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Abstract 

In the last ten years, morphological abnormalities and colored tests have been observed in benthic foraminifera 

specimens collected from Aegean and Southwestern coasts of Turkey. Specific morphological abnormalities show 

distinct distribution patterns, suggesting the need for special environmental conditions facilitating the development 

of such abnormalities. Physical and chemical parameters have been proposed to be responsible for these 

morphological changes. 

The benthic foraminifera, Cibicidella variabilis (d’Orbigny) specimens have been collected from different locations 

on the East Aegean coast of Turkey. Some of them, especially those from Dikili Bay, were found to have variable 

number of apertures, ranging from one to five. These apertures not structurally, but positionally differ. The 

abundance of certain test forms in specific locations draws attention. The aim of this study is to determine the 

possible causes of this aberrant morphology observed in tests of Cibicidella variabilis (d’Orbigny). 

Cibicidella variabilis (d’Orbigny) shows a wide distribution range on the Aegean coast of Turkey, and has been 

found in Saros Bay, Gökçeada, Bozcaada, Çanakkale, Edremit Bay, Dikili Bay, Çandarlı Bay, Karaburun Peninsula, 

Kuşadası, Güllük Bay, Gulf of Gökova, Gulf of Datça, and Marmaris Bay. But, the individuals collected from Gulf 

of Edremit, Dikili Bay, Çandarlı Bay, Gulf of Gökova, and Gulf of Datça were morphologically different than those 

collected from the rest of the regions. The variation in the number of apertures, as well as their positions were typical 

in these samples. Besides, the variations in the shape of the tests observed in adult individuals, but not in juveniles 

indicates that some environmental factors, which were specific to these regions, might have been involved in this 

unusual test development. The submarine springs caused by the tectonic activities are typical of the Aegean Sea. It 

is well documented that these kinds of springs change the characteristics of the surrounding habitat and its fauna. 

Therefore, it is possible that some of the trace elements, which are abundant in hot spring waters, may be related 

with the abnormal test morphology observed in our samples. On the other hand, it is also possible that, not only the 

chemical and physical conditions of the surrounding water, but also its biological properties may affect the test 

development. 

Keywords: Cibicidella variabilis, Foraminifera, Eastern Aegean Sea 

Introduction 

Temperature, salinity, solubility of calcium 

carbonate, depth correlation, nutrition, 

substrate, dissolved oxygen content, 

illumination, pollution, water motion, trace 

elements and rapid change in ecological 

parameters were proposed to be responsible for 

morphological changes observed on benthic 

foraminifer tests (Boltovskoy et al., 1991).  

Abnormal test development, as well as twins and 

triplets are commonly observed in natural and 

artificial saltpans which form hypersaline 

environments (Almogi-Labin et al, 1992; Stouff 

et al., 1999; Geslin et al., 2000; Debenay et al., 

2001). Contamination by heavy metals are 

suggested to be one of the major causes of 

abnormal test morphology of benthic 

foraminifers.  
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The heavy metal source can be either natural or 

artificial. The heavy metals directly disposed 

from industrial plants or carried by runoff result 

in the change in environmental conditions and 

cause variations on test morphology in benthic 

foraminifers (Alve, 1991; Sharifi et al., 1991; 

Yanko et al., 1998 and 1999; Meriç et al. 2002 

and 2005). Heavy metal content of the mines 

which are located near to the coastal regions are 

washed by runoff and carried to the sea. Such 

mines are found on the western coast of Turkey 

(Evans, 1971; Dora and Savaşçın, 1980; 

Akyürek, 1989; MTA, 1989; Ergin et al, 1993; 

Ergin and Yemenicioğlu, 1997; Yalçın et al., 

2004 and 2008). The high heavy metal 

concentrations locally affect benthic 

foraminifera, and are found to cause abnormal 

test development (Geslin et al., 2002; Meriç et 

al., 2003; Elberling et al., 2003; Meriç et al., 

2008b and 2009).  

On the southwestern coast of Turkey, especially 

around Antalya, agriculture is an important 

economic sector and chemicals are extensively 

applied in open fields and greenhouses. The 

region is karstic, thus bears many groundwater 

systems, which carry these chemicals to the sea 

(Meriç et al., 2008b). High amounts of DDT, 

DDE and DDD have been found in Kirkgöz 

springs (Northern Antalya) (Ekmekçi, 2005). 

The high abundance of morphologically 

abnormal individuals of Textularia bocki 

Höglund, Peneroplis pertusus (Forskål), P. 

planatus (Fichtel and Moll), Amphisorus 

hemprichii Ehrenberg, Sorites orbiculus 

Ehrenberg, S. variabilis Locroix observed on 

southeastern coasts of Kas and Kekova 

(Antalya) supports this hypothesis (Meriç et al., 

2008b). 

Submarine freshwater and brackish springs can 

cause extreme seasonal salinity variations in 

coastal regions which affects benthic 

foraminifer species and results in the abnormal 

test development (Nigam et al., 2006; Meriç et 

al., 2008a). The benthic foraminifer 

assemblages of the thermal springs were 

investigated in shallow habitats in the Aegean 

Sea (Thierman et al., 1997; Varnavas et al. 

1999). 

Similar studies were conducted around thermal 

springs in Ilıca Bay - Çeşme (Izmir, western coast 

of Turkey), without taking the environmental 

conditions into consideration (Sözeri, 1966; 

Sellier de Civrieux, 1970). There are also studies 

which consider the presence of the thermal 

springs and around (Meriç et al., 2003; Meriç, 

1986; Avşar, Meriç, 2001, Meriç, et al., 2015 and 

Meriç, et al., 2016). In Ilıca Bay there is a 

submarine thermal spring at 2.5m depth with 

water temperatures of 68°C and high radioactivity 

(Çağlar, 1946; Türkiye Mineralli Su Kaynakları 

(Ege Bölgesi), 1999; Türkiye Maden Suları (3) 

Ege Bölgesi, 1974). Specimens of Peneroplis with 

abnormal morphologies are highly abundant 

around this spring (Sözeri, 1966; Sellier de 

Civrieux, 1970). 

Cibicidella variabilis (d’Orbigny) is one of the 

characteristic species of the infralittoral zone in 

the Mediterranean. It has been reported from 

various depths between 7-50 m, where Posidonia 

oceanica meadows dominate (Sgarrella and 

Moncharmont-Zei, 1993; Cimerman and Langer, 

1991). Cibicidella variabilis also inhabits the 

Aegean Sea and is known to be widely distributed 

along the Turkish coastline (Meriç and Avşar 

2001; Meriç et al., 2002b; Meriç et al., 2002d, 

Meriç et al., 2004b; Meriç et al., 2003a and b, 

2004a, 2005a and b, 2009, Yokeş et al., 2014) 

(Figure 1). 

Cibicidella variabilis (d’Orbigny) shows 

operculine development, having a trochospiral 

coiling, with all the whorls visible on the spiral 

side. The juveniles have one aperture while the 

adults usually possess two (Cimmerman and 

Langer 1991, pl. 77, figs. 2-4 and 7-10). The 

individuals, which have been collected from 

certain locations on the Aegean coast of Turkey 

and Italy, were found to have variable number of 

apertures, ranging from one to five (Sgarrella and 

Moncharmont-Zei, 1993, pl. 23, figs. 2 and 3; 

Meriç and Avşar, 2001, pl. 6, figs. 10-12). These 

apertures do not structurally, but positionally 

differ. The abundance of certain test forms in 

specific locations draws attention. The aim of this 

study is to figure out the possible causes of this 

aberrant test morphology observed in Cibicidella 

variabilis (d’Orbigny) individuals.  



Meriç et al.  / IJEGEO 4(2), 139-156 (2017) 

141
1

The Aegean coast of Turkey, enclosed by 

Gökçeada to the north, and Marmaris Bay to  

the south, has been investigated in the scope of 

this study 

 Figure 1. Locations of the sampling stations and major terrestrial and submarine thermal springs on 

      the Aegean coast of Turkey. 
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Systematic Paleontology 

Family Planorbulinidae Schwager, 1877 

Subfamily Planorbulininae Schwager, 1877 

Genus Cibicidella Cushman, 1927 

Cibicidella variabilis (d’Orbigny) 

(Pl. 1, figs. 1-14; pl. 2, figs. 1-14; pl. 3, figs. 1-6) 

1839 Truncatulina variabilis d’Orbigny. P. 135, pl. 2, fig. 29. 

1896 Truncatulina variabilis d’Orbigny. Dezelic, p. 87. 

1931 Cibicidella variabilis (d’Orbigny). Cushman, p. 127, pl. 24, fig. 3. 

1974 Cibicidella variabilis (d’Orbigny). Colom, p. 150, figs. 33, 34. 

1974 Cibicidella variabilis (d’Orbigny). Le Calvez, Y., p. 96, pl. 26, figs. 1-4. 

1979 Cibicidella variabilis (d’Orbigny). Blanc-Vernel et al., pl. 23, fig. 3. 

1988 Planorbulina variabilis (d’Orbigny). Loeblich and Tappan, p. 588, pl. 645, figs. 5-6. 

1991 Cibicidella variabilis (d’Orbigny). Cimerman and Langer, p. 72, pl. 77, figs. 1-10. 

1993 Cibicidella variabilis (d’Orbigny). Sgarrella and Moncharmont-Zei, p. 234, pl. 22, figs. 10-11. 

2001 Cibicidella variabilis (d’Orbigny). Meriç and Avşar, pl. 6, figs. 10-12. 

2004a Cibicidella variabilis (d’Orbigny). Meriç et al., p. 186, pl. 28, figs. 6-11. 

Materials and Methods 

Sediment samples have been collected by Van 

Veen Grab dredge from different locations in 

Saros Bay, Gökçeada, Bozcaada, Edremit 

Bay, Dikili Bay, Çandarlı Bay, west of 

Karaburun Peninsula, Kuşadası, Güllük Bay, 

Gökova, Datça and Marmaris. Unfortunately, 

physical and chemical parameters, except for 

the depth and the coordinates, had not been 

recorded during sampling. The depths of the 

stations ranged between 15.0 and 230.0 m 

(Figure 1 and Table 1). 

For heavy metal analysis 0.2-0.5 g of sediment 

was weighed and dissolved with 4 ml of 

HNO3 for 4 minutes in HACH2 digesdake. 

Then 15 ml of H2O2 was added.  

The volume of dissolved sample was diluted to 

10 ml. The concentrations of heavy metals in 

the sediment samples were measured by a 

flame spectrometer. The heavy metals 

analyzed were Pb, Cr, Ni, Co, Cu, Mn and Fe. 

No trace of Cd was detected. In many samples 

Results 

Cibicidella variabilis (d’Orbigny) specimens 

have been collected from various stations. The 

samples show variable test morphologies. 

Morphological abnormalities include test 

abnormalities and chamber abnormalities, the 

location of the apertures differ among 

individuals and the number of apertures vary 

between one and five (Plate 1-3).  

However, the specimens obtained from the 8th 

station in Dikili-Çandarlı region show the most 

diverse and highest abundance of abnormal 

tests. Especially the aberrant chamber 

formations on the spiral side and the positions of 

the second, third, fourth and fifth apertures 

constitute the main differences compared to the 

individuals observed elsewhere. 

Heavy metals such as Pb, Cr, Ni, Cu, Co, Mn 

and Fe were found in the sediment analysis 

(Tables 2 and 3)

The Pb values were not measured. 



Meriç et al.  / IJEGEO 4(2), 139-156 (2017) 

143
3

    Table 1. Water depths of the stations. 

Location Station no Depth (m) 

Gökçeada 2 32.4 

Edremit Bay 

3 230.0 

6 15.0 

7 19.0 

Dikili-Çandarlı 

1 16.0 

5 18.0 

7 35.0 

8 35.8 

10 22.5 

Çeşme-İzmir 5 18.0 

Kuşadası 
1 73.0 

2 31.3 

Gulf of Gökova 

2 27.0 

3 80.4 

4 46.2 

5 34.5 

6 65.0 

8 78.3 

Gulf of Datça 

2 45.0 

4 40.0 

5 59.3 

Marmaris Bay 
6 64.0 

8 69.0 

     Table 2. Heavy metal concentrations of the sediments from Dikili Bay. 

Station  Pb μg/g Cr μg/g Ni μg/g Cu μg/g   Co μg/g Mn μg/g Fe μg/g 

2 --- 6,65 0,06 1,05 0,58 59 140,11 

3 0,73 8,99 3,7 5,28 1,79 73,65 ---- 

4 ---- 6,39 4,75 6,66 7,98 23,74 297,18 

5 0,47 17,64 5,71 29,56 1,77 87,24 ---- 

8 0,03 9,81 2,54 4,28 1,49 56,57 268,691 
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Table 3. Heavy metal concentrations in surface sediments from the Dikili and Çandarlı bays (from 

    Ergin et al., 1993) 

Station Zn μg/L Cr μg/L Ni μg/L Cu μg/L Co μg/L Mn μg/L Fe % 

T52 19 9 13 3 2 103 0.59 

T53 27 32 30 6 7 172 1.18 

T54 37 42 36 11 5 441 2.20 

T55 81 73 43 34 9 352 3.07 

T56 58 58 35 14 12 377 3.58 

T57 98 103 118 27 19 716 4.23 

T58 84 161 70 16 12 704 2.98 

T59 53 68 62 11 9 388 2.58 

T80 93 101 50 21 12 337 3.16 

T81 56 65 36 16 9 269 2.99 

T82 60 74 52 18 9 343 3.69 

In Sample 3 and 5, elevated levels of Pb was 

observed; however, no Fe was found, and also 

other heavy metals like Cr, Ni, Cu, Co and Mn 

were measured under the shale values 

(Krauskopf, 1985), but still having 

considerable values. The amounts of Mn, Cr 

and Cu in the Sample 2, 4 and 8 deserve 

attention. Yet, the Sample 5 shows the highest 

Mn, Cr; Cu and Ni concentrations among the 

samples. 

Discussion 

The water temperature in the Eastern Aegean 

Sea has been found to vary between 9-26ºC and 

the oxygen concentration has been observed as 

4-10ml/l (Artüz 1970; Benli and Küçüksezgin, 

1988; Ergin et al, 1993), indicating that the 

continental shelf, including the area of interest, 

was an environment with aerobic conditions. 

During the Middle Miocene, an expansion had 

been started in this area by the collision of the 

Arabian and Anatolian plates. The Northern and 

Eastern Anatolian Faults had been formed 

because of the pressure exerted by this collision 

(Şengör and Yılmaz, 1981). The Anatolian Plate 

which is situated between these faults had 

moved towards the west. As a result, east-to-

west oriented graben systems had been formed 

in the Aegean region (Figure 2) (Arpat and 

Şaroğlu, 1975; McKenzie, 1977; Turgut, 1987; 

Mascle and Martin, 1990; Yılmaz, 1990). These 

grabens are restricted with the active and normal 

faults that are known to be the sources of thermal 

springs.  

Numerous thermal springs have been known from 

the Aegean coast of Turkey (Figure 1; Table 4).  

The major springs of the Gulf of Edremit are: 

Kucukçetmi (1) and Güre (2) on the north, 

Bostancı (3) on the east and Zeytinpinari (4) on the 

southeast (Meriç et al., 2003a, Meriç et al., 2003a). 

Based on the foraminifer data obtained, especially 

from the northern part of the Gulf of Edremit, 

several submarine springs were suggested to be on 

the fault lines on the sea bottom. Bademli (5) on 

the south of Dikili and Ilıcaburun (6) on the 

northwest of Aliağa are the two popular hot 

springs located in the vicinity of Dikili and 

Çandarlı. The major thermal springs located in 

İzmir are Balçova (7), Urla (8), Gülbahçe (9), 

Şifne (10) and Doğanbey (11) springs. There are 

many more springs found on the shoreline on the 

south of İzmir, which Kuşadası (12) and 

Güzelçamlı (13) in Davutlar; Içme (14), 

Tavşanburnu (15), Karaada (16), Orakada (17) in 

the Gokova Bay; and Sultaniye (18) in Köyceğiz 

are the most known examples (Barut, 2001). 

Hydrothermal springs are also observed in 

different locations on the southeast of Greece, 

such as on the Milos, Yali and Kos Islands, as well 

as in many bays of the Methana Peninsula which 

is located on the Hellenic Volcanic Arc (Varnavas 

et al., 1999). Coastal and marine faults are 

common on both side of the Aegean Sea. 

Especially the two fault lines situated on the east 

and south of Lesbos Island worth to pay attention. 

The salty waters of numerous thermal springs with 

variable temperature ranging between 39-69ºC 

indicate that these springs are related to the marine 

fault lines. 
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Cibicidella variabilis (d'Orbigny) shows a wide 

distribution in the Eastern Aegean coats of 

Turkey, mainly in the infralittoral and upper 

circalittoral zones, and rarely in lower 

circalittoral and upper epibathyal zones (Meriç 

et al., 2004b). It has been recorded from Gulf of 

Saros, and Harmantaşı locality, Gökçeada, 

Bozcaada, Gulf of Edremit, Dikili and Çandarlı 

Bays, Gulf of İzmir and vicinity of Karaburun 

Peninsula, Gulf of Kuşadası and Güllük Bay, 

Gulf of Gökova, Gulf of Datça, Marmaris Bay 

and southwestern coast of Antalya. However, the 

specimens that are observed in 5 different areas 

in Gulf of Edremit, Dikili Bay, Çandarlı Bay, 

Gulf of Gökova and Gulf of Datça present 

different test structures.  

None of the specimens collected from SW Antalya 

had abnormal test morphology, however, 50-60% 

of the Cibicidella variabilis (d'Orbignyi) 

population show aperture abnormalities in Dikili 

Bay. The abnormal individuals are especially 

abundant in Gikili Bay and Gulf of Gökova. The 

presence of hot and cold water springs, which 

result from the young tectonic activity (Figure 2), 

can be discussed as the most important factor 

(Çağlar, 1947; Başkan and Canik, 1983; Thierman 

et al., 1997; Varnavas et al., 1999; Meriç and 

Avşar, 2001; Avşar and Meriç, 2001; Meriç et al., 

2002 a, b, c and d). Since these types of springs 

change the environmental conditions, faunal 

differences are observed in the vicinity of these 

submarine springs. (Meriç and Avşar, 2001; Meriç 

et al., 2004b). 

  Figure 2. Major fault systems of the Western Anatolia. 
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Table 4. Physical and chemical properties of the spring waters from the Western Anatolia, the dates of 

   records are indicated in parentheses (Türkiye Maden Suları 3, 1974; Türkiye Mineralli Su 

   Kaynakları I, 1999). 

Quality of 

Phisical and 

chemical 

DİKİLİ-

BADEMLİ 

(1974) 

DİKİLİ-

BADEMLİ 

(1995) 

ALİAĞA-

ILICABURUN 

(1995) 

GÜRE 

(1974) 

GÜRE 

(1947) 

BOSTANCI 

(1947) 

ZEYTİN 

PINARI 

(1947) 

KÜÇÜK 

ÇETMİ 

(1947) 

TAVŞAN 

BURNU 

(1971) 

KARAADA 

(1971) 

SULTANİYE 

(1971) 

Temperature 

(oC) 42 59 51,4 59 53 59,5 20 41 22 33 32 

PH 6,24 6,61 6,72 8,48 7,2 6,2 6,4 7,1 6,38 6,74 

EC (µs/cm) 10500 25000 48400 

7,52 

10-4 0,1 0,11 0,05 

Stream (l/s) 2 0,6 20 

Rn222(Bekerel) 399,9 11,1 14,8 42,6 41,8 23,7 59,57 86,95 3349,24 

NH4
+(mg/l) 5,15 6,250 4,34 0,39 trace 1,7 - - - 

Na+ (mg/l) 2634,1 2630,1 6322,25 284,04 279,7 161,9 2473,5 156 1771,79 11960 5320,81 

K+   (mg/l) 246,5 187,68 262,75 6,65 13,5 21,2 36,1 15,8 112,23 277,29 205,47 

Ca2+(mg/l) 251,29 128 701,6 23,98 23,2 46,6 550,8 38,7 288,96 1335,04 940 

Mg2+(mg/l) 82,76 72,9 643,95 0,54 2,4 10 570,6 9 202,08 1162,12 421,84 

Fe2+ (mg/l) 0,65 2,16 0,79 0,12 0,07 trace 0,11 0,28 1,3 0,68 

Al3+ (mg/l) 0,39 0,24 0,1 0,55 2,88 2,2 1,65 1,7 0,09 0,65 0,38 

Cl-  (mg/l) 4433,2 4115,75 11436,91 70 84,8 100 74,2 3300 21900 9800 

I-     (mg/l) 0,15 0,15 0,8 0,02 0,02 0,06 0,07 

Br- (mg/l) 0,012 14,5 3,9 11,9 6,4 

Fl-  (mg/l) 2,16 2,15 2,45 5,72 1,5 3,75 1,95 

SO4
2-   (mg/l) 200 262,5 1625 543 489,1 323,5 937,4 49,4 510 2920 1770 

NO3
-  (mg/l) 0,27 0,33 4,2 1,78 trace 0,14 0,09 

CO3
-    (mg/l) - 0 0 9,6 18 - - - 

HCO3
-  (mg/l) 683,2 694,36 798 3,61 61 61,5 174,4 422,7 433,1 658,8 302,56 

HAsO4
2(mg/l) 0,12 0,11 0,012 0,02 0,09 0,28 0,28 

H2SiO3 (mg/l) 150,8 122,38 1,1 71,5 52 110,5 23,4 52 - 2,25 1,47 

HBO2   (mg/l) 95,07 93,14 4,8 15,8 6,72 21,14 4,78 

H2S    (mg/l) 1,12 1,6 - - 8,2 
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Rich foraminifer populations were observed on 

the northeast of Gökçeada, in Dikili Bay (8), 

Gulf of Gökova (2,6) and also in Gulf of Datça 

(4,5). The observance of Peneroplis pertusus 

(Forskål), P. planatus (Fichtel and Moll) and 

Amphistegina lobifera Larsen in the 4th station 

of Gulf of Datça proves that the ecological 

conditions in these locations should be different 

compared to the other regions. The observation 

of a large amount of Cibicidella variabilis 

(d’Orbigny) with different test structures in the 

sediment sample obtained from the 8th station in 

Dikili Bay can be considered as another proof of 

this idea (Pl. 1,). Yet, the rich Peneroplis 

population around the thermal spring in Ilıca 

Bay (Meriç, 1986; Avşar and Meriç, 2001) and 

the morphological anomalies that is seen among 

their tests (Sözeri, 1966; Sellier de Civrieux, 

1970) suggests that the environmental 

conditions of the thermal springs are involved in 

the formation of such tests. Some previously 

published studies also support this idea. Another 

Cibicidella variabilis (d’Orbigny) specimen 

from northwest of Gökçeada have well 

developed but elongated adult chambers (Meriç 

and Avşar 2001, pl. 6, fig. 12). While the three 

Cibicidella variabilis (d’Orbigny) individuals 

collected from two different stations in the 

Aegean Sea have normal test morphology (Pl. 1, 

figs. 10-11; Pl. 2, fig. 1), the others show 

abnormal development (Pl. 2, figs. 9, 10, 12 and 

Pl. 3, fig. 1).  

In addition to these findings, some C. variabilis 

samples from Volcano Island, Tyrrhenian Sea 

(Cimerman and Langer, 1991, pl. 77, figs. 3, 4, 

7, 8) were also found to differ in test 

morphology. The number of apertures as well as 

their positions suggests a regional variety, since 

the other two Cibicidella variabilis (d’Orbigny) 

specimens (Cimerman and Langer, 1991, pl. 77, 

figs. 5 and 6), as well as the two specimens from 

the Ischia and Procida Islands show usual test 

morphology (Sgarrella and Montcharmont-Zei, 

1993; pl. 23, Figs. 2 and 3). Cibicidella 

variabilis (d’Orbigny) individuals usually have 

two apertures (Cimerman and Langer, 1991, pl. 

77, figs 9 and 10; Meriç and Avşar, 2001, pl. 6, 

fig. 11), but, a total of four apertures are 

observed in one specimen from Volcano Island. 

One of the apertures is located on the final 

chamber, and the other three are positioned side 

by side in the center of the test (Cimerman and 

Langer, 1991, pl. 77, figs. 7 and 8).  

Similar aperture characteristics are also observed 

in a specimen collected from Station 2 in Gulf of 

Gökova, which has four apertures, separately 

positioned in groups of two (Pl. 2, figs. 3-5). When 

the structures of the chambers are taken into 

consideration, another sample from Vulcano 

Island (Cimerman and Langer, 1991, pl. 77, fig. 4) 

is found to be very similar with the two individuals 

collected from Gulfs of Datça and Edremit (Pl. 1. 

figs. 9-10). The occurrence of similar aberrant test 

forms and their abundance in certain distant 

localities suggest that this kind of irregular 

chamber development may have a common 

mechanism caused by a specific environmental 

condition. 

Mine fields are found around Gulfs of Gökova and 

Datça, moreover, high levels of heavy metals are 

recorded in the recent sediments from Dikili Bay 

(Figure 1). Ergin et al. (1993), has specified the 

presence of heavy metals such as Fe, Mn, Co, Cr, 

Cu, Ni, and Zn. Although these results are not 

generally in line with our data, the harmony 

between the Cu and Co values in the sediment 

samples bears attention. The differences can be 

explained by different depths of sampling points 

and the different techniques of analysis. No rivers 

that have the capacity to carry sediments are 

present in these regions apart from the Madra 

Stream in northern part of Dikili.  

The reason for observing such considerably high 

values of heavy metals can be discussed as the 

interference of subterranean water with the nearby 

rocks and the presence of submarine thermal 

springs. Yet the presence of a high number of such 

thermal springs in northeast Lesbos Island 

supports this idea. When the foraminifer 

composition of the analyzed samples is taken into 

consideration, variable number of species are 

observed in different sediment samples; 1 (40), 2 

(55), 3 (48), 4 (10), 5 (56), 6 (24), 7 (37), 8 (68) 

and 9 (36), which suggests that different 

ecological conditions might prevail in these 

stations. 

Some benthic foraminifer genera and species that 

are found in East Aegean Turkish coasts, such as 

Asterigerinata mamilla (Willamson), Cibicides 

refulgens Montfort, Cyclocibides vermiculatus 

(d’Orbigny), Elphidium aculeatum (d’Orbigny), 

E. crispum (Linné), E. macellum (Fichtel and 

Moll), 
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Nubecularia lucifuga Defrance, Peneroplis 

pertusus (Forskal), P. planatus (Fitchel and 

Moll), Planorbulina mediterranensis 

d’Orbigny, Quinqueloculina disparilis 

d’Orbigny, Q. laevigata d’Orbigny, Q. 

lamarckiana d’Orbigny, Rosalina bradyi 

Cushman, R. globularis d’Orbigny, Sorites 

orbiculus Ehrenberg, Textularia agglutinan 

d’Orbigny, Triloculina schreiberiana d’Orbigny 

and Vertebralina striata d’Orbigny live 

epiphytically on algae and plants like Posidonia 

oceanica (Linnaeus) Delile, Ectocarpus sp. and 

Udotea petiolata (Turra) Børgesen. However, no 

morphological change was observed in the 

specimens of the above mentioned species 

except Lobatula lobatula (Walker and Jacob) on 

the East Aegean Turkish coasts. In the Lobatula 

lobatula (Walker and Jacob) specimens, which 

were collected from different locations with 

variable depths on the Turkish coastline, the 

observed morphological variations were in 

accordance with those from other studies. In the 

study that was conducted by Hallock (1984) in 

the Western Caroline Islands and in Hawaii 

(Pacific Ocean), which can be stated as a farther 

region, some specific examples as to the 

foraminifers living on algae are given.   

Different foraminifer genera and species that 

were collected from these two regions, such as 

Peneroplis pertusus (Forskål), P. planatus 

(Fichtell and Moll) and Amphistegina lobifera 

Larsen, which are also found in the Eastern 

Aegean Sea, were always found in high 

numbers, but no morphological variations were 

observed. 

Three groups of apertures were observed in one 

of the Peneroplis planatus (Fichtel and Moll) 

specimens collected from Gulf of Edremit, 

showing aperture morphology of both 

Peneroplis and Coscinospira genera (Meriç et 

al., 2005b, fig. 6f). Five groups of apertures were 

observed in a Penereplis pertusus (Forskål) 

specimen collected from the southwestern coast 

of Bozcaada (Meriç et al., 2005, fig. 6e). Many 

Cibicidella variabilis (d'Orbignyi) Peneroplis 

pertusus (Forskål), Peneroplis planatus (Fichtel 

and Moll) individuals are observed in Ayvalik, 

showing abnormal coloration and test 

morphology, but not aperture (unpublished 

data). 

 

It is not possible to link this incident to the surface 

characteristics of the algae on which these 

foraminifers live. Because, some of the samples 

from Volcano Island were derived from normal 

sediments and some were from Posidonia 

meadows (Langer, 1988).  

This runs counter to the hypothesis about the link 

of the morphological changes of foraminifers with 

the algae they live on. Likewise, the presence of 

islands that were formed as a result of recent 

volcanisms around Volcano Island in the South 

Tyrrhenian Sea and islands that were formed as a 

result of young tectonic activity in the North 

Adriatic Sea, like in the Aegean Sea, and the 

presence of submarine thermal springs that are 

formed as a result of young fault lines in the region 

can be considered as the main reason of the 

development of Cibicidella variabilis (d’Orbigny) 

with similar characteristics in different locations. 

(see Cimerman and Langer, 1991, pl. 77, figs. 3, 

4, 7 and 8) Different environmental factors can 

have different effects on different genera and 

specimen of foraminifers (Meriç et al., 2002c). 

One of the most important factors that bear 

attention in the samples that were derived from 

East Aegean Sea coasts is the high number of 

apertures. This number can vary from 1 to 5 (Pl. 3, 

figs. 2-6). Another aspect to take into 

consideration, in these foraminifers that generally 

have two apertures, apart from the number is the 

position of the apertures. It is known that, 

foraminifers show differences in the number, 

shape and position of their apertures (Loeblich and 

Tappan, 1964). Yet, secondary aperture(s) are 

found in foraminifers as an addition to the single 

aperture, and the position of this secondary 

aperture is fixed for each genus and specimen. 

(Loeblich and Tappan, 1964) Some of our samples 

have two apertures (Pl. 1, figs. 3-6; Pl. 2, figs.6,7; 

Pl. 3, fig. 3); some have three apertures (Pl. 1, fig. 

14); some have four apertures (Pl. 1, fig. 9; Pl. 2, 

figs. 3-5) and some have five apertures (Pl. 3, figs. 

4-6). In this last sample, it was impossible to 

envision it as a whole in the electron microscope 

due to the fact that all of these five apertures are 

located in different positions. It was envisioned in 

a normal binocular microscope with computer 

support. Another thing is that even though the 

positions of the primary aperture and the 

secondary aperture(s) is fixed (Loeblich and 

Tappan, 1964), Cibicidella variabilis (d’Orbigny) 
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specimens show irregularities in the positions of 

the apertures although the shapes of the 

apertures carry similar characteristics, which 

contradicts to the general information on 

foraminifers. Yet, the difference in the test 

structures in the younger specimen proves the 

presence of a different and specific characteristic 

of the mentioned genera and species. 

According to some researchers, the reason of the 

morphological abnormalities seen in foraminifer 

tests can be pollution, especially the different 

test structures of Rosalina globularis d’Orbigny, 

Lobatula lobatula (Walker and Jacob) and 

Planorbulina mediterranensis d’Orbigny and 

different Ammonia and Elphidium specimen 

result from the fact that the plane that these 

specimens are attached are not straight and 

regular. (Sharifi et al., 1991, Stouff et al., 1999, 

Geslin et al., 2000 and 2002, Yanko et al., 1994, 

1998 and 1999) Also, researchers hypothesize 

that feeding difficulties may result in such 

morphological changes and in these cases some  

 

abnormal developments can occur. Furthermore, 

some researchers connect the changes in test 

structures with pollution and environmental stress. 

Yet, Geslin et al. (1998) discus that apart from the 

corruption of the crystal structure due to stress as 

a result of the effect of the trace elements in the 

environment that the organisms live in, the other 

chemical and physical changes in the environment 

and shortage of food can also cause such different 

shapes. 

Conclusion 

As a result, the main reason of the abnormal 

morphological changes observed in the tests of 

Cibicidella variabilis (d’Orbigny) specimen that 

are very frequently seen in Turkish coasts of the 

East Aegean Sea, can be the presence of some trace 

elements in abnormal quantities in the submarine 

thermal springs in the region, as also discussed 

briefly by Geslin et al. (1998). Yet, it can also be 

discussed that biological characteristics, apart from 

the physical and chemical environmental 

conditions, also have an effect on the 

morphological changes in the tests.
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PLATE 1 

Cibicidella variabilis (d’Orbigny). 

1. Spiral side, x 90, station 1, Gulf of Edremit.

2. Edge view, x 80, station 1, Gulf of Edremit.

3. Umblical side, x 35, station 6, Gulf of Edremit.

4. Spiral side, x 60, station 8, Dikili Bay.

5. Spiral side, x 43, station 8, Dikili Bay.

6. Spiral side, x 55, station 8, Dikili Bay.

7. Spiral side, x 60, station 8, Dikili Bay.

8. Spiral side, x 50, station 8, Dikili Bay.

9. Spiral side, x 55, station 8, Dikili Bay.

10. Umblical side, x 95, station 8, Dikili Bay.

11. Umblical side, x 70, station 5, Dikili Bay.

12. Umblical side, x 60, station 6, Gulf of Gökova.

13. Edge view, x 60, station 6, Gulf of Gökova.

14. Umblical side, x 40, station 6, Gulf of Gökova
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PLATE 2 

Cibicidella variabilis (d’Orbigny). 

1. Umblical side, x 56, station 2, Gulf of Gökova.

2. Umblical side, x 41.5, station 6, Gulf of Gökova.

3. Umblical side, x 22.5, station 2, Gulf of Gökova.

4. Detail view of the two apertures, x 137, station 2, Gulf of Gökova.

5. Detail view of the other two apertures, x 145, station 2, Gulf of Gökova.

6. Spiral side, x 37, station 6, Gulf of Gökova.

7. Umblical side, x 36, station 5, Gulf of Datça.

8. Umblical side, x 50, station 4, Gulf of Datça.

9. Spiral side, x 41, station 4, Gulf of Datça.

10. Spiral side, x 28, station 37, Gulf of Kuşadası.

11. Spiral side, x 41.5, station 37, Gulf of Kuşadası.

12. Spiral side, x 27.5, core 2c, Ayvalık.

13. Spiral side, x 32, core 2c, Ayvalık.

14. Umbilical side, x 56, core 2c, Ayvalık.
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PLATE 3 

Cibicidella variabilis (d’Orbigny). 

1. Spiral side, x 33, station 5, Vicinity of Karaburun Peninsula, Çeşme-İzmir.

2. Individual with one aperture, x 70, station 5, Vicinity of Karaburun Peninsula, İzmir.

3. Individual with two apertures, x 25, station 8, Dikili Bay.

4. Three apertures of an individual with five apertures, x 49, station 8, Dikili Bay.

5. Another aperture of the same individual, x 22, station 8, Dikili Bay.

6. Another aperture of the same individual, x 56, station 8, Dikili Bay.




