 

natch Sky-poir:ting males form temporary associations with several 

different females intermittently over periods of months, and 

likewise unaated females did the same with different sales* This 

went on throughout tho breeding of the other establish* pairs* 

One such temporary asaociatlon became permanent and the pair 

subsequently laid eggs, but in othe cases it lasted only a day, 

or less* The pM* that became established did so in tine for 

their egga to be laid at the peak of laying amongst the other pairs; 

perhaps the others would have obtained mates in tine for tho breeding 

season in the July following the end of my observations in April 1959*

Sky-pointing in the Brown Booty (Plates 5 and 6) was Tory ouch 

the same as in the White, except that a) it often happened vhen the 

male and f eaale of an established pair ware together, and oven 

occurred once Immediately after copulation, another time while the 

feaale was incubating; b) the wings were not raised at all, only 

the huaeri being held slightly out from the body;e) it was/faster 

•ovaoent throughout and was usually repeated aore frequently than 

in the White Booby; and d) it was performed in the air, which 

I never saw in the White Booby. Aerial Sky-pointing was concnon 

during the period prior to egg-laying, when the pair were together 

at the nest site* The feaale would fly from the nest site, followed 

tgr the male, who while gliding would throw back his head and utter 

the wheezy call; often the pair flew sound in a circle and returned 

to the nest. It would be difficult for a pair of White Boobies to 

take off in this way from a dense colony, and this may be the reason 

why the aerial display was apparently absent in that species*

Fewer observations were obtained about pair formation in the 

Brown Booby than in the White, but fron the following evidence I

Details of some sample observations are given in Appeiriix J»
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think that the ^roeewi was similar in the two species:

A male (M) and two females (91 and F2) were on an area 

of flat rock, each about 20 feet apart, when observations began* 

F2 walked away and M Sky-pointed at her, then he walked to FL and 

billed with her, then picked up a feather, walked back to his original 

place and put it down. Then he Sky-pointed twice at F2, looking 

sharply at Fl after each and she at bin* Then he walked past F2 

to the cliff-edge, flew off, and arrived back carrying a feathar 

which he gave to Fl. He then left her, went to the cliff edge 

nearby, Sky-pointed several times at her, appeared to sleep (head 

under wing) for two or three minutes, then Sky-pointed again at 

her, upon which she walked to him and both walked back to his 

original place, which looked as if it night have been his selected 

nest site, from the nurabar of pebbles lying there* Meanwhile F2 

was oreening. Fl flew off; M picked up and put down a pebble; 

then he Sky-pointed three times at F2, who looked at him but did 

not move* Then he went to the cliff edge, away from F2, yarned, 

began to preen, and paid no attention while two other males stole 

stones from his place. Then both ha and F2 walked to his place and 

began nest-gilding and billing* Next ho walked away and appeared 

to sleep again, while F2 began sunning* After 15 minutes, both 

suddenly stretched their necks up and stared at each other, presuoably 

roused by something I did not see, H Sky-pointed several tt<ae3 at F2, 

then began to preen* There was no further Incident, and eventually 

all flew away*

The aale M must have been an unmated bird, and presumably the 

females were too; his display was clearly advertising and achieved 

responses fro i both females, and yet the associations he fonaed 

with them were fleeting* On other occasions I saw males fiky-pointing 

JbBoediatoly after a female had left them, the display apparently 

elicited by her departure* Two single oales were seen repeatedly 

ay-pointing at a single fcoale between them, and another male was 

seen/
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seen to display to a fenale in flight*

Clearly, then, Sfcy-poiiiting was important in the Brown Booby 

in the same sort of way as in the White, i*e* as an advertisement 

by males, but there were differences in the details of pair- 

s formation wrack cannot be fully analysed from ay obeurvations*

Sky-pointing in the Redfooted Booby was seen only on one 

occasion at dose range* A male and f aaale were perched about two 

feet apart on a steep face some 25 yards from me* Basically the 

posture was the sane as that described for the !*Tuite ani Brown 

Booby, with heau and bill raised vertically, taU up and burner! 

lifted, but with the difference that the wing-tips were held not 

above the tall, as in the White Booby, but out from the body! 

i*e* as well as being raised, the wings were also about a quarter 

opened* Another difference was that the accompanying call was a 

throaty rasping, not a whistle; this was to be expected, as the 

voice of idle Redfooted Booby heard on other occasions was more harsh 

than that of the other two species* After displaying thus two or 

three tiasjij tfee male Hew out firom the cliff in a wide circle and 

landed again •snentarily, repeating this twice. He did not display 

while in the air* Then the female flew round in the same way, but 

the male did not follow* As she landed, he Sky-pointed, and continued 

this for the next ainute, repeating the display at about two-second 

intervals* Both then flew off* They were not seen again at this 

spot, which could not possibly have been a nesting-site, although 

there night have been suitable ledges lor building the nest not far 

away. These observations suggested that the Redfooted Boobies were 

behaving laore like the Brown Booby than the White, in that the 

advertisement display was performed by a male in a position which 

could hardly have been a territory and certainly not a nest-site; 

and in that the display was repeated rapidly and while the female 

was close*

The other behaviour patterns of the Vhite ai*l Brown Booby 

occurred/
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occurred anttngst established pairs as vsll as temporary ones, 

anil ware not apparently so inroortant In palr-fornatioH as the 

Sly-pointing.

done by both saxes of the White 

immediately before or after a fight or near-fight, but only to 

neighbouring antagonists, never to the other member of the pair or 

temporary partner, A bird would stand facing its opponent, body 

ellgfctly crouched and tilted forwards, the neck withdrawn and the 

heed pointed upwards at 45 degrees (Plate 7). The head was turned 

from side to side and the Mil simultaneously wagnefl tip and down 

rapidly and with a small amplitude, as if (anthroponorphlcally 

•peaking) the bird were indicating a slow "no11 and a vigorous "yes" 

at the same time* The posture was very similar to that of the food- 

f begging chick (see later), except that the chick also held out Its 

wings and called. Togt (1942) said that Piqueros defended their 

territories ty waving the beak at an intruder in a ftgure-8 taovoment; 

this is probably homologous with Head-nagging in the White Booty, 

although strictly in the latter it was not used in defending the 

territory but by birds which had been or were likely to be inferior 

in a fight, for example when a single bird was fighting with a pair* 

Head-wagging was never seen in the Brown Booby, x>ssibly because 

such situations as required it would rarely arise, the territories 

not being close together, or because a vanquished bird would be 

able to make a quick getaway, or both,

In D-2fc£lng, opposing birds lunged at each other with open 

bills, occasionally clashing them; sometimes they grasper each 

other's mandibles, and then the birds might remain locked together for 

a minute or noro, necks extended. Hat oA the ground, pushing (not 

pulling), and each trying to get a better grip* The wings were 

usually held out during lunging, but were never used to strike* 

If two pairs were fluting, they lined up raale to rial a and feraale 

to female} fighting between the sexes was vary rarely seen* 

Injuries/
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Injuries as a result of fighting wero rare, eonsidsrln-g the 
strength and sharpness of the birds' hills, but one White Booby 
picked up doad in the sea was found or. dissection to have its 
sternum neatly punctured and two smll •- rounds in the left 
ventricle.

Broun Boobies seeraeci to fi^ht leae than Whites, although in 
the same manner, and airs ware not seen to line up against each 
Other; doubtloss this was again because the territories were on 
uneven terrain arid not usually close to each other, and in places 
where escape was easy*

ftanrlngi * »i3Ud form of fighting in White Boobies, oecurred 
between male and female of a pair, awre frequently if the pair was 
a temporary :me* Sometimes a Sky— pointing male woold spar with 
an oraaated fenale when she first came up to his. The two sparring 
birds leaned forwards toward each other and rattled their open 
bills, but rarely for saore than a second at a tine, and without 
gripping or lunging, EJjJjd^IISfeillg* seen only in %ite Boofeios, 
was probably a mild fora of Sparring, and occurred between members 
of a pair while Mutual-preening or Nest-building (aee later) in 
their territory, when there was an alarm or fight among nearby 
paira. Suddenly both stretched up their necks and turned to face 
each other, bills slightly open and tipe touching (Plata S)| then 
they relaxed again and resumed whatever they had been doing*

Brown Boobies Sparred as above, but in this species Sparring 
was generally preceded or followed by BftLl-jatPhftfliT- when tuo birds, 
standing close together, pushed back and forwards, only their necks 
moving, as if to probe each other in the eye (Plates 9 & 10 )• 
Sometimes there IMS no more than a touching of bills (Plate 11). 
Probably in both species all these movements are hostile, with 
a decrease in aggressiveness from Sparring to Bill-touching.

and Bi^-tucfe&ng nearly alya^rs occurred
together and were seen oost frequently in unrated White Boobies, 
but also in established Brown Booty pair*. They might be done by 

either/
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either partner when the two were s&>arateu by a sl*>rt 

distance, e*g. when the Bale was return! g to his nate after 

a short excursion to attack a neighbour, or when a female was 

approaching a male in rospoiiSe to his Skj—pointiiig, or when 

a f&jale bad left such a mid to rosuaa her watfi&riitg but 

turned back* The situation thus was basically one in which a 

walking bird approached a standing partner; thd nack was suddsrJLy 

stretched upwards, head tilted upwards am turned away (Plato 12)« 

Sometimes the walk changed direction at that point* 

reaiodad me jf llo^-flagging in the Black-headed Qull 

iHdiHnnfoM. (described by ftnbsrgen and ISoynihan, 1952), except 

that the face was held up and away from the partner rather than 

suddenly flagged* The 13ill-up-face-<fl*ay occupied only three or 

four steps, then the bird resumed the r-oj^tal walking posture soil 

went straight in to stand beside its partner. I did jaot notice any 

posture in tho stationary partner that oight have caused the 

Bili-up-facG-oway, tior any following it* Soaetiiaes the posturing 

bird walked in a half-circle r-ouiid tho partner, as if avoiding 

stepping within rar^ge of attack*

IBftUii^terlrfiPg aluays occurred in the eaiao sort of situation, 

and sometimes altaxijated with the Bili-'ap-faco-away. fhe neok was 

coiled back, PaLican-liks, and the bill tucked sharpiy and aosientartly 

down to the braast (Plate 13)* Again the soanding bird seaaed to 

make no corrwspo^ing mav^oents*

This same tucking of the bill oecorred when birds defeated 

in a fight, o*g* Sky-pointiiig ^ales routed from their station by 

established bircls, were ruiming to th« ^dge of the colony to take 

flight* 3*37 were attacked ty all Uia owners of the territories 

through or near which they had to pass* Unless actuary gripped by 

a beak, they never attempted to fight back* In this pasture the 

neck was again drawn back, chin tucked in to neck, bill pointed down 

(Plats 14)* Xt was noticeable that the posture was kept up until 

the bird took flight or was free of attack, and was not Momentary

as in the Bill-tack. 

Capture^/
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Captured birds vary often went into this fora of Bill-tucking 

as they ran anay after being released. It was noticeable that 

this running form of the posture wao never seen in the Brown Booby, 

although Bill-tucking was connon, .and again probably this was 

because Brown Boobies beaten in a fight could easily escape*

Tbt ffim-frlflJJlC of tfhite booby chicks was clearly related 

to the above postures* Occasionally an unstated male would stand 

beside a chick whose parents were absent, and either preened it, 

behaving like a guarding -want, or violently attacked it, I did 

not see any behaviour o the part of the chick that might have caused 

the one or the other, and sometimes the adult alternated between 

them. The adult lunged at the chick's head, upon viiich the chiek 

tucked its face and bill right under its breast (Plate 15), and the 

attacker then usually gripped and shook the back of the chick's 

neck* Some chicks, whose heads were raw and stripped of down, had 

obviously been frequently attacked. As, soon as the chick hid its 

bill, the attacking stopped, and sometimes no attack followed the 

Bill-hiding. Chicks never attempted to run away, remaining in the 

posture for several minutes or until the attacker went away; indeed 

they haa no alternative, fur every time they raised their heads the 

attack was renewed. If an attacking raale had found a temporary 

partner, the f eoale might also attack the chick, or both might guard 

and preen it* %setime0 adults stood on a Bill-hiding chick, and 

twice I saw a ml* attempt copulation with one. Warhara (1958) saw 

both BUl-fctdi&g and attempted copulation in similar situations in 

the Cape Qannet.

ID the Brown Booby, Bill-up-face-^away and Bill-tucking were 

very ouch the same as in the White, and likewise were seen only between 

•srtmrn of a pair. (RLatoo 16-4HW* I noticed them aost in aales, 

Bill-tucking exclusively so, except once when a f aaale Bill-tucked 

after sparring with another female. The reason for this might have 

been either that sales most often walked away from the neat, e»g» to 

collect Material, or that the male was relatively smaller than the
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fesale compared to the White Booby, and therefore -nore readily 

employed an appeasement posture* It was noticeable also that in 

Bill-poshing the f renal o did more pushing that the male* Bill- 

•tucking regularly occurred after a nale walking near his partner 

had to taake a small Jump on to a rock (Plate 16); at such a 

moment he would be off-balance snd at a slight disadvantage if 

attacked, and I think this further indicates that Bill-tucking 

was an appeasement posturo.

Bill-hiding vac never seen in Brown Booby cl ioks, perhaps 

because wandering bir£s apparently did not visit nests and the 

necessity for it thus; did not arise. Cull an (personal coamunication) 

tried attacking Broun Boob^ chicks and could not olicit the 

BUl-Mciing response fron thes, although he could do so from 

White Booby chicks*

Froa the above evidence, I conclude that the hill, always 

used in fighting, lias an aggressive signalling function, and that 

hiding it, or turning it a#ay, reduced tae likelihood of it® 

invoking an attack* Uarhaia (1953) saw that Australian Gaimets 

landing on tha edge of a colo»y — where prasusaahly they night 

be afraid — tucked their beaks, and CuHen (poi*@onal coixiunicatdon) 

hac) seen in Uie Coruioraiit a movement ciailai- to ^l*a'i oi' the :.«!* 

Brown Booby whoii Bill-tuakJUig after a jump. A further coaparison 

with the Black-headad Gull can be drawni Tinb^rgen and ?foyuihan 

(op. cit») iniioi'preted Haad-flasging as opposite in function to the

Forward-aggreBCJiv® posture IB which the face and bill are presented 

to another bird, and likewise Bill-up-faco-eway is probably opposite 

in function to the forward-lunging soon when boobies ure fighting, 

when the conspicuous face is presented to the opponent* 'Hie white 

^>obyf s orange-yellow bill end th* brilliant yellow <#as are set in 

the inky-black gular and facial skin, the whole surrounded by the 

white head* Hie Brown Booty's face is also conspicuous, and it seeas 

DO accident that its blue aye-rim ana strong yellow gular skin 

(especially pronounced in the nuptial period) aro set in the background 

of/
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of a chocolate-brown head and neck (Fig. 12). As the main aim in 

fighting appeared to be the grasping of the opponent's bill, to 

hide the bill and turn away the conspicuous face is presmahly 

appeasing. Oullen (1957) interpreted the hiding of the bill 

by the Kittivake Bisaa tridactvla in the sane way.

JS^WltfldArUti especially the collection of material, was 

done mainly by the male of both speoies* In the White Booby, the 

male left the female and walked away from the territory, (generally 

only a few steps, but up to 10 yards was onoe seen when he was not 

attacked by neighbours) picked up a minute granule of guano, or 

feather or fish-bone, in the tip of his bill, and paced back 

to the female with it, placing it in front of her in a deliberate 

manner* She bowed her head and the tips of their beaks almost 

touched as the object was deposited* This deliberate bowing 

movement was characteristic of the incident, and sometimes occurred

even although no object was being deposited. Sometimes bowing was 
not preoeded by the male's walking away, and the pair might simply 

bow to touch some tiny abject near the male's feet, their bills 

close together (Hate 17 )• Sometimes the female took an objeot 

such as a feather from the male's Mil and herself deposited it, 

but usually the objeot was too small for this* The depression 

that formed the nest could not have been made in this way, but 

clearly the activities were important in strengthening the pair- 

i bond, No scraping with the feet was ever seen, and I never found 

out how the nest was actually madej in some nests the hard surface-crust 

of guano had been broken, and this might have been done by the feet* 

Occasionally Z saw a bird at a nest site go into a posture like the 

above bow, with the tips of the bill open near the ground, but there 

was no up-end-down striking movement of the head that would indicate 

digging, only a alight quivering which was also seen sometimes as 

objects were deposited at the end of the bow, and I do not think 

this movement helped to make the nest depression* Gull on (personal 

oossAinication) thought this mo ement closely resembled one seen in

the/
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the Cormorant, which is a good nost-builder. None of the White 
Boobies' nests were on Tory sloping ground, so that a est of any 
sort was rarely important for the safety of the eg^s (though many 
were lost, as mentioned earlier, probably because of desertion), 
and hence the llest-buiiding activities Just described could have 
become largely ritualised*

Heat-building was also a prominent feature of courtship 
in the Brown Booby* Hales made repeated visits to the sea to 
coliest feathers, which were placed on the nest-site or taken 

from the bill by the females, the depositing always being a joint bowing 
movement like that of the White Booby. The movement resulted in a 
posture that resembled the female's copulatory position, because the 
neck was slightly arched and the bill quivered as the object was 
deposited| copulation sometimes did immediately follow the bow of 
Nest-buHdlng, and once I saw it while the female was holding a 
feather (Plate 18)* Quivering of the bill might be the only 
remaining traces of a movement that would assist the fitting of 
material into the nest, as it does in other birds, but the Brown 
Boobies' nests wore all so rudimentary that the movsaent could v 
hardly be important in this connection* Hosts were vary variable in 
size, depending on the availability of heavy material and the exposure 
of the site, because feathers, although assiduously collected at 
times, were usually blown auayj for instance two nssts on the 
flat top of the island were heaps of bones, feathers, and shreds of 
old guano bags, IS inches across and with a depression in the 
middle in which the eggs were laid, while in other places eggs were 
laid on bare rock with only a few small stones round them* I put 
a pile of stones and feathers near one such nest before the eggs were 
laid, and immediately the male ceremoniously carriea each object 
over to the female, even aceopting a feather from my hand.

Nest-building, then, was more functional in the Brown Booby 
than the White, in that more material was used and pebbles at least 

could be useful in preventing the eg^s rolling away,but it was also

clearly highly ritualised in courtship. 
Mutual-preening/
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was very CDBJHD between members of established 

pairs in the White Booby, but less so between partners of a temporary 

association* It also occurred occasionally between a parent and 

its chick, amongst groups of larger chicks which formed when their 

parents had left them for long periods,and between adjacent 

Juveniles and adults i- the clubs, irrespective of age or sex, 

Mutual preening could not therefore be described as purely a 

courtship ceremony, although it Was clearly important in courtship, 

The two birds involved rapidly nibhlea each other delicately but 

•earchingly about the head and neck, rarely elsewhere, and if one 

bird began the partner almost invariably reciprocated (Plate 19)* 

Bouts of Hitual-preening usually lastea for several minutes, and 

were often preceded or followed by self-preening. Mutual-preening 

is performed by many birds (Armstrong,1947)> usually about the head 

and neck, and Goodwin (1956) suggested this might be because of 

head-infesting ectoparasites, but the subject has been little 

studied. Certainly the White Boobies were infested, and usually 

on the neck and throat, by Hlppoboscid flies, Q^apgfa Aaapma^ 

C9 O.Thomson.

Mutual preening was not seen in Brown Boobies, which were 

also infested by the same Hippoboscids, In view of its prominence 

amongst the White Boobies, this is extraordinary, especially as 

there seemed to be ample opportunity for the members of established 

pairs to preen each other. As has been mentioned,Brown Boobies were 

never seen to congregate in clubs as did White Boobies, and in White 

Boobies Mutual-preening might conceivably have started as a social 

behaviour pattern ii these clubs and later become incorporated into 

courtship, while such a development could not take place in the 

Brown Boobies, It would however be difficult to support this 

argument with evidence from other species; for instance male and 

feaale Fairy Terns regularly preened each other while sitting on 

their nesting ledge prior to laying, and Fairy Terns certainly had 

no clubs or other social gatherings.

Copulation/
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ir. the White Booby oetnrrod betv je~. tenporarily
associating birds as veil as between nates* Counting was not 

regularly preceded by any display or posture; the pair could be 
Kest-bailding or Bill-Touching or Mutual-preening, but aost often 
the pair appear od to be sinply standing together. The oopulatory 

posture of the faaale tec already been mentioned, and the male 

attempts to aount as soon as the f anal 3 adopted this. Qccasion- 

»ally a male would lift a foot and stretch his neck ovor the 
female's without her being in this posture, but mounting never 

followed this, or if so was momentary aid ended in a bout of 
Sparring, Usually the first indication of an impending copulation 
was the rale's lifting a foot to paw the feaale's back, but 
closer observations shoved that the facials was already in her 
posture before he began this. As the aale mounted, his neck vas 
stretched over the female's, and when in position on her back Ms 
neck was arched over her shoulder, bringing their heaxis side ty 
side* During copulation the sale did not tranple, or grip the 
femLe's neck, but as she raised her tail he wagged his sideways 
until a momentary cloaca! contact vas made, upon which he raised 
his head backwards; dismounting followed immediately. There was 
no regular post-copula tory aoveaent; the f aaale aaoptod her normal 
stance, aad the pair either touched bills or fiddled with granules of 
guano or nest-oaterial, or bowed, or began l^utual-preoning, or Sparred,

The above description applies equally to copulation in the 
Brown Booby, sxcspt that it was sometimes followed t$r a short spell 

of Bill-pushing.

Two other postures, Food-begging of chicks and Sunbathing 
of adults wore not apparently connected with any of the behaviour 
ddqusDoes described above, (except Head-vagcing, see below), but 
they have sot been described before in boobies, and so will be dealt 

with here,
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was *ke same ^r' 'ooth spuoiea. leaked chicks 

of a day or two old weakly raised and waved their heads, this 

being accompanied by a faint tip-tip-tipping* Intensity was 

greater in older c hi ok a. In fully-feathered chicke it was more 

intensive still, sometimes violent* Such chicks sogetiiaos begged 

quietly but continuously eves- when the parent was absent, tb« 

begging increasing in vigour when the parent arrived* If a cliiok 

was being fed, other chicks nearby sometimes started bogging, 

mildly, but did not face the feeding adult* A begging chick 

crouched, head held back ana bill pointing up; the heuci was 

turned from side to side, the bill at tho sum© tin© bolng bobbed 

up and down, the call being uttered continuously* At high intensity 

the whole movement was much faster ai*l the noise louder, and then 

the wings wore held out,and waved up Hjati down, fri.mries ulisoat 

touching the ground (Plate 20)* At low intensity, tho wings wore 

not held out, and than the posture was ijKHetinguiahable from tho 

Head-wagging of the adult tfhite Boob&r* The chick was not neoasa- 

tarily facing its parent, although it might wave its head more 

in that general direction, nor did it mova towards the parent while 

actually bagging* If the parent was a little distance away the 

chick stopped begging aoaentarily, but kept its wings ottt, and 

flopped towards th 2 adult, resuming begging at closer range* 

It then made occasional lungas at tho adult's book, aoraetiaos 

striking with its wing, and sometimes succeeding in forcing ita 

own bill Inuido, although this did not necessarily rosult In its 

obtaining any food* Adults veire apparently quite tolerant of thi« 

peraistence, and attempted to avoid the chick only by turning their 

heads this way and that* Curiously, Food-begging was moot 

persistent in o doks that were able to fly*

In ^A^0-^^1^' ^9 ^°^y VSLS tilted forward; the head was 

held horizontal, the beak was opened and the gular pouch vibrated 

rapidly* The wing* were u folded bac^ards until they formed a 

diamond or kitenshape, the angle between huraerus and ulna-radius 

being/
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being about 120 degree*, and the winr*-tin8 were crossed above the 

depressed tail (Plate 21). The bird maintained this posture as 

long as the sui was hot, folding its wings if a cloixi passed 

over, and re-opening than to the kite position when the sun 

came out again. The position was adopted by means of a movement 

similar to that uaed whan stretching a wing. The gular vibration 

often occurred without the kite posture, especially among 

incubating birds. Sunbathing was soon rnost frequently in the 

olubjB, although It occurred occasionally on the colonies as wall, 

and as there were no Brown 3oyljy alubfl, thle might be one reason 

why Brown Boobies were seen to Sunbathe less frequently. This 

differonee in behaviour oould hardly be due to the difference 

In colour of the two species, because, confuslngLy, the dark 

Black Noddies Sunbathed regularly, while the white Fairy Term 
did not.

4. Summary asd discussion.

The behaviour patterns of both species may be interpreted 
according to the situations in which they occurred. Fighting, 

Head-wag Ing, and Sparring clearly involves fear situations, vhile 

Bill-touching, Neet-building, and Mutual-preening (sometime*) were 
sexual in character. The Bill-up-faca-away and the Bill-tuck, 

both employed by a bird liable to attack from its partner, were 
postures obviously based OR concealing the face and bill, which, be­ 
cause of their conspicuous pattern and Importance In fighting are 

prosuxaably aggressive features* Bill-tucking while running away, 

and Bill-hiding ty chicks when attacked, were el early similar in 

function* The female's oopulatory position, presunjahly submissive, 

was also slightly similar to the movement of tucking the bill.

Sky-pointing was purely an advertising display, with no 
obvious fleeing or attacking components. It may be derived from 

the position adopted prior to take-off, in which the bill is pointed 

upwards and the wings slightly raised and opened (Plate 22), although
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this position is held only momentarily. If so derived, the 

posture has become considerably exaggerated, in that the head 

is thrown bock, the tail cocked up, and the huneri are more 

raised. The position in which the wings are held during the 

display varies considerably in different speciess in the Brown 

Booby they are scarcely raised at all, in the White they are held 

up but not out, in the Redfooted (on the basis of one series of 

observations) they are held both up and slightly out, and in the 

Blue-footed they are almost completely extended sideways (Mirphy, 

1936, illustration). Qibeon-Hill (1943) briefly described in the 

Cape CSannet a posture similar to Sky-pointing and called it a 

sexual display, distinguishing it from that species 1 taking-off 

posture* Tlnborgen (1959) saw this same head-raising in Gape 

Gannets, in birds that bethought were afraid but "rooted to the 

spot", and he related it to similar postures in the courtship of 

the European Oannet. Fisher and Locklay (1954), and Barlee (in litt.) 

described and photographed what appears to be this same posture in 

the European Gannet, and oat lev it a taking-off posture, not 

connected with display. Thus there appears to be sone confusion 

over the matter, but one might conclude that the postures in all 

these species are related, although conceivably they sight have 

different functions. Daanje (1950) considered that a similar 

posture in the Cormorant was derived from an intention movement 

of flyin^up.

Nest-building and ;fatual-preening were two patterns important 

in strengthening the pair-bond. The former was clearly ritualised, 

since exaggerated movements were carried out while the material 

used was largely funetionless for the nest. ?tttual-preening was 

likewise probably ritualised as a courtship ceremony, being 

much oosEaoner in courting and paired birds at the &est site than 

in others.

The differences botoeen the behaviour of the Brown and White 

Boobies could be related to differences in nesting habits. Firatlv

in the Brown Booty the BiU-up.face-*way and Bill-tuck occurred 

between/
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occurred between members of a pair, but no Tfeed-wis :ing, nor 

Bill-tucking while running, nor Bin-hiding of oliiola were seen; 

and in the White Booby toe advortiseneat display was restricted 

to birda on tho ground but in the Brown Booby it was aerial as 

well* AH of t'lese pointfl are probalsly connected ulth the fact 

that the Brown Boobies* territories were in places from which 

they could quickly take flight and into which intruding birds were 

unlikely to zander.

Secondly, both the advertisement ^-pointing and the 

appeasing BilL-up-faca-away and Bill-tuck occurred between manbers 

of established pairs in tha Brown Boob^, but mostly between unmated 

birds in toe Uhite* Outside toe breeding season, the Brown Boobies 

tended to be absent altogether from their territories, whereas the 

White Boobies were more or less ponaanonfiy rasidsnt* Thus the 

male and female of a Brown Booby pair might have becone unfamiliar 

to each other during absence from the nest site (although territories 

and nates were the same from one breading season to toe next), and 

advertisement and appeasement postures, clearly connected with 

unf&niliarlty in the birds concerned, would be necessary to re- 

i establish toe pair bond.

Only the Brown Booby collected nest-raatarial (fGathers) from 

the sea, and although its behaviour in nest-building was otherwise 

similar to that of toe White Booby, its use of material was greater 

and the nest sometimes a considerable structure*

Jfatual-preoning, co^acm anong tfcite Boobies, was nevsr seen
\

in Brown Boobies, This may have been connected with their not 

congregating in clubs, but mutual preening occurs in such a number 

of species of varied social habits that one cannot draw conclusions 

frost comparisons with only the White Booby»

It ia Just possible that the two species 1 differing behaviour 

patterns were a result of differences in nesting habits only at 

Ascension* On the Bahaoa Cays, the Brown Booty nests are disposed 

widely over flat ground (Chapraan, 1908) and on Goenoeng Api the 

nests/
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nests of the tfhite Booby are on flat spaces amongst vegetation 

where the territories cannot be dosoLy juxtaposed (iJoogerwerf, 1959); 

I woula expect the birder*behaviour to be somewhat different in 

such situations froa those on Ascension. It would be interesting 

to see in what way they differed, and a study of this would help 

in the understanding of how the behaviour of the two species had 

been evolved, and how plastic the patterns are*
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H QBNSRAL CONCLUSIONS AIID DISCUSSDH.

It was found ttet both species of booty, and the Fairy 

Tarn, had Barked breeding seasons on Ascension, tho IJhite Booty 

and Fairy Tern breeding annually (but at different times of year), 

and the Brown Booby less than annually, with a sexual cycle of 

about eight aontha. Individual birds conformed to the general 

pattern* Presumably there would not be marked breeding seasons 

unless external factors were operating to control thorn, and this 

will be discussed below*

Both boobies laid two eg^s but raised only one chick, and 

further, both haci a very low breeding success, not only because 

chicks died, bat also because aany birds failed to brood at all 

or deserted their eg^s, this being duo (partly on the evidence 

of unusually lengthened incubation spells) to the mrants' 

experiencing difficulty in finding food. There was, how aver, 

no evidence that adults were dying from lack of food although 

jnany chicks did so*

On the basis of these findings, it is possll&e to consider 

further what factors Bight be important in the regulation of the 

population, as well as In the control of the breeding time.

The feeuing range of the boobies, and indeed of aaay seablrds, 

is relevant to the question of availability of food during the 

breeding season, particularly when the chick has to be fed* 

A shorter time was spent away ffcom the nest after the chick had 

hatched than before, suggesting that the parent did not then feed 

as far from the colony, and possibly not farther than would enaHLe 

it to return to the chick before the food it had collected was 

digested. (This reduction in time spent away front the nest after 

the chick had hatched was particularly noticeable in the White 

Booty). Since food was apparently carried in the atowich, it is 

reasonable to suppose that the adult could not suspend digestion, 

I/



I found that food was often delivers to the booby c' icks in a 

woll-digoo^ed state even when they wero able to, and at other 

times did, take food that war hardly digested at all. The 

question is ooen to further investigation, however, as the 

boobies might conceivably have been able to hole! their food in 

a distended oesophagus, or have hau some inhibitory power over 

their digestion, but I do not thirJc this was likoly.

Aecuming that digestion cannot be inhibited, it follows that 

the birds most have hsui to get back to the colony before tho food 

collected, was digested, and certainly before the chick began to 

starve. In the ease of the Fairy Torn, which carried food in 

the bill, birds would have to get back to their chicks before 

the food dried up. Henee the area in which food could be obtained 

would ba reduced to an area determined ty the birds' "digestion 

range* as soon as tho chick had hatched.

Now in a species of ssabird with a vast area of ocean at 

its disposal for finding food, it is at first difficult to see 

how adult mortality (and hence the population) could be controlled 

by the availability of food. (Extrinsic factors, such as predators 

and disease, say be excluded from this discussion, as neither 

boobies nor Fairy Terns had any predators! sea also tack, 1954,, 

and Wyima-Sdwards, 1955). But the birds 1 numbers arct the time of 

their teeeuing, could be controlled by variation (parhaps only 

slight) in the food supply near the colony during the breeding 

•emson* In times of shortage, accentuated by the restriction in 

foraging range, the adults would have a low brooding success, 

resulting in a saall recruitment to the population. Tho adults 

theaselves would noraally be able to survive by giving up their 

attempt to breed and then utilising the food still available to
*

free-ranging birds. It should bo acted that tho breeding success 

would be density-dependeHt under this systems for example, if the 

ta-eeding population were higb and the availability of food low the 

over-exploitation of that food ty the aUulte attesting to breed would 

reduce/
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reduce tlie over-*ll breeding success of the colony; wldle IT 

the population were lovar, bre*uing success w^/uld be higher, even 

though tos toiial amount of food availalie was tjo same.

It ;aay be goneraliy true that bhe food supply of tropical 

soablrds io i*>t normUy very variable, i»e» is not abundant for 

a short period as is ^all known in taiperate land-Mate j» and 

therefore tha raising of even ona c Ick may ba cLLCricultu In 

such eirc *as',iances, seleeiioa would favour a l^ug growing period 

of the cliiok, a suall eluich, or a brood fchat coulu eaaily be 

roauced iio the miniaam if conditions daaanded^ those fea^uree 

were clearly seen in the boobies. Wynne-ckfiwardfl (op.cit,) has 

poiu&ed ^ut that such feataares are cLsracterisUa of aaay s»eabirds| 

a a a rule they tend t-j have a ausill clutch^ u<3ixi not to replace 

loat egj^B, have a slay-growing chick? and soaeiilnjea a long rep«~ 

tductive cycle; all these could have baen iraposoci upon them 

(i.e« selected for> fcy food not being safficieiatly abundant at any 

one time to allow of a short, hijaly-prodxtctive brooding season*

In this way the adult poniiation could b3 imtntained at a 

relatively conatant level, flucttmtiioDi in availabillig' of food 

resulting primarily not in variability of adtilt mortality but in
-*-

variability of nuabar of young raided aud hence 

Pmlucian (1951) CQncluded thie about the Herring MJL 

artyqitataf. in which two fons of the saae spacid3 had very 

dif f oirent adult aortality rates but the numbers were maintained at 

a constant level in each by a difference in the laortality of the 

chicks* The same result would be achieved if thd mortality was 

not only aiong^t the chicks but also took the fora of dosortiona 

or failures to attempt breeding, as hapFpozied a-iong }roobie»5 and 

as mentdoned earlier has also bean shown ly Southern (1959) for the 

Tawny Owl*

At this point the significance of the oouit cycles nwst be 

considered. Pltalka (1959) has sufnas^ed that in the StaLLer 

Jay Qm?acltta fftiflllftrl the timing of the aoult, ^ich inposos a 

oonsidjratle/



142.

considerable physiological strain on the bird, is closely rotated 

to the time of *t>'r1"r" food abundance, and qaestioned vhether the 

UMng of the moult, not the breeding season, was aore closely 

related to that abundance* There SCOBS no reason why this should 

not apply equally to other species* In both boobies, the aoult 

was considerably extended, appearing to 30 on continuously with only 

a pause during breeding (although sosie Individuals breeding out of 

phase vlth the main population wore ooulting while in some stage 

of their breeding season). It Is also relevant that in the Fairy 

Tern although the aoult appeared to be irregular, not beginning and 

ending at fixed points, It neverthelsms quite distinctly sto ped 

throughout the breeding season (Appendix A)* This prolongation at 

the moulting period Is again consistent vlth the idea that the 

availability of food Is fairly constant throughout the year} 

during breeding, ee >ecially during the raising of the chick, l*e* 

when the bird's range is restricted and its food requirements at the 

same time greater, the moult is •topped. This 10 presumably because 

the combination of moulting and broecdng would create a greater doeand 

In food than the supply would allow. The aoult also goes on slouLy 

throughout the remaining neriod presumably because at no time 10 

food sufficiently abundant to allow of a quick moult. That three 

cycles of prioary replacement were running simultaneously in the 

White Boobies (and possibly also Fairy Terms) could be due to the 

need to renew all the primaries each year without flight being 

Impaired by a gap at any one point. In this connection It was 

unfortunate that more was not discovered about the moult of the 

Brown Booby, whose inter-breeding period was shorter than that of 

the other two.

Having considered how food ni^t control population and the 

moult cycle, it remain* to be seen how It might also control the 

timing of the breeding seasons In the Ascension species, (uther 

factors, of course, may be Involved in these and other species 

elsewhere, depending on the circumstances, e,g. availability of 

nest/
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nest sites, or periods of clisAtie unfcvourabllity.) In the 

present ease it appears that the difference in timing between 

the White and Broun Boobies oouLd be attributed to differences 

in their feeding, just as the different timing of the Fairy Ternfl 1 

breeuing could be attributed to their feeding on other small fish, 

vhose period of greatest availability night coae at a different tlas 

of year. The Brown Booty's eight-sonth eyele, however, resulting 

in its breeding at about the aame time as the White B^oby every 

two years, could Bean that its sexual cycle is also regulated 

basically by on *T"^R! variation in oceanic conditions, but that 

its food supply is sufficiently constant (and different fro* that 

of the White Booty) to make possible an attempt at an extra brooding 

season, i.e. three in two years* Thus by concentrating on different 

food the two species stay have evolved differences in their biology 

vhich have allowed thai to respond to the sase underlying factors 

bat in different ways*

If food, then, is responsible for the tiaing of the breeding 

seasons in the loobies and Fairy Tern (and possibly the other 

Ascension species as well), there are presumably annual variations 

IB its availability, and these variations, althou^i small (as has 

been mentioned), coulu be effective as regulators of the brooding 

time.

Variations in the mrine environment which could be effective 

at Ascension have already been discussed (pages kl~JM* Storehouse 

(in press) has described the marine environment of the South Atlantic 

with reference to Ascension, and oitee various authors who have 

noted areas of upwelling oool water, phosphate concentration, i&ar&ton 

distribution, and other relates factors; but he concludes that little 

Is known about the breeding biology of fish in tropical surface waters 

or of their distribution and relative abundance at different times of 

year* Further study might reveal a connection between these oceanic 

changes/
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change* and availability of fbod for the birds, resulting in 

a cyclical variation that would control their times of

In conclusion I would recall the words of Hutchinaon and 

say that if further biological observations confirm these 

tentative suggestions, the oceanographlc phenomena will have 

acquired still greater significance*
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Appendix A.

The Fairy Tern

1* Introduction*

This species was studied in parallel with the Boobies and 

with the same objects* A striot comparison between the two ifi 

not warranted, becauso thoy aro cot cioaaly related, and therefore 

only a short account is £Lven in this Appendix; a full account 

of the study will be published separately. There are some points, 

nevertheless, where similarities aixi differences between the Fairy 

Tern and the Boobies are relevant to the question of breeding* 

and these are dealt with here.

About five pairs of Fairy Terns nested on the horizontal boughs 

of a small grove of rubber tree* ELflyjt flfi, at the foot of the west 

slope of Green Mountain, and about 100 pairs on the inaccessible 

cliffs of the vest face of Green Mburtain and the west face of 

Veatherpostj scattered pairs also nested on the south east face of 

Weatherpost, on the sea cliffs of South East Head, and those 

immediately opposite Boatswain-bird Island* I think the total of 

these colonies was not more than about 200 pairs, The main nesting 

plaeo was Boatswain-bird Island itself, where I estimated thore were 

about 500 pairs* The estimation of numbers was everywhere difficult 

because the nests were often widely scattered an inaccessible and 

sometimes img.sible lodges* ?fy area of study included about three*
\

s quart era of all the accessible nests on Boatswain-bird Islanl, and 

these numbered about 150, fy known nests numbered 110 in the first 

season and 103 in the second,

2, Breeding season*.

It was quite clear that the Fairy Tern had an annual brooding 

season* Table 1 shows the nuaber of new eggs found in each aonth, 

There was a aarked peak in the number of new eggs in January of both 

1958/



Season Z 
('57-8)

Season II 
C5&-9)

of new eggs laid im 

Oct HOT Dec Jan Feb Mar Apr May Jun-Sep Total 

481732202144 0 110

Botet There vere 8 known replacements in Season I and 
21 in Season II, of which 11 were in Karen.

A TaKla 2.

Fairy term intervals between sueeessive layings of individual pairs*

InUcnial 8 f 10 U 12 13 14 (Months) 

fio* ef pairs 1 8 7 14 21 6 2 (Total 59)

Hotel These intervals are between the first recorded laying 
in Season I and the first recorded laying in Season II* 
Because some of the first attempts in Season I (i.e. late 
1957) vere not seen, the intervals in some cases are 
probably too short*
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1958 and 1959, although Isying began in the previous Octobers and 

gradually built up to this. Laying continued in the two month* 

following the peak, after which it qniokly fell off. Birds were 

seen around the laland in snail nuabors during the other months of 

the year, ani a f ew eggs (five or ten, not aore) were laid on the 

island in those months, but not in ay study area* Ringed adults wore 

seen at their old nesting places occasionally in August, and mor* 

frequently in September and October* it could not be said that 

the Fairy Terns were leaving the island entirely as did the Wideawakes, 

but on the other hand they were not so obviously resident as were 

the Boobies*

The figures in Table 1 include repeat layings after the loss 

of an egg* In the first season there were ei $it known repeats, but 

some of the first attempts recorded aigit also have been repeats 

from eggs lost before ay arrival* In the second season 11 of the 

21 repeats occurred In March, showing that laying of first eggs fell 

off sharply after the peak in that season*

15 pairs of birds were ringed in the first season and in all 

but three oaaes they returned with the same partner to exactly the 

same spot to breed in the second season* (The three apparent exceptions 

could have been mistakes on my Bart, sir>ce the birds had to be

netting, butterfly fashion, and usually two or three birds hovered 

about one's head at the same time so that the wrong one was liable to 

be caught). I therefore assumed that in all eases where og^s wore 

laid in the second season on the same site as in the first, the same 

birds were involved* There were 59 *uoh oases; all doubtful ones 

were discarded* Table 2 shows the intervals between the layings of 

these pairs* 35 of the 59 pairs had an interval of 11 or 12 months. 

The reaainder may have been different thr^u^i my having missed their 

first laying*

On the basis of the two peaks of laying a year apart and the 

intervals between laying of individual pairs, I conclude that at 

Ascension the fairy Tern breeds annually, between December and 

February/
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February, vitfc sos* laying in tbje two aonths before and after* 

The specie* thw reissMr* the White Booby in respect of it0

•exual periodicity but differed in its season being at the 

"opposite" tLae of yesrj it therefore also differed from the 

Btown Booty in both timing of breeding and periodicity.

3* Clutch, incubation, brooding, ana betaviour of the young chick*

Invariably one egg was laid* I found two oases of a oucorsd egg 

(which, judging by shape and pattern, was presuaably laid by the same 

bird) placed very close to the first, but in both cases it wae clear 

that the first had been deserted before the second was laid. In 

nearly every oase the spot on vhioh the egg was laid was so snail 

that another egg could not have been balanced alongside it anyway. 

Also, the eg£ was relatively so largo that the bird could not cover 

sjore than oat, slthou^i a few individuals tried to do so if given 

an extra egg. The care with vhioh a bird settled on or rose from 

its egg was delightful to see* It was reoarkable that so aon? ogg» 

were successfully balanced on such avkward places. I witnessed one 

oase of an egg being laid precisely on the spot on which it was to 

remain, for it oould not subsequently be rjavsd* A series of experiment! 

in which eggs were roved from their original sits shoved that the 

birds 1 attachment was zaore to the site than to the egg*

Doth sexes incubated* The partners usually changed over at 

dawn (12 out of 14 observations) and the spells of incubation were 

of either 43 or 72 hours. (I had two definite records of 43-hour 

0f«110, one of 54 tours, and two of 72 hours; and another five 

incomplete records of 43 hours and two of 72 hours). In this respect 

£he Fairy Tern had longer « alls than the Brown Booby (about 24-hour 

spells) and also, though by a smaller margin, than the Unite Booby 

(about 48-tour spells).

The incubation period was a'xrat 36 days. I hau one record 

of this length and another of 37-40 daym* & the latter case the

•gg was apparently left unattended for «r> to two days in the early 

stages!
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stage*) it may have been incubated for short period* while 

I was abftent, sine- records vere taken only at about every three 

hours during the day and not in the uiddle of the night* I knev 

of one other ease where the egg was also left unattended fbr unknown 

perioda. Presttoahly events of this sort lengthened the apparent 

incubation period by varying eaounta. The eggs wore very well 

camouflaged ana none was known to be predated, therefore they could 

probably be left unattended without danger. Thi» was not true for 

the Boobies, wtesa territory was occupied by other birds unless 

guarded. Very little fighting over nest, sites was seen aaong Fairy 

Terns.

The chick wan brooded only for the first few day*, and there- 

»after was left alone for long periods except at night, when one of 

the parents usually roosted nearby. Idke the egg, the chick uas 

wall camouflaged and its efficient claws ambled it to cling safely 

to tiny ledgee* the Boobies could not leave saall chicks because 

of hunting Frigate Birds, but no Frigate could manoeuvre itself 

in the cliff winds so as to get a Fairy Tern chick, even if it 

could see the ciiiok in the first place. Frigates were able, however, 

to develop considerable skill in picking up the cryptic WJjdqatfsfeo 

chicks from the ground*

Soae of the Fairy Terns' eggs were lost through being laid 

in too insecure posiUoijg* G&e bird laid twice on a eaooth ledge 

aol lost the egg both tjUes because a Black Baddy chose to lanfl 

there; I out a notch in the ledge arid the Fairy Tern laid again in 

this, successfully. A few chicks ol&o fall. One® they had fallen, 

the parents could not or did cot find then; therefore the chick's 

ability to haug on had a high survival value.

4, Breeding success*

The breeding success of the Fairy Tern in both seasons was 

higher than tbat of either of the two Boobies. It should be
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mbered that the Boobiss laid fero oggs to the Fairy Terns 1 

one, but even oon0idering the success as per clutch, the terns 1 

was higher. 46* and 34* of the eggs laid were known to hatch 

in the first and second seasons respectively (Table 3*) Hoarly 

all the remainder disappeared without trace; in the first 

season, for instance, only 10 > were known to be deserted or failed 

to latch for other reasons, such as becoming cracked (perhaps at 

laying) although not falling from the ledge. It was possible that 

some, or perhaps many of the eggs which disappeared without trace 

did actually hatch, the disappearance being due to the very young chick 

dying or falling oft, but I do not think there was a major loss of 

small chicks through falling, as few vere found balov cliffs with 

many nests. In the first season only nine chioka (18* of those) 

that hatched) were known to die before fledging* Another 10 

unaccountably disappeared* 67* of the chicks that hatched in the 

first season survived to fledging* A comparable figure was not 

obtained in the second season* because not all the dhioks were 

ready to fly when I paid the final visit to the colony. Eighteen 

(78*) of the 23 chicks hatched wore still alive at ay final visit. 

This figure would presumably have been a little lower by the time 

the chicks reached the flying stage*

Largely because of the high loss of eggs, only 31% of the 

attempts at breeding in the first season were successful, while in 

the second season the figure was lass than 26* (sea note to Table 3)« 

These figures were, as I said earlier, higher than those obtained 

for either of the Boobies, though not much higher* (14* of the 

White Booby clutches laid resulted in a chick fledging, while the 

figures for the Brown Booby were 10* and 26* in Seasons B and 0 

respectively* The Boobies of course had two eggs per clutch)*

Replacement of lost eggs has already been mentioned in 

connection with the peaks of laying activity. In the first season 

the number of replacements could not be accurately determined, but 

in the second, of 45 eggs or small chicks known to have been Io0t,

21 were replaced, 0even of them being lost a >aln and replaced a 

seoond/



Breeding success of the Fairy Tern.

Season X

Season H

Ho. of 

eggs laid

no
63

Bo* of 

young hatched

51 Utf)

23 (34*)

Ho. of 

young flew

34
IB 1

Young flewi 

young hatched

to%
73* 1

Young flews 

Eggs laid

3tf
2# x

Hotel The number of eggs laid in Season II was actually 103* but 

a* the success of eggs laid later than 25 February could not 

be known, only the egga laid before then have been included.

1 The 18 chicks of Season II vere not known to fly, hence this 
figure and the following tiro would doubtless be reduced if 
the final successes were known. Bat by analogy with tine 
previous season they would probab Xy not be greatly reduced.
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•Mood time. 22 other first losses were however not replaced.

5. Kralt.

Forty-one auultfl were examined for tho state of raoult, 9B 

oheeka in all being made. Seven birds vere checked on five 

occasions each, those five checks spanning a year in each case. 

The results vere muzzling and here I shall only say that thore 

vas no obvious uniformity. The following conclusions however 

could be drawni a) The moult in the primaries proceeded from 

the innermost outwards, perhaps starting at more than one point* 

b) The birds were in full plumage while brooding (i«e. from about 

a fortnight before laying until the ohiok was about two months old - 

but this period varied )f and indeed for almost the whole of their 

tisjs of attachment to a nest-sit*. There were no exceptions to 

this general statement; that is to say, no birds with eggs or 

young chicks were found to be moulting primaries or rectrices, 

although in some birds a few body feathers were growing* e) Six of the 

seven birds checked on five occasions had feathers growing at two 

points and one at three; therefore either the moult vas proceeding 

from two points or a multiple cycle was operating as in the Boobies. 

d) The main moult took place between the breeding seasons. This is 

a corollary of b) above, but there was also x>eitive evidence of it 

from the seven birds examined five times each, e) There was some 

evidence that at the start of the breeding season the primary moult 

did not stop at tho same point in all individuals.
«•

6. Pood and feeding.

Fair/Terns were nevei^atched feeding at close quarters, but 

twice I watched parties of them through binoculars at a distance of 

about half a mile. They were feeding in company with '-ThUe and Brown 

Boobies, Black Noddies, and Wideawakes. The Black Noddles vere 

practically invisible at that distance, but appeared to be feeding 

in the same manner as the Fairy Terns, vhich scooped very fast from 

a height of above 20 feet and seemed to pick things from just 

above/
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aboTe the surface, without touching the water. This behaviour vail

quite distinct from that of the Wideawakes, which were surface-

i plunging. The boobios were of course diving, and it is ooseible that

in this instance the Fairy terns and Black Noddies were snatching

the fish disturbed into leaping out of the vater by the boobies.

I did not see what fiah were being taken* Under other circumstances

Fairy Terns presumably catch fieh by means of shallow plunges like

other terns } a Hatchet-fish SfcflOMSto *** » >frctophid

both deep-water species ly day ani therefore not likely to leap out 

of the water like flying-fish, were taken from a Fairy tern which 

must have caught then ty plunging early in tho morning while they 

were still at the surface.

Fiah carried by birds not actually caught were record ad if 

seen close enough to be recognised, but mostly the records of the 

Fairy Terns 1 food were from adults captured while carrying a fiah* 

Once a chick had been fed the flan pie was irrecoverable, because chicks 

did not regurgitate, differing markedly from the boobies in this 

raflpectt ^nly one sample was regurgitated fcgr an adult on handling* 

The 37 samples obtained therefore represent food brought to chicks, 

with the single exception. I had no reason to believe that tho 

adults' food was in any way different, but it oould have been so 

without my knowing* Gnoe an adult male known to be courting (its 

mate laid a few iraeks later) was seen carrying a fish, but nearly 

always birds seen with fish could be found to have chicks.* Since 

the breeding seasons were well defined, the majority of the food 

samples were also from a restricted period of the yoar. Thus 29 

of the 37 food samples were token from December to March in both 

seasons, and only three from the intervening period of June to 

November. Very little thorefore was known of the Fairy Terns' food 

in that tine.

fhe kinds of pirey taken and the number of samples in which they 

occurred are shown in Table 4* The number of species was slightly 

greater than that taken by the Brown Booby, and greater again than

In spite of this case there was no other evidence that the carrying 

of fish by the male played any part in courtship aa it does in other 

terns (Cullen, I960), nor was courtship feeding ever observed.



152.

that taken ty the White Booby. As I had 84 saiaples from the 

Boobies aid only 37 from the Fairy Tern, this suggests that the 

terns 1 diet was considerably more varied than that of the boobies. 

Only one Cephalopod was recorded, which was remarkable because 

these turned up regularly in the food of both Black Noddies and 

Wideawakes.
It can be seen from Table 4 that only Benthodesmus. 

Qphfo>fliffnni^fl r and O^grJagmobUi. (a aaall Flying-fish) were found 

in more than three samples. This suggests that these were relatively 

more available than other fish, but it was clear that the Fairy 

Terns also took other fish when they became abundant. FOP instance, 

several birds were seen to be carrying Daoapterus on two days in 

March 1959 (three only were recorded, however, ) but this fish was 

never seen at any other time. Black Noddies were also taking these 

fish then, and presumably a shoal was around. The birds may have been 

taking other such temporarily abundant species between my visits and 

therefore without my knowledge*

There was some variation in the size of prey taken. Fish 

of 5-3 cms were commonest, but occasional larger ones such as 

Scombroids and Bxpeoetqa up to 10 cms were seen* ftd.ce single 

Benthodesmna of 15-20 ems were seen to be fed to ohicks; these 

were very slender fish. Very small chicks, however, (up to a week 

old) were fed with fish so small as to be invisible except at very 

close quarters* It has been suggested, perhaps because of this, that 

Fairy Terns feed their young by regurgitation at first, a thing which 

I never witnessed. In one case I witnessed, the near-invisible fish 

fed to a day-old chick was a semi-transparent Trichurio of 15-20 mm*

All the fish identified and listed in Table 4 are pelagic and 

not inshore species. This is consistent with the fact that Fairy 

Terns were never seen to fish close to the shore. The fact that 

the incubation spells were as long as 2-3 days also suggested that 

the adults might be wide-ranging in their feeding.

Finally, it may be mentioned that all the specimens of fish 

taken/



taken by Fftiyy Tern*

Specie* Ho. of Ho* of Months in vhioh
fish etc. samples they occurred

Benthodesnus sinonyi 20 8 Fab '58 (3), Dec '58 (3)
Hay '58, Feb '59

Centrolophus nigor 1 4 Feb '58, Jan '59
Kay '58 (2)

Decaptdttis sp. J3 to? ( 59

Diaphus dmnirili i 1 May '58

Donichthyes rondeletii 2 2 Mar '58, Feb '59

Bxoooetus volitans 1 1 Jan '59

Holooentrus ascansionis 4 4 Apr '58 (4)

LaaponyoUs guentheri X 1 Fob '58

Nomeus albula I I Feb '58

Cphioblennius webbii <f f Jan '58f X^ '58
Kay '58, Feb «59 (2)

Qxyporhai5)hus adcropterus U 6 Feb '58 (3)t Got '58
153, Feb '59

Priaoanthus cruantatus 3 3 Jul «58, Jan «59
Feb '59

Sternoptyx diaphana 1 31 Jan '59

Trichurio (f) sp. 3 2 Jan '58f Feb '58*

Ondetenainod Sccmbroid 3 a Mar '59 (2)

Undetorndned Cephalopod 2 2 >ter '59

Hotet The total number of Jtettlffiflffiffllifl waa macie ^P o£ single 
fish except for two sa&ples of six and eight fish each* 
Iher* was one sa&plo of six
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taken from Fairy Tern* were in excellent condition, apart froa 

a double beak-«ark behioi the gill* where tho fifth had been held. 

This* combined vith the birds* catholicity of taato, raakee them a 

possibly valuable means of sampling the small-fish population of 

an area of ocean. Certainly the Ascension Fairy Terns provided 

us vith a presentable collection of pelagic fish that we should 

not otherwise have obtained.

7. Suvaary.

1« The Fairy Tern on Ascension had an annual breeding 

season* vith a peak of laying in January, and most individuals 

which mere known to breed the first season bred agd n approximately 

a year later in the second*

2. The clutch was one egg, the incubati** period about 

36 days* and the incubation spells 2*3 days* both sexes participating.

3. Breeding success was liigher than in the boobies* but there 

was still a considerable lose of eggs* the number of young raised 

froa eggs laid was 31% in the first season and 26% in the second* 

In the seoojod season about half of the pairs that lost their egg 

laid again*

4« & moult of all the feathers took place while the birds 

were not breeding, they did not completely desert the breeding 

colony like the Wideawakes, and a few records were therefore 

obtains- for the intermittent period* Theee showed that the 

primaries were moulted Iron the innanaost outwards, at two points 

(perhaps more) eimultaneoualy, and that there was no uniformity in 

the population) in all respects therefore the Fairy Ten*9 aoult 

resembled that of the Boobies except that some of the Boobies Moulted 

while brooding*

5» The kind of srey taken varied, and 15 species of pelagic 

fish were recorded aa being brought to the chicks. So^e of these 

species appeared to be temporarily abundant. Only one Cephalopod was 

recorded in the total of 37 saapLee.
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Best Pit First egg laid HOC hrs 25 August 1958.

Stags of Duration of Has of 
incubation Parent spell* hrs. chance.

1st day F 1 hr 1500
H 24*28 15-1900
F 43+

17th day X 70*
Then M began to stand over eggs, 6 hrs 
later flew off. 3 hrs later seen nearby, 
fioth present 12 h rs later. K seen 3 
days later. Deserted.

Same neat, first egg laid 11 Sove&ber 1953.

2nd day f 5+ 2200-0700
X 24+

12th day I 6* 2200*0700
M 7+

20th day F 28+ 2300*0600
*

33rd day I 8+ 2200-0700
M 34 1730*1900 
f 24 2100*0630 
II 13 19*2100 
f 24 2100-0700 
X

Chick 6 dys old F 5+ 14*1900
X 22 1430*1900
f 16 3JU14QO
II 3+

» 18 dys old « 2+ 1>1500
f 7 19*2200
X 9*13 22*0700
f 4 1130*1600
X IS 0730-1300
f 7 1930-2230x 10 0930-1400
f 5 1930*2300
X 15 1430-1700
f 5 1700*2200
X 15 1>1400
f 1+

Neat DQ5i First egg laid 1400 16 September 1958

2nd day X 24+

13th day f 9+ 2200.0700
X 33 16*1830
W 21+

Deserted by next visit



White Booby Inwfrfl^" spells etd* 

Meet PBi First egg laid 8 August 1958

Stage of Duration of Tioe of 
incubation Parent spell* hrs* change

2nd day X 30+ 1*00
F 48 1>160C
K 22 1400
F laid second egg.

16th day M 54 15-1900
F

33rd day F 22+ 1300
I! %15 2200-0530
F 38 1530-1900
M 46+ then left
neither for 33 then
F & M present* Both seen following day nearby*
Deserted*

Same nest, first egg laid 11 fiovenber 1958*

2nd day F 28+ 2100-2230
K 8+

13th day F 6-15 220Q~u7uo
M 7+

20th day M 2+ 18-2000
F 47 19-2230
» 18+

34th day F 1+ 2200-0730
« 63 17*1900
F 18 1300
Ift 9-17 2200-0600
F U 2100WU700
M 7*

Chick 3 dys old M 8+ 2200
F 15 1430
fc 7 2200
F 13 11-1400

Chick 21 dys F 6+ 13-1900
old if 15 0700-1200

F 4 16-1930
H 17 15*1930
F 24 1930-2300
H 8 073&4430 
neither 3-8
both f 2200-0800 
K

First egg laid 20 August 1958

6th day F 2+ 1>1500
M 47+

21st day K 48+ 153O-1830
F o*72, then left 
M returned 24 hrs later, stayed 42+ 
Deserted by next visit*



Ac>«ll«. Uhlta and Brown

White Boobyi Broun Boobyi

chick Neeft 

5 days

8 days

18 days 01

21 days DB

15
f
13

7
9
4
II
7
10
5
If 
f
15

If
4
17
24
8

Total no. speUst 
Mean duration!

20 
11.6 bra

6 days

figgt 

B59

7 days 120

25 days B59

36 days *59

19
5

17
19

2 
U
4
20
18

18

12
2
5
3
4

6
13
10
12
4
3
10

Total no* spells 27
Mean duration 9*3 hrs*

Notess
1* Only complete spells are included.

2* The age of the chick in each ease is its age at the 
beginning of the series of observations.

3. Between the last two observations on the Brown Booby,
i.e. on the B59 chick e. 39 days old, there was a period 
of e. 3 hours when the chick was alone.



2 days

2 days

1 day

1 day

2 day*

6 1 day

1 day

Chiokl.

Slightly below normal 
at 6 days, very low 
at 12, died at 13.

Slightly behind oh. 2 
but
until 16 days) dead 
by 23.

until 4 days 
but at 10 had not 
increased, died at 11.

Slightly below normal 
until 12 days but at 
17 wen below and 
newly dead on 18*

Hormal at 4 day*j at 
17 recently dead, 
wounded, out of neat, 
but nearly normal 
weight.

Grew slowly until 
19 days, not much 
behind eh* 2 but veil 
below nor&al; died 
before 32 days.

Above normal at 4 
day*. Dead at 14 
but not soon smaller 

ch« 2*

Horna! to 12 daye, loet 
weight toy 16, died 
before 23.

Normal until 16 days, 
dead at 23*

Hormal until 4 days, 
no gain by 10, but picked 
up by 14 and nearly normal 
at 21; rate fell at 27, 
died 29.

Normal at 5 and 12 and 
IB days, gone by 24.

Sane as Ghiok 1.
nest probably deserted.

Grew as Ch. 1 until 33 
days, when it was less 
tbftp a third normal 
weight* Disappeared.

Above normal at 4 days. 
Slightly below normal 
weight but not measure- 

its at 14) dead at 15.



b)

Aga *fc
flaat no*

1 8 day a

4 days

8 days

4 3 days 

10 days

U day» 

7 days

8 5 days

ChiGk 1

Horaal to 14 days, then 
was out of neat, but 
crawled back; normal 
at 23 days* but Cb. 2 
now in nearby neat. 
Proceeded normally.

At 6 days below normal 
but growing! up to 
normal at 16 days, but 
now in nearby nest* 
Proceeded normally

Lost weight by 10 
days| &**t deserted 
by 14 days*

Had gained no weight 
ty 5 days, vas ejected 
on 9th day*

By 12 days bad gone. 
(Was the original 
chick of this nest*)

dona by 16 days*

77 @BS* at start* 
but wing and eul&aa 
sase as Gh* 2*
Disappeared same day*

Ho gain in weight 
by 8 days (probably 
due to twice-daily 
weighings) • Dis­ 
appeared by 18 days*

Chick 2

Normal to 14 days, 
normal at 23 days 
but now in nearby nest* 
Proceeded normally.

Konaal at 6 days and 
still so at 16, but 
now alone in nest* 
Proceeded normally*

Gained el ightly by 
10 days but below 
normal* Deserted 
by 14 days*

Nonaal at 5 days and 
continued so*

At 12 days vas normal 
and continued so*

Nonnal at 16 days 
and continued so*

97 QES. at start* 
Proceedud normally*

Same as Oh* 1* at 
8 days, norcal at 
18 days* Proceeded 
normally*



Moult of adult White Boobieet scorea for all eheekej and time 
(in two-week poriod*) vhen they were made, Jan 1953 - Mar 1959*

Mae 

4 Jan 2 3.75, 7.5, 8,75, 9.8

24 Feb 2 1,2, 1.5, 2.25, 2.9, 3.2, 3.4, 3.75, 4*0, 4.0,
4.1, 4*5, 4.75, 5.25, 5.5, 5.75, 6.0, 6.1, 6.2, 
6.4, 6.5, 6.75, 6.9, 6,9, 7.2, 7.25, 7.9, 7.9, 
8.0, 8.1, 8,75, 8.8, 9.2, 9*25, 9.75, 9.9, 9.9, 
10.1, 10.1, 10.1, 10.3, 10.5, 10.9

t to* 1 1.5, 4*0, 6.5, 8.3

4 fear 2 1.1, 3*1, 5.2, 7.0, 7.2, 9.0, 9.2

14 Apr 1 1.1, 1.9, 2.0, 2.0, 2.1, 2.5, 2.7, 2.75, 3.1,
3*5, 3.75, 4.9, 5-3, 5.75, 5.9, 6.2, 6,5, 6.6, 
6.7, 6,75, 6.9, 6.9, 7.1, 7.3, 7.5, 9,25, 9.3, 
9.5, 9.9, 9.9, 10.0, 10.4, 10.5, 10.5, 10.5, 
10.9, 10.9, 10.9

1 Jul 1 2.0, 3*1, 5,5, 6.0, 6,9, 9,75, 10.1, 10,2, 10.3

t Jul 2 5,5, 9,75, 10.75

I Aug 1 5.9, 6.8, 10.25, 10.25

10 Sop 1 2.0, 3.75, 4*25, 4*75, 5.0, 5.5, 7.0, 7.25, 8.6,
8.8, 9,1, 9. B, 9.9, 10.25, 10*75, 10.9

I Sep 2 10.75

f Oot 1 3.0, 4.75, 6.25, 6.85, 7.0, 8.0, 10,75

A Oot 2 1,25, 4*0, 4*2, 6.75, 7.0, 7.25, 7.25, 7.5

7 HOT 1 1.25, 3.0, 3.1, 3.5, 4*9, 7.0, 7.0, 8.5

3 HOT 2 1.9, 2.5, 4.0, 7.1

3 Dec 1 1.75, 3*3, 4*75, 7.9

13 Dec 2 1.1, 1.75, 1.9, 2.1, 2.9, 3.7, 3.9, 3*9, 4.4, 4.5,
4*8, 4*9, 5.0, 5.0, 5.1, 7,1, 7.3, 7.5, 7.6, 7.6, 
7.75, 8.1, 8.25, 8.5, 8,9, 9*2, 9,25, 9.25, 10.9

I Jan 1 3.75, 7.1

t Jan 2 1,9, 3*3, 4*2, 4.25, 4*25, 4*4, 5.75, 7.6, 8.0,
£•25, 8.9,8.9, 9.9

12 Feb 1 1.1, 1.1, 1.5, 1.75, 3,75, 4*0, 4.75, 4.9, 5.0,
5*1, 5*25, 5.5, 6,1, 6,1, 7,25, 7.3, 7.6, 7.75,
8.2, 8.5, 8.5, 8.6, 9.0, 9*75, 9.9

J Fob 2 1,75, 2,9, 6.0, 9,6

15 Her 2 1.1, 1.25, 1.3, 1,5, 1.6, 1.9, 2.25, 2.6, 2.7,
2.75, 2.9, 3,75, 3.75, 4.4, 4.5, 4.9, 5.0, 5.0, 
5.3, 5.7, 6,0, 6.0, 6,5, 6.5, 6,75, 6,9, 7.1, 
8.25, 8.5, 8.75, B.75, 8.75, a.9, 9.1, 9.1, 9.2, 
9.5, 9.75, 10.25, 10.25, 10.25, 10.5, 10.75

Total 140



H.

Adults were captured at irregular intervals and in varying 

numbers throughout the study, which was divided into two-week 

periods and all birds examined in each period grouped together* 

The scores of these birds were also grouped, e.g. in Mar 1, two 

birds were examined and their scores were 1.5, 6.5 and 4.0, 8.3 

respectively; the group score for that period was therefore 

1.5, 4*0, 6.5, 8.3* All scores for the whole study were plotted 

against time, and it appeared that there was a pattern of moult 

in the population, particularly after July* (This was probably

because the birds examined before July had been selected because
as 

they were breeding, and/lias already been seen, these were not in

phase with the rest of the population, and their moult therefore 

probably not representative.) The birds' triple cycle of moult in 

the primaries made scoring and analysis difficult; and birds in the 

no moult condition could not be scored at all.

However, I erected the hypothesis that the birds examined were 

not moulting independently of one another but were somehow 

synchronised. This hypothesis was examined for me ty J*F* Scott, 

Unit of Biometry, University of Oxford, as follows, his conclusion 

being that there was onl^very slight evidence of the anticipated 

effect.

Fir. t, it was tested whether the distribution of scores in 

each month could be regarded as rectangular, i.e. random throughout 

the range. For no month was this unlikely, nor was the composite 

test for aU months (July 1958 * March 1959) significant, X2 with 

27 degrees of freedom being 25*41.

Secondly, the scores in each month were divided into those 

below and above 6.0, and these were tested to see whether they 

followed the same pattern from month to month. If my hypothesis 

was right, sometimes one half should have two peaks and the other 

one peak, and vice-versa, hence giving an irregular pattern*



However, it was very likely that the pattern was the suiae, 

I2 with 7 d*f. being 5.32.

Finally* the same teat was canied out with the scores 

in four groups* Certain months had to be grouped together

Month

July-Sep

Oet-Hov

Dec

Jan-Feb

Mar

Koult score

1 - 3*4 3.5 - 5.9 6.0 - 8*4 8*5 - 10.9

3

7

7

8

11

signify
is some

8

6

11

14

9

mnt here (P<C0.05)

evidence that the

5

12

9

12

8

17

2

*

11

15

, being 22.62 with U

pettejm of moulting \

X2 is

not uniform from month to month*

Although it cannot therefore be said that the eoult waa 

synchronised throughout the population, at least not closely* 

the lack of uniformity established by the third test oust 

indicate that not all the birds examined vere moulting in an 

entirely unrelated manner. This has been explained in the text*

Hotess 1* Birds found to be in a no-doult condition could not

be scored and have been osdtted from the above analysis*

2* Vo observations vere Bade between April 2 and July 2, 

i.e. over four two-week periods*

3» 13 birds scored early in the study vere scored again

subsequently, so the sample is not of 140 different birds*

4* During the first part of the study (January to Karen 1958} 

some of the birds checked were selected because they were 

breeding; as they vere in this respect out of phase 

with the rest of the population, their moult may also 

have been unusual, and therefore the third test was 

done on birds caught at randan after July 1953,



Appendix I

Details of moult in Brown Booby.

Bird no. Date Moult

6555 
Male

647C 
Kale

6615
Male

6500 
Kale

6344 
Female

28/7 

29/10

3A2

5/4

13A1 

16/12

16/1

27/3

28AO 

25/11

3A & 16A

27/3

26/7 

3C/9

24/11

29/12

17A

27/3

15/3/58 

1A2

B 3*8, L no moult 

no moult E & L

E no moult, L 2*2

E 1*0! 5.8, 9.8| L 4.3, 8*8 
(Kate laid late March)

no moult (E 6 & 10 old) • 

E 2.0, 6.3? I* no moult

E 2,9, 6.9, 10.0; L 3*8

E 7.8, 10.9; L 1.3, 8.1, 10.9 
(Mate recently laid)

no moult 

no moult* Mate recently laid

no moult

E 5*8, 8.8| L 1*1, 4*8, 7*8

no moult* Eeeently laid 

no moult

E 1*3, 10*0; L 2*0, 10*0 Courting

E & L 1.9, 6*3, 10.5 Eeeently laid

R& L 6*8, 10*9

K& L 3*0, 7*5

E 1.3, 7*3j L 6*2 

no moult* Eeeently laid



* of behaviour in uapatefljjhitft Boobies*

A Bale (KL) was seen Sky-pointing on 7 tey 195£* and again 

on 22 May, 25 May, and 5 June. always alone. On 6 July he was 

with a female (Fl) and behaving as if paired to her. Two days 

later Fl was seen copulating with a different Bale at the place 

where KL had been* On 30 July Ml was alone at this place, Sky-

j and Fl was not present* On 11 August Fl was at

this place with another unmarked male, possibly the same one as 

before. On 13 August Kl was again Sky-pointing there, Fl being 

absent. Cb 28 August he was found in the same place, incubating 

an egg, and his Bate turned out to be Fl* Subsequent to this, 

although the egg was lost by 29 September, the two birds were 

not seen with other partners or anywhere else but in this territory, 

the last observation of them being at the end of the following 

February*

Another dale (K2) was first seen Sky-pointing on 12 August} 

on that day he formed a temporary association with two different 

females. A month later he was seen ag. in with anther unmarked 

female* Two Booths after that, having been seen three times in 

the interim, always alone, he was seen Sky-pointing and was joined 

by a ringed female (F2), and he attempted to copulate with her* 

A Bonth later* he was again alone and twice was seen to display 

at different females* three weeks later he was seen with F2 again; 

then three times alone, then in February with another ringed f scale, F3* 

142 was thus first seen on the colony towards the end of a breeding 

season, and after sevsn and a half months of associating with at least 

seven different females* was still uoBated*

F3 was also first seen in August, and subsequently with at 

least three different males, several other times alone on the colony* 

and was still urnsatod by the following March. F4, another ringed 

fenale* behaved in a Tory atffllnr way over the sasie period*
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Fig. 11. White Booby Sky-pointing, extreme example.

Fig. 12* White and Brown Booby face patterns.





Plate 3* White Booty Sky^pointing*

Plate 4* White Booby Sky-pointing, female on left*
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Plate 12. Bill-up-face-away, loale White Booby.

Plate White

Flat* 14* White Booty BlU^tucidag while running.w ^^KaMaaO*
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Plato 15. White Bool? Qhlek Bin-hiding.

Plate 16. Male Broun Booby



ftrpjnp ?apioq Wfqoog/,!



Plata 20. Broun Booby obiok foocM>e&ringf male ixirent in foreground.

Plate 21. White Boobies Sun-bathing*

Plata 22. Unite Booty- taking off.






