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FOREWORD 

Aan 't uiteind van bet eiland, uit de Ujd, 

de staande zerken van de slavcnhuisjes, 

graftekens van cen wrcveug verleden 
die op de Ujk>va dcr zoutpannen starcn. 

Maar aan de rand van dat loodgrauwe rij~cn 

een rij doodstille, smalle vlammen op, 
rcchtstandig. kaarscn in een doodskapel, 

en naar men ldjkt ontvlammen cr steeds me<.'r. 

Flamingo's, kleine fakkels, in het rijk 

dcr doden onuitdoofbre vreugdl'vurco. 

Zielen die in bet zielloze gebicd 
der afgeslorveneo glans eo glocd behielden? 

Eo aan de oevers van die Achcron 
~len eco7.aam wakend bij de ovcrtocht. 

Maar als zij zich vcrhciJen, ~laat eeu vlam 

zwierend uit het grauw zoutrnot•ras omhoog 
alsof die zwerm naar cen nieuw Ieven vloog. 

ANTIIONit DoNMR, Ecn half jaar op Bonaire, 

Autillialln$e Motieecn, januari 1959. 

It is with great pleasure that the committee of the 'NatuUiwetenschappe­
lijke Studiekring voor Suriname en de Nederlandse Antillen' (Foundation 
for Scientific Research in Surinam and the Netherlands Antilles) contributes 
a few words of introduction to this monograph on the Bonaire flamingo 
by JAN ROOTH. 

Ever since the earliest days of the Foundation the flamingos of Bonaire 
have received the closest attention of the committee because of their 
great value to the island and its inhabitants, and equally to the world 
outside. The continued undisturbed existence of these birds and their 
breeding and feeding grounds was therefore a matter of prime concern. 

On 26th September 1957 Lhe Government of the Bonaire Island Territory 
approached the Netherlands Foundation for the Advancement of Research 
in Surinam and the Netherlands Antilles (Wosuna), Amsterdam, with the 
request that an extensive scientific investigation be carried out into Lhe 
life of the flamingos so that> if possible, the ~vernment could take 
measures to increase or at least maintain the numbers of these birds. 

Following this request, a visit was paid to Bonaire at the beginning of 
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1958 by Mr. J. H. WESTERMANN, a member of the committees of the 
Wosuna and the Foundation for Scientific Research, who composed a 
memorandwn entitled "Observations on the Flamingos of Bonaire, in April 
1958, and proposals for further research" (30th May 1958). 

After further development of the plans, and with the support of Wosuna 
in a statement of guarantee of 26th March 1959, it was decided at the 
meeting of the Foundation committee of 26th June 1959 to commission 
the biologist Mr. J. RoOTH to carry out a field investigation of some twelve 
months' duration on Bonaire. In a resolulion of 12th June 1959 the 
Netherlands Antilles Government granted the Foundation a subsidy for 
the investigation during 1959, and on 29th October 1960 made a further 
sum available for that year. We should like to express our thanks here for 
this kind assistance. 

Mr. Roorn and his wife HENNY RoOTH-REIJS arrived on 28th August 
1959 on Bonaire and left the island on 3rd August 1960. They carried 
out the field and laboratory work with great skill and perseverance and 
established pleasant relations with the government and people of Bonaire. 
The committee is grateful to them both for having acoomplished their task 
with such spirit. 

Notwithstanding the extensive and much valued co-operation of Mr. 
RooTH's principal, the State Institute for Nature Conservation Research 
(RIVON), the processing of the data took longer, for various reasons, than 
was foreseen. Now that the work has been completed we are gratified, 
however, that this masterly and thorough monograph can be offered to the 
people of the Antilles, and particularly of Bonaire, who are the most closely 
concerned with the welfare of the flamingos. 

We hope that this book will contribute towards the protection of these 
birds, which is one of the concerns of the Government of Bonaire. This 
is true to an even greater extent now that the flamingos are facing a real 
threat as a result of interest in the development of the salt industry in 
South Bonaire. The value which is attached to their preservation is evident 
inter alia from the fact that The World Wildlife Fund has included the 
protection of the biotope concerned as Full Project No. 102 (Flamingo 
National Park, South Bonaire, Netherlands Antilles) in its so-called "Green 
Book", an inventory of the world's threatened nature areas which are 
worthy of preservation. 

The nwnber of flamingos in the Caribbean has declined considerably 
in the last few decades. Their disappearance on Bonaire and elsewhere 
would be an ethical, aesthetic and scientific loss. The biologist LESLIE 

BROWN, who carries out his work in East Africa, has described very aptly 
the wonder of these remarkable birds in "The Mystery af the Flamingos" 
(London 1959). His words, which we quote below, apply equally well to 
the flamingos of Bonaire: 
" ... Flamingos are, at the least, remarkable, al best sublimely beautiful, 
and at all times strange, rather remote beings inhabiting a world only 

viii 

they can inhabit with enjoyment. They live on the ... growth in the foul 
water of the alkaline lakes and they are the only large animal that does 
so in numbers .... Yet they always manage to be clean and beautiful in 
their pink and crimson dress. 

They lay their eggs and rear their y?ung in a~p~g heat and glare, in 
surroundings fatal to any ordinary ammal and 1rurmcal to even the most 
determined and well-equipped human investigator. They move about on 
their ordinary affairs for reasons at present beyond our knowledge, but 
possibly connected "vith variation in their food supply. Suddenly they 
appear in their ... thousands, delight us for a while, and then are gone 
again ... " 

Utrecht, June 1965 

The Committee of the Foundation 
for Scientific Research in Surinam 
and the ethcrlands Antilles 
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I. INTRODUCfiON 

Bonaire bas harboured flamingos for many centuries and these birds 
are still called by their old Indian name "Chog6go". They breed here more 
or less regularly and with variable success; the poor breeding results in a 
number of years- e.g. in 1958 and 1959- gave rise to the present study. 

The "Foundation for Scientific Research in Surinam and the Netherlands 
Antilles", the local Government of the Island of Bonaire and the Govern­
ment of the Netherlands Antilles all feared a reduction in the flamingo 
population, especially since these birds form a tourist attraction on the 
"Flamingo Island" Bonaire. 

In the light of the reduction of the total population of the West Indian 
Flamingo in the Caribbean (ALLEN 1956), the possible disappearance of 
the Bonaire flamingos caused alatm also. Food-shortage in the first place, 
and then factors such as drought and the silting-up of the salt-lakes were 
thought of as being of negative influence on the habitat selection. 

Although the problematics of this study are of practical significance and 
the research took on a marked practical character, the "Foundation" and 
its Flamingo Commission set up for this purpose, insisted on a study being 
made of the feeding ecology and other flamingo life-history problems, and 
then as complete as was possible. 

Flamingos breed in fact throughout the world in very isolated places, 
whereby much is unknown of their biology, despite the work of Au {1945) 
and McCANN (1939, 1947) in the Rann of Cutch (India), ALLEN {1956) 
and CHAPMAN (1905, 1908) in the Caribbean, BROWN (1958, 1959) and 
RIDLEY et al. (1954, 1955) in the Rift Valley in E. Africa, GALLET (1949, 
1950), HOFFMANN (1954-1960, 1962) and LOMONT (1953, 1954) in the 
Camargue (S. France), JoHNSON et al. (1958) and PENA (1961) in Bolivia 
and Chile, and MIDDLEMISS (1953, 1958, 1961) in South Africa. 

In addition to the collection of data on the occurrence and migration, 
feeding behaviour, nature and quantity of food, habitat selection and so 
forth, observations were also made in connection with the breeding-cycle, 
e.g. pair formation, copulation, nest building, brooding, the young, etc. 

The fact that I was able to observe a particularly good flamingo year, 
and hereby carry out much field work, has determined the nature of the 
present publication, consisting as it does largely of original observations. 

Although the most important and essential literature has been con­
sidered here, Lhe reader interested in a more extensive literature survey 
is referred to ALLEN {1956), whose monograph considers flamingo litera­
ture from the dawn of history to 1956. Since ALLEN has done this 
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thoroughly, I consider myself relieved of the duty of repeating thil> attempt, 
this being simply double work and particularly since the problematics 
of this investigation - species and place - are much more restricted. 
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[ ~hould like here to express my thanks to the many who ha\C helped me· in the 
prt•paratorr period, during ffi} stay on Bonaire, and during the interpretation of the 
field data. 

In the fir~l place the "Foundation for Scientific Rt'Scarch in Surinam and the 
l'<rtherlands Antilles", and especial!> its treasurer Dr. J. ll. \VrsnRMANN and it:. 
secretary Dr. P. \V AGLNAAR Hut.tMELJNCK., must be thanked for the cxtensi'c work and 
support 1-(iwu at all sta!(cs of the present investigation. 

The l"lamingo Commission set up by this ''Foundation" and consisting of Dr. II. N. 
1\:turJVFR, Dr. ~1. F. MoRtER. BRUIJNS, Prof. Dr. K. H. Voovs, Dr. P. WAGENAAR 
HuMMPLINCI\, Dr. j . 11. WESTERM.\NN and Prof. Dr. J. l. S. ZONNEV~LD were closely 
assoC'iatt•d with the progress of my researches. [u addition 1 am vt•ry grateful to Prof. 
Dr. D J. Kur·NtN for his great interest and the amount of lime put at my disposal 
for tht> discussion of a number of problems. 

\lessr~. L. D. CiiRIIARTS and K. MAYER have earned special thanks for their help 
on BonniTl'. where we profiled from their years of experience with flamingos. 

The "Foundation for Scientific Research in Surinam and the letherlands Antilles" 
gavr the nN:cssa.ry and highly appreciated financial support thanks to a grant from 
lhe Government of lhc Netherlands Antilles. Thanks arc due also to the Covernm<'nt 
of th<' Island of Bonaire. 

\lany other pt'Oplc ha,·e helped in all possible ways, but spact• alone prevents 
personal rcfl'r<'nces to tJ1em all - t11is applies in particular to our many friends on 
Bonaire. 

Biological determinations were carried out by Dr. TrrrRESA CLAY (London) -
:\tallopha~a; Dr. j osEPHINE Trr. KosT£11. (Leiden) - nl!~ae; and Er.J)ABETII VAN DEN 
BROEI\ (Utrecht) - endoparasile.s. 

~lcssrs Dr. A. B&urNENBERG and J. B. VEROONK of t11e ~lcteorological Service for 
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occurrence of flamingos in Surinam and Venezuela. Dr. L. HOFFMANN and Mr. P. 
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Resear('h (RIVON), gave me the opportunity to corry out part of this ~tudy at hh 
institute. 

Or. M. R. !loNER (Department of Zoolo~,ry. Wageningen) translated tht• manuscript. 

La.'t but not least I thank m>· wife who, apart from fieldwork, was also concerned 
with both the laboratorr studies and the preparation and interpretation of the data. 
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II. TilE COURSE OF THE INVESTIGATION 

It was possible to complete nearly a one-year cycle of observations on 
the £lamingos, their food and environment since we remained, without 
break, on Bonaire from the 28th of August 1959 to the Srd of August 1960. 
The relatively stable environmental conditions allow us to form a reliable 
and representative picture on lhe basis of this period of study. 

After the first reconnaissance, the following areas (found to be the most 
important for the flamingos) were visited regularly: the "Pekelmeer" (= 
brine lake) and Lhe southern part of Bonaire, Goto (Salinja Grandi) and 
the salina at Slagbaai in norlhern Bonaire. These three areas were visited 
weekly as far as possible, although this was altered at times in connection 
with the activilies of the birds whereby more attention was generally 
given to the Pekehncer than to Goto or to Slagbaai. 

In these three salinas (saltlakes), three scales were set up, so that the 
water-level could be recorded; samples were also regularly taken at these 
points for the determination of the chloride content. At the same time 
plankton samples were taken at different places to establish the number 
of Brine Shrimps (Artemia salina) and other large plankton species. At 
\'arious points, a given number of stones was inspected for the presence 
of Salt Fly (Ephydra gracilis) chrysalids. The numbers and activities of the 
flamingos here were also continually observed and recorded and in this 
way changes in the environment, the density fluctuations in the food 
animals and in the birds themselves could be regularly established. 

From time to time, these three areas were visited in one day, so that 
a total count of the birds on the entire island could be carried out. This 
gave a representative picture, since at other places only small numbers of 
flamingos incidentally occurred; these were also visited now and then and 
the number of food-animals present was then more closely examined. 
These surveys were, however, superficial. 

The meteorological data from various stations were collected and put 
at our disposal by the Government and the Meteorological Service. 
Maximum and mi.nimwn tl1ermometers were hung up in the tluee salinas. 

At spring and neap tides, the ebb and flood movements of the sea were 
studic:xl for a period of 12 hours by means of a scale on the old Kralendijk 
pier; this was important in connection with the water relations of the salt 
lakes themselves. 

Field-days (usually at least 3 per week) were followed as a rule by a 
laboratory-day, when the ·water and plankton samples were studied and 
the field observations worked out. 
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\\1tenever reference is made to "several" individuals (several tens, 
several hundreds, etc.), the range meant is from 1 to 5; "many" (etc.) 
signifies 5 to 10 and "very many" (etc.) from 10 to 15. 

A number of observations were carried out more accurately in the course of the 
study period. For example, the chrysalid counts of the Salt Fly (Ep1rydra g10cills) 
were at first carried out sjmply by establishing the number of stones occupied and 
by rough numerical cstimatt.>s. 

Although, as it will be seen, various observational series quantitative in particular 
- were not carried out throughout the whole year, or carried out with a similar 
accurac) throughout the whole year, it can he said that a representative picture has 
nevcrthl•lcss been obtained of the numbers and behaviour of the birds and the 
variations in the biotic and abiotic factors in the environment. 

On Bonaire, data on the occurrence and breeding of flamingos in earlier years was 
searched for as much as possible, and data for tl1e flamingos in Venezuela and the 
Guianas were elicited by correspondence. 

The techniques involved in the various observational series \vill be given in greater 
detail in the corresponding sections. 

For weights, measurements, etc., of the collected specimens see the Appenrux 
(p. 146). 
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Ill. DISTRIBUTION AND NUMERICAL REDUCTION 
L'l THE WEST INDIAN FLAMINGO 

American literature (PETERS 1931) differentiates 6 species of flamingos, 
while HARTERT (1915) and other European ornithologists consider that 
there are only four species, with the Phoenicopterus forms treated as a 
single species and two subspecies or geographic races as follows (ALLEN 

1956): 
I. 
1a. 
lb. 
2. 
3. 
4. 

Phoenicopterus ruber ruber (Linnaeus) (Am. Ph. ruber) 
Phoenicoptertts ruber roseu.s (Pallas) (Am. Ph. antiquorum) 
Phoenicopterus ruber chilensis Molina (Am. Ph. chilensis) 
Plweniconaias minor (Geoffroy) 
Phoenicoparrus andinus (Philippi) 
Plzoenicoparrus famesi (Sclater). 

ALLEN employs the classification of PETERS, but here we shall keep to 
the European classification. 

From these 4 species and 2 subspecies only the West Indian flamingo 
(Ph. r. ruber) is more or less restricted to areas at sea-level. The other 
species and subspecies occw· at places from below sea-level to 16,500 ft. 
above, i.e. in Andes lakes (JoHNSON et al. 1958). 

DJSTRlBUTION 

Voous (1960) writes of the distribution of Pltoenlcoplerus rubrr: Very patchy palae­
arclic, oriental, aethiopian, ncarctic and South American distribution in mediterranean, 
st(>ppe and desert climatic zones. All bre<'ding areas are on or \\;thin the 24 C isotherm 
for the warmest month. The high degree of rusconlinuity in the breeding areal is 
correlated on l)l(' one hand with the very particular biotope demanded by this species, 
hut on the other as a direct result of disturbance and' destruction of the breeding sites 
by man. The distribution has, for this reason. a relic-like asp<:ct everywhere. In 
historical times exterminated by man in many places, e.g. Sicily. Egypt, mouths of the 
Volga and Ural. Florida, many Bahama islands and others in the West Indies area, 
north coast of South Africa. 

Accordin~ to ALLEN (1956, p. 34) the areal of the West lndjan flamingo is charac­
terised by slight temperature fluctuations and falls namely inside the mean extremes 
of 25 and 27.8°C. He sa>s of the ori~inal distribution (p. 27-28): "The original 
distribution of the West Indian flamin ;o, follo\ving the retreat of the Wisconsin 
glaciation and lhe end of the last postglacial climax phase, beginning perhaps when 
Ill<' seas first approached present levels (2,000-1,500 B.C. ?), is more readily estimated 
than in the case of antiquorum. Although it would seem reasonablr certain that Amwak 
and Carib Indians and their contemporaries raided flamingo colonies throughout much 
of the West Indies, both for food, and for the colorful feathers, the impact of these 
natiws on the distribution of the species was probably negligible. Unlike the situation 
that prevailed at tl1e head of the Persian GuU and along tl1c Mediterranean, the 
more enterprising and more effectively destructive white race had no important con-
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tact with P. ruber until the early days of the 17th century. Although a good many 
individual colonies must have been disturbed and scattered by 17th century voyagers 
'vit.bout written record, these flamingo populations doubtless shifted to other sites, so 
that for some time, so long as reserve sites were still available, the total population may 
have remained virtually intact. Thus, the breeding colonies on record for this spcci~, 
in all probability, present a fairly accurate picture of the original Recent di~tribution, 
as well as a valuable index to original numbers." 

"The West Indian flamingo IS more insular in its distribution than other races of 
these birds. The Bahamas and Greater Antilles, mainly between 18° and 27° north 
latitude, have always been the heart of the range (Abaco, Andro.t, Rum Cay, Exuma 
Cays, Long Island, Ragged Cays, Inagua, Cuba and Hispaniola), with outlying dis­
tributional areas on the Yucatan coast (Rio Lagartos), at Jamaica, on islands and river 
deltas along tho north coast of South America (Coltnnbia to tho Ct~lana.t), an isolated 
group in U1e Galapagos Archipelago, and a detached colony on blote Ave, in the 
Caribbean west of Dominica (Lesser Antilles). The breeding range was similar." 

"The wintering range has evidently been for the most part the central and south­
eastern segments of this area, from Cuba, Inagua and Hispaniola to northeast South 
America as far as the delta of the Amazon near the Equator (22° north latitude south 
and east to about 2° soulh latitude). An exception was the Oock, prrsumably birds 
from the breeding population formerly present on the west side of North Andros, that 
wintered along both Florida coa.sls, north to Pensacola on the Gulf side and to South 
Carolina on the east, as well as in the Florida Keys to Key West (early 19th century), 
and in Florida Bay (to about 1903). Another exception is the Yucatan flock that 
winters to the west of its nesting area, chiefly in the R!a de Celcstun." 

If we compare the former 'vith the present distribution, we obtain the following 
picture (see Maps 1, 2 and 3): 

Florida 

JOHN SrAue recordt.>d the first observation of flamingos in the New World, on 
the Florida coast somewhere between Cape Florida and the mouth of the St Johns 
River in late July 1565 (ALLEN 1956, p. 39). Up to the 20th century these were seen 
regularly in Florida, but between 1902 and 1931 only very occasional birds were seen. 
In January 1931 some 20 to 30 specimens were brought from Cuba to Miami Hialeah 
Racecourse; these flew away, because they were not clipped. Later this was done, 
however, and since 1937 they breed here - in the period since 1942 an average of 
65 young per year grow up here. According to ALLEN (1956) there were 750 specimens, 
of which 150 were free flying. A tourist pamphlet for Miami 1959 states that about 
350 birds were imported from Cuba originally, "but more than the present flock were 
hatched and raised out Hialeah." 

Mexico 

In tho Gulf of Mexico the flamingos rarely leave the Yucatfln peninsula where one 
of tho most important colonies of this species is to be found, numbering regularly 
some 4,000-4,500 breeding birds (WESTERMANN 1953, ALLEN 1956). 

B a h a m a s, C u b a, J a m a i c a and H i s p a n i o 1 a 

These islands are considered as a whole since the core of this population is formed 
by the flamingos from Inagua, where 14,000 birds breed. From Inagua these flamingos 
reach Cuba (where occasional breeding takes place), Jamaica (where they also bred 
formerly) and Hispaniola - where breeding in recent years has not been established 
with any certainty (BoND 1947, WESTI:RMANN 1953, ALLEN 1956). 

P u e r t o R i e o and L e s s e r A n t ill e s 

Flamingos are only seldom observed on Puerto Rico (Bo~ 1947, ALLEN 1956) 
Both here and on the V'rrgin Islands, however, breeding took place in former times. 
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There are only a few records for tho Lesser Antilles (A.LLE.N 1956), but, at the begin 
of the 18th century there was a colony on lslote Aves, west of Dominica (WAGENAAR 
Hm.IMELINCK 1952). 

Galapagos 
A small, isolated and non-migrating population bred here formerly, but rec~nt 

records do not mention breeding (ALLEN 1956}. EJBL-EJBESFELOT (1960) saw. 13 .m­
dividuals, and since the flamingos arc.' praised locally for their Elavo~, the .situation 
does not appear hopeful. Ltv~QUE (pcrs. comm.) found some 150 specunens m 1960-
1961. however. 

The are a 0 f Bon a 1 r c, the \' r n e z; u e Ian is Ian d s and the ad i ace n t 
main 1 and coast (Colombia, Vem•7uda. the Cuianas as far as Brasil) is. considered 
as a whole, since, according to ALUN (1956), it is covered by one populahon that .he 
calls the (South) Caribbean population. He states that no migration takes place w1th 
other population units. . 

The breeding centro of this area is formed by Bonaire, and ~LEN estimated .the 
1955 population as being 2.,400 breeding birds. From the breeding area tl1e btrels 
would appear to spread over the coastal ar<'a of South America and .the ~lands. ALL~N 
(p. 49) writes: "It cannot be said that Lhc species is flourishing m this parl of Jts 
range." 

Bonaire 
Voous (1957, p. 77-78) surveyed the known observations up to 1952 as. follows: 

It is almost certain that the namingo rookery in Bonaire dates back to the ~e that 
the first Europeans visited the islands in the south Caribbean Sea. ~ceor~g to 
SvAEN (1943}, who ably summarized t11e historical records of the flamingos l~ the 
Netherlands Antilles the old traveller and buccaneer WILLIAM DAMPJLR saw flarrungos 
in 1681 in "an isla~d lying ncar U1e main of America, right against Querisao (­
Cura~o), called by Privatrers Flamingo Key, from the multitude of these Fowls that 
breed there" (p. 165). SwAts states that WAGENAAR H uMM£UNCK does not .exclude 
the possibility of Flamingo Key being another name for Klein Cum~o. The first real 
statement of the occurrence of flamingos in Bonaire seems to be by C. B. BoscH 
(1836). From that time onward the records of the presence of flarnin?os in Bon.aire 
gradually accumulated, but continued to be vague and therefore remawed unnol1:Cd 
in the literature outside the Netherlands. HARTERT, on 12. VI. 1892, was the fll'st 
ornithologist to visit the breeding colony in the Pekelmeer (salt pans), but .foun~ only 
two eggs floating in the water. In 1909 P. A. Eu'I.'E~s. a Roman Cathohc pnest at 
Rinc6n, Bonaire, compiled some general data from the literature on flamingos, but 
also reported the flanlingos as breeding birds in the extensive :.-alt lagoons (Pelcelmeer) 
in southern Bonaire; they were also regularly observed in Coto, ~vhere,. howev~r, they 
did not breed. Further information on the breeding of the flammgos m Bonall'e can 
be found in a book with splendid photographs by the government surgeon ALFONS 
GABRIEL (1938), from which can he extTacted, that both i~ the Pekelmeer and in the 
Coto lagoon breeding colonies must have been present m the years between 1920 

and 1930. 
RUTTEN (1931) in 1930 did not mc<'l with rlamingos in the Pekelmeer, but found 

several hundreds of them in Colo llr slates, however, that the flamingos were 1..-nown 
to breed in the Pekelm<.>er (Oranje Pan) and not in C<>to. He did not observe flamingos 
in Cura~ao and Aruba. 

Probably the birds continued brooding in Bonaire rather undisturbed and prot~tcd 
by the government from 1931 onwards, until 1944, when - \vithout any n:ccSSJty -
a Netherlands speedboat and United States aircraft disturbed the breedmg places 
fundamentally by their incessant noise and shooting (WESTERMANN 1946, 1947). Con­
sequently the flamingos left Bonaire; some returned in 1945 and 19·16 for a short 
period, but disappeared soon afterwards. In 1947 up to 500 flamingos appeared in 

9 



.. ··· 

the salt !~goons of Coto and Slagbaai (GERHAR.TS in /itt.; PHELPS & PHEt.rs), but VAN 
OoRDT dtd not ~ee more than 2 of the birds in the Pekelmecr and 13 in Goto when 
he vbited tl1e islan~ in March 1948. At irregular intervals tho~E' few flamingos di~­
apP_Ca_rcd for some ~e. but gradually the numbers of returning individuals increased, 
unhl m 1950 breeding again could be established in the Pekelmeer, where the photo­
grapher H. WEENER ~ook photographs and moving pictures of the rookery in August. 
In the ~ummer of 1951 the number of breeding pairs in this locality was estimated at 
• 1bout 1,000. 

In the meantime flamingos had also been reported from the other islands but 
ther~ th~ir oc~urrcnce remained restricted to the appearance of irregular stragglers. 
In lustoncal limes Jt least the flamingo docs not seem to have bred in Cura~o 
<N. VAN ~ I EETfREN irl /itt.). Two stray individuals were recorded by M DE JoNG 
("VocnvRu.ND"} from Santa Cruz and Playa Abau on the south coast of Cura~o in 
191l. IIARTERT (1893) observed a solitary specimen in Aruba in 1892. 

Voous mel with flamingos only in Bonaire, where he saw them in three localities 
viz. Pekclmcer, Snlinja Grandi of Coto, and Slagbani. ' 

Recently, occasional flamingos have been observed in Cura~ao and Aruba. 
For .a discussion of the status of the flamingos on Bonaire in recent years, the 

reader IS referred to Chapter VU and Vlll. 

Colombia 

MEYER DE ScHAUENSE£ (1948, p. 368) states Lhat the flamingo occurs in the tropical 
zone of the lower Magdalena Valley (La Peiia, Laguna de Guajaro - also said to 
breed on the shore of the Cicnaga Grande. It also is reported from Laguna de Zapatora 
near El Blanco, and the salt-marshes in the vicinity of Bocas de Ceni7.n). 

V e n e z u e I a n i s I a n d s and m a i n 1 a n d c o a s t 

. PHELPS ~ PHELPS (1958) reported the occurrence of flamingo:. on the following 
ISlands (or 1sland groups): Margarita, La Orchila, Los Roques and Las Aves off the 
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Venezuelan coast. Along the coast they are reported from the states of Falc6n 
(Chichiriviche Adicora) and Miranda (Laguna eli Tacarigua). (Map 3) 

As far as b~g is concerned, PHELPS 8c PmLPS (1959) say that a colony of about 
50 abandoned nests wa.'> found on La Orchila in 1952 - fishermen having cau~ht 
the birds for food. The ~ovemm('llt has since forbidden the trapping of flamingos: 
although the birds have b<-t·n observed a number of times since this, breedin~t has 

not been seen . 
G. YbEZ (Caracas) slated in a letter dated 23. 11. 1960 that in Chichiriviche ~n 

June 1955 a group of some 1,000 to 1,500 flamingos was seen; this w~ repeated m 
August 1956, August 1957 and April 1958. In the Laguna of T~angua. (State of 
~fuanda) a colony of some 200 birds was known up to 1949, but mx:e this date he 
had no more information. In 1959 he was informed about a group m the Laguna 
of Unare, and he considered It likely that thcs(' originated from Tacarigua, where 

they were hunted. . . ~ . . 
YE:PEz further reports a group of 500 hirds on Cayo P1rata m 19;>0. This 1s o~e 

of the islets in tl1e Roqucs archiprlago where flamingos were ~so regularly seen ~n 
later years. On tho island of Margarita a group of about 500 btrds was observed lll 
1951 and later years and which r('mained (until 1960) at the same strength. Th('y were 
seen flying away twice in an easterly tlirt'clion; destination unknown. . 

W. H. PHllLPS Jr. (Caracas) stated in a letter dated 2. III.l960, that the flammgos 
"feed on the east coa.st nf Pnragunn{• Peninsul,l, ncar Adicora, in the mangrove swamps 
near Tucacas, in tht' Lllgunn de Tncnrigun (cast of Iliguerote); in }.fargarita Island, 
and tl1e islands Aves de Sotavcnto and Aves de Barlovento. as well as Los Roqucs. 
They have been found breeding in La Orchila Island. We have seen them fltn~ 
easLward along tl•e coast of the Dislrito Federal, a few miles offshore from La Gumra. 

VAN DER WF.RI', ZANE\ tl o t>. Voous (1958) reported l flamingo on A~·es de Sot.wento 
(Las A\·es), ~lay 1956. Yr.rn (1963. p. 195-196) again mentions ~s temporary ~reeding 
grounds the islands of Los Roqut's and Orchila, and the mamland localities near 
Adicora, Chichiriviche and T"lcari~ua. 

T h e G u i a n a s and B r a s i I 

CHUBB (1961) reported for British Guiana (Demerara) that flamingos were seen 
irregularly along t11c coast and that one of tl1c known breeding sites is Wnini Creek 
(in the neighbourhood of the Orinoco delta) . 

VoN BERLEPSCli {1908) reported "no records from Cayenne (Fr. Guiana)." P£NARD "' 
PENARD (1908) mentioned much mi~tion along the coast and that "the most im­
portant of the few nesting-colonies of "sea-geese'' in Surinam was, according to 
hunters, behind the Hcnnin.'l mudflats near Coronia." 

HAVERSCHMrDT (1955, p. 32) says from Surinam: "Not numerous along the coast, 
recorded in December in the Lagoons nrar Nickerie." He wrote (in litt. 15. XII. 1959): 
Dr. D. C. GEIJSUS told mo that he saw a large flock of standing flamingos from a 
fishing boat on the 10 or 11th oP June 1959, not only along the coast, but also in n 
lagoon near the coast between the mouths of the Coppcname and the Surinam river, 
close to the former. Jle was unable to approach th<'m, however. This is an extremely 
wild section of tl1e coast and thC'ro is perhaps chance that the birds were breeding 
there. Any infom1alion gained from the inhabitants here should be examined with 
care, since the Scarlet ll>is is called "flamingo", and the Flamingo "sea-goose". For 
this reason I consider the statement in PlNARo's book questionable. 

The wild and almost unapproachable nature of the coast of the Guianas may a~o 
be a reason why there arc so few rccenl observations from this area. ALLEN (1956) 
is not very optimistic about the flamingos along these coastal regions. 

Various authors, e.g. ALLEN (1956), PHELPS a PHELPS (1958) and Voous (1957) 
mention the occurrence of flamingos in Brasil, with the Amazon delta as the southern 
boundary of their area. 
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REDUCTION IN NUMBERS 

ALLEN (1956, p. 75) says in a summary on this point: The former 
a~undanco of .n~ber is analysed on a basis of the distribution and probable 
~lZe of. the ongmal population units, and the average number of mounds 
m vanous types of colonies. It is concluded that this species formerly 
num~ered no less than 95.000 individuals, distributed in 12 major and 
17 mmor population units. Phoenicopterus mber was never as abundant 
as cer:ain .other flamingo species, notably antiquorttm, chilensis, and 
~hoemcon~tas minor, and the reason for this may have been the limited 
msular envtronmcnt of ruber and the drastic losses e:-:pericnced periodically 
during hurricane cycles. Present numbers, based on recent estimates, 
~iefly fro~ nest m~und c?unts and the calc~ated productivity averages 
m .the var~ous colomes. It 1s shown that 2 maJor and 3 minor population 
umts survtve, and ~1at ~e. 21,500 flamingos of this species that comprise 
the current populat10n, mdicate a possible reduction of between 70% and 
80% fr?m former num?ers. The ~~es~nt population trend in ruber appears 
to be s~ghtly below a line of equilibnum, but it is proposed that continued 
protection may r~sult in a stablised population, as an improvement can 
already be noted m the two major units (Inagua and Yucatan). 

ALLEN (p. 126-127) found 22 nest-sites in the literature for the period 
1601-1879, for the species Ph. r. ruber; from 1880- 1905, 10 colonies 
(all on Andros); from 1905-1955, 36 colonies. A total therefore of 68 
nesting s!tes, of which, according to ALLEN (p. 187) 10 active, 50 extinct, 
6 potential and 2 unkno\vn. He then continues (p. 188): "Of the active 
ruber. sites, five ~re in Yucatan, three on Inagua, and one each on Abaco and 
Bonatre. Poteottal ruber sites - that is, locations where there have been 
more o~ less recent nestin? attempts and where the birds may conceivably 
try agrun - are Lake Wmdsor (at large), lnagua; the Jackass Cay and 
Cotton Cay sector on Inagua; two locations on Cayo Romano, Cuba; the 
north coast west of Nuevitas, Cuba; and the island of La Orchila off 
Venezuela. The ruber sites of unknown status arc lle de la Gonave H 'ti 
and the Cienaga Grande, Colombia. Both may be either definitely 'ext~c~ 
or only vaguely on the potential side. 

Although ALLEN estimates a marked reduction from 95 000 to 21 500 
individual:, he pres~mes that at the moment this number (thanks in ~art 
to prote~on) remams stahl~, \vitb perh~ps a small reductive tendency. 

There IS, however, somethmg to be satd against his calculation. ALLEN 
(p. 70) comes to a total of 41,122 nests on the basis of earlier and especially 
~ore recent ~~t~, and h~nce an average population of 82,244 breeding 
?uds .. The cnt1CU:m of th1s is that birds from nests used more than once 
m a smgle breed1ng season, are not included in the count. This was the 
case on Bonaire (see Chapter VI d). 

There ar~ also bir:, which do not ~et breed. AtLEN presumes that this 
category will be 15 % of the population and therefore arrives at a total 
of 95,000. This percentage of 15% seems to me to be very much on the 
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low side, particularly since ALLEN (p. 72) considers that flamingos already 
breed in their second year. IlOFFMJ\NN (1957, p. 181) has evidence from 
ringing data, however, that they are adult after 5 to 6 years. It seems 
to me, therefore, that both numbers given by ALLEN are too low, since 
then only 15% of the total population would include the first 5 or 6 year 
classes. Although flamingos can reach a great age - in zoological collec­
tions up to 40 years (see Chapter VIII) - I think that in any case some 
50% of the total population will consist of the year classes in question. 
In this way the numbers given by ALLEN of from 95,000 to 21,500 will 
be increased by several lOs of thousands and many thousands respectively, 
which in fact makes little difference in the percentage reduction of 

70-80%. 
No data after 1955 are at my disposal, with the exception of those from 

Bonaire, where the breeding population in 1959-1960 was approximately 
twice that given by At..LEN for 1955 and roughly equivalent to that for 

1953. 
At present we can conclude, therefore, that - at least in the period 

1953-1960 - there is no reason to speak of a reduction in the numbers 
of flamingos on Bonaire. The reader is referred, however, to Chapters 
VII, VITI, and X. 
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IV. HABITAT AND HABITAT SELECTION 

a. TOPOGRAPHY A~D GEOLOGY 

The topographical position of Bonaire i:; Long. 68°25'-68°12'W, Lat. 
12~2'-12°I9'N. Il is situated 40 km to the east of Cura9ao and 87 Jon 
from the continent of South America. Its greatest length is 35 Jon, its 
greatest width 11 km, with a surface (land) area of about 265 sq. Jan; 
the highest point is 243 m (Brandaris). Klein Bonaire, situated about % 
of a kilometer west of Bonaire, i~ roughly 7 sq. km in size, with a highest 
point not exceeding 6 m. 

Bonaire itself consists of two topographically and geologically clearly 
differentiated parts. To the south it is lowlying and flat, and its surface 
consists (as does Klein Bonaire) entirely of recent coral limestone, and 
shell sands. To the north the island is much higher and markedly accen­
tuated, and her<.' the oldest formations arc found. In the north-west part 
of the island, handshaped bays occur; they are separated from the sea 
by a wall of coral shingle and may be of considerable depth or entirely 
di). These ba}S are also referred to as salinas. 

According to WACENA.AR IIUMMI LINCK (1953, p. 69, see also 1{)-10, p. 24) tho S;\linas 

("salifia - salinja, zoutmeer, zoutvlakte - saltlakc, ~nlty mud-riaL") nro "Parts of bays, 
salt Oats or marinl' pools, separated from the Sl'U hy a porous wall of coral and/or 
rock debris and/or sand, often turned inlo salt pans". He writes (193;3, p. 309): "Die 
Salinen sind fast aUe durch eincn durcliliis:;igt:n Tnimmerwall vom \leer gcschic.>den; 
sic konnen jedoch geologisch auf ganzlich ver..chicdcne Wcbl' cntstnnden scin (nls 
Typcn nenne ich: Goto, Salinja Mnrlinus, Pekclmeer und Salinja Pleochi). Bei Mhercm 
Salzgchalt findct ~ich in ihnen cue bckanntc, mehr odcr weniger kosmopolitischc Salz­
laken.fauna mit Artemia und Ephydra als Haupttypcn; bei nicdercn Konzentxnlioncn 
kann ihre Flora und Fauna dagcgl·n einen schr cigenartigen Charakter trngcn t)ber­
giingc zwischen hohcm und nicdrigcm Salzgchalt finden sich oft an der Seitc, wl10 
das Meer liegt; h.ier sickert h:iufig Seewasser cin: seltener ist Vcrmischung mil dcm 
siiszen Grundwasser" (cf. 1933, figs. 6-8, map of Bonaire; 1953, figs. 10, 15, pl. Vb). 

WESTERMANN & ZONNEVELD (1956, p. 16; cf. phot. 3-4, 6, 10, 53, 
59-61) have given the following description: "Barren alluvial areas, 
usual!)' the embouchures of dry watercourses in the sea or in land-locked 
bays. During the rainy season they are occasionally flooded. The soil is 
sandy and often of a high :;alinity. The sandy and salty flats of South 
Bonaire bear the same name. The tem1 salinja (Spanish: salffia) is also 
used for salt lakes and land-locked bays which have a salinity higher than 
that of sea water." 

Goto, Slagbaai and Pekelmeer are thus salinas. The deepest is Goto, 
with a max.imwn of 16m; in Slagbaai the deepest places are several meters, 
and the Pekelmeer has a maximwn depth of about 1.5 m. 

14 

Comparing our depth measurements with those p~rfom1ed by W AGEN~A~ 
HUMMELINCK in 1930, and studying the topographical maps Of I915, It IS 

obvious that the silting up of the salinas proceeds very slowly. Apart from 
limestone, sand, etc., near the walls of coral debris, the bottoms of the 
salt lakes of Colo and Slagbaai consist of fine black mud and recent 
limestone deposits, while in the Pekelmeer the greater part of the bottom 
consists of soft, often light-coloured mud with salt and limestone crusts. 

b. CLIMATE 

Bonaire lies within the area of low rainfall which extends along the 
north coast of South America, between Ttinidad and the mouth of the 
~agdalcna river. The climate of this semi-arid region is largely charac­
terised by an annual rainfall \arying between 340 and 680 mm, and a 
mean annual temperature of 27' C; the 'steppe' climate of Koppen (see 
WAGENAAR HUMMELINCK 1940, p. 5, fig. 1; WESTERMANN & ZONNEVELD 
1956, p. 53, fig. 2). Although the rainfall varies slightly from one ~~ce 
to another as a result of altitude and situation with regard to the prevailing 
easterly winds, it may be said that the whole island has a semi-arid climate. 

In connection with the characteristics of the flamingo biotope, il is important to 
examinc the various dctcnnining factors for the climate, such as precipitation, tem­
perature, wind and evaporation. To do this we make thankful use of the data pub­
lished in the Statistics of the ~leteorological Obscrvatiort~ (Cur~o. vols. 3-8, 1955-
1960), and the data gJvt•n b) WESTERMANN & Zo!INt:VHO (1956, p. 53· .'H). 

Precipitation 

Data for the periocl 19-!0 to 1960 give a picture of tho annual fluctuation: quoted 
here arc the avcrngcs of the year-precipitation, measured at various stations on 
Bonaire, to the nearest whole number, in mm: 

194() 1941 1942 19~ 1944 1945 19.J6 1947 1948 1949 1950 
255 258 55i 182 952 430 -104 2i9 3J8 530 948 

1951 1952 1953 19.54 1955 1956 1957 1958 1959 1960 
589 466 317 586 9-28 739 398 286 201 218 

The average month!> and annual r,unfall in mm m the period 1931- 1960 is: 

Jcm. Feb. Mar. Apr. May June July Aug. se,J. Oct. Noo. Dec. Year 

5-!.2 29.2 16.6 11.3 21.8 20.0 20.1 33.9 32.0 77.7 129.3 87.4 533.5 

The number of days with 1.0 mm or more precipitation for lhc years 1959 and 
1960 was for the station Willemstoren 37 and 37, and for Rinc6n 38 and 39 respectively. 
The maximum on one da} in the period August 1959 lo July 1960 for the Willemstoren 
was 33.5 mm on the 6U1 of Jul} From these figures it is clear that man} years 
occur, when the rainfall is far below the average. 

Mo1 £NCR.AAFP (1929) calculated the following dry periods from the raiufall data 
for 200 yearJ> for Cura~ao: 3 periods of 68 months, 3 of 58 montJ1s. 3 of ..J.4 months, 
3 of 32 months and 10 of 20 months. The difference lx·twcen t11e periods is always 
12 month) - 8 dry and 4 poor rain months (i.e. Oct.-Jan.) 

In 1959-1960, we experienced a dr). period, which lasted from 195i to the late 
summer of 1961 - a period o.f 56 months. From tllo observations of the various 
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GRAPII 1. Annual and monthly rainfall in Pekelmecr (Willemstorcn). 
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GRAPH 2. Annual and monthly rainfall in Rinc6n. 

weather stations, it is apparent that Rinc6n has the most rainfall, Washington the least, 
and Willemstoren usually somewhat more than Kralendijk. 

For the Pekelmecr we have used the data from the Willemstoren station (which is 
situated at the southern extremity of Bonaire, close to the salt lake), and these are 
given in Graph 1, per month. For the salinas Colo and Slagbaai the precipitation 
is somewhat higher and we can compare these with the data for Rinc6n station (see 
Graph 2), which - as Coto and Slagbaai - is situated between the hills. 

High rainfall figures in a year are sometimes caused by the passage of a hurricane 
at a short distance from the island - e.g. Hazel on 7. X 1954 and Janet on 23. IX. 1955. 
This occurs only sporadically, however, since Bonaire lies outside the nnrmal hurricane 
zone. 

Temperature 
The Dr. A. Plesman Airport on Cura~ao bas, over a period of 14 years {1947-1960), 

calculated the average values for the temperature, based on houJ"ly observations. These 
are given here, in degrees centigrade. 

Jan. Feb. Mar. Apr. May 

26.2 26.1 26.5 27.1 27.7 

June July Aug. Sep. Oct. 

28.0 28.0 28.4 28.8 28.3 

NcnJ. 

27.8 

Dec. Year 

26.9 27.5 

In 1959 and 1960, the• dry-bulb temperatures at the same airport were (averaged) 
27.4 and 27.7° C respectively. The average daily maxima were 30.1 and 30.4° C; the 
absolute maxima 3.'3.7 and 3.'3.6° C; the average daily minima 25.5 and 25.8° C and the 
absolute minima 21.3 and 22.0° C. 

The temperature records carried oul by Mr. FAULBORN at Kralendijk since January 
1960, are somewhat higher: the ma.:timum was there (15. VI. 1960) 85.00 C. One reason 
for this may, however, be the situation of the instruments in the garden of the 
Governor's house, where there is less wind. In general the temperatures recorded at 
the Dr. A. Plesman Airport, on the flat north coast of Cura9QO, will closely resemble 
those applying to the flamingo biotopes. 

Wind 
The monthly average of wind speed in knots in the period 1947-1952 at the Dr. A. 

Plesman Airport on the Jlato plain, that at Kralendijk in 1959 and 1960, and the 
averages of wind direction at the latter station in 1960, are as follows: 

Wind speed Wind direction 

flatc Kralendijk Kralendijk 
19.J7-1952 1959 1960 1960 

January 12.6 14.4 13.5 114 

February 14.0 16.3 12.2 120 

March 15.2 16.9 15.0 113 

April 14.6 16.7 15.1 105 

May 14.9 13.9 14.8 93 

June 16.3 17.6 16.2 91 
July 14.8 16.4 13.7 93 

August 13.0 15.2 13.7 94 

September 12.6 13.3 12.8 106 

October 112 14.4 13.9 110 

November 11.1 11.7 12.3 100 

December 12.4 14.0 11.5 84 

Year 13.6 15.1 13.7 102 
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In general there is an eastern trade wind, in 1960 even an average of east by south . 
ln 1959, at the Plesman Airport, the average was 95° for the year and in 1958, 90 . 
It is, in fact, rare that the wind is still; usually there is a wind with a speed of 7-21 
knots, i.e. 3.4-10.7 m per second. 

E\·aporation 

The high temperature and slroug winds cause, despite a relative!) high humidil>, 
a rapid evaporation. The relative humidity in the period 19-!7-1960, once more at 
the Pl<'sman Airport, had an annual average of 74.5!i~. In the years 1959 and 1960, 
the absolute minimum here was J6o/c and tlw absolute ma\lmum 100< 'r • 

\lot F.NGRAAFF (1929) computed the evaporation from a frt>e w:1ter surface on Cura~ao 
and found it to vary between 4.5 mm (December) and 7.5 mm (August) per day . 
Investigators at the Caribbean ~Iarine Biological Institute recently found values between 
4 and lS mm, average 7 mm, pt•r day. 

On the basis of the climatological data it is obvious that the marked evaporation 
(and only incidentally the precipitation) play~ an important role in the hydrolog) of 
the salinas. 

c. HYDROLOGY OF THE SALINAS (see Plates 1-V, VII-IX) 

Because of the high evaporation rate and the low precipitation, the salt 
lakes, which have a relatively stable water level, must receive water from 
another source, i.e. the sea, in the following ways: 
1. Through the wall of coral debris which separates the salina and the 
sea by a number of tens to 200 m. This is the case, for example, in the 
Boca of Goto, Boca Slagbaai, Boca Bartoo!, and at a nwnber of points 
along the we~iem shore of the Pekelmeer, as also at "Yen" and "Duin-,. 
meer. 
2. By way of underground connections wilh the sea, sea-water bubbles 
up through more or less circular openings, referred to as "eyes" ("ogen"), 
which have a diameter of anything between a few centimeters to several 
decimeters, and may appear at a distance of 100-1400 meters from the 
sea, E'.g. western and eastern banks of the Pekelmeer, respectively. 
3. By way of seepages. In this case the opening is not circular, but is often 
a break or fault or other permeable point in the limestone. The distance 
from the sea is very variable: from many tens of meters to almost 2 1onl 
For example, the western and eastern banks of the Pekelmeer, respectively. 

It is known that the water entering the salinas in these ways is sea 
water, since the chloride content has been ascertained at various points 
of entry. This was found always to be 20 gr Cl/liter, just as the control 
samples of sea water. In addition, the nature of the water is reflected in 
its fauna and flora -see Chapter IV e. 

This flow of sea water h possible since the salinas arc situated under 
sea-level. This could be demonstrated, with the help of Mr. P. H. DE 

BuiSONJE, for the three most important salinas, with the aid of depth-scales 
and the triangulation points of the Deparbncnt of Survey. From these 
measurements it was found that: 
on 16. XII. 1959, the Pckelmeer was 36 em below the average sea-level; 
on 23. XII. 1959, Goto was 13.7 em below the average sea-level; 
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on 23. XII. 1959, Slagbaai was 145.5 crn below the average sea-level 
(see Graphs 3-5). 

The Pekelmeer is fed b} way of numerous "eyes'' and seepages, which 
we have charted (Map 5), on the eastern and western banks, and in the 
Jake itself. The latter are more difficult to locaJise than the fonner, even 
though the lake is no more than about 1.50 m deep and it is therefore 
possible that too few were found. In the south-eastern part of Pekelmecr in 
particular there are clefts of several meters diameter (up to 5), from which 
water bubbles up here and there. These clefts are often from a few to 
many elm deep. 

.fJ tJIYI!IRE 

(I s 

MAP 4. Sketch-map of Donaire. 
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At high water level the Pekelmecr is fed with previously evaporated 
sea water via a small canal near Oranje Pan; this canal, which forms a 
connection between the salt pans and the sea, is closed on the seaward 
side by a wooden wall and on the pan side b} a small dam. This was used 
formerly to fill the pans with sea water, after the salt had been dug out; 
since this has not be used recent I). the canal has remained closed but at 
extreme high water (storm and spring tides), the sea water comes over 
the wall with the result that the small dam is unable to hold back the 
water. runs over and the water flows into a sort of circular lake ("Ring­
meer"), on the southern, eastern and northeastern side of the Oranje Pan 
complex. This circular lake is not usually connected with the Pekelmeer. 
\Vhen the water level rises however, as a result of an extra high sea-level, 
an o,·erflow comes into being on the north side into the Pekelmeer. 

·. 

".. (}~~<,.ton,lly /f••"'•d' 
0 0 /Jf'nt (q .. J 

6~-----'<IAnt 

MAP 5. Sketch-map of Pekclmcer and surroundings. Pl, P2. P"J and OP are permanent 
sampling points. 
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~ater flowing into Pekelmeer from the "Ringmeer" does so under special 
crrcwnstances only, and has already a high Cl content: 70 g Cl/liter, so 
that there is no "freshening" of the lake water. 

Goto (Map 6) is fed with sea water mainly via the wall of coral debris. 
Slagbaai (Map 7) is fed with sea water via a small "canal" near the Boca, 
where the wall. of coral debris is smallest and where water continually 
seeps or flows m. There are also points to the south and north of the 
canal where water seeps or flows through the coral debris. To the south 
of the canal there is such a marked flow of water that a small "stream" 
has formed here, which meanders to the salina. 

At Boca Bartool (Map 4), "Duinmeer", "Ven", "Ringmcer" and "Rand­
plassen" near the Oranje Pan and the Witte Pan (Maps 4-5) the water 
enters in a similar fashion to that in Goto, i.e. through the coral debris 
wall; the salinas on Klein Bonaire (Map 4) are fed in the same way, 
although here and lhere, "eyes" have been seen. 

The waterlevel in the Pekelrneer, Goto and Slagbaai was noted weekly 
by means of 3 depth scales in each area (for their situation, see Maps 

o._ ____ ~Jitm 

- C'olony 1.95.9-'6o 

.... tl~c'tult,><t!ly (ltuJo'nl 

+ + j,,f'DJ''S 

' 

MAP 6. Sketch-map of Goto. Gl, G2, G3 and GN are pcnnanent sampling points. 
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5-7}, Pl, P2, P3; Gl, G2, G3; Sl, S2, S3, respectively. Differences in 
water level of 20 to 30 em were found to occur throughout the year 
(Graphs 3-5). During this period the precipitation was very low (Graphs 
1-2) and was not concentrated in any particular rainy period, but more 
or less regularly spread over the period from September 1959 to August 
1960. Before September 1959 there was for a long period no rain of any 
significance. This being so we can ignore the influence of precipitation 
on the fluctuations in waterlevel during the period of study, and- seeing 
the erratic course of the fluctuations - it is also impossible to consider 
evaporation only as the source of this phenomenon. The most important 
factor is that of changes in the se-a-level; both tidal movements and sea­
sonal fluctuations in the sea-level will have to be considered here. To do 
this, a depth scale was attached to the pier in Kralendijk bay where the 
level of the sea was recorded, as far as possible on the days of spring and 
neap tides, and hourly from 6 o'clock in the morning until 6 o'clock in 
the evening. 

o P,fuo (*Y•6) 

•• !u'I"11'1S 

; :. ()~~o!Slono/ly /lotul#.l 

~A ~,.mn" n•slm§' sil• 

~tAP 7. Sketch-map of Slaglr.ta•. Sl, S2, S3 and BS (southwe:.t of Sl) are permanent 
sampling points. 
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Tidal movements 

The difference bet ween high and low water was found to be at most 
30 em (during the daytime at least). The ebb and flood movements occur 
very gradually, so that at times during a period of 12 hours a difference 
of a few centimeters only could be recorded (Graph 6). This can happen 
by both neap and spring tides when there is frequently onl)' one high 
and one low water in the 24 hours (see also WAGENAAR HUMMELINCK 1953, 
fig. 1, for the Annabaai on Cura~ao). DEHAAN & ZANEVELD (1959) state: 
"On the basis of the available tide gauge records over the period 1950-
1956 the character of the tides in Annabaai Harbour, Cura<;ao, was 
determined. A periodic change of a diurnal and semidiurnal period, com­
prising 13.7 days, was observed. The average daily ranges between the 
tides in the period mentioned proved to be 29.7 em." Our lower figures 
are perhaps the result of daytime readings only. 

Many daily obsctvations showed that there was hardly any, or no 
influence from the tidal movements on the water level in the salinas. 
This was noted especially on thoso days when the sea showed large dif­
ferences betvveen the morning and afternoon levels. At Slagbaai we some­
times had the impression that during the spring tides more sea water 
entered than during neap of low water, but we did not measure this, 
however. The same impression was obtained in the Pekelmeer; here the 
impression was strengthened b) the obsen at ion of "eyes .. which, at times, 
bad no water flow. From the fact that, according to our tidal observations, 
the sea water was ne\'er more than 20 em below the average sea-level, 
and Pl = 69 em = average sea-level, a level of Pl = 49 em implies that 
the Pekelmeer and sea were at the same level. This did not occur during 
our period of observation, i.e. no brine flowed away to the sea. 

Seasonal fluctuation in the sea-level 

A study of Graph 6 shows that in the course of the period observed a 
fairly marked fluctuation took place in the sea-level. This could not be 
correlated satisfactorily with differences in barometric pressure so tl1at 
the cause must be sought, at least partly, in the effect of the wind. 

PATULLO et of. (1955, p. 88) who have described such fluctuations for a large part 
of the world, write: "The oscillations arc lar!(dy annual in clk·uacter, -.llith low sea 
level in each hemisphere during its spring and with hie;h level during the fall. Recorded 
amplitudes v8I) from n few ct•nllmt•tt•rs in the tropics to a few decimeters at higher 
latitudes. Atmospheric pi"<'SliUT<.' effects and long astronomic tides account for only a 
smalJ part of the rccorclt·d fluNualions." 

DE HAAN t< ZANE\"ILD (19.')9) n•corclcd the M'asonaJ fluctuations in the average 
sea-level in the Annahaai on Cura~·ao during the period 1950 to 1956, and compared 
the average monthly figur<'s with those given b) PATULLO et a/. for the coast of 
Venezuela, wherc-hr a high dr~n·c o[ correlation appeared. When we oompart' the 
monthly averages for atmospheric pressure (at the Plesman Airport, Cura~ao) in the 
period 1948-1960, a fairly good com•lntion appears - hi~h atm05pheric prc.sure with 
a low sea-level and vic:e-vcr~a. The- data of oE HAAN & ZAN£V£1-D on the- seasonal 
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fluctuations show a trough in January, February and March, a rise to May, small 
fluctuations follow until in August; a marked risr follows in September lasting until 
November with small fluctuations, followed by n fall in December, continued in 
January once more. Between individual years, however, very marked differences may 
occur, so that the singularity of our observations is by no means exceptional. 

PATULLO et al. also write: "The seasonal departures differ considerably from one 
year to thr next, due largely to anomalies in weather (atmosphere and ocean). The 
fact that neighbouring stations show similar anomalies in a given year eliminates 
observational error as an important factor." 

When we compare Graph 6 with 3, 4 and 5, we see a large measure 
of agreement between the seasonal fluctuations of the sea and the water 
levels of Pckelroeer, Goto and SlagbaaL This is then the explanation for 
the fact that in (even extensive) periods of drought, the water in these 
salinas is nevertheless replenished, i.e. with sea water. Without doubt 
heavy precipitation will also innuence the water level, for example after 
the rainfall of 33.5 mm on the 6th of July 1960! 

The influence of precipitation is clearer, however, when we study the 
chloride content in the salinas. 

d. CHLORIDE CONTENT IN THE SALINAS 

Weekly water samples were taken in the Pekelmeer, Goto and Slagbaai, 
to determine the chloride content. In the first case this was done at the 
sample points Pl, P2 and P3, where the water-level was also measured. 
Here and there, bot11 in and around the Pekelmeer, other samples were 
taken, for example in the "Duinmeer", "Ven", "Ringmeer", "Randplas", 
'Willemsoog" and in various salt pans in the Oranje Pan and t11e Witte 
Pan, also along the banks of the Pekelmeer (Map 5). 

~n Goto the samples were taken at Gl, G2 and G3 (the measuring 
pomts) and GN (= North Colo -Map 6). Here and there other samples 
were taken. e.g. near the Boca. 

In Slagbaai, regular samples were taken at Sl, S2 and S3 and at BS 
(= Boca Slagbaai), where the "stream" nows into the salina (see Chapter 
IVc, and Map 7). 

In addition incidental samples were taken in the salinas of Boca Bartoo! 
and Playa {or Paloe) Lechi, and in the salinas on Klein Bonaire. 

The water samples for the Cl' determinations were always collected from the upper 
10 em, although sometimes the difference between bottom and surface water was 
eJtamined; the salter, heavier water is generally found at the bottom, \vith the lighter, 
less salt water at the surface. 

The chloride content was determined according to tho method Mohr-Knudson, 
with Van Dam's modification. PosTMA (1954, p. 411-412) hAS described the method 
in detail. We have used tl1e data on CVliter, although a qualification as to tern· 
perature must be made. The titralions were carried out always after tho samples had 
stood for a night and half a day, with as a result, a fairly equal temperature for any 
one series. Due to changes in the weather, the titration temperatures throughout the 
year varied hetween 28.4 and 32.6° C. Both extremes occurred only once and in 
general we can say that the majority of the titralions took place at temperatures 
between 30 and 31° C. 
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The temper a lures in the salinas were measured with the help of hanging 
maximum and minimum thermometers, which were read once per week. They were 
suspended in the upper 10 em, from which the water samples were taken. 

In the Pekelmecr (Pl), the maximum temperature fluctuated between 34.7 and 
27.8° C, and the minimum between 26.7 and 21.9° C. Both tl1e highest and the lowest 
ma"imum and minimum temperatures were not<.'<! on the same day, indicating that the 
differenc(• between ma.'Cimum and minimum temperature is fairl} comtnnt. In Colo 
(Cl), the maximum temperature fluctuated between 35.2 and 28.0° C, while the 
minimum fluctuated belween 26.0 and 21.5° C. For Slagbaai (S3), the values were 
34.8 and 28.0° C and 28.6 and 22.4° C respectively. 

Pekelmeer and surroundings (Graph 3) 

The chloride content fluctuated markedly in the course of the year, 
but the graphs of the three sample points run in general parallel. There is 
a clear relation between the water level and the chloride content: the 
higher the level, the lower the chloride content and vice-versa. Changes 
in the water level are, as we have seen in Chapter IV c, especially 
dependent on the seasonal fluctuations in the sea-level. In addition we 
see in the chloride content, more than in the water level, the influence 
of spring and storm tides, which are superimposed as smaller fluctuations 
on the general trend. The points Pl, P2 and P3 were so chosen that they 
gave a more or less representative picture of the various parts of the 
Pekelmeer. A slight fall or rise in the water level caused a large change 
in surface area by reason of the very shallow slopes of the banks of the 
Pekelmeer; a fall left then areas covered with a salt crust or very briny 
mud wilh a layer of salt crystals. 

The "Duinmeer·· varied between 65 and 92 g Cl/1. 
The "Ven" had a Cl-content of between 22.7 and 25.5; an excellent 

connection is {apparently) present, so that the water contains hardly any 
more Cl' than the sea water. 

The "Ringmeer" varied between 55.5 and 114.7 g Cl/1, the "Randplas" 
was on the average much lower, due to a greater infiltration of sea water 
(31.2-48.5 g Cl/1}. 

The "Willemsoog'' varied between 20.3 and 59.0 g CVl (Graph 7). The 
increase in salinity took place in the period when SE.'a water which entered 
via the small canal from Oranje Pan (during high storm and spring tides 
during the high seasonal level) and via the "Ringmeer" and the "Willems­
oog" had an overnow into the Pekelme<'r. This water was in the mean­
lime highly evaporatE.>d (see Chapter IVc). 

Various pans in the Oranje Pan, as far as our samples go, varied in their Cl­
content between 38.5 to 154 g CVl, depending on the flow of sea water and the 
degree of evaporation and crystallisation. 

There were, naturally enough, "fresher" places where much sea water flows in, 
and other places where the opposite is bue. We found, for example, (22. VII. 1960) a 
value of 100.0 g CVl near the north-western flamingo colony and near the south­
eastern colony - on a few tens of meters furtl1er - 41.5 g CVl; various "eyes" and 
seepages were present at this point. 

At the Witte Pan there is a "pipe" carrying much sea water and where the water, 
at two points had only 19.8 and 22.0 g CVl. In various pans belonging to the Witte 
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Pan the value varied in much the samE' wa.y as in the case of the Oranje Pan between 
30.7 and 154.3 g CL l. 

I. KRISTENSEN nnd MARIAN EMl'IS (pers. comm.) found similar values nt the same 
points in February 1961. That the majority of their values wE're somewhat higher is 
C\plainahle by tht' lower watl·r-lev<'l al that time. 

Coto (Graph 4) 

In Goto a]so, a relationship between the water-level and the chloride 
content of the water can be seen. The fluctuations in the Cl-content are, 
howevcr, verv small and the absolute data vary only very slightly between 
the 4 sampl~ points. This is probably a result of the damping effect of 
this large body of water, since Coto is by far the deepest of the salt lakes. 
Depths of 8-I6 mare by no means rare (WAGENAAR IluMMEUNCK 1933, 
p. 296, and 1953, fig. IS). 

Close to the wall of coral debris in. the Boca of Goto a value of 7~.5 g CVl was 
found on 9. V. 1960, whilt> at a di~lance of about 10 meters from tlw shore, where 
sea-water bubbled up. on I} 26.4 ~ CL I was am\lysed. 

Slagbaai (Graph 5) 

There is a dc>finite correlation between the water-level of Salina Slagbaai 
and the Cl' contents at Sl, S2 and S3. The Cl' line for Boca Slagbaai 
(Map 7) shows at times a deviating picture; the Cl-content here reacts 
, cry markedly, as might be expected, to the variable amount of sea water 
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GRAPH 7. Number of flamingos drinking after 4 o'clock in the afternoon in Willem~oog, 
ncar Oranje Pan. - o indicates no drinking flamingos observed. 
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flowing in. Despite the low-lying situation of the salina with respect to the 
average sea-level. we have the impression that the influence of the spring 
and storm tides and the seasonal fluctuations is here very marked. ln all 
probability the permeability of the upper layers of the coral wall is of 
great significance here. The large amounts of sand found in the lower 
layers of the separating wall support this. 

The majority of the sea water is fed to the salt lake via the small canal 
(see Chapter IV c) and the eyes on the southern and northern shores of 
the Boca. The Cl' contents at these points were found to be 21.4, 21.3 
and 20.0 g Cl 11 respectively. On the southern shore we know of the 
stream whose mouth in the salina is situated some 10 meters from the 
samplc> point BS, which offer:. an explanation for the lower Cl-content 
and also for the deviations in the fluctuations, which react markedl)' to 
the influx of sea water. 53 (see Map 7) is situated the furthest from the 
sea and this is probably the reason why this sample point has the highest 
Cl' values. 

Sa I in as on K I e in Bon air e: Tht~e have values, from ea.\t to west of 45.9, 
47.6 and 64.0 g CVI respectively. They arc shallow and hav<' a soft muddy bottom, 
with the exception of the far western, which has a hard sandy bottom. In the far 
eastern salina we found "eyes" on the nortl1 shore which fed in water with a C)­
content of 4.4 gil. This is probably stored rainwater from deep limestone layers and 
potl1olcs. 

Salina Paloe (Pia)a) Lcchi: The water samples contained 14.2 and 17.7 
g CLI. The salina has an open connection with the sea, and is also ft•d from a large 
h,JSin which catches rainwater. This small amount of fresh water then mixes w1lh the 
salt and gives as a result, water with a slightly lower Cl' value than sea water itself. 

Sa I i n a B a r too I: Two samples hacl \ ahws of 60.1 and 61.1 g Cll. The water 
in the far ~ide of the salina is, in all probability, more salt, so that the Situation here is 
further comparahlc with Coto - Sl'awatcr enters via the coral debris wall. 

e. FLORA Al\0 fAUNA OF THE SAli/'I.AS 

Because of the, for the most part, hyperhaline water, the diversity of 
organisms in the salinas is restricted (see also HEDGPETH I959). but certain 
species may occur in very large numbers. 

Flora 

STOPPt:RS (1956, p. 38-39) says of th<' neighbourhood of the salinas near the 
Pekelmt•er: "It is either ah~olutely hare or <:Ovl'red by a Conocarpus communit} which 
greatly varies in dt'JlSil} from point to point. Whole fields arc covered h} a thin sinter 
deposit, often broken up by the temporary root-action of C(mocarpu~. Between the 
shrubs pressed down by the wind - somt• scattered tussocks of Cyperus planifolius 
var. brunneus, Cyperus fuligrneus, Fimbristylis ferru~inea, Sporobolus pyramidotus and 
Litlaoplrila miiSC"Oides occttr."' "Along the west coast there is a wall of coral debris, 
overgrown by a low shrub vegetation .... Hemnants of a halophytic vegetation com­
prise patches of Sesudum portulacastrum, Salicomio ambigua and Balis maritima 
beside the salt-pans and Pekelmccr." 

The other salinas are mo:;t(y surrounded b} thorny woodland and cultivated and 
scmi-culUvated areas with Aloes (Slagbaai and Coto), Cactus-thorn shrub (Sulioa 
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Bartoo!), Cactus shrub (Salina Paloc Lechi) and Croton-Lantana-Cordia thicket (Kieiu 
Bonaire), according to the vegetation map of Bonaire made by STOPPERS (1956). 

The I o w c r p I a n t s collected were all Cyanophyceae, the exceptions being 
Entcromorpha and Balcll'lwra (Chloroph)'ce:.tc) which were collectl·d 111 less salt areas 
of Coto and the "Ven' respective!). The "eyes" and Sllcpages could be recognised 
by the occurrence of grl'l'n algae. In addition, a well-developed floro of bacteria and 
diatoms is to be found in various plnc.-s. Compare the papers of FR~MY (1941, p. 102-
118) and KOSTER (1943, 1963). 

The following blue algae were named by KosTER (1963, p. 45-16) from author's 
collections: 
P e k c I me e r and surroundings: Coccocllloris elabens (numerous everywhere), 
Anacystis dimidiata (at two less salt places), Entophysalis conferta (at one less salt 
locahly in largo numbers), Gon~pl1osp/weria a1J011ina (found once at P2), Jollannes­
baptistia pellucicln (frequent at P2 and P3), Sclllzothri:c lardacea (very frequent al P2), 
Lyngbya aestuarU (frequent at several localities), L. ~emiple11a (in large numbers), 
Spirulina subsalw (in low numbers), S. labyrinthiformis (found once in Oranjc Pan), 
Microcoelus cllthonoplastes (large numbers for two localities). Jn nearly all samples 
many to very many Bacteria occurred, only in the sample from "Willemsoog'' diatoms 
were present in small numbers. ln the mud samples taken close to the tracks of 
flamingos (sec Chapter V), many Coccochloris elabcns were found, a large number 
Entophysalis deusta, and also Phonnidium subsakum, with, in addition, many bacteria. 
In the "Ven" )(U'ge nuntbers of Bathopltora oerstedi var. occidentalis occurred on the 
sandy bottom, and on this the snail Cerithideo costata was often found. 
Got o: Coccocflloris elabens (at various plnc:cs at various numbers), Etttopllysalis 
deusta (cushion-shaped colonies on stones, fairly frequent), Phormidium subsalsum 
(in several samples), Spirulina subsolsa (numerous in various localities), Sf>irulina 
labyrinthiformis (the same). In general many Diatoms and locally also many Bacteria. 
Near the seepages Enteromorpha clat!Jrata was found. 
S I a g baa i: At various points, both on the Boca and on the far side of the salina, 
Coccochloris elabens nnd Phomlidium subsalsttm were found in large numbers. 

Flagellates were found nearly everywhere; several species were able to cause a 
red colouration of the water at high Cl' concentrations in general: the higher the 
Cl' concentration, the redder the water. 

Fauna 

Ephydra gracilis, Salt Fly (Plate X) 

The most important animal as far as the flamingos are concerned is the 
Salt Fly, which can occur in enormous numbers in the salinas. The imagos 
can occur in such high concentrations along the edges of the salinas that 
these become dark in colour. They live here, in all probability, on detritus. 
The larvae live for the most part on and in the bottom, but can also move 
around by means of lashing movements. Their gut contents proved to be 
largely algae. The larvae reach a maximum length of 15 mm, while 
chrysalids are on the average 12 mm long. The large larvae seek out stones 
and salt-crusts, on (and especially under) which they attach themselves 
and metamorphose; the chrysalis' skin hardens and the chrysalis becomes 
a stiff, chitinous tube. The fly frees itself from this by way of an oper­
culum at the top of the tube. These empty chrysalids remain for some 
time attached to the substratum, until dislodged by rough water, often 
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forming a broad flotsam line along the shores of the salinas. The larvae 
show no preference for a given salt concentration, but occur everywhere, 
in the highest salt concentrations as well as near the "eyes" and seepages. 
In less salt water they arc pre\ en ted from occurring, or from occurring in 
any numbers, by the presence of small carp, which are also confined to 
this type of water (sec belo\v). 

Artemia salina, Brine Shrimp 
RAMMNER {1936) described two varieties for Bonaire: Anemia salina 

arietina and A.s. milhau.seni. As far as we were able to see, both varieties 
occur in the same area. According to .MARIAN EMEIS, who studied Artemia 
on Cura9ao and Bonaire in 1961, intermediary forms occur and mixed 
c:opulations have been observed. In the majority of the salinas these 
animals occur in large numbers, although in the less salt parts they occur 
in smaller numbers (e.g. where sea water enters), since at these con­
centrations predators occur, such as small carp, and also - according to 
MARIAN EMEJS (KRISTENSEN 1963, p. 20) - Cyclops. In areas with con­
centrations that are very high - saturated or supersaturated salt solutions 
- these shrimps can still occur, although they do become "pickled'' here 
and there. HEDGPETH {1959) states that they can occur in brines up to 
30011/00. 

Aooord.ing to MARIAN EMEJS the eggs hatch in all lower concentrations 
up to about 85°/oo; when the concentration is higher, the female shrimps 
become viviparous. The eggs are able to y,.'ithstand long periods of 
drought, when they occur between the stones of small dams around the 
salt pano; and on the shores. The environment of Artemia is often poorly 
~upplicd with nourishment. The shrimps swallow water continually, using 
as food algae and Dinoflagellates. The adult shrimps are variable in 
length and this depends on the salt content of the water and the amount 
of foodstuff present. In less salt water they al'e pale in colour, this 
darkening in higher concentrations to a frequent dark red-brown as a 
result of haemoglobin synthesis (cf. GILCHRIST 1954, 1956). 

The shrimps swim on their back with regular but sluggish movements; 
fast rcac:tions are unknown to them. The adults were 5-10 mm long 
and could reach an age of at least 2 months. 

The gut contents were mostly green and or brown, in which algae and 
detritus could be recognised. KuENEN (1939, p. 8) states that they can 
also li,·e from bacteria, and GILCHRIST {1954) also mentions Diatomae 
as food. These animals have a "purifying" effect on the water, since 
everything present in the water passes through their gut and anything 
not usable as food is then fixed in their excrements. In this way dirty 
water can become completly clear through the action of Artemias, as 
BAAs BECKING (1934) showed experimentally. 

Despitl' their good osmoregulation (WARREN. KuENEN & BAAS BECKING 
1938) and their occurrence in sea water and various concentrations of 
brine, there would appear to be a certain preference, at least in some 
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developmental stadia, for a certain degree of salt (CI'). We shall return 
to this in Chapter V f and V g, where we shall consider in more detail 
the fact that Artemias and Rotatoria hardly ever occurred together. In 
the Pekelmeer, for example, Artemias were never found throughout the 
whole period of study, although earlier (WAGENAAR IIUMMELINCK 1933, 
RAMMNER 1936) and later (EMEIS and KRISTENSEN) they were found tO 
occur there (see Chapter V f-g). 

Gastropods 

In less salt areas in the salinas Batilwria minima and Ceritlliclca co~tata oc-currf'<l 
(cf. CooMANS 1958). Noclilittoriua tuberculoto was found only in the "Ven". 

In some places the shores of the Pekelmeer were covered with a layer some centi­
meters thick and sometimrs several tens of meters broad with the empty shells of 
Bat,l/arla and Cerlthideu. This suggests that t11ey occur in large numbers when the 
Pckelmeer is less sail (e.g. after much precipitation or during high sea-level). llEoCPf.TH 
(1959) reports, however, t11at Bati/wria mi11ima occurs in salt concentrations of between 
36.5-1700/oo in the Bahamas, Florida and the Antilles and Ceritllldea costata from 
44.9 to 154.5°/oo. ALl EN (1956) states that both species are most numerous at a salt 
concentration of 119.80/oo. 

Fish 

Th<' earp Cyprinodo11 dearhoml and MoUie11esia sphenops t•andc110lli (cf. SANDERS 
1936, p. 4-t9 -451; ot BFAuFORT 1940, p. 111) are restricted to those parL~ of the 

salinas with low ~alt concentrations, t11ough \\"ACENAAR HuMMFLI'-~CK found Cyprinoclon 
still living in ~mall pools at Witte Pan having a chlorine contents of 88 g I, ll.V.1955. 
HEDCPtTil (1959) reports that both genera (other species) occur between 20 and 1420/oo· 
\Ve saw tltem betw('('n 20 and 75 g Cll. EMEIS and KrusTENSE'I reported them from 
Cur.l~Jo up to ahout 1350Joo· a fair agreement. 

Other ammals 

At places where sea water entered the salinas CniStacea could he ohsern><l, e.g. 
Amphipoda (see abo STEPHLNSEN 1933, 1948), and also, here and there, Ostracoda 
(sec also KLtL 1939). Protozoa were also always present here. Rotatoria occurred 
locally and temporarily in large numbers. Annelid.~ (see AuCENFR 1936) wew rarely 
found; only twice a single Polychaete was observed in the Pekelmeer and the "Ven" 
at places with about 20 g Cl/1. In similar places Corixids were sometimes noticed, 
whereas in the brine of Goto lake Coleoptera were found locally. All tll<'se animals 
occurred in such small numbers, however, that they could not be of importance for 
tl1e flamingos. 

f. HABITAT SELECTION 

All flamingo biotopes throughout the world have many characteristics 
in common. ALLEN {1956, p. 85) gives a table in which the salient features 
of the biotopes for all species are included; with inclusions from modern 
publications, this can be summarised more or Jess as follows. 

Nearly all biotopes have shallow water with a high salt concentration, 
in general accompanied by a red colouration. generally ascribed to Flagel­
lates (e.g. Dunaliella). In many places the water level is very 'ariable, 
since the biotopes are situated in dry areas, or in areas where at least 
periodically droughts can occur. 

The literature frequently mentions the influx of fresh water via vulcanic 
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springs (Andes and Rift Valley), or seawater may flow in. These places 
are of importance for bathing and drinking. Usually the biotope is situated 
in a desert landscape and the (summer) temperature is high. 

As food in these biotopes ALLEN reports especially algae, Protozoa, 
Mollusca, Crustacea, insects and water-plants. These food-sources do not, 
to any important extent, occur simultaneously - in general only a few 
of the aforementioned organisms occur as species in the biotopes. In this 
way, it would appear that the flamingos are locally monophagous and 
various species appear often to be specialised for one or more types of 
food e.g. by way of the structure of the bill (see Chapter V a). 

Breeding in desolate places under inclement circumstances may well 
afford a certain degree of protection against predators, at any rate against 
mammals. Practically all species (with the possible exception of Ph. minor) 
are extremely shy; il is difficull to determine if this is a cause or an 
effect of their living in isolated places. 

It is known for several species that they are easily disturbed, and may 
disappear for a period of time. There are, however, examples known 
where continual removal of the eggs (e.g. ZAHL 1951, And.ros-Bahamas; 
JOHNSON et al. 1958 and PENA 1961, Atacama-Chile and Laguno Colo­
rada-Bol.ivia) did not prevent the birds from laying more. In addition, 
they often return in the following breeding season and there is, it would 
seem, a great attachment to these sparsely distributed biotopes. ALLEN's 
data on the original distribution points to the same conclusion. 

The cause of the habitat selection is difficult to determine. Are the 
flamingos such marked food specialists? Do they search by preference 
for extreme circumstances, because there, usually speaking, a biocoenosis 
poor in species may occur, but rich in numbers for a few species? Or 
does (dietary) competition play a role in the selection of the habitat, since 
they cannot maintain themselves next to many other species? Is their 
choice made on the basis of general physiognomical features in the 
landscape (PALMGREN 1949), or is the choice made with respect to the 
amount of food available? 

Most of the above questions will remain unanswered, but some light 
can be thrown on several by considering the food study reported in the 
following chapter. 
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v. DIET 

a. STOMACH CO'IT£N"Ts 

ALUN (19.56, p. 96) gin'S a list of flamingo stomachs which hav<' been examined, 
belonging to all species, and &om various biotopes. The number of <'xaminations of 
~tomach cont('nls in the \\'!."St Indian flamingo, Phoenicoptcrus rubcr, turns out to he 
vel) restrictNI: 

1859, several? 
1890. on<'? 
1904, s<•veral 
1952. 011(' 

1952, two 

from Tnagua, Bahamas 
from Andros, Bahamas 
from Andros, Bahamas 
from !nagua, Bahamas 
from Rio Lagartos, Yucatl\n 

(BRYANT 1866) 
(l\ORTIIROP 1891) 
(CIIAPMAN 1905) 
(ALLEN, field notes) 
(ROCIIB, in litt.) 

These ~tomachs had the following contents (ALLEN, p. 98): 
Andros: Molluscs; mud (organic?). 
Inagua: Molluscs; seeds of Ruppia and Salicomia; one report of fish. 
Yucattin: !\lolluscs; gravel. 

The only data in the literature on the stomach contents of flamingos from Bonaire 
is to be found in Voous (1957), who shot one adult male and two adult females in 
Coto on the 25th and 26th of March 1952. The contents were remains of numerous 
larvae of Epl•ydra and a few vel') small fish scales. 

To obtain eoncrt'te data on diet and quantity of food we had fiv<.> SP<·cimens shot, 
which together with one dying specimen and one found shortly tlftN death, gave us 
a total of 7 st()machs for investigation. Later, this was incr<.>ased h) two stomachs 
collt•ctl'ti h) Prof. Voous in 1961 from Bonaire. 

P<'kclmel'r 

Juvt~ll r:, 11. XI 1959. 17.30 hours. near Oranje Pan. - Stomach contcnl~ 3 g: 
about 300 small stem!'~ of about 1-5 mm; 14 Ephydra larvae were still recognisable; 12 
Ephyclra duysalids were more or less complete, but there w<'re also numerous piec<'s 
derived from a number of tens of chrysalids. Intestinal contents: an orange colourC'd 
porndge, hero and there also small brown flakes, the remains of Epltydrtl chrysalids. 
(Between 50 and 100 em from the cloaca there were dark nnd thin-·walled areas, 
whicl1 turn<'d out to contain lens of hymenolepid ccstodes.) The gut caecae <·ontained 
again the remains of Ephydra chrysalids. 

'v1ALr ADUJ.T, 31 XIT. 19.59, 6.20 hours, betwe<.>n Witte Pan and Oranj" Pan. -
Stomach contents 14.5 g: 538 Ephydra larvae and the cuticular t('mains of about 
10 chrysalids; 150 stones of 3-8 X 3-5 mm, and ahout 50 smaller oucs, from V2-2 
mm. Tho stones were smooth and rounded, probably the effect of the milling action 
of the stomach wall. - Intestinal contents: a grey, brown and green mass. Caecae: 
grey sand and mud, witl1 small brown flakes, probably from Ephydra. 

MAtt ADULT, 21. I. 1960, found dead near Oranje Pan; caust• of d<·nth unknown. 
- Stomach contents 16 g: a green porridge with very numerous small brown pieces, 
probably from E11hydra chrysalids; about 300 small stones, of which the largest 
11 X 6 X 6 mm, and the smallest 1 rum, but with all possibl<> int<.>rmediate sizes. 
Intestinal <.'Ontcnts: alternate black, brown and green masses; from the c<1ec.1e to the 
cloa~:a. black; tlw fornwr were cmpt). 

JuvtSIL£, 11 VI. 1960. This bird, born about Februal') 1960 was st'Cn on 10. VI. 
1960 in the Salina Marlinus and on the llth on Playa p'Ariba. The bird had broken 
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a humerus and was captured at the Flamingo Beach Club, where he was released 
from his sufferings. - Stomach contents 1 g: about 300 stones. smaller than 1 mm, 
and a few larger ones, a few mm in diameter, together with about 8 small black, 
pear-shaped seeds about 2 X l X 1 mm. 

Go to 

Voous collected in Goto on tho 13th of July 1961 two females, whose oesophageal 
and stomach contents consisted of: 
a. About 1700 Epl1ydra larvae, remains of a number of Epltydra chrysaiJds and about 
300 small stones, the largest 4 nun, the ~mallest 0.5 mm. 
b. About 1300 E71hydra larvae, about 50 clu;·sahds and also remains of the same; 
about 350 small stones, 7-0.5 mm in siz<>. 

FEMALe ADULT, 24. lll.l960, shot in the morning on the north side of the Goto 
lakt>. The stomach was unforlunatcl) damaged. Stomach contents 16 g: many hundreds 
of small stones, most of them very small (1 mm), but also a number of larger ones 
(3 mm); remains of n munbcr of Ephydra chrysalids and of about 25 larvae; 2 legs, 
belonging to Epllydra flies; 2 Artemi:ls and thousands of i\rtemia eggs (derived from 
the digested females, or by chance from the water?). Intestinal contents: close to 
the stomach, light brown, hero and there beige coloured and also somewhat yellowish; 
the terminal parl, bctw<'en the caccac and th<' cloaca contained a green-brownish 
porridge. Caccac: brown-black contents. 

(Sua?) ADULT fF.MALI', 23. VI. 1960, shol in the afternoon on the north-east side 
of Goto. Stomach contents 9 g: 785 Ephydm larvae, of all sizes, some partly or almost 
completely digested; a number of cltr)salicl remains; 900 small stones, the hugest 
4 X 3 X 2 mm (a fl'\\), the small<'st Vz mm: the majority of the stones (several 
hundreds) about 1 mm. Th" intestine~ were d.1maged and therefore not further 
examined. 

Slagbaai 

(SUB?) ADULT MAL£, 27. VI. 1960. about 12 o'clock, shot in Boca Slagbaai. - Stomach 
contents 6 g: 900 ~mall stones, ma.x. 7 X 5 X 3 mm, min. l/2 mm; brown, dig('stcd 
remains of Ephydra chrysalids (!>ome fragments still clearly recognisable) and grey, 
digested remains of Ephyclra larvae and a few more or less complete speciml'DS. 

For further details of these birds, sec the Appendix of weights and measurements 
(p. 146). 

From the investigation of the stomach contents, it appeared that 
especially the Ephydra larvae and chrysalids form an important item of 
the diet. Only now and then were Artcmias or Artemia eggs encountered, 
while the stomachs investigated by Voous (1957) contained a few fish­
scales. This composition of the food of the Bonairian flamingos differs 
markedly from ALLEN's report for the birds of Bahama and Yucatan, 
where moJiuscs were the staple item of tl1c diet. We have already seen 
in Chapter IV, that molluscs do not occur in any numbers in the salinas 
on Bonaire. 

The composition of the food, '" 'th as the most important component 
the Ephydra larvae and chrysalids need not surprise us when we consider 
the way in which the birds search for food. see Chapter V c. 

If we compare the diet, on the basis of the stomach contents with 
the other (sub)species, we obtain the following picture: 
Phoenicopterus rttbcr roscus: molluscs, water insects, crustaceae, seeds, 
organic mud, annelids and insects. 
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Phoenicopterus ruber chilensis: molluscs, crustaceans, algae, organic mud. 
Phoeniconaias minor: algae, seeds, water insects. 
Phoenicoparrus ;amesi: especially diatoms (PATRICK 1961, PENA 1961 and 
JOHNSON et al. 1958). 
Phoenicoparnts andintts: probably also lives mainly from diatoms (PENA 

1961, JOHNSON et a[. 1958). 

RIDLEY (1954) and Rroti'Y et al. (1955) have pointed out that in Kenya Plr. ruber 
roseus and Plr. minor do not compete with each other, although they occur next to 
each other, since they utilise otJ1er food. The three small species Plr. minor, Ph. ;amcsi 
and Ph. andinus appear to live from algae in particular, while both South American 
forms - belonging to Plrocnlcoparrus - live from diatoms. This difference in the diet 
of the 3 (sub)specics in the genus Phoenicopten1s on the one hand and the 2 Phoeni· 
coparrus species and Plrocnlconlais minor on the other, is according to JENKIN (1957) 
explainable in the difference in the structure of the bill and filter apparatus between 
both groups. In addition, the presence of stones and sand of different sizes by different 
species is connected with the differences in the filter apparatus. 

b. BILL AND FILTER APPARATUS (Plate Xla) 

JENK1N (1957) bas given an extensive description of the anatomy and 
function of the filter. In the following the most important details con­
cerning Ph. ruber ruber are considered, while nvo illustrations have also 
been reproduced (Fig. 1 and 2). In the genus Phocnicopterus the bills 
are more or less identical, so that the drawing of Ph. antiqtwrum is valid 
for the West Indian fonns also. The bill is bent halfway along its length 
and the upper-bill is flat, but provided with a ridge or keel; the under­
bill is much heavier and higher in its construction (Fig. 1 and 2}. This 
differs from the situation by the majority of birds and since the bill is 
usually employed upside down, the upper-bill then takes on the function 
of an under-bill and vice versa and is very movable. On lhe inside the 
edges of the bill are provided \vith dense rows of lamellae which work 
as a filter. 

The tip of the bill cannot be opened more than 4 em, due to the 
curved form of the bill itself, and by normal feeding this happens only 
during the seizing of larger prey, which itself does not happen very 
frequently. The hardly extensible oesophagus is, in fact, unsuitable for 
dealing with larger objects so that in general the bill is only slightly 
open during the feeding process with as a result a more or less regular 
space between the halves of the bill. 

The filtering system works in nvo ways: 

1. The bill is in tum opened and shut. - When larger organisms are 
to be eaten, the bill is opened slightly, so that the opening itself works 
as an "excluder". If the bill is then closed, the water is forced out through 
the filtering lamellae with the aid of the well-developed tongue. According 
to JENKIN, if the bill is opened for 4-6 mm, then objects larger than 4-10 
mm cannot enter, although long, slim objects not wider than this can 
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Frc. 1. Head of Phocnicoptems ruber roscu$ .shown with ils shallow-keeled bill 
closed for filtering. The extent to which it is opened iJ• feeding (as in figure 2) is 
indicated by the dotted line. The right ramus of the lower jaw has been cut away 
to expose the mouth cavity. the longue and the keel (k.) on the upper jaw. ln. Upper 
.mrface of the tongue, flattened out; c.b. cut surfac<' of bony fusion between the rami 
of the lower J•m; c.s cut surface of skin and muscle round lower jaw; ep. epiglottis; 
f. feathers e\tencling to A dorsally and A.V ventrally; gl. glottis; h.t. horny plato 
underlying the tip of Lh<• tongue; k. keel, hiding inflexed border of lower jaw behind; 
LaL limit of attachment of Longue to the floor of the mouth cavity; Pks, marginal 
hooks forming main part filter; Pis, marginal leaflets, forming proximal part of filter; 
sk. skin uf "naked throat"· unsupported by bone from AN' to near C'; sp.f. double 
fan of spines on ton~ue; sp.r. large recurvcd spines on tongue; sp.v. vertical spines 
at the side of the longue; t. flattened area of tongue, with raised edges; Z. posterior 

limit of lamellated area (after JENKIN, 1957). 
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F1c. 2. Dissected head of Plaoe11icopterus ruber roseus with the hill open, and right 
ramus of lower jaw cut away at c.r. Marginal hooks and leaflets (Pks and Pis in 
ngure 1), and all but the three most distal rccurved tongue spines, sp.r., have been 
omitted for clarity. The finely stippled skeleton shows the means of raising the upper 
jaw about the fibrous hinge, h., by contraction of muscles attached to long proccss<'s, 
o.p., on the quadrate, q., which rocks on the squamosal, sq., and transmits it.s thrU!it 
to the maxilla, m~ .• both through ptcrygoids, pt., and palatines, pa., and through the 
zygoma, z. The tongue, with its hyoid apparatus, h.a., is withdrawn by contraction 
of the muscles, c.m.; its non-muscular part, n.m., supported by the lingual cartilage, 
I.e., is bent by contraction of the hypoglossus muscle, h.rn., to increase tho mouth 
cavity and suck in food. Inner lamellae on the infloxed border, i.b .. of the lower jaw 
with retro-articular process, r.p., from smooth ridges, Rs, or serrated ridges, Ss. Inner 
lamellae on the lamellated area of the keel, k., are partially, Ps/Rs, or wholly, Ps, 
subdivided into smooth platelets. The lachrymal bone, 1., has the large olfactory 

foramen between it and the rostrum, r. (after } £NIIIN, 1957). 
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certainly still enter. After the closure of the bill, particles smaller than 
0.5 mm are removed. 
2. The bill remains closed. - The tongue makes a pumping movement 
in this case, so that water \.\rith small organisms and or particles are taken 
in through the filter. The excess water is pumped externally via th e base 
of the bill. In this way objects larger than 0.5 mm are not taken and 
smaUer particles enter through the filter only. 

In both methods the large tongue. provided with spines, transports the 
food collected on the inner side of the filter lamellae. 

It appeared from our investigation of the stomach contents mentioned 
above on Bonaire, that the grit in the muscular part of the stomach had 
a maximal size of 11 mm and a minimal of Y2 mm. This agrees with the 
minimal measurements given by RtDLEY & PERCY (1953) and JEI'.'KIN 

(1957) for Ph. antiquorum (= Ph. ruber roseus). However, we also found 
larger pebbles of maximal 11 X 6 X 6 mm, which may have been taken 
in during the non-filtering eating process. 

c. METHODS OF SEARCHri\G FOR FOOD 

On Bonaire there were 7 clearly different methods of searching for 
food. Not only the use of the bill (as seizing organ and filter) but also 
the locomotiOn (walking, standing, stamping and swimming) where dif­
ferent in each case. These methods were. at least under the circumstances 
on Bonaire, directed to one particular form of food. This does not exclude, 
however, the possibility that the same methods under different circum­
stances yield other food organisms. 

JENKJ'\1 (1957) wrote. in connection with the earlier statement by 
American observers that flamingos were monophagous (the mollusc Ceri­
thium) that they rna} well be monophagous in a giYen biotope, but that 
with the same method of searching, polyphagous in another biotope. She 
showed in any case, that flamingos are microphagous, although this may 
be only when they employ the filter. Flamingos can use their bill as 
forceps. In both cases we see rapid head movements and JENKIN believes 
the slight weight of the skull to be an advantage here which, together 
with the long neck facilitates the reversed use of the bill. 

The following methods of searching for food were observed on Bonaire: 

1. "Skimming" - walking and swimming - for Artemia in the surface 
water. 

2. "Grubbing" - in the bottom, probably especially for Ephydra 
chrysalids. 

3. Walking: seizing (forceps movements) - for Ephydra chrysalids, 
gastropod molluscs - and filtering - for Ephydra chrysalids, Artemin 
etc. 

4. Stamping - "marking time" - for Ephydra larvae. 
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5. Stamping, describing a circle around the bill as centre - for gastropods. 
6. «Running" - heron-like - for small fish or fry. 
7. Walking, leaving tracks of the bill - for organic ooze. 

1. "Skim m in g" (Figure 3) 

During this method of searching only the extreme curved part of the 
bill is in the water and the head is moved by the neck through 90° to 
aod fro, while only the last part of the curved point of the bill skims 
through the upper larer of the water. This method can be seen by both 
walking and swimming birds. TI1e behaviour as a whole reminds one of 
swans, especially since the long legs are then invisible and part of the 
long neck disappears under water - the section by the root. This method 
has been seen in Goto only and then 4 times: 30 March in about 150 
swimming birds; 11 April in a number of tens of swimming birds; on 
20 April in many tens of walking and swimming birds and on 2 May in 
a few tens. 

Fie. 3. "Skimming", walking and swimming. 

This method would seem to be directed against Artemias, at least as 
far as these observations arc concerned. In fact the way in which we 
took samples of Artemias was, in principle, the same: filling a bucket 
of water and then straining this through a plankton net, so that the 
Artemias are left behind. Other large plankton organisms hardly occur 
here and it is, for example, striking that in this period a record was made 
of the fact that the water here was exceptionally clear, so that there was 
no qu<'slion of the development of plankton (phytoplankton) for which, 
in fact, the flamingo filter is not fine enough. 

It is remarkable that this form food-seeking behaviour was restricted 
to the month of April or thereabouts, particularly in that before or after 
this period there were no noticeable changes in the biotic or abiotic milieu 
to be seen. There was no question of a diminution in the numbers of 
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Ephydra chrysalids and only a slight increase in the Artemias (from an 
average of about 35 to 90 Artemias per 10 1 water). During periods with 
exceptional numbers of Artemia in Goto or Slagbaai, this behaviour was 
not observed. It can be imagined, however, that duting a possible absence 
of other food but with the occurrence of several hundreds of Artemias 
per liter water, this method would certainly have some effect. 

As far as I know, this method of searching has not been described in 
the literature for the genus Phoenicopterus, although it has also been 
observed by Voous in 1961 in Slagbaai. It seems possible that Plweni­
conaias minor in Africa has the same behavior (MIDOLEMJS 1958, BROWN 

1959). 

2. "Grubbing'' {Figure 4) 

This method of food-seeking is also reminiscent of that seen by swans 
and ducks. The head, neck and the rostral part of the body are totally 
immersed, more or less straight down. The rear part of the body then 
sticks up out of the water, so that the legs have to carry out all possible 
movements to preserve the balance of this position. Usually the feet 

F1c. 4. "Grubbing". 

alternate in producing stepping movements backwards with open webs 
and forwards, towards the body, with closed webs. This unsteady position 
necessitates that the movements of the feet can take place in the surface 
water only. It can be seen that the tibiotarsus is directed at an angle 
upwards and that only one hal£ or three quarters of the tarso-metatarsus 
is in the water. 

When the flamingos search the bottom in this way, they can reach a 
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depth of at most 90 em (females) or 105 em (males), that is, some 30 em 
deeper than when they walk. This behaviour does not occur, however, 
at places where the water is more than about 1 meter deep and this 
method of searching is almost certainly aimed at the bottom and there­
fore at Ephydra chrysalids, which are to be found on and under stones, 
rocks and salt-crusts. 

Grubbing often occurs in troops of from several to very many tens of 
birds (10-150), and is seen regularly in the Coto area throughout the 
year; regularly, but less often in the lagoon in Slagbaai and only in­
cidentally in the Pckelmeer and the "Duimneer". The reason for this 
is fairly obvious, since the lake of Goto is the deepest of these four areas, 
followed by Slagbaai; Pekelmeer reaches a depth of 1-1Y2 meters only 
here and there. 

All four areas, where this behaviour was seen more or less frequently, 
are characterised by the occurrence of large numbers of Ephydras, whose 
chrysaHds are attached on stones and salt-crusts. The capture of Ephydra 
larvae in this way would appear to be impossible, since the bird's feel are 
active too far above the bottom to disturb it and thus uncover the larvae. 

This method has been reported in the literature by GALLET (1949), 
RroLEY & PERCY (1953) and BROWN (1958) for Ph. ruber rosetts and by 
Voous (1955, 1957) for Ph. ruber ruber on Bonaire. ALLEN (1956) reports 
another observation of this behaviour from Tunis and Inagua. Unfor­
tunately the authors do not report what the sought for food was in tl1ese 
cases. RIDLEY & PERCY (1953) describe for Ph. ruber roseus that they 
forage in this way in water 2-4 feet deep and, sceirlg that Ph. ruber 
roseu.s is generally larger than Ph. ruber ruber (the difference is greatest 
by the males and may well be 10-20 em) this depth of 4 feet agrees 
with our maximum of 105 em. 

8. "W a 1 king" - seizing (forceps movements) and filtering 

Flamingos walk at a calm pace in water from a few em to 60 (females) 
or 75 (males) em deep, whereby they now and then stand still. The bill, 
and in deeper water, also the head and (part of) the neck are then sub­
merged. In the mud we find only the footprints and no bUI-tracks. The 
footprints pass from stone to stone of lead to saltcrusts. On the latter, 
and especially under the latter, are the attached chrysalids of Ephydra. 

We can be certain therefore that in this way the Ephydra chrysalids 
are "grazed off" so that probably the filtering action hardly, or does not 
work, at all. The bill serves here as a seizing organ, as a pair of forceps, 
and tho tongue with its papillae holds the captured chrysalids and from 
time to time, transports them back to the throat. This method is the 
most usual in searching for food, and the flamingos do it in large numbers 
at all places where Ephydra chrysalids occur. In the Salina of Playa Lechi 
and the "Ven" only was it not seen, but here indeed there are no 
Ephydras. In the same walking fashion molluscs arc here and there sought 
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for; they are also found by sight and the bill acts once more as a pair 
of forceps and the filtering action is not emplo) ed. This was seen in 
particular in the "Ven'' where Cerithidea costata and Nodilittorina tttber­
culata occur. Molluscs occur at hardly any other places; when they do. 
they are mostly Cerithidea costata and Batillaria minima. It is obvious 
that in this v.-ay other prey could be captured in other areas. 

Walking-filtering also occurs (see also J) as a means of foraging, 
whereby the birds catch A1·temia or other small organisms and also 
Ephydra chrysalids released by the gmbbing method as described above. 

In shallow water it can be seen that the f1amingos lift up stones with 
the reversed bill or search under clumps of weed. In this case water 
leaves by the base of the bill, so that they arc therefore pumping and 
filtering. ALLEN (p. 90) describes this method of food-seeking also: 
"Apparently small mollusks are sifted from the mud. when present .... I 
have also seen individual birds striding along a beach and picking up 
small gastropods (Cerithiclea costata) which they quite obviously located 
by sight. In this instance the tips of the mandibles are used as a forceps". 

4. S tamping - "marking time" (Figure 5) 

In water about 5-60 em deep a sort of "marking lime" may be carried 
out on a soft muddy bottom. The heel-joint is continually extended and 
retracted during this movement, alternating by both legs. This is some­
times carried out at one place, but they sometimes progress backwards 
while carrying out this motion, while the head is reversed with the bill 
in the water a sho1t distanc<• above the bottom, and moved to and fro. 

Frc. 5. Stamping - "marking time". 

II we imitate thi:. movement "vith hands Ol" feel at the places where 
flamingos were seen to be busy, then we find that innumerable Ephydra 
larvae drift up from the bottom, which at first passively and later actively 
disperse through the water. With their large webbing, the flamingos 
obtain the same effect and it is obvious that, in this case, they are searching 
for Ephydra larvae. 
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The number of larvae living in or on the mud bottom is often very 
high: sampling yielded often some 10-30 Ephydra larvae per dm:!, so 
that this method of searching for food is probably lucrative. The larvae 
are probably caught with the filter mechanism - they may reach 15 mm 
long, but they are too small and active to be caught on sight or by touch 
in the muddy water. ll is likely that tens of liters of water are pwnped 
through the filter, so that the larvae remain there. 

This method of searching occurs, just a~ did the foregoing (3) at a high 
frequency and is performed en ma~·se as well; il is to bt' seen at all places 
where Ephydra OCClUS. 

Young flamingos, rummaging around by the nest, have also been 
observed carrying out the same actions on a muddy bottom without water, 
or with only very little. With their as yet unbent bill they stare at the 
ground or peck in it. It would appear that this method of searching for 
food is innate, for it occurs by young birds who have probably nol yet 
learnt by imitation from older birds, since this behaviour does not take 
place near the colony itself. There are also other indications that this 
behaviour is hereditary (CHAPMAN 1905). 

This method, which was described as early as the 18th and 19th century 
by BUFFON and CLARKE respectively, makes sense only when it is directed 
against organisms in or on the bottom, which as a result of the actions 
of the birds then appear and are filtered off. 

5. S tamping - circling around the bill (Figure 6, Plate Vllb) 

In this method the reversed bill forms the locus around which the birds 
stamp. One such circle (clockwise or anticlochvise) takes 45 to 60 seconds 
and during one turn the head is raised 8 times above the water - some­
times swallowing, but not always. This tempo is more or less constant. 

.... 
~ -·· ·· ... " 

F1c. 6. Stamping - describing a circle around the bill as centre. 
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We have observed this more or less incidentally in the Pckeh11eer and 
more often in the "Ven", usually in shallow places where, at most, the 
water is 30 em deep. It has not been seen in Slagbaai or in Goto. 

When this method has been carried out, what remains is a small round 
mound, a few to 15 em high and which has a diameter of 20-150 em, 
the majority being 50- 100 em. A groove runs around this from a few to 
several em deep. This mound consists of mineral particles - chiefly coral 
sand - and the groove contains mainly organic material or detritus. 

When we imitate this behaviour, we can, as before, explain its action 
and at the same time see what sort of food is being sought. If we strike 
the hands or feet on the bottom and at the same time describe a circle 
such that the movements are centripetal (the Hamingos do this with their 
webbed feet), then mineral and organic material is thrown up. The heavier 
mineral material sinks first and, since the movement is centripetal, it sinks 
in the middle of the circle, giving rise to thE' small mound. The lighter 
organic material (detritus) is carried with the current over this mound and 
sinks into the groove created by the removal of the bottom. 

During our imitation it appeared that a large number of molluscs -
Cerithidca and Batillaria -are left behind on tht> central mound. since the>' 
are lighter than the coral sand, but ht'avier than the organic detritus. In 
this "goldpanning" method the material in the bottom is sifted according 
to its specific gravity, with, as a result, a concentration of molluscs on the 
mound of coral sand. 

It is not clear if the prey is taken up by filtering or by being seized 
by the mandibles. The latter is probably the case, since otherwise there 
would be no collection of organic detritus, algae, etc., in the groove. These 
do not appear to inten•st the llamingos, who do not touch them. 

This circling around the biU was also seen in yow1g birds, e.g. in Goto, 
where the absence of molluscs meant that adult birds never did this, so it 
would seem once mor<.' that this behaviour is innate. 

The methods described under 4 and 5 are mentioned in the literature 
on flamingos although the descriptions are sometimes confused: CHAPMAN 
(1905, 1908), GALLET (1949, 1950), MIDDLEMISS (1953, 1961), ALLEN 
(1956) and BROWN (1958). ALLEN's problem as to whether the bill or feet 
are centrally placed in this method would appear to be resolved by our 
observations. There are two methods of searching: in the one case ( 4) the 
stamping feet are central and the bill moves around, collecting the floating 
food; in the other method (5) the bill is central and the feet then describe 
a circle. There is, however, the following difference with GALLET's (1949, 
1950) opinion about the "oones alimentaires". lie writes that in this wa) 
organic material is filtered out of the mud, so that the mineral particles 
remain behind and form the mound or "oone alimentaire" (see also under 
7). We have shown that in this way, gastropod molluscs are separated from 
the heavier mineral particles and the lighter detritus, which collected in 
the groove around the mound. The latter detritus was not eaten. 
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ALLEN saw this method of food searching (5) on Inagua and traces on 
Cuba. MIDDLEMISS (1953, 1961) reported similar behaviour from the 
Rondevlei Bird Sanctuary in S. Africa for Ph. ruber roseu$, but had 
evidence that feeding took place in the groove around the mound. 

6. "Run n in g" - Heron-like (Figure 7) 

The otherwise so inactive flamingo runs in very shallow water (1-15 em 
deep) or along banks, sticking with a swift unexpected movement ils bill 
in the water, 'vithout inverting it, but using it as a pair of forcE-ps. 

,, . 

FIG. 7. "Running" - heron-likt•. 

This behaviour is ,·ery reminiscent of the fishing of the Little Blue 
Heron (Florida coerulea), the Tricoloured Heron (Hydrmwsso tricolor) and 
the Snowy Egret (Egretta thula), who catch cyprinoicb (Cyprinodon dear 
bomi and Mollinesia sphenops) in this way. These herons do this in sbaUow 
water along banks where sea-water enters giving a Cl-contenl of not more 
than 75 g/1. 

We have observed this behaviour once by one flamingo in the Boca 
of Slagbaai, where, along the banks, many cyprinoids and their fry occur. 
The flamingos go to the less salt places to drink and bathe and come, 
in all probability, in this way to attempt some fishing. It is not clear if 
they are very successful, but taking into account the very sporadic 
occurrence of this behaviour, and then by a single specimen, il would not 
appear to be lucrative. We have never se-en this in the Pekelmeer where 
local concentrations of this small fish also occur. 

Voous (1957) reports an observation by W AGE:"JAAR IlU\1MlLI"lCK in 
1955 of the same behaviour in the Pekelmeer. 

7. W a I king, leaving tracks of the bill (Figure 8, Plate Xlb) 

The flamingos walk, in this method, with invertC'd bill forwards in an 
erratic fashion so that the bill passes owr the surface or just in the mud 
bottom. Tlus takes place for the most part where a few centimeters to 
about 30 em of waler is found. The head is sometimes moved from side 
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to side, so that the bill leaves a very erratic track behind, up to 2 to 3 m 
long and 1 or 2 em deep. 

The only way to find out what is happening here, is to .imitate the 
movement oneself. This was done with a small container or trowel in the 
same places where these tracks were found and here the upper layer of 
"mud" was collected. This is often a reddish mass, containing sediment 
and salt, but here and there it has a red or brown and green composition 
which suggests that many algae and microorganisms are to be found there. 
Blue algae where often found in these samples (Coccochlmis elabens, 
Entophysali.s deusta and Phorm.idium subsalsrnn). Many bacteria and 
protozoans also occurred in this mud; in addition to the sediment, detritus 
and salt crystals. 

FIG. 8. Walking, leaving tracks of the bill. 

Without further analysing the species content, we can still detennine 
the food value of this "mud" by examining its organic content. The samples 
were first weighed, then leach<-d of salt and then dried, weighed once 
more, heated and once more weighed. 

The organic content was: near recent tracks in Pekelmeer on 8.VI, at 
two places close to each other, 21.1 and 21.8% dry weight; on 15.VII, 
at two places near one another (twice), 10.8% wet weight and 20.1% 
dry weight. 

On 7.VII. two mud samples were examined from the Salina Playa Lechi, 
which contained 4.9 and 4.5% wet weight, and 15.5 and 15.5% dry weight 
of organic matter respectively. 

In all probability, this mud was eaten, just as in tho Pekelmeer, during 
poor food conditions. No tracks could be seen, however, through the muddy 
water. 

This method was not seen very often, but the tracks remain visible 
for a long lime, since the soft mud holds the impressions of both the bill 
and the feet, both being 1 to 2 em deep. The amount of mud that 
flamingos must eat in this fashion is considered in Chapter VI. 

This method is referred to in the literature by ALLEN (1956), BROWN 
(1958) and MIDDLEMISS (1961). JENKfN (1957) writes that during the 
operation of this method, the filtering process must work bacl.-wards - "the 
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mud must presumably be sucked in while the gape is practically closed, 
and the marginal platelets (the normal filter) be used to exclude the sand 
grains." 

Ph. ruber ruber shows this behaviour while walking fon,ards (ALLEN, 

and our observations on Bonaire), but MIDDLEMISS (1961) saw it in Ph. 
ruber roseus both fon,•ards and back-wards. JoHNSON et al. (1958) estab­
lished that Ph. chilern.is, Ph. famesi and Ph. andinus walk backwards 
during this method. 1ud and stomach analyses (JoHNSON et al. 1958 and 
PATRICK 1961) have shown in these species that the method is directed 
against diatoms. 

d. QUALITATIVE ASPECTS OF THE FOOD 

ALLEN (1956, p. 101-107) gives a list of "potential food items" for 
flamingos. By combining the stomach analyses, the methods of searching 
for food and the biotopic data for Bonaire, we can compare the list of 
food items for We!-1: Indian flamingos with those on our island. 

1. "Organic ooze" 
ALII .N (p. 101) writ<>s: "The significance of a high organic content in the muds 
and waters frequented by flamingos has been generally overlooked until recently." 
lie gives analyses of the mud in Yucatan, which contains 12 species of bacteria, 20 
of algae, 4 of diatoms, 9 of protozoa and a number of species of molluscs, arthopods 
and nematodes. The organic content of mud on Inagua , ·aried in !\larch from 85.87 
to 91.88% and in June from 8.07 to 18.15%. In Cuba he found an organic content 
of 40.43'~ in ~lay. 

The percentages dry weight found in the Pekelmeer agrt-c with ALLF.:-~'s June 
fi~1res: 21.1 and 21.8, twice 20.1, and !"\"ice l5.5' f, in the Salina of Plava Lechi. 

.\ttrN state~ (p. 104): "Unquestion:1bly this "organic ooze" or "slime",· a~ it has 
lx:en variously tt·nnt--d, is a major food of the:;e birds when available in sufficient 
quantit)'. ln certain habitats and under given circumstances it may even he a critical 
food item.'' 

On Bonaire this eating of mud was noted \.Vith certaint) in the Pekcl­
meer only, but then never on a large scale. We had the impression that 
this behaviour was restricted to those periods when hardly any other food 
was available. Other indications for the eating of mud were the goose-like, 
hard excrements, which once again were found in or along the Pekclmeer 
only. These consisted chiefly of mineral matter, with some cuticular 
flakes and, seeing the size, it would appear that these excrements came 
from the gut caecae. It is possible that the undigestible min(~ral part of 
lhe mud is stored here and then got rid of in this fashion. The "normal" 
excrements are fluid and traces of these droppings are rarely lo be found. 

RTDLEY (1954) has pointed out that the "flamingo has the longest 
Meikcl's tract (that is, the absorptive part of the alimentary canal) of any 
bird.'' 

The alin1entary canal may, in adult birds, reach a length of 3 to 3.7 m 
from stomach to cloacal The digestive process, seeing the length of the 
gut and the nature of the droppings, must be very intensive and these 
facts enable us to understand the eating of mud as a source of food. 
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2. A n n e li d w o r m s a n d N e m a t o d e s 
"Marine forms of annelids ... may be extremely abundant in certain flamingo habitats 
and, in spite of a lack of conclusive evidence, may well constitute an important food" 
(ALLEN 1956, p. l().t). 

On Bonaire we have seen hardly any worms, so that it is unlikely that 
they should be considered as food items. 

3. Molluscs 
"Examinations of stomach contents seem to emphasize the importance of mollusks 
as a flamingo food, which is in line wilh the widespread belief that these animals 
are the principal item of diet. Some authors have even gone so far as lo state that 
mollusks are the sole diet of flamingos, nt least iu the Bahamas, but this obviously 
is incorrect" (ALLEN, p. 10-1). 

Large numbers of BatiUaria millima (- Cerithittm minimum) and 
Cerithidea occur on Bonaire in the "Ven" only, while some specimens 
may also be found in the "Duiruneer" and Pekelmeer. The small numbers 
of living animals can play no great role in the diet; the large number of 
empty shells, on the other hand, suggests that they might well do so, 
when they are numerous. 

4. Crustaceans 
"It is of interest to note that there arc no reports of crustaceans as food of the 
West Indian flamingo, although anal)Sis of organic muds from Inagua showed ~mall 
numbers of copepods present, while examples of Ostracoda were found in mud 
collected from the nesting site at Rio Maximo, Cuba. Apparently crustaceans in 
general may be taken as food, but it is possible they are of minor importance in 
this role" (ALLEN, p. 106). 

On Bonaire we have certainly seen food-searching methods which could 
be directed against Artemia. It did not occur often, but in periods when 
other food items are scarce, it implies an important reserve which they 
may fall back on. In addition, in the examination of stomach contents, we 
encountered a number of remains of Artemias. 

5. A q u at i c i n s e c t s 
"As with crustaceans, there is no mention of aquatic insects or their larval forms in 
stomach contents or reports oil/ food habits of lhe West [ndian race (Phoenlcoptcrus 
ruber). This may be an oversight or it may reflect a true state of affairs in which 
the Bahamas-Caribbean flamingo depends to a greater extent on moUusks and mud 
with a high organic content, while flamingos in olber parts of the world, where 
moUusks are lacking or few in number, must search out smaUer and more mobile 
creatures like water beetles and other water insects. On the other hand, we must 
realise that the same insect fonns to be found in the Great Rann, Ab-istadeh and 
a lake in Kenya, also occur in many i\cw \Vorld sites, where, to some extent at least, 
they are probably eaten by our flamingos" (ALLI.N, p. 106). 

It is very surprising that no data. for West Indian flamingos are given 
by ALLEN for their eating of Ephydra larvae and chrysalids. We have 
observed that these form the staple diet and that various methods of 
searching for food appear to be directly directed against them. 
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6. V e r t e b r a t e s 
"After watching flamingos feed on man) occasions and under varying conditions, we 
conclu~ed_ that fish arc taken a~ food rather sparing!}' and only when they are very 
small 10 SIZe and unusually abundant. Young flamingos in captivity readily devoured 
quantities of small flsh of lhis same form that were offvred to them in shallow pans 
of water'' (ALLEN, p. 106). 

Voous (195i) reportt>d a nwnber of fish-scales in the stomach contents 
and we have. seen (just as WAGENAAR HuMMELtNCK} very incidentally a 
t) pe of huntmg (6) apparently directed against smaJI cyprinoids. Fish 
would appear to play no significant role in the diet, however. 

7. Vegetable matter 
"W.e have seen that in atldataon to tl1e list of plants reported from stomach contents, 
van~us forms of bacterin arc contained ill some quantity in mud from flamingo 
f~·cdmg pl~ces. Vcgc:tttbk• maHer as a whole, especially tlw set>ds of aquatic plants 
hke Ruppw and hluc-g•·ccn algae. may be highly important food in some areas. fl is 
significant that most of lhC' plants taken have a high snlinit)' tolerance" (ALLEN, p. 107). 

In the most important flamingo biotopes on Bonaire, Ruppia does not 
~cur: but ba:teria and algae are certainly consumed by mud-eating. In a 
JUVemle spectmen a number of small seeds were found in the stomach. 
Since this spec~en was observed in the Salina Martinus, we suspect that 
~eeds ha:~ ~cetdentaJI) been taken in during filtering, derived from plan~ 
m the vtmmty. 

Summarising we can say that on Bonaire the situation is totally different 
to that in the Bahamas and in Yucatan. The Ephydra larvae and chrysalids 
form h~:e, in our ~erioc.l of investigation at least, the staple item of diet. 
In ad~ttion, A11emta, molluscs and "organic ooze" played subsidiary roles 
and fish were eaten only incidentally. 

e. DRINKING (Figure 9, Plate XIXb) 

~lamingos must take up large amounts of salt by various means, during 
therr search for food, and although this could be compensated by the 

Ftc. 9. Drinking, \\ atl'r runs down witl1 the characteristic slonting of the neck. 
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drinking of fresh water, the latter hard!) occurs on Bonaire during the 
long droughts. Flamingos regularly drink, however, at places where sea­
water enters the brine Jakes. At the end of the afternoon large groups of 
birds drink at these places. They are also bathing and preening here. This 
drinking resembles food-filtration but it can be seen in shallow places that 
now there is no exit current at the base of the bill. The water taken up is 
then transported by a characteristic slanting of the neck. 

A definite choice is shown for places where the Cl-content hardly, if at 
all, exceeds 20 g.t 1 (sea water). (BROWN, 1958, found a preference for 
water from springs or rivers}. This preference for seawater was shown in 
the "Willemsoog" on the N.E. side of Oranje Pan. This is a small pool 
with an "eye" giving access to sea""'ater, so that the entire pool usually 
contains water of about 20 g Cl/l. During t-xtreme high water levels of the 
sea, the circular "Ringmeer" is much increased via the small canal and this 
has then an open connection with the "Willemsoog" (normally not the 
case, see Chapter IV c and d). Since water flowing through this canal to 
the "Willemsoog" travels a long way, it is markedly evaporated on arrival, 
to i2.7 g Clll on 12.Il. and 55.5 g CVl on 4.III. 1960. This can be seen 
in Graph 7 where a marked increase in the Cl-content of the "Willemsoog" 
can be seen, during the period when the "Ringmeer" overflows. 

Normally the Cl-content here differs hardly from seawater, i.e. 20 g 
CVl. The flamingos appear to have a prcfNcnce for this, as can be seen 
in the same graph. The number of birds after 16.00 hours are given. sine<' 
during the day they hardly drink, if at all. It can be seen that before the 
rise in the Cl-content, troops of flamingos came to drink regularly, only on 
two days was this not the case. Aftcrwarcl~. however, they did not drink 
there (6 times nftE'T 16.00 hours! the rC'st of day as well, so this is not 
considered here). In the period of o,·erflow, when the Cl-contcut retumc-d 
to 20 gil. birds drank there regularly once more. on 3 days only wert­
they absent. 

In the period around the middle of December. the birds drank and 
bathed chiefly at two other places where seawater seeped in, i.e. at Witte' 
Pan and betv.reen P3 and Oranje Pan. During the period when the "Wil­
lemsoog" was apparently too salt, the birds drank chiefly between P3 and 
the Oranje Pan, and the "Ven" was al~o popular. After the retum to 
nonnal Cl-content in the "Willemsoog", the birds still drank at other 
places, but especially at the end of May and in June and July, their interest 
in the former slackened and other r" 'ces were much preferred. The broken 
line in the graph indicates that, ..Jthough no further Cl-analyses were 
carried out, the Cl-content probably remained the same, since the eye 
continued to admit seawater. 

The other drinking-places also turned out to contain water of 20 g CVI; 
this was the case in Sla~baai (the Boca) the Southern and N01 them 
eyes, where the birds regularly drank In the "Ven" the water contained 
everywhere about 20 g Cl/1. We have ncvt-r seen birds drinking in Colo, 
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although flamingos were seen now and then near the Boca, where seawater 
also St'cps in, bul never in great numbers. "Eyes" were present near some 
parts of the colonies in the Pekelmeer and we sometimes saw flamingos 
drinking from their nests while brooding. 

In ~articular in connection with the growth of the young birds, does it 
seem unportant that there be less salt water in or near the colony. ALLEN 
(p. Ill} has reportt'd something similar for Lake Windsor (Inagua). He has, 
at the same time, observed that flamingos collect at places where rainwater 
remains after heavy showers, to drink and to bathe. 

Once (the 8th. of January) we saw that flamingos, during a short but 
heavy shower, stoppe<l aU other activities and stuck their ht'ads in the 
feathers, just as they do to sleep. They could then collect the water which 
ran off their feathers and let this run down with the characteristic slanting 
of the neck . 

. Our obs<'rvalions follow here: 8. I., 12.45. A heavy shower trom the south. During 
this heavy downpour only about 50 birds remained at the Oranjo Pan that wo could 
sec, in shallow water ncar the edge. All of these (501) show tho following behaviour: 
lhey stan~! for •1-5 sec•onds with the head in or on the wings and/or back feathers, 
when the1r necks show all possible twists and turns. Probably they catch streams of 
water with their bills, since every 4-5 seconds they elevate their bills (Fig. 9) and 
swallow. ll srcms to me that they are drinking fresh water in this way. \Ve have 
not seen lhem drinking at the "eyes" today! (12 mm of rain fell that day!). 

Also on 28.lll an<l 24.VI we have not seen flamingos drinking at the 
"eyes" after rain, and it is probable that this happens regularly after rain­
fall. On Bonaire, however, they do not often have the chance to drink 
rainwat~r, a~d the-refore ~ake do with seawater. nus is important in 
connection wtth the excretion of salt. In addition to the kidneys there are 
other possibilities of getting rid of the excess of salt taken in. ScHMIDT­

NIELSEN (1958, 1959) reports that various birds and reptiles living near the 
sea (e.~. gulls, pelicans, petrels, cormorants, turtles and lcguans) have an 
organ Ill the head, near the eyes, which concentrates and excretes NaCl by 
way. of the mouth or nostrils. He gives the following figures in this con­
nection: Sea water - 3% NaCl, "nasal fluid" - 5% NaCl and urine -
3% NaCl. 

Although, as far as I am aware, this has not been investigated anatomi­
cally in the flamingo, it seems likely that they also have an organ of this 
type. In fact, we frequently see flamingos shaking their head and bill, 
espe~allr after dri:n1dng and/or foraging, so that droplets are shaken off 
tl1c btll 1tself or from the nostrils. Sometimes these droplets can be seen 
~uitc clearl~ glisteni~g in the sunshine, also when they arc hanging on the 
tip of the btll. In th1s way. salt from the blood could be eliminated and 
relatively fresh water taken into the body. 

If this. supposition is correct, it is acceptable that they prefer to drink 
water w1th a low salt content, in this case seawater or when available 
rainwater. For bathing and preening, this preference is obvious since the~ 
it will be less difficult to remove salt incrustations from the feathers and 
body. 

54 

f. DENSITY CHANGES IN EPHYDRA AND A:RTEMIA 

Ephydra gracili.s 
As we have seen in the examination of the stomach contents and the 

way in which the birds !)earch for food, only the larvae and chrysalids are 
of direct importance for the flamingo. 

Since it was difficult to take bottom-samples due to the changing and 
sometimes "inaccessible" state of the bottom, the chrysalids were used 
as a measure of the density of the Ephydra. These pupae attach them­
selves to stones, usually on the underside, or at least in crannies or niches 
sheltered from above and also on or under salt crusts. These sites are not 
of the same magnitude everywhere and often cannot be examined, since 
the stones and/or salt cntsts are "stuck" on the bottom. 

It is therefore not possible to determine the number of Ephydra 
chrysalids per unit surface area. ll is possible, however, to make a rough 

TABLE I. PERCENTAGes or occUI'ATION and NuMBERS of Ephydra gracilis chrysalids; 
comparison of 22 checks of double samples of 25 stones each (A and B). 

A 
perc. 11r~. 

0% 0 

8% 7 

8% 8 
12% 13 

24% 17 
28% 38 
28% 31 

36% 57 
36"~ 52 

36% 39 

36% 32 
36% 53 

40% 53 

44% 69 

48% 49 

48% 151 

52% 90 

84% 1031 

92% 1398 
92% 2098 
92% 1929 

100% 1800 

B 
perc. 

4% 

8<' ,o 

8<;~ 

12/0 
21t(, 

32~~ 

32't~ 

32~'o 

36~~ 

llf' i, 

-18't'o 

52"'o 
40'/'o 
44% 
48% 
60~ 

sw; 
84% 
92~''o 

96% 
96~"'o 

lOO'.'o 

nrs. 

1 
7 
6 

10 
16 

36 
40 
-16 
46 
48 
36 
80 
52 
75 
65 

114 

108 
1236 
1627 
1782 
1916 
1627 

fJerc. difference 

4 

4 

4 

8 
12 

16 

12 

4 

4 

4 
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estimation of this by determining the number of possible sites per 500 
sq. m, which suggests the number of chrysalids an area can support (see 
Chapter V g). In order to obtain a reliable impression of the density 
changes in the course of one year, and the role of the flamingos in this 
connection, samples of 25 stones were examined at random, more or less 
weekly, at various sample points in Goto, Slagbaai and the Pekelmeer. 

In each sample the number of chrysalids were considered in addition 
to the percentage of stones having chrysalids on them (occupation per-
centage). The numbers of chrysalids were at first given somewhat vaguely, 

TABLE II. OCCUPATION PERCENTAGES of samples from 25 StOI\l'S und corresponding 
number!> of Ephydra gracilis chrysalids. 

occ. perc. numbers average nr. min. nr. max. nr. 
number of 

samples 

4% 4,2, 1 2.3 1 4 3 
8% 6, 9, 8, 6, 7, 7, 7 7.1 6 9 7 

12% 7,8,7. 13.10 9 7 13 5 
16% 23, 12, 12, 14 15.2 12 23 ·I 
20% 17 17 1 
24% 16, 17 16.5 16 17 2 
28% 47,38,30,34 37.2 30 47 4 
32% 47,45,27,36,19,40,46 37.1 19 47 7 
36% 71,32,52, 46,53,39,57 50.3 32 71 7 
40% 85,56,53,52 61..'5 52 85 4 
44% 45,48, 128,96,69, 75,93,51 75.6 45 128 8 
48% 28,38, 115,36,49,65,151 68.9 28 151 7 
52% 90,80. 70 80 70 90 3 
56% 165,127,60,108 115 60 16.5 4 
60% 114 114 1 
64% 214,288,155 219 155 288 3 
68% 182,127,125,1561,169 432.8 125 1561 5 
72% 207,427,157,304 273.7 157 ~27 4 
76% 206,943, 1436,331 729 206 1436 4 
80% 499,1425,1032 985.3 499 1425 3 
84% 1659,1031,1236,1082 1252 1031 1659 4 
88% 314 314 1 
92% 2134,1947,1~29,1520, 

2098,1398,1627 1807.6 1398 2134 7 
96% 307,1916, 1782 1335 307 1916 3 

100% 1599,1627,1800 1675.3 1599 1800 3 

Total 110. <1/ $amplcs 101 
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but later the number of full chrysalids on each of the 25 stones were 
counted, so that with a gh·en percentage of occupied stones a certain 
nwnber of Ephydra chrysalids were recorded. At certain places, where the 
number of loose stones was higher, regular countings of twice 25 stones 
were carried out. These double counts and the occupation figures give 
then a picture of the reliability of the method of samp1ing (Table I). 
The stones which were sampled had a minimwn size of 7 X 5 X 3 em 
and a maximum of 30 X 20 X 15 em, and apart from this, were selected 
at random. and examinod. 

The average difference in the percentages of occupation is 3.45%, i.e. 
a little under the value of one stone (4%). 

The 22 checks show in general such a high agreement that this can be 
termed a representative sampling. In addition, we can show something of 
the correlation between the occupation percentages and the numbers of 
Ephydra chrysalids on 25 stones from the data given above and the counts 
during the last 2!.-1 months of the study (Table II). 

It would appear that there is a correlation between the percentage of 
occupation and the numbers of Epllydra chrysalids per 25 stones. Since 
Table II is concerned with 104 counts only, it is sometimes so that for 
a given percentage only one count appears, so that the trend is somewhat 
obscured. 

If we translate these results graphically, then the correlation between 
the two factors appears clearly once more (Graph 8). 

For the changes in density we shall use the occupation percentages, 
although in Graphs 9, 10 and 11 the numbers per 25 stones are given for the 
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C!tAPH 8. Correlation bch\C('Il the occupation percentag<' of EJ1l1yclra gracilis pupae 
on 25 stonc.s and the number of Epltydra pupae in these samples. - • indicates mean 
number of B1>l1yclra pupae a1 the diff<.'rent occupation pcrc<'ntagcs: I, R, 12. etc. 

n x indicates the number uf sample~ uf 2.'5 stones. 

57 



- NUMBER OF FLAMINGOS 

-o-•t. STONES WITH EPHYORA PUPAE 

--NUMBER OF E P 

.,. 
0 60 

1000 

500 NUMBER OF FLAMINGOS 
BS~S. 

V,x 11/x 21lfxt 30fxll &fu 19{111 2IY,v 7/v1 17lv11 
1959 1960 

GRAPH 9. Relation between occupation percentages of 25 stones (during tho last 2 
months the number of EplUJdra pupae in these samples arc also given) at the sample 

points BS and S1, and the number of flamingos in Slaghaai. 

last period, at the same time. These changes in density were established 
in Slagbaai, Goto and Pekelmeer and will be considered in that order. 

S I a g b a a i (Map 7, Graph 9). 

From the end of October to the beginning of Au&'llSt sampl<'s were taken at two 
plact'S - 1.c. in the Boca of the salina and at Sl ; in addition, incidentally at other 
points in the lagoon - all to determine the occurrence of Epllydra pupae. Fluctuations 
in d<'nsity O<.'Curred at both places, without, however, showing much correlation. 'either 
did there appear to be any clear relationship between the numbers of chrysalids and 
the fluctuations in the Cl-content. 

Even less was there a connection between the number of flamingos and the 
numbers of chrysalids - on the contrary, during the absence of t110 birds for 2 
months, there was a definite decrease, which turned into an increase when the 
flamingos returned. ll should be mentioned that here - at BS (which is less salt) -
cyprinoids can occur, which will also eat Ephydra larvae and/or pupae. 

Al Sl, the density remained much the same, within certain limits. There was 
here, therefore, no in£lucncc of the numbers of flamingos on t11c amount of food, 
but it should be remembered that the birds have never been sc<'n there in great 
numbers. Th<' maximum was 300 in September, which gradually reduced to 0 in 
December and, in the course of 1960, the numbers did not exceed 100. 

Got o (Map 6, Graph 10) 

Samples were taken here from tl1e end of October to lhe beginning of August at 
r<'gular intervals from two places - i.e. at G3 and Gi\ (also now and th<'n at other 
place:;). In G'\ the number of Epllydra chrysalids remained more or le~s the san1e 
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GRAPH 10. Relation between occupation percentages of 25 stones (during the last 2 
months the number of Ephydra pupae in t11ese samples are also given) at the sample 

points G3 and GN, and the number of flamingos in Goto. 

and the percentage of occupation remained above 84%. At G3 the percentage 
remained under 88%, while in the cours<' of March and further in April, May and 
June Lhere was a gradual rcduclion to 12% later rising in July to 44%. There would 
be no noticeable influence here clue to tho Cl-coul<lnt, since this hardly varied 
throughout the whole year. In the area sampled in the lake, there were no cyprinoids. 

A correlation between the numbers of flamingos and the numbers of Ephydra 
chrysalids would appear to be demonstrable, on the other hand. The reduction at G3 
appears to be synchronous with an increase in the numbers of flamingos, especially 
when this exceeded 600-700 there was a definite relation with the decrease in 
E. gracilis. This is also true of GN, allhough less markedly. The numbers of chrysalids 
~how, clearer than the occupation percentages, that predation was making itself 
felt here. We may conclude that locally, where in addition there are few opportunities 
for the attachment of the chrysalids, i.e. at G3, the predation of a number of 600-700 
Oamingos (or more) is then operating and t11at at about 1,000 flamingos this is also 
valid for the areas richer in E. gracilis chrysalids, touch as the northen1 side of Goto. 
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CR11r11 II. Rl'lat•on hctwccn occupation percentages of 2.5 ~tunes (durin~ the last 2 
months tlw. number of Epllydra pupae in tht>Sc samples art• aho given) at the sample 

(X>mts P2, P3 and OP, and tlte number of flamingo:; in Pckclmccr. 

Peke I me e r (i\Iap 5, Graph 11) 
Samples were taken in the most important area for th<' flamingos weeklr from the 

beginning of October to the beginning of Augu:;t at three places: Pl, P3 and at 
Oran1e Pan (- OP). In addition, regular samples were taken at the comer of the 
\\'itte Pan and further at various place;, e.g. m and near various salt-pans, but 
incidental1). The most important sample point:; (J>-2. P3 and OP) show density chan~es 
which are parallel and these changes show in tum no relation to the Cl-content. 
In the c:omer of the Witte Pan small numhc~ of cllr)·salids were found for .t months 
only. Sea water enters the Pckdmt>cr here tllld C) prinoids also occur which are probabl> 
responsible for the disappcar~tntl'. Al the other sample points there were no cn>rinoids. 

A definite relation appears between the nwnbers of Ephydra chrysalids 
and the nwnbers of flamingos - a relationship of importance when the 
number of birds exceeds the 1,500 - a "critical" number which, when 
exceeded, gives risE: to a clear decrease iD the number of chrysalids at all 
three sample points. At extremely high nwnbers of flamingos, of more 
than 2,000 or 3,000, this connection between the two populations is very 
striking. There is, of course, a certain retardation, because many Ephydra 
larvae are eaten and do not reach the chrysalid stage. After a maximum 
of 3,200 flamingos the reduction in nwnbers was so advanced that there 
were hardly any larvae, chrysalids or flies present. Very striking then was 
the absence of saltflies on the banks of the Pekelmeer. 

Fortunately it turned out that, with an intensive predation of this order 
and the decimation of the Ephydra population, the prey population restored 
itself within a few weeks, when the numbers of flarniogos reduced. It 
would therefore not appear feasible to speak of a shortage of food for the 
larvae or imagos of the fly. 

Artemia salina 
The numbers of Artemias were regularly determined in Slagbaai, Coto 

and Pekehneer at a nwnber of places. Although they were not present in 
the Pekelmeer throughout the ) ear, we still took weekly samples there to 
check for the possible appearance of Artemia. We also took samples here 
and there at other places, when it was striking that they never occurred 
together with Rotatoria, but that we found either these or Artemia (see 
further Chapter V g). 

The Artemias were sampled and counted as follows: At given points 
weekly (or every 10 days), samples were taken of 10 litres of water (twice 
a 5-litre bucket) and poured through a plankton net (greatest mesh 100 ;t). 
The 10-1 samples were concentrated in smaller pots. The numbers were 
determined by taking small amounts out with a pipette, so that the 
Artemias were counted in amounts of a few individuals to 25 specimens. 
At the same time, the details of size were recorded. 

This method is representative only when the distribution of Artemia is 
presumed homogenous. Although the numbers between various sample 
points could diller \videly, the distribution per sample point was still 
fairly regular. Only now and then did it appear that the distribution was 
not homogenous, and then at high densities. There were local examples of 
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this when red clouds of Artemias alternated with lower concentration5. It 
was then possible, in two 10-l samples taken one after the othe~ at the 
same place, or close to each other, to have double the number of Artemias 
in the one bucket as in the other. This difference, which was also 
incidentally noticed at lower concentration5, appears to be correlated with 
the reproduction of the Artemias - the numbers of copulations in the 
cloud was striking. It did not occur often, however (i.e. we encountered 
this on the sample days only very infrequently), so that this hardly - if 
at all - influenced the quantative data. This is shown in the following 
table of double samples, which proves the reliability of this method of 
sampling. 

TABLE ffi. 1UMBERS OP i\rtemitt safi110 IN DOUBLE 10-LITRE SAMPLES. from the same 
pla<:e, tnke11 dirt•clly after one another. 

Go to Slagbaai 

17 18 107 127 

36 37 185 200 

42 44 330 360 

50 54 370 390 

50 58 520 550 

62 72 600 625 

66 70 675 700 

72 S5 1400 1600 

102 108 2800 3200 

132 137 

In 2 X 5-lltrc samples from S I a p: b u a i were found 40-U and 655-685 specimens. 

The differences between these figures are so small that this method of 
sampling may be considered as reliable enough to give a representative 
picture of the fluctuation5 in the numbers of Artemias at the various 
sample points, the more since the 5-litre samples show a close agreement. 

From the areas sampled only the salina of Slagbaai contained Artemias 
the whole year, Goto, the greatest part of the year and in Pekelmeer they 
were never seen. We will now consider the changes in density and the 
possible causes of this per area. 

S I a g h a a i (Map 7) 
Al the beginning of October we began regular sampling at 2 places: BS and S3; 

at the end of January the number of sample points was increased to 4, with the 
addition of Sl and S2. In Fchrual') a start was made in the differentiation of th<" 
Artemias into 3 size categories, i.e. > 5 mm, 1-5 mm, and < 1 mm - the latter we 
referred to as nauplii, i.e. still with one (nauplius) eye. Anemias larger than 5 mm 
are adult. 

The changes in population density at Sl, S2 and S3, although the numbers diverge, 
show a comparable course (Graph 12). The numbers at BS showed an entire!)' different 
picture, there was often a maximum when there was a minimum at other places. 
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There are, however, signs of a certain pamllel cour<>e m the figures at other points. 
This difference betwl..'t'n BS and Sl, 52 and S3 may be connt>ctcd with the differences 
in the Cl-content. \\'e have Sl.'en in fact, that BS was tho least salt, Sl and S2 salter 
and 53 the most salt (Graph 5 and Chapter IV cl). The numbers of Artemias are, in 
general, largest at BS nnd smallest at S3, so that lwrt• also tho difference in Cl-content 
may play a role. 

We tested for a possihll• Cl-prcft>reoce in J\rtcmia in till' following way. The 
nwnbcrs of animals from tlw four sample points wt•rr countt•d, summed and the 
perl.-entage occurrence <lt l'a<:h of tht• four points calculated. This gives a distribution, 
from which we can st·c that in tlw tr.lJect lX'hn-en 45 and 90 g Cl'l (Graph 13), 
the highest pcrccntngl'=> occur. If we do the same for thl' thrl'e stage:; of development 
we have distinguished, it tlu:n appears that the group: 
< l mm occurs most lX'tWl'Cn 50-&0 g Cl I 
1-5 mm occurs most lwtwt.-en 45-&5 g Cl.l and 
> 5 mm occurs with no prt>ferencc between 45 and 120 g Cl I (Graphs 14-16). 

This picture is emphasised when we consider the numbers of animals in this con­
n<•clion. To do this the pt•rcent.,ges referring to numbers between 500-1,000, helwC'cn 
1,000-2,000 and betWl't'n 2,000-3,000 are given SC'parutcly. 

\<Ve ma)' conclude that the smaller stages of t\rtemi(l occur much less frequently 
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in areas with a high Cl-contenl. Whether one can speak of a real Cl (salt) preference 
or of other factors influencing this distribution, can be verified experimentally only. 
Under our circumstances on Bonaire this was, however, impossible. 

MARIAN EM£TS carried out e>.periments on the salt-preferences of adult and nauplius 
Artemias in 1961 at the Caribbc!tn Marine-Biological Institute 111 Cura93o. There was 
no clear prefen•nc:c to he seen in the adult specimens, but the nauplii showed a 
preference for high concentrations of salt (240°/oo). This last result does not at all 
agree with our field observations. We have in all probability a form of pseudo­
preference m Slaghaai where other factors play an important role in determining this 
distribution. There ure indications that we may e"clude migration, whether acti,·e 
or passive. 

From the study carried out hy MARIAN EMEIS, it ap1wars that there is a difference 
in reproduction above and below a salt level of 85°/no. The females lay eggs under 
this value which come out in water up to 85°/oo and these females may well have 
50-60 eggs in the brood-pouch. Above the threshold value of SSO/oo, however, the 
females are viviparous and the number of nauplii observed in the brood-pouch varied 
between 1-15. 

If there is rcall}' such a great difference in the numbers of (potential) descendants, 
we can then explain the differences iu the absolute numbers between Boca Slagbaai 
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and the other s:tmple points Sl, 52 and S3, since only at Boca Slagbaa1 w~ find 
these lower salt concentrations. During our study this varied between 36.3 and 84.5 
g Cl .l (85°too is approximately 47 g CLl), and this value occurred frequently at BS. 
If tlus difference m reproduction is responsible for the pseudo-preference for the less 
~alt area of the salina, we should also expect a larger percentage of adult Artemias 
m the l~wer Cl-<:ontent areas. This was not the case, however. The only reasonable 
explanallon would appear to be. in my opinion, that in these less salt :ut'ih we find 
cyprinoids (st.-c Chapter lVe - up to 75 g Cll or. as MARIAIIO E'>los nnd J. KRISTENSEN 

obsen c:<i on Bonaire and Cura~o. up to 13,-o oo salt), which pre> on the Artemias. 
Accordtng to ~fARlAN EM£1S the nauplii become adult in 10 14 days. This rapid 
de\·elopmeut could lead to a heavier predation on the larger specimens than the 
~m~llcr. Il is a!so possible that the fish hunt only the larger spccimens by choice and 
~t IS also poss1ble that the higher Cl-<:antents at BS or in its neighbourhood could 
Jnst act as n barnt'r for the cyprinoids, so that tJ1eir prt.><lation locally and temporarily 
ceases. 

1~ addition we. must. consider the flamingos which often foraged ncar ns and it is 
poss.'blc that durmg h1gh concentrations filter-feeding directed against Artemia was 
came?, out, whereby the larger specimens will suffer a higher prt•dation than the 
nauplu. 
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In general, however, there is in the entire salina no correlation between the 
numbers of flamingos and those of the Artemia. 

Go to (Map 6) 

In Goto the first Artemias were noted at the end of November, although in Sep­
tember, October and for Ule greater part of :-.lovembcr they were absenl The changes 
in population density were more or less parallel for the three sample points, and with 
a few exceptions only, the actual numbers did not diverge widely (Graph 17). Aftt:r 
the rise in December and January, large numbers were found at the beginning of 
February at all three sample points, but later such large numbers did not recur. We 
know nothing of the cause of this, although it should be mentioned that, since the advent 
of the Artemias the water became much clearer. It is possible that the food supply 
decreased so that the recurrence of high numbers was not possible. The cyprinoids 
play no role here, since they occur in the Boca only. Nor is it likely that the Cl­
content is of importance - il changed littJc throughout the whole year. Predation by 
flamingos does not appear feasible either, since it was seen that these sought the 
Artemias only sporadically. 

P e k e 1 m e e r (Map 5) 
In the Pekelmeer there were no Artemia.~ tJuoughout the year (except in the pans). 
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GRAPH 16. Percentual occurrence of Artemia > 5 mm at 4 sample points with 
different Cl' contents in Slagbaai. - Percentages referring to different sizes of numbers 
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g. POSSIBILITIES FOR THE ESTABLISHMENT OF EPHYDRA AND ARTEMIA 

Ephydra gracilis 
We have already mentioned that Ephydra metamorphose only when 

they have a bard substratum on which they can attach themselves. All 
types of stones and salt-crusts can help here on the bottom of the salinas. 
The possibilities for establishment may differ markedly in various areas 
per surface unit. Since the number of chrysalids is not direotly to be 
established, as a large proportion of the stones are attached to the bottom, 
the number of stones and other potential sites were determined per surface 
area. This was done for 50 m2 at the sample points with the aid of a 
wooden frame of 1 m2 • The 50 m 2 were taken at random and the same 
procedure was followed at other places, also. In Slagbaai, Goto and Pekel­
meer 500 m 2 of potential sites were examined in this way and counted. 

Slagbaai 
4636 potential sites in 500 m2 - i.e. 9.3 per m2

• The area where the 
chrysalids occur and where flamingos forage is, by estimation, a strip 
some 50 m wide along the entire bank. It then becomes too deep and few 
stones are to be found, while the bottom is covered with fine mud. We 
estimate some 3 km of shoreline, so that the available area is 3000 X 50 
= 150,000 m2, which means 1,395,000 potential sites for establishment. 

Go to 
1564 potential sites in 500m2 - i.e. 3.1 per m2

• The area in Goto suitable 
for the Ephydra chrysalids includes roughly the northern part 1 X 0.5 
= 0.5 lm2; on tbe western and eastern shores, both roughly 1 km long. 
a strip of 100m breadth: 2 X 0.1 = 0.2 km2

• In total, therefore 700,000 
m2 = 2,170,000 potential sites. 

Pekelmeer 
3688 potential sites per 500 m2 - 7.4 per m2• Pekelmeer is 4-6 km2 in 

size, depending on the waterlevel and about 6 krn long with a varying 
breadth of 200-1,500 m. If we consider this to be 5 km:!, then this means 
37,000,000 potential sites . 

Artemia salina 
Artemias were absent the whole year in Pekelmeer. KRISTENSEN (1963) 

has pointed out that Rotatoria could be the cause of the absence of these 
animals. The nauplii, in compclitio~ with the Rotatoria for food, may well 
lose and thus disappear. From 1'\(-.rember to June varying numbers of 
Rotatoria were regularly present (maximum several 10,000s per 10 1), in 
the active form, at least. Before and after this period the Cl-content was 
higher and the Rotatoria were perhaps as a "rest-stage" still present. It 
was striking that we found, al various places, either Rotatoria or Artemias, 
or the absence of both. So far as we investigated - with one exception -
they did not occur together. 
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TABLE IV. OCCURRENCE OP ARTEMlAS ANO ROTATOlliA IN VARIOUS SAUNAS 

Numbers 
Salina Artemios Rotatorio of 10-l g Clll 

samples 

Boca Bartoo! + 2 61.1; 60.1 

Slagbaai + 144 at least GraphS 

Go to + 111 at least Graph 4 

Sal. Playa Lechi + 2 14.2; 17.7 

East Sal. Kl. Bon. 2 45.9;47.6 

West Sal. Kl. Bon. 1 spec. + 1 64.0 

Ven 3 22.7; 22.9; 25.5 

Duinmecr + 6 88.8; 92.3; 82.5; 65.7; 73.0; 70.2 

Pekclmcer + 135 at least GraphS 

Rlngmecr + 5 55:6; 73.0; 114.7; 80.2; 72.7 

Randplas 2 48.5;31.2 

Oranje Pan 1 2 141.5; 154.0 

2 + 2 40.0; 38.5 

-3 + 2 42.5; 45.5 

- 4 + l 58.9 
Willemsoog + 9 Graph 7 

Witte Pan 1 1 47.1 

2 1 30.7 

s 1 52.1 

4 + 1 154.3 

It is noticeable that at places where the Cl-content is higher, both species are 
absent, and the same is true for places with an extreme low Cl-content. 

At one place only are both present - the western salina. on Klein Bonnirc. 111 tlili 
period groups of flamingos came regularly in the salina, so that it is pos~ible that 
this was a chance specimen brought in by the birds. With the exception of this single 
specimen, no other Artemias were found in the water. 

Seeing that the surrounding waters and salt pans of the Pekelmeer harbour Artemias 
and that flamingos forage in these, it may be expected that some transport to the 
Pekelmeer is possible. KRISTENSEN and MARIAN EM£1S found Artcmias in the Pekclmccr 
in 1961 (2500/oo salt), whUe there were no Rotatoria, or at least no large numbers 
of them. According to WAGENAAR l-IUMMEUNCK there was plenty of Artemia at Witte 
Pan in 1930 and 1932. 

h. DIURNAL RHYTM 

To gain some idea about the quantitative aspects of the food, it is 
necessary to know something about the time spent in searching for it. The 
numbers of food-searching flamingos in the Pekelmeer were noted during 
the counts made there. This was also done in Slagbaai and Goto, but since 
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the visits to these two localities were combined and were less frequent 
than those to the Pekelmeer, the observations are fewer and less dis­
tributed over the whole of the day. For these reasons we will not consider 
them here. 

Since the data in question were noted en. passant, we do not have a 
complete picture for the Pekelmeer either. In particular the early morning 
- when it was not so warm - was very suitable for observing the flamingo 
colony with field glasses, so that the observations on non-breeding birds 
for these periods are necessarily fewer. We have the impression, however, 
that the birds foraged chiefly in the early hours of the morning and at 
the end of the afternoon. This appears from Graph 18, where the per­
centage of birds searching for food during a given period is shO\VD. 
Evening observations are given with a broken line, since only a fraction 
of the birds could be observed. Other, incidental, observations indicate 
that the birds forage a great deal at night (Klein Bonaire, Salina Playa 
Lechi). The trend in the graph is all the more striking since here observa­
tions are spread out over the entire period of study. With a large number 
of birds at nest, the partners search for food more frequently in the middle 
of the day; during food shortage, the birds also search for longer periods. 

By approximation we may conclude that about 12 hours a day are used 
for searching for food. This is mor<l or less a speculation since we observed 
the birds at night only now and then at full moon, when not everything 
could be seen. The flamingos that we did see, however, were in fact 
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GRAPH 18. Percentage of flamingos f(•('ding dl!ring the collrse of the day (and 
night). - S('c explanation in text. 
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searching for food. In the literature various authors have reported night 
feeding by flamingos. 

Around midday many birds sleep and at the end of the afternoon 
(particularly after 16.00) many drink, bathe and preen, while the feoding 
then increases and part of the population disperses in a southem direction 
(see Chapter VII). 

L QUANTITATIVE ASPECTS OF THE FOOD 

RATCLIFFE (1956) reported that flamingos need 1 ~-3 1 ol a pound ( 
225-340 g) of food per day. In the Zoological Garden of RoltNdam (Dier­
gaarde Blijdorp) the feed is reckoned at between 200 and 300 g per day 
per animal (vAN BEMMEL, pers. comm.). BROWN (1959, p. 111) writes: 
"Accepting that a flamingos nearest relative is a domestic duck or goose, 
it may be reasonably assumed that an adult will eat at least 10 per cent of 
its body weight per day and probably more." He arrives at the figure of 
310 g food per day for Ph. ruber roseus. 

ALLEN (p. 9) gives two weights only of a male and a female handled by 
AuouBON as 7lbs. 8 oz. and 6 lbs. 4 oz. that is, o 3402 and 9 2835 g. In 
1952 and 1961 Voous collected a number of specimens for which the 
following weights were recorded: 2 o o adult 2250 and 2743 g. and 4 ~~ 
adult 2235, 2400, 2160 and 2020 grams. We noted in Ph. ruber rubcr the 
following body weights in grams: 3 o o ad. 3780, 2250 and 2600; 2 ~9 
ad. 3500 and 2600 and 1 juvenile (a few months old) 1472,5. The com­
bination of this data gives the following averages: 6 o o adult - 2837 
gram. 7 Q<j.l adult - 2250 grams. GALLET (1949) found in Ph. rubcr roscu~, 
in which the average male is 10 em longer and the a' erage female 3 em 
shorter than in Ph. ruber ruber, that the males had an average weight of 
3425 g (13 spec.) and the females an average of 2525 g (12 spec.). 

The average weight for both sexes in Ph. ruber ruber is 2700 g. If we 
average the data from zoological collections over the food, we arrive at 
about 270 g per flamingo per day, i.e. about 10% of the body •vcight. 

LACK (1954, p. 131) writes: "In proportion to their weight, large birds l'al ll·ss 
food each day than small birds. Thus land-birds weighing betwe<'n 100 and 1.000 
gramm<>s lend to cat about 5 to 9 per cent. of the body-weight of f1>od each day." Uc 
says {p. 132): "The quantity of food consumed by n bird each day varies with tho 
type of food, and so it is better expressed in calories than in grnmm<'s.'' N1ct: (1938) 
came to the conclusion that more food was eaten in cold than in wann wl!athcr. This 
!s prccisc!y tl1e diffic,~lty in e:q>ressing the quantity of food in calori<>s. The flamingo~ 
m zoolog1cal gardens 111 <..'Older climes will need more food for tlwir thcnnorcgnlalion, 
but on the otht•r hand they will have less need for foodst11ffs for their acli\'ilics 
(flying I). 

Although by no means ideal we shall keep to the figure of 270 g for 
the average amount of food eaten by a flamingo per day per bird. 

The investigation of the stomach contents gives the following results: 
Juvenile 1 and 3 gram; adults 14.5 - 16 - 16 - 9 and 6 g. \1ADON (1932) 
calculated that in Ph. ruber roseus the average oontent was 5.9 g (9 spec.) 

72 

"vith boundaries of 3.7 and 17.0 g. Not only the stomach but also the long 
intestines are filled with half-digested food. Since the stomach also always 
contains several hundreds of small stones, this is in itself an indication of 
the slight weight of the prey animals. 

\Ve have determined the weight of Ephydra larvae, chrysalids and 
Artemia, whereby they were first dried in filterpaper to remove water 
droplets. For the Ephydra larvae, the average weight was 5.3 mg (38 spec. 
5-15 mm long). The chrysalids, which were on the ave.rage 12 rnm lon~, 
had a mean weight of 8.3 mg (10 spec.). The specunens of Artemta 
(5-10 mm long) weighed on the average 0.2 mg each (45 spec.). There 
are, therefore, about 32,000 Ephydra chrysalids necessary to make up 
270 g of food, and for the larvae this means about 50.000 specimens, 
while for Artemia some 135,000 specimens will be necessary. 

In Chapter Vh we have seen that flamingos search for food for about 
one half day at a time. 32,000 chrysalids per flamingo means that they 
must catch 2650 per hour, roughly 45 per minute. When we see the way 
in which flamingos search for food. or imitate them in this, this figure does 
not seem unreasonable. As far as the larvae are concerned it would seem 
possible for flamingos with their specialised methods to catch some 4,000 
specimens per hour- 60 per minute. . . . 

Should they eat only Artemia then, at a fauly high concentratio~ of 
1,000 specimens per 10 l water, it would be necessary for them to filter 
1330 1 water per 12 hours - 110 I per hour or 2 l per minute. This would 
also appear to be feasible seeing the way they search for their prey. 

For Ephydra we have only sampled the chrysalids quantitatively and 
we shall, in a more or less speculative fashion, attempt to calculate the 
relations between the prey animals and the predators and the numb.ers 
produced and consumed. \Ve shall simpli~ matters here by assurrun~ 
that only chrysalids are eaten. 1,000 flammgos therefore eat per da) 
32,000,000 Ephydra chrysalids, which is, per month, a total of 
1,000,000,0001 

These enormous figures (we can give her<> only a rough estimation, and 
not exact values, of oourse) make us wonder how they are related to the 
actual reserves of food in the salinas. 

In Chapter Vg we have given an estimation of the number o~ poten~ial 
sites per area. In Chapter Vf the numbers of Epl1ydra chr~sahds, wh1ch 
belong on the average with a given percentage of occupation_ of ~he 25 
stones were checked. If we now divide the number of potential s1tes by 
25, we obtain the factor by which the various percenta~es of occupations 
must be multiplied to estimate the numbers of .chrysah~. To make .the 
figures belonging to given perc<.>ntages of occupation as reliable as poss1ble 
groups were made of, e.g. 8-16%, from which the average of 12~ '~·as 
c:aleulated from those of 8. 12 and 16°E. We then obtain the followmg 
picture (or the thrN' most important ar<.>as (Table V). 
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TABLE V. ~UMBERS OF EPHYDRA CHRYSALIDS IN PEKEI..MEER, GOTO ANt> SLACBAAI, 

calculated at various percentages of occupation; for further explanation see text. 

perc. occup. at>. perc. av. numbers Pekelmecr Co to Slagbaai 

8- 16 12 10.4 15,392,000 832,000 582,.100 

20- 28 24 23.6 34,928,000 1,888,000 1,321,600 

32-40 36 49.6 73,408,000 3.968,000 2,777,600 

44- 52 ·18 74.8 110,704,000 5,984,000 4,118,800 

56- 64 60 149.3 220,964,000 11,944,000 8,360,800 

68 76 72 478.5 708,180,000 38,280,000 26,796,000 

80- 88 84 841.4 1,245,272,000 67,312,000 47,118,400 

92-100 96 1605.9 2.376,732,000 128,472.000 89,930,400 

With tho same percentage of occupation, the Pekelmecr can have about 
20 limes the number of chrysalids as Goto and Goto about 1Y2 times 
the number in Slagbaai. 

Despite the difficulties that we know nothing of the population dynamics 
of Ephydra, nor the number of eggs laid by the flies, nor the age of the 
flies, larvae and chrysalids, we still wish to make an attempt to examine 
tho r e duct ion d u e to p red at i o n and tho i n c r e a s e d u e t o 
p r o d u c t i o n in the three areas mentioned above. 

In S I a g baa i (Chapter V f, Graph 9) we have seen that the small 
and varying number of flamingos had hardly or no, influence on the 
number of chrysalids. In the period when 200-300 birds were present, 
we had few data on the chrysalids, but in the period when 100 or fewer 
birds were present, the number of chrysalids remains fairly constant and 
varied at the two sample points around the 40 and 80% - an average of 
about 60%. The percentage of occupation of 60% (56-64%) corresponds 
with a total population of chrysalids of 8,360,800 in the whole of Slagbaai 
(Table V). 

100 flamingos eat 3,200,000 chrysalids per day, so that this predation 
does not have the slighest effect on the numbers of chrysalids, since the 
percentages of occupation show no different picture than in the period 
when no flamingos were present. There would appear to be an equilibrium 
when about 38% are consumed (theoretically then, since in fact also 
larvae and fewer chrysalicls were eaten). 

In Got o we saw (Chapter V £,Graph 10) that, at a number of 600-700 
flamingos the density of the Ephydra chrysalids remained the same. The 
occupation percentage at the two sample points - at that time roughly 
between 75 and 95% - i.e. an average of 85% - means 67,312,000 
chrysalids in the entire Goto area. 

700 flamingos eat 22,400,000 chrysalids per day. There is therefore, at 
a theoretical predation level of 36% an equilibrium - and a rise in the 
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number of flamingos shows a decline in the numbers of chrysalids, there 
is thus an exploitation. 

In Peke 1m e e r (Graph 11), when the original number of flamingos 
increases to about 1,500 the Ephydra population is more or less constant. 
At four sampling points the percentage of occupation is then on the 
average 60% and this means about 220,000,000 chrysalids in the entire 
Pekelmeer. 

1500 flamingos eat per day 48,000,000 chrysalids and there is therefo~e 
still an equilibrium at a predation of about 22% . When we compare ~s 
wilh the situation in Goto and Slagbaai, then 1; ~ to 1/a of the population 
can be consumed (theoretically), but the total population remains then 
the same. This high predation must be compensated for by a high 
reproduction, which means that the period egg-fly-egg must be very short. 
Our observations in the Pekelmeer in July 1960 (see also Graph 11) 
indicate how rapid the turnover must be. On the 15th of July there was 
a minimum of chrysalids and very few flies were seen. On the 22nd of 
July there was not only an increase in the chrysalid population but also 
a striking increase in the number of flies. In adcliti~n,_ the n~ber. of 
larvae was also clearly much higher. On the 29th this mcrease 1n flies, 
larvae and chrysalids was even greater. 

If the numbers of flamingos increase, then exploitation takes place and 
the number of Ephydra chrysalids is markedly reduced. . 

With 3,000-3,200 flam.ingos (a short period of a few days) a theoretteal 
consumption of 100,000,000 chrysalids per day takes place .. W~th an 
approximate occupation of 60%, there were 220,000,000 chrysalids m fact 
present and this signifies an exploitation. With about 2,000 birds, how­
ever, a recuperation of the fly population is possible, since this ~um~er 
of birds consumes 64,000,000 chrysalids per day. There was at this time 
an occupation of about 44% i.e. 98,000,000 chrysalid~. . 

At the end of our study period there was, after a dectmation, a recupera­
tion of the Ephydra population. There were at this time an average ol 
1,500 flamingos present and these consume 48,000,000 chrysalids per day. 
The occupation was then around 32%, which means about 60,000,000 
chrysalids in all. . 

During the peliod of recovery there appears to have been a predation 
of between 2/s and '/5 of the total population of chrysalids. 

We may conclude: 
1. That in these periods and situations, other food must be taken and/or 
another area or areas used (this agrees with field observations, see Chapter 
Vll and VIII), 
2. That the population of E7Jhydra gracilis has a greater reproduction 
at lower densities. 

Also important here can be that the flamingos will search less for a 
given prey species when its numbers are very low and their hunting is 
not lucrative (see also TINBERGEN 1948, p. 224). 
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A quantitative approach to the predation of Artemia is of little im­
portance, since these are eaten only incidentally. 

We shall now consider the question of the e a l i n g o f ooze more 
closely. Four samples from the Pekelmecr (see Chapter V d) were examined 
for their organic content and were found to contain 21.1, 21.8, 20.1 and 
20.1% dry weight organic material. The wet weight content was deter­
mined from the last two samples only as 10.8% in both cases. {In Salina 
Playa Lechi twice 15.5% dry weight and 4.9 and 4.5% wet weight) 
If ':e tak~ a 10% wet weight organic content for the ooze, then a flamingo 
eating th1s onlr, must (at least theoretically), if the 270 g food per day 
are to be obtamed, consume 2,760 g of wet ooze, given that all useable 
material is extracted. If 50% can be used, it means 5.4 kg ooze, twice 
the ~ody weight. If ~nly 10% can be used then such a flamingo must eat 
27 k1los of mud, wh1ch appears to be absurd and impossible. 

The efficiency is probably much higher than 10%, seeing the length 
of the gut and the hard droppings which consist almost entirely of mineral 
material (Chapter Vd). 

It would seem to me that the useability is more than 50% (between 
50 and 100%) so that this method is still acceptable. In periods of food 
shortage at ~east, this me~~ could be wholly or partly used. Considering 
the population changes m Ephydra. these periods will usually be short! 

76 

VI. 

PRELIMINARY REMARKS 

Breeding sites 

REPRODUCTION 

On Bonaire the flamingos breed in the three most important food-areas: 
Slagbaai, Goto and Pekehneer (Plate III, VI, XII, XIII). The significance 
of these areas, both as feeding and breeding areas increases in this order 
also. 

In S 1 a g b a a i in recent years there is only one observation of breeding 
by one of the owners, Mr. C. F. S. FoRBES. In the course of 1958 a small 
c:olony settled here on the eastern side of the salina on a small dam 
separating the salina it.seU from the salt pans. The eggs were washed away 
at high water and were found near the Boca. The remains of some 30 nests, 
aU more or less eroded, have been found (for details see Chapter VI d). 

In Got o breeding took place in 1959 and 1960 on small1·ock7 islands, 
something not observed in 25 to 30 years. Between 1920 and 1930 the 
birds bred here regularly (GABRIEL 1938, \'oous 1957). In 1959 we 
encountered young birds on the 3rd of September, the oldest being about 
2Y2 months old, so that the eggs must have been laid in the second half 
of May. The entire laying period was probably from the middle of May 
to the middle of June. In 1960 breeding took place from the beginning 
of January to July, but in small numbers, however (see Chapter VII­
Numbers). 

The shores of the Peke 1m ee r have throughout history been the most 
unportant breeding areas for flamingos on Bonaire. During our study large 
numbers bred here from the end of December 1959 to August 1960. The 
colony was visited four times for a shott inspection of the numbers of 
nests, eggs and young and for collecting nest and water samples. Before 
the breeding period this area was also visited once. 

Breeding Period 

Contrary to other data, the breeding period appears to be extremely 
flexible. The months of September, October and November were the only 
in which breeding did not take place. 

ALLEN (1956) gives a much more restricted period for the Bahamas 
and Yucatan -the beginning of March to the beginning of June and May 
to the beginning of July, respectively. In his comparison of other areas 
(other species also) it appears that the laying period is connected with the 
geographical position and it is in fa.ct so that il is restricted to the 1;pring 
and/or summer months in the Northern and Southern Hemispheres. 
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MoREAu (1950), SKUTCH (1950), THOMSON (1950), Voous (1950) and 
LACK (1950a, 1950b, 1954) all point out that in general birds breed in the 
most favourable period for feeding and rearing the young. In the tropics 
the breeding period is often connected with wet and dry periods, but this 
can hardly be the case for the flamingos on Bonaire since September is 
not and October and November are in the rainy season, but so are 
December and January when they do breed ! (See Chapter IV b, where 
it is pointed out that the rainy season does not occur at all in some yeaTs.) 

Reproductive behaviour 

Because the West Indian flamingo is very shy the colonies were visited 
only a few limes for short petiods. It was possible, however, to observe 
much of the behaviour of the colony in some details from a distance, using 
10 and 40 X glasses. The 40 X glass could be used with efficiency in 
the early morning and evening only, since the air-currents otherwise 
obscured vision. Pair formation and copulation could frequently be seen 
at a distance of a few tens of meters and it was often possible to see this 
from the car, to which the flamingos hardly reacted, if at all, if one 
remained seated. The birds could also be clearly observed at a distance 
of some 20-30 m from a hide near a drinking place. 

Before we consider the reproductive behaviour, we shall first make some 
general remarks. 

Sexual dimorphism 

Apart from the difference in size, there is no dimorphism whatsoever. 
ALLEN (1956) gives the average total length for males as 162.9 em (172.7-
162.6) and for the females 149.2 (160.0-132.1). We found for 3 males a 
total length of 177, 174 and 174 em and for 2 females 152 and 153 em. 
This difference in size is clearly visible in the fidd and. as can be seen 
from the extreme figures, there is no overlapping in the sizes, so that 
mistakes in sexing are practically impossible. 

Only the fully coloured birds take part in the pairing and further 
reproductive behaviour. We have never seen attempts at display by birds 
in various sub-adult stages, with the exception of a few times in Goto, 
where a few pale s-pecimens, with some having the under part of the 
neck reddish in colour, were, in fact, displaying (see Chapter VI h). 

From the difference in size we could make out that, with the exception 
of the copulation, both sexes show the same behaviour. This is contrary 
to ALLEN's observations, but it should be noted that we had the oppor­
tunity to study this behaviour many times and months on end, since it was 
an exceptionally good flamingo year, and could therefore describe this 
behaviour fully. 

D is p l a y a c t i v it i e s and C o p u l a t i o n s 
In Pekelmeer some 3,000 displaying flamingos were observed (30.X.1959 

to July 1960), of which some 1,000 were in or near the colony itseU and 
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about 800 in the "Willemsoog". The remainder were spread at the back 
of the Pekelmeer, on the south (eastem) side, in Oranje Pan, South of P3 
and even at P1 and P2. Those at P2 were furthest from the colony - at 
about 3 km distance - in which display behaviour was seen. The number 
of copulations about which notes were made was 60, of which 7 were in 
a group and 53 "solitary". These copulations were also widespread and 
also up to a distance of 3 Jan from the colony proper. 

In Goto about 950 displaying flamingos were seen (middle December 
Lo June), of which about 340 on the breeding island an.d the rest spread 
along the shore on the north-western side, the northern and the north­
eastern shores (shallow) at a maximum of about 1 km from the colony. 
Here 8 copulations were noted in detail. 

In the other places where flamingos occurred, display activity did not 
occur, so that there would appear to be a certain attachment to the (future) 
nesting area. 

ALLEN writes that they display at great distances from the future colony, 
but BROWN (1958) found that they displayed close to it. In the Tables 
VI-X some data are given on the reproductive or breeding behaviour. 

TABLE VI. 0J:PTH 01' WATER IN WHICH IS DISPLAYED. 

Pekelmeer Co to 
det>th (in em) numbers groups numbers groups 

0-5 193 8 
6-10 394 7 60 2 

ll-15 632 8 
16-20 50 2 56 2 
21-25 
26-30 22 2 101 3 
31-s5 80 2 
36-40 53 3 
41-50 10 1 20 1 

1301 28 370 13 

It is to be seen from Table VI that display takes places chiefly in 
shallower water. This is also evident from the fact that of the 3,000-odd 
displaying flamingos, some 1,000 were in the Pekelmeer in, or near the 
colony, and some 800 in the "Willemsoog", where the water is 5-15 em 
deep. In Goto 340 from the 950 displaying flamingos were seen on the 
islands. 

ALLEN {p. 154) supposes that for copulations the birds need deeper water: 
"possibly because the female is able to support the superior weight of the 
male more easily by dropping partially into the water." This view is not 
supported by our observations. 
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TABLE VII. D EPTH OF WATER IN WIIICH COPULAnONS OCCUilllfD. 

depth (in em) Pckelmeer Go to 

0 5 2 
6-10 9 

11- 15 4 
16 ·20 8 
21 25 9 2 
26-30 6 2 
31-35 1 
36 40 ] 

41-JS 
46-50 

41 4 

TAOLE VIIJ. SF.X-1\ATIOS IN DISPLAYING CROUPS. 

Pekclm eer Go to 

dd-~~ oo-~~ od-~9 oo-99 0 .. _~~ oo-~9 

20-20 19-16 2.5- 25 15-15 2.5-25 4- 4 
9-9 10-10 4- 6 25-2.'> 3- 3 3- 7 

12-12 3- 3 20-20 3- 2 2S 25 3- 7 
15-15 50-50 2.'>- 25 5-10 3- 8 4- 7 
5-5 12 14 40-40 8-15 10-10 3- 6 

10-10 12 10 100-100 8-12 15- 15 
7-7 7- 8 25- 2.') 10-10 20-20 

11-13 9- 9 5- 5 3-3 

450 d o-452 9~ in 23 groups 200 0 0-234 <.?9 in 21 groups 
In total 650 do -686 <.?<.? in 4 J groups 

TABLE IX. TIMES AT WH.!Cii DlSI'LAY AND COPULATIONS WIORE OIISI!RV.ED. 

P c kelm ec r Go to 
time display CO]JttfatiOIIS display copulations 
hours numbers groups numbers groups 

6- 7 20 1 
7-8 44 2 
8-9 163 6 2 
9-10 570 12 1 37 3 

10- 11 137 5 2 174 9 1 
11- 12 227 6 5 426 14 3 
12- 13 258 7 14 176 7 4 
13-14 195 6 8 115 4 
14-15 280 8 5 
15- 16 355 8 2 
16-17 714 14 8 
17-18 334 11 13 6 1 

- --
8297 86 60 93-J 38 8 
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TABLE X. NUMBERS OP DISPLAYING AND COPULATING BIROS IN PEKELMEER. 

Maximum numbers observed on one day. 
date displ. copul. date displ. copul. diJte displ. copul. 

30.X 1959 17 5.11 1960 1 22.1V 1960 20 
4.Xl 40 8.1I 10 23.1V 
6.XI 10.ll 24.IV 20 

13.XI 12.ll 30 1 27.IV 30 
20.XI 40 14 19.11 14 1 29.IV 100 5 
23.X1 24.11 35 2 l.V + 2 
27.XI 5 1 26.Il 6.V 26 1 
2.XII 30 2.ill 8.V + 1 

ll.>UI 50 1 4.lll 11.V 30 
18.Xll 100 1.m 13.V 80 1 
2l.Xll 9.ill l6.V 60 2 
25.Xll 150 1o.m 18.V 
3l.>..'TI 20 n.m 19.V 35 
1.1 1960 150 18.ill 27.V 10 1 
4.1 1 23.lli 3.VI 
6.1 1 25.m 8.Vl 
8.1 30 2 28.III 10.Vl 

10.1 30.m 20 15.VI 40 1 
12.1 100 4 1.IV 6 17.V[ 50 2 
15.1 25 1 6.IV 24.VI 40 4 
17.1 1 8.rv LVII 80 
20.1 60 13.IV 20 4.VII 30 3 
22.1 24 2 15.IV 8.Vll 200 3 
25.1 17.IV 15.Vll 60 1 
27.1 18.IV 20 22.VII 50 
29J 30 20.IV 6 29.VII 15 

The sex-ratio in lhe displaying groups appears to be more or less constant 
(Table Vlll); sometimes there are more males, and sometimes more 
females, taking part. According to ALLEN only the males display, but 
BRowN (1958, p. 397) concludes that both sexes show the same behaviour. 

Display times (Table IX) 
Only the Pekelmeer data can give a true picture in this connection since 

Goto was visited less frequently and mostly between 9 and 14 hours, so 
that the absence of observations for certain times of lhe day prevents us 
from giving a total picture. 

ALLEN found a minimum around noon and BROWN (1958) found a 
maximum around the same period and although there was no particular 
time when displaying did not occur, there would appear to be a certain 
tendency in this activity in the Pekelmeer. The early hours show little 
display behaviour activity, but this increases to a maximum between 9 
and 10 hours and then a small number of birds display until a second 
maximum occurs between 16 and 17 hours. If we compare this with the 
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data for the frequency of food searching (Graph 18), it appears that the 
morning ma..ximum is at the end of the feeding period and before the be­
ginning of the resting or sleeping period. 

The afternoon peak commences the increasing activity which, after the 
rest period, starts at about 16 hours. The drinking places are visited and 
it is here that the display acti\'ity often occurs. Much preening and bathing 
takes place here and it is possible that the many preening movements, some 
of which are seen in lhe display, have a stimulating effect leading to the 
display proper. During the preening and bathing when the wings are 
preened and allowed to dry. the high contrast of the red-black pattern on 
the wings is then visible. This is seen as a display during the following 
activities. 

The time when the copulations take place is of little significance (Table 
IX) since there are only a few observations. 

The data for the number of birds displaying in the course of the year 
(Table X) show that these activities all occur 7 to 8 weeks before the 
egg laying. It is strange that on 30.X.l959 the first display motions were 
seen since there was then a very small number of flamingos in the Pekel­
met>r. ALLEN (p. 152) writes: "Normally, pair-formation in the flamingo 
may be followed at once by nest-building and egg-laying. On the occasion 
described thus far, the next phase did not follow for some six weeks, for 
reasons that could not be determined. It was true, however, that not all 
of the Inagua flock took part in those initial displays or the pairing that 
followed. Po~sibly a lack of the stimulating effect of a great number of 
birds engaging in similar bchaviow- over a period of several days was 
responsible for the unaccountable lull." 

The large numbers of displaying birds occur in general some time before 
the period in which the number of breeding birds increases once more. 
During March no displaying birds were seen and in this month the num­
bers of the other group decreased markedly and not until the end of April 
was there an increase once more, in both the displaying and breeding 
birds. 

P a i r form a t i o n and C o p u l a t i o n 

During the display the pairing takes place and these couples then stay 
together until the brood period. Copulation then usually takes place during 
the normal foraging activity of the pair, without further ado. ALLEN (1956) 
and BROWN (1958) both report copulations from displaying groups but 
also in more or less isolated feeding pairs. We saw the first copulations 4 
to 5 weeks before the first eggs were laid. ALLEN mentions a period of 6 
weeks and BROWN saw copulations most frequently just prior to egg laying. 
For the description of the pair formation and the copulation we must first 
turn to a consideration of the agonistic behaviour. 

In each of the follo\ving three paragraphs the description is followed 
by a discussion on the function, the causation and the origin of a number 
of dis p I a y s. A satisfying analysis is possible only on the basis of many 
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quantitative observations and om-s are, in this respect, insufficient since 
they have a more or less qualitative character. The context in which the 
various displays take place, however, does allow us, albeit more or less 
hypothetically, to make some remarks in this connection. TtNBERGEN and 
a number of his pupils have shown that various displays are caused by 

F1c. 10. Bill-fighting. 

two or more tendencies (e.g. TINBERGEN 1959, BAERENDS 1960), such as 
flight and attack tendencies. By way of the circumstances under which 
the various displays occur, it is possible to state something of the relation­
.ships between the tendencies. 

a. AGONISTIC BEHAVIOUR 

D escription 

Although flamingos are often active in large groups - e.g. while search­
ing for food, a small area exists in their immediate neighbourhood in 
which no other flamingo is tolerated. This is not a topographically defined 
place such as occurs in the colony, for example, and we cannot speak in 
this case, according to HINDE (1956) of a (food) territory. CoNDER (1949), 
following HEDIGER and BuRCKHART who used the term "Individualdistanz" 
in 1942 and 1944, writes of the "individual distance" and not the "in­
dividual area" ... "when the area has no topographical reference." HoFP­
\fANN has also observed the "individual distance" and the accompanying 
aggressive behaviour in feeding flamingos (SWIFT, 1960). JACOBI (1959) 
also reports lhat the birds are "afstanddieren" or "distance animals". 

If two individuals meet during their various activities or approach each 
other, the following situations can take place: 

1. Both aggressive: they try to peck each other in the head, often with 
the result that they face each other with opened bills. They each try to 
Sf ize the mandibles of the other and during this activity their necks assume 
all possible angles and shapes to avoid the opponent's bill (Fig. 10, Plate 
:XIXb and d). The back and shoulder feathers are often on end. This 
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procedure is often followed by "food-searching" with the reversed head 
under water, after which a new attack can take place, followed once more 
by "food-searching" and so on. This searching is carried out always in 
the same fashion {Chapter V c 3), the birds remain standing, however, and 
rarely walk. After the fight a bird may assume the stretched position for 

Ftc. 11. Threatening. 

many tens of seconds. In this case the neck is directed almost vertically 
in the air with the bill and head at a slant - the same position is assumed 
by alarm. During the fighting proper, one bird may tum his mandibles 
laterally away from the opponent (Fig. 17). 

2. If one bird is more aggressive than the other, which has the tendency 
to nee, the latter is often chased away for several meters. The aggressor 
will try to peck at the back or tail feathers, but this may also take place 
under 1. above. The escaping bird walks away with stretched neck and 
these long, pointed necks are also to be seen when the flamingos are 
alarmed by man, aeroplanes, pelicans, donkeys or goats. They often take 
off from this position as well. 

3. The birds may threaten each other, so that the necks are directed 
slantingly forwards, or, more or less horizontally to the opponent(s) {Figs. 
11 and 18). The bill is then often open and a growling noise may some­
times be heard. The whole procedure may change into fighting (1. above) 
or the turning away of the head. During threatening, the back and shoulder 
fe-athers are once more on end. 

4. If a pair comes into contact with another flamingo or flamingos 
then the male birds are the more aggressive - a female threatened b) 
another bird, does not react to this at all or, at most, is hardly aggressivt' 
- the male reacts for the female. CoNDER (1949) calls this the "mated 
female distance" - "the male of a pair defends the area around the female 
which is about twice the size of that delimite-d by individual distance.' 
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Discussion 

It is obvious that gradations occur between the four situations mentioned 
above and that one type of behaviour may change into another. Fighting 
is usually quite short and wounds are rare. Due to the communal habit 
of flamingos, bursts of aggression often flare up. 

If an individual joins a group of birds which are bathing, preening, 
displaying etc., the head is held with the bill directed away from the 
group. This probably signifies that the weapon - the bill - is turned away, 
so that Jess or no aggressiveness is called up. This is thus a form of 
appeasement, a form of which was also seen above during the fighting 
proper {TINBERGEN & MOYNIHAN 1952, TINBERGEN 1953a). Threatening 
is apparently a combination of the flight and attack tendencies, whereby 
the attack (bill-fighting) and sometimes the flight (turning away of bill) 
gain the upper hand (TINBERGEN J953b, MOYNIHAN 1955). 

Searching for food during a fight seems to me to be a displacement 
activity since it is functionally irrelevant in this situation. It took place 
always in the same way, i.e. number 3 from the 7 possibilities observed 
on Bonaire. In these situations there will be a conflict between attack 
and escape tendencies, which inhibite each other, whereby an other 
behaviour pattern can be desinhibited (TtNBERGEN 1940 and 1951, TeN­
BERGEN & VAN !ERSEL 1947, VAN IERSEL & BOL 1958). This searching for 
food may have an appeasement function since the bill (the weapon) is 
thereby hidden under water. 

b. PAIR FORMATION 

Description 
Pair formation takes place at those points where many flamingos come 

together. This may be in or near the actual or future colony, but especially 
at the drinking-places, where - in the less salt water - preening and 
bathing also take place. Many of these preening movements are found in 
a ritualised form in the display. 

The very beginning of the display may be as follows: A group of several 
tens of sleeping birds to several hundreds awake into activity. They begin 
by stretching their necks, but not fully as in the alarm attitude and as in 
the later display. In this attitude both males and females walk to and fro 
around each other; mutual agression is to be seen in the form of bill­
fighting and pecking at the back and tail feathers of other birds, often 
followed by the turning away of th.! bill. A few minutes later a completely 
~tretched attitude is assumed by the neck, so that this stands almost vertical 
and the head and bill are directed somewhat at an angle above (Plate 
XIIa). They then walk around in this streched attitude, sometimes all in 
oue direction \vith "stiff legs", they then tum, more or less together, and 
walk back for several meters. Some birds may also walk in the opposite 
direction, so that they "slide" pass one another. 
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FIG. 12. Walking in stretched attitude altemnled with wing preening, proceeding 
into flying. 

This behaviour can last several minutes, being repeated time and time 
again, accompanied by a goose-like cackling and the "chog6go" ca11 may 
also be heard. They may also stand still in this position and a number 
of birds spread the wings which are "displayed" for 2-4 seconds in a 
slanted fashion. The magnificent contrast of the bright orange-red cover­
lets and the black primaries is then obvious. 

After this the birds may begin walking once more. The stretched position 
of the neck then alternates with a bent posilion, a movement which brings 
the bill for an instant in or on the back or shoulder feathers (Fig. 12). 
This movement resembles a short preening movement and is directly fol­
lowed with the stretching of the neck into the "stretched attitude" described 
above. All these activities take place during the walking peri<><:L and 
alternate very rapidly - about 1 second neck stretching and about 1 
second "preening" in the back feathers. This rhythmical movement pro­
ceeds via walking into flying when the goose-like noise is also to be heard 

After a number of minutes flight, the same procedure is followed; the 
spreading the wings is infrequent during the beginning of the display. 
but flying, on the other hand, is very frequent. The opposite is true of 
later stages in the display. The sight of circling flamingos may be inter­
preted as the increase in display activity, since flamingos do not, in general, 
fly very often or extensively. 

After this introductory phase with much flying, the birds remain on the 
ground or, better, in shallow waters, where we see the following extension 
and change in the behavioural pattern: during the stretched position the 
head is very frequently rotated, i.e. the head and bill move from left to 
right and back through an angle of about 90° on the average (min. about 
45° and max. about 120°; Fig. 13). One movement from right to left takes 
about 1 second while the repeated movement may take from a few seconds 
to a few minutes. 

In this stretched attitude the wings are often spread in contrast to the 
introductory phase and this can last 2-6 sec. During the spreading of 
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F1G. 13. From left to right: stretchrd attitude, stretchrd attitude with head rotation, 
stretched attitude with \\ing spreading, wing preening. 

the wings no head rotation occurs. Wing spreading is nearly always fol­
lowed by wing preening (Fig. 13). 

In this stretched attitude, with or without head rotation, the flamingos 
spread their wings and carry out the preening movement all facing in the 
same direction that is, head-to-tail. One bird begins with the spreading 
of the wings and this is followed by several, or sometimes many, birds 
from the displaying group. The red and black pattern is very striking 
here, but this fonn of activity does not seem to be directed to any par­
ticular individual(s), although those at the back of the group will. of 
course, see those in front. 

During all these movements, the same cackling noise may be heard, 
together with the "chog6go" and a number of grunting noises. 

The contrasting wing pattern is also to be seen in the preening of the 
wings, which almost inevitably follows the wing-spreading activity (Fig. 
13). This new activity does not appear to be directed at any one particular 
bird or birds, just as in the case of the spreading behaviour. Only one \ving 
is preened - i.e. the bill ''indicates" as it were the half hanging wing and 
there is no indication that under given circumstances the wing on one 
side or the other was "preened". 

This behaviour is sometimes alternated with "bowing'' a display in 
which the neck and head are directed at an angle downwards and forwards 
and both wings are half or quarter spread {Fig. 14). Here once again is 
the red-black contrast pattern vhiblc. The head and bill remain, even 
when the behaviour takes place in deeper water abo,·e the surface and 

87 



Frc. 14. Bowing. 

the whole movement lasts about two to three seconds. This display is 
reminiscent on the one hand of a comfort movement, on the other, of the 
female position during copulation, but both males and females exhibit this 
display, since both sexes show the same display attitudes and it may also 
be seen in juveniles. 

Another comfort movement - the one-sided stretching of one foot and 
one wing may also be seen between other display movements, although 
not so frequently, but all types of preening and comfort movements take 
place regularly. Especially after the stretched attitude, with or without the 
rotation the head, is head-shaking, and breast, neck, shoulder and back 
preening to be seen. 

After preening the bill is regularly dipped for a moment in the water 
or just not i.e. only the intention movement. This is followed by head 
shaking. This bead-shaking is different to the head-rotation (Fig. 15}, 
although the one movement may be connected with the other. This shaking 
always takes place with a bent neck, whereby the bead is situated in front 
of the lowest portion of the neck, or even somewhat lower. The bead is 
then shaken to and fro 2 or 3 times a second, the whole display taking 2 
or 3 seconds, so that for a total of 4 to 9 times the head is loosely shaken 
through an angle of 90°. 

Head rotation takes place only with a stretched neck in a much slower 
tempo and with a more awkward, angular movement. This behaviour can 
also last much longer: tens of seconds or even several minutes. 

In general the males are more active than the females during the display, 
showing the above display activities many minutes and sometimes a few 
hours. The females join in now and then with all these displays, but often 
search for food in the meantime. They do this in the same fashion always 
- standing or walking with the bill and usually the bead under water. 
After a time pairs are formed from such displaying groups, but the way 
in which this occurs in not very clear, only that the group as a whole 
becomes smaller and the number of pairs increases. These paired birds 
remain together even during more or less loose communal gatherings, such 
as sleeping groups; during feeding they are also found together. 
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Frc. 15. Hend shaking. 

Discuss i on 
After this description of the display activities leading to the pair forma­

tion, we shall consider in which context they take place, since this can 
tell us something about the relationship of the various tendencies playing 
an active role. 

We saw the following activities during the formation of pairs: 
1. Stretched attitude 
2. Stretched attitude alternated with wing preening 
3. Stretched attitude \vith wing spreading 
4. Stretched attitude with head rotation 
5. Bowing 
6. Stretching of foot and wing on one side 
7. Wing preening 
8. Head shaking 
9. Neck and breast preening 

10. Back and shoulder preening 
11. Bill immersion 
12. Food searching 

The aggressive and flight displays are not mentioned here since they 
have already been described for pair formation and may occur during all 
stages of the displaying period. Agonistic behaviour is especially common 
at the beginning of these activities. 

1. Stretched attitude 
This display takes place both standing and walking. It is preceded by 

sleep, searching for food, preening, bathing, bill-immersion, etc. Sometimes 
it is preceded by aggression - especially by the males - after which the 
stretched position may be taken up for a long time, followed by breast, 
back and shoulder preening. It develops sometimes into flying, which in 
tum may be followed by foraging and/or preening. It may also be followed 
by 2, 8 and 4. It may be followed also by bill-immersion or head-shaking, 
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once again bill-immersion (or the intention only) and then the preening 
of neck, breast, back and shoulders. 

The striking agreement with the alann position and the sometimes direct 
conversion into flying suggests that flight may play a (very) large part here. 

2. Stretched attitude altenwted with wing-preening 

This behaviour, restricted to the beginning of the pairing, converts to 
flying without any disturbing stimulus being observed. The movement has 
two components: the stretched position and the retraction of the neck, and 
the preening of the back and shoulder region. These components follow 
one another quickly in a rhythmical movement and are preceded by 
aggressive and flight displays. The stretched position resembles that 
assumed by flamingos when disturbed by man, animals or aeroplanes, etc., 
and may indicate a high flight tendency. 

. We therefore have to do with attack (especially in the beginning) and 
fhght tendencies and this is not surprising, since the flamingos go from 
a loose to a more compact grouping during this introductory pairing dis­
play. The preening of the back or shoulder region may then be a displace­
ment activity. It is, in fact, functionally irrelevant with respect to attacking 
or flight displays. This activity may be a preening movement, which is 
present as an intention only, it is therefore a ritualisation in a quantitative 
sense, since there is no difference in form, only in the time, to normal 
preening. Due to fluctuations in the relative equilibrium of the two opposed 
tendencies attack and flight, the alternation of both behavioural com­
ponents may be caused. During this behaviour the flight tendency in the 
group increases, the birds walking gradually more quickly and flying up 
at last. 

3. Stretched attitude with wing spreading 

This takes place in a stationary position only. It is preceded by the 
stretched attitude and usually followed by preening, restricted to one wing 
whereby the red-black pattern is visible. Momentary head-shaking may 
also proceed this at times, which may be followed by bill-immersion (or 
nearly - i.e. the intention only), once again head-shaldng and then wing 
preening. A number of times we saw that the movement returns to 1 
without the preening movements. The movement occurs in particular 
during active pairing behaviour. 

4. Stretched attitude with head rotation 

This can take place both standing still and walking. It is usuatly preceded 
by 1 (stretched attitude), sometimes also by bill immersion. Often followed 
by neck and breast preening, and then also sometimes bill immersion, in 
turn followed by \ving preening. It is also possible that bead-shaking may 
follow directly. 

The movements 1, 3 and 4 are all three (also partly 2) based on the 
stretched attitude. This would suggest a flight tendency, which is possibly 
stronger in 1 and 2 than by 3 and 4, since both 1 and 2 may convert to 
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to flying. By the conversion of 1 to 3 or 4, it is probable that the relahvt: 
flight tendency is reduced and that conflict situations occur (with, e.g. an 
attacking tendency) whereby the many preening movements take place 
as displacement activities. 

5. Bowing 
This is usually preceded by one of the stretched attitudes 1, 3 or 4 and 

is usually followed by preening movements. Only one or a few in a ~oup 
show this behaviour, which is never synchronous in a group. We sometimes 
have the impression that this occurs more frequently in situations where 
the attack and flight tendencies arc high. It can also occur, however, 
during a series of preening displays, when there is no question of mating 
behaviour. It then occurs very often next to: 

6. Stretching of foot and wing Ott one side 
This occurs also during bathing and sleeping. 

7. Wing preening 
We see this during various of the foregoing displays; as a result occur: 

with .3 (stretched attitude with wing spreading) it follows always, some-
times preceded by head shaking. . . . 
with 4 (stretched attitude with head rotation), after wh1ch firstly other 
preening movements fotlow and only then, after head shak-ing, wing 
preening. 

8. Head shaking 
This may occur after 1, 3 and 4, where after 4 it is sometimes preceded 

by neck and breast preening. It often occurs after bill-~ersi~n. It is 
often followed also by the bill-immersion movement, or the mtenbon only. 
Other preening movements always follow e.g. wing preening. This move­
ment also takes place after drinking and foraging. 

Under Chapter Ve we have described how head shaling serves, in all 
probability, to dislodge the salt excrement from the bi~-point and from 
the nostrils and we see bill immersion taking place dunng and between 
these movements. 

9. Neck and breast preening 
This may be preceded by 1 and 4 (stretched attitude and idem with 

head rotation) and may be followed by head shaking or other preening 
movements. Naturally enough it occurs also after bathing and during 
preening bouts. 

10. Back and shoulder preening 
This occurs, albeit very shortly, during 2, alternating with the stretched 

attitude or also after 1 (~tretched attitude), 5 (bowing} and 8 (head shaking). 
It takes place (as do 5, 6, 7, 8 and 9) after bathing and during other 
preening periods. 
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11. BiU immersion 

This usually takes place after head shaking by displaying birds. It is 
followed by 1 and 4 (stretched attitude and idem with head rotation) or 
head shaking. In the latter case is often followed once more by bill immer­
sion. At times, however, the bill is not really immersed, but the movement 
is stopped just above the surface. 

12. Food searching 

Food searching, with the bill or head under water, takes place during 
the other activities, always in the same way (Chapter V c no. 3), although 
there are various ways in which food searching can take place. It is often 
followed or preceded by aggressive activities: bill-fighting, threatening, 
pecking, etc. 

We have already observed this behaviour under the agonistic behaviour 
and it occurs both before and after the copulation (sec Chapter VI c). It 
would seem to me that it is displacement food searching as a result of an 
inhibition of the opposed tendencies of attack and flight. This occurs during 
the pairing activities more by females than males. 

The first four movements show (partly) the stretched attitude, to which 
other components may be added and there are signs that the flight 
tendency may be high. This stretched attitude set'ms to me primarily an 
intentional movement for flying away (see also DAANJE 1950). 

The wing spreading under 3 may perhaps also be brought down to an 
intention to fly away. Head rotation, it seems to me, is derived from head 
shaking a comfort-movement which has been ritualised. It may be 
preceded, just as real head shaking, by bill immersion (or its intention) 
when we see drops of water flying around. The orange-yellow bill with 
its black tip is, after immersion, striking colourful and shining. 

Movements 5 and 6 seem to me to be normal stretching (comfort) 
movements, while 7, 8, 9, 10 and 11 resemble more or less ritualised dis­
placement activities which may differ from real preening movements in 
that the movement itself is very short and rapid (e.g. the preening of the 
back during 2) or incomplete (e.g. often in bill immersion) or markedly 
"exaggerated" (such as wing preening which resembles a wing display). 
These movements, whereby we often see striking colour contrasts are thus 
signal displays and may serve for the selection and synchronisation of 
partners (BAERENDS 1960). 

ALLEN (1956) reported the following displays for the males: stretched attitude, the 
stretched attitude with head rotation, idem with wing spreadin~. the stretched attitude 
alternated with wing preening which he called "bobbing". He says (p. 145) that the 
females do not show these behaviours but "they walked along witl1 their bills in the 
water, as if feeding, although this may have been merely a form of displacement 
activity". This is termed the pre-pairing phase by ALLFN. He describes the "pair­
formation" as follows (p. 150): "At the start of this new phase of activity, the males 
resumed their typicaJ male display, as previously described. The females were no 
longer bunched together, and the c'<citement of the earlier noisy huddles seemed to 
have passed. Instead, solitary quiet females were scattered about over the lake. They 
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stood or walked very slowly along as if feeding in a desultory way. Perhaps this was 
merely a fonn of simulated feeding. Most of the females had their heads down, 
either in the water or with their mandibles rather indifferently dipping tluough the 
surface. Apparently the stage was now set for the accomplbhment of pair-formation." 
On page 152, he writes: "Although the unpaired males coulinued to display without 
loss of 'vigor until a lull occurred towards midday, it was remarked that once an 
individual male broke away from a displaying group and singled out a solitary female, 
his manner altered and so far as we could see he did not return to any of the male 
displays. Thus, ll1e break between the pre-pairing phasr and the actual pairing is 
evidently quite abrupt in both sexes." 

The description of the displays agrees in general with a number of the displays 
which we could distinguish. They differ in small details e.g. head rotation, which, 
according to Au.EN, takes place \vith the head moving to the left and then returning 
to the central position. We do not think that "bobbing" (~ 2) takes place with 
spread wings, either and I disagree entirely "vitl1 ALLEN that the females do not show 
these displays, although I did find that they were less active than the males. 

These contradictions arc perhaps caused by lhe fact that ALLEN was able to watch 
pair-formation a few times only, but it also possible lhat what he refers to as young 
males (p. 143-144) with a low social order, are, in fact, females. We never observed 
any traces of a social order in a group! 

BRO\VN (1958) could distinguish the following displays in Ph. ruber roseus: stretched 
attitude, idem with bead rotation (through 45°), idem with wing spreading (up to 4 
seconds) ("wing salute"), bo"ving (called the "inverted \ving salute" by BROWN, p. 396). 
"The bird bows forward and when in that posture partially opens its wings suddenly, 
e:q>osing the scarlet upper wing coverts; the general effect is a flash of red. This 
manoeuvre is most often performed when in small loose groups, perhaps because of 
cramped space in a close-packed displaying flock. Allen does not record this for 
the West Indian race but Lomont (in litt.) tells me that he has seen P. ruber roscu.s 
perform the manoeuver in UH! Camargue." On tho preening element of "head bobbing" 
he says: "This movement appears to be related to 'false preening' as the bird some­
times mandibulates the tail region."; bill immer~ion, somrtimes accompanied by the 
preening of the bill with one foot, with the striking of the foot in the water (we 
saw this during the cleaning oi the bill, but did not consider it a typical display 
activity); "Hooking" a threatening attitude, which agr<'es largely will1 that of P. ruber 
ruber. BROWN writes further (p. 397): "Allen seemed to assume that tlte dbplay IS 

performed exclusively by males, but in view of the numbers involved at times and 
their great variation in size, it appears likely that females might also take part; this 
1mpression was confirmed by R. T. Peterson in discussion at Lake Elmenteita." 

We are able, therefore, backed b> BROWN's observations, to conclude that ALLEN's 
opinion that females do not take part, is based on insufficient observations. 

c. COPULATiON 

Description 

The copulations take place very incidentally in the displaying groups. 
In the display areas, the pairs are formed in some way or other and they 
remain together (nearly) always and it is striking how, in a period before 
a new breeding wave, foraging takes place for the most part in pairs, as 
does sleeping. The partners stay together within the groups as well. The 
large number of paired flamingos seen on the the 18th and 21st of 
December was notable reaching 70 to 80% I this a few days before 
brooding began in Pekelmeer. On the 4th of January the nwnber of pairs 
was still large (60%), on the 8th of January and the 15th, this was declining 
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Frc. 16. Copulation. 

and on the 5th of February this was 3% only, all outside the colony proper. 
On the 8th of July there were also many pairs - just before the new 
breeding wave I 

Copulation takes place in these pairs without any further introduction. 
Of the 60 copulations observed in Pekelmeer, 4 took place in a non­
displaying group, 3 after a group which we had disturbed settled dispersed, 
and 53 during foraging. The latter mode was also predominant in Coto. 

Details concerning the places where copulation took place have already 
been given in the introduction to Chapter VI, in comparison to the dis­
plays. There follows now a description of the behaviour before, during 
and after the copulation, in the manner in which this usually takes place. 

The female searches for food with the head and/or bill under water, 
the male walks behind and to the side of her; he walks then with his 
breast against the tail of the female, who then stands still and brings the 
wings out of the supporting feathers, raises them and turns them sideways. 
The male then mounts, whereby rus feet are supported under the wings 
of the female on the body, so that his toes are visible at the origin of 
the female's wings (Fig. 16). The male sits with spread, and sometimes 
flapping wings to preserve his equilibrium, since he hangs over backwards, 
bending his tail downwards to effect contact between the cloacas. The 
female keeps the head under water during 80% of the copulations ob­
served. 

In one case it was noted that the male pushed the female's head under 
water by pecking in it and the neck. The mounting lasts some 2 to 10 
seconds (average 6 sec.) after which the male flies off the female and 
stands in front and to the side of her as a rule. Very often they both have 
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Frc. 17. Turning away of head and bill after agonistic behaviour and after copulation. 

their heads under water and then begin preening. Sometimes they walk 
a short distance away from each other with turned heads (Fig. 17) and 
then begin preening, sleeping or searching for food. 

22 ao 
activity 1st 2nd 3rd 4tll 5th 6th 1st 2nd 3rd 4th 5tlt 6th 

"food searching" 24 3 3 11 3 3 

preening 12 4 3 1 1 1 12 6 3 2 1 1 

turning away head 1 2 2 1 1 

"sleeping" 1 1 1 

The above are the noted n c t i v i t i c s f o I I o w i n g c o p u I a t i o n and these 
are followed by some preening, and then often by sleeping or real food se:u-ching, 
whereby the partners remain close to one another (~ne to ~ few meters d1~tance~. 
The course of the activities which follow the copulat10n, wh1ch were noted ID the1r 
e~ct sequence, agree with the general impressions which were often noted in a more 
sketchy fashion. 

It is noticeable that the females have (or keep) their heads under water more 
frequently as their first activity and that the males show more preening in comparison. 
After the first reaction the then following activities do not diverge very much. The 
preening movements are directed in particular to the hack, followed ?Y head-shaki~g, 
then followed usually by breast and neck preening. Only once d1d we ~ee wmg 
preening and only once tail and cloaca preening (both by females). Th~ turnm~ away 
of the head occurred 8 times, and this is also to be seen when nvo birds (paued or 
not) approach each other, or when one bird joins a group. 

After a failed copulation, where the female walked away from under the male, 
the male began head-shaking and became aggressive (pecking in the back) towards 
;mother bird This is perhaps a case of "redirection activity" (BASTOCK, MoRRIS & 

MOYNIHAN 1953). 
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After an (apparently) successful copulation (the mounting lasted 10 seconds) both 
mal~ . and f~male were noticeably quiet; ,-ery slow and stately head-shaking was 
ex.hib1ted, w1th weak neck and breast preening, more in the nature of stroking than 
prcen~ng. After this the bill was immersed now and then, followed by an inactive 
preenmg of the neck, breast and back. 

Discussion 

The head under water ("food searching") before and during the 
mounting proper by the female can have an "appeasement" function. This 
and back preening may have the same function as the turning away of 
the head and "sleeping", i.e. the turning away of the bill as a weapon 
{appeasement). 

The other relationship between "food searching" and the preening 
movements a~ ~e first reactions after the copulation by the males and 
females may md1catc that by the males the conflict between the attack 
and flight tendencies is different, so that other displacement activities 
occ~r. Here a difference in the threshold value may play a role in the 
v~nous movements. "Sleeping" is probably also a displacement activity 
smce the eyes are not closed. 

Other descriptions of the copulation in flamingos are to be found in 
ALLEN {1956), BROWN (1958) an~ SUCHANTKE {1959). These ali agree in 
general, although SucHANTKE believes that there is a difference between 
Ph. ruber roseus and Ph. ruber ruber, based on his observation~ in the 
C_amargue, which he compares with those of ALLEN. 1 think that this 
difference can be explained by the fact that ALLEN also described failed 
copulations, where the male falls off the female, or the female is pushed 
~~er water for a time. In these cases, examples of which we also noted, 
1t 1s probable that the preparedness of the female was not high enough. 
yYe ~-for example, that the wings are not spread, so that the male has 
msuffic1ent foothold and therefore falls. 

d. NEST BUILDING 

Written ~ta _on ne~t building are scarce and somewhat contradictory. 
Before cons1denng thts further, we will first give our own observations. 

In Decemb~r and January a~d ~ter in May and June, nest building was 
seen several times at the begmnmg of a breeding period, during which 
nest building. activities also took place (for further details, see Chapter 
VI g). W~ noticed that ~e greatest activity was early in the morning, when 
t~ns of bu'<!s and sometimes_ hundreds, were building at the future nesting 
Site. We ~d not s~e any Stgns of early building at sites where no later 
nest locahty ~as s1tuated, as can be seen in other bird species. There is 
much aggresslVeness between the pairs during the building, but sometimes 
they sleep also. 
. It would appear that both males and females build, not at the same 

tunc, but al~emating. The birds stand somewhat spread-eagled and usc 
the closed bill as a trowel which scrapes up mud from the surroundings 
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and places it between the legs (Fig. 18). In this way the surroundings of 
the future nest are hollowed out, although this does not necessarily take 
place on all sides, sometimes because there are hard areas, such as rocks, 
where they cannot "dig". The bird can now stand on the small hillock 
or stand with widespread legs over it. In the first case, it stamps with the 
feet, probably to obtain a firm consistency in the hillock, during which 
action the bird may tum around. In addition, and particularly in the 
second case where the bird stands over the hillock, the building material 
1s pressed home with the upper mandible. 

_,----..... 

" \ I 

F1c. 18. Nest building, the bird on the right is threatening. 

The time given to building was not very long (a few clays only) in the 
northwestern and middle colonies, this being connected with the fact that 
he birds used nests from the previous year, and these were simply patched 

up and raised a little. 
On the other hand, new nests were built in the South-eastern and 

'\orthem colonies, where much more time was necessary (Graph 19). The 
site was partly in the water (North-west colony) and partly near the water 
(North, Middle and South-eastem colonies - see Map 5). There were also 
older nests far from the waterline where the flamingos had used dry 
material for building, such as stones, sand, clay and salt. 

The 1958-1959 nests were used in three breeding periods in 1959-
1960, so that there were nests which had been used at least 4 times in 
about 1Y2 years. 

Contrary to the statements of various authors, MACCANN (1939) and 
YEATS {1950) reported that Ph. ruber roseus used nests several times and 
this was supported by Voous (1957) for Ph. ruber ruber and by Messrs. 
MAYER and GERHARTS who, as inhabitants of Bonaire, have watched 
flamingos for a number of years. These observations agree therefore with 
our own. 

CHAPMAN (1905) did not believe that the old nests were used, with the exception 
that "possibly when the governing conditions of any two years are alike, old nests 
may be repaired, but I saw no nests which seemed to have been rebuilt or added to." 
He saw reparations during the brooding only. At this time building material is col­
lrcted, as far as possible, "at random" around the nest, but owing to the presence 
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of limestone, two or more excavations may be the only sources. The way in which 
this took place agrees with our observations. CHAPMAN's ~opposition that new nest~ 
are built in the same fashion i.~ therefore correct. 

GALLET (1949, 1950) describes the nest building as a somewhat changed food 
searching behaviour, whereby the "cones alimentaires" are made. The detritus is 
removed with the bill from the runnel to the centre of th<• "cone" and trodden down. 
The movements are comparable with those wllt?rc Wt' saw that mud was collectf.'d 
from tlw surroundings and trodden clown. ~lcCANN (1939) presumt·s that the flamin~os 
transport mud in the bill from small C'<Ca\·ntions in the neighbourhood. 

ALLEN (1956) reports the ob~ervations of J. W. ~louow, who cared for the flamjngos 
on the Hialeah Race Course in Florida for many year~. and these agree with thosll 
of CHAPMAN and ounelves. He stated tl1at both males and females take part in the 
nest building, but tl1at, when there was insufficient building material in the immediate 
neighbourhood, tlle male digs a new pit and hands the mud on to the female with 
his bill, who then uses it as tlw nest proper. (This can be compared with the nc:.t­
huilding during the breeding season whereby small bnlls of mud are then added to 
the nest, tlleses being apparently forrned by the bill; st?e Chapter VI g). 

The observations on the nest building in the zoological gardens in Basel (WACKER­
NAGEL 1959, LANG 1961) agrc•o in part with ours; both male and female build, but no 
mud is handed over from tho hill of the one to the other. in the way that 1\loaaow 
had seen. WAcx~NAGt.t. also reported that building carried on through the brooding. 
LANG described an exc:cptional manner in which the nest building was started. In 
th~ the birds sit on the flat bottom of their area in the zoological garden, and then 
prise small clods of earth loose with their bills, arrange tlle~c as a ring around them­
selves and tllen hegin to tread this down. 

ALLEN (p. 158) writes on tl1e nest building: "In a small colony on Charles Island, 
Galapagos, Gifford (1913) saw one nest that consisted of a flat lava rock on which 
the egg had been laid, with mud scraped around it. There are other variations, each 
illustrating the fact ll1at the birds use what is available by way of nesting material. 
llartert (1893), at Bonaire, noted tltat tlle mounds were often built directly on the 
sail crust rather tl1an on the actual bottom. According to Lloyd, quoted by Chubh 
(1916), mounds in 13ritJsh Guiana "resemble a large yam heap", and were maclt• ol 
"vegetable substances thrown up by the sea".'' 

"Gallet (1950) in the Camargue and Voous (1955) on Bonairc, speak of the mounch 
being of mud and "covered will1 a white mantle of salt." . . . Except at Inagua, wt­
found the mounds of the West Indian species corutructl'<l of marl of a stiff and some· 
what sticky consistency. In Lake Windsor and the Upper Lakes, tl1e mud is made 
up of a l~se. mixture of minute: ground shells and small particles of sand and clay 
When wet 1t 1s reasonably adhestve, tllough not as successful in this respect as typical 
marl; but whe~ dry it is almost powdery. ~larl hardens and can withstand years of 
repeated flooding, but the shelly material Otl Jnagun w~hes away quite •eaclily. 
I saw marl nests on Abnco that were apparently more than len years old. Mangrove 
shoots bad grown completely through several of them, hut their original forms were 
well preservered, and they were nearly as hard as rock. Inagua mounds, on the other 
hand, do not seem to survive a~ long as one year, so in this location there can he 
no question of using mounds again and again, as reported elsewhere." 

Voous (1957, p. 80-81): "The nests in the Pekelmeer arc the well-known truncated. 
cone-s~aped mud structure, usually covered witll a crust of snit and varying behwcn 
approxonately 15 and 30 em in height and 25-30 em diameter at the top. The nest, 
were very close together, sometimes connected by low bridges of hardened mud but 
in oilier cases separated by narrow channels of salt watl•r. The nests seem t~ lx 
used for many years in succession .... 'When we vi~ited Bonaire in 1'\oYember 1951 
we did not see anything of breeding flamingos; instead, we saw their mud nests rising 
out of the water of ll1e Pekelmeer, between the Wille Pan and the Oranje Pan. B) 
the end of March 1952, when the water level had rist·n, no nests were visible, so that 
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we assumed that nil nests were inundated. Judging from ll1e photographs taken by 
GABRIEL ... of the breeding places in Goto, the nests must ha,·e been considerably 
lower there tllan in the Pekelmeer, apparently as the result of the lack of a sufficiently 
thick layer of mud. Many nests seem to have been lower than 10 o.r 15 em!" BROWN 
(1958) also reported lo\\ nests on rocky islets in East Africa and Chili. 

We saw not only fine mud being used as building material, but also 
pieces of stone and sometimes feathers, especially in Goto. At times there 
were the remains of a dead young bird from the previous season and these 
were not removed; the eggs were, on the other hand. The composition 
of the nests was very different at the various places: Slagbaai - especially 
black mud and pebbles; Goto - often only very little black mud, pebbles 
and feathers; Pekelmeer - mud, pebbles, grit, feathers and shells. One 
old nest-site contained much coarse material, but was built some distance 
from the water line (Plate VIa). 

Size of nests 
Nests were measured: in Goto on 11. IX.l959; in Slagbaai (old nests from 1958) 

on 2. XI. 1959; in Pekelmeer (nests of the season Dec. 1958-Jan. 1959) on 13. XI. 1959. 
After this no furtller measurements were taken, the nests being used by brooding 
birds. In Slagbaai and the Pekelmeer the nests had, therefore, been exposed to 
erosion, so tllat they will have decreased somewhat in height, which made it im­
possible to determine the diameter either. 

Number Height (in em) Diameter on top (in em) 

Goto I mud pool 34 26 (16-37) 30 (26-35) 

II firm bottom 26 17 (10-25) 27 (22-31) 

][1 rock')' bottom 29 12 ( 4-21) 28 (25-31) 

Pckelmeer 25 17 (11-23) 

Slagbaai 8 28 (24-34) 

The Goto nests show marked differences in height in connection witll the sub­
stratum. 

Where much nest material is present, high nests are made, while on the 
rod.")' bottom often only a thin layer of mud is sufficient. The nests on 
a firm substratum are intermediate in his respect. 

In the Pekelmeer the nests were eroded (as explained above}. It appeared 
later from the repaired (old) nests and newly built nests that the variation 
in height may be very large and that this is related to the amount of 
material in the direct surroundings of the nest. 

In Slagbaai we found the highest nests and only those showing the 
least signs of erosion were measured. Black mud with some grit was 
present here on a dyke between the salt pans in sufficient quantity. But 
the eggs were, however, nevertheless washed away. 

We have never seen the nests being raised during a rising water level 
in the Pekelmeer, which must be fatal for some of the lower nests. The 
function of these high constructions is clear at high water although the 
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literature often reports the flooding of colonies, despite the high nests. 
It is typical that the wader Himantopus himantopus which breeds along 
the shores of the salinas also makes such high nests I If we disregard the 
oldest observations from the literature, we find (according to ALLEN 1956, 
p. 159) a maximum height for the nests of 18 inches on Abaco, and a 
minimum of 4 inches, which is recorded from Bonaire. The Abaco maxi­
mum was therefore not equalled, but the minimum was certainly lower 
in Goto. 

The hollow on top of the nest is usually very shallow, only one or a few 
em deep. There were feathers in some nests and, with frequent usuage, 
sometimes a dead young bird and egg-shell remains. 

e. COLONIES AND CoLONY FORMATION 

The difference between old and new colonies can be seen in the dif­
ference in building activity, as shown in Graph 19. 

In the old colonies (dating also from 1960, being used for the 2nd or 
Srd time) the building activities lasted onJy a few days to a maximum 
of 15 days in one large colony (North-west and Middle colony). In the 
new colonies the building activity was much higher and lasted about 24 
days (especially in the large south eastern colony). The small Northern 
colony had few building days, as a result of the smaller number of nests 
(45) and probably because the beginning of the building activity was 
missed here. 

Situation and size of the colonies (Maps 5-7) 

In S I a g b a a i there were 30 nests, dating from 1958, on a small dam 
about 2 meters wide, between the salinas (Plate lila). 

In C o to the colony was on a small island in the low-lying part. On 
3.IX.1959 there were 200 nests, but on 25.VII.1960 there were only 48 
remaining, the rest having been washed away by high water. It would 
appear that this erosion may be rapid: on the 20th of April 80 nests were 
still in use, on the 25th of July only the 48 were more or less intact 
(Plate Vlb). 

In the P eke l me e r a number of old colonies were met with, par­
ticularly on the eastern shore, often on the borderline between land and 
water, although some were at a distance from the water. This was par­
ticularly so for a colony dating from 1957, which was some distance from 
the water and consisted of high, dry nests made of coarse material (Plate 
VIa). A colony of 40 nests is known from a small dam between the salt­
pans in the Witte Pan, dating from 1955. The other colonies, which we 
encountered, or their remains, or which we heard of from local informa­
tion, were all on the eastern shore between Witte Pan and Willemstoren. 
With a single exception all these colonies were situated close to the 
waterline on a soft mud-bottom with much salt and sometimes also {in 
part) in the water. 
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Concerning the recent colonies in the Pekelmeer (Plate XIII): In the 
autumn of 1959 we found the colony where the flamingos bad bred in the 
winter of 1958-1959. On the 30th of November 1959 these nests were 
counted, and found to consist of two groups (later the North-western and 
Middle colonies) with a total of 600 nests. They were then on a soft moist 
substratum a short distance from the waterline, but afterwards they were 
often in the water. On the 15th of July 1960 these colonies were recounted 
and there were found to be 640 nests- 80 in the Middle colony and 560 
in the other. It is probable that a number of nests were so eroded that 
it was impossible to use them once more. 

The first extension took place in the South-eastem colony where (as 
shown in Graph 19) about 10 days later than in the other colonies, a start 
was made. This colony was situated further inland than the others on a 
more or less dry shore of the Pekelmeer. There was, therefore, the fol­
lowing trio: 

The North-west colony the most advanced and usually around in the 
water, then followE-d the Middle colony, situated between the North-west 
and South-eastern colony. 

The last extension, the North colony. was situated to the north of this 
trio and even further inland. Here there were about 45 nests which later 
were also in the water. The number of birds in this colony gradually 
decreased, while at the same time the Middle and South-eastern colonies 
increased. This decrease took place later in the South-eastern colony also. 
so that we can say that the small extension colonies had a short life and 
these birds deserted to the larger, already occupied North-western and 
Middle colony. 

The latter colonies and the South-eastern colonies were only a few tens 
of meters from one another, while the Northern colony was situated several 
hundreds of meters to the north. 

The nests were differently arranged in the these four colonies - there 
were concentrations whereby the nests where mutually connected by 
"bridges" (Plate XVIIb), with between them small or larger "excavations" 
depending on the nature of the bottom. Some nests, or groups of nests. 
were more isolated. The colonies as a whole were situatod on bare flats 
without any vegetation. 

CHAPMAN (1905) wrote: "It Is evident that in selecting a nesting site tho birds 
are governed nol by the nature of tho vegetation, but by tho height of the water:• 
ALLEN pictures various colonies in the Bahamas and Yucati\n, which were wry 
divergent, ranging from several smaller and larger groups to 100 nests and 1 very 
large group of 2,000 nests in Yucatan. He writes then on page 164: "Excluding the 
remarl<able total size nod extent of the Great Rnnn and East African colonies, it can 
be said that those other sites whose overall areas are known, show a reasonable 
similarity. In terms of acreage, the largest extent reported is 1.16 acres (Horse Cay, 
Inngua) and the smallest is .50 acres (Porpoise Creek, Andros). The 1904 Andros site 
occupied about .82 acres and the Santa Fe location .62 acres more or less. Tho mean 
for these sites is .77 acres or .31 hectares, in other words about three-fourths of 
an acre." 
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Nest Density 

Unfortunately it was not possib!e to determine the area of the colonies 
nor the distance between nests, because of tht' continuous occupation by 
the flamingos from the end of December to the beginning of August (when 
we left Bonaire). ALLEN gives figures ror the total ntU11ber of ncsls per 
~urface area. We can, however, do better by considering SwiFT's (1960) 
data which, in addition to ALLEN's and other observations, contains his 
own work from the Camargue in 1959. SwiFT 1960, p. 4 arrives at the 
following results for various species of flamingos: 

Species 

Ph. ruber ruber 

Ph. ruber roseus 

Ph. chilensis 

Phoeniconaias minor 

Place 

Inagu:t 
Andros 
Andros 

Kutch 
Kenya 
Camargue 
Mauritania 

Argentine 

Kenya 

No. nests m' Authority 

1.05 ALLEN 1956 
0.989 ALLEN 1956 
0.60 ALLEN 1956 

1.3 ALLEN 1956 
2.6-2.9 BROWN 1958 
1.3 [2.7] SwiFT 1960 
2-3, or 1 NAlJROIS 1959 

4 ALLEN 1956 

1.7 [5.4] BROWN 1958 

The figures in brackets repr<.>scnl the densities in groups of nests. 

Although we have carried out no measurements of tllis sort, we may 
~t ill say that the density on Bonaire may be locally greater in some 
colonies, but thE-n locally also much lower, so that the average from various 
places for this species is cettainly of the order given by ALLEN. Voous 
found in 1961 on Bonaire a colony of about 500 nests on an area of about 
soo= (i .e. 1 nest per 1.6 m:}, which is lower that the group-figures given 
above for Ph. ruber roseus. 

SwTFT draws a number of suppositions and conclusions from these 
figures, some of which are also valid for Bonaire: 

1) The nest concentrations are not caused by a shortage of space and/or 
the need for protection against pre lators. 
2) The eggs and young are hardly, or not at all, protected against 
predators. 
3) The flamingos - seeing the nature of their biotope, are not likely to 
be surprised by predators and there the nests can be close to one another, 
because the birds walk away from the nests and then (not always) fly 
av,:a;. so that only a much reduced take off space is n<'cessary. 

According to S\~'IFf the most important cause of lhc high density of 
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nests is the social stimulus which results in the simultaneous laying and 
hatching of the eggs. In this way, large groups of young birds (creches) 
grow up together, which has a "survival value" against predators. SwiFT 
compares this with the similar behaviour of Sand\vich Terns (Sterna 
sandviccnsi.s), as described by CULLEN (1960). GALLET (1949), LOMONT 
(1954) and HoFFMANN emphasise this simultaneous reproductive behaviour 
of the flamingos in the Camargue. 

Our experience does not agree, however, since on Bonaire there was in 
fact a very extensive breeding season from the end of December 1959 to 
August 1960 I ALLEN (1956, p. 173) reported for Inagua a period \vith 3 
overlapping breeding waves, which lasted a total of llO days, and for 
Yucatan 2 waves, with a total of 2 months. 

In addition to a mass start, it appears that a slow growth is also possible 
(Graph 19) for some colonies. In addition, new groups steadily appear 
and reproduce, so that more than 8 months continuous breeding was 
observed. This resulted in regular new groups of pullets (creches), at times 
very small in size. 

Small colonies may also be successful (see Chapter VIII) although we 
saw, in the latter weeks of June and in July small colonies which rapidly 
diminished, because the birds joined the larger groups (North-west and 
Middle colonies). These observations are thus partly in contradiction and 
partly in agreement with SwtFT's arguments. 

f. EGGS AND CLUTCH SIZE 

Eggs 
The measurements of 24 eggs, which had not hatched in Goto, arc (greatest length 

X greatest breadth to the nearest ~ mm): 

87 X 58 91 X 57 95 X 58h 
88 X 56 91 X 58 96 X 56 
89 X 52 92X58 96 X 57 
89 X 53 93 X 53 99 X 49 
89 X 57 93X53 99 X 56 
89% X 54 98 X 56 10.1 X 58 
90 X 52 94X58 
91 X 54 95 X 53 92.9 X 55.2 
91 X 55 95 X 54 (87-104) (49-581/2) 

Voous (1957, p. 81) writes: "The eggs are long oval in shape; tho shell is chalky­
white wilh broad pori and a rough texture; against the light a yellowish colour shines 
through." His measurements for 20 eggs from Bonaire are 87.4 X 54.2 mm (extreme 
length 82.6 and 97.4, extreme breadth 50.8 and 59.1). 

Our average, particularly that for length, is therefore somewhat higher, as is that 
given by B!NT (1926) for 4l eggs from various places in the Bahamas (91.3 X 55.4 
mm; elttrcmes 85.0 and 99.0, 51.9 and 59.4). ALLEN gives as the longest 103.5, coll<·ctcd 
by lum on Inagua, while the shortest was 82.4 from Andros (CHAPMAN, 1905); the 
breadth extremes were 49.3 and 59.4 mm. 
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Clutch size 

Voous (1957, p. 81) reports on this matter from Bonaire: ~'According 
to local information and the photographs presented to us by vanous people 
the nests in the Pekehneer usually do not contain more than one egg. 
which, thus, is the full clutch-size. CHAPMAN (1905, p. 59-61), too, found 
in the rookery of nearly 2000 nests on Andros Island, Bahama Islands, 
only one egg per nest, except in two instances." . 

In the Pekelmeer we found twice two eggs in a nest and hVIce a pullet 
of 1 to 2 days old \vith one egg (Plate XV). The 2-egg clutches are there­
fore very exceptional, even though ALLEN reports an observation by 
MAYNARD (1888) that 2Yl% of the total number of nests (2,000) had 2 eggs 
and in one case, 3 eggs. GALLET (1950) gives for Ph. ruber roseus hardly 
one per cent of the nests with two eggs. ALr (1945) found only o~e egg 
per nest for the same subspecies in India. BROWN (1958) found, 10 900 
nests, five 2-egg clutches. 

Are the two eggs from the same female or is a nest, with an unhatched 
and deserted egg used for laying another egg? BROWN (1958) gave 
evidence for the laying of two females in the one nest by w~y of the 
difference in size, form and development. On page 401, be wntes, h?w­
ever, that "it is definite that the flamingo does lay two eggs on occaswn, 
as in the second breeding colony between April and August 1957 a number 
of cases were noted where the same parent flamingo was feeding and 
tending two young about a da} apart in age." The hvo cases of 1 egg plus 
I small pullet may then result from the fact that the p~~ts have c~bed 
into the wrong nest after leaving their own nest. Thts IS very poSSLble, 
since the pullets are able to leave the nest very early and then return to 
it (see Chapter VI h). It is also possible on the other hand, that ~e egg 
has not hatched from a previous laying and that a new egg was latd next 
to it, and which bas hatched. 

The colony may be visited only \vith great care and this prevented us 
from checking the nests further, but we have never seen that a '_'l~st" egg 
was rolled into (on to) a nest I GALLET (1950) is also of the opnnon that 
this does not take place. We did see quite regularly, on the other hand, 
large numbers of eggs between the nests and also washed up here and 
there. This is probably a result of the habit of using old nests, whereby 
an old egg would be rolled out by the new owner. The eggs may al~o 
be washed away at high water, so that we found eggs washed up Orll the 
shore some 3 km away from the colony. 

On 2.III, 9.III and 15.VII and 22.VJI.l960. several tens of eggs were 
found regularly next to nests in the colony. In some parts this was not 
the case, however, e.g. on 15.VII in the Middle and South-eastern parts, 
although this was the case in the North-western colony. 

After the breeding season in Goto the majority of the remaining eggs 
were near to the nests (about 30). They were probably removed by the 
parent and other birds, and partly by possible flooding of the nests. 
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It was observed that, at particular times, especially on the 2.III, 15.Vll 
and 22.VII, there were fewer birds brooding, than there were eggs 
on nests. It was also seen that nests with eggs were left for hours during 
an alann and that the birds in question did not return, not even in the 
following days. 

LACK (1954, p. 31) write~: "It is considered that the clutch-size of each species of 
b1rd has been adapted by natural selection to correspond \\ith the large~t number of 
young for which the parents can, on the average, pro\ide enough food." (See also 
LACK, 1947). In this ca~c. flamingos would be able to find sufficient food for one 
young only. They arc capable of la}ing more eggs, if they desert one or loose it. 
Indications for this are given by a female shot in Goto which had three forrnmg eggs 
of 30 mm diameter and the removal of flamingos from the smaller to the larger 
colonies, as we saw in June and July in Pekelmeer - the birds having already laid 
unce in their former colony. 

PENA (1961) reports for the Atacama Salt Lake in Chili Lhal the flamingos Lhere 
lay three times, due to egg collection. LACK (1954, p. 49) also writes: ''In birds clutch­
size is well below the physiological limit of egg-production." 

g. INCUBATION 

Duration 

Our observations (Graphs 19 and 20) show that pullets were seen always 
about 30 or more than 30 davs after the commencement of incubation. 
Since these observations were 'carried out at some distance. to avoid dis­
turbing the colony, we probably saw the pullets a few days after they 
really hatched. ALu:N's statement that the incubation period is not less 
than 28 and no more than 30 days, would appear to agree with our 
observations. BROWN (1958) gives 28 days as the incubation period, and 
\\'ACKERNAGEL (1959) reports 29 days for Ph. chilensis. 

Nest relief 

Both sexes incubate. as can be seen from the reliefs. CHAPMAN (1908, 
p. 180) wrote: "The bird on the nest was relieved late in the afternoon 
and early in the morning. The one, therefore, which incubated during the 
day, fed at night, and his or her place was taken by another which had 
been feeding during the day." CHAPMAN (1905) also states: "there was 
no rclalion between sex and the time of day occupied in parental duties, 
both sexes being represented during the day and hence, doubtless, during 
the night also." Our observations agree with this: the incubating birds 
arc relieved in lhe early morning and at the end of the uftemoon. The 
relieving birds generally fly from a drinking place near the colony, and 
the relieved birds also generally fly to a drinking place shortly afterwards. 
This often takes place in groups of some tens to a hundred birds. 

BROWN (1958) reports that in the beginning of the incubation period 
a de-finite morning and evening peak is seen, which disappears later in 
the period, when the relief takes place throughout the whole day. He also 
saw the relieved birds going to drinking places. During the relief we often 
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saw birds near the nests searching for food - probably a "displacement 
feeding" - since there is likely to be a conflict between . n~o con~ary 
tendencies, for example, incubation (to commence or to remam mcubating) 
and for example, attack or flight, because the partners are so close to one 
another. By many birds we sec in this situation a type of displacement 
nest building. 

When the relieving bird starts brooding, the following ritual is usually 
to be seen. The bird (male or female) stands with the feet on the edge 
of the nest, often moves the egg, and then slowly folds its legs at the 
ankle and knee joints, coming with the breast on top of the egg. This 
is then followed by the "arranging'' of the egg, sitting with a jerky move­
ment, to arrange the egg against the incubation spot (on the breast). The 
legs are then doubled, next to the body, but they are so long that the 
tarsus and metatarsus can be cl<'arly seen in the incubation position. The 
ankle joint often sticks out beyond the tail. 

Behaviour 

An incubating bird may, in addition to incubation proper, and sleeping, 
exhibit various types of behaviour: drinking, nest-building, standing up, 
and agonistic behaviour. It was observed several times that incubating 
birds drink while sitting on the nest. This occurred in the South-eastern 
colony only, were an "eye" of sea-water rose. Between the nests in the 
North-western colony we sampled water on 22.VII. 1960 and found it to 
contain 100.0 g CVl and in the South-eastern colony this was 41.5 g CVI. 
The waterlevel was fairly low {i.e. for the sea) so that the "eyes" provided 
little "fresh" water and it is clear that \vith a higher sea-level more "fresh" 
water (20 g CVl) enters through the eyes, and which is then potable for 
the birds. We also saw small cyprinoids swimming between the nests, 
which indicates less salt water. Is is also possible therefore that the 
flamingos eat a small fish, or something similar, while sitting on the nest. 
ALLEN (p. 175) saw nesting flamingos drinking after rainfall, and also that 
they brought water on to the edge of the nest or on to the egg. 

During incubation nest-building also takes place, the results of which 
may be clearly seen, for example, at the base of the nest. The incubating 
bird then hangs over the edge of the nest and works with its long neck 
until some soft building material in the neighbourhood can be reached. 
The bill then takes some of this and, in some way or other, makes small 
clay balls of it, which are found in tens at the foot of the nest at the end 
of the incubation period; they provide hardly any increase in the size or 
strength of the nest, however (Plat<' XIVa). We must see this as "dis­
placement building". Whenever there is a conflict situation benveen two 
antagonistic tendencies, such as remaining incubating or leaving the nest 
(or agression and/or flight after conflict with neighbouring birds). we may 
expect this behaviour to occur. This displacement building is k'llown from 
numerous incubating birds (see, for example, BAERENDS 1959, ~foYNIHAN 
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1953, VAN IERSEL & Bot 1958). ALLEN (1956, p. 175) has also observed 
this behaviour from the Bahama Islands. 

If there is much wind, the incubating birds usually sit head-to-tail, with 
the head in the wind. 

Agonistic behaviour between incubating birds often takes place in the 
colony, usually in the form of bill-fighting and threatening, during which 
the necks make turning and h-..isting movements to seize and avoid being 
seized. The feathers on the back and shoulders are then on end. GALLET 
and ALLEN believe this to be due to the wind, but BROWN (1958) and 
ourselves have seen this during calms and even against the wind (see also 
MORRIS 1956). CHAPMAN and ALLEN report bill fighting ("bickering") also, 
but ALLEN suspects that the Camargue flamingos arc more agressive 
according to the descriptions of GALLET (1950) and YEATES (1950): GALLET 
giving a photograph of a wounded bird I This would appear lo be contra­
dictory to the greater density of nests in Ph. r. roseus, found in the 
Camargue by SwiFT (1960), in comparison with the lower density in Ph. 
r. ruber. A greater distance between nests can, in fact, indicate a higher 
aggressivity between birds. This is so, for example, in the series Sandwich 
Tern (Sterna sandvicensis), Common Tern (S. hirundo) and Little Tern 
(S. albifrons). Tho distance between nests increases in this order and the 
mutual aggression and also to predators follow parallel to it. 

Now and then the flamingos rise from the nest, whereby the bill is 
usually employed as a third point of support, although the wings often 
assist also during this "three-point" elevation. At the start and end of the 
incubation period, many birds stand in the colony (Graph 19) and this 
happens regularly during the incubation proper. We had the impression 
that this occurred in particular just before their relief. It is possible that 
1) the internal conditions were not very suitable for incubation, e.g. due 
to competition with other behaviour patterns or, 2) that the eggs were too 
warm, so that the incubation- due to the absence of the correct "feedback 
stimuli" (BAERENDS 1959) - is insufficiently activated. The eggs may also 
become overheated when, for example, the birds leave the nest in alarm. 
Our temperature measurements in nests in an old, deserted colony do not 
indicate that this may be the case, however. 

On May 27th n maximum-minimum thermometer was placed in an old nest with 
the following results: ' 

27. V - 3. VI : 38.6 and 27.5° C 

3. VI - 17. VI : 36.9 and 21.1° C 

17. VI - 1. VII : 38.4 and 22.2° C 

1. VII - 15. VII : 42.0 and 22.0° C 

BA£RENDS (1959) gives a number of figures for the temperatures of eggs during 
incubation - amongst others those of GRODB£LS (1937), from which it appears that 
the most usual temperature for eggs with normal development lies between 35 and 
39° C. ~ccording. to our observations U1e temperatures exceed this value only seldom 
and a bu·d standmg above the egg will lead to its oooJjng-off. This behaviour is then 
probably caust'<l by the "feedback stimuli" which then are absent, since the eggs 
are too wann. 
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Sleeping, naturally enough, often occurs during the incubation period. 
During an alann the birds stretch out their long necks and ~ the danger 

remains imminent they stand up and walk from lhe nests w1th extended 
necks and then leave the colony. In the case of a rapidly approaching 
danger (aeroplane) they then fly away and in the case of one which 
approaches slowly (e.g. man, goat or donkey) they walk away ~om the 
intruder. There is no aggression against such intrusions and ne1ther the 
eggs nor the young are defended. On their return, the birds move the eggs. 
It was seen rarely that birds which had incubated much too long on an 
egg, did not retum after an alarm, so that it is apparent that the incuba­
tion tendency was no longer very strong. 

h. YoUNG 

H a t c h i n g (Plate XIV) 
Hatching takes place in the same way as for other birds, as can be 

seen from the descriptions of CHAPMAN (1905), GALLET (1950) and ALLEN 
(1956). BROWN (1958) reports that tl1e young bird takes at least 24 hours 
to hatch and free itself from the egg-shell. ALLEN mentions 40-60 minutes 
to 2 hours for the same process. 

During the hatching one of the parents is usually at the nest, but a_fter 
this has happened, they fr<'quently sil on the nest and the young often sticks 
its head out under the wing of the parent. Quite often it is fed in this 
position also, although this mostly takes place while standing. 

First food 
ALLEN (p. 178- 179) writes on this subject: "Both Gallet and Yeates make something 

of a mystery of this initial food. Gallet (1950) describes it as "a simple viscid mucus" 
and wonders if it bears any similarity to "the delicate milk with which the pigeon 
suppJjes its young." He thinks that it may be a secretion of "sweet water" of a 
nourishing quality that is required by the chick's "embryonic organism" in the salt­
encrusted regions in which flamingos are born. Yeates (1950) speaks of it as "a most 
indeterminate substance" and describes it as "a white liquid, which may be produced 
by some form of regurgitation·· .... Chapman was more definite. lie said that this 
food "consists of a blackish liquid, doubtless the juices of partially digested Cerithium". 

LANG et al. (1962) examined this food~ttaff in Phoenicopterus ruber in the Zoo in 
Basel: "These examinations revealed that this liquid is not regurgitated predigested 
food but a secretion produc(·d by a yet unknown tissue. It is red, contain~ blood and 
a rich amount of carotenoid~ . . . os to its nutritional value, it can be oompared to 
the milk of mammals." 

We could see that the first food provided was fluid, by the behaviour 
during feeding. After this was finished. tl1e parent bird assumed a posture 
as after drinking, it would seem to allow the foodstuff to run back again! 
The composition of the initial food remained unknown to us, since we 
were forced to work at some distance from the colony. 

CHAPMAN, GALLET and BROWN reported that the young consume the 
fragments of egg-shell in the nest; we have never seen this, however, and 
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have also found man} fragments in and around the nests. We even found 
many remains in the nests themselves - and these nests had been used 
many years before I We do not have the impression, therefore, that this 
source of calcium is used to any large extent; it would seem that the older 
birds make little - if any - attempt at removing the remains of the eggs. 

Leaving the nest 

CHAPMAN (1908) writes: ''The young stay in the nest until they are 3 
or 4 days old. During this time they are brooded by the parents one or 
the other of which is always in attendance." GALLET (1950) remarks: 
"After a few hours the chicks leave the nest and become at once quite 
expert swimmers." BROWN (1958) saw them leaving the nest after 2 to 3 
days, but they disliked swimming for the first 10 days. 

Our observations agree with those of CHAPMAN, although we have seen 
(as he did) that younger birds of about 1 day old left the nest, since they 
tumbled over the edge, or because danger was in the offing. 

CHAPMAN and GALLET write that, when there is danger (e.g. the ap­
proaching of people to the colony) all young, however small, lea\'e the 
nests and waJ.kjng or swimming, leave the area. \Ve saw, however, that 
tens of small young of a few hours to several days old remained on the 
nests when we enterro the colony, often pressing themselves down into 
1t, or often sitting ne'\t to the nest proper (Platt• XVIIb). 

When the young have left the nest, they are able to climb back on to 
the (for them) relatively high nest-cone with the help of the bill, feel and 
wing stumps, and we have frequently st.-en this exhausting activity. 
CHAPMAN (1908) has also reported this. 

GALLET has marked young birds with strands of wool around the feet 
and, after a disturbance, these were completely mixed with the others. 
On some nests there were 2 or 3 young and when the parents return they 
peck until only one young is present. According to GALLET, it is not 
important if it is the original young bird, or not I This contradicts CHAP­
MAN's remark (1908) where he says that the young birds are recognised 
by their parents, and that they are lured back to their nests by noises 
produced by the older birds: "the parents evidently recognised their own 
offspring and when a youngster lost his way his nape was promptly pinched 
by every old bird within whose reach he came, a method which was 
effective in keeping him on the move until he found his own horne." He 
writes, however, that the young birds probably do not recognise their 
parents or their nest. 

We have seen little signs of aggression against the pullets. who run 
around at first in a small area only, a few meters from the nest; during 
this period they do not suffer any attacks from older birds, as far as we 
could see. We also have the impression that they are left alone in this 
ea1ly stage and that this was possible, simply because there was no 
aggressive action from other birds. It is tlue, however, that both the 
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parents and the young ~rc sometimes mu~a.lly a~~essh:e to one another. 
Thc.young, of a weeks age, are able to b1cker , JUSt like the ~dults and 

C1 !A PM AN interpreted this as mutual feeding, but we are convm~ th~t 
this is bill fighting, as is GALLET, who has described the same from Ius 
observations. 

After a few days the young birds wander between the nests, a~d the.n 
also come outside the colony. The older the) are, the greater IS the1r 
sphere of activity. 

Leaving the colony 
After about 4 to 6 weeks the young are seen several hundred meters 

outside the colony, although we do see birds of up to 2 months old which 
remain within the neighbourhood of the colony. 

In the Pekelmeer they gathered usually along the eastern shore and 
only when they are 2-3 months old, are they to be St:'en along the western 
side and at oth(>r places in the Pekelmeer. In Goto they 1·emained so~e 
2 to 3 months on the breeding island, even though they are able to swml 
at an early age (1 day). 

In the case of an alarm, they come together in various groups, while 
we see that these are formed of young of roughly the same size. In this 
way there arise 3, 4 or 5 co~ pact groups o.f pu.llets . of the s~e ~ize, 
which disappear rapidly walking or swunrmng 10 different dir~chons. 
Sometimes this was so for a large group of some 1000 pullets - Wllh tl1e 
largest in front and smallest (who could not keep up with the high sp:ed 
of tl1e older young) straggling behind. The larger young ~how. much wwg 
flapping at the same time, which may result in broken. \vmgs m the larger 
groups (see Chapter Vfii). The groups usually walk 111to the Pekelme~r, 
altl10ugh they may first traverse a distance along the shore. They remam 
active as long as there is danger, so that different groups may well pass 
through one another, with a resulting chaos of young birds. ~he you.ng 
make no special attempt to approach the groups of parent birds wh1ch 
have left the colon} and now nervously walk back and forwards some tens, 
or even sometimes hundreds of meters away. 

We saw such reactions occurring whenever an aeroplane passed over­
head. sometlting that happened quite frequently. It also occurred when 
a Brown Pelican. (Pelecanus occidentalis) landed in or near the colony. 
MIDDLEMISS (1958) reported also that young pelicans may disturb the 
flamingos. We have no indications, however, .that tl1ese peli~ns do any 
damage to eggs or )Oung birds. When a pehcan sat down m. a ~olony, 
all nests in that area remained unincubated; fortunately, thts d1d not 
happen very often. The flight reactions also appear~ when goats or 
donkeys came into the neighbourhood of the colony. Th1s does not hap_Pen 
very often, since there is nothing to eat in these salt flats. The reactions 
also took place each of the four times that we visited the colony. 

If alarm stimuli occur rapidly one after another (with intervals of, say, 
a few tens of minutes), the flight reactions are tl1cn progressively weaker, 
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but after a long interval without an alarm, the reactions are once more 
strong and last longer also. These were, however, stimuli of comparable 
strength -e.g. aeroplanes, flying at the same height, etc. 

A number of times we have experienced that there was a "leerlauf" 
flight reaction by the young birds (LoRENZ 1937) or, what TrNBERGEN 
(1942) has called "vacuum activity", since there were no alarming stimuli 
recognisable in the neighbourhood of the colony. TI1is is probably an 
example of threshold value raising or lowering, respectively. 

Older birds sometimes remain with the young and BROWN (1958, 1959) 
speaks of "nurse maid" adult and "aunties" just like those known in 
Somateria mollissima, the Eider Duck. These occur in a ratio of, in the 
beginning, one for 10 young, later one for several hundred young. We 
also saw this several times in Goto in particular, when the young - at our 
approach -left the island and swam away. Such groups were accompanied 
by an older bird or birds. It is not clear which birds play lhe role of 
"aunties" or accompanying birds - are they a number of parents, or are 
they birds which are not involved in reproduction? They are ce1tainly 
fully coloured. 

"Creches" (Plates XVIa, XVIIa) 

The occurrence of large groups of young birds during an alarm and 
that of the numbers of accompanying birds as reported by e.g. McCANN 
(1939), Au (1945), GALLET (1949), LoMONT (1954), ALLEN (1956) and 
BROWN (1958, 1959), are probably responsible for the introduction of the 
word "creche" in flamingo literature. In connection with this is the 
problem how and if the parents can recognise their young and vice versa. 

ALJ (1945) belie\'es that the young after leaving the nest, do not return to it, or to 
their own parents. ITe comes to the conclusion: "the community is run on a com­
munistic basis, and adults feed young more or less indiscriminately. No other course 
seems imaginable." 

Sw1PT (1960) writes about this rearing of young in groups: "This synchronisalloo 
by spcedmg up nesting and enabling the young to be reared in large groups gives 
protection against predators, and thus has survival value. Few chicks hatched more 
than three weeks after the main group survive." 

Other authors arc also inclined to ascribe survival value to the cr~che system, 
partly because isolated young will have more trouble from predators than the compact 
groups. When the young walk haphazardly during an alann, tho situation for a 
predator in tho air is comparable with that of a sparrow-c1oud for birds of prey - it 
makes concentration on one individual for capture much more difficult from th<> 
whole moving mass. 

LACK (1947) says of crl'chcs, such as those occurring in Tern colonies: "It may be 
tentatively suggested that the creche habit is really an adaptation to a variable food 
supply, and that, like asynchronous hatching in a hawk brood, it facilitates the survival 
of a proportion of the young during a food shortage, when otherwise many more 
might starve." Concerning the Emperor Penguin (Aptenodytcs forsteri) m Anarctica 
LAC~t comments: "as Wilson's observations sug~~:cst, that, under these extraordinary 
conditions one chick is more than two parents alone can raise succcsfully, and the 
creche system results in the feeding of the chick by a group of adults." LAcK further 
writes of the creches seen by the Shell Duck (Tadorna tadoma) and the Eider Duck 
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(Somateria molissima): "In ducks the mam function appears to be protection from 
predators, on the analogy of a convoy system. The larger lhe .. group, the smaller the 
length of perimeter which each parent (escort) has to patrol. 

TtNBERGEN (1953a) and VAN DEl' Asst:M (1954) report for the ~andwicb Tern, 
however, that it is their experience that, although the young assemble m larger groups, 
they are still fed h> their own parents. 

If we examine critically the cr~he phenomenon in flamingos in con­
nection with the possible advantages mentioned by LACK (1947), it appears: 
Firstly, that the hatching of the eggs is not necessarily synchronous and, 
Secondly, that protection against prt:dators by the adult escorts does not 
occur and that there are often no escorts at all. 

It remains possible that one young may be fed by a number of older 
birds. I doubt very much that this is true and believe that the young 
flamingos are fed by their own parents. In this way the value of the con­
cept of creche is dubious in the flamingo, since it would appear that n~ne 
of the functions of a creche-system are in fact present. The only funchon 
which now remains is that the reduction in the predatory potential from 
the air. It is striking in this connection how markedly both old and young 
flamingos are disturbed by passing aeroplanes. 

Feeding of the young 
ALI (1945), GALLET (1949) and Au.EN (1956) believe that the old b~ 

feed every hungry and begging young and that they do not reco~e 
their own young. CHAPMAN (1908) states that the parents do recogruse 
their young and BROWN (1958. 1959) also has evidence for this and is 
supported by HOFFMANN. 

BRowN (1958, p . .Jll-412) writes: "On 1 September the adul~ arriving. to Ie~ 
young between 5.30 and 6 p.m. came in small and large flocks, w~ch, on. arnv~, did 
not alight together, but split into .smaller flocks and groups and alighted m particular 
parts of the colony. Individual adults were not importuned by large numbers of young 
as one would expect if feeding were indiscrJminate, but appeared to walk purposef~Uy 
up to a particular chick and feed it. One in particular walked up to an outlymg 
broken-wing casualty and fed it. Ewn more striking, on 8 September 1957, at close 
range from my hide, I observtxl a 'cry large adull, probably a male, alight near a 
herd of some 800 young, and begin to call loudly as it walked towards them. N~ne 
of the large herd of young paid any attention to it, but an isolated young one feedmg 
among another group at least a hundred yards from the adult started to hurry tow~ds 
it answering the adult call for call as it came. This calling young one ran nght 
through the flock of 800 other young, and was at once led out into ope~ water by 
the adult, which then delivered a feed lasting 18 minutes. Other observations on the 
same day confi1med that at this late stage of t.he chick's life, just before they. became 
independent immaturcs, the ndults did not indiscriminately feed any chick that 
solicited." 

We too ha\e evidence that the adults feed their own young: 
9.III - During feeding a second young came begging, but was not fed. The 
adult went on feeding the same young, and the other then ':"ent away. 
27.V-15.00 h.- One juvenile begging with a bent neck (see Ftg. 20). He 
is already quite large, about 1.20 m. lie keeps b~.ng by ~e same mal~. 
The young makes a high-pitched rolling and chirring nOise, presses his 
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head, neck and back against the neck-base of the adult. Once in the 
begging position, he seizes the bill of the male adult who then walks back­
wa~ds, being followed by lhe young. The older bird sometimes walks quite 
a distance away, but the young is able to find it between 290 adults and 
275 subadul~s in .various plumage stages, with 130 young in one group. 
The older bl!'d fhcs away over the young, which once more follows and 
appears to continue begging in flight to judge from the noises made. 

FtG. 19. Feeding of pullet:.. 

W ACKERNAGEL (1959) rE>ports that a young Ph. chilensis in the Basel 
Zoological Gardens was fed by its parents for 6 months, and that no other 
birds sho':ed a~y tendencies t~ feed it. LANG (1961) reported further on 
these flanungos m Basel where m the meantime Ph. ruber roseus, Ph. ruber 
l'uber and mixed pairs between both subspecies were reproducing. These 
Y.oung were also fed by their parents only, and also until they were about 
s1~ mont~s .old: A ~ungry young walks calling through the whole troop of 
b1rds until 1t finds 1ts parents and then begins begging. In the case of the 
Basel Ph. ruber roseus, the first 3 weeks the young received a red fluid. 

, Begging i~ carried ~ut as foll~ws: The young make a high chirring noise, 
w.hen th~ wmgs (at first the wmg stumps) are moved up and down, the 
b1rds facmg each other often. The young stretch their necks, and in the> 
later stages the head, neck and back are pressed against the neck-base 
of the a.dult bird and agai~st the breast by way of an alternating raising 
and faUmg of the head (F1g. 20). Tbe parents must at first to all intents 
and purposes place their bill nearly on the ground to be able to feed the 
young, or - better - to allow the young to "wedge" its bill points around 
the top of the adult's bill. When the young reach 120 em (about 4 months 
old) feeding sometimes still takes place; here the adult does not have to 
~~).d its neck and it c3n feed the young while standing up straight {Fig. 

. In contrast. to the begging situation, where parent and young may stand 
?lfferently w1th respect to each other, in the feeding position, the situation 
IS always the same. The older and younger bird always stand parallel and 
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in the case of very small birds, it may stick its head out under the parent 
wing while the bird sits on the nest, and be fed in this position. CHAPMAN 
called this "breakfast in bed" (Fig. 19). Even in the case of these very small 
birds, however, feeding may also be observed in the standing position, 
whereby the adult bird towers above the young. 

F1c. 20. Begging (left) and feeding (right) of juveniles. 

Only if the parent and the young are parallel to each other is it possible 
for the older bird to bring the food from its curved bill into that of the 
young. If the older bird and its young were to face one another, the point 
of the adult's biJJ would indicate itself as it were, and the young could 
never fasten ils own bill on to it. This method is still successful, when 
the young's bill begins to curve also (after about 3 weeks.) 

D u r a t i o n and f r e q u e n c y o f f e e d i n g 
Very young birds (a few hours to a few days old) are fed very frequently 

sometimes 7 times in 5 minutes. One feeding then lasts a few to several 
tens of seconds. BRO"WN (1958) saw feeds which lasted 5-15 seconds at 
this stage. The feeding frequency falls off rapidly with time and we had 
the impression that for pullets of a few weeks, they were fed twice only 
per day and later once only. If they are 2 to 4 months old, then the 
feeding rate seems to be once in every few days, but these feeds take 
longer; juveniles of about 6 weeks of age (ca. 75 em long) the feeding 
proper lasted 8-12 minutes, with a maximum of 15 minutes. BROWN 
(1958) noted for older young 11-18 minutes; LOMONT {1953) also noted 
once a feed of 18 minutes for a young already capable of flight. LAND 
{1961) mentions 12-15 minutes . 

When the young bird is somewhat older, the number of feeds in the 
daytime is reduced. There are then two definite feeding periods, i.e. early 
morning (between 7 and 10 o'clock) and in the late afternoon (after 4 
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o'clock). It is not certain if this is universal, since in this period with larger 
young, many older birds leave at about sundown, returning in the morning, 
or leave in the morning, returning in the evening, probably visiting the 
feeding grouncb in Venezuela (Chapter VII). When one of these returning 
groups approaches, the begging noise in the colony is much amplified and 
usually. after the landing of a number of birds, a similar number of 
feedings was observed, although just before this no feeding had been 
obsen.t.'d. BROWN (1958, 1959) saw the same in Lake Elmenteita where 
the birds also visited another feeding ground - Lake Nakuru. 

In Coto, where no migration to other feeding grounds was observed, 
the larger young were not fed during the middle of the day, although they 
did beg at this time. 

Further activities of young birds 

The young visit the older birds not only to beg, but also to sit in their 
shadow, something that was seen chiefly by lhe smaller birds, also outside 
the colony. The young then sit on the entire foot, something which is not 
S<'en by older birds, or very seldom. They stand up from this position by 
means of the 3-point method. just as brooding birds. Larger young return 
to the nests during a shower, so that the older birds can shelter them. 

Although the) are frequently fed when young the puiJets are quickly 
able to fend for themselves and during the first few weeks of life, when 
the bill is still straight, they use this as a seizing instrument. We have 
also sern small ju\'eniles using the methods of food-searching - circling 
around the bill and stamping with their feet (Chapter Vc 4-5). Tht• 
young birds !{raduaiiy are forced to search more and more for their own 
food, simp!) brcause the feeding frequency of the older birds decreases. 

Flying 

The first attempts at flying are seen when the young are about 6-7 
weeks old and about 80 em long. They carry out a number of springing 
movements whereby they beat with the wings. They are fully able to fly 
when they are 2-2.Yz months old and the final migration begins after 3 
months (Graph 21, Chapter VII). 

LOMONT (1954) repo1ts that they are fledged between 65 and 75 days, 
although BROWN (1959) mentions 62-75 days for Ph. ruber roseus. 
W ACKERNAGEL (1959) gives 12 weeks for Ph. chilensis. 

P I u m a g c and m o u 1 t 

The data given by CHAPMAN (1905) concerning the first plumage of 
tlw young birds agree wilh our own observations (Table XI). 

We would add to this, that in the lst stage for at least the first few 
weeks, the bill, legs and feet are orange and that at the end of this stage 
and in tht> 2nd, this becomes greyish brO\m, while in the 3rd stag<.> the 
legs and feet are brownish black and the bill is then light brown with, 
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TABLE XI. DATA 0:-l TH£ MOLTS according to CHAPMAN and ALLEN (p. 14). 

Plumage 

1st downy 
or 

natal 

2nd downy 
or 

post-natal 

3rd 
or 

juvenile 

Approx. 
age 

birth 
to 1 

month 

28 days 

35 days 
lo 

adult 

Approx. 
dum lion 

one 
month 

two 
weeks? 

7 months? 

Description 

thick down released from waterproof 
sheaths; uniform over body; !ores and 
orbital region bare; upper half tibia 
feathered; snowy white tinged bluish­
gear on back and crown. This varies. 

uniform ashy gray. 

fully formed feathers; when fully devel­
oped the colour is grayish brown .with 
tinge of pink on under parts and wmgs; 
feathers of back have black shaft streaks; 
primaries black; tail pale pinkish white, 
externally edged with blackish; second­
aries black internally edged with while 
except tip; primary coverts p~nk~sh, 

blackish tip; other coverts pmkish, 
blackish tip; axillars pink; abdomen 
pinkish washed with brown. 

in particular at the base of the upper mandible, a trace of yeUow and 
the beginning of the black biU point (Plate XVIII~): . . 

In addition to the juvenile plumage we could dtstingwsh the followmg 
subadult plumages: . 

J u v en i 1 e, with a transition to the grey ish w h it e plumage, whtc!~ 
has itself a transition to the plumage we called "a I a Cam argue. 
since it resembles Ph. rttber roseus so closely. This stage has another transt­
tional form to the fuUy-coloured ad u l t plumage. In addition to these 
there was also orange brown variety. 

The j u v en i 1 e plumage agrees with CHAPM~N's ~escri~tion (see above). 
As far as we could see, the young birds retam thts until they are 6-10 
months old. After 6 months the grey areas gradually lighten so that after 
about 10 months a lighter form can be seen, which we have called t~e 
"grey-white". The bill is somewhat pale rose, and there are large white 
patches. The back, wings, neck and head are stillligbt grey, ho:vever. 

In this variety, various light grey areas slowly change into ~vbtte.or very 
pale pink. The body and wings ha\ e little of this colour, bemg. still grey­
white. The head and neck are no longer grey, however, .but white to p~le 
pink. The legs and feet, which were still grey-brow_n m the gr~y-wbtte 
stage, now become pink. The bill is now pale rose With a black tip. . 

The "a 1 a Cam a r g u e" stage now follows, whereby ~e grey-wh1te 
is replaced by pale rose patches, while the pink on the wmgs gradually 
darkens. 
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This is then followed by the transition to the adult plumage. the pink 
on the wings becoming orange-red. The lower half of the neck becomes 
first red, wh~le_ the rest of the feathers remain pink, as are the bill, legs 
and feet. Th1s JS thus the Ph. ruber roseu$ plumage, but with an orange­
red "collar". 

In the ad u It plumage the pink feathers are finally replaced by orange­
r~, and orange appears in the bill between the yellow base and the black 
tip. The legs and feet are a dark pinkish red. 

In this series we therefore see a gradual transition. In addition to this, 
however, we could distinguish another plumage, that of the b r o w n­
? r a n_g e type. The head. neck, breast, back and under parts arc brown­
ISh With an orange-red underlay. The wings may, however, be of a fine 
orange-red and black, as in the adult birds, but it is also possible that in 
the red areas on the wings, dark and light patches can be seen. The legs 
and f~et _may be grey-brown, brown-black and sometimes pink as well. 
':fhe btll 1s yellow, orange and black as in other adult birds, and the iris 
1s yellow. 
. It is difficult to place this plumage in the series with transitions men­

tioned above. It is possible that these birds are adult, but are about to 
moult compl~tely, although the colour of the feet would suggest a younger 
s~ge, but tlus does not agree in turn with the fully coloured bill. These 
b1rds were not E-ndemic irl Bonaire, and did not stay long there either 
(Chapter VII), so_ that we did not see any possible changes in the plumage. 

Apart from th1s latter type, the gradual transition between the other 
types would indicate that here is no general moult. We have seen a more 
or less symmetrical moult in the primaries in spring. McCANN {1939) 
supposes also that there is no general moult, but a general colour-cl1ange 
from the bottom of the feather shafts. BENT {1926) reports a "continuous 
molt fro~ the i.u~enile irlto older plumage, which is unmistakably imma­
ture. _Thts transition plumage might be called the first winter or the first 
nupll~l plumage, for it covers both seasons, but it represents a constantly 
changtng progress toward maturity." He continues further: "During the 
summer a complete molt takes place at which time the young bird assumes 
~he adu~t plumage, or closely resembling it, in which a few signs of 
I~m~tunty may be re~ained in ~? way of dusky shaft-streaks or dusky 
bps m s~me o~ the wmg coverts. The latter is the only description in 
the flammgo hteraturc in which we can make a comparison with the 
bro\'Vl'l-orange type. There is nothing {or next to nothing) to be found in 
the whole literature concernirlg the other plumages between juvenile and 
adult. ~ROWN _(1959~ writes: "All that one can say so far about the nu~tial 
moult m flammgos Is, that it may not occur at all and if it does it can 
equally well before and after breeding. Could anything be more contrary?" 

LANG (1961) reports that the young Ph. ruber roseus at one year have 
bl~ck patches on the back feathers and when they are two years old, they 
still have traces of brown back feathers. Their legs and feet are then still 

118 

dark and the bill and feathers less coloured than in the older birds. In the 
third year, Ph. chilensis is still not h1lly in colour. It is, in the absence of 
ringing data, very difficult to make out the age at which the various sub­
adult plumages appear. ALLFN {1956, p. 72) writes: "The flamingo attains 
its adult plumage by the end of the first year and probably is capable 
of breeding during its second year." 

On the basis of the 'arious subadult stages with gradual transitions 
between them and the age at which the juvenile plumage still occurs 
(6-10 months), after which the grey-white plumage is seen, we must 
disagree with ALLEN's views on this matter. We suggest that several years 
are necessary before the birds are fully coloured and can begin reproduc­
tion. We saw fully coloured birds only engaged in reproduction. The data 
given by LANG (1961) for captive birds also indicate that several years 
are necessary before they reach full colour. According to him, a specimen 
of Ph. chilensis v.·as at three years old still nol fully coloured. Ring data 
collected by HoFFMANN (1957) in the Camargue suggest for Ph. ruber 
roseus that they are sexually mature at 5 to 6 years old. It would seem to 
me on the basis of the foregoing, therefore, that this is the most likely for 
Ph. ruber ruber also (see further Chapter VIII). 
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VII. NUMBERS AND MIGRATIONAL MOVEMENTS 

From the beg~nning_ of September 1959 to the end of July 1960 the 
~umbers of_ flammgos m the Pekelmeer and neighbourhood, in Goto and 
m Slagbaa1 were counted differentially as to adult, various sub-adult 
sta~es, juveniles and pullets. Other areas were visited incidentally e.g. 
Sa?na Tam, P_laya Fr~ns, Boca Bartoo!, Playa Lechi, Lagoen, Lac and the 
salinas o~ Klem Bonaue. _These areas were not, however, so important for 
the flammgos, although m most of them birds will be seen at times: in 
small numbers and for short periods only. 

1000 NUMBER OF BROODING FLAMINGOS IN PEKELMEER 
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GRAPII 20. ~umber of brooding fl_amingos in Pekelmecr. - The numbers of pulli 
and eggs, whJch were checked dunng the short visits in the colony, arc indicated. 
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Graph 21 gives the number of adults and juveniles for Goto and for 
Slagbaai as one figure in each case, since the number of juveniles was 
never large. The number of pullets in Goto has not been given separately 
since on the scale used, they would hardly be noted In the case of the 
Pekehneer the number of young has been reported. with a differentiation 
between the young from the first breeding period (from the end of 
December to beginning of April} and those from the second (which began 
at the end of April). This arrangement is somewhat artificial, since in fact 
breeding was more or less continuous from December to August. There 
is, however, a definite minimum between the beginning and the end of 
April (Graph 20) and this enables us to differentiate between the young of 
the two periods mentioned, a necessary procedure in connection with the 
migration of the juveniles. In Graph 21 the adults and subadults are 
summed; the occurrence of subadults was chiefly restricted to the period 
from the end of April - dC'tails are given in the text. 

From time to time the three most important areas were visited on one 
and the same day. Thus we could obtain a total figure for the flamingo 
population of Bonaire. In daytime resettlement from one area to another 
was never observed, so thal the possibility of double counting was ex­
cluded. 

By summing in Graph 21 we see that the total population fluctuated 
between a minimum of 440 flamingos (with 410 adults) to a maximum 
of 4,130 (3,000 adults). With the use of large glasses and re-counts. it was 
possible to reach a high standard of reliability. It is often possible to 
count such large birds individually and the agreement between counts was 
striking. 

After considering the total counts, we shall also examine the subdivided 
counts for each area. 

ADULTS 
In the Pekelmeer we sec that after beginning with 400 adul ts, a 

gradual decrease took place to 146 birds on 13.XI.l959. This decrease was 
even more marked in Goto, where on 26.X.l959 a minimum of 16 adults 
(and 9 juveniles) was reached. In Slagbaai the number of birds in Septem­
ber and October was relatively constant and then decreased rapidly from 
November to the middle of December and in February they were totally 
absent. After this the flamingos return very gradually, when the number 
hardly passes the 100. 

The decrease in September and October is then to be found in all three 
areas. 

In the course of November there is an Jncrease to be seen in Goto once 
more which continues with a number of fluctuations until the 25th of 
May 1960 with a maximun1 of nearly 1,100 flamingos is reached. 

The Pekelmeer shows from the middle of November a fairly marked 
increase, which with a number of fluctuations reaches a maximum of 2,300 
adults on the 19th of February 1960. After this maximum figu re we see a 
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sharp decrease, reaching a minimum on l.IV.l960 with 960 adults. After 
a number of fluctuations a second maximum is reached in the period 
29.IV.1960-6.V.1960, with a total of 1.600 adults (the Graph gives 2,100, 
but this includes 500 subadults). There is then once more a decrease 
followed by two small peaks - 17.VI.l960 with 1,350 adults (150 sub­
adults) and 8.VII.1960 with 1,660 adults (40 subadults). 

The first maximum of 1,900-2,300 adults coincides with the great 
breeding activity of maximal 980 pairs. The following peak (end April­
begin ~1ay) is very high in comparison to the 200 breeding birds then seen 
here, while the juveniles were not being fed to any large extent and were 
partly already away from the colony. The two lower peaks in June and 
July are also high. in comparison with lhe maximum of 300 breeding birds. 

In the first period there were few or no flamingos which did not take 
part in the reproductive activities and during lhe last three maxima there 
were many flamingos present, which did not take part. 

Apart from the fact thal we have to do here with both emigration and 
immigration in the population, there is also a food-migration (Chapter 
VI h), i.e. lhere are birds which either in the early morning or the late 
afternoon reach Bonaire over the sea in a southern direclion and which 
usually fly directly to lhe colony and begin feeding the young. On the 
other band, we also saw - especially at the end of the afternoon and once 
in the moonlight - that several tens or hundreds of birds left in a southern 
direction via the southern point of lhe island. We suspect that these birds 
search for food in Venezuela and seeing the southern departure and arrival 
direction, it would appear reasonable to assume that this is an area in 
Venezuela due south of the southern part of Bonaire. 

\Ve 1..-now from correspondence with Messrs. W. PHELPS and G. YiPEZ 
(Caracas), that the flamingos in Venezuela have been seen for example in 
an area due south of that part of Bonaire in a mangrove swamp near 
Tucacas in the area Chichiriviche. This area is situated about 140 ]an to 
the south of Bonaire. We have measured the flying speed of flamingos 
with a car - once only - and found a value of 50-60 l-m p.h. with side­
wind. ALLEN (p. 35) reports two observations on the flying speed (without 
wind), one from Switzerland of 60 km p.h. and one of about 40 miles p.h. 
from the Bahamas (i.e. slightly more than 60 km p.h.). It can be seen 
therefore, that the flamingos could cover this distance in 2 to 3 hours 
leaving from a period of 12 hours about half or more for foraging. Before 
setting off the flamingos can oflen be seen bathing and drinking. It is 
striking that the chief flight activity was noted after about 15.30 hours. 

In the 40 times that we were present at the southern point after 15.30, 
we saw departure 27 times. The directions were usually S, twice SW and 
once SE. It is possible that these three groups veered around after lo S, 
but always the direction was followed some time over sea. The birds 
hesitate as they cross the sea wall, they lhen ascend, circle for a time and 
fly some distance from the coast. The group usually splits and part of it, 
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TABLE XII. 0BSI:JlVATIONS AT THE SOUTHERN POINT OP BONAIRE 

(the only departure point that we saw) on days when we were present after 15.30 
houn; and the lime at which there was activity or not. - In addition, incidental arrivals 

are noted with times and directions plus a number of movements on the island. 

Date 
1959-1960 

18.XII 

16.IX 

2l.Xll 
1.1 
4.1 
6.1 

7.1 
10.1 
12.1 

15.1 

17.1 
20.1 

22.1 

25.1 
27.1 

29.1 
3.11 

5.11 
8.Il 

10.11 

12.11 

19.ll 
25.II 

7.III 

10.III 
18.III 

28.Hl 
30.III 

l.IV 

9.IV 

J8.1V 

20.IV 
23.IV 

24.1V 

25.IV 
l.V 
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Time of 
observation 

15.30-17.00 

appr. 18.00 
16.30-17.15 

16.15-16.50 
16.30-17.30 

16.30-17.00 

16.00-17.00 
16.30-17.00 

17.15-17.30 
15.30-17.30 

15.30-17.30 

16.30-17.30 
appr. 17.00 

16.15-16.45 

15.30-17.30 
15.30-18.00 

16.00-17.30 
17.20-18.00 

16.30-17.40 

17.00-18.30 

16.30-17.15 

16.00-17.30 
17.30-18.00 

17.00-18.00 

appr. 17.30 
15.30-17.00 

15.30-17.30 

17.00-18.00 

16.30-17.45 

16.50-17.35 

Number 

40 
75 

127 

40 

40 
125 
148 

24 

90 
165 
departure 

80 

100 

130 

60 

150 

200 

125 

240 

Direction of 
departure 

Direction of arriool and 
movement on the island 

sw 
sw 

s 

s 

s 
s 
s 

s 

s 
s 
s 
s 

s 

s 

s 
s 

s 

s 

21.30 heard over Kralendijk 

9.55 50 from S 

8.00-10.00 30 to S (no relum) 
8.15 150 from SSE (relief) 

occurring on pt'evious days on 
Klein Bonaire 

9.30-12.00 115 from SE + 200 
fromSW 

9.10 near Lac, 60 from ESE 

S 17.20 50 from S, feed )'Oung 

Date 
1960 

8.V 

11.V 

l3.V 

16.V 

18.V 

2l.V 

22.V 

5.Vl 

17.VI 

20.Vl 

2l.VI 
24.VI 

4.VII 

9.VII 

29.VII 

Time of 
obsercataon 

appr. 17.00 

17.00-19.30 
full moon 
15.00-17.35 

17.00-17.30 
16.30-17.15 

16.30-17.00 

17.00-18.00 
16.00-17.00 

17.30-18.10 

16.55- 18.00 

CoNTINuEo 111oM T AliLE xn 

Number 
Direction of 

departure 
Direction of arrival and 
mocernent on the island 

350 s 
among \vhich JUVeniles 

110 idem S 17.10 30 and 1 juv. from S, 
feeding 

depart\lre s many tens to N at Kralendijk 
in evening 
100 to N at Kralendijk in 
evening 

departure S 

departure 

20 

90 
30 

s 
SE 

regularly (chiefly juv.) at 
Kraleodijk to N 

10.40 25 adults from E 
2 juv. near Lac, Flamingos 
at Playa Frans 

S 18.00 5 form E 
:-.; spreading over island, often S 

to N last days 
23.00 100 flamingos in Pl. Lechi 

6.00 19 ad. & 1 juv. Plara Lechi 

15 s 

sometimes the whole group, returns to the Oranje Pan, or the Pekelmeer. 
One part, and usually the half or two-thirds, flies on, low over the waves 
in a southern direction. 

It is obvious that these movements are not concerned with food migra­
tion only, by which is meant that when the birds return to Bonaire, they 
feed young birds, or they relieve brooding partners. The number of times 
that we saw flamingos arriving from a southerly to easterly direction was 
fairly small, in fact 9 times only, six in the morning and three in the late 
afternoon. The absolute data for the food migration are, it will be seen, 
not very numerous, but are strenghtened by the indications from the 
Pekelmeer, where - in a period of increase - it was seen that birds left 
12 times in a southern direction (as against 6 times when none left). This 
was probably not emigration. The observations from 19.II to 18.IV, a 
period of decrease, show 4 departures and 4 \vith no departures. In the 
period 18.IV-6.V, once more a period of increase, there were 2 departures 
and 1 without departures. From 6.V-l5.VI, in which period there was 
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an increase, there were 4 departures and 1 non-departure. After this, in 
a period of decrease, we see departure every time. 

BROWN (1958) also saw food migration (Chapter VI h); the flamingos 
in Lake Ehnentcita searched for food in Lake Nakuru about 20 km away. 
ALLEN (1956, p. 99) reported for the U.S.S.R., where according to data 
from Bird:~ of the Sol'iet Union, the old birds fly daily 30-60 k"Tll in 
search for food. 

The cause of this food migration might well be food shortage, but it 
also takes place in periods when there does not appear to be any (Chapter 
V f). Under these circumstances the long-distance foraging of part of the 
birds may have a "survival value··, since then more food remains for the 
young, growing birds. In this connection it is striking that we have no 
indications that the same took place in Goto and Slagbaai. These areas 
were richer in food in relation to the number of flamingos present. It is 
peculiar that only in middle May, when the food supply in the Pekelmeer 
due to the large numbers of flamingos reached a low, we saw d<'partures 
over Kral<·ndijk to lhe north. This, on the 18th and 21st of May coincided 
with an increase in Goto of 200 adults (from 16.V-25.V 1). Only then was 
there an increase in the terrain used by the birds (also by young birds) 
for food-searching, to Klein Bonaire, Playa Lechi, etc. In Coto an increase 
was seen to the end of May, but thereafter a gradual decrease in the 
number of flamingos. 

SUBADULTS 

In Coto subadults were seen onlv after 20.1V.1960, and in the Pekelmeer 
after 22.IV.l960 in several tens. Before this, with the exception of a few 
grey-whites and a number "a Ia Camargue", no s"Ubadults had been seen. 
This changed at the end of April, and on the 29th of the month there were 
500 subadults in the Pekelmeer. They remained more or less in the Pekel­
meer. In Colo and Slagbaai we saw chiefly birds in their first juvenile 
plumage. which had probably been hatched in Goto in the summer of 1959. 

From these changes in occurrence we see that for the recognisable 
subadult forms it is a question of "va-et-vient"! It would also appear from 
the late occurrence and the changing m.unbers in the subadult groups that 
here, just as in the Camargue (pers. comm. HoFFMANN), they do not remain 
in the breeding area or in the colony, but roam between the breeding 
area and the winter quarters. There is no seasonal migration, but the 
birds probably wander around in the area of the Venezuelan coast and 
the offshore islands. 

The maximum of 500-800 subadults was in the period 29.IV-22.V, a 
peak arising immigration, giving a population much greater than the 
breeding population. In this period the number of "a Ia Camarguc" birds 
remained constant, the grey-whites decreased somewhat and the number 
of brown-orange was reduced to half. A large number appear to have left 
with the general emigration wave. In the follo\ving peak period 17.VI the 
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TABLE XIII. SuaAOULT GROUPS WIIICB HAVE BUN OBStRVI:O IN TilE PEKf.LMI!ER 

Date Total subadults 

29.IV 500 
6.\' 500 

13.\' 400 
16.V sevt'ral hundreds 

19.V 300 
27.V 350 
S.VI llO 

lO.VI 90 
15.VI 40 
17.VI 150 
24.\<1 25 
l.Vll 40 

B. VII 40 
15.Vll ca. SO 

22.VII 25 
29.VII several 

brown-orange 

250 
250 

125 
30 
30 
10 
60 

15 

0 
several 

0 
0 

grey-white 

150 
150 

12..5 
40 
20 
5 

ca.10 

5 

16 
13 

a la Camargue 

100 
100 

100 
40 
40 
25 
75 

ca.20 
20 
24 
13 

+ overlap type + 
+ overlap type + 

gradually reduced numbers of brown-orange is increased once more to 60, 
and there is a small increase in the numbers of grey-whites and a marked 
increase in the "a Ia Camargue" type. Following this, there was once 
more a gradual decrease. 

It would appear that, for part of the population, from time to time there 
is a migration from the Venezuelan coast to Bonaire, whereby subadult 
birds also arrive. 

With the departure from Bonaire, the brown-orange specimens are the 
first to leave, followed by the grey-whites and the «a Ia Camargue" type 
remains the longest (having perhaps already some tendency for reproduc­
tion). 

The cause of the departure is very probably food shortage (Chapter Vf). 

}UVEN1LES 

The oldest group in this class are juveniles hatched in the winter months 
of 1958-1959 in the Pekelmeer. Here on 28.VIll.1959 there were stitl 
some grey young present, probably from the breeding period 1958-1959. 
In the middle of January 1959 300 young were hatched, so that these 
were about 7Yz months old; later they left the area. 

In addition to these there were young from the summer of 1959 - some 
150 pullets, hatched from the middle of June to the middle of July in 
Goto, and these remained there up to and including 18.1X (they were 
therefore 2-3 months old), but on the 25.IX their numbers had decreased 
to 83 and to 6 on 2.X. After this, a few young (varying between 4 and 12} 
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remained to 2.V.1960 in Goto. They were then on the average 10 months 
old and were at that time indistinguishable from the grey-white stage. 
The varying number of between 4 and 12 from 2.X can be explained: at 
least until the end of November, from the similarly fluctuating numoer 
in Slagbaai (5-20 specimens) and in the Pekelmeer where, from 2l.IX 
to 2.V.1960 the number of young varied between 0 and 9. This means 
that from the 150 juveniles at the end of September (about 3 months old 
then) the majority left, but also that up to 2.V.1960, a number of birds, 
then 10 months old, still remained in the breeding area. 

For the breeding period (begin January 1960 - begin July 1960) in 
Goto we may distinguish 3 separate breeding periods, i.e. 

begin January - end February: 12 pairs - 8 pullets 
begin March - middle April: 6 pairs - 5 pullets 
end March - begin July: ca. 90 pairs - 58 pullets. 

From the first of these periods a number of juveniles remained up to 
and including 4.VII in Goto, with an age therefore of about 5 months 
and from l l.IV lo 25.VU sometimes 1 of this generation was present in 
Slagbaai. From the second and third period there were the full 63 juveniles 
present on 25.VII, varying in age between l-3Y2 months. 

The departure from Pekelmeer can be read off in Graph 21: from th(' 
Christmas to April breeding period this is clear, but the fate of the 2nd 
generation occurred after our departure. Between LV and 6.V 450 young 
left and we found them nowhere else on the island. Later, on the 1l.V 
and 13.V we saw juveniles accompanying adults to the south. On 13.V 
we saw 1 jU\enile returning with a small group of adults. This is possibl~ 
part of a large-scale movement which would explain the small increase 
on the 13th and 16th of May. In June we also saw migration over Kralen­
dijk to the north, when they were subsequently found in the salinas of 
Playa Lechi, but during June and July juveniles were also st'en in various 
other places. Their number gradually reduced, so that on the 29th of July 
only 1 juvenile was still to be seen in the Pekelmeer. 

The main group left, therefore, the breeding grounds at an age of about 
3 months. 

ll occurs J'cgularly in Bonaire that the young, walking and/or flying, leave the 
Pekelmt>er in a northern direction to be found later in Kralenclijk, and il is reasonable 
to suppose that this is caused by food shortage. These "slr:mdcd" juveniles are then 
returned tu the Pekelmeer by the police and others; in the summer of 1961 this wns 
also lhc C<L~e (CLRHMTS and Voous, pers. oomm.) when there was probably a food 
shortage in tht' Pckelmeer. 
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VIII. REGULATION OF NUMBERS 

The factors causing the Ouctuations in density are reproduction, mor­
tality and migration, and we shall consider these three factors and their 
causal affinities in more detail in this chapter. 

REPRODUCTION 

We have seen in previous chapters that in both the Pekelmeer and in 
Goto extensive breeding takes place and we shall now examine the produc­
tion of young birds per colony (or breeding period, where it is possible to 
distinguish these). We can assume that the clutch size is 1 egg per pair 
of adult birds (Chapter Vlf). 

Go to 

We encountered the last phases only of the breeding period from May 
to July in 1959 and on the 3rd of September we found 200 nests, 150 
young, about 30 unl1atched eggs and about 10 dead young. We may also 
assume that a number of unhatched eggs were broken, or washed away. 
It is dangerous to estimate the number of breeding pairs in a flamingo 
colony on the basis of the number of nests only, when the whole breeding 
and brooding process has not been followed from near by - see, for 
example, Pekelmeer where the same nests were used several times. 
Observing the slight differences in sizes between the young birds, we may 
safely conclude that about 200 pairs bred here, and these produced then 
150 fledged young, with a subsequent loss in eggs and young of the order 
of 25%. 

The following brood period in Goto, which we could follow at regular 
intervals, lasted from the beginning of January to the beginning of July 
1960. Our figures for this period concern the number of brooding birds, 
pullets and growing juveniles, since the colony was not visited in this 
period for fear of disturbing the nests. Although brooding was continuous 
in this period, there were three visible waves whose production of young 
can be given. The calculation of the total number of brooding pairs in 
such a long period, with overlapping, is best done by drawing a line in 
a graph parallel to the line representing the numbers of brooding birds, 
but this 40 days later. Although the brood period is about 30 days, ex­
perience has shown that, in Goto at least, the pullets are mostly seen 
when they are 7-10 days old since the older birds sit on the young, for 
a great deal of the day. 

We can say therefore that in period I {begin Jan.-end Feb.) 12 pairs 
bred and gave 9 juveniles. That for period II (begin March-middle April), 
6 pairs bred and had 5 juveniles and that for period III (end March-begin 
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TABLE XIV. , UMBER OF BROOOINO PAIRS AN1) JUVENILES OBSfRVEO IN GOTO 

Date 

4.1, 13.1 
25.1, l.Il 

8.11 
lO.Jl 
17.11 
29.Il 

7.Ifl 
14.III 
2l.III 
30.1II 
ll.IV 
20.1V 

2.V 

9.V 

l6.V 
25.V 

6.\'1 

15. \"1 
2i.VI 
4.VII 

13.Vll 
25.VII 

Pairs 

several 

12 

5 
6 
9 

4 

6 
6 

28 
44 
65 
80 

60 

18 
45 

2·t 
ll 

7 

1 

1 

Pullets// uoeniles 

4 

5 
3 
8 length 50- 70 em 
8 length 50- 80 em 
9 length 50-100 em 

9 
4(9} 
8 [and 1 juv. in Slagbaai) 

14; 9 large, largest appr. 125 em, 5 small light grey 
of about 1 week old 

18; 8 large, of 120-140 em, 10 small, 20-·10 em [1 of 
140 em in Slagbaai) 

34; 30 pullets and 4 juv. (1st batch) [none in Slagbaai) 
32; 28 pullets and 4 juv. (1st batch) [none in Slagbaai) 
30 pullets, no juv. [l juv. in Slagbaai) 
53; 52 a few days-a fe\\ we<'ks old; 1 juv. [i~t batch 

[and 1 in Slagbaai) 
55; 53 pullets, 2 juv. first batch [none in Sla~baai) 
61 of 25-90 em, 1 juv. (first batch) [none in Slagbaai] 

65 of 25-90 em, 2 juv. (first batch) [none in Slagbaai) 
63 pullets- juveniles [1 in Slagbaai] 
63 juveniles [l in Slagbaai) 

After this was finished we found 48 nests, heavil}' eroded, in which 5 eggs were 
to be seen, one per nest. 

July) about 90 pairs bred and gave 78 juveniles. In total some 108 pairs 
bred with a resulting 72 juveniles, that is an efficiency of 67%. For each 
period there were 75%, 83% and 64% of young, respeclively. 

Pek elmeer 

Although various colonies have been distinguished, it was n~t possible 
to determine the number of young for each colony separately, smce when 
they are very small and run around between the nests, they cannot be 
counted with any accuracy. This is possible only later when they leave 
the colonies proper more, but then we have the difficulty that young from 
various colonies are mixed together. The periods when 700, 1100 pullets, 
etc., are mentioned in Graph 20 are somewhat late for the same reasons, 
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and these figures were reached in all probabi1ity some two weeks before 
the date given. 

We are able to determine the number of young for each different period, 
however, just as has been done in the case of Goto. We find then a period 
running from the end of December to the end of April and from the end 
of April to the end of July. Brooding still took place after this. Our studies 
had to finish then, but we are able to make an estimation for this last 
group based on the other production figures for young birds, to obtain 
a total figure for the Pekelmeer and for Bonaire. 

At the end of both brooding periods 2 short visits were made to the 
various colonies when thE' number of eggs and dead young was noted. 
In addition, 35 eggs and 6 dead pullets were found in February, which 
had been washed away and later stranded on the western shore. In June 
75 eggs and 2 dead pullets were washed up on the western shore and at 
the beginning of July 2 dead juveniles with broken wings were found. 

The possible error of double counts at the end of the second period, of 
eggs which had been left over from the first period, could be avoided to 
a large extent, since then only eggs on nests were counted. Seeing the 
low number of 2-egg clutches we can assume that the eggs which remained 
behind were removed. 

By means of a combination of all these facts and figures we come to 
the following result: 

1st period 1450 pairs, llOO ju-.. (i6%). 310 remaining eggs (21%), 40 dead pullets (3%). 
2nd period 500 pairs, 350 jnv. (7011-). 13.5 remaining eggs (27%), 15 dead pullets (3%). 

If we take the first group of 200 brooding pairs into consideration then, comparing 
these to the other results, we come to the following final results: 
3rd period 200 pairs, 145 ju-.. (72.5~', ), 45 remaining eggs (22.5%). 10 dead pullets (5c-~). 

As a total for the Pekelmcer we then rurive at the foJlowing for the period December 
1959 to August 1960: 

2150 pairs, 1595 juv. (74%),490 remaining eggs (23%), 65 dead pullets (3%). 

For Goto in the period January to the beginning of July, we obtain the following: 
108 pairs, 72 juv. (67%}, so that rrom September 1959 to August 1960 the 

total for whole Bonaire is: 
2258 pairs, 1677 young, giving 74% turnover. 

If we take the summer of 1959 for Goto and add this to the above this 
means that in slightly more lhan one year, the breeding of 2,500 pairs 
(exact 2,458), more than 1,800 (exact: 1,817) young were produced, a 
turnover of 73%. This figure of 1,800 young birds is the number that 
actually fledged and was not lowered in any considerable fashion by 
mortality under the juveniles, since this was, after the pullet stage, very 
low and has been included in the pullet mortality. The latter has been 
taken on the high side; from the first and second period 30 dead puJiets 
and 6 juveniles were found, while the figure used for the loss was estimated 
at 55. 
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Naturally enough these figures are not all equally accurate and the 
result is an estimation that approaches the actual situation as closely as 
possible. Bearing this in mind, we arrive at the following figures for the 
reproduction in the various colonies (or breeding periods): 
Goto 1 12 pairs 75% young grew up 
Goto 2 6 pairs 83% young grew up 
Goto 3 90 pairs 64% young grew up 
Pckelmeer I 1450 pairs 76% young grew up 
Pekelmeer 2 500 pairs 70% young grew up 

The reconstruction for Goto before the study period - 200 pairs and 
75% young and the estimation for Pekelmeer after our departure - 200 
pairs and 72.5 young - have been left out of consideration here. 

There is no definite trend in this series of reproduction figures indicating 
that in smaller <:olonies fewer young grow up than in tho larger. ALLEN 

(1956) and SwiFT (1960) report that smaller colonies (up to several 
hundred pairs) are less succesful than larger. ALLEN mentions a colony 
of 2,000 nests as being typical for the West Indian flamingo and reports 
that a normal nest mortality (i.e. loss of eggs and small young) is about 
25% and that this may be much lower in very large colonies. The low 
nest mortality of 20% and less in Yucatan would appear to ALLEN to be 
explainable from the synchronous breeding behaviour. 

LOMONT (1954) gives for the Camargue a loss of eggs and young of 
30-33<1. BROWN (1958) gives as the percentages of grov.rn young, 21%, 
31.5t:G and 74%, \vith an average of 51%; disturbance by Marabus 
(Leptoptiles crumeniferus) and the predation of the Fish Eagle (Cuncuma 
vocifer) account for the first two low figures. 

On the basis of these figures the results observed on Bonaire were 
average to good, but they are lower than those given by LACK (1954) for 
various species of birds, with the exception of a number of crevice 
dwellers. The low predation on the eggs and young of the flamingos 
probably accounts for this. 

BROOD FREQUENCY 

Having seen something of the reproductive results, it is interesting to 
examine the frequency of brooding at various places, including Bonaire, 
the entire Caribbean, the Camargue and East Africa, since only from these 
areas are there observations of several years standing. 

Bonaire 
In the period before 1940 the flamingos bred more or less regularly on 

Bonaire, but we can say no more than this. In 1941 they bred and 500-
700 young grew up. The next following infonnation is of the disturbing 
of the birds by the American airforce in 1943, and it was 1950 before they 
began once more (See further Table XV.) 
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TABLE XV. BREFOING FLAMI:o-~cos AT BoNAIRE SINCE 1950 

Year Pekelmeer/Goto Succes No. of pairs No. of fledged young Time of year 

1950 p + 1,000 600 August 
1951 p + I ,000 ? summer 
1952 p )Owlg and eggs washed away by heavy rains w July 
1953 p no brood 
1954 p no brood 
1955 p + 1,400? 800 March-May 
1956 p + ? 3,000? February-March 
1957 p + ? 3,000? February-March 
1958 p ? ? February 

1958-1959 p + 700 300 December-January 
1959 G + 200 150 May-July 

1959-1960 p + 2,150 1,600 December-August 
1960 G + 108 72 January begin July 

1960-1961 p + 1,200? ? November-April 
1961 p 1,000? 150? May-July 

In 1961 Voous found 850 eggs: 250 on the nests and 600 between them. 
There was a high mortalit) under the young. 

He presumes that, O\\ ing to food shortage, the brood activities of 1961 
were ended, when most of the adults and the fledged young left Bonaire. 
There were no mort> than 400 tully coloured birds and 180 pink sub­
adulbi and 150 fJTst-year )Oun~ (a total of about 730 birds) in July 1961. 
A great nwnber of t•ggs \\ ('rc deserted (1000( of the last concentration 
of 850 nests). The growing birds have had a miserable existance, so that 
long journeys both walking and flying over the island led to the death 
of even more. The bt•st food areas on the island at that time - Goto and 
Slagbaai - gave rdug<' to Lhe majority of the birds - about 390 (2/a) of 
the adult birds. (All according to Voous). 

Brood activity shows no relation to the rainfall. 
The small numbers which reproduced in 1958 and 1959 may be the 

result of the bad years l 952, 1953 and 1954, when no brooding took place 
or when the eggs and young perished. We have already seen in Chapter 
VI h that namingos are probably reproductive only when 5 or 6 years old 
and the absence of a given year-class is therefore felt a number of years 
later in the breeding population. In the same fashion it is possible to 
explain the excellent results in 1960 and 1961 as a result of the favourable 
circumstances in Lht:' }{'ars 1955 and 1956 (See Table XVI.) 

ALLEN (1956, p. 73) gives a survey of the reproduction of the total 
population of Ph. ntber ruber, to which should be added that the popula­
tion be refers to as "Caribbean" covers Bonaire and the coast of Venezuela 
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TABLf XVI. AN ESTIMATE OF NUMBERS (after ALLEN 1956, p. 73) 

Peak number.. theoretical peak attained b) sum of ma\:imum adult numbers and 

Popul11tiOII 
urtit 

INAGUA breeding adults 

young 
production rate 

peak numbers 

YucATAN hrt'eding adults 
young 

producUon rate 
pt•ak numbers 

CARtllBr AN breeding adults 

young 

ABA CO brcedm~ ;tdults 

)'OUn~ 

production rate 

peak numbers 

TOTALs lm-cding adults 

>oung 
peak numbers 

nests huill 

surviving young-of-the-year. 

1952 1953 

16,816 17.860 

5,102 500 
.60 .06 

2 1,918 18,360 

4.000 4,160 

1,600 1.664 

.80 .80 

5,600 5,824 

2,000+ 4,150 

0 0 

300 306 

110 100? 

.75 ? 
410 ? 

23,416 26,776 

6,812 2,26-1 

30.228 29,().!0 

11.554 3,226 

1951 

1-1,588 

4.000 
.55 

18,588 

4,327 

1,730 

.80 
6,057 

3,000 

0 

305? 

100? 
? 
? 

22,520 

5,730 

28,250 
9,457 

TABLE XVII. BROOD RLSUl.TS IN TH£ CAMARGUE 

1955 

14,071 

1,500 

2,400 

304? 

21,575 

totals 
1956 

14,000 

4,500 

2,400 

300 

300? 

21.500 

1949 Colony not round LOMON"r 1954 
1950 ca. 3,000 nests 2,000 pullets LOMONT 1954 
!951 ca. 3.000 Ot'sts 2,000 pullets LOMONT 19.54 

1952 ca. 2,400 nests 1,800-2,000 pullets LOMONT 195-J 
1955 3,000 -1,000 pairs 400 fledged young IlorFMANN 1955a 

1956 3,000 -4,000 pairs 700-800 fledged young llotFMANN 1957 
1957 1,000 ·5,000 pairs 2,200-2,500 fledged young llorrMANN 1959;\ 

1958 "l•chec <.'Omplet" ~torm gradually reduced number of broodmg birds 
1 loiiMANN 1960a 

1959 3,650 pair~ 585 fledged young HOFFMANN 1962a 
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and its islands, the coast of Columbia to the Guianas; Bonaire is the most 
important breeding area within this group. 

The low number of breeding birds in the beginning of 1955 (when no 
more observations were made), in comparison to 1952 is, according to 
ALLEN due to the poor brood results on Inagua in 1953. It seems to me 
that this is very doubtful, when we see the age at which the birds become 
reproductively ripe. 

Cam argue 
GAU.ET (1949) surveyed the period 1914 to 1947 - in 34 years the flamingos bred 

16 times and the colony was disturbed 5 times, either completely or partiall)•. In this 
period 18,000 young grew up, with an included loss of 8-10%. 

East Africa 
BROWN (19.59) reports that the Small Flamingo (Phoenlconaias minor) bred in East 

Africa in 1954, 1957 and 1958, and probably not in 1955 and 1956. 

The picture obtained for the various {sub )species in the areas mentioned 
above is similar: in some years there is little or no breeding activity at all 
and when breeding does take place the results are often very variable. 
Despite this erratic reproductive activity GALLET (1949) and LoMONT 
{1954) write that the population is in equilibrium. HoFFMANN (pers. comm.) 
believes that in the Camargue poor years are compensated for by years 
in which a large number of young grow up. BROWN (1959) assumes also 
for the Small Flamingo in East Africa that there is an equilibrium. 

It appears from the foregoing that with a variable and often low 
productivity rate, the mortality must be low and the average age high, 
if this population is to remain in equilibrium. 

MORTALITY, AVERAGE AGE AND POPULATION EQUILIBRJUM 

We have seen above that the West Indian flamingo's colony mortality 
reaches 20-30%. 

In l11e Cnmargue and East Africa this may well be higher, and is explainable for a 
large part as predation. HOFFMANN (1959) reports that in 1957 at least 20 pullets per 
day were killed for about 1lj2 months (a loss of nearly 1,000 pullets) due to the 
activities of the gull Larus argentatus. llorFMANN (pers. comm.) suspects that fows 
(Vttlpes vulpes) may also be important for their damage here. In the Rift Valley, as 
we have seen (BROWN 1958, 1959) eagles and Mnrabus act t\S predators of Ute eggs, 
and the Marabus are also able to kill adult Small Flamingos. The eagles appear to 
seek out isolated young in particular. 

McCANN (1939) and ALl (1945) mention Scavenger Vultures (Neophron ginginionus) 
as a predator in the Rann of Cutch (India) but the predation level was not so very high. 

AU.EN (1956) mentions for various parts of U1e Caribbean area, the Turke~ Vulture 
(Cathartes uura) as U1e bird of prey, but there is nowhere mention of a serious 
predation. 

ALLEN (p. 197) writes: "On other islands, Hispaniola and Cuba, for example, the 
mongoose (probably lferpeMrs auropunctatus auropunctatus) was introduced some years 
ago. ln Haiti and the Dominican Republic it may have been a factor in destroying the 
Conner flamingo nesting colonies. In Cuba, according to Westermann (1953), it seems 
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to be confined to the western provinces, and thus may have had no part in lhc 
namingo losses in that count!) ..• 

There are no predators on Bonaire which attack either the eggs, young 
or aduJt birds, and it is therefore striking that we have seen so few dead 
birds, with the (•xceptions of the pullets and young birds already mentioned. 

In Slagbaai, two "grey-\' bites'' were found and one fully coloured 
specimen and the latter was, for some time before we found rum, seen 
to be solitary, which means - according to local flamingo experts - that 
they are ill and/or are dying. 

In the Pekelmeer one fully coloured specimen was found. 
During a period of 11 months, when every important flamingo area was 

regularly visited {including all the banks of the salinas) we found only 4 
dead birds. This would suggest, with such a large adult and young popula­
tion, a very low mortality rate. 

BROWN (1958, 1959) also noticed the small number of dead birds in East Africa, 
while - according to his data the remains arc visible for some 6 months. He writes 
(1959) that, for the Lesser Flamingos, a population of 1,000,000 in Lake Hanninglon 
lo\t at most 2,000 birds per year to predators and he fow1d that in a population of 
Crt•aler Flamingos of 9,500 birds only 3 dead adults. In a breeding population of 
about 3.200 birds he found in tho course of two months 1 vjctlm only, and from a 
population of mort· than 15,000 flamingos, 4 dead udults, also in a couple of months. 
BRO'l. N (1958, p. 413-414) writes: "The adult Greater Flamingo, unlike the Lesser 
Flamingo, seems to have almost no enemies in nature." He connects tJ1e small number 
of dt•.td birds found and the reproduction for botJt species and ~timatcs the average 
age: "From all the evidence available it seems that adult Greater Flamingos have a 
low mortality mtt•, and while casualties are ~omc.:times heavy among the young, onct.> 
the latter have r<.>uched about 40 days old the cru;ualties from 1111tural causes appear 
to be low. It is possible to calculate tJ1at if the 20,000 - odd flumingoes which brt-d 
em Lake Elmcntcita had an avt·ragt• life e1.-pectation of len years, the death rato should 
he about 55 p<-r day. Mortahtr on tJ1is scale ccrtainl) did not occur among the adults 
at Elmenteitn, and it would therefore be rcawnable to assumt• lhat the Crcatt•r 
Flamingo must he a long-lhed, bird, a conjecture wluch is bornu oul by a!J tJ1at i.s 
known of its exislt•nce." 

BROWN (1959, p. 104) gives further a calculation of lhe average age of the Lesser 
Flamingo, based on reproductive data. He estimates the entire East African populalion 
at 3,000,000 spccimt·ns. In 7 years about 1,100,000 young were reared, an average of 
more tJtan 150,000 per year - in some >ears no brt'Cding took place, but in 1957 and 
1958 togelhcr 800,000 young were reared. He considers the number of }'Oung reared 
per year in connection with the total population and then arrives at an average age 
of about 20 years. Bused on the number of dead specimens lhtll he found, BROWN 
surmises lhat this must be even much higher, and concludes that to keep the 
population slt>ad}, only a small number of young arc necessary, a conclusion supported 
in other areas. Years without rl·production arc then plausible. 

ALLEN's approach to the problem of mortality and population equilib­
rium is as follows (p. 72): "The flamingo attains its adull plumage by the 
end of the first year and probably is capable of breeding during its second 
year. The normal clutch is one egg per pair. A study of life tables, produc­
tivity charts and the breeding characteristics of the flamingo suggests that. 
assuming certain mortality rates, a stable population level will be main­
tained if each potential breeding pair produces .67 young annually. 
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According to Hickc) (Survival Studies of Banded Birds, 1952), the mor­
tality rates that wouJd govern such a situation are 40<'6 for the first year 
of life and 20% as an overall aduJt rate. Testing these figures with a 
sample unit of 2,000 breeding pairs, we find lhat on this basis, 1,340 
young are hatched of which approximately 800 survive the first year, 
while adult losses O\cr the same period equal 800. Thus, at these rates, 
losses and gains balance each other exactly." 

From the data for the West Indian flamingo (Table XVI) ALLE~ (p. 73) 
concludes: "The long-term trend at present appears to lie below the point 
of equilibrium, on a slight downward grade, and may so continue unless 
the current protection program results in a gradual improvement in the 
productivity average. On a basis of actual performance, this now seems 
to be about .63 young per pair, and would be more hopeful if it could 
be moved above the .67 rate that may be needed for stability." 

My objections to ALLEN's views arc as follows: 
l. The flamingos arc certainly not fully coloured at the end of their first 
year and do not reproduce in their second. The ring data of HoFFMANN 
{1957) show that they are ripe aft<'r 5 or 6 years only. 

2. The assumed mortality is too high, both for the first year (after th<' 
nest mortality) and in the following years, seeing the low mortality noted 
by both BRowN and ourselves among large numbers of flamingos during 
lone; periods. On the other hand, we know nothing of the mortality outside 
the breeding areas and during migrations. 

3. The assumed prod\Jction rate of 0.67 young per pair per year necessary 
to keep the population stable, is too high. Despite the irregular breeding, 
with years in which few or no young are produced. there is no definite 
decline in the Camargue, on Bonaire or in East Africa. 

It is possible that the data given for the capth e flock, at Hialeah, 
Florida cited by AtLEN (p. 65). give in fact indications against his own 
theory, although there is a danger that captive birds behave differently 
to those in the \\;Jd. In this group of 750 birds 65 young are reared 
annually. He assumes that there are 250 potential breeding pairs and 
arrives at a production rate of 0.25 young per pair. It is possible that an 
average of 0.25 )Oung per pair per year is more correct than one of 0.67 
young per pair per year. On the other hand, it is also possible that 0.25 
is too small because this group contains less than 250 potential breeding 
pairs. This is very probable seeinl7 the late a~e at wbicl1 the birds are 
reproductively ripe. The Peak numbers given by ALLEN in Table XVI are 
also too low, for the same reason, since the subadults have not been taken 
into account. HoFfMANN (pers. comm.) can conclude from his ring data 
that the flamingos \\hich are sexually immature 1·emain in the winter 
quarters (N. Africa) during the breeding season or roam around the 
western Mediterranean. There is no winter quarter in the Caribbean, but 
we do have evidence that the subauults roam around (Chapter VII). This 
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is shown by the invasions of hundreds of subadults which suddenly appear 
and, after a short stay, depart once more. 

For tho exact calculation of the mortality and the average age, sufficient ring data 
must be a'ailable and only in the Cmnargue does these occur on a large scale. These 
data (HorrMANN 1955b, 1956, 1959b, 1960, 1962b) show an atypical picture at the 
moment, however, since the ringing was begun in 1950 only. In addition there was no 
ringing in some years i.e. in 19.51, 1955 and 1958 and in the years 1950, 1952, 1953, 
1954, 1955, 1956, 1957 and 1959 a variable number of birds was ringed, so that 
certain year-classes are not yet repre~ented. The oldest reported flamingo was in 1963, 
as might he expected, 13 years old (IIOFFMAN}';, pers. comm.). On the basis of zoological 
garden records and othc.'r sources we can safcl> assume that they may reach a much 
higher age. WACKERNACEL (1959) reports a case of Ph. ruher roseus 44 years old 
(Philadelphia) nod in Dascl there are a few flamingos 27 and 21 years old. LACK 
(1954, p. 106) writes: "The annual death-rate is 40-60 per cent in various ~ong-birds. 
ducks and gallinaccou~ species, 30 -40 per cent in various wading birds and gulls, 
20 per cent in swifts and 10 per cent in a penguin," On p. 93 he states: "The highest 
average age may be expected in birds such as the larger petrels or eagles with a 
dutch of only 1 egg and several years of immaturity.'' This would also he valid then 
for flamingos. LACK (p. S.'l) also savs: "After tlw juvenile birds have become indepen­
dent of tht• parents, the} do not at first survive so well as adults." 

When we compare the flamingo mortality data and ages from various 
areas with LAcK's conclusions for a large number of bird species, we 
obtain a rough picture for the flamingo. ALLEN's data of 20-30% losses 
of eggs and pullets would seem reasonable for the West Indian flamingo, 
and in Africa and in the Camargue this may be higher, due to predation. 
A first year mortality of 40% and a second year mortality of 20% and 
for following years the same, as accepted by ALLEN, would seem to me 
to be on the high side and on the basis of the foregoing a first year rate 
of 20% and a IOI'f rate in following years would seem to me to be closer 
to the facts. If these figures arc correct, this means that after 5 to 6 years 
about half of the fledged young are still alive and after 20 years, some 10%. 

Since we may assume that Pit. ruber ruber- just as Pit. ruber roseu.s -
can breed after 5 or 6 years, this calculation shows that about one half 
of the young that are fledged in one year, will reproduce finally. The 
number of adult birds is thus reduced by one half after 6 to 7 years and 
we can, therefore, on the basis of this hypothesis make the following con­
ception of the population-history. 

In a given year there are n breeding pairs; with a 30% nest mortality 
(on the high side) these will produce 0.7n fledged young and these become 
adult after 5 to 6 years when they are reduced to one half - 0.35n. The 
2tl breeding birds are reduced to a half after 6 to 7 years - n. If the 2n 
birds breed 3 times successfully in 6 to 7 years, 3 X 0.35n = 1.05n sexually 
mature birds are added to the population. If our mortality figures arc 
correct. this means that the population will be stable if there are 3 success­
ful broods in every 6 to 7 years. This agrees \\;th the facts in several 
colonies where, without any reduction in the numbers we find that some­
times no or unsuccessful breeding takes place for one. two or sometimes 
three years. In areas where the predation is high, (e.g. the Camargue) or 
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where for other reasons the nest mortality is higher, more frequent 
breeding will be necessary and this does, in fact, occur there. If the 
flamingos continue breeding with a favourable result, then an increase in 
the population will take place. 

For tl1e sake of completeness a number of causes of de at h follow here, 
which have already been taken into consideration in the nest mortality and predation 
figures considered above. 

Parasites and Disease 

There is llttlc mention of possible deaths due to parasites or diseru.c in the flmningo 
literature. Of the 7 specimens examined b) us, one - the juvenile specimen shot on 
ll.Xl.l959 - contained tens of intestinal parasites at 50- 100 em from the cloaca. 
According to ELISABETH VAN DEN B1WEK (Utrecht) these were very probably Hymcno­
lepidae (Cestoda). In addition, on all the fl;tmingos shot we found hannless Mallophaga 
which were identified b) TH£~ESA CLAY (1962) as Colpocephalum heterosoma, C. 
salimalii, Trinoton femoratum, t\naticola plwcnicopteri and Anatoecus keleri. The first 
four species are also found in the European Plwenicopterus, the last one is only known 
from Bonaire. 

Warmth and Drought 

The combination of these two factors would, in some places, appear to be fatal 
in Ph. ruber roseus for the pullets. Au (194.5) believes that in the colonies in the 
Great Rann of Kutch, the heat is chief cause of death for the pullets. At 11 o'clock 
in tl1e morning a temperature of 116° F has been measured. 

In comparison, our temperatures on Bonaire give no reason to a~sumc this a~ a 
cause of death there. ALLEN also writes that this is not important in Ph. r. wbcr. 

F I o o d s and S t o r m s 

ALLI;.N (p. 198-200) writes: "Floods are a major tl1reat to tJ1e succ;es~ful nesting of 
flamingos particularly, it would seem, in thl· Bahamas and Yucatan. IIJgh waters are 
caused either by heavy rains or by high storm tides. the most violent disturbances 
being caused by the West Indian hurricanes, which, in addition to the destructive 
force of the wind, combine both extreme rainfall and unusua11} hi~h tides. F. !\1. 
Chapman (1905) belie,·es that "aside from attacks by man, the heavy rains of the 
lrop•cs are doubtless the chief cause of mortalit~ among Flamingos''". - "A nesting 
attempt on historic Bonaire Island, in the ctherlands Antilles, wns washed out hy 
hea'y rain ru1d high winds on July 6, 1952. The fo1lowing September, with S. F. 
Bri~g.~ and Richard 11. Pough, the writer saw well-grown chicks, possibly one month 
old, strewn along the low shoreline of Pekelmeer, where the wave:. had deposited 
them.'' 

In 1958 tbe eggs were washed away from the small colony in Slagbaai. On Bonaire 
these arc unfortunate exceptions, partly because the island is outside the hm ricane 
zone. Certain!), the situation on Bonaire is more favourable tl1an in other plact•s in 
the Caribbean. 

Accidents 

BROWN (19.58, p. 414) writes: "In the later stages of their lives the chicks suffered 
some casuaJlies from broken wings, probably caused by accidenl~ when fleeing from 
\larahus or Fish Eagles in pamc; these casualties howeVl'r, did not e\cecd 1%". 

\Ve found 2 dead juveniles with a broken humen~ and suspect that tl1ese were 
caus<>d during panic reactions, hy aeroplanes, for example, when flapping their wings 
in dense groups. 
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Migration 

After the mortality factors we shall now return to the migration and 
distribution, whereby we shall also consider the food supplies. 

We have already seen in the chapters on the food. the distribution of 
the young, and the numbers and movements, that the food supply has a 
great influence. Food shortage acts here as a limiting factor i.e. that the 
mortality does not necessarily increase, but that it is the cause of the 
distribution of the birds over the island and their departure from it. In 
Chapter Vi we have also seen that the predation percentage (i.e. food 
usage expressed as a percentage of the population size of the prey species 
- TINBERGEN 1948), for the chief prey (Ephydra) is often 30% and cannot 
in fact exceed this by very much. 

In comparison to a number of other bird species such as Stumus vulgaris 
(KLUYVER 1933), Accipiter nisus (TrNBERGEN 1946), various tits (Parus 
spp.) (TINBERGEN 1949), and Phalacrocorax carbo (vAN DonBEN 1952) this 
percentage is exceptionally high, and this is caused by the fact that the 
flamingos on Bonaire are practically monophagous, in contrast lo the 
foregoing species which arc all polyphagous. 

With larger numbers of flamingos the predator-pre) equilibrium is dis­
rupted (sec Chapter Vf) resulting in a marked decrease in the Ep1tydra 
population. Not only ar<> there then few larva<' or chrysalids but also very 
few imagos of Ephydra to be seen along the shores of the Pekelmecr. This 
marked reduction in the prey may cause the dispersal of the birds over 
and away from the island. 

On the other hand we saw in the middle of June to the middle of July 
1960, that when the food supply was at a minimum, flamingos nested 
and began brooding. It is tme that after this, when many birds had left, 
a reasonable increase in the prey population took place. Voous noted in 
1961 on Bonaire that the colony {with many eggs!) was deserted, that 
there were a few (weak) young and hardl) any adults in the Pekelmeer. 
He ascribes this to food-shortage: there were few Ephydra flies along the 
shores and very few larvae or chrysalids on or under stones. 

It is possible that the great breeding activities of 1960 and 1961 had 
exhausted the food supply. lt is also possible, however, that some abiotic 
factor may have caused this desertion - man ancVor aeroplanes, may also 
have been responsible. The disturbing influence of the latter is very 
marked and has been noted in 1944 in the Camargue (ALLEN, p. 213), 
in the Bahamas (ZAHL 1951, ALLEN 1956), and in 1943 on Bonaire 
(WESTERMANN 1953). There are protectory measures but these are not 
always sufficient. 
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IX. PROTECTION 

F~om early times man has had a great damaging influence on the 
flammgos, by way of the disturbing of the colonies, the collection of eggs 
and the hunting of young and old birds (see e.g. ALLEN 1956). 

The flamingos on Bonaire have been protected since 1931 and in 
Venezuela since 1944 (WESTERMANN 1953). Fortunately protection includes 
also a number of_ o~er place~ ~n the areal of the West Indian flamingo. 
Often, however, 1t IS very difficult to check the protective measures in 
these remote areas, so that locally the flamingo is still subjected to human 
activities. 

For B~naire, in addition to tl1e prohibition of egg-collecting, catching 
and_ huntmg, the colonies tl1cmselves should be protected. 

Smcc the construction in 1959-1960 of a circular road around the 
s~u~em part of Bonaire the breeding places are accessible \vitl1 little 
diffiCulty, especially on the eastern shore. 

An efficient protection \vill be attained only when the Pekelrneer and 
sun:oundings are _designat<'d as a reserve with sufficient guard especially 
dun~g the br~eding season. These measures need in no way hinder the 
tourist trade, smce the flamingos are easily visible from the road along the 
westem shore of ~e Pekelmeer. It is possible, in fact, to see tl1c flamingos 
from. a_ car. at a dis~ance of some tens of meters, and the advantage of 
remammg m a car IS that the birds are not disturbed and remain closer 
than when one leaves it. 

In addition we have the disturbing influence of the aeroplanes flying 
o:er the Pck~~eer; for Slagbaai and Goto this is less frequent. There are 
arrspace rcstnctwns over Bonaire in connection with the protection of the 
flamin~os. Fl~ing is pc:milted only above 6,000 feet with the exception 
of a cucle with a radms of 3 nautical miles around Flamingo Airport 
south of Kralendijk. This is not strictly observed, however, and we often 
saw K.L.M. and Venezuelan aircraft, and also sport craft below the 6,000 
foot. limit over the Pekelmcer colony. The low-flying aeroplanes are 
partteuJarly dangerous in causing great panic among the flamingos. 

A stricter supervision is necessary to prevent a re-occurrence of the 1943 
disturbance - then the flamingos did not return until 1947 and it was 
1950 before they commenced breeding once more I 
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X. CONCLUSIONS 

From our field obser\'ations on Bonaire, and from the literature, it 
appears that flamingos are capricious birds. 

The- breeding grounds, breeding periods and frequencies can all be very 
variable. The breeding grounds are not particularly restricted to muddy 
building material, although this is probably preferred. The breeding 
periods are, outside the tropics, more restricted than in them and on 
Bonaire only the months September and October showed no breeding 
activity. The breeding frequency is not very high and in various places 
there are indications tbat years with poor results are compensated for 
by years with good breeding successes. 

On Bonaire there is no predation of the eggs, young or adult birds. 

Flamingos can reach a high age, whereby even though bre-eding is with 
varying success, the population can still remain stable. This is possible, 
however, only when man does not interfere and the birds and their 
habitat are left in peace. 

The habitat selection does not appear to be directly influenced by the 
food supplies. Large numbers of birds andlor lengthly breeding activities 
on Bonaire can decimate the food supply, with as a result the dispersal 
of the flamingos over the island and a more or less en masse departure. 
It is important in this connection that the flamingos on this island are 
practically monophagous and that Ephydra larvae and chrysalids form the 
most important item of diet. 

Their preference in habitat selection for extreme physical and/or 
chemical circumstances enables them to occur in such large numbers. The 
biocoenosis is here poor in species but rich in individuals but these supplies 
of food are not inexhaustible and this is probably the origin of the roaming 
behaviour seen in the flamingo. This changing of feeding grounds allows 
the temporarily deserted areas to recuperate their food supplies. 

Influences due to mankind may be extremely destructive and it is 
therefore necessary that a strict protection of the birds, breeding grounds 
and feeding areas should exist. 

The great reduction found by ALLEN (1956) for the last decades, is not 
continuing on Bonaire. ALLEN (p. 73) mentions for Bonaire in 1952, 1953 
1954 and 1955, 2,000, 4,150, 3,000 and 2,400 breeding birds respectively. 
From June 1959 to August 1960 about 2.500 pairs bred and 1,800 young 
were reared on Bonaire. In addition hundreds of adult birds, which were 
non-breeding, and several hundreds of subadults, were also seen. There 
are no indications in the literature that flamingos breed more than once 
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per year and we can therefore say that this 2,500 pairs represent a popula­
tion of about 5,000 breeding birds. In comparison to ALLEN's figures w~ 
may have to speak in fact of an increase. 

Taking into consideration the number of birds which did not breed, the 
subadults and juveniles, we can estimate the total Bonaire population of 
flamingos at several (5-10) thousand. 

. Th:re is no question of a decline in the flamingo population on Bonaire 
m th1s case. 
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XI. SUMMARY 

The problem leading to this investigation wa~ that of establishing. ii 
the West Indian flamingo on Bonaire (Neth. Antilles) was on the decline 
and, if this was the case, what the possible causes of this could be. To 
this end a study was made on the island from August 1959 to Au~st 
1960 of the environment, food, reproduction and the numbers of b1rds. 

In the description of the habitat in Chapter IV ~uch attention has be~n 
given to the water management of the salinas .. smcc th~sc form the biO­
tope of the Oamingos. It appeared that even m extensive droughts the 
salinas retain a certain waterlevel. This is caused by the entry of sea­
water, the salinas being somewhat below the average sea-l.evel: The rate 
of entry is determined particularly by the seasonal Ouctuation m the sea­
level, and the water-level in the salinas follows this more or less parallel; 
the Cl-content shows an opposite fluctuation. 

The extreme physico-chemical circumstances in the salinas ensure t~e 
occurrence of a biocoenosis, ''Vith few species, but the number of In­

dividuals of these species may be very great. This is probably one of the 
reasons why the flamingos show a preference for these areas. 

In Chapter V food-searching and the food itself was considered both 
qualitatively and quantitatively. Seven clearly different methods were 
described, and imitation of these indicated the type of food searched lor 
under the given circumstances. From this it appeared that the food was 
chiefly the larvae and chrysalids of Ephydra gracilis. Less frequently were 
Artemia salina and the molluscs Batillaria minima and Cerithidea costata 
taken as food. Under certain circumstances the eating of organic ooze was 
noted. Exceptionally attempts were seen at eating the fishes Cyprinodot1 
dearborni and Mollienesia sphenops. 

The examination of stomach contents confirmed that on Bonaire the 
staple diet was formed by the larvae and chrysalids of Ephydra gracilis. 

A quantitative approach was given to the effect that the flamingos have 
on the food supply, whereby the number of Ephydra chrysalids acted as 
a standard. If 1/4 to 1/s of the Ephydra chrysalids are consumed per 24 
hours (theorclically, since larvae are also taken), the number of chrysalids 
remains more or less constant. With an increasing predation percentage, 
exploitation occurs and the number of Ephyclra chrysalids decreases. The 
flamingos then switch to other food and /or leave, so that the Ephydra 
population is then able to recuperate. 

In Chapter VI the reproductive behaviour was described. Both males 
and females show the same behaviour during pair-formation. During paired 
foraging is copulation most frequent. The partners build the nest together. 
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The height of this depends on the amount of building material in the 
immediate neighbourhood of the future nest. The time given to the 
building is vel) variable, sometimes old nests are used and these are 
simply repaired a little. 

Brooding lasts about 30 days. In the Pekelrneer continuous brooding 
took place due to the overlapping of various groups from December 1959 
to August 1960. Part)} in connection with this long period, during which 
both large and small young were present in and around the colony. the 
occurrence of creches was examined criticall}. On Bonaire it appeared that 
none of the typical functions of the creche were to be found. The young 
were, as far as could be established. fed by their own parents. The feecling 
frequency decreases during the growth of the young, but the duration 
increases. Young of 4 months age were sometimes fed now and then. 

Various sub-adult plwnagcs could be distinguished after the juvenile 
plumage, with gradual transitions between them. There was evidence that 
it is several years before the birds have a fully coloured adult plumage. 

In Chapter VII the numbers and movements were considered. In addi­
tion to emigration and immigration to and from the South American 
continent, food migration was also undertaken to Venezuela. 

During the study period a minimum of 440 and a maximum of 4,130 
flamingos were present on Bonaire. 

In Chapter \'III th<> reproduction and mortality were considered. In 
something more than one year nearly 2,500 pairs bred and reared more 
than 1,800 fledglings , i.t'. 73C'-f.. The breeding success in small and large 
colonies showed no striking differences. There is no predation on Bonaire 
of the eggs. pullets, juveniles or adult flamingos. The mortality of eggs 
and young is on the a\eragc 25 ·30%: 20-25% for the eggs and 5% for 
the young. Since mortality figures for other stages and life-classes in the 
West Indian flamingo are absent, it has been shown, using data from 
other areas, that the population probably remains constant in size if 
successful breeding occurs 3 times in 6 to 7 years. 

It is a fact that, although there have been years when little or no 
breeding took place, the present South Caribbean flamingo population, 
with its breeding ground on Bonaire, shows no signs of a decline. It is 
possible that there has been a slight increase during the last 5 to 10 years. 

It is very necessary for the conservation of the flamingos on Bonaire, 
however, tl1at both the br<•eding and the feeding grounds be protected and 
given the status of a reservation. 
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PLATE I 

J. Ea'l(•rn pari uf Salina Slagbaai with saltpans and Brancbris. 



PLATE II 

lla. Small "t·anal" at Boca Sla~l>.~ai. 

Ilb. Vi~·w of Slaghaai fmm the sonth-c.•ast. - From left to right: Caribbean s~·a. wall 
uf l'Oral dt'11ris with plantation huildin~' and the c.•nd of tlw sm.•ll "t•an:ll". 

PLATE JJl 

lila. :-.=ests of 1958 in Slagbaai, on dam between salina and saltpans. 

lllb. View of Slagbaai f rom tho south-Wl'S t. - f rom left to right: the small "canal'', 
sc.>cpages (tlw dark patches) and the salina. 



PL ATE IV 

1Va. View of Colo rrom the south-east. - T lw white stript· to the left of tlw 
Bntnclari~ is the brt>cdin~ island. 

1VIJ . Boca Coto. -Tho inside of the waU of coral debris with seepages. 

PLATE V 

Va. View of Coto from tlw south. 

Vb. Boca Coto. - The outside of tlw wall of corul dt•hris. 



PLATE\ I 

na. :'l.<•sb; of 1957 far from the border of tlw Pl•kdm('<'r made from dr) and coarse 
material. 

\'ll>. Xcsts in tlw mud pool on the island in Colo. 

PLATE \'II 

\'lla. "Duinmeer" fmm lh<' <'ast. 

Vllb. "Vc.>n" from the west, with remains of f(•rding by stamping, describing a circle 
around the bill as centre: small round mounds with grooves around them. 



PL.\TE \'III PLATE TX 

\ lllu. "Oog" (eye) with gr(•cn .1lgac. IXa. Small canal and saltpan~ at Oranje Pan. 

Vlllb. View of Pd.elmecr at Witte Pan to the north-east. 1Xb. View of Pekclmccr al Wille Pan to the south-cru.l. 



PLATE X 

X. Ephydra {.!rctCiils: I . larva; 2. pupae; 3. t•mpt) puparia. 

Xfa. Flamingo bill. - The ridges of tlw filter and the spines 
on the tongue C<\n he ~t·<•n. 

XIb. Tracks of the bill and feet after t•t\ling organic OOZl'. 

PLATE X£ 



PL.\TE :.\11 PL \TE Xlll 

~'.!Ia. Stretched altitude "ith and without wing spreading. 

XJHa. .W.-colony. 

X'llb.-(·. A small part of the S.E.-colony. XlHb. S.E.-colony. 



PL.\TE XIY PL.\TE XV 

Xl\'a. Hatching. X\'a. An t'xcept10nal clutch of 2 eggs. 

Xl\'b. jw.t hatcht.•d. '\\ IJ. Tlw t•\<.'l'plional situation of I t'l-(~ and a chick in on<· nc't. 



PL\TE .\\'I 

~ .,. \ .. .. -
·., ... ~ 0 
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-. 

\ 

'\ .... 

.. .~-

X\.la. Alarm: a cumpacl gwup of pullets is lt·~wing the colon), tlw larp,<•st at the 
fronl and tlw 'mall pullcts in tlw •t•ar. 

X\'lb. Group or pullets lca,·ing the colony. 

PL.\ TE X\'JI 

·~ 

.'\\'11(1, Escaping ).(roup or pullt'lS ol the same a~t·. 

XVllb. Pullet between the lll'Sis. - The smallc~t ones remain hduml in tlw c:olony. 



PLATE X\"IU 

X\'llla. Juvenile, about 6 months old. 

X VI lib. Pullet. about 10 days old. 

PL \TE '\ IX 

XI Xa-d. " \\ illtlll\00).(. -a: bathing and prt•t•tung; 1>: drinking. "-ith tlw cltar.lclenstic 
~lantu1~ uf tlw m-ck (the: left })Lrcl). and lo lltl· ri~hl bill-fighting; r: ri.,m~ h> tripod 
method (m tlw Cl'lllre) and drying of tlw win~ (left); d: bill-fighting to the right. 



•• 

PL \ TE XX 

.. _r:;:. 

. . . -...:. -- ·­. ... 

XX. Departure for migration ncar Oranje Pan. - Salt heaps and old ractory buildings 
in the background. 
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