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FOREWORD

Aan ’t uiteind van het eiland, uit de tijd,
de staande zerken van de slavenhuisjes,
graftekens van een wrevelig verleden

die op de lijkwa der zoutpannen staren.
Maar aan de rand van dat loodgrauwe rijzen
een rij doodstille, smalle vlammen op,
rechtstandig, kaarsen in een doodskapel,

en naar men kijkt ontvlammen er steeds meer.

Flamingo’s, kleine fakkels, in het rijk

der doden onuitdoofbre vreugdevuren.

Zielen die in het zielloze gebied

der afgestorvenen glans en gloed behielden?
En aan de oevers van die Acheron

één eenzaam wakend bij de overtocht.

Maar als zij zich verheffen, slaat een vilam
zwierend uit het grauw zoulmoeras omhoog
alsof die zwerm naar een nieuw leven vloog.

Antaonie Donker, Een half jaar op Bonaire,
Antilliaanse Motieven, januari 1959,

It is with great pleasure that the committee of the ‘Natuurwetenschappe-
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 RooTs.

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 the 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 the
life of the flamingos so that, if possible, the Government 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
memorandum 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 resolution 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. Rootn and his wife Henny RooTH-Rels 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 accomplished 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 number 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 of the Flamingos™
(London 1959). His words, which we quote below, apply equally well to
the flamingos of Bonaire:

“... Flamingos are, at the least, remarkable, at best sublimely beautiful,
and at all times strange, rather remote beings inhabiting a world only

ses

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 dotas
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 young in appalling heat and glare, in
surroundings fatal to any ordinary animal and inimical 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 with variation in their food supply. Suddenly they
appcar' in their ... thousands, delight us for a while, and then are gone

again...
The Committee of the Foundation

for Scientific Research in Surinam
and the Netherlands Antilles

Utrecht, June 1965
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INTRODUCTION

Bonaire has harboured flamingos for many centuries and these birds
are still called by their old Indian name “Chogégo”. 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 (ArLen 1956), the possible disappearance of
the Bonaire flamingos caused alarm 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 ALt (1945)
and McCanN (1939, 1947) in the Rann of Cutch (India), ALLEN (1956)
and Cuapman (1905, 1908) in the Caribbean, Brown (1958, 1959) and
RipLEY et al. (1954, 1955) in the Rift Valley in E. Africa, GaLLeT (1949,
1950), Horrmann (1954—1960, 1962) and Lomont (1953, 1954) in the
Camargue (S. France), Jounson et al. (1958) and PeNA (1961) in Bolivia
and Chile, and MmbpLemiss (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, the 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 ArLEN has done this
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thoroughly, I consider myself relieved of the duty of repeating this 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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THE COURSE OF THE INVESTIGATION

It was possible to complete nearly a one-year cycle of observations on
the flamingos, their food and environment since we remained, without
break, on Bonaire from the 28th of August 1959 to the 3rd of August 1960.
The relatively stable environmental conditions allow us to form a reliable
and representative picture on the 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 the southern part of Bonaire, Goto (Salinja Grandi) and
the salina at Slagbaai in northern Bonaire. These three areas were visited
weekly as far as possible, although this was altered at times in connection
with the activities of the birds whereby more attention was generally
given to the Pekelmeer 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
various 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 minimum thermometers were hung up in the three salinas.

At spring and neap tides, the ebb and flood movements of the sea were
studied 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.




Whenever reference is made to “several” individuals (several tens,
several hundreds, ete.), 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 (Ephydra gracilis)
were at first carried out simply by establishing the number of stones occupied and
by rough numerical estimates.

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
accuracy throughout the whole year, it can be said that a representative picture has
nevertheless 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 the flamingos in Venezuela and the
Guianas were elicited by correspondence.

The techniques involved in the various observational series will be given in greater
detail in the corresponding sections,

For weights, measurements, etc., of the collected specimens see the Appendix
(p. 146).

I11. DISTRIBUTION AND NUMERICAL REDUCTION
IN THE WEST INDIAN FLAMINGCO

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):

1. Phoenicopterus ruber ruber (Linnaeus) (Am. Ph. ruber)
la. Phoenicopterus ruber roseus (Pallas) (Am. Ph. antiquorum)
1b. Phoenicopterus ruber chilensis Molina (Am. Ph. chilensis)

Phoeniconaias minor (Geoffroy)

Phoenicoparrus andinus (Philippi)

Phoenicoparrus jamesi (Sclater).

ArLLen 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 occur at places from below sea-level to 16,500 ft.

above, i.e. in Andes lakes (Jounson et al. 1958).

DISTRIBUTION

Voous (1960) writes of the distribution of Phoenicopterus ruber: Very patchy palae-
arctic, oriental, aethiopian, nearctic and South American distribution in mediterranean,
steppe and desert climatic zones. All breeding areas are on or within the 24°C isotherm
for the warmest month. The high degree of discontinuity in the breeding areal is
correlated on the one hand with the very particular biotope demanded by this species,
but 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 aspect 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,

According to Arren (1956, p. 34) the areal of the West Indian flamingo is charac-
terised by slight temperature fluctuations and falls namely inside the mean extremes
of 25 and 278°C. He says of the original distribution (p. 27-28): “The original
distribution of the West Indian flamino, following the retreat of the Wisconsin
glaciation and the end of the last postglacial climax phase, beginning perhaps when
the 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 reasonably certain that Arawak
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
natives on the distribution of the species was probably negligible. Unlike the situation
that prevailed at the head of the Persian Gulf and along the 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
without 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 species,
in all probability, present a fairly accurate picture of the original Recent distribution,
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, Andros, Rum Cay, Exuma
Cfrys, 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 the north coast of South America (Colombia to the Guianas), an isolated
group in the Galépagos Archipelago, and a detached colony on Islote 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° south latitude). An exception was the flock, presumably birds
from the breeding population formerly present on the west side of North Andros, that
wintered along both Florida coasts, north to Pensacola on the Gulf side and to South
Carol.mn on the east, as well as in the Florida Keys to Key West (early 19th century),
aI{d in Florida Bay (to about 1903). Another exception is the Yucatan flock that
winters to the west of its nesting area, chiefly in the Ria de Celestin.”

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

Florida

Jonn ’SFARKE recorded 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 (Arren 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 Aren (1956) there were 750 specimens
311;0 wéli:;:;ls 150 were frl;cel !;_]ying.c Ab:)urist pamphlet for Miami 1959 states that ah‘ml'
were imported from Cuba originally, * :
o mi.Imdpo':".tt Eoprmli ginally, “but more than the present flock were

Mexico

In the Gulf of Mexico the flamingos rarely leave the Yucatin peninsula where one
of the most important colonies of this species is to be found, numbering regularly
some 4,000—4,500 breeding birds (Westermann 1953, Arren 1956),

Bahamas, Cuba, Jamaica and Hispaniola

These isllands 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
fo.rmer]y) and Hispaniola — where breeding in recent years has not been established
with any certainty (Bonp 1947, Westermann 1958, Avien 1956).

Puerto Rico and Lesser Antilles

Flamingos are only seldom observed on Puerto Rico (B
. onp 1947, Avrienx 1956).
Both here and on the Virgin Islands, however, breeding took place in former times.
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There are only a few records for the Lesser Antilles (ArLen 1956), but, at the begin
of the 18th century there was a colony on Islote Aves, west of Dominica (WAGENAAR
HummeLmnck 1952).

Galapagos

A small. isolated and non-migrating population bred here formerly, but recent
records do not mention breeding (Avien 1956). Esi-Emesrecor (1960) saw 13 in-
dividuals. and since the flamingos are praised locally for their flavour, the situation
does not appear hopeful. LévEQue (pers. comm.) found some 150 specimens in 1960—
1961, however.

The area of Bonaire, the Venezuelan islands and the adjacent
mainland coast (Colombia, Venezuela, the Guianas as far as Brasil) is considered
as a whole, since, according to ALLen (1956), it is covered by one population that he
calls the (South) Caribbean population. He states that no migration takes place with
other population units.

The breeding centre of this area is formed by Bonaire, and ALLen estimated the
1955 population as being 2,400 breeding birds. From the breeding area the birds
would appear to spread over the coastal area of South America and the islands. ALLEN
(p. 49) writes: “It cannot be said that the species is flourishing in this part of its
range.”

Bonaire

Voous (1857, p. 77—-78) surveyed the known observations up to 1952 as follows:
It is almost certain that the flamingo rookery in Bonaire dates back to the time that
the first Europeans visited the islands in the south Caribbean Sea. According to
Swaen (1943), who ably summarized the historical records of the flamingos in the
Netherlands Antilles, the old traveller and buccaneer WiLriam Dampier saw flamingos
in 1681 in “an island lying near the main of America, right against Querisao (=
Curagao), called by Privateers Flamingo Key, from the multitude of these Fowls that
breed there” (p. 165). Swaen stales that Wacenaar Hummerinck does not exclude
the possibility of Flamingo Key being another name for Klein Curagao, The first real
statement of the occurrence of flamingos in Bonaire seems to be by G. B. BoscH
(1836). From that time onward the records of the presence of flamingos in Bonaire
gradually accumulated, but continued to be vague and therefore remained unnoticed
in the literature outside the Netherlands. HarTert, on 12. VI 1892, was the first
ornithologist to visit the breeding colony in the Pekelmeer (salt pans), but found only
two eggs floating in the water. In 1909 P. A. Evwens, a Roman Catholic priest at
Rineén, Bonaire, compiled some general data from the literature on flamingos, but
also reported the flamingos as breeding birds in the extensive salt lagoons (Pekelmeer)
in southern Bonaire; they were also regularly observed in Goto, where, however, they
did not breed. Further information on the breeding of the flamingos in Bonaire can
be found in a book with splendid photographs by the government surgeon ALFONS
Gasrier (1938), from which can be extracted, that both in the Pekelmeer and in the
Goto lagoon breeding colonies must have been present in the years between 1920
and 1930.

Rurren (1931) in 1930 did not meet with flamingos in the Pekelmeer, but found
several hundreds of them in Goto. He states, however, that the flamingos were known
to breed in the Pekelmeer (Oranje Pan) and not in Goto. He did not observe flamingos
in Curagao and Aruba.

Probably the birds continued breeding in Bonaire rather undisturbed and protected
by the government from 1931 onwards, until 1944, when — without any necessity —
a Netherlands speedboat and United States aircraft disturbed the breeding places
fundamentally by their incessant noise and shooting (WesTerMANN 1946, 1947). Con-
sequently the flamingos left Bonaire; some returned in 1945 and 1946 for a short
period, but disappeared soon afterwards, In 1947 up to 500 flamingos appeared in
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the salt l.a;zmns of Goto and Slagbaai (Geruarrs in litt.; Pupies & Pueres), but van
OOR!?'I: did not see more than 2 of the birds in the Pekelmeer and 13 m (";oto when
he visited the island in March 1948. At irregular intervals those few flamingos di;:-
ap]}}*arc‘d for some time, but gradually the numbers of returning individuals increased
until in 1950 breeding again could be established in the Pekelmeer, Whm"e‘ the hoto:
!l;raq::r H. Weener Eook photographs and moving pictures of the rookery in Al:lgusl.
arl:otu . ]‘\,l(l)?;;_“m of 1951 the number of breeding pairs in this locality was estimated at
In lho_ meantime flamingos had also been reported from the other islands, but
there their occurrence remained restricted to the appearance of irrﬂ;uiar. straggle
In historical times at least the flamingo does not seem to have bred in Ct?fl r.:;
(N VAN MH:':'EM‘.N in litt). Two stray individuals were recorded by M. pe }(Em.
(“VogeLvrienn™) from Santa Cruz and Playa Abau on the south coast oilf éun a0 i
194& HARTERT (lfﬁ?}) observed a solitary specimen in Aruba in 1895‘: i
oous met with flamingos only in Bonaire, where aw them in > saliti
viz. Pekelmeer, Salinja Cr::::di of Goto, and (Sld\;.l})]:.:(l i s o i

Iiveeull_\'t uccu.sionnl flamingos have been observed in Curagao and Aruba.
For a discussion of the status of the flamingos on Bonaire in recent vears, the
reader is referred to Chapter VII and VIIL - by

Colombia

Meyer DE ScHAuENSEE (1948 3 i
. . p. 368) states that the flamingo occurs in the tropi
s cal
}mne:d of tl;c l.nwer Magdalc"?a Valley (La Pefia, Laguna de Gudjaro — also saild to
breed on the shore of the Ciénaga Grande. It also is reported from Laguna de Zapatora
near El Blanco, and the salt-marshes in the vicinity of Bocas de Ceniza)

Venezuelan islands and mainland coast

PreLes & Puevrs (1958) reported the occurrence of flami
- : 8) re ; amingos on the f i
islands (or island groups): Margarita, La Orchila, Los Roques fnd tE.as .\[:'csu't::fw:?lg

...-.-..,...---),-‘,-m-’;----.....-.......
. X

LY Cirmagiao

g i 2

a v,
" L8 MERMINDS®,
los resrsgos
< £O3 FARILES
Ll
¥

2e0 ke

Map ! $ e
L\l'\ 'i.‘ .S.ke!c]h map ||.1du.::1lmg the area of low rainfall along the North coast of South
America. The dots indicate sites in Venezuela where flamingos regularly occur
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Venezuelan coast. Along the coast they are reported from the states of Faleén
(Chichiriviche, Adicora) and Miranda (Laguna di Tacarigua). (Map 3)

As far as breeding is concerned, PHELPs & PHELPS (1959) say that a colony of about
50 abandoned nests was found on La Orchila in 1952 - fishermen having caught
the birds for food. The government has since forbidden the trapping of flamingos;
although the birds have been observed a number of times since this, breeding has
not been seen.

G. Yerez (Caracas) stated in a letter dated 23.11.1960 that in Chichiriviche in
June 1955 a group of some 1,000 to 1,500 flamingos was seen; this was repeated in
August 1956, August 1957 and April 1958. In the Laguna of Tacarigua (State of
Miranda) a colony of some 200 birds was known up to 1949, but since this date he
had no more information. In 1959 he was informed about a group in the Laguna
of Unare, and he considered it likely that these originated from Tacarigua, where
they were hunted.

Yérez further reports a group of 500 birds on Cayo Pirata in 1950. This is one
of the islets in the Roques archipelago where flamingos were also regularly seen in
later years. On the island of Margarita a group of about 500 birds was observed in
1951 and later years and which remained (until 1960) at the same strength. They were
seen flying away twice in an easterly direction; destination unknown.

W. H. Puzres Jr. (Caracas) stated in a letter dated 2. III. 1960, that the flamingos
“feed on the east coast of Paraguand Peninsula, near Adicora, in the mangrove swamps
near Tucacas, in the Laguna de Tacarigua (east of Higuerote); in Margarita Island,
and the islands Aves de Sotavento and Aves de Barlovento, as well as Los Roques.
They have been found breeding in La Orchila Island. We have seen them flying
eastward along the coast of the Distrito Federal, a few miles offshore from La Guaira.”

Van pER WERF, ZANEVELD & Voous (1958) reported 1 flamingo on Aves de Sotavento
(Las Aves), May 1956. Yérez (1963, p. 195-196) again mentions as temporary breeding
grounds the islands of Los Roques and Orchila, and the mainland localities near
Adicora, Chichiriviche and Tacarigua.

The Guianas and Brasil

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

Von Berrerscu (1908) reported “no records from Cayenne (Fr. Guiana).” PENARD &
Penarp (1908) mentioned much migration along the coast and that “the most im-
portant of the few nesting-colonies of “sen-geese” in Surinam was, according to
hunters, behind the Hermina mudflats near Coronie.”

Haverscamior (1955, p. 82) says from Surinam: “Not numerous along the coast,
recorded in December in the Lagoons near Nickerie.” He wrote (in litt. 15. XTI 1959):
Dr. D. C. Genskes told me that he saw a large flock of standing flamingos from a
fishing boat on the 10 or 11th of June 1959, not only along the coast, but also in a
lagoon near the coast between the mouths of the Coppename and the Surinam river,
close to the former. He was unable to approach them, however. This is an extremely
wild section of the coast and there is perhaps chance that the birds were breeding
there. Any information gained from the inhabitants here should be examined with
care. since the Scarlet Ihis is called “flamingo”, and the Flamingo “sea-goose’ . For
this reason I consider the statement in Prnarp's book questionable.

The wild and almost unapproachable nature of the coast of the Guianas may also
be a reason why there are so few recent observations from this area, ALLen (1956)
is not very optimistic about the flamingos along these coastal regions.

Various authors, e.g. Arten (1956), Pueirs & Purres (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

ArLen (1956, p. 75) says in a summary on this point: The former
abundance of ruber is analysed on a basis of the distribution and probable
size of the original population units, and the average number of mounds
in various types of colonies. It is concluded that this species formerly
numbered no less than 95,000 individuals, distributed in 12 major and
17 minor population units. Phoenicopterus ruber was never as abundant
as certain other flamingo species, notably antiquorum, chilensis, and
Phoeniconaias minor, and the reason for this may have been the limited
insular environment of ruber and the drastic losses experienced periodically
during hwrricane cycles. Present numbers, based on recent estimates,
chiefly from nest mound counts and the calculated productivity averages
in the various colonies. It is shown that 2 major and 3 minor population
units survive, and that the 21,500 flamingos of this species that comprise
the current population, indicate a possible reduction of between 70% and
80% from former numbers. The present population trend in ruber appears
to be slightly below a line of equilibrium, but it is proposed that continued
protection may result in a stablised population, as an improvement can
already be noted in the two major units (Inagua and Yucatin).

ALLEN (p. 126—127) found 22 nest-sites in the literature for the period
16011879, 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 sites, of which, according to ALLEN (p. 187) 10 active, 50 extinct,
6 potential and 2 unknown. He then continues (p. 188): “Of the active
ruber sites, five are in Yucatan, three on Inagua, and one each on Abaco and
Bonaire, Potential ruber sites — that is, locations where there have been
more or less recent nesting attempts and where the birds may conceivably
try again — are Lake Windsor (at large), Inagua; 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 are Ile de la Gonéve, Haiti,
and the Cienaga Grande, Colombia. Both may be either definitely extinct
or only vaguely on the potential side.

Although ArLEN estimates a marked reduction from 95,000 to 21,500
individuals, he presumes that at the moment this number (thanks in part
to protection) remains stable, with perhaps a small reductive tendency.

There is, however, something to be said against his calculation. ALLEN
(p- 70) comes to a total of 41,122 nests on the basis of earlier and especially
more recent data, and hence an average population of 82,244 breeding
birds. The criticism of this is that birds from nests used more than once
in a single breeding season, are not included in the count. This was the
case on Bonaire (see Chapter VI d).

There are also birds, which do not yet breed. ALLEN 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 flamin.gos already
breed in their second year. Horrmann (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 .zoologlcal 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 10s 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 ALLen 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, VIII, and X.




HABITAT AND HABITAT SELECTION

a. TOPOGRAPHY AND GEOLOGY

The topographical position of Bonaire is Long. 68°25'—68°12'W, Lat.
1272'—12"19'N. It is situated 40 km to the east of Cura¢ao and 87 km
from the continent of South America. Its greatest length is 35 km, its
greatest width 11 km, with a surface (land) area of about 265 sq. km;
the highest point is 243 m (Brandaris). Klein Bonaire, situated about %4
of a kilometer west of Bonaire, is roughly 7 sq. ki 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 here the oldest formations are 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
dry. These bays are also referred to as salinas.

According to Wacenaar Hummerinek (1953, p, 69, see also 1940, p. 24) the salinas
(“salifia — salinja, zoutmeer, zoutvlakte — saltlake, salty mud-flat”) are “Parts of bays,
salt flats or marine pools, separated from the sea by a porous wall of coral and/or
rock debris and/or sand, often turned into salt pans”. He writes (1933, p. 309): “Die
Salinen sind fast alle durch einen durchlissigen Triimmerwall vom Meer geschieden;
sie konnen jedoch geologisch auf giinzlich verschiedene Weise entstanden sein (als
Typen nenne ich: Goto, Salinja Martinus, Pekelmeer und Salinja Plenchi). Bei hoherem
Salzgehalt findet sich in ihnen die bekannte, mehr oder weniger kosmopolitische Salz-
lakenfauna mit Artemia und Ephydra als Haupttypen; bei niederen Konzentrationen
kann ihre Flora und Fauna dagegen einen sehr eigenartigen Charakter tragen. Uber-
giinge zwischen hohem und niedrigem Salzgehalt finden sich oft an der Seite, who
das Meer liegt; hier sickert hilufig Seewasser ein; seltener ist Vermischung mit dem
siiszen Grundwasser” (cf. 1933, figs. 68, 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,
usually 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 salinity. The sandy and salty flats of South
Bonaire bear the same name. The term salinja (Spanish: salifia) 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 maximum of 16 m; in Slagbaai the deepest places are several meters,
and the Pekelmeer has a maximum depth of about 1.5 m.

14

Comparing our depth measurements with those performed by WAGENAAR
HumMmEeLINCK in 1930, and studying the topographical maps of 1915, 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 Goto 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 Trinidad and the mouth of the
Magdalena river. The climate of this semi-arid region is largely charac-
terised by an annual rainfall varying between 340 and 680 mm, and a
mean annual temperature of 27°C; the ‘steppe’ climate of Kdppen (see
WaceENAAR HumMmeLinck 1940, p. 5, fig. 1; WESTERMANN & ZONNEVELD
1956, p. 53, fig. 2). Although the rainfall varies slightly from one place
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, it is important to
examine the various determining 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 Meteorological Observations (Curagao, vols. 3-8, 1955—
1960), and the data given by WesTermanNn & Zonneveip (1956, p. 53-54).
Precipitation

Data for the period 1940 to 1960 give a picture of the annual fluctuation: quoted
here are the averages of the year-precipitation, measured at various stations on
Bonaire, to the nearest whole number, in mm:

1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950
255 258 357 482 952 430 H0 279 338 330 948

1951 1952 1953 1954 1955 1956 1957 1958 1959 1960
589 466 317 586 928 739 398 286 201 218

The average monthly and annual rainfall in mm in the period 1931-1960 is:

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Year
542 292 166 113 218 200 201 339 320 777 1208 874 5335

The number of days with 1.0 mm or more precipitation for the years 1959 and
1960 was for the station Willemstoren 37 and 37, and for Rinc6n 38 and 39 respectively.
The maximum on one day in the period August 1959 to July 1960 for the Willemstoren
was 335 mm on the 6th of July. From these figures it is clear that many years
oceur, when the rainfall is far below the average.

Morencraare (1929) calculated the following dry periods from the rainfall data
for 200 years for Curagao: 3 periods of 68 months, 3 of 56 months, 3 of 44 months,
3 of 32 months and 10 of 20 months, The difference between the periods is always
12 months — 8 dry and 4 poor rain months (i.e. Oct.—]Jan))

In 1959-1960, we experienced a dry period, which lasted from 1957 to the late
summer of 1961 — a period of 56 months. From the observations of the various
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Grart 1. Annual and monthly rainfall in Pekelmeer (Willemstoren).
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weather stations, it is apparent that Rincon has the most rainfall, Washington the least,
and Willemstoren usually somewhat more than Kralendijk.

For the Pekelmeer 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 Goto and Slagbaai the precipitation
is somewhat higher and we can compare these with the data for Rincon station (see
Graph 2), which — as Goto 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. 1855.
This occurs only sporadically, however, since Bonaire lies outside the normal hurricane
zone,

Temperature

The Dr. A. Plesman Airport on Curagao has, over a period of 14 years (1947—1960),
calculated the average values for the temperature, based on hourly observations. These
are given here, in degrees centigrade.

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Year
262 261 265 271 277 280 280 284 288 283 278 269 275

In 1959 and 1960, the dry-bulb temperatures at the same airport were (averaged)
97.4 and 27.7° C respectively, The average daily maxima were 30.1 and 30.4° C; the
absolute maxima 33.7 and 33.6° 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 out by Mr. Faursorn at Kralendijk since January
1960, are somewhat higher: the maximum was there (15. VI. 1960) 35.0° 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 Curagao, 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 Hafo 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

Hato Kralendijk Kralendijk
1947-1952 1959 1960

January 12.6 14.4 114
February 14.0 16.3 120
March 15.2 16.9 113
April 14.6 16.7 : 105
May 14.9 13.9 i 93
June 16.3 17.6 91
July 14.8 16.4 a3
August 13.0 152 : 94
September 12.6 13.3 : 106
October 11.2 14.4 J 110
November 11.1 11.7 24 100
December 12.4 14.0 84

Year 13.6 15.1 102
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Grarn 3. Water level and chloride content in Pekelmeer.

In general there is an eastem trade wind, in 1960 even an average of east by south.
In 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.

Evaporation

The high temperature and strong winds cause, despite a relatively high humidity,
a rapid evaporation, The relative humidity in the period 19471960, once more at
the Plesman Airport, had an annual average of 74.5%. In the years 1959 and 1960,
the absolute minimum here was 46% and the absolute maximum 100%,

Movrencraarr (1929) computed the evaporation from a free water surface on Curagao
and found it to vary between 4.5 mm (December) and 7.5 mm (August) per day.
Investigators at the Caribbean Marine Biological Institute recently found values between
4 and 15 mm, average 7 mm, per day.

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

c. HYDROLOGY OF THE SALINAS (see Plates I-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 Bartool, and at a number of points
along the western shore of the Pekelmeer, as also at “Ven” and “Duin-
meer’

2. By way of underground connections with 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 km!
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 is possible since the salinas are situated under
sea-level. This could be demonstrated, with the help of Mr. P. H. DE
Buisonjk, for the three most important salinas, with the aid of depth-scales
and the triangulation points of the Department of Survey. From these
measurements it was found that:
on 16. XII. 1959, the Pekelmeer was 86 cm below the average sea-level;
on 23. XII. 1959, Goto was 13.7 cm below the average sea-level;
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on 23. XIL 1959, Slagbaai was 145.5 cm below the average sea-level
(see Graphs 3-5).

The Pekelmeer is fed by way of numerous “eyes” and seepages, which
we have charted (Map a} on the eastern and western banks, and in the
lake itself. The latter are more difficult to localise than the former, 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 Pekelmeer 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 dm deep.

BOMNAIRE
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Mar 4. Sketch-map of Bonaire.

At high water level the Pekelmeer 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 by 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 recently, 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.
When the water level rises however, as a result of an extra high sea-level,
an overflow comes into being on the north side into the Pekelmeer.
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Mar 5. Sketch-map of Pekelmeer and surroundings. P1, P2, P3 and OP are permanent
sampling points.
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Water flowing into Pekelmeer from the “Ringmeer” does so under special
circumstances 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 in. 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 B?‘rca Bartool (Map 4), “Duinmeer”, “Ven”, “Ringmeer” 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 there, “eyes” have been seen. i

The waterlevel in the Pekelmeer, Goto and Slagbaai was noted weekly
by means of 8 depth scales in each area (for their situation, see Map{s
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Mar 6. Sketch-map of Goto. G1, G2, G3 and GN are permanent sampling points.
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5-7), P1, P2, P3; Gl, G2, G3; SI, S2, S3, respectively. Differences in
water level of 20 to 30 cm 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 sea-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 Ogen [eyes)
++ Seepages
i1 Oecasionally flooded

vk Former rnesling sife

Mar 7. Sketch-map of Slagbaai. S1, 52, §3 and BS (southwest of S1) are permanent
s;lmp]ing points.
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Tidal movements

The difference between high and low water was found to be at most
30 cm (during the daytime at least). The ebb and flood movements occur
very graduail:\', 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 only one high
and one low water in the 24 hours (see also WAGENAAR HUMMELINCK 1953,
fig. 1, for the Annabaai on Curagao). DE Haan & Zaneverp (1959) state:
“On the basis of the available tide gauge records over the period 1950—
1956 the character of the tides in Annabaai Harbour, Curagao, 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 observations 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 those days when the sea showed large dif-
ferences between 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 by the observation of “eyes” which, at times,
had no water flow. From the fact that, according to our tidal observations,
the sea water was never more than 20 cm below the average sea-level,
and P1 = 69 cm = average sea-level, a level of P1 = 49 c¢m 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 fluctuationin 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 that
the cause must be sought, at least partly, in the effect of the wind.

Patuiro et al. (1955, p. 88) who have deseribed such fluctuations for a large part
of the world, write: “The oscillations are largely annual in character, with low sea
level in each hemisphere during its spring and with high level during the fall, Recorded
amplitudes vary from a few centimeters in the tropics to a few decimeters at higher
latitudes. Atmospheric pressure effects and long astronomic tides account for only a
small part of the recorded fluctuations.”

De Haan & Zaneverp (1959) recorded the seasonal fluctuations in the average
sea-level in the Annabaai on Curagao during the period 1950 to 1956, and compared
the average monthly figures with those given by Patuiro et al. for the coast of
Venezuela, whereby a high degree of correlation appeared. When we compare the
monthly averages for atmospheric pressure (at the Plesman Airport. Curagao) in the
period 1948—1960, a fairly good correlation appears — high atmospheric pressure with
a low sea-level and vice-versa. The data of pe HAAN & ZANEVELD 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 rise follows in September lasting until
November with small fluctuations, followed by a fall in December, continued in
January once more. Between individual vears, however, very marked differences may
occur, so that the singularity of our observations is by no means exceptional,

Paturro et al. also write: “The scasonal departures differ considerably from one
year to the 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 Pekelmeer, Goto and Slagbaai. This is then the explanation for
the fact that in (even extensive) periods of drought, the water in these
salinas is nevertheless replenished, ie. with sea water. Without doubt
heavy precipitation will also influence 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 P1, P2 and P3, where the water-level was also measured.
Here and there, both 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 the Witte
Pan, also along the banks of the Pekelmeer (Map 5).

In Goto the samples were taken at G1, G2 and G3 (the measuring
points) and GN (= North Goto — Map 6). Here and there other samples
were taken, e.g. near the Boca.

In Slagbaai, regular samples were taken at S1, S2 and S3 and at BS
(= Boca Slagbaai), where the “stream” flows into the salina (see Chapter
IVe, and Map 7).

In addition incidental samples were taken in the salinas of Boca Bartool
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 cm, although sometimes the difference between bottom and surface water was
examined; the salter, heavier water is generally found at the bottom, with the lighter,
less salt water at the surface.

The chloride content was determined according to the method Mohr-Knudson,
with Van Dam’s modification. Postma (1954, p. 411—412) has described the method
in detail. We have used the data on Clliter, although a qualification as to tem-
perature must be made. The titrations were carried out always after the 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 between 284 and 82.6° C. Both extremes occurred only once and in
general we can say that the majority of the titrations took place at temperatures
between 30 and 31° C.
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The temperatures 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 cm, from which the water samples were taken.

In the Pekelmeer (P1), the maximum temperature fluctuated between 34.7 and
27.8° C, and the minimum between 26.7 and 21.9° C. Both the highest and the lowest
maximum and minimum temperatures were noted on the same day, indicating that the
difference between maximum and minimum temperature is fairly constant. In Goto
(G1), the maximum temperature fluctuated between 35.2 and 28.0° C, while the
minimum fluctuated between 26.0 and 21.5° C. For Slagbaai (S83), the values were
34.8 and 28.0° C and 28.6 and 224° 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 P1, 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 with a layer of salt crystals.

The “Duinmeer” varied between 65 and 92 g Cl/L

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/], the “Randplas”™
was on the average much lower, due to a greater infiltration of sea water
(31.2—48.5 g Cl/).

The “Willemsoog™ varied between 20.3 and 59.0 g Cl/1 (Graph 7). The
increase in salinity took place in the period when sea 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 overflow into the Pekelmeer. This water was in the mean-
time highly evaporated (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 CUl, 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 true. 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 further — 41.5 g Cl/1; 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 CV/l. In various pans belonging to the Witte

29




Pan the value varied in much the same way as in the case of the Oranje Pan between
30.7 and 1543 g ClL

I. Kristensen and Marian Emers (pers. comm.) found similar values at the same
points in February 1961, That the majority of their values were somewhat higher is
explainable by the lower water-level at that time.

Goto (Graph 4)

In Goto also, a relationship between the water-level and the chloride
content of the water can be seen. The fluctuations in the Cl-content are,
however, very small and the absolute data vary only very slightly between
the 4 sample points. This is probably a result of the damping effect of
this large body of water, since Goto is by far the deepest of the salt lakes.
Depths of 8—16 m are by no means rare (WAGENAAR HUMMELINCK 1933,
p. 296, and 1953, fig. 15).

Close to the wall of coral debris in the Boca of Goto a value of 74.5 g CUVl was

found on 9. V. 1960, while at a distance of about 10 meters from the shore, where
sea-water bubbled up, only 26.4 g Cl/l was analysed.

Slagbaai (Graph 5)

There is a definite correlation between the water-level of Salina Slagbaai
and the CI' contents at S1, S2 and 83. The CI' line for Boca Slagbaai
(Map 7) shows at times a deviating picture; the Cl-content here reacts
very markedly, as might be expected, to the variable amount of sea water

NUMBER OF FLAMINGOS DRINKING AFTER 16h NEAR ORANJE PAN
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Grarn 7. Number of flamingos drinking after 4 o’clock in the afternoon in Willemsoog,
near 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. In 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 CI' contents at these points were found to be 21.4, 21.3
and 20.0 g Cl/1 respectively. On the southern shore we know of the
stream whose mouth in the salina is situated some 10 meters from the
sample point BS, which offers an explanation for the lower Cl-content
and also for the deviations in the fluctuations, which react markedly to
the influx of sea water. S3 (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.

Salinas on Klein Bonaire: These have values, from east to west of 45.9,
47.6 and 64.0 g Cl/ respectively. They are shallow and have a soft muddy bottom,
with the exception of the far western, which has a hard sandy bottom. In the far
eastern salina we found “eyves” on the north shore which fed in water with a Cl-

content of 4.4 g/l. This is probably stored rainwater from deep limestone layers and
potholes.

Salina Paloe (Playa) Lechi: The water samples contained 142 and 17.7
g CUL The salina has an open connection with the sea, and is also fed from a large
basin which catches rainwater. This small amount of fresh water then mixes with the
salt and gives as a result, water with a slightly lower Cl’ value than sea water itself.

Salina Bartool: Two samples had values of 60.1 and 61.1 g Cl/l. The water
in the far side of the salina is, in all probability, more salt, so that the situation here is
further comparable with Goto — seawater enters via the coral debris wall,

€. FLORA AND FAUNA OF THE SALINAS

Because of the, for the most part, hyperhaline water, the diversity of
organisms in the salinas is restricted (see also HepcreTH 1959), but certain
species may occur in very large numbers.

Flora

Storrers (1956, p. 38-39) says of the neighbourhood of the salinas near the
Pekelmeer: “It is either absolutely bare or covered by a Conocarpus community which
greatly varies in density from point to point. Whole fields are covered by a thin sinter
deposit, often broken up by the temporary root-action of Conocarpus. Between the
shrubs — pressed down by the wind — some scattered tussocks of Cyperus planifolius
var. brunneus, Cyperus fuligineus, Fimbristylis ferruginea, Sporobolus pyramidatus and
Lithophila muscoides occur.” “Along the west coast there is a wall of coral debris,
overgrown by a low shrub vegetation .... Remnants of a halophytic vegetation com-
prise patches of Sesuvium portulacastrum, Salicornia ambigua and Batis maritima
beside the salt-pans and Pekelmeer.”

The other salinas are mostly surrounded by thorny woodland and cultivated and
semi-cultivated areas with Aloes (Slaghaai and Goto), Cactus-thorn shrub (Salina
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Bartool), Cactus shrub (Salina Paloe Lechi) and Croton-Lantana-Cordia thicket (Klein
Bonaire), according to the vegetation map of Bonaire made by Srorrers (1956).

The lower plants collected were all Cyanophyceae, the exceptions being
Enteromorpha and Batophora (Chlorophyceae) which were collected in less salt areas
of Goto and the “Ven” respectively, The “eyes” and seepages could be recognised
by the occurrence of green algae. In addition, a well-developed flora of bacteria and
diatoms is to be found in various places. Compare the papers of Frémy (1941, p. 102—
118) and Koster (1943, 1963).

The following blue algae were named by Koster (1963, p. 45-46) from author's
collections:

Pekelmeer and surroundings: Coccochloris elabens (numerous everywhere),
Anacystis dimidiata (at two less salt places), Entophysalis conferta (at one less salt
locality in large numbers), Gomphosphaeria aponina (found once at P2), Johannes-
baptistia pellucida (frequent at P2 and P3), Schizothrix larducea (very frequent at P2),
Lyngbya aestuarii (frequent at several localities), L. semiplena (in large numbers),
Spirulina subsalsa (in low numbers), S. labyrinthiformis (found once in Oranje Pan),
Microcoelus chthonoplastes (large numbers for two localities). In nearly all samples
many lo very many Bacteria occurred, only in the sample from “Willemsoog™ diatoms
were present in small numbers. In the mud samples taken close to the tracks of
flamingos (see Chapter V), many Coccochloris elabens were found, a large number
Entophysalis deusta, and also Phormidium subsalsum, with, in addition, many bacteria.
In the “Ven” large numbers of Bathophora oerstedi var, occidentalis occurred on the
sandy bottom, and on this the snail Cerithidea costata was often found.
Goto: Coccochloris elabens (at various places at various numbers), Entophysalis
deusta (cushion-shaped colonies on stones, fairly frequent), Phormidium subsalsum
(in several samples), Spirulina subsalsa (numerous in various localities), Spirulina
labyrinthiformis (the same). In general many Diatoms and locally also many Bacteria.
Near the seepages Enteromorpha clathrata was found.
Slagbaai: At various points, both on the Boca and on the far side of the salina,
Coccochloris elabens and Phormidium subsalsum 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 are prevented from occurring, or from occurring in
any numbers, by the presence of small carp, which are also confined to
this type of water (see below).

Artemia salina, Brine Shrimp

Rammner (1936) described two varieties for Bonaire: Artemia salina
arietina and A.s. milhauseni. As far as we were able to see, both varieties
occur in the same area. According to MArRIAN EmEts, who studied Arfemia
on Curagao and Bonaire in 1961, intermediary forms occur and mixed
copulations 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 EmErs (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. HepGrETH (1959) states that they can occur in brines up to
300/ 0o.

According to MArIAN Emers the eggs hatch in all lower concentrations
up to about 85%00; when the concentration is higher, the female shrimps
become viviparous. The eggs are able to withstand long periods of
drought, when they occur between the stones of small dams around the
salt pans and on the shores, The environment of Artemia is often poorly
supplied 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 are 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 reactions 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 live from bacteria, and GiicHrisT (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,

Despite 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

33




developmental stadia, for a certain degree of salt (Cl'). We shall return
to this in Chapter Vf{ and Vg, 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 (WacenaAR HummEeLiNck 1933,
RamMner 1936) and later (Emers and KrisTENSEN) they were found to
occur there (see Chapter V f—g).

Gastropods

In less salt areas in the salinas Batillaria minima and Cerithidea costata occurred
(cf. Coomans 1958). Nedilittorina tuberculata was found only in the “Ven”.

In some places the shores of the Pekelmeer were covered with a layer some centi-
meters thick and sometimes several tens of meters broad with the empty shells of
Batillaria and Cerithidea. This suggests that they occur in large numbers when the
Pekelmeer is less salt (e.g. after much precipitation or during high sea-level). Hencremi
(1959) reports, however, that Batillaria minima occurs in salt concentrations of between
36.5-170%00 in the Bahamas, Florida and the Antilles and Cerithidea costata from
44.9 to 154.5%00. Avcen (1956) states that both species are most numerous at a salt
concentration of 119.8%00.

Fish

The carp Cyprinodon dearborni and Mollienesia sphenops vandepolli (cf. Sanpers
1936, p. 449-451; pe Brauvrorr 1940, p. 111) are restricted to those parts of the
salinas with low salt concentrations, though Wacenaar HummeLinek found Cyprinodon
still living in small pools at Witte Pan having a chlorine contents of 88 g/l, 11.V.1955.
Hepcrern (1959) reports that both genera (other species) occur between 20 and 1420/,

We saw them between 20 and 75 g ClUL. Emeis and Kristensex reported them from
Curagao up to about 1359y, a fair agreement.

Other animals

At places where sea water entered the salinas Crustacea could be observed, e.g.
Amphipoda (see also Stepmensen 1933, 1948), and also, here and there, Ostracoda
(see also Kue 1839). Protozoa were also always present here. Rotatoria occurred
locally and temporarily in large numbers. Annelids (see Aucener 1936) were rarely
found; only twice a single Polychaete was observed in the Pekelmeer and the “Ven”
at places with about 20 g CUl. In similar places Corixids were sometimes noticed,
whereas in the brine of Goto lake Coleoptera were found locally. All these animals
occurred in such small numbers, however, that they could not be of importance for
the 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 less 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 variable,
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. Thgselplaces
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 fe\:v
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; it is difficult 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. ZanL 1951, Andros-Bahamas;
Jounson et al. 1958 and PeNa 1961, Atacama-Chile and Laguno Colo-
rada-Bolivia) 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.




4. STOMACH CONTENTS

Arcen (1956, p. 96) gives a list of flamingo stomachs which have been examined,
belonging to all species, and from various biotopes. The number of examinations of
stomach contents in the West Indian flamingo, Phoenicopterus ruber, turns out to be
very restricted:

1859, several? from Inagua, Bahamas (BryanTt 1866)
1890, one? from Andros, Bahamas {(NorTHrOP 1891)
1904, several from Andros, Bahamas (Crarman 1905)
1952, one from Inagua, Bahamas (ArLen, field notes)
1952, two from Rio Lagartos, Yucatin (Rocue, in litt.)

These stomachs had the following contents (Arvten, p. 98):
Andros:  Molluses; mud (organice?).
Inagua: Molluses; seeds of Ruppia and Salicornia; one report of fish.
Yucatin: Molluscs; 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
Goto on the 25th and 26th of March 1952. The contents were remains of numerous
larvae of Ephydra and a few very small fish scales.

To obtain concrete data on diet and quantity of food we had five specimens shot,
which together with one dying specimen and one found shortly after death, gave us
a total of 7 stomachs for investigation. Later, this was increased by two stomachs
collected by Prof. Voous in 1961 from Bonaire,

Pekelmeer

Juvesne, 11.XI, 1959, 17.30 hours, near Oranje Pan. — Stomach contents 3 g:
about 300 small stones of about 1-5 mm; 14 Ephydra larvae were still recognisable; 12
Ephydra chrysalids were more or less complete, but there were also numerous pieces
derived from a number of tens of chrysalids. Intestinal contents: an orange coloured
porridge, here and there also small brown flakes, the remains of Ephydra chrysalids.
(Between 50 and 100 c¢m from the cloaca there were dark and thin-walled areas,
which turned out to contain tens of hymenolepid cestodes.) The gut caecae contained
again the remains of Ephydra chrysalids.

Mare apurr, 31 XIL 1959, 6.20 hours, between Witte Pan and Oranje Pan, —
Stomach contents 14.5 g: 538 Ephydra larvae and the cuticular remains of about
10 chrysalids; 150 stones of 3—8 X 8—5 mm, and about 50 smaller ones, from 142
mm. The 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, with small brown flakes; probably from Ephydra.

Mare apurr, 21 1. 1960, found dead near Oranje Pan; cause of death unknown.
— Stomach contents 16 g: a green porridge with very numerous small brown pieces,
probably from Ephydra chrysalids; about 300 small stones, of which the largest
11 X 6 X 6 mm, and the smallest 1 mm, but with all possible intermediate sizes.
Intestinal contents: altemnate black, brown and green masses; from the caecae to the
cloaca, black; the former were empty,

Juvenice, 11. VI. 1960. This bird, born about February 1960 was seen on 10. VI,
1960 in the Salina Martinus and on the 11th 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 1 X 1 mm.

Goto

Voous collected in Goto on the 13th of July 1961 two females, whose oesophageal
and stomach contents consisted of:
a. About 1700 Ephydra larvae, remains of a number of Ephydra chrysalids and about
300 small stones, the largest 4 mm, the smallest 0.5 mm.
b. About 1300 Ephydra larvae, about 50 chrysalids and also remains of the same;
about 350 small stones, 7—0.5 mm in size.

Femare apurr, 24. I11 1960, shot in the moming on the north side of the Goto
lake. The stomach was unfortunately 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 a number of Ephydra chrysalids and of about 25 larvae; 2 legs,
belonging to Ephydra flies; 2 Artemias and thousands of Artemia eggs (derived from
the digested females, or by chance from the water ?). Intestinal contents: close to
the stomach, light brown, here and there beige coloured and also somewhat yellowish;
the terminal part, between the caecae and the cloaca contained a green-brownish
porridge. Caecae: brown-black contents.

(Sus?) apurt rFEmare, 23. VL. 1960, shot in the aftermoon on the north-east side
of Goto. Stomach contents 9 g; 785 Ephydra larvae, of all sizes, some partly or almost
completely digested; a number of chrysalid remains; 900 small stones, the largest
4 X 3 X 2 mm (a few), the smallest 54 mm; the majority of the stones (several
hundreds) about 1 mm. The intestines were damaged and therefore not further
examined.

Slaghbaai

(Sue?) apuLt maLg, 27. VI, 1960, about 12 o’clock, shot in Boca Slagbaai. — Stomach
contents 6 g: 900 small stones, max. 7 X 5 X 3 mm, min. 154 mm: brown, digested
remains of Ephydra chrysalids (some fragments still clearly recognisable) and grey,
digested remains of Ephydra larvae and a few more or less complete specimens.

For further details of these birds, see 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 Artemias 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 Yucatén,
where molluses were the staple item of the diet. We have already seen
in Chapter IV, that molluses do not occur in any numbers in the salinas
on Bonaire.

The composition of the food, w'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 Vec.

If we compare the diet, on the basis of the stomach contents with
the other (sub)species, we obtain the following picture:
Phoenicopterus ruber roseus: 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 jamesi: especially diatoms (PATRICK 1961, PENA 1961 and
Jounson et al. 1958).

Phoenicoparrus andinus: probably also lives mainly from diatoms (PENA
1961, Jounson et al. 1958).

Riprey (1954) and Riprey et al. (1955) have pointed out that in Kenya Ph. ruber
roseus and Ph. minor do not compete with each other, although they occur next to
each other, since they utilise other food. The three small species Ph. minor, Ph. jamesi
and Ph. andinus appear to live from algae in particular, while both South American
forms — belonging to Phoenicoparrus — live from diatoms. This difference in the diet
of the 3 (sub)species in the genus Phoenicopterus on the one hand and the 2 Phoeni-
coparrus species and Phoeniconiais minor on the other, is according to Jenxin (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. B AnND FILTER APPARATUS (Plate Xla)

Jenkin (1957) has given an extensive description of the anatomy and
function of the filter, In the following the most important details con-
ceming Ph. ruber ruber are considered, while two illustrations have also
been reproduced (Fig. 1 and 2). In the genus Phoenicopterus the bills
are more or less identical, so that the drawing of Ph. antiquorum is valid
for the West Indian forms 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 the inside the
edges of the bill are provided with dense rows of lamellae which work
as a filter.

The tip of the bill cannot be opened more than 4 cm, 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 two ways:
1. The bill is in turn 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 Jenki, 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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Pks

Fic. 1. Head of Phoenicopterus ruber roseus shown with its shallow-keeled bill
closed for filtering. The extent to which it is opened in 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 tongue and the keel (k.) on the upper jaw. la. Upper
surface of the tongue, flattened out; c.b. cut surface of bony fusion between the rami
of the lower jaw; c.s. cut surface of skin and muscle round lower jaw; ep. epiglottis;
f. feathers extending to A dorsally and AN’ ventrally; gl. glottis; h.t. hormy plate
underlying the tip of the tongue; k. keel, hiding inflexed border of lower jaw behind;
Lat. limit of attachment of tongue to the floor of the mouth cavity; Pks, marginal
hooks forming main part filter; Pls, marginal leaflets, forming proximal part of filter;
sk. skin of “naked throat” unsupported by bone from AN’ to near C’; sp.f. double
fan of spines on tongue; sp.r. large recurved spines on tongue; sp.v. vertical spines
at the side of the tongue; t. flattened area of tongue, with raised edges; Z. posterior
limit of lamellated area (after Jenxin, 1957).
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Fic. 2. Dissected head of Phoenicopterus ruber roseus with the bill open, and right
ramus of lower jaw cut away at cr. Marginal hooks and leaflets (Pks and Pls in
figure 1), and all but the three most distal recurved 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 processes,
0.p., on the quadrate, q., which rocks on the squamosal, sq., and transmits its thrust
to the maxilla, mx., both through pterygoids, pt., and palatines, pa., and through the
zygoma, z. The tongue, with its hyoid apparatus, h.a., is withdrawn by contraction
of the muscles, cam.; its non-muscular part, n.m., supported by the lingual cartilage,
l.c.,, is bent by contraction of the hypoglossus muscle, h.am., to increase the mouth
cavity and suck in food. Inner lamellae on the inflexed 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 Jenxmy, 1957).
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certainly still enter. After the closure of the bill, particles smaller than
0.5 mm are removed.

The bill remains closed. — The tongue makes a pumping movement
in this case, so that water with small organisms and or particles are taken
in through the filter. The excess water is pumped externally via the base
of the bill. In this way objects larger than 0.5 mm are not taken and
smaller particles enter thrnugh the filter only.

In both methods the large tongue, provlded 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 5 mm. This agrees with the
minimal measurements given by RipLey & PLRC\ (1953) and JENKIN
(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.

¢. METHODS OF SEARCHING 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 nrgam*?ms

Jenkin (1957) wrote, in connection with the earlier statement by
American observers that flamingos were monophagrrms (the mollusc Ceri-
thium) that they may well be monophagous in a given 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:

“Skimming” — walking and swimming — for Artemia in the surface
water,

“Grubbing” — in the bottom, probably especially for Ephydra
chrysalids.

Walking: seizing (forceps movements) — for Ephydra chrysalids,
gastropod molluses — and filtering — for Ephydra chrysalids, Artemia
ete.

Stamping — “marking time” — for Ephydra larvae.




Stamping, describing a circle around the bill as centre — for gastropods.
“Running” — heron-like — for small fish or fry.
Walking, leaving tracks of the bill — for organic ooze.

“Skimming” (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
and fro, while only the last part of the curved point of the bill skims
through the upper layer of the water. This method can be seen by both
walking and swimming birds. The 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.

A
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Fie. 3. “Skimming”, walking and swimming,

This method would seem to be directed against Artemias, at least as
far as these observations are 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 question 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 during 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 Phoeni-
conaias minor in Africa has the same behavior (MippLEMIS 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

Fic. 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 half 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 cm (females) or 105 cm (males), that is, some 30 cm
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 Goto area throughout the
year; regularly, but less often in the lagoon in Slagbaai and only in-
cidentally in the Pekelmeer and the “Duinmeer”. 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—-1)4 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
chrysalids are attached on stones and salt-crusts. The capture of Ephydra
larvae in this way would appear to be impossible, since the bird’s feet are
active too far above the bottom to disturb it and thus uncover the larvae.

This method has been reported in the literature by Garier (1949),
RipLey & Percy (1953) and Brown (1958) for Ph. ruber roseus 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 these
cases. RioLey & Percy (1953) describe for Ph. ruber roseus that they
forage in this way in water 2—4 feet deep and, seeing that Ph. ruber
roseus is generally larger than Ph. ruber ruber (the difference is greatest
by the males and may well be 10—20 cm) this depth of 4 feet agrees
with our maximum of 105 cm.

3. “Walking” — seizing (forceps movements) and filtering

Flamingos walk at a calm pace in water from a few c¢m to 60 (females)
or 75 (malesy cm 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 bill-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 the 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 are 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 employed. This was seen in
particular in the “Ven where Cerithidea costata and Nodilittorina tuber-
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 way other prey could be captured in other areas.
Walking-filtering also occurs (see also 1) as a means of foraging,
whereby the birds catch Artemia or other small organisms and also
Ephydra chrysalids released by the grubbing method as described above.
In shallow water it can be seen that the flamingos 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 are therefore pumping and
filtering. ALLeEn (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 (Cerithidea costata) which they quite obviously located
by sight. In this instance the tips of the mandibles are used as a forceps”.

4. Stamping — “marking time” (Figure 5)

In water about 5—60 em deep a sort of “marking time” 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 short distance above the bottom, and moved to and fro.

Fic. 5. Stamping — “marking time”.

If we imitate this movement with hands or feet 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
l(mg3 but they are too small and active to be caught on snght or by touch
in the mudd\ water, It is likely that tens of liters of water are puml)t,d
through the filter, so that the larvae remain there.

This method of searching occurs, just as did the foregoing (3) at a high
frequency and is performed en masse as well; it is to be seen at all places
where Ephydra occurs.

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 not 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 hermhlarv (Caapman 1905).

This method, which was described as early as the 18th and 19th century
by Burron 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. Stamping — circling around the bill (Figure 6, Plate VIIb)

In this method the reversed bill forms the locus around which the birds
stamp. One such circle (clockwise or anticlockwise) 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.

i

Fic. 6. Stamping - describing a circle around the bill as centre.

We have observed this more or less incidentally in the Pekelmeer and
more often in the “Ven"”, usually in shallow places where, at most, the
water is 30 cm 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 cm high and which has a diameter of 20—150 cm,
the majority being 50—100 cm. A groove runs around this from a few to
several cm 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 flamingos 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 molluses —
Cerithidea and Batillaria — are left behind on the central mound, since they
are hghter than the coral sand, but heavier 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 interest the flamingos, who do not touch them.

This circling around the bill was also seen in young birds, e.g. in Goto,
where the absence of molluscs meant that adult birds never did this, so it
would seem once more 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), GarLer (1949, 1950), Miopremiss (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 “cbnes alimentaires”. He writes that in this way
organic material is filtered out of the mud, so that the mineral particles
remain behind and form the mound or “cone 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. Mippremiss (1953, 1961) reported similar behaviour from the
Rondevlei Bird Sanctuary in S. Africa for Ph. ruber roseus, but had
evidence that feeding took place in the groove around the mound,

6. “Running” — Heron-like (Figure 7)

The otherwise so inactive flamingo runs in very shallow water (115 em
deep) or along banks, sticking with a swift unexpected movement its bill
in the water, without inverting it, but using it as a pair of forceps.

———
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This behaviour is very reminiscent of the fishing of the Little Blue
Heron (Florida caerulea), the Tricoloured Heron (Hydranassa tricolor) and
the Snowy Egret (Egretta thula), who catch cyprinoids (Cyprinodon dear-
borni and Mollinesia sphenops) in this way. These herons do this in shallow
water along banks where sea-water enters giving a Cl-content of not more
than 75 g/l

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, it would not
appear to be lucrative. We have never seen this in the Pekelmeer where
local concentrations of this small fish also occur.

Voous (1957) reports an observation by WaceNnaarR HUMMELINCK in
1955 of the same behaviour in the Pekelmeer.

\
N

Fic. 7. “Running” — heron-like.

7. Walking, leaving tracks of the bill (Figure 8, Plate XIb)

The flamingos walk, in this method, with inverted bill forwards in an
erratic fashion so that the bill passes over the surface or just in the mud
bottom. This takes place for the most part where a few centimeters to
about 30 cm of water 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 cm 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 (Coccochloris elabens,
Entophysalis deusta and Phormidium subsalsum). Many bacteria and
protozoans also occurred in this mud; in addition to the sediment, detritus
and salt crystals.

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

Without further an.ll\«smg the species content, we can still determine
the food value of this “mud” by examining its organic content. The samples
were first weighed, then leached 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.VIL two mud samples were examined from the Salina Pla)a 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 the 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 time, since the soft mud holds the impressions of both the bill
and the feet, both being 1 to 2 cm deep. The amount of mud that
flamingos must eat in this fashion is considered in Chapter V1.

This method is referred to in the literature by ALLen (1956), BrowN
(1958) and MippLemiss (1961). Jenkin (1957) writes that during the
operation of this method, the filtering process must work backwards — “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 forwards (ALLEN,
and our observations on Bonaire), but MippLemiss (1961) saw it in Ph.
ruber roseus both forwards and backwards. Jorunson et al. (1958) estab-
lished that Ph. chilensis, Ph. jamesi and Ph. andinus walk backwards
during this method. Mud and stomach analyses (Jounson et al. 1958 and
PaTrick 1961) have shown in these species that the method is directed
against diatoms.

d. QUAI.ITATI\’I‘I 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 West Indian flamingos with those on our island.

1. “Organic ooze”

Aceen (p. 101) writes: “The significance of a high organic content in the muds
and waters frequented by flamingos has been generally overlooked until recently.”
He gives analyses of the mud in Yucatin, which contains 12 species of bacteria, 20
of algae, 4 of diatoms, 9 of protozoa and a number of species of molluses, arthopods
and nematodes. The organic content of mud on Inagua varied in March from 8587
to 91.88% and in June from 8.07 to 18.15%. In Cuba he found an organic content
of 40.43% in May.

The percentages dry weight found in the Pekelmeer agree with Avien's June
figures: 21.1 and 21.8; twice 20.1, and twice 15.5% in the Salina of Playa Lechi.

Avren states (p. 104): “Unquestionably this “organic ooze” or “slime”, as it has
been variously termed, is a major food of these birds when available in sufficient
quantity. In certain habitats and under given circumstances it may even be a critical
food item.”

On Bonaire this eating of mud was noted with certainty in the Pekel-
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 Pekelmeer
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 mineral part of
the mud is stored here and then got rid of in this fashion. The “normal”
excrements are fluid and traces of these droppings are rarely to be found.

RipLey (1954) has pointed out that the “flamingo has the longest
Meikel's tract (that is, the absorptive part of the alimentary canal) of any
bird.”

The alimentary 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. Annelid worms and Nematodes

“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”
(ArLen 1956, p. 104).

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

3. Mollusecs

“Examinations of stomach contents seem to emphasize the importance of mollusks
as a flamingo food, which is in line with the widespread belief that these animals
are the principal item of diet. Some authors have even gone so far as to state that
mollusks are the sole diet of flamingos, at least in the Bahamas, but this cbviously
is incorrect” (Ariewn, p. 104).

Large numbers of Batillaria minima (= Cerithium minimum) and
Cerithidea occur on Bonaire in the “Ven” only, while some specimens
may also be found in the “Duinmeer”’ 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 are no reports of crustaceans as food of the
West Indian flamingo, although analysis of organic muds from Inagua showed small
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” (Arcen, 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. Aquatic insects

“As with crustaceans, there is no mention of aquatic insects or their larval forms in
stomach contents or reports on food habits of the West Indian race (Phoenicopterus
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 mollusks and mud
with a high organic content, while flamingos in other parts of the world, where
mollusks are lacking or few in number, must search out smaller and more mobile
creatures like water beetles and other water insects. On the other hand, we must
realise that the same insect forms to be found in the Great Rann, Ab-istadeh and
a lake in Kenya, also occur in many New World sites, where, to some extent at least,
they are probably eaten by our flamingos” (Arven, 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.

51




6. Vertebrates

“After watching flamingos feed on many occasions and under varying conditions, we
concluded that fish are taken as food rather sparingly and only when they are very
small in size and unusually abundant. Young flamingos in captivity readily devoured
quantities of small fish of this same form that were offered to them in shallow pans
of water” (AvLen, p. 106).

Voous (1957) reported a number of fish-scales in the stomach contents
and we have seen (just as WAGeENAAR HumMELINCK) very incidentally a
type of hunting (6) apparently directed against small cyprinoids. Fish
would appear to play no significant role in the diet, however.

7. Vegetable matter
“We have seen that in addition to the list of plants reported from stomach contents,
various forms of bacteria are contained in some quantity in mud from flamingo
feeding places. Vegetable matter as a whole, especially the seeds of aquatic plants
||‘L'(-. Ruppia and blue-green algae, may be highly important food in some areas. It is
significant that most of the plants taken have a high salinity tolerance™ (Arven, p. 107).
In the most important flamingo biotopes on Bonaire, Ruppia does not
occur, but bacteria and algae are certainly consumed by mud-eating. In a
juvenile specimen a number of small seeds were found in the stomach.
Since this specimen was observed in the Salina Martinus, we suspect that
seeds have accidentally been taken in during filtering, derived from plants
in the vicinity, -

Summarising we can say that on Bonaire the situation is totally different
to that in the Bahamas and in Yucatin. The Ephydra larvae and chrysalids
form here, in our period of investigation at least, the staple item of diet.
In addition, Artemia, molluscs and “organic ooze™ played subsidiary roles
and fish were eaten only incidentally.

e. DrinkinG (Figure 9, Plate XIXb)

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

Fic. 9. Drinking, water runs down with the characteristic slanting of the neck.
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drinking of fresh water, the latter hardly occurs on Bonaire during the
long drimghts. Flamingos regularly drink, however, at places where sea-
water enters the brine lakes. 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/l (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 seawater, so that the entire pool usually
contains water of about 20 g Cl/L. During extreme 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 ¢ and d). Since water fowing through this canal to
the “Willemsoog™ travels a long way, it is markedly evaporated on arrival,
to 72.7 g CI/1 on 12.IL and 55.5 g CV/1 on 4.1I1. 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, ie. 20 g
Cl/L The flamingos appear to have a preference for this, as can be seen
in the same graph. The number of birds after 16.00 hours are given, since
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. Afterwards, however, they did not drink
there (6 times after 16.00 hours! the rest of day as well, so this is not
considered here). In the period of overflow, when the Cl-content returned
to 20 g/l, birds drank there regularly once more, on 3 days only were
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 between 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 also popular. After the return to
normal 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 " 1ces were much preferred. The broken
line in the graph indicates that, ulthough 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 Cl/L
this was the case in Slagbaai (the Boca) — the Southern and Northern
eyes, where the birds regularly drank. In the “Ven” the water contained
everywhere about 20 g C1/1. We have never seen birds drinking in Goto,

53




although flamingos were seen now and then near the Boca, where seawater
also seeps in, but 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 particular in connection with the growth of the young birds, does it
seem important that there be less salt water in or near the colony. ALLen
(p. 111) has reported 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 Sth. of January) we saw that flamingos, during a short but
heavy shower, stopped all other activities and stuck their heads 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 observations follow here: 8.1.,12.45. A heavy shower from the south. During
this heavy downpour only about 50 birds remained at the Oranje Pan that we could
see, in shallow water near the edge. All of these (501) show the following behaviour:
they stand for 4—5 seconds with the head in or on the wings and/or back feathers,
when their 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, It seems to me that they are drinking fresh water in this way. We have
not seen them drinking at the “eyes” today! (12 mm of rain fell that day!).

Also on 28.1IT and 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
rainwater, and therefore make do with seawater. This is important in
connection with 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.g. gulls, pelicans, petrels, cormorants, turtles and leguans) have an
organ in 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,
especially after drinking and/or foraging, so that droplets are shaken off
the bill itself or from the nostrils. Sometimes these droplets can be seen
quite clearly glistening in the sunshine, also when they are hanging on the
tip of the bill. In this 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 with a low salt content, in this case seawater or, when available,
rainwater. For bathing and preening, this preference is obvious since then
it will be less difficult to remove salt incrustations from the feathers and
body.
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f. DENSITY CHANGES IN EPHYDRA AND ARTEMIA

Ephydra gracilis

As we have seen in the examination of the stomach contents and the
way in which the birds search 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 eittach tl’lem-
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 crusts are “stuck”™ on the bottom.

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

Tasie I. PERCENTAGES oF occuratioN and Numsers of Ephydra gracilis chrysalids;
comparison of 22 checks of double samples of 25 stones each (A and B).
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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 Vg). 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,

Tasre II. Occuration PErCENTAGES of samples from 25 stones and corresponding
numbers of Ephydra gracilis chrysalids.

number of

oce. perc. numbers average nr. min. nr.  max. nr.
samples
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8% 6,9,8,6,7,7,7 7.1

12% 7,8,7,13,10 9

16% 23,12,12, 14 15.2

20% 17 17

24% 16,17 16.5
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40% 85, 56, 53, 52 61.5

44% 45, 48,128, 96,69,75,93,51 75.6

48% 28, 38, 115, 36, 49, 65, 151 68.9
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60% 114 114
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68% 182, 127, 125, 1561, 169 432.8

72% 207, 427, 157, 304 273.7

76% 206, 943, 1436, 331 729
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but later the number of full chrysalids on each of the 25 stones were
counted, so that with a given percentage of occupied stones a certain
number 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 sampling (Table I).
The stones which were sampled had a minimum size of 7 <5 X3 cm
and a maximum of 30 X 20 X 15 cm, and apart from this, were selected
at random, and examined.

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 215 months of the study (Table II),

It would appear that there is a correlation between the percentage of
occupation and the numbers of Ephydra 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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Grarr 8. Correlation between the occupation percentage of Ephydra gracilis pupae

on 25 stones and the number of Ephydra pupae in these samples. — @ indicates mean

number of Ephydra pupae at the different occupation percentages: 4, 8, 12, ete
n x indicates the number of samples of 25 stones.
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Grarn 9. Relation between occupation percentages of 25 stones (during the last 2
months the number of Ephydra pupae in these samples are also given) at the sample
points BS and S1, and the number of flamingos in Slagbaai.

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

Slagbaai (Map 7, Graph 9).

From the end of October to the beginning of August samples were taken at two
places — Le. in the Boca of the salina and at SI; in addition, incidentally at other
points in the lagoon —~ all to determine the occurrence of Ephydra pupae. Fluctuations
in density occurred at both places, without, however, showing much correlation. Neither
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 the birds for 2
months, there was a definite decrease, which turned into an increase when the
flamingos returned, It should be mentioned that here — at BS (which is less salt) —
cyprinoids can occur, which will also eat Ephydra larvae and/or pupae.

At S1, the density remained much the same, within certain limits. There was
here, therefore, no influence of the numbers of flamingos on the amount of food,
but it should be remembered that the birds have never been seen there in great
numbers. The maximum was 300 in September, which gradually reduced to 0 in
December and, in the course of 1960, the numbers did not exceed 100.

Goto (Map 6, Graph 10)

Samples were taken here from the end of October to the beginning of August at
regular intervals from two places — i.e. at G3 and GN (also now and then at other
places). In GN the number of Ephydra chrysalids remained more or less the same
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Grarn 10. Relation between occupation percentages of 25 stones (during the last 2
months the number of Ephydra pupae in these 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 889, while in the course of March and further in April, May and
june there was a gradual reduction to 12% later rising in July to 44%. There would
be no noticeable influence here due to the Cl-content, 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, although less markedly. The numbers of chrysalids
show, 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
flamingos (or more) is then operating and that at about 1,000 flamingos this is also
valid for the areas richer in E. gracilis chrysalids, such as the northern side of Goto.
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Pekelmeer (Map 5, Graph 11)

Samples were taken in the most important area for the flamingos weekly from the
beginning of October to the beginning of August at three places: P2, P3 and at
Oranje Pan (= OP). In addition, regular samples were taken at the corner of the
Witte Pan and further at various places e.g. in and near various salt-pans, but
incidentally, The most important sample points (P2, P3 and OP) show density changes
which are parallel and these changes show in turn no relation to the Cl-content.
In the corner of the Witte Pan small numbers of chrysalids were found for 4 months
only. Sea water enters the Pekelmeer here and cyprinoids also occur which are probably
responsible for the disappearance. At the other sumple points there were no cyprinoids.

A definite relation appears between the numbers of Ephydra chrysalids
and the numbers 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 in the number of chrysalids at all
three sample points. At extremely high numbers 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 numbers 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 flamingos 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, Goto
and Pekelmeer at a number of places. Although they were not present in
the Pekelmeer throughout the year, 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 p).
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 differ widely, 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 concentrations. It
was then possible, in two 10-1 samples taken one after the other 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 concentrations, 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.

Taste III. Numsers of Artemia salina 1N pouste 10-L1TRE sampres, from the same
place, taken directly after one another.

Joto Slagbaai

17 18 107 127
36 37 185 200
42 44 330 360
50 54 370 390
50 58 520 550
62 T2 600 625
66 70 675 700
72 85 1400 1600
102 108 2800 3200
132 137
In 2 X 5-litre samples from Slagbaai were found 4041 and 655-685 specimens.

Artemia salina at 4 sample
ia in a sample of 10 1 water.

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 fluctuations 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.
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Slagbaai (Map 7)

At the beginning of October we began regular sampling at 2 places: BS and S3;
at the end of January the mumber of sample points was increased to 4, with the
addition of S1 and S2. In February a start was made in the differentiation of the
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. Artemias larger than 5 mm

ARTEMIA in SLAGBAAI

are adult.
The changes in population density at S1, $2 and $3, although the numbers diverge,

show a comparable course (Graph 12). The numbers at BS showed an entirely 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 parallel course in the figures at other points.
This difference between BS and S1, S2 and $3 may be connected with the differences
in the Cl-content. We have seen in fact, that BS was the least salt, S1 and S2 salter
and S3 the most salt (Graph 5 and Chapter IV d). The numbers of Artemias are, in
general, largest at BS and smallest at S3, so that here also the difference in Cl-content
may play a role.

We tested for a possible Cl-preference in Artemia in the following way. The
numbers of animals from the four sample points were counted, summed and the
percentage occurrence at each of the four points calculated. This gives a distribution,
from which we can see that in the traject between 45 and 90 g CI/1 (Graph 13),
the highest percentages occur. If we do the same for the three stages of development
we have distinguished, it then appears that the group:
< 1 mm occuars most between 50-80 g Ci/1
1-5 mm eccurs most between 45—85 ¢ Cl/l and
> 5 mm occurs with no preference between 45 and 120 g CI/ (Graphs 14-—16).

This picture is emphasised when we consider the numbers of animals in this con-
nection. To do this the percentages referring to numbers between 500—1,000, between
1,000-2,000 and between 2,000-3,000 are given separately.

We may conclude that the smaller stages of Artemia occur much less frequently

100 /% ARTEMIA in § 25/ 25 g
0 RTE n Slagbaai A /w: 1960

|
90 |

0 . 500
500 . 1000+
1000 . 2000
3000 . 4000

50 50 70 80 90 100 110 g c:/|
Grapu 13. Percentual occurrence of Artemia (all sizes) at 4 sample points with

different CI” contents in Slaghaai. — Percentages referring to different sizes of numbers
are differentiated.
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in areas with a high Cl-content. 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 Emes carried out experiments on the salt-preferences of adult and nauplius
Artemias in 1961 at the Caribbean Marine-Biological Institute in Curagao. There was
no clear preference to be seen in the adult specimens, but the nauplii showed a
preference for high concentrations of salt (240%/00). This last result does not at all
agree with our field observations. We have in all probability a form of pseudo-
p-rel'crcmrv in Slaghaai, where other factors play an important role in determining this
distribution. There are indications that we may exclude migration, whether active
or passive, ‘

From the study carried out by Marian Ewmmis, it appears that there is a difference
in reproduction above and below a salt level of 85%00. The females lay eggs under
this value which come out in water up to 85%0 and these females may well have
50—60 eggs in the brood-pouch. Above the threshold value of 85%00, however, the
females are viviparous and the number of nauplii observed in the brood-pouch varied
between 1-15.

If there is really such a great difference in the numbers of (potential) descendanls:
we can then explain the differences in the absolute numbers between Boca Slagbaai

100/ ARTEMIA <1 mm In Stagbaai ¥, .2%,, 160

x 0 -500
o 500 .1000
a 1000 - 2000

S0 S.III 70 !'0 90 1o 120 ¢ Ct/l

Grarn 14, Percentual occurrence of Artemia << 1 mm (nauplii) at 4 sample points

with different CI' contents in Slagbaai. — Percentages referring to different sizes of
numbers are differentiated.
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and the other sample points S1, $S2 and S8, since only at Boca Slagbaai we find
these lower salt concentrations, During our study this varied between 36.3 and 84.5
g Cl (85%a is approximately 47 g CUl), and this value oceurred frequently at BS.
If this difference in reproduction is responsible for the pseudo-preference for the less
salt area of the salina, we should also expect a larger percentage of adult Artemias
in the lower Cl-content areas. This was not the case, however. The only reasonable
explanation would appear to be, in my opinion, that in these less salt areas we find
cyprinoids (see Chapter IVe — up to 75 g Cl/l or, as Mariax Emes and I, KrisTENSEN
observed on Bonaire and Curagao, up to 135%u0 salt), which prey on the Artemias.
According to Marian Ewmers the nauplii become adult in 10—14 days. This rapid
development could lead to a heavier predation on the larger specimens than the
smaller. It is also possible that the fish hunt only the larger specimens by choice and
it is also possible that the higher Cl-contents at BS or in its neighbourhood could
just act as a barrier for the cyprinoids, so that their predation locally and temporarily
ceases,

In addition we must consider the flamingos which often foraged near BS and it is
possible that during high concentrations filter-feeding directed against Artemia was
curri(].-('] out, whereby the larger specimens will suffer a higher predation than the
nauplii.

100 % ARTEMIA 1.5mm in Slagbaai %/;.25, 1960

x 0 .500

o 500 .1000
1000 . 2000
2000 . 3000

[t |
l"‘l l‘ X

0 40 50 60 70 80 100 10 120 g m/l

(;'RAPH 15. Percentual occurrence of Artemia 1-5 mm at 4 sample points with
different CI' contents in Slagbaai. — Percentages referring to different sizes of numbers
are differentiated.
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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.
Goto (Map 6)

In Goto the first Artemias were noted at the end of November, although in Sep-
tember, October and for the greater part of November they were absent. 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). After
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 — it changed little throughout the whole year. Predation by
flamingos does not appear feasible either, since it was seen that these sought the
Artemias only sporadically.

Pekelmeer (Map 5)
In the Pekelmeer there were no Artemias throughout the year (except in the pans).

100{% ARTEMIA 5 Smm in Slagbaai 9/ .25/, 1960
x 0.500

o 500 . 1000
& 1000 . 2000

30 ! ! 70 80 80 110 120 g cift

Grara 16. Percentual occurrence of Artemia > 5 mm at 4 sample points with
different Cl’ contents in Slagbaai. — Percentages referring to different sizes of numbers
are differentiated. -
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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 hard 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 directly 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 m* at the sample points with the aid of a
wooden frame of 1 m* The 50 m* were taken at random and the same
procedure was followed at other places, also. In Slagbaai, Goto and Pekel-
meer 500 m* of potential sites were examined in this way and counted.
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Slagbaai

4636 potential sites in 500 m* — i.e. 9.3 per m®. 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 m® which means 1,395,000 potential sites for establishment.
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Goto

1564 potential sites in 500 m?* — i.e. 3.1 per m®. The area in Goto suitable
for the Ephydra chrysalids includes roughly the northern part 1 X 0.5
— 0.5 km?; on the western and eastern shores, both roughly 1 km long,
a strip of 100 m breadth: 2 < 0.1 = 0.2 km®. In total, therefore 700,000
m® = 2,170,000 potential sites.
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Pekelmeer

3688 potential sites per 500 m® = 7.4 per m®. Pekelmeer is 4—6 km?® in
size, depending on the waterlevel and about 6 km 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.
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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 competitio with the Rotatoria for food, may well
lose and thus disappear. From November 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, at 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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Taste IV. Occurrence OF ARTEMIAS AND ROTATORIA IN VARIOUS SALINAS

Numbers
Artemias of 10-1 g cul
samples

Boeca Bartool t 2 61.1; 60.1

Slagbaai + 144 at least Graph5

Goto Z 111 at least Graph 4

Sal, Playa Lechi 5 14.2; 17.7

East Sal. K1. Bon. 45.9;47.6

West Sal. K1. Bon. 64.0

Ven $ 22.7;22.9;255

Duinmeer 88.8;92.3; 82.5; 65.7; 73.0; 70.2

Pekelmeer atleast Graph 3

55:6; 73.0; 114.7; 80.2; 72.7

48.5;31.2

141.5; 154.0

40.0; 38.5

42.5;45.5

58.9

- Graph 7

Witte Pan 1 47.1
- — 2 30.7
— — 3 52.1
! T 1543

&

Ringmeer
Randplas
Oranje Pan

Lo - S T O T . R | |

Willemsoog

o

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 Bonaire. In this
pc‘rim] groups of flamingos came regularly in the salina, so that it is possible 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
!’eke[mcer is possible. Kristensen and Marian Emmis found Artemias in the Pekelmeer
in 1961 (250°%p0 salt), while there were no Rotatoria, or at least no large numbers
of them, According to Wacenaar Humusrinck 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 shown.
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 more 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

PEKELMEER
*/sFEEDING FLAMINGOS

22 24 h

Grars 18. Percentage of flamingos feeding during the course of the day (and
night). — See explanation in text.
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searching for food. In the literature various authors have report i
s S ave reported night

An‘)und midday many birds sleep and at the end of the afternoon
(pam’cularly after 16.00) many drink, bathe and preen, while the feeding
then increases and part of the population disperses in a southern direction
(see Chapter VII),

i. QUANTITATIVE ASPECTS OF THE FOOD

Ratcrirre (1956) reported that flamingos need !/2—%/4 of a pound (=
225-340 g) of food per day. In the Zoological Garden of Rotterdam (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
AUDUBON as 7lbs. 8 oz. and 6 Ibs. 4 oz. that is, ¢ 3402 and ? 2835 g. In
1952 and 1961 Voous collected a number of specimens for which the
following weights were recorded: 2 & & adult 2250 and 2743 g, and 4 99
adult 2235, 2400, 2160 and 2020 grams. We noted in Ph. ruber ruber the
following body weights in grams: 3 & & ad. 3780, 2250 and 2600; 2 99
afl. 3500 and 2600 and 1 juvenile (a few months old) 1472,5. The com-
bination of this data gives the following averages: 6 & & adult — 2837
gram, 7 99 adult — 2250 grams. GaLreT (1949) found in Ph. ruber roscus
in which the average male is 10 ¢cm longer and the average female 3 em
shorter than in Ph. ruber ruber, that the males had an a\';‘ragt‘ 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 veight.

Lack (1954, p. 131) writes: “In proportion to their weight, large birds e g
food each day than small birds. Thus land-birds \.\-eighingghe't“[::f lI[:;l{;d:lII:]‘il[ ::I;;
grammes tend m‘cnt about 5 to 9 per cent. of the body-weight of food each (hw.". He
says (p. 132): “The quantity of food consumed by a bird each day varies with the
type of food, and so it is better expressed in calories than in grammes.” Nice ( l‘)%i
came to the cunc}usinu that more food was eaten in cold than in warm weather. 'ﬁm
is pmmsc_ly the difficulty in expressing the quantity of food in calories. The ﬂnmingul-.-
in zoological gardens in colder climes will need more food for their (ht‘rn!(!r('i{ll|'Aliml.
B:]l;l T:)gnl) the other hand they will have less need for foodstuffs for their '.u.'ti\'it!'(?;

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.

'I'hef investigation of the stomach contents gives the ‘fnllmving results:
Juvenile 1 and 3 gram; adults 14.5 — 16 — 16 — 9 and 6 g. Mapon (1932)
calculated that in Ph. ruber roseus the average content was 5.9 g (9 spec.)
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with 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.

We 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 average 12 mm long,
had a mean weight of 8.3 mg (10 spec.). The specimens of Artemia
(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 fairly high concentration of
1,000 specimens per 10 1 water, it would be necessary for them to filter
1330 1 water per 12 hours — 110 | per hour or 2 1 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 numbers
produced and consumed. We shall simplify matters here by assuming
that only chrysalids are eaten. 1,000 flamingos therefore eat per day
32,000,000 Ephydra chrysalids, which is, per month, a total of
1,000,000,000!

These enormous figures (we can give here only a rough estimation, and
not exact values, of course) 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 of potential
sites per area. In Chapter VI the numbers of Ephydra chrysalids, which
belong on the average with a given percentage of occupation of the 25
stones were checked. If we now divide the number of potential sites by
95, we obtain the factor by which the various percentages of occupations
must be multiplied to estimate the numbers of chrysalids. To make the
figures belonging to given percentages of occupation as reliable as possible

ups were made of, e.g. 8—16%, from which the average of 12% was
calculated from those of 8, 12 and 16%. We then obtain the following
picture for the three most important areas (Table V).




Tasre V. Numsers or ErHYDRA CcHRYSALIDS IN PEKeELMEER, COTO AND SLAGBAAIL
calculated at various percentages of occupation; for further explanation see text.

perc. occup. av. perc. av. numbers Pekelmeer Goto Slagbaai

8— 16 12 104 15,392,000 832,000 582,400
20— 28 24 236 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 48 748 110,704,000 5,984,000 4,118,800
56— 64 60 149.3 220,964,000 11,944,000 8,360,800
68— 76 7 4785 708,180,000 38,280,000 26,796,000
80— 88 84 8414 1,245.272,000 67,312,000 47,118,400
92100 96 1605.9 9.376,732,000 128472,000 89,930,400

With the same percentage of occupation, the Pekelmeer can have about
20 times the number of chrysalids as Goto and Goto about 114 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 ag;a of the
flies, larvae and chrysalids, we still wish to make an attempt to examine
the reduction due to predation and the increase due to
production in the three areas mentioned above.

In Slagbaai (Chapter V{, 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 chrysalids were eaten).

In Goto we saw (Chapter V f, 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% — ie. 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 Pekelmeer (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 therefore
still an equilibrium at a predation of about 22%. When we compare this
with the situation in Goto and Slagbaai, then /4 to !/s 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 addition, the number of
larvae was also clearly much higher. On the 29th this increase in 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 flamingos (a short period of a few days) a theoretical
consumption of 100,000,000 chrysalids per day takes place. With an
approximate occupation of 609, there were 220,000,000 chrysalids in fact
present and this signifies an exploitation. With about 2,000 birds, how-
ever, a recuperation of the fly population is possible, since this number
of birds consumes 64,000,000 chrysalids per day. There was at this time
an occupation of about 44% i.e. 98,000,000 chrysalids.

At the end of our study period there was, after a decimation, a recupera-
tion of the Ephydra population. There were at this time an average of
1,500 flamingos present and these consume 48,000,000 chrysalids per day.
The occupation was then around 82%, which means about 60,000,000
chrysalids in all.

During the period of recovery there appears to have been a predation
of between %/s and 4/s 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
VII and VIII),

2. That the population of Ephydra 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 eating of ooze more
closely. Four samples from the Pekelmeer (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 45% wet weight.)
If we take a 10% wet weight organic content for the ooze, then a flamingo
eating this only, must (at least theoretically), if the 270 g food per day
are to be obtained, 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 body weight. If only 10% can be used then such a flamingo must eat
27 kilos of mud, which appears to be absurd and 1mpmslblc

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 accep’tab]o In periods of food
shortage at least, this method could be wholly or partly used. Considering
the population changes in Ephydra, these periods will usually be short!

REPRODUCTION

PRELIMINARY REMARKS

Breeding sites

On Bonaire the flamingos breed in the three most important food-areas:
Slagbaai, Goto and Pekelmeer (Plate 111, VI, XII, XIII). The significance
of these areas, both as feeding and breeding areas increases in this order
also.

In Slagbaai in recent years there is only one observation of breeding
by one of the owners, Mr, C. F. S. Forsgs. In the course of 1958 a small
colony settled here on the eastern side of the salina on a small dam
separating the salina itself from the salt pans. The eggs were washed away
at high water and were found near the Boca. The remains of some 30 nests,
all more or less eroded, have been found (for details see Chapter VId).

In Goto breeding took place in 1959 and 1960 on small rocky islands,
something not observed in 25 to 30 years. Between 1920 and 1930 the
birds bred here regularly (Gasrier 1938, Voous 1957). In 1959 we
encountered young birds on the 3rd of September, the oldest being about
214 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 Pekelmeer have throughout history been the most
important breeding areas for flamingos on Bonaire. Dunng our study large
numbers bred here from the end of December 1959 to August 1960. The
colony was visited four times for a short inspection of the numbers of
nests, eggs and young and for collecting nest and water samples. Before
the breedmg 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 companson of other areas
(other species also) it appears that the laying period is connected with the
geographical position and it is in fact so that it is restricted to the spring
and/or summer months in the Northern and Southern Hemispheres.
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Moreau (1950), Skurcu (1950), Tromson (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 years.)
Reproductive behaviour

Because the West Indian flamingo is very shy the colonies were visited
only a few times for short periods. 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 moming 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,
ArLeN (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 cm.
This difference in size is clearly visible in the field 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 specimens, with some having the under part of the
neck reddish in colour, were, in fact, displaying (see Chapter VIh).

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.

Display activities and Copulations
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 itself and
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about 800 in the “Willemsoog”. The remainder were spread at the back
of the Pekelmeer, on the south (eastern) 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 km from the colony proper.

In Goto about 950 displaying flamingos were seen (middle December
to June), of which about 340 on the breeding island and 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