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Abstract

The distribution of Daphnia species in tropical Africa is poorly known and understood. Daphnia are
assumed rare in tropical regions, but systematic studies covering large areas are sparse. We sampled the
active community (live zooplankton) and/or the dormant community (diapausing egg banks in the sedi-
ment) of 41 standing water bodies in Kenya in search for Daphnia. Overall the dormant communities
yielded 11 species of Daphnia, a species richness more than twice the species richness found in the active
communities. Dormant community species diversity better reflects the spatial, and particularly the temporal
(multi-annual) variation in environmental conditions available to Daphnia in these tropical standing waters.
Hence, we suggest that the dormant community be taken into account when assessing local zooplankton
diversity, especially in fluctuating tropical lake ecosystems, where the presence of each local Daphnia species
in the active community may be strongly seasonal or erratic. Geographic distribution data from this study
are supplemented with previous records of Daphnia in East Africa to provide an overview of the known
distribution of Daphnia in Kenya and neighbouring countries. We also present a detailed key for mor-
phological identification of the ephippia of the 11 Daphnia species encountered, complemented with
photographs and drawings of diagnostic characters.

Introduction

In many aquatic ecosystems, temporal habitat
instability is a major factor determining zoo-
plankton community composition at any given
time. Different zooplankton taxa often show
strong changes in abundances with time and space,
depending on the prevailing conditions. As a re-
sult, the total zooplankton diversity can not be
assessed by sampling at a single point in time or
space. Rather, multiple sampling throughout the
year is needed during the course of a growing
season and, preferrably, covering several years. In
order to cope with this temporal habitat instability

many cladocerans produce resistant dormant
stages that can survive unfavourable conditions
and that can stay viable for years, even decades
and longer (Caceres, 1998). Sampling the dormant
community from the sediment may therefore allow
an assessment of the total species diversity of the
local cladoceran community from a single sam-
pling event ( May, 1986; Havel et al., 2000; Van-
dekerkhove et al., submitted), provided that these
dormant stages can be identified to species. Re-
mains of cladocerans recovered from subrecent
and older sediments include the ephippia of these
dormant eggs but also mandibles and post-
abdominal claws, and all have long been used in
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paleolimnological studies (e.g., Kitchell & Kitc-
hell, 1980; Leavitt et al., 1989; Hann et al., 1994;
Kerfoot et al., 1999). Unfortunately, since most
local studies deal with ephippia of only a few
species, which are related directly to the species
present in the local active population, specific
information regarding species identification of
ephippia is mostly lacking or incomplete.

Most Daphnia species reproduce by cyclic
parthenogenesis. Sexual reproduction occurs when
living conditions are unfavourable or deteriorate
(Carvalho & Hughes, 1983). During sexual
reproduction the female carapace produces an
ephippium around the brood chamber (Zaffagnini,
1987). Inside the ephippium a new cuticula is
formed which encloses two embryos in arrested
development. On both sides of the ephippium two
convex swellings provide the necessary space for
the dormant embryos. These swellings (hereforth
called egg chambers) are more melanised than
other parts of the ephippium and are often more
sclerotised, and hence more resistant to physical
damage. The ephippium is eventually released
during the following moult, together with the old
carapace (Zaffagnini, 1987). Because of their good
preservation in lake sediments, ephippia are ide-
ally suited for ecological and paleoecological
studies.

Daphnia are considered rare in tropical regions,
especially in the warm lowland tropics (Fernando
et al., 1987, Dumont, 1994). Yet in equatorial
East Africa Daphnia have been reported from a
fairly large number of permanent lakes and ponds,
with at least nine species found so far (Green,
1995). Previous regional studies (Green, 1971;
Lehman, 1996) focused mostly on zooplankton
diversity in the large East African Rift lakes. Small
waterbodies, often of a semi-permanent or tem-
porary nature, were often overlooked. Yet these
habitats are often fishless, which is considered
a key factor permitting the presence of Daphnia
in tropical regions (Hebert, 1978; Dumont,
1994). We studied the dormant Daphnia commu-
nity of 41 water bodies in Kenya, and compared
its species diversity with that in the active com-
munity by simultaneous sampling of the live
zooplankton. We also present a key for the iden-
tification of Daphnia species of Kenya and neigh-
bouring regions, based on the morphology of

ephippia.

Methods
Study area

Field surveys in August 2001 and January 2003
yielded collections of live zooplankton and re-
cently deposited surface sediments from 41
standing water bodies in southern and southwest-
ern Kenya. The sampled waters vary from small
semi-permanent ponds and watering holes to lar-
ger lakes and dams (Table 1 and Fig. 1). The area
is dissected from North to South by the Eastern
Rift Valley. The surface elevation of the sampled
waters varies from 700 to 1200 m a.s.l. in the
southeastern lowlands (12 sites) to between 900
and 2800 m in the Rift Valley and adjacent es-
carpments (29 sites). In addition, we analysed ep-
hippia extracted from previously studied sediment
cores from the Lake Naivasha basin (Mergeay
et al., submitted), and surface sediments of four
lakes (Bandasa, Ellis, Nkunga, Simba) on Mt.
Kenya (courtesy of Dr Philip Barker, Lancaster
University, UK). This Mt. Kenya collection in-
cludes both high-elevation alpine lakes and lakes
on the lower slopes of the mountain, with eleva-
tions ranging between 1800 and 4600 m. Overall,
vegetation near the sampled waters ranges from
dry Acacia bush land, grassland with scattered
trees, highland forests and tropical rainforests to
afromontane and alpine vegetation. Rainfall is
strongly seasonal throughout the study region,
predominantly bimodal to the East of the Kenyan
Rift Valley and with a trimodal pattern in the
West. Rainfall ranges from 350 mm in the arid
southern savannah to 1100-1500 mm in the high-
lands (>1500 m). Mean temperature patterns are
closely linked to altitude, and seasonal variation is
very limited (Kiai et al., 2002).

Sampling

Water transparency was determined with a Secchi
disc (20 cm diameter). Temperature and con-
ductivity were determined in the middle of the
water body using a Hydrolab multiprobe (Hy-
drolab Inc., USA). Geographical positioning and
altitude measurement was done using a Garmin
Global Positioning System (Garmin International
Inc.).
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Figure 1. Map of Kenya with indication of sampling sites.
Numbers refer to sample sites in Table 1.

Qualitative zooplankton samples were collected
using a conical tow-net (25 cm diameter, 150 ym
mesh), combining vertical hauls with horizontal
hauls, and taking care to include zones with mac-
rophytes and littoral vegetation. Samples were
washed in the net and fixed in 100% ethanol.
Offshore surface sediments were sampled from a
boat using a weighted Wildco Fieldmaster® hori-
zontal water sampler to ensure that only the top-
most layer of flocculent mud was taken. In small
ponds or very shallow water bodies, sediment was
collected manually (~500 ml). These samples were
stored without fixation.

In the laboratory, Daphnia in the zooplank-
ton samples were identified using a compound
microscope with reference to Kofinek (1999),
and counted until 300 Daphnia had been pro-
cessed; otherwise the whole sample was analy-
sed. Subsamples of surface sediment were washed
through a 250 yum mesh metal sieve, and the
retained residue was scanned for Daphnia ep-
hippia in a counting tray at 20-50 magnifica-
tion. Ephippia were mainly identified using
ephippial females in zooplankton reference col-
lections.
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Results

Of the 41 water bodies sampled, 27 contained
Daphnia. Of these, 16 contained Daphnia in the live
zooplankton, while in 25 of them Daphnia was
found in the dormant egg bank (Table 1). In the
active community only four species were found
(Daphnia barbata Weltner, Daphnia laevis Birge,
Daphnia pulex Leydig and a new undescribed
species of the subgenus Ctenodaphnia, Daphnia sp.
nov. type Limuru) while nine species were found in
the sediment samples (Daphnia barbata, Daphnia
curvirostris Eylman, Daphnia longispina s.I. O.F.
Muller, Daphnia laevis, Daphnia lumholtzi Sars,
Daphnia magna Straus, Daphnia pulex, Daphnia cf.
similis Claus and Daphnia sp. nov. type Limuru).
In addition Daphnia dolichocephala Sars was found
in sediment samples from Mt Kenya. The average
species richness was 1.6 species per lake that con-
tained Daphnia. Four or more species were found
in the recent sediment of three lakes (five in Lake
Ol Bolossat and four in Lake Naivasha and Lake
Limuru2) (Table 1). In many water bodies very
few individuals were found however, in the active
as well as in the dormant community. Those water
bodies were mostly dominated by small cladocer-
ans (Moina, Ceriodaphnia, Diaphanosoma) and
small calanoid copepods.

Morphology of ephippia

In order to use an identification key based on ep-
hippium morphology, a preliminary introduction
to morphological characteristics of ephippia and
features diagnostic for the different subgenerea is
useful. Figure 2 shows the ultrastructural charac-
teristics of ephippia and diagnostic features needed
for identification. Depending on the species and
subgenus some characteristics are absent or pres-
ent on the ephippium.

Ephippia of species belonging to the subgenus
Ctenodaphnia (except for species formerly belong-
ing to the genus Daphniopsis, Hebert, 1995) are
characterised by a pair of anterior appendages, each
with a row of spines, which are derived from the
dorsocephalic suture between the head shield and
the carapace (Fig. 2). In most species (subgenera
Hyalodaphnia, Daphnia and some Ctenodaphnia)
the ephippial capsule reaches the ventral edge of the
carapace, at the base of the terminal spine. In other
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dorsal ridge with or without spinules

L

anterior appendages

I ventral side
egg chamber

terminal spine
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distance between egg chambers
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ventral fla

Figure 2. Morphological descriptors of ephippia.

Ctenodaphnia species (e.g., D. lumholtzi, D. magna,
D. similis) the ephippial capsule does not reach the
edge of the maternal carapace; in these cases the
terminal spine of the carapace is connected to the
ephippium by a narrow posterior bridge (Fig. 2a),
oris not connected at all (e.g., D. lumholtzi). In a few
species (e.g., D. magna) the sclerotised ventro-pos-
terior margin of the maternal carapace is retained
after shedding of the ephippium, forming the ven-
tro-posterior appendages (Fig. 2a).In some species
the two valves of the ephippium are always open at
the ventral side, forming two ventral flaps standing
outward, showing the internal cuticula surrounding
the embryos (e.g., D. barbata). In these species the
ephippium reaches the ventral margin of the
maternal carapace (Fig. 2b). In Ctenodaphnia the
two egg chambers are positioned obliquely relative
to the dorsal margin, sometimes almost horizon-
tally. Spinules are always present on the dorsal ridge
(except for species formerly belonging to the genus
Daphniopsis, Hebert, 1995) and are mostly large. At

least six Ctenodaphnia species are present in equa-
torial East Africa: D. barbata, D. dolichocephala, D.
lumholtzi, D. magna, D. cf. similis and Daphnia sp.
nov. type Limuru).

Representatives of the subgenus Hyalodaphnia
mostly have a smooth dorsal ridge. The egg
chambers are positioned more or less perpendicu-
larly to the dorsal ridge, but can be tilted a little
towards the anterior side as well as the posterior
side. The anterio-ventral corner is often bulging
out a little beyond the dorsal ridge (Fig. 2d). No
appendages are present. The terminal spine is of-
ten very long, but breaks off easily. At least three
species are present: D. curvirostris, D. longispina
s.l. and D. laevis.

Members of the subgenus Daphnia s.s, mostly
have a dorsal ridge with relatively small but
numerous spinules. A few species have, however, a
smooth dorsal ridge (Hebert, 1995). The egg
chambers are positioned more or less perpendicu-
larly to the dorsal ridge. The anterior side is mostly



straight, in some species bulging out like in many
Hyalodaphnia. Only two species of this subgenus

have been found in East Africa: D. obtusa Kurz (b)
and D. pulex.

Identification key to the ephippia of Daphnia
species found in Kenya
2 (a)
1 (a) Ephippium with anterior appendages, how- (b)
ever often broken off in damaged specimens.
Egg chambers positioned obliquelyrelative
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to the dorsal ridge. Dorsal ridge with (large)
spinules — 6 (Ctenodaphnia)

Ephippium without anterior appendages.
Egg chambers positioned more or less per-
pendicular to the dorsal ridge. Dorsal ridge
with or without spinules. If present, relatively
small. — 2

Dorsal ridge with spinules — 3

Dorsal ridge smooth, without spinules; L/H
ratio >1.4 (1.3). Posterior end of ephippium
body strongly tapered. The anterior end ften

o

<
P

——

500 pym

q

Figure 3. Schematic drawings of ephippia of Daphnia species found in Kenya. In brackets the locality from which the individuals
originate that were used for the drawings. a, b: D. pulex (Lake Naivasha, Kenya); c: D. obtusa (Lake Limuru2, Kenya); d: D. longispina
s.l. (Lake Naivasha, Kenya); e: D. laevis (Lake Naivasha, Kenya); f—i: D. curvirostris, different morphs. Only morph f found so far in
Kenya (Lake Naivasha) (g-i: Czech republic, collection A. Petrusek); j: Daphnia sp. nov. (Limuru, Kenya); k: D.dolichocephala
(Bandasa Lake, Mt Kenya); I: D. barbata (Lake Naivasha, Kenya); m: D. magna (Lake Naivasha, Kenya); n, o: D. similis, different
morphs (n: Jordan, collection Prof H. Dumont; o: Germany, collection A. Petrusek); p: D. lumholtzi, dorsal view (Lake Naivasha,

Kenya); q: D. lumholtzi (Lake Naivasha, Kenya).
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Figure 4. Photographs of ephippia of Daphnia species found in Kenya. a: D. pu/ex(Lake Naivasha, Kenya); b: D. obtusa (Lake
Limuru2, Kenya); c: D. longispina s.1. (Amboseli swamps, Kenya); d: D. barbata (Lake Naivasha, Kenya); e: D. curvirostris (Lake
Naivasha, Kenya); f: D. sp. nov. (Limuru, Kenya); g: D. laevis (Lake Naivasha, Kenya); h: D. lumholtzi (Lake Naivasha, Kenya); i: D.
magna (Lake Naivasha, Kenya); j: D. dolichocephala (Lake Bandasa, Mt Kenya), internal cuticle; k: D. dolichocephala (Bandasa Lake,

Mt Kenya); I: D. ¢f. similis (Kassala, Sudan, collection H. Dumont).

bulges out a little. — D. longispina s.I. (Figs.
3d and 4c).
3 (a) Largest spinules very small, often only visi- 4 (a)
ble microscopically (~1-5 um). Ephippium
hardly tapered towards posterior end (ter-
minal spine). — 4 (b)
(b) Largest spinules clearly visible at low mag-
nifications (>5 um), very numerous. Ante-

rior side never bulging out clearly.
Ephippium always tapered — 5

Anterior side clearly bulging out. Dorsal
ridge highest towards posterior end. —
D. laevis (Figs. 3e and 4g)

Anterior margin never bulging out
clearly, perpendicular to dorsal ridge or
slightly oblique. Dorsal ridge not higher



5 (a)

(b)

6 (a)

(b)

7 (a)

(b)

8 (a)

(b)

posteriorly. — D. curvirostris (Figs. 3f and
4e)

L/H ratio 1.4-2.1, mostly >1.5. Dorsal mar-
gin only slightly convex or straight. Very
variable in shape and size (0.6-1.7 mm).
Dorsal ridge in large ephippia sometimes well
extended anteriorly beyond rest of ephippium,
making the anterior margin sigmoidal
(Fig. 2b). = D. pulex (Figs. 3a, b and 4a)
L/Hratio <1.4. Rather small. Dorsal margin
often a little convex, with a twist above the
posterior egg chamber. Tapering of posterior
end less pronounced than in D. pulex (com-
pare Fig. 3band ¢), and terminal spine always
very short. — D. obtusa (Figs. 3c and 4b)
Ephippium with small protuberances on
both sides of each egg chamber (Fig. 3p).
Ephippium without terminal spine; Anterior
appendages short (~/4 of total length of
ephippium) and curved downwards. Margin
of posterior side elongated and sigmoidal;
margin of anterior side sigmoidal; ventral
margin rounded. Very few (25-50) but large
(20-35 pum) spinules on dorsal ridge. L/H
ratio 1.8-2.4. — D. lumholtzi (Figs. 3p, q
and 4h)

No bumps on lateral side of egg chambers.
Anterior appendages longer than 1/4 of to-
tal length of ephippium. — 7

Ephippium with posterior bridge and ter-
minal spine not directly connected to the
ephippium (Fig. 2a). Posterior appendages
present or absent — §

No posterior bridge or posterior appendages
present. Terminal spine directly connected
to the ephippium (Fig. 2b). Ephippium
elongated, anterior side tapered, posterior
side with a lobe — 9

Posterior appendages present. Very large,
1.0-1.7 mm. Rectangular shape, but greatest
height nearly always at anterior end. L/H
ratio 1.6-2.0. Dorsal ridge straight or slightly
convex, very densely spined (>80 spinules per
row). = D. magna (Figs. 3m and 41)
Ephippium without posterior appendages,
always broken off at the base of the terminal
spine near the bridge. Large to very large
(0.9-1.5 mm). Greatest height mostly in the
middle or near the posterior end of the ep-

9 (a)

(b)

269

hippium. L/H ratio (1.9) 2-2.4. Dorsal mar-
gin with large spinules, <80 per row.
Anterior side sigmoidal, posterior side elon-
gated sigmoidal. ventral side clearly roun-
ded, ephippium not with rectangular shape,
the top of the anterior side is often detached
from the dorsal margin (Fig. 30) — D. similis
(Figs. 3n, o and 41)

Dorsal side of inner cuticle surrounding
embryos convex and without depression
between eggs, ventral side more or less
straight (Fig. 4j). Dorsal ridge of ephippium
clearly curved and convex. Large spines on
dorsal margin, <60 per row. Large ventral
flaps present (20-35% of total heigth). ven-
tro-anterior margin well defined (compare
with D. barbata); L/H ratio 2.2-2.7 — D.
dolichocephala (Figs. 3k and 4j, k) (in some
cases D. barbata has a straight or slightly
convex dorsal margin, without depression;
check ventro-anterior margin and size of
ventral flaps).

Dorsal margin undulated due to depression
between egg chambers, sometimes only very
slightly, in rare cases straight or slightly
convex. Inner cuticle surrounding embryos
with strong depression between eggs
(Fig. 4f) > 10

10 (a) Dorsal margin with very large (40—-60 pum)

but relatively few spines (20-60 per row).
Ventro-anterior margin ill defined beyond
the anteriormost egg chamber, very thin
and translucent, often damaged (Figs. 31
and 4d). Ratio L/H 2-2.4. Ratio L/(total
length of egg chambers) 1.5-2. Ventral
flaps not so large, max. 25% of total height
(mostly <15-20%). total length of ephip-
pium 0.6-1.1 mm — D. banbafa (Fig. 31)
(b) Dorsal margin with 50-80 spines per
row, mostly smaller than those of D. bar-
bata (30-50 pum). ventro-anterior margin
clearly defined, not thinner than other
parts of ephippium (Fig. 4f). Anterior side
elongated sigmoidal. Ratio L/H 2.4-2.7.
Ratio L/(total length of egg chambers) 2—
2.7. Ventral flaps very large, easily 30% of
total heigth and often standing outwards
(Fig. 4f). total size 1-1.6 (1.8) mm. —
D. nr. gibba (Figs. 3j and 4f)
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Discussion
Taxonomic considerations

Due to the recent accumulated knowledge of ge-
netic relationships within the genus Daphnia, the
taxonomy of this genus is not fully stabilised. One
is often dealing with groups of sibling species,
without consideration of the relationships with
members of the type population. This is the case
for many species considered in this paper, like
D. obtusa, which is thought to consist of more than
12 sibling species worldwide (Hebert & Finston,
1996; Adamowicz et al., 2004; A. Petrusek, per-
sonal communication; V. Korinek, perssonal
communication). Unless mentioned otherwise,
identification in the key is solely based on Kenyan
populations. Identification of Daphnia obtusa in
this paper was based on Belgian populations be-
cause only one ephippium from Kenya was found,
and no African populations were available.
Daphnia laevis equally consists of more than four
sibling species (Taylor et al., 1996; Adamowicz
et al.,, 2004) while the African D. laevis is mor-
phologically and genetically distinctive from
American siblings (J. Mergeay, unpublished re-
sults). Daphnia lumholtzi also consists of a complex
of at least two but probably four sibling species
(Havel et al., 2000; Korinek, personal communi-
cation). Equally, Daphnia pulex consists of genet-
ically very distinct sibling species (Colbourne et al.,
1998), while D. similis is made up of at least three
and probably five sibling species (A. Petrusek,
personal communication). Identification of ephip-
pia of D. similis was based on ephippia from Jor-
dan (collection H. Dumont) and Germany
(collection A. Petrusek). Regarding the species
group of D. hyalina, D. galeata, D. longispina and
D. rosea, which were all previously recorded in
East-Africa (Lowndes, 1936; Green, 1995; Sch-
wenk et al.,, 2000), a lot of confusion exists
regarding the exact identity of these species (e.g.
Schwenk et al., 2000). They are therefore recorded
here as D. longispina s.1.

Given the uncertain taxonomic status of the
sibling species mentioned above, we must stress
that many of the species considered are in fact
different from the sibling species from the type
locality, or have an uncertain taxonomic rela-
tionship with specimens from the type locality.

The presence of Daphnia in the active vs. dormant
community

More than twice as many species were found in
the dormant community compared to the active
community. This is consistent with other studies
that assessed both the active and the dormant
community (May, 1986; Havel et al., 2000; Van-
dekerkhove et al., submitted), confirming that
species are easily overlooked when only the active
community is sampled. Identification of dormant
specimens is possible by hatching them and cul-
turing them until the active specimens can be
identified (Vandekerkhove et al., submitted), but
this approach is time-consuming and elaborate.
Identification of ephippia based on morphology,
on the other hand, is fast and can also be prac-
ticed on damaged or unviable ephippia (Van-
dekerkhove et al., submitted). In case of doubt,
hatching and identification of adults can still be
done. Moreover, modern genetic techniques allow
accurate species assignments based on minute
amounts of DNA, and can be used to confirm
morphological identifications (e.g., Duffy et al.,
2000).

In all but one of the studied water bodies in
which Daphnia was found in the active commu-
nity, the same species were also found in the dor-
mant community. This indicates that sexual
reproduction readily occurs in equatorial East
Africa and that the dormant community actually
represents the species found in the active commu-
nity. In a few situations, however, sexual repro-
duction is very rare; in Lake Victoria, e.g.,
ephippia of Daphnia are rarely found in the sedi-
ment (D. Verschuren, personal observation), yet at
least three species are present (Jonna & Lehman,
2002). This is probably due to the state of ‘endless
summer’ which prevails in such stable tropical
lakes that are hardly influenced by seasonal
changes (Kilham & Kilham, 1990; Lehman, 1996).
It is therefore advised to sample both the dormant
and the active community.

In many of the studied water bodies, Daphnia
were very scarce, in the active as well as in the
dormant community, with only a few individuals
per sample. On the other hand, Daphnia was found
in a high number of water bodies (~70%). A few
lakes had four or more species of Daphnia. The
sediment record of Lake Naivasha even shows that



at least eight species have been present in Lake
Naivasha since 1900 AD (Mergeay et al., submit-
ted), indicating that dispersal is probably not the
most important limitation. Most water bodies
studied in which Daphnia were present, however,
contained only 1-2 species.

Geographic distribution of Daphnia species and
ecological considerations

Three species of Daphnia are considered typical for
tropical African lowlands: D. barbata, D. laevis
and D. lumholtzi, D. laevis and D. barbata are both
widespread in sub-Saharan Africa but are absent
from the central African tropical rainforests (Du-
mont, 1979; Green & Kling, 1988; Green, 1990;
Egborge et al., 1994, Hart, 1999, 2001;). D. barbata
is also found in the Nile system and a few North
African water bodies (Dumont, 1979). D. barbata
is ubiquitous in turbid and productive water
bodies, with conductivities ranging from <100 uS
cm™! to at least 5000 xS cm™' (Mergeay et al., in
preparation). D. laevis is typically found in rela-
tively clear water bodies, but can also occur in
more turbid systems (Secchi depth 0.4 m). Con-
ductivity tolerance of D. laevis is probably less
than 1000 uS cm™". D. lumholtzi is typically found
in large lakes (Victoria, Albert, Edward, Naivasha,
Tchad & Green, 1967; Dumont, 1979) in tropical
Africa. It is common throughout the Nile basin
(Sudan, Egypt), being found in ponds as well as in
rivers (Dumont, 1979; Elhigzi et al., 1995). It is
further distributed in Australia, South-Asia and
Eastern Europe (Dumont, 1979), and was recently
introduced in North America (Havel & Hebert,
1993). The Australian populations are however
genetically significantly different from Asian and
African populations (Havel et al., 2000). D. lum-
holtzi can withstand relatively high turbidity levels
(Work & Gophen, 1999), but probably not as high
as the levels D. barbata can tolerate. Just like D.
barbata it can grow at temperatures up to 30 °C
(Work & Gophen, 1999). D. dolichocephala is a
rare and poorly known species. Up to now it has,
in tropical Africa, only been found in water bodies
on Mt. Kenya (Loffler, 1968). In the same water
bodies, we found ephippia most probably
belonging to this species. It is further found in
southern Africa (Sars, 1895; Green, 1995), and is
probably endemic to Africa. The relations between
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the different populations on the African continent
(Kenyan vs. South-African) are however uncertain
(V. Korinek, personal communication). D. magna
is a typical temperate species that has a mainly
Holarctic distribution (Hebert, 1995), but is also
present in numerous North African temporary
water bodies (Dumont, 1979). It is rather rare in
East Africa but is yet found in a variety of habi-
tats, ranging from alpine lakes on Mt. Kilimanjaro
(Loffler, 1968) to large (eutrophic) lakes (Lake
Naivasha, Lake Victoria, Lake Ol Bolossat) and
eutrophic ponds with sewage waste water in Nai-
robi (B. Riddoch, personal communication).
D. magna can be expected to be found more in
southern Africa as well, as suggested by its pres-
ence in Botswana (B. Riddoch, personal commu-
nication). Competition with other species better
adapted to high temperatures and high turbidity
levels may however limit its distribution. D. cf.
similis was found only once in Lake Oloidien in the
1990s as a single ephippium (D. Verschuren, per-
sonal observation). Its range in tropical Africa is
poorly known. It is, however, common in the
hydrological basin of the Sahara and Sahel, but is
less resistant to high salinity levels than D. magna
(Dumont, 1979). D. pulex is a nearly cosmopolitan
species, but consists in fact of a species complex of
which the internal boundaries are not yet com-
pletely known (Colbourne et al., 1998). It is
uncommon in tropical Africa, occurring from
900 m a.s.l. (Lake Baringo) up to more than
3000 m (Green, 1995). Its range in Africa is not
completely known, but its common occurrence in
southern Africa (Green, 1995; Hart, 2001) and
Zimbabwe (Green, 1990) suggests it may be
widespread in permanent water bodies in sub-
tropical regions and at higher latitudes and alti-
tudes. D. pulex is found at conductivities up to
10001500 xS cm™" and also withstands relatively
high turbidity levels, given its common presence in
Lake Naivasha today (Secchi depth ca. 25 cm in
January 2003). It was also present at low densities
in a sediment sample from Lake Baringo in 2001,
but it was absent in sediment samples taken in
2003. The current turbidity and conductivity levels
in Lake Baringo (Secchi depth <5 cm; conduc-
tivity 1500-2000 xS cm™') may have caused the
extinction of this species. D. curvirostris is a typical
temperate species. In this study it was only found
in two high-altitude clear lakes. It was present in
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Lake Naivasha, however, at least between 1940
and 1955 (Mergeay et al., submitted). Apart from
East Africa (Green, 1965, 1995) it has a mainly
Holarctic distribution, occurring throughout Eur-
asia as well as northwestern Canada (Duffy et al.,
2000). In tropical Africa it seems restricted to high
altitudes (1800—4000 m; Green, 1995).

Direct and indirect effects of temperature are
probably key factors limiting the distribution of
D. curvirostris in the tropics. In our samples only one
morphotype of D. curvirostris was found (Fig. 3f).
There are, however, several very different morphs,
more resembling D. obtusa, occurring in Europe.
They might be found in Africa as well, and are
represented in Figs 3g and h. D. obtusa was found
only once during this study at an altitude of approx.
2300 m, but was previously recorded on Mt. Kenya
and in the Ruwenzori mountain range (Uganda) at
high altitudes (Loffler, 1968). Other members of this
species complex are found in the Holarctic, South-
ern African and South-America. D. longispina s.1.
was found only once in this study, in a relatively cool
(20 °C) water body with abundant submerged and
emergent vegetation, but only in the resting egg
bank (Table 1). It was, however previously found in
the sediment record of Lake Naivasha (Mergeay et
al., submitted), as well as in a high altitude lake in
the Ruwenzori range (J. Mergeay, personal ob-
servation.). It has further been found in a number of
large East African lakes (Lake Victoria, Lake Ed-
ward and Lake Chad, and in Lake Tana, Ethiopia as
D. hyalina; Green, 1965, 1995; Dumont, 1979;
Schwenk et al., 2000; Jonna & Lehman, 2002).
Daphnia sp. nov. type Limuru is a new species of
Ctenodaphnia (V. Kofinek, personal communica-
tion). It was found in four water bodies in the active
as well as the dormant community, at altitudes
above 2200 m a.s.l. Additionally there are two iso-
lated historical records of its presence in Lake Nai-
vasha (~1900 m a.s.l.) (Mergeay et al., submitted).
Except for one case, the water bodies in which this
species was found were very turbid. In conclusion,
the Daphnia fauna of Equatorial East Africa
apparently is ¢ mixture of typical African species
(D. laevis, D. barbata, D. lumholtzi, D. dolichocep-
hala, D. sp. nov. type Limuru), nearly cosmopolitan
species (D. pulex) and Holarctic/Palearctic species
that are restricted in the tropics to cold refugia at
higher altitudes (D. curvirostris, D. obtusa species
complex, D. longispina s.l., D. magna).

Acknowledgements

This study was carried out with permission of the
Permanent Secretary of the Ministry of Education,
Science and Technology of Kenya under research
permit 13/001/11C to D.V., and funded by the
Katholieke Universiteit Leuven (project OT/00/14)
and the Fund for Scientific Research — Flanders,
Belgium (project G0086.00). The authors would
like to thank Kenneth Mavuti (University of
Nairobi, Kenya), William Shivoga (Egerton Uni-
versity, Kenya), Sarah Higgins (Kijabe Ltd., Nai-
vasha), the Lake Naivasha Riparian Association,
the people at Kampi Ya Samaki (Baringo) and the
Lake Naivasha Yacht Club for logistic support,
Hilde Eggermont and Katrien De Maeyer for
assistance in the field, Philip Barker (Lancaster
University, UK) for sediment samples from four
lakes on Mt. Kenya, Adam Petrusek (University
of Prague, Czech Republic) for help with ephippial
morphology, Prof Vladimir Kofinek (University of
Prague, Czech Republic) for help with identifica-
tions and for useful comments and corrections as a
reviewer of the manuscript, and Prof Henri Du-
mont for access to his collection of African zoo-
plankton samples. An anonymous reviewer
provided useful comments on the manuscript. We
are indebted to the Kenyan Wildlife Service for
sampling permission in the National parks. J.M. is
supported by a PhD fellowship from the Institute
for the Promotion and Innovation of Science and
Technology in Flanders, Belgium (IWT); D.V. is
post-doctoral fellow with the Fund for Scientific
Research (FWO) — Flanders, Belgium.

References

Adamowicz, S. J., P. D. N. Hebert & M. C. Marinone, 2004.
Species diversity and endemism in the Daphnia of Argentina:
a genetic investigation, Zoological Journal of the Linnean
Society 140: 171-205.

Caceres, C. E., 1998. Interspecific variation in the abundance,
production, and emergence of Daphnia diapausing eggs,
Ecology 79: 1699-1710.

Carvalho, G. R. & R. N. Hughes, 1983. The effect of food
availability, female culture-density and photoperiod on ep-
hippia production in Daphnia magna Straus (Crustacea,
Cladocera), Freshwater Biology 13: 37-46.

Claska, M. E. & J. J. Gilbert, 1998. The effect of temperature
on the response of Daphnia to toxic cyanobacteria, Fresh-
water Biology 39: 221-232.



Colbourne, J. K., T. J. Crease, L. J. Weider, P.D.N. Hebert, F.
Dufresne & A. Hoback, 1998. Phylogenetics and evolution
of a circumarctic species complex (Cladocera: Daphnia pu-
lex). Biological journal of the Linnean Society 65: 347-365.

Crispim, M. C. & T. Watanabe, 2001. What can dry reservoir
sediments in a semi-arid region in Brazil tell us about
Cladocera? Hydrobiologia 442: 101-105.

Dufty, M. A., L. J. Perry, C. M. Kearns, L J. Weider & N. G.
Hairston, 2000. Paleogenetic evidence for a past invasion of
Onondaga Lake, New York, by exotic Daphnia cutvirostris
using mtDNA from dormant eggs. Limnology and Ocean-
ography 45: 1409-1414.

Dufresne, F. & P. D. N. Hebert, 1994. Hybridization and ori-
gins of polyploidy. Proceedings of the Royal Society of
London Series B — Biological Sciences 258: 141-146.

Dumont, H. J., 1979. Limnologie van Sahara en Sahel: bijdrage
tot een beter begrip van de klimaatsveranderingen van het
Laat-Pleistoceen en Holoceen. Thesis, University of Ghent.

Dumont, H. J., 1994. On the diversity of the Cladocera in the
tropics. Hydrobiologia 272: 27-38.

Egborge, A. B. M., C. C. Onwudinjo & P. C. Chigbu, 1994.
Cladocera of coastal rivers of western Nigeria. Hydrobio-
logia 272: 39-46.

Elhigzi, F. A. R., S. A. Haider & P. Larsson, 1995. Interac-
tions between Nile tilapia (Oreochromis niloticus) and cla-
docerans in ponds (Khartoum, Sudan), Hydrobiologia 307:
263-272.

Fernando, C. H., J. C. Paggi & R. Rajpaksa, 1987. Daphnia in
tropical lowlands. In Peters, R. H. & R. De Bernardi (eds),
Daphnia, 45. Memorie dell’Instituto Italiano di Idrobiologia,
Verbania: 107-141.

Flossner, D., 1972. Kiemenund Blatfusser, Branchiopoda; Fis-
chlause, Branchiura. Die Tierwelt Deutschlands 60: 1-501.
Green, J., 1967. The distribution and variation of Daphnia lum-
holtzi (Crustacea: Cladocera) in relation to fish predation in
Lake Albert, East Africa, Journal of Zoology 151: 181-197.

Green, J., 1971. Associations of Cladocera in the zooplankton
of the lake sources of the White Nile, Journal of Zoology
165: 373-414.

Green, J., S. A. Corbet & E. Betney, 1974. Ecological studies on
crater lakes in West-Cameroon — Debundsha Lake. Journal
of Zoology 173: 199-223.

Green, J. & G. W. Kling, 1988. The Genus Daphnia in Cam-
eroon, West-Africa, Hydrobiologia 160: 257-261.

Green, J., 1990. Zooplankton Associations in Zimbabwe.
Journal of Zoology 222: 259-283.

Green, J., 1995. Altitudinal distribution of tropical planktonic
cladocera. Hydrobiologia 307: 75-84.

Hann, B. J., P. R. Leavitt & P. S. S. Chang, 1994. Cladocera
community response to experimental eutrophication in
Lake-227 as recorded in laminated sediments, Canadian
Journal of Fisheries and Aquatic Sciences 51: 2312-2321.

Hart, R. C., 1999. On the limnology of Spioenkop, a turbid
reservoir on the upper Thukela river, with particular refer-
ence to the structure and dynamics of its plankton commu-
nity, Water SA 25: 519-528.

Hart, R. C., 2001. A baseline limnological study of Wagendrift
Dam (Thukela Basin, Kwazulu-Natal). Water Sa 27: 507—
516.

273

Havel, J. E., E. M. Eisenbacher & A. A. Black, 2000. Diversity
of crustacean zooplankton in riparian wetlands: colonization
and egg banks. Aq. Ecol. 34: 63-76. 2000.

Havel, J. E. & P. D. N. Hebert, 1993 Daphnia lumholtzi in
North America — another exotic zooplankter. Limnology
and Oceanography 38: 823-1827.

Hebert, P. D. N., 1978. Population biology of Daphnia (Crus-
tacea, Daphnidae) Biological Reviews of the Cambridge
Philosophical Society 53 : 387-426.

Hebert, P. D. N., 1995. The Daphnia of North America: an
illustrated fauna (on CD-rom).

Hebert, P. D. N. & T. L. Finston, 1996. Genetic differentiation
in Daphnia obtuse: a continental perspective, Freshwater
Biology 35: 311-321.

Jonna, R. & J. T. Lehman, 2002. Invasion of Lake Victoria by
the large bodied herbivorous cladoceran Daphnia magna. In
Odada, E. O. & D. O. Olago (eds), The East African Great
Lakes: Limnology, Palacolimnology and Biodiversity. Klu-
wer Academic Publishers, Dordrecht: 321-333.

Kerfoot, W. C., J. A. Robbins & L. J. Weider, 1999. A new
experimental approach to historical reconstruction: com-
bining descriptive and experimental paleolimnology. Lim-
nology and Oceanography 44: 1232-1247.

Kiai, W., W. Mwangi & E. Bosire, 2002. The impact of HIV/
AIDS on the land issue in Kenya. Nairobi, Kenya, Forest
Action Network.

Kilham, P. & S. S. Kilham, 1990. Endless summer — internal
loading processes dominate nutrient cycling in tropical lakes,
Freshwater Biology 23: 379-389.

Kirk, K. L., 1991. Suspended clay reduces Daphnia feeding
rate — behavioral mechanisms, Freshwater Biology 25: 357—
365.

Kitchell, J. A. & J. F. Kitchell, 1980. Size-selective predation,
light transmission, and oxygen stratification — evidence from
the recent sediments of manipulated lakes. Limnology and
Oceanography 25: 389-402.

Kofinek, V., 1999. A Guide to the Limnetic Cladocera in
African Inland Lakes (Crustacea, Branchiopoda), Science
Publishers, Stuttgart, Germany.

Leavitt, P. R., S. R. Carpenter & J. F. Kitchell, 1989. Whole-
lake experiments — the annual record of fossil pigments and
zooplankton. Limnology and Oceanography 34: 700-717.

Lehman, J. T., 1996. Pelagic food webs of the East African
Great Lakes. In Johnson, T. C. & E. O. Odada (eds), The
Limnology, Climatology and Paleoclimatology of the East
African Lakes. Gordon and Breach, Toronto: 281-301.

Lennon, J. T., V. H. Smith & K. Williams, 2001. Influence of
temperature on exotic Daphnia lumholtzi and implications
for invasion success. Journal of Plankton Research 23: 425—
434,

Loffler, H., 1968. Die Crustaceenfauna der Binnengewasser
Ostafrikanischer Hochberge. Hochgebirgsforschung 1: 107—
170.

Lowndes, M. A. F. L. S., 1936. Scientific results of the Cam-
bridge Expedition to the East African Lakes 1930-1. N°. 16.
The smaller Crustacea, Linnean Journal of Zoology XL:
1-33.

May, L, 1986. Rotifer sampling — a complete species list from
one visit. Hydrobiologia 134: 117-120.



274

Moore, M. V., C. L. Folt & R. S. Stemberger, 1996. Conse-
quences of elevated temperatures for zooplankton assem-
blages in temperate lakes. Archiv Fur Hydrobiologie 135:
289-319.

Sars, G. O., 1895. On some South African Entomostraca raised
from dried mud., Videnskabs-Selskabets Skrifter. 1., Mathe-
matisk-naturv. Klasse No. 8.

Schwenk, K., D. Posada & P. D. N. Hebert, 2000. Molecular
systematics of European Hyalodaphnia: the role of contem-
porary hybridization in ancient species. Proceedings of the
Royal Society of London, Series B 267: 1833-1842.

Spaak, P., 1997. Hybridization in the Daphnia galeata com-
plex: are hybrids locally produced? Hydrobiologia 360:
127-133.

Taylor, D. J. & P. D. N. Hebert, 1993. Habitat-dependent hy-
brid parentage and differential introgression between
neighboringly sympatric Daphnia species. Proceedings of the

National Academy of Sciences of the United States of
America 90: 7079-7083.

Taylor, D. J., P. D. N. Hebert & J. K. Colbourne, 1996.
Phylogenetics and evolution of the Daphnia longispina
group (Crustacea) based on 12s rdna sequence and allo-
zyme variation, Molecular Phylogenetics and Evolution 5:
495-510.

Verschuren, D. & L. F. Marnell, 1997. Fossil zooplankton and
the historical status of westslope cutthroat trout in a head-
water lake of Glacier National Park, Montana, Transactions
of the American Fisheries Society 126: 21-34.

Work, K. A. & M. Gophen, 1999. Factors which affect the
abundance of an invasive cladoceran, Daphnia Lumholtzi, in
US reservoirs. Freshwater Biology 42: 1-10.

Zaffagnini, F., 1987. Reproduction in Daphnia. In Peters, R. H.
& R. De Bernard (eds), Daphnia, 45. Memorie dell’lnstituto
Italiano di Idrobiologia, Verbania: 245-284.



