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Introduction
Ostracods are important inhabitants of almost all types of water bod-
ies. Their calcitic valves are often preserved in aquatic sediments 
and are therefore commonly used as palaeoenvironmental indicators 
in Quaternary geology and in palaeoclimate reconstructions (De 
Deckker & Forester, 1988; Boomer et al., 2003; Frenzel & Boomer, 
2005). Knowledge of the distribution of modern ostracods is a 
prerequisite for its use as a tool in palaeoenvironmental studies 
(Mezquita et  al., 2005; Reed et  al., 2012). A recent survey of the 
distribution of modern non-marine ostracods in southern Israel and 
Jordan showed that the species Bradleytriebella lineata (younger 
synonym Paracypretta amati Martens, 1984) occurs only at one of 
the 34 sites examined in Israel (Mischke et  al., 2012). It was not 
recorded in an earlier 61-site survey by Mischke et al. (2010) and in 
other studies of non-marine Recent or sub-Recent ostracods from 
Israel (Lerner-Seggev, 1968; Rosenfeld & Ortal, 1983; Martens 
et  al., 1992, 2002; Martens & Ortal, 1999). The objective of this 
study is the determination of the distribution of B. lineata in the 
region of its single discovery in Israel and the discussion of possible 
reasons for its rare occurrence in the southern Levant.

Study Area
Valves of B. lineata have been recorded from a single sampling 
site in Nahal Bokek (= the Bokek stream, also Wadi Boqeq) in 
Israel so far (Mischke et  al., 2012). Nahal Bokek is a relatively 
small stream that drains the western rift shoulder of the Dead Sea 
basin (Fig. 1). The rift shoulder forms a steep cliff between the 
uplands of the Judean Desert with elevations generally above 
sea-level (asl) and the Dead Sea at −427 m asl. The stream of 
Nahal Bokek is deeply incised in Upper Cretaceous carbonates 
and mudstones (Wdowinski & Zilberman, 1997).

The climate of the region is hyperarid, with mean annual pre-
cipitation of 75 mm. Mean annual, mean January and mean July 
temperatures are 24.1 °C, 15.3 °C and 31.2 °C, respectively. As a 

result of the arid conditions, vegetation is confined mostly to the 
narrow gorge of Nahal Bokek, consisting of Tamarix, Phragmites 
and salt-tolerant Chenopodiaceae. The stream flows west–east 
over a distance of c. 1.8 km and enters the Dead Sea at the tourist 
resort Ein Bokek (also En Boqeq; Fig. 1). The proximity of a 
number of large hotels and of the major road number 90 which 
crosses the stream close to its inflow into the Dead Sea results in 
its attraction as an important hiking destination. Thus, human 
impact occurs mostly through tourists wading in the stream bed 
and leaving litter in the stream and on nearby tracks.

Material and Methods
In addition to two sites previously sampled during 2008 and 2010, 
nine sites were sampled along the stream in December 2013 
(Fig. 1). The uppermost 0.5 cm-thick soft mud was collected from 
slowly flowing sections in the stream, small pool-like basins in 
the stream bed or calm areas behind large rocks. If present at all, 
only a thin (<2 cm) cover of soft sub-Recent sediments drapes 
gravels and rocks in Nahal Bokek. These soft and fine-grained 
sediments apparently represent deposition since the last local 
flooding event which flushed out previously accumulated fine-
grained sediments from the stream bed. At each site, 130 ml of 
soft wet sediment were collected. Specific conductivity, water 
temperature, dissolved oxygen concentration and saturation, and 
pH were measured at each site with a hand-held WTW 340i 
device. A single water sample was collected at Site 7 in 2013 for 
subsequent analyses of major cations and anions and alkalinity 
was immediately determined with the AL7 titration test kit of 
Macherey-Nagel. The sediment samples were sieved through 1, 
0.25 and 0.1 mm meshes on the day of sampling. The sieve resi-
dues were stored in water for 11 days and dried. Ostracod valves 
and carapaces were subsequently picked using a low-power bin-
ocular microscope. Ostracod valves were identified with Rossetti 
et al. (2006) and Savatenalinton & Martens (2010).
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Results
The specific conductivity of Nahal Bokek is relatively high and 
increases slightly downstream from 11.42 mS cm−1 at the upper-
most Site 1 to 11.92 mS cm−1 at Site 11 close to its inflow into 
the Dead Sea (Fig. 2). Water temperatures decrease from 29.6 °C 
to 21.6 °C over the same distance. The pH values show a slight 
increase, and also dissolved oxygen concentration increases 
slightly downstream apart from the lowermost site where a high 
oxygen concentration was measured (Fig. 2). The major anion 
and cation concentration of Nahal Bokek water is dominated by 
Cl−, and Mg2+ and Ca2+, respectively (Fig. 3). Water samples col-
lected during different years do not show a significant variability 
in major ion proportions. Ostracod valves were not found at the 
two uppermost Sites 1 and 2 in Nahal Bokek and also not at 
Sites 4 and 9 (Fig. 2). Valves of Heterocypris salina (Brady, 
1868) were found at the other seven sites sampled in 2013  
(Fig. 4). Two carapaces of H. salina with well-preserved soft 
parts were recorded at Site 10. Valves of B. lineata were found 
only at Site 8 in October 2008.

Discussion
The Nahal Bokek water has a significantly higher conductivity 
and water temperature than the freshwater springs of En David 
and Nahal Arugot at the western shore of the northern Dead Sea 

basin (Vengosh et  al., 1991). The water temperature of Nahal 
Bokek decreases downstream (Fig. 2). The temperature is c. 6 °C 
higher in its uppermost stream section in comparison to the mean 
annual temperature of Ein Bokek (Fig. 2). The higher water tem-
perature and conductivity in comparison to the freshwater springs 
of the region, and the downstream-temperature decrease indicate 
that Nahal Bokek is apparently mostly fed by a thermal spring or 
several thermal springs. Such springs are common features along 
the Dead Sea Transform (Mazor & Molcho, 1972; Salameh & 
Rimawi, 1984; Vengosh et  al., 1991). In addition to thermal 
spring water, recent meteoric water probably contributes to the 
stream water of Nahal Bokek. The Cl− dominance of Nahal Bokek 
and Dead Sea waters indicates that the stream waters are influ-
enced by deep buried ancient sea water from the initial lagoonal 
stage of the Dead Sea basin or more recent Dead Sea brines 
(Mazor & Molcho, 1972) (Fig. 3). However, the differences in the 
major cation proportions of the waters from Nahal Bokek, the 
Dead Sea surface brine and the deep thermal spring waters from 
Enot Zuqim (also known as Enot Tsukim or En Feshra) at the 
northwestern shore of the Dead Sea show that the Nahal Bokek 
waters do not represent exclusively deep saline waters similar to 
most spring waters of Enot Zukim or mixtures of uprising waters 
and the recent Dead Sea brine (Mazor & Molcho, 1972) (Fig. 1). 
The Ca2+ dominance of the Nahal Bokek waters probably results 

Fig. 1. Nahal Bokek at the western shore of the Dead Sea in Israel: (a) general position of study area marked with an arrow (EZ, Enot Zuqim; G, 
Gharandal); (b) sampled sites in Nahal Bokek; (c) altitudinal transect with sampled sites along Nahal Bokek.
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from the admixture of recent meteoric waters with waters of deep 
origin (Fig. 3).

The pH value of Nahal Bokek waters slightly increases down-
stream, probably as a result of increasing CO2 degassing along the 
water’s flow. The slight conductivity increase measured down-
stream in 2013 probably reflects the increasing evaporative con-
centration of the water with increasing time of exposure (Fig. 2). 
Dissolved oxygen concentration and saturation increase down-
stream as a result of increasing uptake of atmospheric oxygen in 
turbulent waters and increasing algal productivity in less rapidly 
flowing waters downstream.

Conductivities of Nahal Bokek waters were significantly lower 
at Site 8 in the years 2008 and 2010 in comparison to the conduc-
tivity at the nearby Site 7 in 2013 (Fig. 2). A reason for the recent 
conductivity increase is possibly the increasing aridity of the 
region and the diminishing dilution of thermal and saline spring 
water by near-surface fresh groundwater (Ziv et al., 2013).

Valves of B. lineata were recorded at Site 8 only during the 
sampling survey in October 2008 in Nahal Bokek (Fig. 2). The 
sampling of Site 3 in July 2010 and Site 8 in December 2010, 
and the more systematic sampling of sediments along the stream 
in 2013 revealed only valves and carapaces of H. salina. 
Specimens of H. salina collected alive at Site 10 in December 
2013 show that the species lived in the stream during the most 
recent sampling survey. The widely distributed and ecologically 
tolerant species H. salina apparently represents the established, 
long-term inhabitant of the brackish Nahal Bokek waters. In con-
trast, Bradleytriebella lineata seems to occur only sporadically. 
The species has been recorded from its type locality comprising 
ponds, roadside ditches, a lake and a washing pool in the 
Philippines, from temporary ponds in a temporary river from 
Sudan, from lakes, reservoirs, streams, canals, ponds, swamps, 
rice fields and springs in Thailand, from the freshwater Lake 
Biwa in Japan, and spring-fed ponds in Wadi Gharandal in south-
ern Jordan (Victor & Fernando, 1981; Martens, 1984; 
Savatenalinton & Martens, 2010; Smith et  al., 2011; Mischke 
et  al., 2012). Apart from the records in Nahal Bokek and Wadi 
Gharandal, it was not recorded from any other site in the region 
in a number of studies of Recent to Quaternary ostracods (Bender, 
1968; Huckriede & Wiesemann, 1968; Almogi-Labin et al., 1995; 
Ginat et al., 2003; Moumani et al., 2003; Petit-Maire et al., 2010; 
Mischke et  al., 2012). Thus, B. lineata has apparently an 

Fig. 2. Dissolved oxygen (DO) concentration (mg l−1) and saturation (%), 
water temperature (wt), pH, specific conductivity (SC) and numbers of 
recorded valves of Heterocypris salina and Bradleytriebella lineata at the 
eleven sampled sites in Nahal Bokek. (Sampling time of previous studies 
and this survey marked with different symbols.)

Fig. 3. Major cations and anions of Nahal 
Bokek water sampled in July and December 
2010 and in December 2013 (Mischke 
et al., 2012). Ion concentration data for the 
Dead Sea surface brine, waters of the Enot 
Zuqim springs at the northwestern Dead 
Sea shore, and spring and pond waters 
of Wadi Gharandal in Jordan are given 
for comparison (Mazor & Molcho, 1972; 
Abed et al., 1990; Mischke et al., 2012). 
In addition to the occurrence of B. lineata 
in Nahal Bokek in Israel, another record of 
valves of B. lineata from the Levant comes 
only from a spring and a pond in Wadi 
Gharandal in Jordan (Mischke et al., 2012).
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Afrotropical, Oriental and East Asian distribution (Savatenalinton 
& Martens, 2011; Smith et al., 2011).

Ecological information for the type locality of B. lineata in  
the Philippines and the record from Sudan is lacking but a pH 
range from 6.5 to 7.2 and a water temperature range from 23.4 °C 
to 34.5 °C is reported from the records in Thailand (Victor & 

Fernando, 1981; Martens, 1984; Savatenalinton & Martens, 2010). 
Summer temperatures of Lake Biwa’s surface waters are c. 29 °C 
(Endoh, 1978). Significantly lower water temperatures between 
14.9 and 22.2 °C and pH values between 7.2 and 8.1 were meas-
ured in Wadi Gharandal (Mischke et  al., 2012). However,  
only empty carapaces and valves were recorded at the Jordanian 

Fig. 4. Bradleytriebella lineata (1–5) and Heterocypris salina (6–10) from Nahal Bokek: 1, right valve (RV) internal view (iv); 2, left valve (LV) iv; 
3, LV external view (ev); 4, RV ev; 5, carapace (C) dorsal view (dv); 6, RV iv; 7, LV iv; 8, C ev (RV visible); 9, C ev (LV visible); 10, C dv. All 
specimens housed at the Institute of Geological Sciences of the Freie Universität Berlin.
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locality. The temperature data measured in Wadi Gharandal dur-
ing sampling in December 2010 probably represent minimum 
temperatures for the full year’s cycle. The predominantly tropical 
distribution of B. lineata and the reported water temperature data 
for the localities in Thailand, Japan and for Nahal Bokek indicate 
that B. lineata prefers warm waters (Savatenalinton & Martens, 
2010, 2011). Specific conductivities of 1.9–2.3 mS cm−1 in the 
ponds of Wadi Gharandal and freshwater conditions of the locali-
ties of B. lineata in Thailand (K. Martens, pers. comm., 2014) and 
Japan (Aota et  al., 2003) suggest that the species tolerates a rela-
tively wide salinity range. The species has apparently no prefer-
ence for waters dominated by either Cl− or SO4

2− and possibly a 
preference for waters rich in Ca2+ and Mg2+ (Fig. 3).

The record of B. lineata from the thermal waters of Nahal 
Bokek in 2008 represents an occasional and temporary appearance 
in an ecologically suitable habitat far away from the usual region 
of the species’ distribution. It remains open whether the occur-
rence in Nahal Bokek resulted from the dispersal of eggs and/or 
living specimens by birds migrating along the major north–south-
aligned African Rift Valley–Red Sea route connecting eastern 
Africa and Eurasia (Bobek et al., 2008).

The disappearance of the population after the sampling of sub-
Recent valves on 18 October 2008 was probably caused by a 
flood recorded in Nahal Bokek only six days after sampling on 24 
October 2008 (Hydrological Service of Israel, unpubl. data). A 
preceding flood occurred in the region on 30 February 2008, leav-
ing a period of about eight months of calm and probably suitable 
conditions for the establishment of a B. lineata population in 
Nahal Bokek (Hydrological Service of Israel, unpubl. data). The 
absence of sub-Recent valves from the stream in December 2013 
indicates that the species was apparently not able to efficiently  
re-occupy Nahal Bokek.

Conclusions
Sub-Recent valves of B. lineata were recorded at only a single 
site in Nahal Bokek in an earlier study and were not recovered in 
a more systematic sampling of the stream in 2013. Its absence is 
explained by the flushing of the stream bed during a flood on 24 
October 2008 only six days after the sampling of sub-Recent 
valves and the inability of the species to re-establish a population 
in the stream. The study shows that the short-term occupation of 
water bodies such as Nahal Bokek by a species far away from its 
main distribution region is controlled by (1) the site-specific suit-
ability of the habitat for occupation (i.e. the thermal waters of 
Nahal Bokek) and (2) the specific hydrological conditions (flood-
ing in Nahal Bokek). Only frequent and systematic surveys are 
capable of tracing the occupation dynamics of similar short-lived 
occurrences of ostracods and probably also other taxa in flood-
affected waters of arid regions.
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