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INTRODUCTION

Lacustrine records are one of the main data sourc-
es in the reconstruction attempts of continental se-
quences, especially in the Quaternary.

Changes in lacustrine environment that result
from changes in the evaporation-precipitation ratio -

i.e. climate include fluctuations in lake-level and
salinity. Most sensitive in this respect are closed
basin lakes, which lack surface outlets. Their tendency
to f luctuate both in depth and areal ly is often
c lear ly  apparent  f rom abandoned shore l ines
and/or abrupt changes of facies in sedimentary sec-
tions.

Ostracods are potential sources of information use-
ful for the reconstruction of the past history of lakes.

The scope of the work is to evaluate if also the
Ostracoda can contribute to reconstruct the history of
the Ziway-Shala basin.

The present study is undertaken in a basin where
climate-caused lake-level fluctuations are known to
have occurred especially in the latest part of the Qua-
ternary.

The change in ostracod assemblages with time (con-
trolled by ^ chronologic framework of 'aC datings es-
pecially in the Holocene) is evaluated in terms of en-
vironmental variabiliry. The environmental variable
mostly considered was the saliniry level.

KEY V/ORDS - Ostracoda, Lacustrine, Paleoenuironments, Late Quaternary, Ethiopia.

ABSTRACT - Ostracods fo* a number of Late Quaternary 
'oC dated outcrop sections ant

haue been studied. Simple staiistical characterization ofialurr, ,iurted for each saiple, allowed t
been interpreted as mainly contolled by salinity changes.

Paleoicological euideice confirms sal;nlty fluttrations, caused by climatic changes, which oper
considered. In1ddition, the ,ttiltt are in gehiral agreement taith pieuious results of lahe-leuel chan

RIASSUNTO - [Ostracodi lacustri del Quaternario superiore del Bacino dello Ziway-Sh
- Sono stati studiati gli ostracodi da diuerse sezioni in ffioramento e dn un carotagio nei Press
campioni i stata ottenuta Per mezz,o del 'aC. La caratterlzzazione delle associazioni l-stuta ottenu
sul'numero di ualue t orott. Le diuerse associazioni cosi riconosciute sono state interpretate co
saliniti.

Le indicazioni pahoecologiche confermano dunque fluttuazioni di saliniti, cAusAte da can
mez,zo di diluizione- fulle acque, duraite I'interuallo di tempo in esame. I risuhati drl presente sta
dei cambiamenti di liuello dei kghi, ottenute usando diuersi metodi di ricerca.
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GEOLOGIC SETTING

The Main Ethiopian Rift (MER) is a symmetrical
graben (lat. 5" - 9"N; long. 37"30' - 40") bordered by
the Ethiopian Plateau to the west and Somdi Plateau
to the east. Its development has been differently inter-
preted: pure tension (Di Paola, 1972;'Woldegabriel et
al., 1990; Chorowirz et al., 1994); transtension (Boc-
caletti et al., 1992); oblique rifting (Bonini et a1.,1997).
It is geographically divided into three sectors, namely:
the southern, central and northern (Text-fig. 1). The
study area i.e. the Ziway-Shala Basin is located within
the central sector of the MER.

Followirg the development of the main escarp-
ments, volcanic activicy and strudural deformation of
the MER was confined to a zone of normal faulting,
51-15 km in width and arranged in en ichelon fashion
(Mohr, 1967; Di Paola, 1972; \W'oldegabriel et al.,
1990). This volcanotectonic oris is named the Wonji
Fault Belt N[FB) (Mohr, 1960).

In the central sector of the MER, the 
'WFB 

is right
laterally offset into four en dchelon rift-aris segments
(Text-fig. I c). From north to south these are the Ga-
demsa-East Ziway, the Ziway-Shala, the Shala-Cor-
betti and the Duguna-Abaya segments (Mohr et Al.,
1980; Voldegabriel et al., 1990; Le Turdu et al., 1999).
Caldera topped shield volcanoes occur at each \7FB
offset. From north to south these are the Alutu Caldera,
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16"N

the O'a Caldera (presently occupied by Lake Shala)
and the Corbetti Caldera (Mohr et al., 1980). \Wolde-

gabriel et al. (1990) suggest that the Alutu and O'a
(SU") calderas formed contemporaneously befo re 0.24
Ma and after 0.27 Ma.

Voluminous parasitic silicic volcanism continued
up to Holocene times from the Corbetti and Alutu
Calderas (Di Paola, 1972) as shown by numbers of
ash layers within the Late Pleistocene and Holocene
depos i ts  o f  the  Bu lbu la  p la in  and eas t  o f  Lake

Text-fig. I

Abiyata (Street , 1979). Intermittent late Holocene ac-
tivity of Alutu is demonstrated by obsidian flows
and pumice breccias dated at about 2 ka (Gianelli &
Teklimariam , 1993) and ash layers in the Macho
area, west of the volcano, which were deposited
short ly before |  .54 ka and short ly after 0.23 ka
(Haynes 6{ Haas, 1974).

The fluvio-lacustrine sediments are of significant
abundance and have been the subiect of detailed stud-
ies (Street, 1979; Sagri, 1995; Alessio et al., 1996; Le

A)  Loca t i on  o f  t he
Ethiopian Rift within
the East African Rift
Sys tem;  B )  Ma jo r
physiographic features
and the position of the
cen t ra l  pa r t  o f  t he
Ethiopian Rift; C) The
cen t ra l  pa r t  o f  t he
Ethiopian Rift and the
segments of the tVonji

Fau l t  B  e l t  ( \7F  B )
w i t h i n  i t  ( m o d i f i e d
from tVoldegabriel et
al.,  I  990).

Gademsa

* *

*

>F

*

* Plateau volcanoes

* 
Ritf volcanoes

,rr/,/ Segment of the
Wonji Fault Belt

C Lakes

,
I Major rift margin fault



LATE QUATERIVARY LACUSTRITVE OSTRACODA

Turdu et al, 1999; Benvenuti et al., 2002). Street
(1979), Le Tirrdu et al. (1999) and Benvenuti et al.
(2002) have undertaken an extensive stratigraphic and
geomorphologic study of these sediments identifyilg
a variery of lacustrine sediments (diatomites, clastic
sediments, carbonate muds, marls).

The sediments are quite extensively distributed in
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this part of the rift and have been recently mapped in
the Ziway-Shala lacustrine basin by Sagri (1995), who
has subdivided the fluvio-lacustrine succession into five
Late Quaternary facies (Text-fig. 2), and by Benvenu-
ti et al. (2002), who have established four major un-
conformiry-bounded units (i.e. synthems).

The oldest sediments are Late Pleistocene lake de-
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posits (Megalake deposits of Synthem I and 2) which
-,trt have 

-had 
a more extensive distribution than the

succeeding phases in the Holocene, and outcrop on
the east t[oie of Lake Shala, in the Bulbula River and
Deka Vede gorges and on the slopes of the Gademotta
Ridge (Benvenuti et al., 2002). Macrolake dep.osits
(Synthem 3), made up of lacustrine, fluvio-deltaic,
coiluvial, and volcanoclastic sediments, are Early-Mid-
dle Holocene in age, and rePresent the time when the
presen t-day lakes were united. For the Late Holocene
(Synth em' 4) instead, different facies are identified
around Ziway on the one hand and the more south-
ern lakes ott the other. The Late Holocene in the south-
ern lakes has further been divided into an older facies
where the three lakes would have been united and a
younger one where depggits have been formed around
the separated individual lakes until the present (Sagri,

1995; Benvenuti et al., 2002).
With one or two exceptions, the'Wonji Fault Belt

does not appear to have displaced Late Quate rlary
sediments (Street , 1979). Although major displace--
ments have occurred along the fault belt north-east of
Langano since the Middla Pleistocene, the Holocene
shorelines seem to be unaffected. The only areas where
Late Quate rnary sediments are demonstrably faulted
are *.st of Ziway, north-east of Lake Shala, and east
of Fikd (Street, 1979). Thus, according to this author
(Street , 1979), some confidence can be placed in Late

Quate rnary lake-level fluctuations as a basis for water-
balance calculations.

By correlating geomorphologic and - chronologic
data 

-from 
the eaitern coast of Lake Shala, Alessio et

al. (1996) and Benvenuti et al. (2002) conclude that
tectonic activities were important in the Late Quater-
nary. They therefore su,ggest, that. Jn:erpretations as-
sumrng a topographically stable rift floor during_ the
intervil considered should be taken with caution. Ben-
venuti et al. (2002) suggest that modifications of hy-
drological threshold, due to activiry 9{ structures PT-
allel ;d transversal to the MER, established new lake
boundaries berween terminal Pleistocene and early
Holocene, setting the marimum level of the Holocene
lake system at about 1670 m. a.s.l.

In the present day, the four lakes (Zyway, Langano,
Abiyata and Shala) form rwo disjunct llydrologic_ sIS-
tems because there is no connection berween Lake
Abiyata and the southernmost Lake Shala, due to a
faint topographic threshold. A lake level rise of only
13.8 m^oFAbiyata would unite these rwo systems
this occurred a number of times in the Late Quater-
nary history of the lakes (Street , 1979).

The remnant of the Gademotta Caldera, the Aluto
Volcano, the O'a Caldera in which Lake Shala has
formed, and the Corbetti Calder a ere prominent Phys-
iographic features that stand out from the aPParently
flai rift floor of the basin. Streams and rivers have cut
gullies and valleys, sometim-es quite deep, e.nabling the
exposure of Pleistocene and Holocene sediments.

The lakes are of tectonic or volcanotectonic origin

and the individual basins have their distinct charac-
teristics.

The present-day Lake Shala is about 28 km ^lory
and 15 lim wide with a maximum water depth of 266
m (Von Damm 6{ Edmond, 1984). It is the most
southern of the four lakes in the studied basin and
lying at an altitude of 1558 m is also the bwest. The
lakJoccupies not only the O'a Caldera which is ori-
ented pelpendicular to the \fFB but also a tectonic
depresiion immediately west of the Caldera belo_nging
to 

-the 
northern end of the Shala-Corbetti \fFB seg-

menr (Mohr et al., 1980). The general shape of the
depression occupied by Lake S-[ala has been further
-odifi.d by reglonal faulting (Tiercelin et al., 1997;
Le Turdu et al., 1999).

Lake Abiyata occupies a very flat depression, about
18 qkr.n long, characteriled to the east 9y +gel{y full:d
margln corresponding to the eastern flank of the NNE-
tr.trlitrg Katlb Horsi (Tiercelin et al., 1997; Le Tirrdu
et al., l99y which separates Lake Abiyata from Lake
Langano. To the north, a flat alluvial plain, oPenitg
towird the Bulbula Plain and the Lake Ziway Basin,
is characterized by the Preservat ion of beauti ful
abandoned shorelines created by lacustrine fluctuations
in the basin. The southern and western margins of the
basin, on the contrary, are essentially controlled by
volcanic relieves.

Lake Langano is formed in a largely fault-bounded
depression. Ii occupies an area of 230 krn2 (Grove. rr
al.^, 197 5) , being more extensive than the nearby
small Lake Abiyaia. The NNE fault trend controlling
the morphotecionic structure of th-e _Lan_gano basin is
directly related to the evolution of the Gademsa-East
Ziway-and Ziway-Shala \UFB segments (Tiercelin et
dl., iggl). The horthern end oF the Lake Langano
basin abuts the southern flank of Mt. Alutu, which
rises more than 600 m from the surrounding rift
floor. This major silicic volcano lies on the rim of the
much older and larger Gademotta caldera volcano
(Laury 6{ Albrittotl,-1975; Lloyd, 1977) and relates
to the offset berween the Gademsa-East Zrway and
Ziway-Shala segments of the \fFB (Mohr et dl.,
I  980).

Lake Ziway is the most northerly of th_e lakes in
the studied basin and lies at an altitude of 1636 m,
thus being also the highest. It is the most extensive of
the lak.t i"ith a surfaJ. "t.. of 434 km2 (Grove et al.,
I975), and lies in a shallow downfaulted basin. Sever-
al islands of varying size rise above lake level. Lake
level is maintained by a lava threshold just north of
Adamitulu (Street , 1979).

Around the north and west sides of the lake sever-
al lacustrine terraces are recognised. Laury 6( Albrit-
ton (197 5) have distinguished five terraces in these
sides of Lake Ziway. In ihe same area N\f of Ziway)
an outflow channel to the Awash basin has been re-
ported (Grove et al., 1975) t.4 hT Presumably acted
is the means of outflow from the basin during phases
of high lake-level.
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PRESENT DAY LAKES IN THE AREA

The four separate lakes, nowadays occupyi.g the
Galla Lakes basin in present d^y, lie at altitudes be-
tween 1558 (Shala) and 1636 (Ziway) meters above
sea level. The three northerly lakes (Ziway, Langano
and Abiyata) are rather shallow while Shala is 266 m
deep (Grove et al., 1975). Separate from this basin
but- located in the viciniry is Lake Awassa, which lies
south of Lake Shala.

Some basic limnological features of the lakes are
given in Thb. l.

The lakes are alkaline with pH ranging from 8.9
(Ziway) to 9.5 (Abiyata and Shala). Based on the clas-
sification of Beadle (198 l), Ziway and Langano fall into
the freshwater lakes group (K,n ,  40-6000 FS/cm)
whereas Abiyata and Shala are in th-e saline cate gory (K,n
>6000 ps/cm). Alternatively, based on other"sche-.'l
o f  c lass i f icat ion (e.g.  Gasse et  a l . ,  1987;  Societas
Internationalis Limnologiae, 1959; Thllitg S{ Thllitg,
1965) only Lake Ziway has fresh waters while Langano
and Awassa are oligohaline with Abiyata and Shala
fall ing in the mesohaline waters group. This latter
scheme will be retained as much as possible in this study.

A basic common feature of these and other East
African lakes is the dominance of sodium and bicar-
bonate (and carbonate) ions with Na > K > Ca > Mg.
Regards concentrations and ratios of the major ions
in Iake Ziway sodium makes up 50o/o of total cations.
Abiyata "ld Shala are rypical tod" lakes *i:\ h.igh
concentratlons of sodium, bicarbonate and chloride.
Although much more diluted, Langano resembles the
soda lakes as far as regards the major ionic ratios (Tu-
dorancea et al., 1989; Baumann et al., L975). The
latter interpreted this similariry as evidence of a com-
mon underground saline water source.
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Mean particle size ranges from coarse and medium
sand in the shallows, to fine silt in deeper parts. Hard
bottoms have also been encountered (itt Langano and
Shala). Organic contents of sediments with values be-
tween 21.4o/o (Ziway) and 1.25o/o (Langaro, 6 m in
depth) have been reported by Tirdorancea et al. (1989).
High organic content is associated with fine-grained
sediments in deeper parts while low values are associ-
ated with coarse sediments in the shallow parts.

The thermal regime of the Ethiopian lakes has been
described as indicatitg a polymictic thermal pattern,
with complete or incomplete mixing at irregular in-
tervals depending on lake depth and wind conditions
(Baxter et al., 1965; Tirdorancea et al., 1989).

All major benthic groups, except Bivalvia and De-
capoda, are present in the Ethiopian Rift valley lakes
(Tirdorancea et Al., 1989), mainly the chironomids (19
species) followed by nematods ( 16 species) and ostra-
cods ( 13 species). The ostracod associations have low
species richness and they vary berween lakes in species
composition and abundance.

Lake Ziway is the most diluted of the rifr lakes in
Ethiopia. It is a shallow lake with a maximum depth
varying berween 7 m (Grove et a1.,I975; Tudorancea
et al., 

-1989) 
and 8.95 m (Von Damm & Edmond,

1984), depending on rainfall and season. The water
level reflects the balance berween rainfall and evapora-
tion, and fluctuates throughout the year and from year
to year (Makin et al., 1975).The shoreline of Lake
Ziway is fringed by vegetation to significant depths
especially in the months of September and October.

Prevailitrg winds throughout the year in Lake Zi-
way prevent"thermal ,tr"tification. The difference be-
rween the surface stratum (25 cm deep) and the bot-
tom water temperature is usually less than 1.5"C (Tu-
dorancea et al., 1989).

Lakes Altitude
(masl) *

Surface
area

(sq.km) *

Maximum
depth (m) *

PH 
xx Conductivity

(Kzo, pS/cm)
* * *

Salinity *xx

(e/l)
HCOr- **

(meq/l)

Ziway r636 434 7.0 8.9 322 0.349 3.67
Langano t582 230 46.2 9.0 1 8  l 0 1 . 8 8 12.55
Abiyata r 580 205 14.2 9.5 l 5800 16.2 165.06
Shala l  558 409 266 9.5 r9200 2 1  . 5 209.80

Awassa r 680 r29 2 r . 6 9.0 840 1.008 8.22
Abaya r285 r162 1 3 .  I 8 .7 623 0.77 I 7  . 3 1
Chamo r233 5 5 1 12.7 9.2 l  100 1.099 9.30

* morphometric data from Grove et al. (197 5)
xx pH and HCO:- from Tudorancea et al. (1989)

*{<* Conductivity and Salinity values from Wood & Talling (1988)

Thb. I - Basic limnological features of some lakes in the Ethiopian Ri[t.
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The diversiry of substrates found by the authors
cited above was higher in Lake Ziway (and Awassa)
compared to the other lakes with five rypes coarse
sand" medium sand, very fine sand, medium silt and
fine silt.

Langano lies at an dtitude of I 582 m and has an
area of 230 km2. It is quite deep with a maximum
known depth of 46.2 m (Grove et al., 1975), and it is
oligohaline. Lake Langano, although much more di-
luted, resembles the soda lakes regarditg major ionic
ratios.

The waters of Langano are turbid due to the mud
they receive from the surroundings.

Recent limnological studies on the lakes in the area
(Tudorancea et al., 1989) show that the temperature
in the strata beyond I m depth is relatively uniform
showing no deep thermocline. Hard bottom substrates
have been reported in addition to coarse sand, coarse
silt, and soft fine silt substrates.

Lake Abiyata is at about the same altitude as Lake
Langano and has an area of 205 km2 and a maximum
depih of 1.4.2 m. It is a rypical soda lake yi1h .hjgh
concentrauons of sodium, bicarbonate and chloride.

In Abiyata, three rypes of soft substrate have been
encountered by Tudorancea et al. (1989). These are
very fine sand, medium silt and fine silt.

Lake Shala is the deepest lake in the Ethiopian
Rift (with a ma;rimum depth of 266 m). It has an area
of 409 km2 and its water is very clear.

Shala is a mesohaline lake. It is also a rypical soda
lake with high concentrations of sodium, bicarbonate
and chloride.

Baumann et Al. (1975) recorded a mean difference
of 5"C berween surface and bottom water temPera-
ture, and assumed a possible thermocline at a depth
of 50-70 m. Tirdorancea et al. (1989) found that the
temperature beyond a depth of one meter was uni-
form, but did not measure the temperature beyond
15 m depth.

Three rFpes of soft sediment substrates (very fine
sand, sand and gravel, and fine silt) and hard bottoms
at some statlons were reported by T"dorancea et al.
(  I  g8g) .

RESEARCH ON FORMER LAKE LEVELS
IN THE ZIWAY-SHALA BASIN

Neumann (1902) was the first to recognize the
evidence for former higher lake levels in the Ziway-
Shala lacustrine Basin. He discovered a 25-30 m thick
section of shelly lacustrine deposits along the Bulbula
river, which he attributed to 

'a 
great Terti ary or Delu-

vial lake'. Bacci (L940) later examined a collection of
molluscs from this exposure of 

'the 
ancient bed of

lake Ziway' , and noted the 
"Palaearctic" affinities of

the fauna.
Nilsson (1940) established that all four lakes had

once been united to form a fresh water lake, whose

level was controlled by an overflow across the present
watershed into the Awash basin. He recogn rzed well
develop.d horizontal beaches in several localities. The
most important of these was a terrace about 40 m
above Lake Ziway, which he correlated with his 

"Last

Pluvial".
Mohr (1960, 1966) dso recognized rwo groups of

rift-floor sediments. He suggested that in the Late Ter-
riary the Galla Lakes Basin was continuous with the
Awassa and Abaya basins to the south, and with the
Awash drainage to the north. In this proto-rift trough,
fine-grained water-laid tuffs and pumice beds were
depoiited. Accordi.g to him, this episode w-as followed
by do*n-faultitg oFthe rift, volcanism and transverse

3,Tlt"g 
of the rlft-floor, creating internal drainage ba-

Grove & Goudie (197I) published radiocarbon
dates of 9,220x190 BP and 5,610t 100 BP on Mol-
lusca from the beaches above Lake Shala. Grove et al.
(197 5) reconstructed the outlines of a Holocene unit-
ed lake and named it 

"Pluvial 
Lake Galla". The same

aurhors reported a date of I4,400x7 50 BP from a
shelly limestone at 1626 m east of Lake Shala. Thus,
they provided stratigraphic evidence for the Presence
of high lake levels during Late Pleistocene time.

R l"k. highstand du-ring late Middle Pleistocene
time was evijenced in the"^rr west of Lake Ziway
and the Gademotta Caldera area ('Wendorf et al. 197 5;
Laury & Albritton, 1975). A I(/fu date of 0.181t0.006
Ma was obtained from sanidine in a unit which over-
lies the oldest Middle Stone Ag. site reported in the
area (in a sequence of clastic slope deposits and lahar-
ic mudstones). Another level interpreted as a result of
^ cut and fill cycle followed by a rise in lake level
(Laury & Albritton, 1975) was found just below a
tuff that gave an age of 0. 149x0.013 Ma.

The work of Laury S{ Albritton (197 5) also pro-
vided a map with a series of terraces indicatitg old
lake levels. r4C dates provided for the area (Haynes 6{
Haas, 1974) ranged from 4800 to 9330 BP. An addi-
tional date of 26,780x440 BP was derived from lacus-
trine sediments at the northern end of the Bulbula
plain, confirmitg the existence of a large freshwater
lake during the Late Pleistocene.

Street (1979) made a detailed study of the Late

Quate rnary history of the lakes in the Ziway-Shala
basin. Her work involved the use of geomorphologic,
and stratigraphic evidence to make inferences on pa-
leoenvironments, and on the paleohydrology of the
^rea. The results from this study together with other
related works (Grove 6{ Goudie, l97I; Grove et al.,
1975; Gasse 6{ Street, 1978; Gillespie et al., 1983)
has allowed comparisons to be made between other
lakes in Africa and hence, to assess the paleoclimatic
importance of the records.

Gasse & Street (1978) and Street (1979) recog-
nized that in the upper Late Pleistocene lake-level fluc-
tuations can be interpreted in climatic terms. Four
major highstands and six minor ones have occurred

B, ATNAFU, A. RUSSO



since about 30,000 BP. These can be grouped into a
complex Late Pleistocene lacustral interval (ca 30,000
ro ci 21 ,000 BP.) and a complex Holocene lacustral
interval (ca. 11,500 to 4,800 BP); separated by " pro-
longed period of aridiry Since 4800 BB lake levels
have remained low and fluctuating, apart from a brief
Late Holocene maximum after 2500 BP.

Gasse 6( Street (1978) have defined the extent
reached by the Holocene lakes in the basin and the
location of the paleo-overflow channel towards the

24r

Text-fig. 3 - Extent of Holocene
Lakes in the Ziway-
Shala Basin (after
Gasse 6( Street
1978, modified).

Awash basin which was utilised in cases when the lake
reached the highest level (Text-fig. 3).

Gillespie ei al. ( 1983) working in a section north
easr of Like Shala (Ajewa Embayment) also identified
repeated lake-level fluctuations and attributed them
to repeated climatic fluctuations between humid and
arid conditions.

In addition, Street (L979) concludes that the two
most prominent shorelines in the Ziway-Shala Basin
are siruated at 1670 m and 1595-1600 m. The first

LATE QUATERNARY LACUSTRINE OSTRACODA OF THE ZIWAY-SHALA BASIN (
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corresponds to the Early and Middle Holocene level
and the second to a Late Holocene maximum which
only united the three southern lakes (LangaDO, Abiya-
ta,, and Shala). The author (op. cit.) asserts that nei-
ther shows any significant tectonic or isostatic defor-
mation.

Recently, however, Alessio et al. (1996) have made
geomorphologic, stratigraphic and sedimentologic
studies in fluvio-lacustrine deposits in the same basin
and report deformational features within the lacus-
trine deposits. They conclude that the lacustrine fluc-
ilations are results of an interplay of both climatic
and geodynamic controls and caution correlations of
dateJ lerrels of lacustrine deposits or surfaces with ef-
fective lacustrine stillstands.

* "f*N# ;,u,1+I"f'i';H: o D s

Lowndes (1932) reported a number of Ostracod
species in Lak e Ziway. These are Limnocythere michaels-
eni, Gomphocytltere angulata, Darutinula steuensoni,
Oncocypris omercooperi, Parastenocypris curuiarmi, Aco-
cypris plorybAsis, Stenocypris minutus, Stenorypris curui-
Armi, and Stenorypris platybasis.

Lindroth ( 19 56) found seven ostracod species in
the Lake Ziway, and one in Abyata (Limnocythere
michaelseni).

More recendy, Tudorancea et Al. ( 1989) and Mar-
tens S. Thdorancea (199I) have made a more detailed
ecological ostracod study in Lake Ziway. During their
survey, they found six species in Lake Ziway: Limno-
cythere thomasi thomasi, Gomphocythere angulata, Dar-
w inu la steu enso ni, Potamo ryp ris mastigop lt o ra, Hem irypris
giesbrechtii and Candonopsis sp.

These authors also noted that Limnocythere tltoma-
si t/tomasi had been previously reported under differ-
ent names. Lowndes (1932) and Cohen et al. (1983)
reported it as Limnocythere michaelseni while Carbonel
et al. (1987) reported it as Limnorythere africana.

Martens 6{ Tudorancea ( 1991) made a quantita-
tive study from seven stations at various depths in the
lake. The three most common species/sub-species were
Limnorythere thomasi t/tomasi, Gompbocythere angula-
td, and Darwinula steuensoni.

Their results show that there were significant drops

in total numbers of specimens in all stations berween
August and October and in Mty-June, while there
were rwo significant numerical peaks. The first one
occurred in J,rly. The second, larger one, occurred dur-
i.g the main dry season and lasted through the onset
of the rainy season, with a maximum in March, after
which a sharp decline followed. These population
crashes remain as yet unexplained (Martens & Tudo-
rancea, I 99 1).

The three common species had different habitat
preferences (Martens & Tudorancea, l99l). Darwinula
steuensoni avoids parts of the lake where temperatures
rise high and both G. anguhta and L. t. thomasi had a
preference for sheltered habitats close to vegetation
and/or for a specific grain size of the sediment (3OO-
350 Fm).

The Ostracods in Lake Langano have not been
subject to much detailed studies. Tudorancea et Al.
(1989) and Martens (1990b) have reported the pres-
ence of Limnocythere thomasi langanoensis, Limnocythere
borisi sltalaensis, Darwinula steuensoni, and Hemicypris
kliei. Langano is the only lake in the Ethiopian lakes
region where up to now more than one Limnocythere
species are known to coexist.

Martens (1990b) has reported the presence of
Limnocythere borisi and Potamocypris mastigophora in
lake Abiyata based on material collected by Tirdoran-
cea et al. (1989). Lowndes (1932) has also reported
Limnocythere michaekeni in this lake. However, tak-
irg into account the remarks made on the reporting
of the same species with a different name in Lake
Ziway, it can be considered that this name probably
refers to the species Limnocythere borisi of Martens
( I eeob).

As for Lake Shala, the only Ostracods reported by
Martens (1990b) are Limnocythere borisi sltalaensis,
Gomphorythere angulata, and Darwinula steuensoni. The
Limnorythere species, however, highly dominates over
the very low proportions of the other til(a (Tudoran-
cea et al., 1989).

The ostracod species reported (Kibret & Harrison,
1989; Martens, 1990b) from the Awassa lake are: Lim-
nocytltere borisi AwAssaensis, Gomphocythere angulata,
Darwinula steuensoni, Potamocypris mastigophora, and
Parasteno rypris acoqlpro id.es.

In addition to this, evolutionary aspects of African

Figs I a-b
Figs 2a-c

Figs 3a-b
Figs 4a-c

Figs 5a-b
Figs 6a-c

EXPLANATION OF PLATE I

Limnocytltere borisi borisi Martens, 1990. a) Left valve, normal view, male, x 85; b) Left valve,
Limnocythere borisi shalensis Martens, 1990. a) Left valve, normd view, male, x 85; b) Left valr
Left valve, ornamentation, male, x 680.
Limnocythere borisi AwAssnensis Martens, 1990. a)Left valve, normal view, male, x 85; b) Left v
Limnocythere thomasi thomasi Martens,1990. a) Left valve, normal view, male, x 85; b) Left val
Left valve, ornamentation, female, x 680.
Limnocythere minor Lindroth, 1953. a) Left valve, normal view, male, x 85; b) Left valve, orna
Limnocythere aff. tudoranceai Martens, 1990. a) Left valve, normal view, male, x 85; b) Left val'
Left valve, ornamentation, x710.
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Limnogtthere s.s. have been discussed (Martens, 1990a,
b, 1994) with particular attention to the distribution
of the different species.

RESEARCH ON FOSSIL OSTRACODS FROM THE EAST
AFRICAN RIFT

The study of fossil ostracods for different aspects
of paleoenvironmental interpretations in East Africa
dates back to the worla of Carbonel 6{ Peypouquet
(1979) and Peypouquet et al. (1979). Thes.'rl.r."ich-
ers affempted ostracod-based paleochemical interpre-
tations of the Omo-basin (Southern Ethiopia) for the
Pliocene-Pleistocene. 

'Work 
continued to be published

by the French group on ostracods from eastern Africa.
Peypouquet et al. (1983) published on ostracods from
the Hadar Formation in the Afar depression of north-
eastern Ethiopia and made use of the ostracod micro-
fauna in understanding the evolution of the paleohy-
drological environ-.ti, in the region.

Carbonel et. Al. ( 1983 , 1987) studied a 30,000
year record from the Baringo-Bogoria half-Graben of
the Gregory Rift in Kenya. Ostracod ornamentation
changes, reticulation and noding in particular, were
used in making paleoenvironmental interpretations for
the record studied. The 

"agradation-degradation" 
phe-

nomenon defined by Peypouquet et al. ( 1980) has
been continuously applied in these rypes of interpre-
tations.

Moreover, Carbonel & Peypouquet (1983) outlined
a methodolory for using ostracods as indicators of
ionic concentrations and dynamic variations in lacus-
trine environments. Here again, in addition to the
principle of indicator groups, the relative abundance
of reticulated forms and noding occupy a major part
of the outline, demonstrated by taking Lake Bogoria
as an example.

More recently, studies based on similar principles
that concentrate on morphological variabiliry of valves
are also being made in South American lakes (Mour-
guiart et al., 1986; Mourguiart, 1987; Carbonel et al.,
1 ggo).

Late Quate rnary continental ostracods of the East
African Rift Valley lakes have been studied by Cohen
(1982) to assess the paleoecological uses of this group.
His extensive study involved the collection of data
regardirg the ecological tolerance of many ostracod
species and genera, particularly to hydrochemical pa-
rarneters. These data, together with previously reported
occurrences, were then used for purposes of paleo-
ecological interpretations. Based on data from this
study Cohen et al. (1983) published their work on
paleochemical interpretations based on eastern and
southern African ostracods. In that work a fossil-ry-
pologicd approach was utilised, where a series of fossil
assemblages was used to indicate a particular overlap-
ping range of ecological tolerances to a given ionic
parameter. Thus, they defined four ostracod range

assemblages, based upon increasi.g alkaliniry and sa-
liniry. These are:

Range I, the Stenocypris assemblage (Kro
pmho)

Range, II, the Merynorypria assemblage (Kro = 500-
1500 pmho)

Range III, the Gomphocythere assemblage (Kro =
1500-4000 pmho)

Range IV the Limnoqtthere assemblage (Kro > 4000
pmho)

The application of the ostracod-rypology to the
fossil record in a core from lake Nakuru, suggested a
fluctuation of alkaline and fresh water conditions in
the lake during the Late Quaternary.

An independent interpretation based on diatoms
showed agreement in most cases.

A similar approach was applied to Late Quaterna-
ry ostracod fossils from a radiocarbon-dated core from
Lake Elementia, a small rift-valley lake of central Ken-
yaby Cohen & Nielson (1986).

More recently, Martens ( 1990a, b, 1993) studied
the recent ostracod fauna of the Ethiopian Rift Valley
Lakes (mainly the lakes of the Ziway-Shala and Awas-
sa basins).The Limnorythere genus was the most wide-
spread and therefore most of our attention focused on
this group. However, for Lake Ziway a detailed eco-
logical study includirg Gomphocytltere angulata and
Darwinula steuensoni as distinct from the Limnoryt/tere
(sub)species was made (Martens, 1993).

Martens ( 1990b) discusses also the hitherto unre-
solved problem of speciation timing of the Limno-
cythere (sub)species living in the present Lakes Ziway,
Langano, Abiyata, Shala, and Awassa. Although he put
forward a hypothesis correlating the origin of the spe-
cies with the regression of the four Galla Lakes (4000-
5000 BP) he has also pointed out the arguments for
and against his hypothesis.

Finally, more recendy Park et al. (2003) published
a basic work to describe the use of non-marine ostra-
codes as proxy indicators for the biotic response to
climate as well as anthropogenic changes in lakes.

LATE QUATERNARY SEDIMENTS

Recent works (Sagri, 1995; Alessio et al., 1996) of
the Ziway-Shala Basin sediments have provided a sche-
matic geologi. qp of the area showing th: main sed-
imentary units of the Late Quaternary continental suc-
cession (Text-fig. 2). In this map, the different sedi-
mentary units are differentiated accordirg both to their
age and geographic distribution and to the facies
changes tha.t ,,h.y show in the field, A majol subdivi-
slon ls made between the Late Pleistocene Megalake
deposits and the mainly Early-Middle Holocene mac-
rolake deposits. Furthermore, the Late Holocene fa-
cies around lake Ziway are differentiated from the con-
tempo rary facies produced by the Abiyata-Langano-
Shala macrolake deposits.

Brief descriptions of measured section of the Bul-
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O s t r a c o d
distribution
i n  t h e
B u l b u l a
u i l l a g e
secuon.

bula (Text-fi gs 4-5) and Ajewa (Text-fi gs 7 -17) folma-
tions and otti drilled core from Lake tangano will be
provided in the followitg part.

Tur, BuLeuLA VILLAGE SEcloN (Texr-FIG. 2, No. 3)

Twenry samples (labelled BB2-BB}L) have been
collected hom the base to the top of the Bulbula Vil-
laee Section. The thickness (more than 10 m), lithol-
ofu, and distribution of the ostracofauna is shown in
Text-fig. 4.

Three main phases of lacustrine deposition are dis-
tinsuished from the ostracofaunal distribution.

Ttr. oldest phase is represented by samples BB2-
BB4, and the oitracod assimblage is exclusively made
up of the genus Limnorythere. Of the species Present,
L'. borisi birisi and L. minor are recognizable.

This assemblage is suggestive of elevated salinities
and alkalinities (mesohallne waters, > 30 meq/l alka-
liniry). Su.ch an inference is not a mere result of previ-
ous assertions tha t a Limnocythere assemblage is indic-
ative of such waters (Cohen et al., 1983). It acquires
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strength from the fact that L. borisi borisi is encoun-
teredin significant amounts in these sediments (about

600/o in BB3 sample and 80o/o in BB4 sample), while
L. minor is present with 40o/o in BB3 sample and with
20o/o in BB4. This species is presently living in the
mesohaline and alkaline waters of Lake Abiyata (Mar-

tens, I 990).
The second phase (886-8814), 'oC_dating around

24,000 BP (sample BB12), consists of Plesiorypridop-
sis newtoni (50oto in the sample BB 12 and 30o/o in
sample BB14) in addition to species of Limnocythere
borili borisi (50o/o in the sample BB12 and 70o/o in
the sample BB 14). \Within this phase, a general trend
of vertical decrease in proportion of P newtoni is ob-
served, especially in th. .tpp.t half of the sediment
interval representing this phase.

The piesence of Plesiorypridopsis newtoni in con-
siderable amounts is indicative of the agitated and
unsheltered nature of the lake environment. In terms
of saliniry, although conclusive data are lackitg, lower
salinities-and alkilinities than the previous phase are
inferred. In most cases, oligohaline waters would have
been represented.

The third phase (BB15-BB2l) is F,arly Holocene
in age and is r-epresented by a! assemblage of diversi-
fied-ortta.ofauna at the top of the section, above the
pumice deposits known as Abernosa Pumices Mem-
b.r. In Deke 

'Wede 
valley, it terminates with paleosoil

'4C dating I 1,870t300 BP (Gasse & Street, 1978).
Species present (BB18-BB2l) are Darwinula steuenso-
n^i, Cypi;de;s torosa, Gomphocythere angulata, Limno-
cytheii aff. tud.oranceAi, Candonopsis sp. and llyocypris

fi;OOa. The lowermost beds of this phase (BB 15-BB 16)
Zonsist of mainly Limnocythere aff. tudoranceai and

Qan(onopsis sp.. Above these (BB l7-BB 2l) the diver-
slry lncreases with the other mentioned species being
encountered.

The assemblage is of a low saliniry lake environ-
ment, with essentially calm (sheltered) waters. The
noded C. torosa and the significant Presence of D.
steuensoni support this interpretation, in addition to
the high relalive diversiry of the assemblage. The im-
portanle of the lake margin vegetation zone is marked
by the presence of Candonopsis sp.

THe Arr Dnvo sECrtoN (KunrcuRA Anse) (TExI-FIG.
2, No. 4)

A more than 25 m thickness of exposed section
along the Bulbula River occurs about 3 km NE of
Bulbula village. The exposure is located where a num-
ber of cattle tracks meet nearby the Bulbula River.
The river is at an elevation of 1590 m a.s.l. at this
localiry. The thickness, lithology and distribution of
the ostracofauna is shown in Text-fig 5.

As concerning the dating of this section, a Late
Pleistocene age can probably be inferred indirectly from
the field tel"'tionship, in th"t the position of the de-
scribed sediments is below a thick and somewhat re-

worked pumice unit, correlable to the 
'hbernosa Pum-

ice Member" (Street , 1979). This age is confirmed
also by " t4C date of I 1,870t300 BP _on paleosoil at
the top of the pumice beds in the Deke \Wede Valley
(Gasse & Street, 197 8) .

Twenry-nine samples (AD l-AD29) have been col-
lected from the Ati Damo Section. Two diatomite in-
tervals, corresponditg to samples AD lz-ADl4 and
AD2L-AD23 respectilely, have been resulted barren
in ostracods.

A remarkable dominance of Limnocythere sPecies is
observed from ostracofaunal analysis. Despite the gen-
erally monotonous succession of Limnocythere domi-
nated assemblages, however, certain subdivisions of the
section with sig'-nificant environmental implications can
be made.

The base of the section (AD I -AD3) consists of
Pseud.oqtpris sp. and Plesiorypridopsis newtzni in addi-
tion to-ihe dominating Limnocythere borisi borisi. The
lowermost sample ADI differs ?tom the others in that
it is not as rich- in ostracods as the overlying rwo sam-
ples.- 

The agitated nature of the environment is indicat-
ed by the presence of Plesiorypridopsis newtoni. This
speciLs indicates probable freih o.i slightly brackish
water envlronmenis. The characteristic element of the
zone is Pseudocypris sp. Although sure results have not
yer been prorrited, iohen et il. ( 1983) have pointed
out the need for further studies on this genus as a
potential for low saliniry "!d alkaliniry colditions.- 

In the followitg part of the section (AD -AD I I )
Limnorythere species are the almost exclusive gompo-
nents of the alsemblage. Limnocythere borisi borisi is
identified while it is not at present clear whether the
other forms are morphological varieties of described
Limnocythere species or probable-new ones. One form
(Limnicythere ip. A) has a significantly different out-
line, and has been described under oPen nomencla-
ture. One sample that seems slightly out of the norm
of the ecozone-is sample AD9, and it consists of small
amounts of Pseud.orypris sp. in addition to the still
dominant Limnocythere borisi borisi.

An environmental assessment based on the Present
ecological knowledge, su_ggests a mesohaline and alka-
line like environrnent foi this interval of lake sedi-
ments. This can be inferred from the fact that Limno-

rythere species are the sole components of the assem-
blrg. and that L. borisi borisi at present liv-es in rela-
dvely saline and alkaline Lake Abiyata of the Ziway-
Shala basin.

The interval of section between 12 m and 15 m
represents anothe r ecozone. The samples- are far from
tttriform with alternations berween samples which are
very rich (t 1000 valves lgram) in ostracod valves
(AD16,  ADIS and AD20) and others Poor ( .50
valves/gram) to moderate (f.* hundred valves/graT)
in valvi abundance (ADl5, ADl7, and ADlg). The
samples rich in ostracods are composed exclusively of
Limnocythere spp., like the previous ecozone. In the
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Text-fig. 5 - Representativeostracod
assemblages from the
A t i  Damo  sec t i on
(Kurkura area).

other samples, additiond species found are Gompho-
cythere angulata, Darwinula steuensoni, and llyocypris
gibba.

A fluctuating lake environment with correspond-
irg fluctuations in saliniry and alkdiniry is inferred
for this interval.

Followirg this, until about 22 m, the diatomite
samples (AD2L-AD23) are barren in ostracods. The
other assemblages above are non-uniform with three

different levels found to contain ostracods (AD24,
AD26, and AD29) giving diverse assemblages which
also differ from the previously described assemblages.

AD24 is moderately rich in ostracods and consists
of Limnorythere thomasi thomasi and L. aff. tudoranceai
only. AD26 is again moderately rich but is composed
of Limnocythere tltomasi thomasi and L. aff. tud,oranceAi,
Candonopsis sp. and Darwinula steuensoni.

Finally, AD29 from the topmost lacustrine beds is
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rich in ostracods and consists of mainly Limnorythere
thomasi thomasi and L. aff. tud.oranceai species (in-

cludin g Limnocytltere sp. B) and a significant amount
of Ples:iocypridopsis newtoni.

All thrle samples represent the lowering of the lake
level after the phase of deep lake deposition rePresent-
ed by the diatomites barren in ostracods. A Cando,nopsis
sp. rs reported (Martens, 1990b; Martens Sc TLdoran-
cla, 1991) from Lake Ziway as occupying the vegetat-
ed zone at the lake margin. According to Carbonel et
al. (1987), the presence 

-of 
a species of Candonopszi iq

related to the existence of a vegetation zone around
the lake. Saliniry probably fluctuated in the low-mod-
erate saliniry and 

-alkaliniry 
area. The presence of Ple-

sioqtpridopsis newtoni witnesses a change of energy .ln
the physical environment in the latest stages (i.e. th9
topmoit beds). This species is indicative of agitated
*iters and points to the change from vegetated calm
waters (itr AD26) to the agitated shallow lake waters
(AD29) in a later stage of the general lowering 9f lake
level that followed the deep water diatomites barren
in ostracods in the Ati Damo Section.

The Kurku r^ area is known for its thick diatomitic
deposits. In addition to the area studied in this work,
more to the north west at about 6 km from the Bul-
bula village, a diatomitic section more than 50 m thick
has been described (Street , 1979).

The Ati Damo section, although not as thick as

f. previousJl mentioned section, ctegly .shows two
important phases of lacustrine depositl_on in the Late
Pleisto..t.. A 2 m sandy and gravelly fluvial unit reP-
resents the complete regression berween the rwo P-h"t-
es. The rwo lacustrine fihases are named Phase I (from

ADI to AD20) and Phase II (from AD2l to AD29)
in order to simplify our discussion of environmental
conditions in the Ati Damo section.

The stage before the initiation of Lacustrine Phase
I is represented by the palustrine sediments and the
overlying thin sand beds at the bottom of the section.
The ostiacod assemblaees in this interval are also dis-
tinct, in that they .ottt'-"i n Pseudocypris sP., and Plesio-

VpridoPsis newtoni in addition ro Limnocytltere, which
is common throughout the section.

With the start 
-of 

the open lake conditions of phase
I, marked by the diatom- rich, clayey sediments, the
ostracod assemblage also gives way to a rich assem-
blage of Limnocythele s.pp. Although the ecological pref-
erences of moit of the Limnorythere forms encoun-
tered are at present unknowo, due to the presence of
L. borisi borisi an alkaline and saline environment is
suggested for the lacustrine conditions that produced
th6-sediments in this ecozone. As evidenced by the
sand rich interval in berween, a shallowing of the lake
occurred, but without any evident change in assem-
blage and thus by inference without any significant
saliniry change.

In the studied section, the end of the lacustrine
Phase I is marked first by ^ fluctuating regression. An
alternation of the ostracod assemblages is evident with

euryhaline species such as lbotyPris gibbg beiyg en-
countered. Complete regression is marked by the Pre _
viously mentionid fluviil unit consisti.g of reworked
volcaniclastic material.

The abrupt appearance of the diatomites above the
fluvial unit marks the second open lake water phase
of the Ati Damo section. Despite the lack of ostra-
cods, some information can be given for environmen-
tal conditions characterizing this phase from diatom
studies made on the same (or very similar) section in
Kurkura area by Gasse (Gasse 6{ Street, 1978; Street,
1979). According to her data, this highstand madg gp
of non-calcareous diatomites, represents a deep lake
with tropical flora.

The 
-final 

regression of the lake after phase II also
proceeded in a 

-fluctuating 
,ma.n,ner, in that beds con-

taining ostracods alternated with more abundant lev-
els wliere ostracods were lacking. This indicates that
the lake receded and returned a number of times be-
fore finally giving way to the extensive pumice beds
that top the section.

The Limnocythere species of Phase I (i... L. borisi
borisi) generally have a smooth or light reticulate cara-
pace, while the Limnocytherg_ species of Phase II (i.e.
L. thomasi thomasi and-L. aff. iud.oranceai) have heavy
reticulate carapaces. Besides being relate4 to saliniry
(and therefore to climate), this change of Limnocythere
species (smooth or light reticulation versus helry re-
ticulation) could also 

-be 
related to geochemical varia-

tions at the water-sediment interflce modifyitg the
carbonate equilibria caused by volcanic activiry, which
was very int-ense during the latest Pleistocene (Benve-
nuti et al., 2002).

THe AJevn FonrtaATIoN AND THE AJrvzn EMBAYMENT
(Texr-FIG. 2, No. I )

The gully exposures in the Ajewa Embayment, on
the ,,ot,H-east cbast of Lake Shala, have been subject
to a number of geomorphologic, stratigraphic and sed-
imentologic studies starting from the 1970's (Grove et
al., 1975i Street, 1979; Gilespie et Al., 1983) and still
attract the attention of Quaternary researchers (Alessio

et al., 1996; Sagri, 1995, 1996, 1997). This interest is
mainly due to t-h. fact that a number of datable strati-
graphic sections are preserved at different elevations
iloitg the inner wall of the O'a caldera that hosts the
presJnt d^y Lake Shala. The deformation, resulting
hom volcanic and tectonic events that have character-
rzed the recent evolution of the caldera hosting lake
Shala, has produced minor depositional basins within
the Ajewa embayment (Alessio et al., 1996).

Lateral stratigraphic relationships among the fl*:
vio-lacustrine deposlts of the separate sections exPosed
are quite complex (Street , 1979). However, thanks to
the ionsiderable number of '4C dates available from
the previously mentioned works in the area, qqite a
detailed picture of lake level fluctuations, especially in
the Holocene, can be outlined.
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After a detailed geological survey, Alessio et al.
(1996) recognized a number of stratigraphic units in
the Late Quaternary fluvio-lacustrine succession ex-
pos.ed in the area of Ajewa (Text-fig. 6,).^Each unit
registers one or more phases of lake-level fluctuations
evidenced by the sedimentary bodies formed in the
depositional systems. They vary from fluvio-deltaic
(sands and gravels with plane cross-bedding), to mar-
ginal lacustrine deposits (beach sands, palustrine or-
ganic muds) and deep lacustrine facies (muds, diato-
mites, and minor resedimented sands). Erosive surfac-
es and surfaces of lacustrine transgression signal re-
gressive and transgressive events respectively.

The present study regards the ostracofauna from
this embayment, which were mainly from the dated
secrions of Alessio et al. (1996), starting from the old-
est to the youngest in age. Text-fig. 6 shows the loca-
tion of the studied sections (Text-figs 7 -13)

Some late Pleistocene deposits are lithologically
dominated by diatomites barren in ostracods.

Section Ajewa 8

This section presents one of the most upstream

Lake Shala
(1558  m)
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parts of the Ajewa gully. The section was measured at
an elevation of around 1640 m a.s.l., although, as can
be seen in the schematic geologic section of the gully
(Text-fig. 6) the unit continues up to an elevation of
1650 m. The stratigraphic section (Text-fig. 7) is rela-
tively thick (more than 6 -). A thin sand layer (Ajewa
8.2) has provided a '4C age of 10,311x64 BP.

The sands containitg the mollusc shells (Ajewa 8.2)
are dominated by noded Cyprideis torosa (85o/o).The
other component til(a are small numbers of Limnr-
cythere borisi AwAssAensis, G. angulata and very small
numbers of Candonopszi sp. , D. steuensoni, and Zono-
cypris costata. The latter three together, account for
less than 3o/o of the total encountered valves.

The noded C. torosa assemblage in the Ajewa 8.2
sands, as has been previously mJntioned for similar
assemblages is indicative of oligohaline lake waters.
These are, therefore, the inferred hydrochemical con-
ditions of the lake environment before 10.3 ka.

The silts in the lower parts of the section (Ajewa
8.1) are dominated by Limnoqtthere borisi Awnssnensis
(79oto). Other component species of this assemblage
are G. angulata, C. torosA and Candonopsis sp. The
assemblage from the dated sand level as seen from the
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/
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Text-fig. 7 Section Ajerya 8 with
r ep resen ta i l ve  P le
c l ra r ts  o f  os t racod
assemblages.

descriptions above is quite different
sampl-e (Ajewa 8.1). In this case the
Limnorythere dominated assemblage,

present was surprisingly foyld to be L. b. AwAssAensis
*ni.n is at ptit.ttt 

"found 
living in thg oligohaline

lake Awassa. Thus, although we are dealing with an

from this older
assemblage is a
but the species

EXPLANATION OF PLATE 2

Fies I a-b - Gomphoc-ythere anguhta Lowndes, I 932. a) Right valve, normal view, female, x

FiEs Za-b - Canhonipsis rp. "fleft valve, normal view, x.85; b) Right valve, normal view, x

Fi[s 3a-b - Zonotyp;it roitoto (Vavra, 1897).a) Pgght valve, normil view, x 85; b) Left valvt

FiEs 4a-b - HeteroAprit sp.a) Right valve, normalliew, x 35; b) Left valve, normal view, x

iGfi; Si-U - Plesiotyir;Atlitis newtZni (Bradv & Robertson, 1870). a) Righ.t valve, normal vie

Fi[s 6a-b - Cypriiiis toiosa (Jones,_I850).'a) Left valve, normal view, male x 85; b). Right v

FiE.7 - Dor*inuh steueisoni (B.rady & Robertson, 1870). Left valve, normal view, x 85

fi[. a - Ibotypris gibba (Ramdohr, 1808). Left valve, normal view, x 85.



It. A'\'I/AI-U, A. R{/ttO, LATE QUAI'L,RNARY OSI-RA(,O[)A OF-fHL, ZIWAY-SHAI P l . 2



252 B. ATNAFU, A. RUSSO
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Cyprideis
torosa
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rext-fig. 8 t":::::"lffiltdJl,n representative pie charts or

assemblage dominated by Limnocythere in this case the
particulai species of this genus present together with
in. other -ot. diluted *it.t splcies leads-us to infer
an environment of an oligohaline nature.

Section Ajewa Tbis

This section is exposed at about 1630 m (Text-fig.

6); its thickness is less than 5 m (Text-fig. 8) and a
fossiliferous sand unit has provided ^ '4C age of
9578x48 BP.

The two samples taken from the lacustrine levels
were both rich in ostracod valves although the assem-
blage in the rwo cases was a bit different. The lami-
ttatEd claygy2il1t. (Aj.y" Tbis 1 ) have Limnocylpre borisi
awassnensrs (560/o) and Cyprideis torosa (39o/o) as their
rwo most important comPonents. However, G. angu-
lata and a very small proportion of Cand.onopsis sP.
are also present. The C. torosA valves encountered are
all of the noded variery.

The presence of sighificant numbers of nodfd Cyp-
rid.eis torosa in this asiemblage is indicative of an oli-

eohaline lake environment.L) 
The shell containing sand beds (Ajewa 7bis2) from

which the date 9 578x48 BP was derived, contains an
assemblage almost entirely consisting of noded Cypri-
deis toron (99o/o). The remainitg portion is made uP
of G. angulata and D. steuensoni.

Again, this assemblage _confirms the idea that the
lake iu"t.tt were of arr,- olieohaline nature with the
noded C. torosA being the J'ominating indicative ele-
ment of the assemblage.

Section Ajewa 2bis

The section is about 6 m in thickness (Text-fi g. 9),
and lies at an elevation of 1570 m (Text-fig. 6). A
thin peaty clay bed (10 cm) has given an age of
901 7 xr45 BP.

In this section, the massive silts at the base (Ajewa

2bis 1) below the peat layer and the Peat layer itself
(Ajewa 2bis2) are barren in ostracods.' 

On the contrary, the silt unit above the pe aty lay-
er, represented by samples Ajewa 2bis3 and Aj.ewa
2bis4l is very rich in ostracods. The former sample is
almost totdiy composed of Limnocythere borisi AwAs-
saensis valves'with .'n.ty scarce lo/o of Cyprid.eis torosa.
Ajewa 2bis4 is also characterized by the predominance
of Li*norythere. However, in this case the Presence of
Candonopsis sp. is significant (l3o/o)

The bverlying tilry clays are ostracod Poor in the
lower part. Sample Ajewl 2bis5 ft9- this Part con-
tained 

^a 
small nlmber of valves of D. steuensoni and

G. an{ulata, and an even smaller amount of Limno-
cytheri and Candonopsis sp. The uPPer Parts of the
rl-. silry clays (Ajewa 2bG6) instead have a very.high
concentration of ostracods. In addition to the large
number of valves present in the sample, the species
diversiry was also relatively high. The dominant taxon
is Lim.norythere borisi shalaeniis. Its dominance, how-
ever, ls not as significant as other common Limno-
qtthere assemblagei - it accounts for 5 lo/o of the ostra-
iofauna in this case. Other species of the assemblage
are Gomphocythere angulala (36%o), Darwirytk steuen-
soni (8%), noded Cyprideis torosA (3oto1, Candonopsis
sp. (2o/o) and Zonocypris costata (<Io/o).- 

The overlying sahds are on the whole poor in os-
tracods (Aje*a ZEisS and Ajewa 2bis9) e*cept for the
lowermost sands of the unit overlying the silts of the
previous unit (Ajewa 2bis7) which contain an abun-
i"trt valve concentration with >99o/o Limnocythere borisi
shalaenszs and 4o/o Gomphocytltere angulata.

The notable dominince- of Limnocythere in the
majoriry of the samples indicates the t"[itt. and alka-
line conditions of the lake water during this period.
The only sample (Ajewa 2bis6) where a more or less
diversifi;d fauna was noted would indicate slight dilu-
tion, which however did not involve a drastic and
long-lived shift towards low saliniry waters.

Section Ajewa 7

The section is about 7 m thick (Text-fig. 10) and
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lies at an elevation of about 1620 m (Text-fig. 6).
Some t4cdates are available for this section, but these
are based on the stratigraphic and sedimentologic stud-
ies by Sagri (1995) and Alessio et al. (1996).

Accordi^g to one of the hypotheses put forward by
Alessio et al. (1996), a lake-level drop due to climatic
reasons is recorded around 9 ka. This hypothesis is also
supported by the results of the present study in that the
ostracod assemblages from the section dated by Alessio
et al. (1996) are indicative of mesohaline waters. These
authors also affirm that the succeeding rise of lake-level
would have occurred around 8,000 yrs BP. It is highly
likely that the upper part of Section Ajewa 7 represents
this rise (Marco Benvenuti, pers. comm.).

At least three assemblages can be distinguished with-
in this measured section. The first four samples from
the base (Ajewa 7.1 - Ajewa 7.4) are all rich in ostra-
cods and consist of Limnocythere borisi borisi and Ple-
siorypridopsis newtoni. In all four cases Limnorythere
borisi borisi dominates with P newtoni forming pro-
portions that range from 8o/o (Ajewa 7.4) to 3Io/o
(Ajewa 7 .I).

The physical  envi ronment  ind icated by th is
assemblage is a high enerry agitated waters.

Ajewa 7.5 comes from the base of the fluvial sand

unit that overlies the paleosoil which formed over the
clayey silts with scaffered pumice clasts. The sample is
poor (.50 valves/gram) in ostracods and the limited
valves encountered were all of Limnocythere borisi awas-
saensis.

From the medium to fine sands containitg mol-
luscs, a sample (Ajewa 7 .6) ga'ne an assemblage rich in
Cyprideis torosa (610/o) and Gomphocytltere angulata
(27o/o). In addition to these, Darwinula steuensoni (7oto1
occurred in higher proportions as compared to Lim-
nocyt/tere, Cand,onopsis sp. and lbotypris gibba which
together account only for 5o/o of the sample. The Cyp-
rid,eis torosa encountered were of the noded variery.

The environmental significance attached to the
noded nature of Cyprideis has been previously dis-
cussed. Here again this assemblage gives indications
on the oligohaline nature of the lake during the depo-
sition of the sediments under consideration.

The sample from the greyish silts that form the
uppermost unit of this section (Ajewa 7.7) in turn
gave a diverse assemblage. Limnocythere thomasi tho-
masi (44o/o), Gomphocythere angulata (30o/o), Cypride-
is torosa ( 10olo) and Candonopsis sp. (10olo) represent
the main components of this assemblage. In addition
to these D. steuensoni (3oto1 and ilyotypris gibba (3oto1
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form subordinate components. As in Ajewa 7.6, this
sample is diversified 6ttt the relative importance of

the .o-ponent taxa in the assemblg^. vaties. Lake
waters of fresh salinities are suggested for this assem-
blage.

Section Ajewa 2

Ajewa 2 is a 4 m thick stratigrlph_ic _section 
(Te$-

fig. f t) located at an elevation bf-I565 m (Tex1-fi,g.

6Y.A 15 cm thick gravelly sands bed, rich in shells
(gastropods and lamEllibranchs) and PlTl.: pebbles,
h"as given a t4C dating age of 7595x76 BP (sample

Ajewa 2.3).' 
Of the seven samples collected in the field from

section Ajewa 2 for ostracod analysis, three samples
(Aiewa 2.2; Ajewa 2.4; Ajewa 2.7) have proved to be
very rich in ostracofauna (more than 1000 valves/gllm
sediment) while the others were moderately rich (f.*

hundred valves/gram of sediment washed) to Poor (less

than 50 valves/gram).
The laminat".a diatomites at bottom of the section

(Ajewa 2.1) are very poor in ostracods, while the over-
laying silt (Ajewa 2i) are ostracod rich with a domi-
tritrt 

" 
Limnocythere borisi shalaensis microfauna and a

Section Ajewa 7 with representative pie charts of

ostracod assemblages.

subordinate proportion of Candonop.sis !P. In Ajewa
2.4 there is i rich ostracofauna wilh Gomphorythere
angulata (70o/o) dominating ov:r Darwinula steuensoni

Q6o/o), Cyprideis torosa (I2o/o) and Candono4is sp:
(2.5o/o). 41.*a 2.3 instead is Poor in ostracods and
the few valves encountered w-ere of Cyprideis torosa
and subordinately of Gomphoqtthere angulatA.

Above the pievious rwo samples, rePresented by
the gravelly tattds and fossiliferous sands, a finer (di-

atomaceous clays) unit has Proven to be barren in
ostracods (Ajewa 2.5-2.6).

Ajewa 2.7 is  a c layey s i l t  sample f rom the
topmost parts of the lacustr ine sediments in this
seition. Th. assemblage from this sample here again
is dominated by Limnocythere, with valves of C.
torosA, G. angubta, and D. steuensoni occurritg 9.ly
in proportionally insignificant amounts (itt unison
.26/o of ,h. ostracofauna) .  The basal Part of this
same unit  composed of f ine sediments sometimes
contains levels poor in ostracods (Ajewa 2.6). Even
in this case, however, there is a clear dominance of
Limnocythere borisi shalaensis, as no other ostracod
species is present in th9 sample.^ 

As can be observed from the descriptions of the
ostracod assemblages above, a saline and alkaline lake
environment (meiohaline) characterized the deposi-
tional environment (Limnocythere assemblage). In cas-
es where other species are found their insignificant
proportions are demonstrated by the Pie diagrams in
Texi-fig I 1. It is worth mentioning here that Dar-
winui steuensoni, which is quite abundant in fresh
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water lake environments, has recently been reported
as found living in Lake Shala which is a saline and
alkaline lake where the ostracofauna is highly domi-
nated by L. borisi shalaensis (Tudorancea et al., 1989;
Martens, I 990).

A significant shifr of assemblage is noted in the
lower middle part of the section with coarse sediments
(Ajewa 2.4). Gomphorythere angulata dominates with
Darwinula steuensoni and Candonopsis sp. being quite
significant. In terms of saliniry this assemblage sug-
gests a shift towards waters of moderate-low saliniry.
The fact that this shift in assemblage is associated also
with an abrupt change of grain size, leads to the idea
that a significant depositional event such as a high
enerry inflow of water (storm) could have been in-
volved. A significant inflow of fresh water from the
surroundings would have caused ̂  dilution, at least
temporarily, of the generally saline lake during that
tlme.

Section Ajewa 6

Section Ajewa 6 is a bit less than 4 m thick (Text-
fig. l2), and lies at an elevation of about 1610 m
(Tbxt-fig. 6). It is predominantly made up of fine sed-
iments. A radiocarbon age of 6343x46 BB has been
obtained from a thin sand layer (10 cm) containitg
mollusc shells. More silt was deposited over this sand
layer.

The massive clayey silts in the lower parts of the
section (Ajewa 6. 1) are very rich in ostracods. The

AJEWA 6
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assemblage is a monogeneric assemblage of Limno-

rythere, with transparent valves of females dominating
(Limnocythere borisi shalaensis).

Quite saline (mesohaline) and alkaline waters are
indicated by such an assemblage, in that it is only
composed of Limnorythere and that other species com-
mon ln more diluted waters in the are a are absent.

Ajewa 6.2, from the dated sand level further up in
the section, is also ostracod-rich but presents a com-
pletely different assemblage compared with the un-
derlying massive clayey silts. To start with we are now
dealing with a diversified assemblage and-ttg, a mono-
generic one unlike the case of Ajewa 6.1. The domi-
nant component is Cyprideis torosa (79oto1. In order of
decreasing abundance then come Gomphocythere An-
guhta, Darwinula steuensoni and Limnocythere sp. (j"-
veniles), Ilyorypris gibba and Candonopsis sp. together
only form lo/o of the total assemblage. Juvenile instars
and full carapaces are present although not in large
numbers. C. torosA valve surfaces showed brown col-
orations.

As opposed to the previous one, this assemblage
indicates diluted waters (oligohaline waters) in that
the assemblage is highly diversified, more fresh water
species are encountered, and all Cyprideis torosa valves
are noded.

A sample from silts in the uppermost parts of the
section (Ajewa 6.3) provided only a small number of
ostracod valves. The dominant species was again Cyp-
rid.eis torosa (77o/o7. G. anguhta, Limnocythere sp. and
D. steuensoni were also present. Here again the C. tor-
osA valves encountered were all of the noded variery
again indicatirg the oligohaline nature of the lake wa-
ters during this time.

Section Ajewa 6bis

Ajewa 6bis is about 2.5m thick (Text-fig. l3), and
lies at an elevation of about 1605 m (Text-fig. 6). The
base presents an uncompletely exposed 30 cm layer of
silt with scattered pebbles. These are overlain by sands
about 80 cm thick. The top parts of these sands con-
tain gastropod shells. t4C dating on these shells has
provided an age of 6228t31 BP. On top of this dated
sands, 150 cm of clayey silts were sedimented.

A fault that has cut through Ajewa 6bis sediments
indicates that they were deformed after the regression
of the lake which had led to the accumulation of the
lacustrine sediments in the Ajewa 6bis section.

The sample from the dated sand beds (Ajewa 6bisl)
showed a very high species diversiry with Cyprideis
toros*, Darwinula steuensoni and Gomphorythere anp-
lnta occupyirg a large share of the total. Limnocythere,
Cand.oyopsis rp.,, Ibotypris gib!,a an{/onocypris costata
occur ln much lower proportions. The only slight oc-
currence of Limnocytltere is notable. Furthermore, of
the few adult valves identifiable the presence of L.
tltomasi thomasi has been established. Brownish color-
ings on C. torosA valves is frequently observed.

Text-fig. 12
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Text-fig. 13 Section Ajewa 6bis with
representative pie chart of
ostracod assemblages.

Shallow lake waters of a much diluted nature (fresh
waters) are inferred from this assemblage.

The overlying clayey silts (Ajewa 6bis2) present a
significantly different assemblage both in the species
piesent and the relative proportions of the present taxa.
Limnocythere borisi borisi is the dominant element
(7 to/o1 while Gomphocythere angulata (l4o/o) and Can-
donopsis sp. (10%) also account for significant Per:
centlges. ln addition to these, Cyprid.eis torosa and
Ihotytrris gibba rcgether form " t-"fl part (5oto1 of the
assemblage. A point to make here is that in addition
to adult 

-valves, 
instars were present in great abun-

dance in the sample.
The difference between this assemblage and the

previous one is evident. An increase in saliniry is ce{-
iainly involved but the shift was not significant enough
to result in a truly mesohaline lake. Thus, an oligoha-
line salinity level is inferred again for this assemblage
with the absolute concenffation values being more close
to the upper limits of the oligohaline interval and the
lower limits of mesohaline salinities (oligohaline al-
pha). The presence of noded C. toros*, although in
iery low prbportions, favours the inference of an oli-
gohaline environment.

THE SourH SHern SectoN (TExI-FIG. 2, No. 2)

The section investigated for the ostracoda studies
consists of a more than 3 m succession of shoreface
and marginal lacustrine sediments (Text-fig. l4).

No .f,rotrologic cdibration is available lor this suc-
cession. But a generic post 2,000 BP age is proposed
by Sagri (1995) for the presently investigated section
and tlie related sediments in the north eastern coast of
the lake.

Samples Sh-B, Sh-C and Sh-O were either poor or
barren in ostracods. In the latter rwo cases the sedi-
ments were rich in organic matter and were represent-
ed by fine, more basinal sediments. Perhaps a sedi-
ment control can be inferred in that ostracods are
seen to prefer fine to medium sand sediments (Tudo-
rancea et Al., 1989)

In the samples where ostracods were found the spe-
cies identified are Limnocythere borisi sbalaensis, Gom-
pbocythere angulata, and Cyprideis torosA (noded vari-
ery).

The latter species was found as reworked carapaces
and vdves in samples Sh-A, Sh-B, Sh-H, Sh-M, and
Sh-N. Taking into consideration its occurrence in very
small numbJrs in the samples where it was recorded
and the reworked nature of the valves, it is logical to
assume that they are constituents derived from the
sediments of the previous lake phases in which occa-
sionally consisted appreciable proportions of noded
C. torosA in their assemblages as is described in the
part on the stratigraphic sections from the Ajewa em-
bayment.

Thus, essentially we are dealing with a L. borisi
shalaensis assemblage, which is the Limnocythere spe-
cies presendy living in Lake Shala (Martens, 1990).
Sh-F, Sh-G, and Sh-M are the samples richest in os-
tracods.

In sample Sh-F, which is very rich in ostracods, in
addition to the very abundant Limnoqtthere, very few
(<lo/o) Gomphocythere angulnta valves were also present.
The presence of this species gives additional evidence
of the proximiry of the assemblage to the presen t day
ostracofauna living in the lake.

Environmental conditions were more or less the
same as today i.e. mesohaline and dkaline, without
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Text-fig. 14 The South Shala section and its representative
ostracod assemblage.

significant changes in water chemistry despite the small
,.1r.1., high freqiency fluctuations of l"k.^-level.

Sh-5 
-is 

a sample taken from the beach, about 20
m laterally from the lake waters. It thus represents the
youngest subrecent sediments and the corresponding
subfoisil ostracods. Here again, only Limnocythere borisi
shalaenszi valves were encountered - a further indica-
tion of the general uniformiry of the saliniry condi-
tions in Lake Shda in the considered interval of the
south Shala section.

This phase of fluctuations represents the last stages
in the ev-olution of the lakes in the Ziway-Shala Basin,
in which the lakes, as in present d^y conditions, were
separated from each other (latest Holocene separated
lakes phase of Sagri, 1995).

THe Hulu ARTU SEctoN (Texr-FIG. 2, NO. 5)

The Hulu Artu section, which represents the most
northern one, consists of about 4 m thick of con-
densed lacustrine beds, with significant proportions
of non-lacustrine coarse sediments (Text-fig. I 5). The
importance of the section lies in the fact that shell
beds rich in molluscs are present in the section allow-
i.g these levels to be t4C dated.- 

The section is located not very far from the foot of
the Alutu volcano in ^ small river gully in the Hulu
Artu area, at 1660 m a.s.l. In terms of general loca-
tion, it is located south of the Deke \fede valley, from
which sections have been studied by Street (1979).

Two radiocarbon datings from the levels of HUA-
3a and HUA-5, have provided measured t4C ages of
11,110x70 BP and 7,870x100 BB respecrively (con-
ventional ages of 11,450x70 BP and 8,150r100 BP
are given).

Samples from five horizons contain ostracods, four
of which have rich (> 1000 valves/gram) concentra-
tions. Starting from the base sample HUA- I presents
a quite different assemblage as compared to the others
to 

-be 
described later. Three til(a were identified of

which Limnocythere sp. 650/0) and llyocypris gibba
(34o/o) dominate over Candonopsis sp. (1lolo).

An environment of moderate-high saliniry with a
nearby vegetation zone is suggested for these sediments
given thai the species of Limnocythere (L. aff. tud.o-
Tanceai) found *.t. not of a limited saliniry range.
Some species of llyoryPris accorditg to Carbonel et al.
( 1988) are oligohalophile. A Candonopsis species simi-
lar to the onel identified in these samples have been
used by Carbonel et al. (1987) as indicators of the
development of littoral plants.

HUA-2 is poor (.50 valves/gram) in valve abun-
dance, but in ferms of diversi ry i remarkable diversiry
was observed. The relative high numbers counted were
of Gomphocythere angulata (7I%) with Candono,psis
sp. and' Ihotypris gibba with slightly higher numbers
than Limnocyihere sp. Darwinuk steuensoni and other
unidentified broken fragments make up the remain-
irg part.- 

The remainitg three samples have a similarly di-
versified ostracofauna, with only certain differences in
relative proportions. The microfaunal components are
Cyprideis torosa, Gomphocythere angukta, Limnorythere
thomasi thomasi, Daruinuk steaensoni, Candonopsis sp.,
Iborypris gibba, Zonocypril costata, and HeterocyPris s.p.
Importani morphologic features were noted especidly
in the most common species. All Cyprideis torosa were
the noded varieties (commonly with three nodes) and
this will have its significance in the environmental
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interpretation as will be seen later. The Limnorythere
tbomasi thomasi valves were almost all reticulated and
in most cases also with tubercles (usually rwo tuber-
cles) . Iborypris gibba valves were also almost invari-
ably noded (usually four pointed nodes).

In HUA-3a, Gomphorythere angulata has the great-
est proportion (37o/o) followed by Cyprideis tzrost
(25o/o), Limnocythere thomasi thomasi (160/o), DArwinu-
la steuensoni (l3o/o) and Candonopsis sp. Ooto1. The
other species are present in only very small numbers.

Sample HUA-5 is instead dominated by Cyprideis
torosa (47o/o), followed in abundance by Limnorythere
tbomasi thomasi (160/o), Darwinula steuensoni (l5o/o),
Gomphocythere angulata (l5o/o) and Candonopsis sp.
(5Vo1. As in the previous sample, the other species are
present only in very small numbers.

Text-fig. 15 T h e  H u l u  A r t u
s e c t i o n  a n d  p i e
d iag rams  o f  t he
o s r r a c o d
assemblages.

Also in HUA-7, Cyprideis torosA is the dominant
species (42o/o). In this 

-sample, 
however, it is followed

in abundance by Darutinuh steuensoni (l5o/o) and then
by Gomphocythere angulata (13 o/o), Ilyocypris gibba
(I2o/o), Limnocythere thomasi thomasi (l2o/o), and Zono-

rypris costata (5oto7. Candonopsis sp. is present in very
small amounts (4o/o).

Given the similariry of the assemblages in these
three phases, the environmental implications of the
microfauna can be considered together. The noded
C. torosa valves help to define the low water saliniry
conditions in that accordirg to a number of works
(Sandberg, 1964; Vesper I972a, b; Kilenyi, 1972),
nodose specimens of Cyprideis are only found in the
oligohaline environment. In the light of these results,
Carbonel et al. (l 988) have further suggested that
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nodosiry is a double marker to indicate saliniry (nev-
er above 5-60/oo) and abundant organic matter and
sil ica.

L. thomasi thomasi is a subspecies living presendy
only in Lake Ziway, a fresh water lake of very low
saliniry. Its invariable presence in the three samples
thus suggests low saliniry waters.

Dariinula steuensoni is found in all three samples
in significant amounts, although it is not numerically
dominant over a number of other species. Its signifi-
cant presence is also indicative of the low saliniry en-
vlronment.

Species of Candonopsis and Heterorypris are report-
ed fro- present d^y lakes as being common id the
marginal lake environments where vegetation abounds
(cf. Martens 6{ Tudorancea, 1991). Gomphocythere
angulata has also been reported in large numbers from
present lakes in the basin with a fresh water nature i.e.
Lakes Ziway and Langano (Martens, 1990; Martens
S{ Tbdorancea, 199 1).

In addition to the fact that certain individual spe-
cies are indicative of the fresh water nature of the lake
waters that are reflected by these three phases of depo-
sition, the general assemblage is also instructive to-
wards this Ind' a diversified' assemblage is generally
indicative of low saliniry stable environments. tVith

an increase in saliniry due to evaporation, the diversi-

ry tends to diminish.
The altitude of the section marks the level reached

by the lake during its major extensions or highstands.
The first phase of fine sediment deposition could have
marked the presence of a small pool or swaffip, in that
unlike the other phases in the section, it presents an
ostracod assemblage (HUA- I ) not characteristic of
periods. of lake extension i.e. freshenitg. ,surrouliilg
vegetation would have been present and the saliniry
could have fluctuated as indicated by the euryhaline
Ibotypris gibba.

At around I 1 ,1 10 BB the lake reached this level as
shown by the lake-margin deposits (HUA-3). The lake
was most probably fresh or at most oligohaline and
was calm and sheltered with significant amounts of
Darwinula steuensoni inhabiting the lake margin. The
associated swampy nature or at least the presence of
nearby vegetation, as It the present case of Lake Zi-
way, is suggested by the presence of Candonopsis sp.
and Heterocypris sp.

Of the follo*ing phase of lacustrine deposition
(HUA- a; HUA-4b) not much can be said because it
is barren in ostracods. Compared with the lake-mar-
gin deposits that are found above and below, it is rep-
iesented by finer sediments indicating deeper lake sed-
iments. The lake margin would have been higher dur-
irg this time.- 

At around 7,870 BB lake-margin conditions reap-
peared (HUA -5). Conditions were more or less simi-
lar to those of the previous shallow water phase at
around 1l ka. After the lake had passed this limit of
extension with the deposition of finer sediments, a
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drop in level had occurred restoring the conditions of
a freshwater lake margin.

The final phase recorded in the Hulu futu section
had characteristics similar to the previous phases, xs
the lake was freshwater lower limits of oligohaline
waters. Differences occur in that nearby surrounding
vegetation was highly reduced (diminishing amounts
of"Candonopsrr rpl) and the sediments are fitt. imply-
irg that we are not dealing with a trqe margin envi-
ronment as in the previous cases. The diminishing
importance of margin vegetation also agrees with the
deeper conditions of the lake.

Tne LnrcE LnNcnNo Conr (TExI-FIG. 2, NO. 6)

A 14.7 m core (LL-III) rt a water depth of 15 m
was made at the northern part of Lake Langano. An
Upper Pleistocene-Holocene age has been established
foi-the core based on preliminary radiocarbon chro-
nology (Tiercelin et al., 1997).

The interval berween I4.7 m and 9 m is character-
ized by sedimentation of heterogeneous lithologies
ranging from coarse sands and indurated gravel layers
to fine homogeneous mud in irregular alternation.
Locally, the finer sediments are ostracod-rich.

In this interval the ostracods, when present, are
represented by Limnocythere with species of other gen-
era very limited indeed.

From 9 m to the top, silry to sandy mud litholo-
gies dominate with fine and coarse pyroclastic interca-
lations. The muds are ofren diatom and/or ostracod-
rich.

As in the exposed sections previously described,
the dominant ostracods are species of the genus Lim-
norythere., In addition to these, valves of Darwinula
steuensoni, and Gomphocythere angulata are often en-
countered. Benveen 5.50 and 2.30 m (c. 7-6 k"), L.
aff. tud.oranceai and L. thomasi tltomasi are the repre-
sentatives of the gen us Limnocythere. Together with D.
steuensoni and G. angulata these indicate low saliniry
waters (Atnafu, 1998; Le Tirrdu et al., 1999).

In LL-llI the uppermost parts of the core were
lost. However, LL-II, provides information regardi.g
the upper few centimeters of the basin sediments. The
two core samples taken ar 4.5 and 13 cm depth from
the water sed^iment interface were rich in ostracods.
Limnorythere thomasi thomasi and L. aff. mdoranceai
were present also in these samples in addition to Dar-
winula steuensoni. This association suggests that salini-
ties were even lower than today or in the very recent
past.

SALINITY VERSUS LAKE.LEVEL FLUCTUATIONS IN
THE BASIN

The results obtained from ostracofaunal assembl^g-
es and related t4C datings from the studied stratigraphic
sect ions provide us with a means of examinitg the
relationship berween the fluctuation in lake-levels with
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m 1550 y BP (x 1000)

the flucruations in saliniry. On the basis of this relation-
ship we can have a better understandirg of the history
of the individual lakes in particular andof the basin in
general, especially in terms of climatic changes.

Attempts to correlate variations in lake level and
vanauons in saliniry are warrented in cases where lake-
level fluctuations have climatic causes. This is espe-
cially true when we are dealing with closed basin lakes
in sub-humid to semi-arid regions, such as the Ziway-
Shala basin in the Late Quaternary. The change. in
moisture balance (i... balance berween precipitation
and evaporation) of a closed basin has an effect on the
volume of the water (variations of the lake-level) and
is .also evapo.ratively :oypl:d to warer chemistry (vari-
ations in saliniry included). The relationship benveen
the moisture balance and the lake warer chemistry is
quite complex, being related also ro the solure evolu-
tion (Eugster & Hardie, 1978; Eugster & Jones, 1979).
However, for our present purposes it is clear that evap-
oration from a waterbody increases its saliniry.

To give an oversimplified outline of what effects
would be expected with variations in the warer bal-
ance of a closed basin the followirg consideration will
do. When precipitation is greater than evaporation in
a wet climate, the lake level will rise dus to the in-
creased amount of water available; the water, however,
will also be more diluted due to such an input and,
thus, will result in a lake of lower saliniry. Vhen evap-
oration is greater than the precipitarion, on the oth-er
hand, the opposite effect will occur as the lake level
will drop, with a corresponding increase in the con-
centration of salts, which will mean a more saline lake.

Curves of fluctuations of lake-level in the Ziway-
Shala Basin (Gillespie et al., 1983) and for the Lake
Shala Area (Alessi o et Al., 1996) are presented in Text-
fig, 16. This curve, together with the discussion ro
follow will allow compaiisons to be made between the

taliniry variations derived from the presenr osrraco-
faund studies and the previous lake-level fluctuations
derived mainly from stratigraphic studies.

Fluctuations of Lake Shala
star t ing f rom the Ear ly
Holocene as interpreted
from the succession of the
Ajewa Embayment (after
Alessio et al., 1996).

The studied sections and their osrracod fauna have
helped to outline the following environmenral history
of the basin.

The Late Pleistocene ostracofaunal assemblages re-
corded in the study can be associated ro ar leait rwo
important phases of lacustrine deposition as is marked
in the Bulbula Vil lage Section. The second and later
phase has been dated as being around 24 ka.  The
ostracod assemblages have recorded a clear difference in
the saliniry level of the two phases: the earlier one being
much -or. saline than the second phase which *m f
lake of fresh to slightly brackish warer narure (fresh-
ol igohal ine). The two phases of deeper warer lake
deposits in the Ati Damo secrion are alio provisionally
considered as being of Late Pleistocene age although in
the absence of  dated levels doubts do remain (M.
Benvenuti, pers. comm.). In the Ajewa embaymenr,
samples from the Megalake phase deposits of Sagri
(1995) have resulted, like the Bulbula section, in rwo
types of ostracofaunal assemblages suggestive of rwo
ph"r.r of deposition differing in Jalinirii,lthough it is
worth mentioning the marked similariry berween these
assemblages and those of the Upper Pleistocene of the
Bulbula section, it will be premature ro assert that we are
deal i rg wi th the same phases g iven that  the data
available for facies correlations are limited.

Around 1 I .5 ka a high lake-level is recorded espe-
cially from the Hulu Artu Section which represenrs
the most north-easterly located section in this study,
lying at about 1660 m a.s.l. The lake was a fresh warer
lake as seen from the characreristic diverse assemblage
and the presence of L. t/tomasi thomasi. The fauna alio
indicates the lake-margin nature of the environmenr
and its proximiry to a swampland with vegeration. In
the Ajewa section, the continuation (with-a slight re-
gression) of this phase is marked by youngei sedi-
ments (c. 10.3 k") and less diluted warers (Ajewa 8)
that had reached oligohaline saliniry levels. Even in
this case, however, the level of the lake was higher
than 1640 m.

Text-fig. 16
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The previously discussed phase of a low-saliniry
lake has also been recorded previously in the Ziway-
Shala Basin by geomorphologic and stratigraphic means
(Gasse 6{ Street, 1978; Street, 1979; Gillespie et al.,
1983; Benvenuti et al., 2002). It has been named the
Ziway-Shala IV phase (Street, 1979) and rePresents
the very latest Pleistocene high-lake level phase re-
corded in the basin. The lake-level drop and increase
in saliniry that follow are, therefore, reflections of the
start of ihe intervening arid period identified by the
previous works.- 

In the Ajewa Tbis section, the next phase recorded
is represented by the 9,578 BP date, and the ostraco-
faunal assemblages again indicate an oligohaline lake.
These are at present considered as the start of the next
wet phase in the region i.e. Ziway-Shala V of Street
(re7e).

The next important interval ident i f ied in the
present study, involves a low-lake level around 9 ka,
where relatively saline (mesohaline) lake waters are in-
dicated by the ostracofauna. The section is character-
ized by palustrine peary sediments dated around 9,017
BP in the Ajewa 2bis section. The measured section is
located at a low elevation (1570 m) not very much
higher than the present level of Lake Shala, and thus
thE increased saliniry can be attributed to a lake-level
drop during this time.

The chionolosy of lake-level fluctuations in this
area, as reported 5y Street (1979) and Gillespie et al.
(1983) does not recognize a low lake-level around
9,000 BP. Alessio et al. (1996) and Benvenuti et al.
(2002) from the association of sedimentary facies in
the section assert that the palustrine deposits around
9 ka that lie over colluvial and alluvial deposits in that
sedimentary unit represent the significant initial sub-
mersion of'the area. To explain thi-s evidence they have
put forward two hypotheses:- 

In the first hypothesis, a previously unrePorted
lacustrine regression due to climate would have oc-
curred. The llternative hypothesis considers a local-
ized uplift of the Ajewa area with corresPonding grav-
itational plastic deformation of the old beds that un-
derlie the Ajewa bis sediments, and the formation of
the sub-basin that would later host the former. In this
context, the lake level which was probably rising due
to climatic causes, is subjected to a relative lowering.
\With the stasis of the deformational event the lake
level will continue to rise thus forming the transgres-
sive relationships reported earlier.

Since, as pieviously mentioned, the ostracofaunal
assemblage largely indicates relatively saline lake wa-
ters during that time, a lake-level drop due to climate
is suggested by the results of this s1udy. A lake-level
drop-due to tectonic reasons would not have caused
an lncrease in saliniry in an otherwise wet climate
where the water balance is in favour of precipitation
and not evaporation. \Within the Ajewa 2bis section,
certain levell have shown assemblages indicative of
fresher waters. These are interpreted as being related

to local hydrologic events such as storms causing difu-
tion of the lake waters in a generally mesohaline lake.

At around 8.1 ka, a high lake-le'nll it recorded from
the Hulu Artu section. A characteristic freshwater as-
semblage is associated with these sediments, accentu-
ating firrther the correspondence berween a lake-level
rise and a dilution of the lake waters in this area as is
expected for climatically caused fluctuations. The os-
tracod assemblage again points towards marginal lake
conditions with- the proximiry of swamP vegetation.
Although no precise dating is available at present rela-
tive to 

-Ajewa 
7 .6 and Ajewa 7 .7, the interval around

8 ka is estimated for the upper portion of section
Ajewa 7 by consideration of the succession of events
documented from the Ajewa embayment by previous
works (Street , 1979; Gillespie et al. 1983) and the
recent assumptions of Alessio et al. (1996).

Fresh wat-er lake conditions are hereby considered
part of the ultimate stages of the Ziway-Shala V phase
(Street , 1979; Gillespie et al., 1983)

Shortly after this phase, the Ajewa 2 section (7.6

ka) marks a fall of lake level associated with an ostra-
cod assemblage indicative of generally mesohaline wa-
ters (Limnorythere assemblage). Except for a small
break, where moderately diluted waters are indicated
(Ajewa 2.3), mesohaline lake water conditions did con-
tinue for a relatively considerable amount of time, as
seen from the thickness of lacustrine sediments in the
Ajewa 2 section. Vithin a general background of a
mesohaline water lake environment, thus, a short in-
terval of freshening can be envisaged. This period of
low lake-levels is the Shala V/VI dty phase noted in
Gillespie et al. (1983).

The results from the ostracofaunal analysis in the
Ajewa embayment show that the lake did not attain
the next truly fresh state until after 6.3 ka. The basal
sample of section Ajewa 6 ($.wa 6. 1) is characterized
by in assemblage,of mesohaline waters leading to ,h:
assumption that the conditions in Aje*? 2 continued
even up to the time of the first stages of lake-level rise
shown-by Ajewa 6. However, the remainitg sediments
of the latter and samples from Ajewa 6bis provide
evidence from ostracods that more diluted concentra-
tions were reached shortly after. t4cages of 6343x46
BP and 6228x31 BP mark the chronologic position
of this phase especially in the Ajewa embayment.

Thia phase is the Ziway-Shala VI of Street (1979)
and Gillespie et al. (1983). In the Hulu Artu Section,
a fresh *ater indicative ostracod assemblage is found
from the HIJA-7 level. The level has not been dated
but at this point it can be said with certain confidence
that it represents Phase M of the high lake-levels iden-
tified in the Ziway-Shala basin. In the Langano core a
fresh water lake interval is recorded between roughly
7 -6 ka and surely represents this same phase. Although
we do not have evidence from the studied sections
regarditg duration of this particular wet phase, the
Zi*ay-SEala VI phase is reported to have occurred
berweenT and 4ka (Street,1979).
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The Late Holocene in the basin is generally marked
by low lake-levels that continued to the present d^y
(Street, 1979; Gillespie et al., 1983; Alessio et al., 1996;
Benvenuti et al., 2002). 

'Within 
the time interval fol-

lowing 4 ka, the above-mentioned works have report-
ed a moderate rise in lake level that would have joined
the three southern lakes at arou nd 2,500 BP. At present,
not much can be said regarditg this phase because no
ostracod containing sections have been studied in
enough detail. The only sample (C- 1) taken from the
viciniry of the secrion of Alessio et al. (1996) had a
poor ostracofaunal assemblage that was Limnocyt/tere
dominated and with few Gomphocythere angulata. If
we are to extract information from a single samPle, an
indication would be that even with the rise, the lake
did not attain oligohaline salinities.

The ultimate stages of lake evolution in the basin
proceeded as the separated lakes phase of the latest
Holocene (Sagri, 1995) represented by the separate
deposits around Shala, Abiyata, and Langano. In the
South Shala section the po st 2 ka (Sagri, 1995) histo-
ry of Lake Shala shows that lake-water salinities re-
mained essentially the same as in the present d^y lake
with Limnorythere borisi being the principal ostracod
species, despite the fact that small-scale fluctuations
of lake-level had occurred (Benvenuti et al., 1995). A
comparable lake succession of about 5 m thickness
cored in Lake Abiyata and not older than 1,720 BP
(Bonnefille et al., 1986) represents the basinal facies
in Lake Abiyata during that time. For lake Langano,
the samples from the upper few centimeters of the
studied core give indications that more fresh waters
had existed in the recent past. The presence of Limno-

rythere thomasi thomasi and Darwinula steuensoni are
important indicative elements of the assemblage.

Ostracod valve trace element analysis results from
the Ziway-Shala basin show that valve Sr/Ca and valve
BalCa can be utilised as reliable markers of variations
in the saliniry of lake waters. These results are in gen-
eral agreement with fluctuations interpreted from the
ostracod assemblages (Atnafu, I 998).

CONCLUSIONS

The utiliry of Late Quaternary ostracofauna in re-
constructing the variations in the saliniry of lake envi-
ronments has been confirmed from the present study
of ostracod assemblages in the Ziway-Shala Basin. The
results from this study should encour age the use of
this fossil group in th. study of othei lake records
especially within the Ethiopian Rift.

Starting from the ostracod assemblages data of the
present d^y lakes of the Ziway-Shala basin, saliniry
ilasses and ostracod assemblages for late Pleistocene
and Holocene have been established (Text-fig. l7).
The saliniry levels have been divided into fresh, oligo-
haline and mesohaline, while the characteristic ostra-
cod assemblages for such inferences are summarised as
follows:
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1. (Assemblage indicative of fresh waters) Diver-
sified assemblage containitg most of the followi.g spe-
cies: Limnorythere thomasi t/tomasi, Limnocythere aff.
tudoranceAi, Darwinula steuensoni, Gomphorythere An-
gulata, noded Cyprideis toros*, IbotyPris gibba, Zono-
cypris costata, Candonopsis sp., and Heterorypris sp.

2. (Assemblages indicative of oligohaline waters)
a) dominated by noded Cyprideis toros*, or b) with
Limno qtth ere and/o r Gomp h o ryth ere angu lata dominant,
with few associated other species in subordinate
amounts.

3. (Assemblage indicative of mesohaline lake wa-
ters) highly dominated by one or rwo Limnoqtthere
species (Limnocythere tltomasz excluded) with the pres-
ence of other species very limited indeed.

The use of Limnorythere as a hydrochemical indi-
cator group of elevated salinities and alkalinities out-
lined by Cohen et al. (1983) can be utilised, ?S has
been applied in this work, in a slightly modified form.
The modifications involve the consideration of the
particular Limnocythere species present and their quan-
titative proportions with the associated fauna. As a
genus, however, it cannot be considered rypical of sa-
line waters since some (sub)species such as Limno-
cythere thomasi are found exclusively in fresh-oligoha-
line waters while others, common in mesohaline wa-
ters, can also survive in reduced salinities. For exam-
ple, the present study has shown the utiliry of Limno-
cythere t/tomasi thomasi as an indicator of very diluted
waters comparable to salinities of present d^y Lake
Ziway.

The presence of nodes on the valves of Cyprideis
torosa as an effect of reduced salinities in the lake en-
vironment has been confirmed and successfully used
in semi-quantitative terms to recognise oligohaline
waters in particular, although its presence in more re-
duced proportions is not excluded from waters espe-
cially of lower salinities, i.e. fresh waters.

The environmental interpretation in this study has
mostly concentrated on saliniry variations and to some
extent on water turbidiry. The study, based mainly on
autoecological information of ostracod assemblages of
present d^y rift lakes, has evidenced the saliniry fluc-
tuations during the latest Pleistocene and Holocene
time.

Generally ostracod assemblages indicating lower
saliniry (i.e., fresh water) correspond to periods of high
humidiry, whilst ostracod assemblages rypical of high
saliniry (i.e., mesohaline water) correspond to dry pe-
riods, also with lake-level fluctuations, as tested by
Alin 6{ Cohen (2003) for the late Holocene of Lake
Thnganica.

Our data, integrated with previous ones (summa-
rized by Benvenuti et al., 2002), confirm the picture
of environmental changes, which are mainly driven
by changes in climate, even if Late Quaternary tec-
tonism and volcanism in the MER modulated such a
climatic control (Benvenuti et al., 2002).
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