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Abstract

A data set of benthic foraminiferal faunas counted in 138 surface samples from the Mediterranean Sea has been used to

investigate whether the bathymetrical distribution of the dominant taxa is controlled by the amount of labile organic matter

transported to the sea ¯oor. We ®nd that most of the major taxa show a clear W to E shallowing of their upper or lower depth

limit, coinciding with a W to E decrease in the surface water primary production, and in the estimated ¯ux of the labile organic

matter to the sea ¯oor. This observation implies that the bathymetrical succession of these taxa is indeed determined by the

organic ¯ux. In the western Mediterranean, we ®nd successions from more oligotrophic taxa at greater water depths to more

eutrophic taxa in more shallow water. Towards the eastern Mediterranean, most eutrophic taxa tend to become increasingly

rare, or even to disappear, whereas the more oligotrophic taxa show a clear shoaling of their depth range. Deep infaunal taxa are

mainly limited to the western part of the Mediterranean. This is explained by their dependency on a relatively elevated organic

¯ux, and by the fact that the bacterial stocks on which they feed may become unattainable when the redox front is positioned too

deep in the sediment. The close similarity between the ¯ux level controlling our main faunal boundary, and the ¯ux levels

coinciding with important faunal changes in other parts of the world ocean, suggests that a ¯ux level of about 2±3 g labile

C m22 y21 level corresponds to a benthic ecosystem threshold value of global importance. q 2000 Elsevier Science B.V. All

rights reserved.
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1. Introduction

In a paper examining the relationship between

organic carbon ¯ux and deep-sea deposit feeding,

Carney (1989) suggested that spatial and temporal

variations in the food supply to the benthic ecosystem

would cause changes in the bathymetric distribution

of food-limited taxa, and that benthic foraminifera

could provide good examples of this interaction.

With increasing waterdepth, and hence decreasing

organic ¯ux, a decreased overall faunal abundance

should be expected, with a succession of species

determined by differences in their trophic ef®ciency

(Carney, 1989). If true, important spatial and temporal

variability of the downward organic ¯ux should lead

to changing bathymetrical ranges of sensitive benthic
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foraminiferal taxa, explaining why most bathymetri-

cal zonations are applicable only on a local scale

(Murray, 1991).

Here, we examine the role of food supply on the

composition of the benthic foraminiferal faunas and

more speci®cally, on their bathymetrical distribution

in the Mediterranean Sea (cf. Parker, 1958; Todd,

1958; Cita and Zocchi, 1978; Wright, 1978; Jorissen,

1987, 1988; De Stigter et al., 1998; De Rijk et al.,

1999). The Mediterranean Sea is an extremely suita-

ble basin to test Carney's hypothesis, because there is

a very strong W±E gradient in surface water produc-

tion, probably resulting in an even stronger W±E

trend in the export production. Mediterranean primary

production patterns were described recently by

Antoine et al. (1995) based on satellite image

analyses. Although the precise calibration between

primary production and the satellite images is

continuously under revision, relative trends likely

represent true spatial variability.

The main food source for the benthic ecosystem is

the downward ¯ux of labile organic carbon (Gooday,

1988, 1993, and references therein). The vertical ¯ux

of organic carbon to the sea ¯oor is determined by the

exported fraction of surface water primary productiv-

ity, and losses due to degradation processes taking

place in the water column (Suess, 1980; Berger et

al., 1989; Berger and Wefer, 1990). In general, spatial

differences in export production reaching the benthic

ecosystem are ampli®ed in comparison with those in

surface water primary production (Berger et al.,

1989). We compare quantitative estimates of organic

¯ux reaching the sea ¯oor with the spatial patterns in

the bathymetrical distribution of the major benthic

foraminiferal taxa. Our quantitative estimates of the

amount of the organic carbon arriving at the sea ¯oor

are based on a combination of: (1) the primary

productivity values of Antoine et al. (1995); (2) the

water depth; and (3) the empirical ¯ux equation

proposed by Berger and Wefer (1990). This equation

is valid in the open ocean, and its use in the Mediter-

ranean may be questioned for two reasons. Firstly,

Mediterranean deep waters are about 108C warmer

than the oceanic deep waters and degradation of

organic matter in the water column will therefore be

accelerated. Secondly, the equation ignores lateral

¯uxes of organic matter, which may be important in

an enclosed marginal sea such as the Mediterranean.

Because of the ®rst restriction, our estimated ¯uxes

will probably be too high, but the fair homogeneously

high temperatures in the deep water would make this a

systematic offset, so that relative trends remain valid.

The second problem concerns, in most cases, lateral

advection of older organic material, which likely has

an important refractory component, with probably a

very limited direct nutritional value for the benthic

foraminiferal faunas.

2. Material and methods

The present study uses a data set composed of a

total of 138 surface sediment samples from a previous

study of benthic foraminiferal thanatocoenoses (De

Rijk et al., 1999). The water depth of the selected

samples varies from 200 to 3000 m. Taxonomy

follows Parker (1958) and Jorissen (1987); a descrip-

tion of the methodology and a short discussion on the

most important species can be found in De Rijk et al.

(1999).

No samples from 0 to 200 m waterdepth are

included in this study. At shallow sites, primary

productivity values may deviate from the general

pattern because of increased production due to river-

born nutrient input and benthic autotrophic produc-

tion. In addition, primary productivity values for

these shallow sites can not be derived reliably from

satellite images (Antoine et al., 1995). For similar

reasons we also exclude some deeper sites in¯uenced

by the seasonally nutrient rich Nile plume (Van

Dijken and Arrigo, 1996).

We calculate the organic ¯ux to the sea ¯oor, a

function of primary productivity and water depth

(Suess, 1980; Martin and Bender, 1988; Herguera,

1992; Herguera and Berger, 1991), using the empiri-

cal relationship of Berger and Wefer (1990). This

relationship distinguishes between a labile and a

more refractory component in the organic ¯ux, and

takes the form:

Jz � kPP=z 1 rPP=
��
z
p

where k � 2
����
PP
p

; r � 5
����
PP
p

; PP � annual primary

productivity (g C m22y21), and Jz is the annual

organic ¯ux at water depth z in meters. The ®rst

term represents labile organic matter (i.e. rapidly

decaying matter), whereas the second term represents
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the slowly decaying, more resistant fraction. Since

we do not consider the second term to be a major

food source for most benthic foraminiferal species,

we will compare the composition of our faunal

assemblages with the ®rst term only, representing

the ¯ux of labile organic matter. Annual primary

productivity values are based on plate 4 of

Antoine et al. (1995). This Mediterranean-wide

map combines data from the western Mediterra-

nean (Morel and AndreÂ, 1991) with about 300

scenes over the eastern Mediterranean during

1979±1983 (Antoine et al., 1995). Although

Antoine et al. (1995) do not claim to have

produced irrefutable numbers, the spatial gradients

are believed to be represented reliably.

The benthic foraminiferal data set has been divided

into four geographical areas, each with a speci®c

primary productivity range (Fig. 1). For all samples,

we calculated the labile organic carbon ¯ux lines by

feeding the annual primary production values of

Antoine et al. (1995) into the Jz-equation (Berger

and Wefer, 1990). In Fig. 2, these calculated labile

organic ¯ux data are shown for the four areas, as a

function of water depth. Although there is some over-

lap between the various areas, the regression lines for

the four geographical areas clearly show the
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Fig. 1. Map of the Mediterranean Sea, indicating the sampling stations and the four areas recognised on the basis of the ranges of observed

primary production values. See text for further explanation.

Fig. 2. Plot showing the relationships between water depth and the calculated downward ¯ux of labile organic carbon for all 138 stations;

different signatures are used for the four areas shown in Fig. 1.



increasing oligotrophic conditions towards the eastern

Mediterranean.

The ®rst area (Figs. 1 and 2) includes the Alboran

Sea and the transects north of Algeria and off southern

Spain. Primary productivity values range from 125 to

250 g C m22 y21. We consider 175 g C m22 y21 as

typical for this area; and use this value to calculate

the average depths of the various regional iso¯ux lines

(Table 1; Figs. 3±6). The second area comprises the

remaining part of the western Mediterranean Sea, with

primary productivity values between 100 and 175 g C

m22 y21; we use a typical value of 125 g C m22 y21 to

characterise this area (Table 1; Figs. 3±6). The third

zone includes the western part of the Eastern Medi-

terranean, with primary productivity values from 65 to

125 g C m22 y21, we use a value of 90 g C m22 y21 to

characterise this area. The fourth zone covers the

Levantine basin, where average primary productivity

values are between 50 and 100 g C m22 y21; we use

65 g C m22 y21 as a typical value.

3. Results

Percentages of the most important benthic forami-

niferal taxa versus depth are plotted for each of the

four Mediterranean subareas (Figs. 3±6). The benthic

foraminiferal taxa are subdivided into four different

groups based on their bathymetrical distribution and

microhabitat:

² group 1 Ð taxa which in each area show a relative

abundance increase towards deeper water (Fig. 3),

and can thus be considered as relatively oligo-

trophic;

² group 2 Ð taxa, which, on the contrary, show a

relative abundance increase towards shallower

water (Fig. 4), and can thus be considered as

more eutrophic;

² group 3 Ð taxa, which typically show an abun-

dance maximum at mid-depth (Fig. 5);

² group 4 Ð the deep infaunal taxa Bolivina alata

(Seguenza), Chilostomella spp. and Globobulimina

spp (Fig. 6). (cf. Jorissen, 1999a,b).

3.1. Group 1

These taxa, which are typical for the deepest part of
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Fig. 3. Plots showing the percentage distribution of the dominant benthic foraminiferal taxa in function of water depth in the four areas. Values

on the horizontal axes indicate the percentage of the taxon in the total benthic foraminiferal assemblage; values on the vertical axes indicate

water depth in meters. In all ®gures the iso-¯ux line of 2.5 g labile C m22 y21 (based on typical PP-values for each area, see text) is shown.



the Mediterranean Sea, are generally considered as

oligotrophic. Articulina tubulosa (Seguenza),

Glomospira charoides (Jones and Parker), Gyroidina

altiformis (Stewart and Stewart), and Gyroidina orbi-

cularis (d 0Orbigny) are typical examples.

Articulina tubulosa (Fig. 3) shows an eastward

shallowing of its upper depth limit, from about

1800 m in area 1, 1200 m in area 2 and 800 m in

area 3; it hardly occurs in area 4. This trend strongly

resembles the eastward shallowing of the 2.5 g labile

organic C m22 y21 iso-¯ux line (Fig. 3).

Gyroidina altiformis (Fig. 3) shows a distinct

difference in its upper depth limit between eutrophic

area 1 (500±750 m), and the other three areas

(,300 m). The depth at which this species can

reach about 5 % is clearly shallow to the east, from

about 2000 m in area 1, to 1000 m in area 2, 700 m in

area 3, to 300 m in area 4. This trend roughly matches

with that in the 3 g labile C m22 y21 line (Table 1).

High frequencies (.10%) of Gyroidina orbicularis

(Fig. 3) are found commonly below 1500 m in area 1,

below 800 m in areas 2 and 3 and below 600 m in the

easternmost area 4.

Also Glomospira charoides shows a W±E shallow-

ing trend (Fig. 3); its upper depth limit shifts from

1500 m in area 1, to 700 m in area 2, 400 m in area

3, and 250 m in area 4. This trend strongly resembles

that of the iso-Jz-line of 4 g labile C m22 y21. G.

charoides is only found in relative abundances

above 40% in the deepest ranges (below 2000 m) of

the two most oligotrophic (eastern) areas. Here, we

calculate labile Jz-values below 0.7 g C m22 y21,

conditions which are never met in the western basin.

3.2. Group 2

This group consists of Bulimina marginata d'Or-

bigny, Cassidulina crassa d'Orbigny, Bulimina

aculeata d'Orbigny and C. laevigata d'Orbigny/C.

carinata Cushman, taxa, which in all areas tend to

show an increase in their relative abundances towards

shallower water.

The lower depth limit of Bulimina marginata (Fig. 4)

shallows from about 2000 m in area 1, to 1000 m in area

2, 700 m in area 3. It hardly occurs in the easternmost

area. Hence, B. marginata is restricted to sites with a

minimum Jz-value of 2.5 g labile C m22 y21.

Bulimina aculeata is mainly found in area 1 (Fig.

4), where occasional occurrences are seen in deeper

samples, but where the bulk is found above 1500 m. In

area 2, this species is mainly found above 700 m. In

the other two areas B. aculeata occurs in low frequen-

cies at sites shallower than 500 m. Here we observe a

good correspondence with the trend in the 3 g labile C

m22 y21 line (Table 1).

The lower depth limit of Cassidulina crassa gradu-

ally shoals from about 1500 m in area 1 to about

800 m in area 4 (Fig. 4). Although the eastward shal-

lowing trend is clear, there seems to be no straightfor-

ward relationship with a speci®c Jz-level.

The lower depth limit of Cassidulina laevigata/

carinata (Fig. 4) shows the same complication as

Bulimina aculeata in area 1; one of the deeper

samples (at 2520 m) shows an anomalously high

percentage. Otherwise, the lower depth limit is posi-

tioned around 2000 m, around 1500 m in area 2, and

700 m in area 3. Similar to B. marginata, this species

hardly occurs in the most oligotrophic area 4, with the

exception of a single level at 2075 m depth, where the

presence of C. laevigata/carinata can probably be

explained by a downslope transport. The bathymetric

trend shown by this taxon roughly corresponds with

the Jz � 2:5 g labile C m22 y21 level.

3.3. Group 3

These taxa (Uvigerina mediterranea Hofker, U.

peregrina Cushman, Melonis spp., and Hoeglundina

elegans (d 0Orbigny)) show peak occurrences in all

areas around the middle of their depth range.

The lower depth limit of Uvigerina mediterranea

(Fig. 5) shallows from west to east; in area 1 and 2 and

it is about 1500 m, while in both areas from the east-

ern basin it is 1000±800 m. Relative abundances also

show a distinct W±E diminution.

The lower depth limit of Uvigerina peregrina (Fig.

5) decreases from 2000 m in area 1, to 1600 m in area

2, 1200 m in area 3 (with the exception of one station

of 1716 m depth), to 600 m in area 4, a trend which

perfectly coincides with the Jz � 2:5 g labile C

m22 y21 level. The overall abundance pattern with

water depth also shows a W±E shallowing trend,

with maximum relative abundances shifting from

roughly 1400 m to roughly 500 m, respectively (coin-

ciding with a ¯ux level of about 3 g labile C m22 y21.

S. De Rijk et al. / Marine Micropaleontology 40 (2000) 151±166156
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Fig. 4. Plots showing the percentage distribution of the dominant benthic foraminiferal taxa in function of water depth in the four areas. Values

on the horizontal axes indicate the percentage of the taxon in the total benthic foraminiferal assemblage; values on the vertical axes indicate

water depth in meters. In all ®gures the iso-¯ux line of 2.5 g labile C m22 y21 (based on typical PP-values for each area, see text) is shown.



In addition, there is a striking reduction in percentages

from west to east in this species.

The lower depth limit of Melonis spp. does not

display such a clear W±E trend; this may be a result

of the grouping of two species (M. barleeanus

(Williamson) and M. parkeri Uchio) with different

trophic requirements and microhabitats.

Hoeglundina elegans only occurs in the western

Mediterranean basin. The frequency distribution of

this species shows a maximum around 1500 m in

area 1, which shallows to about 1000 m in area 2.

Also to upper depth limit shows a clear upward W±

E shift.

3.4. Group 4

This group of deep infaunal taxa (Fig. 6) includes

Chilostomella spp., Globobulimina spp. and Bolivina

alata. The latter species is tentatively placed in this

group because of its morphological resemblance (pore

pattern, thin walled test) and its co-occurrence with

the other two taxa in samples just before the Holocene

sapropel S1 (Rohling et al., 1997). This group has its

main occurrence in area 1, where it occurs at all water

depths without showing a clear bathymetrical pattern.

It occurs equally in some of the shallower stations of

area 2, but is nearly absent in the other two areas.

4. Discussion

The percentage patterns shown in Figs. 3 ± 5 indi-

cate that the bathymetrical distribution of the domi-

nant taxa of benthic foraminifera in the Mediterranean

depends strongly on the ¯ux of labile organic carbon

to the sea ¯oor. The overall trends are obvious,

although certain species show occasional occurrences

far below their usual distribution range. Closer inspec-

tion of these anomalous samples reveals a mixture of

an autochtonous, deep fauna, with apparently

displaced, much shallower elements. For instance, a

site at 2520 m in area 1, with an anomalously high

percentage of Cassidulina laevigata/carinata and

Bulimina aculeata (Fig. 3), also contains shallow-

living miliolids, suggesting that this assemblage

shows a mixture of replaced and in situ sediments.

Down-slope transport is a common feature in the

Mediterranean, where the continental slope tends to

be particularly steep (Stanley, 1985). The presence of

some anomalous points in the graphs presented in

Figs. 3±6 is therefore not surprising.

The three groups that we distinguished on the basis

of their bathymetrical distributions all show a clear

W±E shift in their depth range. All deep-living

species of group 1 show a W±E shallowing of their

upper depth range. It is evident that these taxa are

more successful in most oligotrophic parts of the

basin, which are found at an increasingly shallow

depth towards the east. The shallower living taxa of

group 2, on the contrary, have a clear preference for

the most eutrophic parts of the Mediterranean. For

most of these species, the lower depth limit is close

to the iso-¯ux line of 2.5 g labile C m22 y21. Conse-

quently, they are found at a much greater depth in the

western Mediterranean than in the eastern Mediterra-

nean. Furthermore, their maximum percentage

strongly decreases from west to east. In group 3,

which contains species with maximum percentages

at mid depth, the same phenomena can be observed

in all taxa except Melonis spp. The lower depth limit

shallows, and maximum percentage decrease signi®-

cantly to the east. The latter phenomenon is particu-

larly clear in both Uvigerina species.

The present data, therefore, unambiguously con®rm

Carney's (1989) hypothesis: the bathymetrical distri-

bution of most of the dominant benthic foraminiferal

taxa seems indeed to be controlled by the level of the

organic ¯ux to the sea ¯oor. What has been described

as a bathymetrical species succession before (Parker,

1958; Todd, 1958; Cita and Zocchi, 1978; Wright,

1978; Jorissen, 1988; De Stigter et al., 1998; De

Rijk et al., 1999), is in essence a succession of taxa

with different trophic requirements. Species indicative

of eutrophic conditions are found in shallow water

succeeded by more oligotrophic taxa towards deeper

water. This whole species succession shifts to shal-

lower depths towards the more oligotrophic eastern

part of the Mediterranean.

The dependence on the organic ¯ux is expressed in

two different ways: (1) by the W±E changes of the

lower or upper depth limit; and (2) by an eastward

decrease of maximum abundances in the more

eutrophic (shallower) taxa. The ®rst parameter, the

upper or lower depth limit of a taxon, probably

depends on its competitive ability. The deeper, oligo-

trophic, taxa, which are only successful at Jz-values

below 2.5 g labile organic C m22 y21, are

S. De Rijk et al. / Marine Micropaleontology 40 (2000) 151±166158
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Fig. 5. Plots showing the percentage distribution of the dominant benthic foraminiferal taxa in function of water depth in the four areas. Values

on the horizontal axes indicate the percentage of the taxon in the total benthic foraminiferal assemblage; values on the vertical axes indicate

water depth in meters. In all ®gures the iso-¯ux line of 2.5 g labile C m22 y21 (based on typical PP-values for each area, see text) is shown.



outcompeted by more eutrophic shallower taxa when

the organic ¯ux rises above this level. This difference

has probably to be explained by a (gradual) difference

in ecological strategies between the two groups. The

deep, oligotrophic, taxa, which apparently live in a

strongly food-limited environment, can be considered

as taxa with a life strategy aimed at very ef®cient

utilisation of the scarce resources available. The shal-

lower, more eutrophic taxa, on the contrary, may

adopt a more opportunistic life style. As soon at the

organic ¯ux to the sea ¯oor reaches a certain threshold

value, a higher reproductive potential allows them to

dominate the fauna. A similar gradual difference in

opportunism may exist between groups 2 and 3.

The second re¯ection of the fauna's dependence

on organic ¯ux levels is a W±E trend of decreas-

ing percentages found in many of the shallower

taxa. Essentially this trend shows that species

dominance decreases from west to east. We

think that the species that show this trend most

clearly (Cassidulina laevigata/carinata, Bulimina

aculeata, B. marginata, Uvigerina mediterranea

and U. peregrina), are the most opportunistic

taxa found in the Mediterranean. In order to

reach high standing stocks, these taxa should be

dependent on an important supply of fresh organic

matter, with a high nutritious value. Apparently,

such conditions are much more common in the

eutrophic western than in the more oligotrophic

eastern part of the basin. We suggest that this

results from the fact that formation of organic

aggregates (which are easily transported to a

great water depth) is a common feature in the

western Mediterranean, where important phyto-

plankton blooms occur in the frontal areas

(Lohrenz et al., 1988; Prieur et al., 1993; Peinert

and Miquel, 1994; Pujol and Vergnaud-Grazzini,

1995), but is almost non-existent in the eastern

Mediterranean. Consequently, faunas living in the

western Mediterranean are periodically fuelled by

high quality organic matter, which allows the

more opportunistic species to produce an impor-

tant number of tests, whereas faunas living in the

eastern part of the basin are subject to a more

continuous ¯ux of individual grains, with a

much lower nutritious value. For this reason, the

organic matter arriving on the sea ¯oor in the

eastern basin is more suitable for taxa adapted

to high food utilisation ef®ciency, and less suitable

for taxa with a more opportunistic lifestyle,

explaining the W±E decrease in the percentages

of the afore-mentioned taxa.

The deep infaunal species of group 4 are under

normal conditions (with well-oxygenated sedi-

ment-water interface) living at several centimetres

depth in the sediment, in dysoxic, or even comple-

tely anoxic conditions (e.g. Jorissen et al., 1998).

Their speci®c habitat, relatively remote from the

sediment-water interface where labile organic

components are easily available, suggests that
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Fig. 6. Plots showing the percentage distribution of the dominant benthic foraminiferal taxa in function of water depth in the four areas. Values

on the horizontal axes indicate the percentage of the taxon in the total benthic foraminiferal assemblage; values on the vertical axes indicate

water depth in meters. In all ®gures the iso-¯ux line of 2.5 g labile C m22 y21 (based on typical PP-values for each area, see text) is shown.



they are not directly dependent on the ¯ux of

labile organic matter arriving at the sediment

surface. It has been suggested (Caralp, 1989;

Alve, 1990; Bernhard, 1992; Jorissen, 1999b)

that they feed either on less labile organic components,

or on stocks of nitrate and sulphate reducing bacteria,

associated with the successive redox boundaries. This

could explain why there is apparently no relation

between labile organic ¯ux levels and the bathyme-

trical distribution of intermediate (Melonis spp.) and

deep infaunal taxa (Figs. 5 and 6).

Although the deep infaunal taxa do not show a

preference for speci®c water depths (or a speci®c

labile organic C ¯ux-level), they do show a very

conspicuous W±E decrease of their relative densities.

In spite of their relative indifference regarding a

precise labile organic ¯ux level, they are much more

frequent in the eutrophic than in the oligotrophic

areas. This pattern coincides with the situation

described in the Adriatic Sea, where Jorissen et al.

(1995) show that deep infaunal taxa are fairly abun-

dant down to 600 m depth, but are completely absent

on the lower slope and in the deep southern basin.

This situation strongly resembles that in area 2. The

absence of deep infaunal taxa in the deeper, more

oligotrophic (in our study: in areas 3 and 4) can be

explained in two ways:

1. The downward organic ¯ux could be too low to

allow introduction of consumable organic matter

(by bioturbation) into the sediment; almost all

nutritious elements are exploited by the surface

fauna, and the minor amounts of refractory organic

matter introduced into the sediment are too small to

sustain important bacterial stocks on which the

deep infaunal elements could feed.

2. In the very oligotrophic areas of the deep Adriatic

Sea, and in the eastern Mediterranean areas 3 and

4, the lower boundary of the oxic layer is probably

situated at substantial depth. Jorissen et al. (1995)

suggested that when the redox-boundary reaches

below a critical threshold depth (around 10 cm

depth), deep infaunal taxa that graze on stocks of

nitrate and sulphate-reducing bacteria, are no

longer capable of exploiting these resources.

In the Mediterranean Sea, a level of about 2.5 g

labile organic carbon m22 y21, seems to be an impor-

tant threshold value, coinciding with the lower depth

limit of many eutrophic, relatively shallow taxa, and

with the upper depth limit of many deeper, oligo-

trophic taxa. This value, which corresponds to a

total ¯ux (labile 1 refractory components) of about

4.0±4.5 g m22 y21, is not very different from the

value of 3 g organic C m22 y21 (labile 1 refractory

components) which forms an important faunal bound-

ary off NW Africa (Altenbach, 1988). This ¯ux level

controls the boundary between a eutrophic biofacies

dominated by Uvigerina peregrina and a more oligo-

trophic biofacies dominated by Cibicidoides kullen-

bergi (Parker). In a recent paper, Altenbach et al.

(1999) con®rm the validity of this important faunal

boundary in a study concerning a major part of the

Atlantic Ocean. Also in the South China Sea (Jian et

al., 1999), a level of 3.5 g organic C m22 y21 (labile 1
refractory components) separates a fauna dominated

by detritus feeders (including Bulimina aculeata and

U. peregrina) from a fauna consisting of suspension

feeders (for instance Cibicidoides wuellerstor®

(Schwager) and supposedly `opportunistic' species.

The similarity between the calculated organic ¯ux

level at the main faunal boundary in the Mediterra-

nean (present study), and in other sites of the world

ocean (see above) strongly suggests a faunal boundary

of global signi®cance. The slightly higher projected

values in our study could perhaps be explained by the

higher sea water temperatures in the Mediterranean.

These would cause more intense remineralisation of

organic carbon in transit of the water column, so that

the calculated values over-estimate the actual labile

organic ¯ux to the ocean ¯oor.

5. Conclusions

1. In the Mediterranean Sea, the bathymetrical

distribution of most dominant taxa of benthic fora-

minifera is controlled by the ¯ux of labile organic

matter to the sea ¯oor. The upper and lower depth

limits of numerous taxa show a close correspon-

dence with the estimated iso-¯ux lines.

2. The bathymetrical succession of species found in

the Mediterranean is almost entirely due to inter-

speci®c differences in food requirements; it should

be considered as a succession from eutrophic (shal-

low living) to oligotrophic (deep-living) species.
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Consequently, individual species are not indicative

of a speci®c water depth, but of a certain level of

organic ¯ux to the sea ¯oor.

3. Also the strong W±E decrease of deep infaunal

taxa is suggested to be a the result of the

increasing oligotrophy towards the east. Deep

infaunal taxa become increasingly rare, either

because the deeper sediment layers do no longer

contain nutritious material, or because the anae-

robic bacterial stocks on which these taxa may

graze are situated too deep in the sediment to be

exploited.

4. The similarity of the ¯ux level of about 2.5 g C

m22 y21, which corresponds to the main faunal

boundary in the Mediterranean, and a total ¯ux

value of 3±3.5 g C m22 y21, which has been

mentioned several times in the literature,

suggests the existence of a fundamental, constant

faunal boundary of global importance.
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Appendix A. Taxonomical framework

Articulina tubulosa (Seguenza, 1862) Parker, 1958, pl. 1, Figs. 12±13 and Figs. 18±19; Wright, 1978, pl. 1, Figs. 9±10

Bolivina alata (Seguenza, 1862) Parker, 1958, pl. 1, Figs. 30±32

Bulimina aculeata d'Orbigny, 1826 Parker, 1958, pl. 1, Figs. 17±18; Jorissen, 1987, pl. 4, Fig. 5

Bulimina marginata d'Orbigny, 1826 Parker, 1958, pl. 1, Fig. 23; Jorissen, 1987, pl. 4, Fig. 6a and b

Cassidulina carinata Silvestri, 1896/Cassidulina

laevigata d'Orbigny, 1826

Parker, 1958, pl. 4, Fig. 15; Jorissen, 1987, pl. 1, Fig. 8

Cassidulina crassa d'Orbigny, 1839 Parker, 1958, pl. 4, Fig. 12; Jorissen, 1987, pl. 1, Fig. 3

Chilostomella spp. Parker, 1958, pl. 4, Fig. 24

Globobulimina spp. Parker, 1958, pl. 1, Figs. 24±28

Glomospira charoides (Jones and Parker, 1860) Phleger et al., 1953, vol. 7, pl. 5, Fig. 1

Gyroidina altiformis Stewart and Stewart, 1930 Parker, 1958, pl. 3, Figs. 10±12; Jorissen, 1987, pl. 1, Figs. 7, 11 and;12

Gyroidina orbicularis d'Orbigny, 1826 Parker, 1958, pl. 3, ®gs. 7±9 and 13±18; Jorissen, 1987, pl. 1, Fig. 13a and b

Hoeglundina elegans (d'Orbigny, 1826) Wright, 1978, pl. 5, Figs. 15 and 16

Melonis spp. Parker, 1958, pl. 1, Figs. 36±39; Jorissen, 1987, pl. 4, Fig. 8

Uvigerina mediterranea Hofker, 1932 Parker, 1958, pl. 2, Figs. 39 and 40; Jorissen, 1987, pl. 1, Fig. 2

Uvigerina peregrina Cushman, 1923 Parker, 1958, pl. 2, Figs. 37 and 38; Jorissen, 1987, pl. 1, Fig. 4

Appendix B

Site locations and benthic foraminiferal census data for the taxa used in this paper. All counting data data are given as a percentage of the

total benthic foraminiferal fauna. A� Articulina tubulosa; B� Bolivina alata; C� Bulimina aculeata; D� Bulimina marginata;

E� Cassidulina carinata/C. laevigata; F� Cassidulina crassa; G� Chilostomella spp.; H�Globobulimina spp; I�Glomospira charoides;

J�Gyroidina altiformis; K� Gyroidina orbicularis; L� Hoeglundina elegans; M�Melonis spp.; N�Uvigerina mediterranea;

O� Uvigerina peregrina

Site Depth

(m)

Latitude

(8N)

Longitude

(8E)

A B C D E F G H I J K L M N O

T82/16 210 38.50 1.45 0.0 0.0 3.2 4.2 9.5 3.7 0.5 0.0 0.0 2.1 0.0 0.5 2.1 4.8 0.0

T82/17 320 38.49 1.45 0.0 0.0 1.0 15.2 7.3 2.6 0.0 0.0 0.0 1.6 1.6 0.5 4.2 11.0 0.5
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(continued)

Site Depth

(m)

Latitude

(8N)

Longitude

(8E)

A B C D E F G H I J K L M N O

T82/18 555 38.43 1.42 0.0 0.0 0.0 20.0 8.2 2.6 0.0 0.0 0.0 2.1 2.6 0.0 13.8 12.3 0.0

T82/19 790 38.39 1.41 0.0 0.0 0.0 5.1 6.6 0.0 0.0 0.0 3.6 1.0 9.1 0.5 10.2 22.8 5.1

T82/20 900 38.37 1.41 0.0 0.0 0.0 1.0 7.8 0.0 0.0 0.0 2.1 1.0 9.8 4.7 11.9 28.5 7.8

T82/21 1500 38.25 1.45 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0 18.9 3.0 16.4 5.0 4.0 0.5 1.5

T82/22 1960 38.09 1.45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.0 5.7 28.3 0.0 0.0 0.0 0.0

T82/23 2400 37.89 1.42 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.8 2.1 11.6 0.0 0.0 0.0 0.0

T82/6 315 38.95 2.86 0.0 0.0 4.3 2.2 13.5 10.8 0.0 0.0 0.0 0.5 0.0 0.0 2.7 1.6 0.0

T82/7 660 38.92 2.83 0.0 0.0 2.7 3.2 10.1 4.8 0.0 0.0 0.0 0.0 2.7 0.0 5.9 10.6 0.0

T82/8 820 38.89 2.81 0.0 0.0 0.7 1.3 13.1 2.0 0.0 0.0 2.0 2.0 3.9 2.6 24.8 26.1 0.0

T82/9 1562 38.89 2.82 0.0 0.0 1.0 1.9 2.4 3.4 0.0 0.0 4.8 0.0 2.4 0.0 5.8 1.0 1.4

T82/10 1920 38.76 2.82 0.0 0.0 0.9 0.0 0.0 0.9 0.0 0.0 1.8 10.7 38.4 5.8 12.1 0.4 0.0

T82/11 2440 38.73 2.81 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.4 13.9 2.4 41.8 0.0 0.4 0.0 0.0

T87/71 2654 38.93 10.59 13.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.8 3.4 3.4 0.0 0.0 0.0 0.0

T87/68 1538 38.68 10.74 8.6 0.0 0.0 0.0 0.0 1.2 0.0 0.0 3.7 3.7 16.0 7.4 7.4 3.7 7.4

T87/67 1326 38.66 10.75 2.7 0.0 0.0 0.0 1.4 0.0 0.0 0.0 18.9 4.1 8.1 10.8 4.1 6.8 6.8

T87/66 1102 38.65 10.76 1.1 0.0 0.0 0.0 8.0 0.0 0.0 0.0 14.9 2.3 5.7 5.7 2.3 6.9 5.7

T87/65 904 38.64 10.78 0.9 0.0 0.0 0.9 15.7 0.0 0.0 0.0 6.1 3.5 8.7 7.0 6.1 7.8 7.8

T87/64 630 38.59 10.83 0.0 0.0 0.0 2.9 25.2 0.0 0.0 0.0 7.2 0.7 0.7 0.7 2.9 7.9 7.9

T87/63 785 38.32 11.24 0.9 0.0 0.0 4.4 6.2 0.0 0.0 0.0 11.5 0.9 3.5 1.8 8.0 12.4 3.5

T87/51 592 36.71 12.03 0.0 0.0 0.0 1.2 9.8 0.6 0.0 0.0 1.2 1.8 1.8 1.8 6.7 1.8 2.5

T87/50 820 36.68 12.08 0.0 0.0 0.0 0.8 4.7 0.4 0.0 0.0 5.5 3.2 5.1 0.0 5.5 11.1 11.1

T87/49 1205 36.67 12.12 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 8.3 1.7 7.5 0.0 3.3 7.5 15.8

T87/55 1256 36.75 12.29 1.6 0.0 0.0 0.0 3.2 0.0 0.0 0.0 14.1 2.7 7.6 0.0 2.7 12.4 9.7

T87/56 917 36.78 12.31 0.0 0.0 0.0 2.6 3.4 1.7 0.0 0.0 16.2 6.8 6.8 0.0 2.6 17.9 8.5

T87/57 512 36.83 12.33 0.0 0.0 1.2 15.3 4.7 4.1 0.0 0.0 1.2 0.6 1.2 0.0 2.4 11.8 2.9

T87/48 1307 36.63 12.50 3.1 0.0 0.0 0.0 0.6 0.0 0.0 0.0 14.3 5.0 10.6 0.0 0.6 6.8 7.5

T87/4 200 39.32 20.01 0.0 0.0 1.5 11.6 9.1 4.5 0.0 0.0 0.0 0.5 0.5 0.5 2.5 2.5 2.5

T82/42 810 36.49 23.00 0.0 0.0 0.0 14.3 1.5 6.6 2.0 1.0 0.5 1.0 5.6 0.5 8.7 3.1 26.5

T82/54 1080 36.15 24.47 0.0 0.0 4.3 0.0 0.0 0.9 5.2 7.8 0.9 2.6 5.2 0.9 23.3 0.0 27.6

T82/53 1400 35.82 24.38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 2.5 0.0 12.5 0.0 20.0 0.0 30.0

T82/34 2520 37.06 20.49 3.2 0.0 0.0 0.0 0.0 0.0 0.0 0.6 22.3 3.2 24.8 0.0 0.0 0.0 0.0

T87/90 1500 38.54 9.30 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 10.4 3.1 7.3 5.2 14.6 0.0 5.2

T87/83 1301 37.70 8.76 0.0 0.0 0.0 0.0 3.3 0.0 0.0 0.0 9.9 0.7 6.6 10.6 9.3 0.7 16.6

T87/84 1554 37.72 8.73 0.0 0.0 0.0 0.0 1.6 1.6 0.0 0.0 21.9 2.3 7.0 6.3 6.3 0.0 15.6

T87/85 1872 37.80 8.72 0.0 0.0 0.0 0.0 2.5 0.0 0.0 0.0 39.2 2.5 6.3 3.8 6.3 0.0 0.0

T87/87 2587 38.09 8.38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33.8 5.9 14.7 0.0 0.0 0.0 0.0

T87/62 1040 38.31 11.28 0.0 0.0 0.0 0.8 7.3 0.0 0.0 0.0 12.2 1.6 4.9 3.3 4.1 18.7 5.7

T87/61 1246 38.25 11.34 0.9 0.0 0.0 1.9 11.2 0.9 0.0 0.0 14.0 0.9 8.4 6.5 5.6 8.4 2.8

T87/128 296 35.49 22.67 0.0 3.9 7.7 7.7 3.9 7.7 3.9 4.3 0.5 0.5 0.0 0.5 4.3 1.9 3.4

T87/96 397 39.03 9.25 0.0 0.5 0.5 3.8 5.4 5.4 1.6 0.0 0.0 0.0 1.6 0.5 17.4 2.2 0.0

T87/79 511 37.62 8.84 0.0 0.5 0.0 6.0 14.7 8.2 0.0 0.0 2.2 2.2 2.7 0.5 4.9 0.0 4.9

T82/40 300 36.70 23.13 0.0 1.4 4.8 21.3 0.0 10.6 1.9 0.5 0.0 0.0 0.0 0.5 0.5 0.5 4.3

T82/41 510 36.60 23.05 0.0 0.0 0.0 22.4 1.0 15.1 2.6 1.6 0.5 0.0 0.5 0.0 5.7 2.1 17.7

T82/45 1480 36.09 23.85 0.0 0.0 1.1 0.5 8.6 1.6 0.5 2.7 4.8 1.1 4.8 4.8 8.6 0.0 35.8

T82/44 1720 36.19 23.85 0.0 0.0 0.0 6.7 16.5 6.3 0.0 0.0 0.0 0.4 3.1 2.7 3.1 3.1 4.9

T82/49 210 36.03 22.89 0.0 0.0 0.0 0.0 29.3 3.3 0.5 0.5 0.0 0.0 1.1 0.0 0.0 0.5 1.1

T87/137 218 35.91 22.96 0.0 0.5 1.0 0.5 20.6 8.8 0.0 0.0 0.0 0.0 0.0 1.0 1.0 2.6 1.5

T82/48 390 36.04 22.89 0.0 0.0 0.4 1.1 10.5 3.3 0.0 0.4 0.0 0.4 0.7 1.5 0.7 4.7 0.7

T87/129 419 35.63 22.74 0.0 11.2 3.6 6.1 2.0 7.1 6.1 5.1 0.0 0.5 0.5 1.5 3.6 6.6 1.5

T87/130 509 35.64 22.76 0.0 8.5 3.2 5.3 2.1 6.3 5.8 1.6 0.0 0.0 0.0 0.5 2.6 10.1 10.1

T87/136 528 35.90 22.93 0.0 2.2 0.5 9.7 16.1 5.9 0.5 0.0 0.5 0.0 0.5 0.5 3.2 4.3 1.6

T87/131 704 35.73 22.88 0.0 2.0 1.5 3.0 1.0 15.3 2.5 3.9 1.0 0.0 4.9 0.0 6.9 1.5 19.2

T87/134 705 35.89 22.99 0.0 1.5 0.5 2.6 10.8 3.1 1.5 1.5 1.0 1.0 1.5 0.0 7.7 6.2 5.7
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(continued)

Site Depth

(m)

Latitude

(8N)

Longitude

(8E)

A B C D E F G H I J K L M N O

T82/47 710 36.06 22.80 0.0 0.0 0.3 0.0 7.1 4.2 0.0 0.0 0.3 0.0 0.6 1.9 2.6 1.3 2.6

T87/132 936 35.78 22.91 0.0 2.1 0.0 0.5 2.1 8.4 2.6 8.4 1.0 1.0 5.2 0.0 6.8 1.0 24.1

T87/135 937 35.89 22.95 0.0 0.6 0.0 1.7 5.6 1.7 3.4 5.6 0.6 2.8 2.2 1.1 3.4 7.9 11.8

T82/46 1080 36.08 22.75 0.0 0.0 0.8 1.2 9.2 1.6 0.8 3.6 2.0 0.4 0.8 1.6 8.0 0.8 7.2

T87/133 1100 35.82 22.89 0.0 0.6 0.0 0.0 3.4 0.6 0.6 7.5 1.1 1.7 2.9 0.6 9.8 1.1 23.6

T82/27 350 37.55 20.64 0.0 0.0 5.7 5.4 0.0 5.7 0.0 0.9 0.0 0.0 0.3 0.3 1.2 11.4 0.6

T82/28 560 37.55 20.64 0.0 0.8 13.9 8.3 0.0 1.3 0.3 0.5 0.0 0.0 0.5 0.0 0.8 6.7 0.0

T82/29 720 37.54 20.64 0.0 0.4 14.0 7.9 0.0 1.3 0.4 0.4 0.0 0.0 0.0 0.0 1.7 8.3 0.0

T82/30 1020 37.48 20.64 0.0 1.5 2.9 6.3 0.0 1.5 0.0 0.0 3.9 0.0 1.9 1.0 4.9 26.7 1.5

T82/31 1620 37.45 20.64 0.7 1.4 2.9 2.9 0.0 2.1 0.7 0.7 8.6 0.0 2.9 7.9 5.7 10.0 2.9

T82/32 1820 37.40 20.65 0.7 1.4 5.6 2.1 0.0 4.2 0.7 0.0 4.2 0.0 4.9 2.1 8.3 0.0 1.4

T82/33 2400 37.17 20.53 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.8 1.9 23.6 0.0 0.9 0.0 0.0

T87/97 307 39.04 9.24 0.0 1.6 3.2 6.4 8.6 7.0 0.5 0.0 0.0 1.6 0.5 0.0 16.0 4.3 1.1

T87/95 499 39.03 9.28 0.0 0.6 0.0 5.8 0.0 3.2 0.6 0.0 1.3 1.9 2.6 0.0 30.5 0.0 0.6

T87/94 695 38.94 9.37 0.0 0.6 2.8 0.0 7.8 0.6 0.0 0.0 2.2 0.6 0.6 1.1 20.0 19.4 2.2

T87/93 926 38.91 9.40 0.0 0.0 0.0 0.7 1.3 0.0 0.0 0.7 2.0 1.3 2.0 2.0 47.7 12.8 0.0

T87/92 1110 38.85 9.48 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 5.7 0.0 4.5 5.1 42.0 3.2 0.0

T87/77 300 37.60 8.86 0.0 0.0 2.7 2.7 6.1 3.4 0.0 0.0 0.0 2.0 0.0 0.0 6.8 6.8 1.4

T87/78 400 37.61 8.84 0.0 0.0 2.7 0.0 12.8 4.0 0.0 0.0 1.3 0.0 0.0 0.0 5.4 8.1 2.7

T87/80 700 37.63 8.83 0.0 0.0 0.0 5.1 12.0 0.6 0.0 0.0 9.5 1.9 3.2 0.0 7.6 4.4 8.2

T87/81 895 37.64 8.81 0.0 0.0 0.0 1.9 8.1 0.6 0.0 0.0 5.6 1.9 6.8 9.9 8.1 5.0 16.8

T87/82 1097 37.64 8.81 0.0 0.0 0.0 0.0 3.2 0.6 0.0 0.0 8.4 3.2 2.6 16.8 9.7 4.5 22.6

T82/57 300 36.38 24.72 0.0 5.8 8.3 5.1 0.0 11.5 0.0 0.0 0.0 0.0 2.6 0.6 1.9 0.6 8.3

T82/56 595 36.36 24.69 0.0 4.8 10.4 2.4 0.0 9.6 2.4 4.8 2.4 0.0 3.2 1.6 0.0 2.4 24.8

T82/55 800 36.29 24.61 0.0 0.8 2.3 3.9 0.0 3.1 1.6 7.0 1.6 0.0 3.1 0.8 19.4 0.8 15.5

T82/43 1180 36.29 23.91 0.0 0.0 0.0 4.5 1.3 1.3 0.0 2.5 3.8 1.3 6.4 1.9 8.9 1.9 42.7

T87/108 212 36.74 2.64 0.0 4.1 7.2 7.7 2.6 12.4 2.1 4.1 1.0 0.0 0.0 2.1 1.5 0.0 5.2

T87/109 301 36.78 2.66 0.0 5.1 7.2 8.7 3.6 7.2 2.6 0.5 0.5 0.0 0.0 2.1 5.1 3.6 3.6

T87/110 419 36.81 2.65 0.0 1.5 1.0 11.6 1.0 5.1 2.0 1.5 0.5 0.0 0.0 1.0 4.0 4.5 13.1

T87/111 508 36.83 2.64 0.0 4.0 0.6 6.8 2.8 9.6 2.3 1.7 1.1 1.7 5.1 0.0 4.5 7.3 7.9

T87/112 742 36.92 2.61 0.0 0.0 0.0 4.1 2.9 1.8 1.8 0.6 1.8 1.2 3.5 1.2 3.5 5.3 16.5

T87/113 911 36.93 2.60 0.0 0.0 0.0 3.7 7.4 2.5 0.0 3.7 3.1 0.6 4.3 1.9 1.9 6.8 15.4

T87/114 1100 36.94 2.59 0.0 0.0 0.0 0.6 5.8 1.9 0.6 4.5 0.0 0.6 7.1 1.9 2.6 5.2 20.6

T87/115 1313 36.95 2.58 0.0 0.0 0.0 0.6 2.6 0.0 0.6 1.3 4.5 3.9 3.2 3.2 5.2 1.3 31.8

T87/117 1489 36.95 2.57 0.0 0.0 0.0 0.6 1.1 0.0 2.3 1.7 2.9 2.3 6.3 2.9 5.1 0.6 29.1

T87/116 1798 36.97 2.55 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 4.2 2.8 6.3 6.9 7.6 0.7 33.3

T87/118 2000 36.98 2.55 0.8 0.8 0.0 0.0 0.8 0.0 0.8 0.8 5.8 5.8 11.6 5.0 18.2 0.0 19.0

T87/119 2594 36.00 2.55 2.5 5.9 0.0 2.5 0.0 0.0 1.7 10.9 4.2 4.2 36.1 0.0 6.7 0.0 0.0

T87/39 408 34.53 16.01 0.0 0.0 0.0 5.0 14.0 4.0 0.0 0.0 3.0 2.0 2.0 0.0 4.0 4.0 3.0

T87/43 1514 35.85 13.03 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 35.7 1.4 8.6 0.0 7.1 1.4 1.4

T87/45 1716 36.49 13.32 1.9 0.0 0.0 0.0 2.5 0.0 0.0 0.0 9.4 3.1 5.0 0.0 4.4 0.0 22.6

T87/38 567 34.52 16.02 0.0 0.0 0.0 3.6 16.4 1.8 0.0 0.0 3.6 1.8 0.0 0.0 1.8 0.0 1.8

T87/37 707 34.51 16.03 0.0 0.0 0.0 1.8 23.9 0.0 0.0 0.0 4.4 3.5 4.4 0.0 1.8 1.8 3.5

T87/36 916 34.49 16.09 3.7 0.0 0.0 0.0 1.9 0.0 0.0 0.0 22.2 7.4 9.3 0.0 1.9 3.7 9.3

T87/35 1120 34.42 16.24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.0 8.7 13.0 0.0 0.0 0.0 4.3

T87/30 1400 34.47 16.42 15.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.0 5.0 20.0 0.0 0.0 0.0 0.0

T87/29 1524 34.55 16.57 5.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33.3 5.6 16.7 0.0 0.0 0.0 0.0

T87/28B 1798 34.62 16.67 12.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.8 6.3 31.3 0.0 0.0 0.0 0.0

T87/27B 1900 34.65 16.71 12.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 41.9 22.6 19.4 0.0 0.0 0.0 0.0

T87/26B 2915 34.75 16.82 7.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 75.0 0.0 10.7 0.0 0.0 0.0 0.0

T87/24B 2175 35.01 17.12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50.0 0.0 50.0 0.0 0.0 0.0 0.0

T87/23B 3073 35.05 17.16 16.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 61.1 0.0 0.0 0.0 0.0 0.0 0.0

T87/22 3671 35.17 17.29 58.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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(continued)

Site Depth

(m)

Latitude

(8N)

Longitude

(8E)

A B C D E F G H I J K L M N O

T87/5 289 39.28 20.00 0.0 0.6 0.0 10.6 16.2 3.9 0.0 0.0 0.0 1.1 0.0 0.6 2.2 4.5 1.1

T87/6 409 39.27 19.99 0.0 0.0 0.0 5.0 14.9 1.7 0.0 0.0 2.8 1.1 1.7 0.0 5.5 7.2 0.0

T87/7 455 39.26 20.00 0.0 0.0 0.0 3.8 14.8 0.5 0.0 0.0 10.4 3.3 1.6 0.0 6.6 4.4 0.0

T87/8 701 39.25 19.97 0.0 0.0 0.0 0.5 10.4 0.5 0.0 0.0 8.2 6.0 1.6 0.5 7.7 13.2 0.0

T87/9 931 39.24 19.98 0.0 0.0 0.0 0.6 10.4 0.0 0.0 0.0 9.2 1.2 8.6 0.0 14.7 6.7 0.0

T87/10 1091 39.20 19.96 0.0 0.0 0.0 0.0 1.8 0.6 0.0 0.0 4.2 4.8 10.9 0.0 16.4 0.0 7.9

T87/11 1322 39.16 19.94 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.3 6.7 16.0 0.0 19.6 1.2 0.6

T87/12 1505 39.11 19.92 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 39.3 12.9 9.2 0.0 9.8 0.0 0.0

T87/13 1740 38.93 19.90 0.0 0.0 0.6 0.0 0.0 0.6 0.0 0.0 42.6 5.9 21.9 0.0 6.5 0.0 0.0

T87/14 1999 38.57 19.92 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.6 8.3 8.8 0.0 8.3 0.0 0.5

T87/15 2510 38.31 19.92 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 70.8 0.0 7.9 0.0 0.0 0.0 0.0

T83/59 273 33.01 22.93 0.0 0.0 0.0 0.0 21.3 0.0 0.0 0.0 1.6 0.0 0.0 0.0 1.6 0.0 0.0

T83/60 462 33.04 22.93 0.0 0.0 2.1 0.7 19.9 0.0 0.0 0.0 4.3 0.7 0.0 0.0 7.8 0.0 0.0

T83/61 642 33.06 22.95 0.0 0.0 0.0 1.0 26.7 0.0 0.0 1.9 2.9 1.0 4.8 0.0 15.2 0.0 1.9

T83/62 815 33.08 22.95 0.0 0.0 0.0 0.0 13.6 0.0 0.0 0.0 4.9 7.8 4.9 0.0 16.5 0.0 1.0

T83/63 1093 33.12 22.98 1.1 0.0 0.0 0.0 1.1 0.0 0.0 1.1 6.7 5.6 5.6 0.0 24.7 0.0 0.0

T83/64 1185 33.13 23.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.7 2.6 23.1 0.0 12.8 0.0 0.0

T83/65 1603 33.18 23.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.7 6.5 6.5 0.0 9.7 0.0 0.0

T83/66 1849 33.21 23.06 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 0.0 8.3 0.0 0.0

T83/67 2075 33.24 23.09 0.0 0.0 0.0 0.0 0.0 4.2 0.0 0.0 16.7 4.2 16.7 0.0 12.5 0.0 0.0

T83/68 2310 33.29 23.12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.0 0.0 20.0 0.0 0.0 0.0 0.0

T83/16 200 31.32 29.68 0.0 0.0 0.8 0.8 4.7 0.0 0.0 0.0 3.1 2.3 0.0 0.0 3.1 4.7 4.7

T83/17 300 31.36 29.67 0.0 0.0 1.0 1.6 0.0 0.0 0.0 0.0 7.3 4.2 1.6 0.0 3.1 10.5 6.3

T83/19 563 31.43 29.66 0.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0 10.1 3.1 7.8 0.0 3.1 4.7 24.0

T83/20 790 31.55 29.61 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 8.1 3.0 12.1 0.0 2.0 4.0 46.5

T83/23 1465 31.88 29.41 0.0 0.0 0.0 1.4 2.9 0.0 0.0 0.0 35.7 5.7 10.0 0.0 2.9 0.0 0.0

T83/25 2034 32.17 29.29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 55.6 11.1 22.2 0.0 0.0 0.0 0.0

T83/26 2300 32.37 29.20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 55.6 11.1 11.1 0.0 0.0 0.0 0.0

T83/27 2620 32.75 29.12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 47.1 5.9 11.8 0.0 0.0 0.0 0.0

T83/28 3090 32.75 29.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 75.0 0.0 0.0 0.0 0.0 0.0 0.0

References

Altenbach, A.V., 1988. Deep sea benthic foraminifera and ¯ux rate

of organic carbon. Rev. de PaleÂobiologie 2 (speÂc), 719±720

(Benthos `86).

Altenbach, A.V., P¯aumann, U., Schiebel, R., Thies, A., Timm, S.,

Trauth, M., 1999. Scaling percentages and distributional

patterns of benthic foraminifera with ¯ux rates of organic

carbon. J. Foraminifer Res. 29, 173±185.

Alve, E., 1990. Variations in estuarine foraminiferal biofacies with

diminishing oxygen conditions in Drammensfjord, SE Norway.

In: Hemleben, C. (Ed.). Paleoecology, Biostratigraphy, Paleo-

ceanography and Taxonomy of Agglutinated Foraminifera,

Kluwer Academic Publishers, Dordrecht, pp. 661±694.

Antoine, D., Morel, A., AndreÂ, J.M., 1995. Algal pigment distribu-

tion and primary production in the eastern Mediterranean as

derived from coastal zone scanner observations. J. Geophys.

Res. 100 (C8), 16.193±16.209.

Bernhard, J.M., 1992. Benthic foraminiferal distribution and biomass

related to porewater oxygen content: central California continental

slope and rise. Deep-Sea Res. 39, 585±605.

Berger, W.H., Smetacek, V.S., Wefer, G., 1989. Ocean productivity

and paleoproductivity Ð an overview. In: Berger, W.H., Smeta-

cek, V.S., Wefer, G. (Eds.). Productivity of the Oceans, Present

and Past, Wiley, Chichester, pp. 1±34.

Berger, W.H., Wefer, G., 1990. Export production: seasonality and

intermittency, and paleoceanographic implications. Palaeo-

geogr., Palaeoclimatol., Palaeoecol., (Global and Planetary

Change Section) 89, 245±254.

Caralp, H.M., 1989. Abundance of Bulimina exilis and Melonis

barleeanum: relationship to the quality of marine organic

matter. Geo-Mar. Lett. 9, 37±43.

Carney, R.S., 1989. Examining relationships between organic

carbon ¯ux and deep-sea deposit feeding. In: Lopez, G.,

Taghon, G., Levinton, J. (Eds.). Ecology of Marine Deposit

Feeders. Lecture Notes on Coastal and Estuarine Studies, vol.

31. Springer, Berlin, pp. 24±58.

Cita, M.B., Zocchi, M., 1978. Distribution patterns of benthic



foraminifera on the ¯oor of the Mediterranean Sea. Oceanol.

Acta 1 (4), 445±462.

De Rijk, S., Troelstra, S.R., Rohling, E.J., 1999. Benthic foraminif-

eral distribution in the Mediterranean Sea. J. Foraminifer Res.

29, 93±103.

De Stigter,H.C.,Jorissen,F.J.,VanderZwaan,G.J.,1998.Bathymetric

distribution and microhabitat partitioning of live (Rose Bengal

stained) benthic foraminifera along a shelf to deep sea transect in

the southern Adriatic Sea. Mar. Micropaleontol. 28, 40±65.

Gooday, A.J., 1988. A response by benthic foraminifera to the

deposition of phytodetritus in the deep sea. Nature 332

(6159), 70±73.

Gooday, A.J., 1993. Deep-sea benthic foraminifera species which

exploit phytodetritus: characteristic features and controls on

distribution. Mar. Micropaleontol. 22, 187±205.

Herguera, J.C., 1992. Deep-sea benthic foraminifera and biogenic

opal: glacial to postglacial productivity changes in the western

equatorial Paci®c. Mar. Micropaleontol. 19, 79±98.

Herguera, J.C., Berger, W.J., 1991. Paleoproductivity from benthic

foraminifera abundance: glacial to postglacial change in the

western equatorial paci®c. Geology 19, 1173±1176.

Jian, Z., Wang, L., Kienast, M., Sarnthein, M., Kuhnt, W., Wang, P.,

1999. Benthic foraminiferal paleoceanography of the South

China Sea over the last 40.000 years. Mar. Geol. 156, 159±186.

Jorissen, F.J., 1987. The distribution of benthic foraminifera in the

Adriatic Sea. Mar. Micropaleontol. 12, 21±48.

Jorissen, F.J., 1988. The distribution of benthic foraminifera from

the Adriatic Sea; Principles of phenotypic variation. Utrecht

Micropaleontol. Bull. 37, 176.

Jorissen, F.J., 1999a. Benthic foraminiferal successions across Late

Quaternary Mediterranean sapropels. Mar. Geol. 153, 91±101.

Jorissen, F.J., 1999b. Benthic foraminiferal microhabitats below the

sediment±water interface. In: Sen Gupta, B.K. (Ed.). Modern

Foraminifera, Kluwer Academic Publishers, Dordrecht, pp.

161±180.

Jorissen, F.J., De Stigter, H.C., Widmark, J.G.V., 1995. A

conceptual model explaining benthic foraminiferal microhabi-

tats. Mar. Micropaleontol. 26, 3±15.

Jorissen, F.J., Wittling, I., Peypouquet, J.P., Rabouille, C., Relex-

ans, J.C., 1998. Live benthic foraminiferal faunas off Cape

Blanc, NW Africa; Community structure and microhabitats.

Deep-Sea Res., I 45, 2157±2188.

Lohrenz, S.E., Wiesenburg, D.A., DePalma, I.P., Johnson, K.S.,

Gustafson, D.E., 1988. Interrelationships among primary produc-

tion, chlorophyll, and environmental conditions in frontal regions

of the western Mediterranean Sea. Deep-Sea Res. 35, 793±810.

Martin, W.R., Bender, M.L., 1988. The variability of benthic ¯uxes

and sedimentary remineralization rates in response to seasonally

variable organic carbon rain rates in the deep sea: a modeling

study. Am. J. Sci. 288, 561±574.

Morel, A., AndreÂ, J.M., 1991. Pigment distribution and primary

production in the western Mediterranean as derived and

modeled from coastal zone color scanner observations. J.

Geophys. Res. 96 (12), 1545±1562.

Murray, J., 1991. Ecology and Paleoecology of Benthic Foramini-

fera, Longman Scienti®c & Technical, London, 398pp.

Parker, F.L., 1958. Eastern Mediterranean foraminifera. Reports of

the Swedish Deep Sea Expedition, vol. VIII: Sediment cores

from the Mediterranean and the Red Sea, no. 4, pp. 219±283.

Peinert, R., Miquel, J.C., 1994. The signi®cance of frontal processes

for vertical particle ¯uxes: a case study in the Alboran Sea (SW

Mediterranean Sea). J. Mar. Sys. 5, 377±389.

Phleger, F.B., Parker, F.L., Peirson, J.F., 1953. North Atlantic Fora-

minifera. Reports of the Swedish Deep Sea Expedition, vol. VII:

Sediment cores from the North Atlantic Ocean, no. 1, 122pp.

Prieur, L., Copin-Montegut, C., Claustre, H., 1993. Biophysical

aspects of ªAlmofront-Iº, and intensive study of a geostrophic

frontal jet. Ann. Inst. Oceanogr. 69, 1±86.

Pujol, C., Vergnaud-Grazzini, C., 1995. Distribution of live planktic

foraminifers as related to regional hydrography and productive

systems of the Mediterranean Sea. Mar. Micropaleontol. 25,

187±217.

Rohling, E.J., Jorissen, F.J., De Stigter, H.C., 1997. 200 year inter-

ruption of Holocene sapropel formation in the eastern Mediter-

ranean. J. Micropaleontol. 16, 97±108.

Stanley, D.J., 1985. Mud redepositional processes as a major in¯u-

ence on Mediterranean margin-basin sedimentation. In: Stanley,

D.J., Wezel, F.C. (Eds.), Geological Evolution of the Mediter-

ranean Basin, pp. 377±410.

Suess, E., 1980. Particulate organic carbon ¯ux in the oceans-surface

productivity and oxygen utilization. Nature 288, 260±263.

Todd, R., 1958. Foraminifera from western Mediterranean deep-sea

cores, Reports of the Swedish Deep Sea Expedition, vol. VIII:

Sediment cores from the Mediterranean and the Red Sea, no. 3,

pp. 169±215.

Van Dijken, G. L., Arrigo, K.R., 1996. Ocean color remote sensing

of the southeastern Mediterranean Sea. Eos, Transactions,

American Geophysical Union, 76 (3), 167. (http://www-ocean.

tamu.edu/~gert/os1996/)

Wright, R., 1978. Neogene benthic foraminifers from DSDP Leg

42A, Mediterranean Sea. Initial Reports of the Deep Sea Dril-

ling Project 47, 709±726.

S. De Rijk et al. / Marine Micropaleontology 40 (2000) 151±166166


