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From April 1972 to July 1273, I studied flamingos in the Department of
Arica, Province of Tarapaca, in northern Chile. The altiplano of Arica con-
sists of two parallel mountain ranges with an undulating intermediate plain
extending from 17°30' to 19°S. Almost the whole of this 700.0CG0 ha pizin lies
above 4000 m, with several volcanic peaks surpassing 6000 m and possessing
permanent snow caps (296). To the west, lics a narrow xerophytic scrub for-
mation which descends through the rainless Atacama Desert to the Pacific
coast some 100 km away. To the cast, lies the extensive Bolivian altiplano,

Three species of flamingo—the Chilean, Andean, and James’—are found
in the Arica altiplano. Flamingos have also occurred at a small reservoir,
Tranque de Caritaya, at 3500 m (19) and, as recently as ten years ago, were
scen by local residents at the mouth of the Rio Lluta, just north of the city of
Arica. [ found a Chilean carcass on the beach at Arica in May 1972 but, in
general, the occurrence of famingos at low elevations in this zone can be con-
sidered extremely rare.

!

HABITAT

Salt lakes are the preferred habitat for all three species and the largest lake,
the Jalar de Surire, harbours most of the birds and is the only known nesting
sitein the area. The 250 sq km salar has no outlet and receives drainage from
the surrounding 570 sq km and the small, intermittent Rio Surire (157). The
smaller Laguna Blanca lies 150 km to the north and is 100 sq km with 150 sq
km of watershed. This lake has shrunk drastically in recent years, concomi-
tant with simifar desiccation in Bolivia (201), When I visitediton 11-13 April
1972, I found only 14 Ramingos—two adult and onc immature Chilean, and
three adult and eight immature James’,

Fresh water habitats midway between these salt lakes are also used. Lago
Chungara, with a surface area of 21.5 sq km and a closed water-shed of 280
sq km, is one of the higher lakes in the world at 4520 m. Flocks of less than 50
flamingos have been observed here on several occasions. Nearby Lago
Cotacotant has a surface of 6 sq km, with numerous small islands and dis-
eonnected ponds.

The third habitat uwtilized by flamingos is the spring fcd, semi-bog
pastureland, locally known as ‘bofedale’. These peat bogs, in basin areasor on
gently inclined slopes, are characterised by springs and meandering streams
of freshwater (296). They provide grazing for the herds of llamas and alpacas
mantained by the Aymaca Indians, and zre a common feature of the
altiplano. They appear to be frequented by flamingos only near Parinacota
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R. W. McFarlune 85
and Caquena (several hundred birds), and at Laguna Paquisa (upto 30} seme
15 km north of Salar de Surire.

Salar de Surire (18°50°S and 69°5°W) lics only 40 km north of the type
locality for jamesi, Laguna Parinacota, It is refatively small (18 = 15 ki)
compared to the Bolivian salars of Coipasa and Uyuni to the southeast. The
basinis 4140 m above sea fevel and is surrounded by peaks up to 5590 m. The
eastern edge is approximately 3 km {rom the Bolivian frontier. Most of the
surface is composed of dry salt crystals capable of supporting a vehicle. The
amount of surface water is variable, with large expanses of shailow {5- 10 cm)
water completely evaporating by the end of the dry season. There are several
areas of permancnt water in which flamingos wade belly-deep but only oc-
casionally swim, so apparently even the decper water is refatively shaliow.

Precipitation and drainage are responsible for the increase in water area
during the rainy season, but springs at the edge of the salar maintain a perma-
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rent mininam fevel. These springs are of three types: a) cold (10 €) and
sweel., supporting a variety of greea aguatic plantss thy cold {10 €) and
Brackish, with ne plant e and () ot (et Cithermad springs and geyvsers.
When the fresh water gprings erupt some distance {rom the edge of the salar
they frequently support *bofedale” vegetation which is exploited by vicunas.
lamas, and alpacas, as well as by numerous passefine hirds, Table 10
presents analyses of sweet water, a thermal spring, and the resultant mix sur-
rounding the nest site several kilometres away near the centre of the salar.

Climatic data for the altiplano are incomplete, but annual precipitation is
estimated at 300—400 mm (157; 243). A new weather stadon at Surire
recorded 281.3 mm of rain between November 1971 and March 1972, and
unoflicial informution indicates 334 mm in the three months of summer
1972--73, which was an exceptionally wet vear threughout the altiplano.
There are distinet wet and dry seusons. While Parinacota has recorded rain
during every month over a2 37-year period. the normal patternis for the rain to
commence during November, with heaviest precipitation in Japnuary, and to
cease by April. The remaining six months are virtually dry-and. in excep-
tionally dry years, rain may be absent for cight months. Equaliy importantis
the evaporation rate. On a typical day, the wind commences about 1000 hrs
and blows strangly until after sundown. During the rainy seasorn, the skies are
usually clear until noon and the afternoons are fifled with scattered but violent
clectrical, snow and sleet storms. The higher peaks retain permanent snow
caps but snowfali on the plain evaporates very guickly. In January 1972, the
mcan daily temperatere was 5°CLand indaly 19720 it was - 2 C. The lowest
termperature recorded was - 26°C {26 Avgust), and the highest 13-C (21
Deceniber).

The vegetation surroundling the salar is xeric puna, a Stipa tussock
crassland with patches of Baccharis shruhs and as much as 30% of the soil
surface is without vepetation. The higher slopes are a subalpine Laretia for-
mation with Stipa (296).

It is ciear that the habitat of these flamingosis rather severe and surfaceice
i5 a conunon feature of the open water much of the year. Flamingos resert to
the warmer springs at dusk and remain there until the feeding areas are ice-
free the foliowing morning. However the nesting site was not near warm
witer, and on 10 May, afier a temperature of —8 C. large expanses of the
shallow Rats were covered with ice up to 5~10 mm chick which persisted untl
1160 hours. As thisice breaks up, large sheets are driven by the wind, exerting
considerable force on objects standing in the water. Young flamingos still in
the nests begin to shiver soon after an intruder forees the parent to abandon
tlic nest.

REPRODUCTION

Positive evidence of nesting in Arica has been obtained only twice. When
we visited Surire on 4—3 August 1972, ), Rotunan located a créche of some
200 fledglings believed to be James® and another group of 200 downy young
which appeared to be Chileans, but only one dead Chilean was found to es-
tablish identification. The young of all three species appear simitar from a dis-
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TABLE 10: Analyses of water sarmples from
the Salar de Surire

A "8 C

Temperature ) 10°C 60°C variable
pH 70 62 87
Conductivity {(mho) 1-65 5-96 10-4
CO; = (m eq/litre) — — 30
HCO,~ . 7-4 24 1-2
Cl- " 656 42-92 9i-79
SO, = " 1-67 17-3 11-98
Ca*™ ' 52 il-8 722
Mg* " 7-15 2:03 5:32

No analysis for borates was madc,

A = a sweet “bofedale” spring containing abundant green
aguztic plants.

B = directly from the main boil of the therma!l Bados de
Polloquere.

C = from shallow water surrounding the nesting colony.
There were lurge diurnal temperature Auctuations duc 1o
10 cm depth.

tance and pursuit across the salar on loot is futile. The nest sites were not
located, but appurently eggs were laid in laie April and again in May or June.
There were lew grey immature birds present to indicate earlier nesting.

I visited the site again on 7-10 May 1973 and found about 4000 Chileans
at a nesting colony with 1516 nests. Of these, 375 contained an exs and 60
had a chick in or near. Dr M. P. Kahl independently censused this cofony on
11-12 May and estimated 200 chicks on or near the nests. suggesting con-
siderabie synchroacus hatching in two days. There was also a large créche of
800 birds. indicating that eggs had been laid from March to Aprii or later.

Not all of the adult birds appeared to be of breeding age. There were no
grey-plumaged birds flving in the area. but three age classes of "adults™: (a)
almost white bodies without red in the wings: (b) paie pink bodics with red
wing coverfs: and (c) aduits with strongly pink bodies and red wing coverts,
The percentage of these presumed non breeding adults is unknown but
substantiai. J

The nests were constructed in two groups about 3040 m apart. Most
appeared to be about 25 ¢ high and 35 40 ¢m broad at the top. Fhe nest site
was flat with a surface of fine grained grey mud. The area was covered with
2—10 ey of water. but much of that surrounding the inner nests was dry. This
wald greatly increase the survival rate of those chicks which el from the
nest before they were old enough to elimb back. MNests without eggs seemed 1o
lose their retaining wall quickly and complete. but empty, nests were rare. The
general impressien was of rapid breakdown of nesis, accelerated by wind
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driven wone action, with the need for corstant renair. Twenty
Q2.2 mm (S0 06 0) - ST mm (S0 SR and the eatremie Jga

SO S 0 s ST RTAY R o SRCT R3S cAappendie 3),
Winte there i< o evidenee that T300 nosts were uthzed, we can assume tha

they represented LS00 cpas and 3000 sdutes There swere 120 egas Tost bt
Fertannn s in the immediate vicinity o Tthe sests, Since thoy Jeatowe have no
e ow many had blows awav, butege Toss may be ammimgm of i(\"u FFew
dod chicks wers oend. Iwe further assime 200 yaunge at e nests and SO0
in the creche, we can conservatively estmate “0% or better reproducten
Potential predaters ke the Andean Woll Dusicvon cupliens, Pampa Fox
Prsicvon erisens, and Nariable Hawk Bidee pocodocneas, and sueh
sedverers s the Adean Condor Faldtter griphies and Andenn Caracann
Plicionhaonus o Bogideris all occur at Surire. bui nere s been abrenyd
Lahing feningos. There is also no evidence that eggs or voung are collecte :d
for Brumen consumption,

In Auvwust. ag the abandoned minmy site of Chilcays on thé north shore of
Surire. the hirds were moulting contour feathers which were on the water and
along the shore. Of 1039 Tamingos counted (896 jumess, 125 andiius. 35
chiferyiv, and 33 immatures), only the James' wers seen with teathers
detiiching and blowing away, but it ts possible that a'l species were moultung.
There was naindication of moeult in November but both conteur and flight
feathers were present at the same site the following Moy, Many James” and

vellow biils, and

Adens rossessed conspicuousiy new plamage and b
the Jomes” had brivht red degs. The bualk of the Chidean popuaton was
segrevaied some distanee away at the nesting colony and there wiis noindica-
tion of mouling there. Flightless adults have not been observed.

POPL I ATION ESTIMATES

Fhe pomadic nature of amingos is obvicus here, Popeiaton estimates for
Salir de Surire are presented in Table T and censuses in other Arica
lovatities are equally irreenlar. Locad residents at Surire indicate that fow
Tamingos were present until early 19720 Large numbers of jumesi areived and
some of them are believed to have nested. Part of the increase from August (o
Noverther represents mere grey immatare birds but they are not necessarily
locally produced. The population of chilensis has steadily increased and they
nested in 1972 and 1973, The number of widinus has incresed at least twice
but the species apparently retreats to Bolivia to breed.

Tanti L1 Flamingo population estimares
Jfor Salar de Surire

aidinis chifensis Jumesi
February 1957 {147y 200 none 6
Apn 1969 (165) NRTY abundant nong few
Augusl 1972 . 125 110 2000-2500
November 1972 1560 5000 -!000 2500 3000

Mav 1973 1040 4000 6000
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FEEDING BEHAVIOUR AND ECOLOGY

Differences in bill morphology suggest differences in feeding behaviour und
ecology between the three species (1413 All exploit the food resources of the
salt lakes and jamesi may beTestricted to such habitats. Both audinus and
szf!enﬂ's have been observed at the freshwater lakes and bog areas but c‘)n‘;’wr
.szs seemns to [requent them more consistently and in greater numbers, Nothing
15 known about the food habits of either species in these areas. Not ail bogs ;1;:
ulilisc?d by the flamingos but the limiting factors are unknown. Liléuna
Paguisa has excellent “hofedales’ and several pands, and here chifensis activi
ty seems to be limited to the open water. The “bofedales’ at Parinacota lack
pond arcas but attract small aumbers of Ramingos. Both of these loculities at
tract numerous other water bird species.

f’l\ll three species can be observed feeding in mixed flocks in deep water at
Surirc and no differences in behaviour have been detected. All feed in belly-
deep water with heads completely submerged. At Chifcaya on Salar de Sﬁri re
the birds can be observed feeding in deep water, shallow water. and on ml‘t.
mud. Three basic techniques have been noted: h

.

(a) injaruesiand andinus the bill is lowered to the mud and pushed forward
as the bird walks slowly, the upper mandible leading the wav. The head
is moved from side to side and as the direction is changed, the angle of
the head is changed so that the upper mandible always icads.:Thc
.rcsu]ting track does not indicate a regular pattern: .

{b) in jamesi and chilensis, the bili is placed directly down. picked up and
piaced down in seiccied spots. There is no pushing and no bill track
formed with the footprinis: ‘

{c) in c!u’e’ensis:, feeding in shallow water has been accompanied by active
foo:-qor?mmg, which apparently stirs the water and upper muc[lzu‘crx.
The bill is lowered and moved directly at the feet. )

No speciss has been observed to walk backward while feeding (1483, (0
feed at the surface of the water. or while swimming (220). ) .

Both jamesi and andinus commonly drink fresh water at springs at the edee
of the salar. The bill is dipped to the surface of the water for one to l\:n
seconds, and in andinus the head is moved sideways while barely touching the
surface, then the head is raised and stretched upward until the bill upas higher
that the eyes and the rest of the head. The action is repeated a number of times
bcl’orel the birds walk of to resume feeding and are replaced at the spring by
qther individuals. As many as 50 birds may be lined up on both sides U;:lrh‘C
uny strclum. at a point before it enters the salar.

Na birds or stomach samples have been collected during this%tudy, [n
Ma_xi. the mud covered a pink iayer which was vers widespread in the ;m‘;n‘ in
c}udm.g.lhc zone of chilensis feeding activity surrounding the nesting col(;m-
In adQ;uon, widely scautered smadt {135 20 cm or less) clumps of d:srkkhrick-u"\.‘
orgamisms and green organismis penetrated the mud surface and were \'i.\'ihh:
from above. Samples of all three types were collected for Turther :m;nly.h
These red and pink organisms may be the source of red pigment for the hir.m: .
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A number of species of diatoms have previoushy been identified from stomach
samples of janiesi (216),

CONSERVATION

All the major Aamingo habitats in the Department of Arica are within the
boundaries of Lauea National Park. Unfortunately, nauona: parks in Chile are
not inviolate areas and several government ageneies are pursuing counter-
praductive schemes for deveiopment. These include the construction of anin
ternational highway for commerce and Lourism. increasing the preduction of
the already overprased Hama and alpaca pastures, removing water for hydro-
clectric generation and irrigation of the coastal desert zone. and the exploita-
tion of mineral deposits.

The completion of an ail-weather highway to the Boliviana frontier will end
an era of isalation and inaccessibility. The read witl directly pass through the
bog arcas of Parinacota and follow the shoreline of Lago Chungara. This will
not only increase disturbances but will allow easy access 1o other altiplano
areas. This should afTect other specics, for example the Giant Coot Fulica
gigantea, more adversely than the flamingos.

The Saler Jde Surire is one of the mostinaccessible areas of the altiplano, es-
pecially during the rainy season. It has few human inhabitants and has
enjoyed a rare isolation. The beneficial eficets of this isolaton are further
attested 1o by the presence of the largest populations of Vicuna Vicugna
vicugna and Rhea Prerocnemia pennata on the Chilean aliiplanc.

The scheme of the Corporacion de Fomento de la Produccidn and the Junta
do Adelanto de Arica to reestablish the commercial expleitation of borax at
the Salar de Surire can only be to the detriment of wildlife. Test bores are un-
der way and a laboratory-residence has been established at the salar. Studies
to determine the limiting factors affecting flamingos arc urgently needed to
guide their future conservation.

To summarise. three species of flamingo live on the altiplano of northern
Tarapaca. Chile. The Chilean Flamingo is known to have nestedin 1972 and

1973, and James® probably nested in 1972, The Andean occurs in numbers
but appears to retreat to Bolivia to breed. All expleit the salt lakes, and jamesi
appears restricted to them. Fresh-water lakes and bogs are frequented by
chilensis and. to a lesser extent, by andinus. Populations have been increasing
in recent years, but developing projects may reverse this trend.
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