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Introduction

The saline-alkaline lakes of the African Rift Valley
are home to a large population of the Lesser Flamin-
g0 (Phoeniconaias minor GEOFFREY). With 1-3 mil-
lion individuals, these lakes are established as one of
the most fascinating “bird spectacles” of the world
(BROWN 1959). The population density of the flamin-
gos at the different lakes is subject to wide fluctua-
tions depending on changes in food quantity, breed-
ing activity and episodic mass deaths (OWINO et al.
2001; Fig. 1). The main causes of the high flamingo
mortalities are thought to be infections by mycobac-
teria (SILEO et al. 1979, Kock et al. 1999), poisoning

Fig.1. Flamingos at Lake Nakuru, Kenya in No-
vember 2001. In the foreground is a dying Lesser
Flamingo.

by heavy metals (KAIRU 1996, NELSON et al. 1998)
and pesticides (GREICHUS et al. 1978). Additionally,
cyanotoxins are reported to contribute to flamingo
die-offs (MOTELIN et al. 2000, NDETEI & MUHANDIKI
2005). BALLOT et al. (2002) and KRIENITZ et al.
(2003) detected microcystins and anatoxin-a in dead
Lesser Flamingos collected at the Kenyan lakes.
ALONSO-ANDICOBERRY et al. (2002) identified micro-
cystins as having caused the death of hundreds of
Greater Flamingo (Phoenicopterus ruber L.) chicks
in a lagoon of the Donafia National Park, southwest
Spain. CHITTICK et al. (2002) reported mortality in-
duced by cyanotoxins of 10 adult captive Chilean
Flamingos (Phoenicopterus chilensis MOLINA) at Sea
World, Florida, USA. Summarizing the results of a 3-
year study (2001-2003), we report here three possi-
ble major sources of cyanotoxins, which may con-
tribute to the mass deaths of the flamingos at Kenya’s
Lakes Bogoria and Nakuru.
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Study lakes and methods

The saline-alkaline Lakes Nakuru and Bogoria are
situated in depressions of the Eastern (Gregory) Rift
Valley. Their morphometric and physico-chemical
characteristics are given by BALLOT et al. (2004).
Sampling design, microscopy and determination of
cyanotoxin concentrations are described by KRIENITZ
et al. (2003) and BALLOT et al. (2004).

Results

The phytoplankton of Lake Bogoria is dominat-
ed by Arthrospira fusiformis (VORONICHIN)
KOMAREK (> 95% of total phytoplankton bio-
mass), a cyanobacterium that constitutes the
main food resource of the Lesser Flamingo. In



Table 1. Cyanotoxins in cyanobacteria and Lesser Flamingos from Lakes Nakuru and Bogoria, Kenya
(in brackets = numbers of samples collected and analysed in 2001-2003). Toxin concentrations are giv-
en in pug g~! DW for the cyanobacteria and in pg g~! FW for the flamingo tissues. Where more than two

samples were analysed, the toxin data represent minimum, median and maximum concentrations.

Source Microcystin ¥ Anatoxin-a
Cyanobacterial blooms (Phytoplankton)

Lake Bogoria (9) 9.0-145.0-1164.4 0-3.2-104.1
Lake Nakuru (11) 148.9-748.2-4593.1 5.2-30.6-222.7
Cyanobacterial mats

Hot Springs Bogoria (18) 0-6.1-836.1 0-0.06-20.2
Cultures of Arthrospira fusiformis

"Strain AB2002/10 Bogoria 15.02 10.38
Strain AB2002/04 Nakuru n.d. 0.14
Lesser Flamingo liver

Lake Bogoria (9) 0-0.2-0.9 0-0.14.6
Lake Nakuru (3) 0-0.2-0.4 0-0.03-5.8
Lesser Flamingo stomach/intestine

Lake Bogoria (2) 0.04-0.2 0.8-4.3
Lake Nakuru (3) 0.03-0.05-0.2 0.04 —0.1-0.2

*) total of microcystin variants calculated as microcystin-LR equivalents; ™ according to BALLOT et al.

(2004); n.d. = not detectable

addition to 4. fusiformis (25-70% of the bio-
mass), heterocystous cyanobacteria (Anabaena
and Anabaenopsis spp.) and coccoid pi-
coplanktonic cyanobacteria (Syrechocystis and
Synechococcus spp.) were observed in Lake
Nakuru. Anabaena sp., Anabaenopsis abijatae
KEeBEDE et WILLEN and Anabaenopsis arnoldii
APTEKAIS produced over 50% of the phyto-
plankton biomass (BALLOT et al. 2004)
throughout several months of the investigation.
The mats in the hot springs at Bogoria were
dominated by Phormidium terebriformis
(AGARDH ex GOMONT) ANAGNOSTIDIS et
KOMAREK, Spirulina subsalsa OERSTED, Oscil-
latoria willei GARDNER and Synechococus bi-
granulatus SKUJA. Cyanobacterial hepatotoxins
(five structural microcystin variants: MC-LR, -
RR, -LA, -LE -YR) and a neurotoxin (anatox-
in-a) were identified in cyanobacterial blooms
in Lakes Nakuru and Bogoria, and in cyanobac-
terial mats growing in hot springs at Bogoria.
Toxic strains of Arthrospira fusiformis were
isolated from the plankton samples of both
lakes. The cyanotoxins were detected in sam-
ples of the liver and stomach/intestine of car-
cases of Lesser Flamingos collected at both
lakes (Table 1). In the dying phase, the flamin-

gos showed an opisthotonus behaviour, charac-
terized by the convulsed positions of extremi-
ties and neck.

Discussion

The hepatotoxic microcystins and the neurotox-
ic anatoxin-a are acutely poisonous substances
that can kill waterfowl (CARMICHAEL 1994,
MATSUNAGA et al. 1999). Investigations on dead
Lesser Flamingos from Kenyan lakes revealed
microcystins and anatoxin-a in different body
tissues in such concentrations that a major con-
tribution to the bird deaths can be expected.
The intake of the cyanotoxins by the flamingos
is largely via feeding (CopD et al. 2003). By
means of its filter-equipped bill, an adult Less-
er Flamingo consumes about 72 g dry weight of
cyanobacterial food daily (VARESCHI 1978). We
found three possible sources in the cyanobacte-
rial food of the flamingos: 1) toxic strains of
Arthrospira fusiformis; 2) invading populations
of potentially toxic Anabaena and Anabaenop-
sis in the natural phytoplankton communities;
and 3) cyanobacterial mats in hot springs, dom-
inated by potentially toxic Oscillatoriales and
Synechococcus.



The main food resources of Lesser Flamin-
gos are dense, almost monocyanobacterial
blooms of Arthrospira fusiformis (syn. Spiruli-
na fusiformis VORONICHIN). Variations in the
population structure of this highly productive
phytoplankton directly impact the flamingos
because of their immediate juxtaposition as pri-
mary producers and primary consumers. Cus-
tomarily, dense field populations (“quasi-
monocultures”) and mass cultures of Arthrospi-
ra are used as food sources with high nutrition-
al and potential pharmaceutical value (CIFFERI
1983, BELAY et al. 1993). Arthrospira is regard-
ed as nontoxic (Fox 1996, SALAZAR et al.
1998). Nevertheless, Iwasa et al. (2002) found
hepatotoxic symptoms in a patient after treat-
ment with Arthrospira-based tablets. We isolat-
ed two toxic strains of 4rthrospira from Lakes
Nakuru and Bogoria, which supports the hy-
pothesis that the main food source can also act
as the cause of toxicosis.

A widely-held assumption is that Arthrospira
forms monocyanobacterial mass developments
in the East African saline-alkaline lakes. How-
ever, our microscopic analyses support the
findings of VAREscHI (1982) that the phyto-
plankton community in Lake Nakuru is subject
to wide fluctuations in composition. During
2001-2003 the phytoplankton composition
shifted between Arthrospira-dominated and An-
abaenal/Anabaenopsis-dominated phases. The
latter two genera include toxigenic species that
could pose an additional poisoning hazard to
the flamingos.

A third source of microcystins and anatoxin-
a is the cyanobacterial mats in hot springs on
the Lake Bogoria shoreline (KRIENITZ et al.
2003). The mats covering the ground of rivulets
flowing into the lake include genera with po-
tentially toxic species (e.g. Oscillatoria, Phor-
midium). The flamingos come to these non-
saline rivulets daily to drink and to wash their
feathers. Intoxication could occur by ingestion
of detached cyanobacterial cells from the mats
and/or extracellular cyanotoxin intake during
drinking.

Studies in pathology, toxicology, ecology and
ethology are in progress to evaluate the multi-
ple stresses on the health and population dy-
namics of the Lesser Flamingo. Our investiga-

tions indicate that cyanotoxins should be in-
cluded among the major agents contributing to
the bird deaths.
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