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SUMMARY: In order to study the distribution of meiobenthos (Metazoa and Foraminifera) at bathyal depths along a west-
east productivity gradient in the Mediterranean Sea, stations along the continental slopes of the Balearic Sea, west Ionian and
east Ionian Seas were sampled during the DESEAS Trans-Mediterranean Cruise in June-July 2001. Standing stock of total
meiobenthos differed considerably among the sampling stations, with marked differences occurring between sampling
depths and sites. At 600 m depth, meiobenthic abundances were slightly higher over the Balearic continental slope, where-
as at the deeper stations (800 m and 1500-1700 m), abundances were significantly higher in the west Ionian Sea. Significant
relationships were found between the abundances of major groups and the chloroplastic pigments, indicating that food avail-
ability is a major factor controlling the distribution of meiobenthos. Apart from the overall differences in productivity
between the western and eastern Mediterranean Sea, local hydrographic features and topographic differences greatly influ-
ence the spatial variability of the environmental parameters within each sub-basin and thus the distribution of meiobenthos
in the bathyal zone.
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RESUMEN: DISTRIBUCION DEL MEIOBENTOS EN FONDOS BATIALES DEL MEDITERRANEO: UNA COMPARACION ENTRE LUGARES DIS-
TANTES. — Para el estudio del meiobenthos (Metazoa y foraminifera) en los fondos batiales del Mediterraneo a lo largo del
gradiente de productividad oeste-este, se hicieron muestreos en la plataforma continental del mar Balear y del mar Ionico
oriental y occidental, durante la campana transmediterranea DESEAS (junio-julio, 2001). La biomasa permanente del
meiobentos total difiere considerablemente entre las muestras de las distintas estaciones y profundidades. A 600 m de pro-
fundidad las abundancias de meiobentos fueron un poco més altas en la plataforma de Baleares, mientras que en las esta-
ciones mas profundas (800 y 1500-1700 m), las abundancias fueron significativamente més altas en el Ionico occidental. Se
encontraron relaciones significativas entre las abundancias de los grupos mayoritarios y los pigmentos cloroplasticos, indi-
cando que la disponibilidad de alimento es el principal factor que controla la distribucion del meiobentos. Aparte de las
diferencias globales entre la productividad del Mediterraneo oriental y occidental, son las caracteristicas hidrograficas y las
diferencias topograficas quienes influencian fuertemente en la variabilidad espacial de los parametros ambientales en cada
sub-cubeta, y por tanto, en la distribucion del meibentos en la zona batial.

Palabras clave: meiobentos, mar profundo, batial, mar Mediterraneo, mar Balear, mar Jonico.

INTRODUCTION west-east productivity gradient because of the
hydrographic differences between its two sub-
The Mediterranean Sea, one of the most olig- basins, the different productivity levels in the surface

otrophic basins in the world, is characterised by a waters and the variability in vertical fluxes of organ-
ic carbon to the seafloor (Danovaro et al., 1999).
*Received February 15, 2003. Accepted February 10, 2004. Inflows from the Gibraltar Straits, river inputs and
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water exchanges in the Sicily Straits cause an asym-
metry in the nutrient loads, forming gradients in
nutrient and productivity levels (Crispi et al., 2001).
Nutrient and water exchanges between the western
and eastern basins are highly dynamic, influencing
the biogeochemistry and the overall productivity of
the ecosystem (Bethoux et al., 1992; Roether et al.,
1996) and, in conjunction with the prevailing local
sedimentary environmental conditions, are major
drivers controlling the standing stocks and spatial
distribution of benthic assemblages.

The eastern Mediterranean Sea is an extremely
oligotrophic environment due to an increase in phos-
phorus limitation from west to east (Berman et al.,
1984; Krom et al., 1991; Yacobi et al., 1995; Psarra
et al., 2000), where low primary production rates
coupled with high salinity, high temperatures and
high oxygen content lead to increased organic mat-
ter channelling through the microbial food web
(Siokou-Frangou et al., 2002). The northwestern
Mediterranean Sea is a more productive area as it is
affected by freshwater discharges from the Rhone,
Ebro and other rivers, resulting in downslope trans-
port of terrigenous material and input of organic
matter into the bathyal benthos. Previous studies
have reported primary and bacterial production rates
to be 2-3 times lower in the eastern Mediterranean
than in the west (Turley ef al., 2000). This is also
evident in the much higher fish production observed
in the west (Caddy and Oliver, 1996).

Although the west to east productivity gradient
applies as a general rule, there are specific features
characterising certain areas within each sub-basin.
For instance, areas such as the Gulf of Lion, the
Adriatic Sea and the north Aegean Sea differ great-
ly from the rest of the main basin, displaying their
own characteristics. The Gulf of Lion and the
Adriatic Sea are directly influenced by the Rhone
and Po River discharges respectively, and therefore
represent more productive areas. Similarly, the north
Aegean Sea, which belongs to the -eastern
Mediterranean and is perceived to be one of the
most oligotrophic areas in the world, is none the less
characterised by increased productivity as a result of
the Black Sea inflow through the Dardanelles Strait
(Poulos et al., 1997, 2000).

In the deep sea, the distribution and abundance of
benthic communities is closely related to the quanti-
ty and quality of food input to the seafloor (Thiel,
1983; Tselepides and Eleftheriou, 1992; Pfannkuche
et al., 1999; Danovaro et al., 2000a; Tselepides et
al., 2000c). In an extremely oligotrophic area such
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as the eastern Mediterranean Sea, meiofaunal abun-
dance and biomass of deep sea sediments is general-
ly low, decreasing sharply with increasing water
depth (Danovaro et al., 1995, 2000a; Tselepides et
al., 2000a). Benthic standing stocks have been
found to be 2-25 times lower in the eastern part of
the Mediterranean compared to the more productive
northwestern part (de Bovée et al., 1990; Danovaro
and Fabiano, 1995; Danovaro et al., 2000a). A
notable exception are the Hellenic and Pliny trench-
es, which occasionally behave as benthic hot spots
by accumulating organic matter and therefore sup-
porting surprisingly high meiofaunal abundance
(Tselepides and Lampadariou, 2004). Moreover, in a
comparative study between the Gulf of Lion-
Catalan Sea and the Cretan Sea, Danovaro et al.
(1999) found bacterial densities to be four times
higher and meiofaunal densities to be 4-25 times
higher at bathyal depths in the western
Mediterranean.

The present study deals with the distribution of
meiobenthos from three bathyal basins of the
Mediterranean Sea characterised by different pro-
ductivity levels, namely the Balearic, the west
Ionian and the east Ionian Seas. It also takes into
account: (a) the spatial variability of the environ-
mental parameters and (b) the changes in trophic
conditions at three different depths (600, 800 and
1500-1700 m), as indicated by the organic content
available to the meiobenthos.

MATERIALS AND METHODS
Sampling strategy

In the framework of the DESEAS research proj-
ect (an exploratory survey to collect data of the
exploited and virgin stocks of the deep-sea shrimp
Aristeus antennatus), nine stations in the
Mediterranean Sea were sampled at three sites along
the continental slopes of the Balearic, the west
Ionian and the east Ionian Sea. With the use of the
R/V Garcia del Cid three stations were sampled at
depths ranging from 583 to 1735 m at each of the
three sites (Fig. 1) in June-July 2001.

Undisturbed sediment samples were collected
using a multiple corer of 10.4 cm internal diameter
(i.d.). For the analysis of chloroplastic pigments,
total organic carbon (TOC) and total organic nitro-
gen (TON), replicate (n = 3) cores from independent
deployments of the multiple corer were sectioned
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FiG. 1. — Map of the study areas and location of the sampling sites (St.).

into thin layers and stored at —22°C for later labora-
tory analysis. For the grain size analysis, subsam-
pling was carried out using Plexiglas tubes of 4.5 cm
internal diameter.

For the analysis of meiobenthos, sediment sub-
samples were taken by inserting tubes of 4.5 cm i.d.
in the larger multiple corer liners and sectioned into
thin layers down to 5 cm depth. Immediately after-
wards, samples were placed into a MgCl, solution
for 15 minutes for tissue relaxation and then fixed
with a neutralised formaldehyde solution to a final
concentration of 4%.

Analytical procedures

Chlorophyll @ and phaeopigment concentrations
were determined according to the fluorometric
method of Yentsch and Menzel (1963) and Lorenzen
and Jeffrey (1980). A TURNER 112 fluorometer
was used with acetone (90%) as an extractant
(overnight in the dark), while phaeopigments were
estimated by acidification with 0.1N HCI. The fluo-
rometer was calibrated using an acetone extract of

pure chlorophyll a from the algae Anacystis nidu-
lans obtained from SIGMA. Chloroplastic pigment
equivalents (CPE) were considered as the sum of
chlorophyll @ and phaeopigment content.

Total organic carbon (TOC) and nitrogen (TON)
concentrations were measured according to Hedges
and Stern (1984), using a Perkin Elmer CHN 2400
analyser. Grain size analysis was performed accord-
ing to the method described in Buchanan (1984).

Meiobenthos analysis

In the laboratory, meiobenthic samples were
stained with Rose Bengal solution (0.5 g I'!) and
sieved through 500 and 32 ym mesh size. The sedi-
ment containing the organisms retained on the 32
pum mesh was extracted by triplicate centrifugation
in Ludox TM (density 1.15 g cm™). All meiobenth-
ic animals (Metazoa and soft shelled Foraminifera)
in the supernatant and stained hard shelled
Foraminifera remaining in the residual sediment
were counted and identified to major taxa using a
WILD stereomicroscope.
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Data analysis

For the various analyses, meiofauna data were
retrieved from the upper 5 cm and sedimentary envi-
ronmental variables from the upper 3 mm.

The significance of differences between the
investigated stations was tested by performing one
way analysis of variance (ANOVA) after log (x+1)
transformations of the data using the STATISTICA
v 5.1 module for Windows. Spearman’s rank corre-
lation coefficient was also used to test the correla-
tions between meiofaunal and abiotic parameters.

Meiobenthic community data were classified
using the Bray-Curtis Similarity Index (Bray and
Curtis, 1957) and the group average linkage tech-
nique (Clarke and Warwick, 1994) based on square
root transformations. Transformed biotic data were
subjected to cluster analysis (Field et al., 1982)
using the PRIMER package (Plymouth Marine
Laboratory).

RESULTS
Sedimentary parameters

Table 1 gives a summary of all environmental
parameters measured in the surface sediments in the
Balearic and Ionian Seas. Stations 2 and 4 in the
Balearic Sea and all stations in the west and east
Ionian Sea were characterised by silty sediments (silt
and clay > 87.3%). Station 1 in the Balearic Sea was
the only exception from the above pattern, being
characterised by fine sand with a medium grain size
of 0.097 mm and a silt-clay content of 74.52%.

At the 600 m depth stations, concentrations of
TOC and TON ranged from 0.39 + 0.01 (west Ionian)

to 0.60 £ 0.06% (east Ionian) and from 0.05 + 0.01
(west Ionian) to 0.09 + 0.01% (Balearic) respectively.
The C/N ratio was highest in the west Ionian Sea (9.8
+ 0.2), decreasing to 6.0 = 1.1 in the Balearic Sea.
Concentrations of chlorophyll a were lowest in the
east Ionian (0.12 + 0.04 ug g') and highest in the
Balearic Sea (0.67 +0.08 ug g'). Phacopigments and
CPE ranged from 0.53 £ 0.06 to 1.18 = 0.16 and from
0.67 £0.05to 1.29 £0.23 ug g! respectively, with the
lowest values being recorded in the west Ionian Sea
and the highest in the Balearic Sea. Chlorophyll
a/CPE ratio ranged from 0.15 + 0.01 (east lonian) to
0.22 = 0.04 (west Ionian Sea).

At the 800 m depth stations, the concentration of
TOC and TON ranged from 0.60 = 0.04 (Balearic) to
0.91 = 0.07% (west Ionian) and from 0.10 + 0.03
(west Ionian) to 0.08 + 0.01% (east Ionian) respec-
tively. The C/N ratio was highest in the east Ionian
Sea (11.0 = 0.3), decreasing to 7.9 + 0.2 in the
Balearic Sea. Chlorophyll a and phaeopigments
ranged respectively from 0.21 + 0.05 to 1.19 + 0.31
and from 0.96 + 0.35 t0 6.93 = 1.77 ug g!, and CPE
ranged from 1.17 = 0.39 to 8.12 + 2.07 ug g’', the
lowest values recorded in the Balearic and the high-
est in the west Ionian Sea. Chlorophyll a/CPE ratio
ranged from 0.15 + 0.01 (west Ionian) to 0.19 £ 0.01
(east Ionian Sea).

At the deeper stations (1500-1700 m), TOC and
TON ranged from 0.58 + 0.05 (Balearic) to 0.90 +
0.08% (west Ionian) and from 0.08 + 0.01 (Balearic)
to 0.10 + 0.02% (west lonian) respectively. The C/N
ratio was highest in the west Ionian Sea (10.9 + 2.1),
decreasing to 8.2 = 1 in the Balearic Sea.
Chloroplastic pigments were lowest in the east
Ionian and highest in the west Ionian Sea, whereas
chlorophyll a and phaeopigments ranged from 0.13
+0.02 t0 0.81 £ 0.17 and from 0.66 + 0.10 to 4.84 +

TABLE 1. — Mean values and standard deviations (s.d.) of sedimentary parameters in the top 3 mm sediment layer of the sampling stations.
TOC, organic carbon; TON, organic nitrogen; C/N, carbon to nitrogen ratio; Chl.a, clorophyll a; Phaeop., phacopigments; CPE, chloroplas-
tic pigment equivalent; Chl.a/CPE, ratio of Chl.a to CPE; MD, medium diameter of the sediment; % S&C, percentage of silt and clay.

Station Depth TOC TON C/N Chl.a Phaeop. CPE Chl.a/CPE ~ MD S&C
m %  sd. % sd. value sd. pugg' sd ugg' sd. pgg' sd. value s.d. mm %
Balearic 1 583 047 0.13 0.09 001 60 1.1 067 0.08 1.18 0.16 1.29 0.23 0.20 0.02 0.097 74.5
2 814 0.60 004 009 001 79 02 021 005 096 035 1.17 039 0.19 0.02 0.014 90.8
4 1429 058 0.05 008 0.01 82 1.0 023 004 1.17 0.19 140 022 0.16 001 0.016 873
7 582 039 001 005 0.01 9.8 02 0.15 002 053 6.06 0.67 0.05 0.22 0.04 0.010 96.6
Western Ionian
8§ 776 091 0.07 0.10 0.03 108 2.7 1.19 031 693 1.77 8.12 207 0.15 0.01 0.011 96.7
10 1512 090 0.08 0.10 0.02 109 2.1 081 0.17 484 095 565 1.10 0.14 0.01 0.011 98.8
15 600 0.60 0.06 0.07 0.01 105 04 0.12 0.04 0.68 020 0.81 0.24 0.15 0.01 0.012 98.0
Eastern Ionian
16 800 0.74 0.01 0.08 0.01 11.0 03 028 0.04 1.18 0.12 146 0.15 0.19 0.01 0.012 978
20 1735 0.67 0.04 0.09 0.01 85 1.7 0.13 002 0.66 0.10 0.79 0.12 0.17 0.01 0.012 949

42 A. TSELEPIDES et al.



Ostracoda

Polychaeta-

Kinoryncha

Mollusca

Turbellaria

Various

Nematoda

F1G. 2. — Average contribution (%) of different groups to the total meiobenthos in the entire study area.

0.95 pg g! respectively. CPE ranged from 0.79 +
0.12 to 5.65 = 1.10 ug g'. Chlorophyll a/CPE ratio
ranged from 0.14 + 0.01 (west Ionian) to 0.17 £ 0.01
(east Ionian Sea).

Distribution of meiobenthos

Nematodes were the most abundant group (70-
82%), followed by Foraminifera (8-19%), and
harpacticoid copepods (adults and nauplii, 2-11%).
Polychaetes accounted for 1-3% of the total com-
munity, whereas the contribution of kinorynchs, gas-
trotrichs, turbellarians, nemertines, molluscs and
other groups was < 1% (Fig. 2).

The lowest density of total meiobenthos (both
metazoans and foraminiferans) was recorded at sta-
tion 20 in the east Ionian (93 = 16 ind.10 cm™) and
the highest at station 8 in the west lonian Sea (797
+ 96 ind.10 cm?). In the Balearic Sea, total
meiobenthic density ranged from 197 + 64 to 359
+ 15 ind.10 cm?, whereas in the west and east
Ionian Seas, meiobenthic density ranged from 220
+ 56 to 797 = 96 ind.10 cm? and from 93 + 16 to
218 + 18 ind.10 cm? respectively. Patterns of
meiobenthos standing stock related to depth dif-
fered between the investigated areas. In the
Balearic Sea, there was no significant difference in
total abundance associated with changes in water
depth (Fig. 3). In contrast, in the west lonian Sea,
abundance differed significantly among the sam-
pling stations (P < 0.001), being higher at 800 m,
whereas in the east Ionian Sea, abundance
decreased significantly with increasing water depth
(P <0.01) (Figs. 3-5).
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FIG. 3. — Total meiobenthic abundance in the upper 5 cm of the sedi-
ment. (a), Stations of 600 m depth (St. 1, 7, 15); (b), Stations of 800 m
depth (St. 2, 8, 16); (c), Stations of 1500-1700 m depth (St. 4, 10, 20).
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FiG. 4. — Nematode density in the upper 5 cm of the sediment. (a),
Stations of 600 m depth (St. 1, 7, 15); (b), Stations of 800 m depth
(St. 2, 8, 16); (c), Stations of 1500-1700 m depth (St. 4, 10, 20).

At the 600 m stations, while the different
meiobenthic groups displayed different distribution-
al patterns, no significant changes in abundance
were found between the three sub-areas (Figs. 4, 5).
Thus, nematode and copepod abundance ranged
from 153 £55t0 229 + 21 ind.10 cm™ and from 9 +
3 to 13 £ 1 ind. 10 cm? respectively, whereas
Turbellaria ranged from 1 + 0.6 (east lonian) to 3 +
0.1 ind.10 cm? (Balearic Sea). On the other hand,
Foraminifera and polychaetes displayed their high-
est abundances in the west Ionian Sea (37 = 5 and 3
+ 1 ind. 10 cm™ respectively).

At the 800 m stations, nematodes, Foraminifera
and copepods attained remarkably high densities in
the west Ionian Sea (Fig. 4, 5), far above those meas-
ured at all other stations and sub-areas (ANOVA, P <
0.001). Thus, abundance of nematodes and Fora-
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Fi1G. 5. — Abundance of foraminifers, adult copepods and copepod
nauplii in the upper 5 cm of the sediment. (a) Stations of 600 m
depth (St. 1, 7, 15); (b), Stations of 800 m depth (St. 2, 8, 16); (c),
Stations of 1500-1700 m depth (St. 4, 10, 20). Black bars,
foraminifers; gray bars, copepods; white bars, nauplii.

minifera varied from 113 + 41 to 615 + 59 and from
12 £ 5 to 76 = 33 ind. 10 cm? respectively, whereas
that of adult copepods ranged from 12 +0.1 to 45 +9
ind. 10 cm™. This pattern of significantly high abun-
dances of the most important meiobenthic groups in
the western lonian Sea was also evident at the 1500-
1700 m stations (ANOVA, P < 0.01), with the excep-
tion of copepods, which attained their maximum
abundance in the Balearic Sea (Fig. 5). At this depth
range, the abundance of nematodes and Foraminifera
varied from 66 + 110 to 435 + 10 and from 18 + 3 to
57 + 21 ind. 10 cm™ respectively.

Cluster analysis using square-root transformed
abundances clearly separated the west Ionian 800 m
and 1500 m stations at the 70% cut-off point (Fig.
6). With the exception of the 1500 m stations from
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FIG. 8. — Linear regression plots of nematodes (continuous line, P <

0.001) and foraminiferan abundance (dashed line, P < 0.01) in the

upper 5 cm of the sediment versus Chlorophyll a, Phaeopigments
and CPE.
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TaBLE 2. — Spearman Correlation Coefficients between meiobenthic abundances and sedimentary parameters at the stations of 600 m depth

(p =0.05). Nem., nematodes; Cop., copepods; nau., nauplii; Pol., polychaetes; Tur., Turbellaria; For., Foraminifera; Total, total meiobenthos;

Chl.a, chlorophyll a; Phaeo., phacopigments; CPE, chloroplastic pigment equivalent; Chl.a/CPE, ratio of Chl.a to CPE; TOC, organic
carbon; TON, organic nitrogen; C/N, carbon to nitrogen ratio; MD, medium diameter of sediment; % S&C, percentage of silt and clay.

Chl.a Phaeco. CPE Chla/ TOC TON C/N MD %S&C
CPE

Nem. Cop. nau. Pol. Tur. For. Total

Nematodes 1.000

Copepods 0.434 1.000

nauplii -0.443 -0.018 1.000

Polychaetes -0.048 -0.217 -0.287 1.000

Turbellaria ~ 0.147 -0.068 0.000 -0.773  1.000

Foraminifera 0.048 0.048 0.383 -0.810 0.761 1.000

Total 0.952 0.374 -0.323 -0.167 0.368 0.262 1.000

Chl.a 0.405 -0.084 -0.084 -0.286 0.356 -0.048 0.405 1.000

Phaeo. 0.714 0.060 -0.335 -0.071 0.454 0.000 0.786 0.738 1.000

CPE 0.714 0.060 -0.335 -0.071 0.454 0.000 0.786 0.738 1.000 1.000

Chl.a/CPE ~ -0.190 -0.241 -0.072 -0.619 0.528 0.381 -0.143 0.429 -0.024 -0.024 1.000

TOC 0.119 -0.096 -0.263 0.881 -0.565 -0.810 0.048 0.095 0.310 0.310 -0.548 1.000

TON 0.667 0.386 -0.299 0.143 0.037 -0.381 0.619 0.643 0.833 0.833 -0.286 0.524 1.000

C/N -0.571 -0.771 -0.024 0.333 -0.356 -0.190 -0.643 -0.333 -0.595 -0.595 0.190 -0.024 -0.714 1.000

MD 0.580 0.453 -0.279 0.013 0.065 -0.353 0.504 0.567 0.718 0.718 -0.290 0.353 0.945 -0.718 1.000
%S &C -0.421 -0.261 0.127 0.819 -0.766 -0.554 -0.504 -0.643 -0.491 -0.491 -0.693 0.554 -0.265 0.491 -0.280 1.000

TaBLE 3. — Spearman Correlation Coefficients between meiobenthic abundances and sedimentary parameters at the stations of 800 m depth

(p =0.05). Nem., nematodes; Cop., copepods; nau., nauplii; Pol., polychaetes; Tur., Turbellaria; For., Foraminifera; Total, total meiobenthos;

Chl.a, chlorophyll a; Phaeo., phaeopigments; CPE, chloroplastic pigment equivalent; Chl.a/CPE, ratio of Chl.a to CPE; TOC, organic
carbon; TON, organic nitrogen; C/N, carbon to nitrogen ratio; MD, medium diameter of sediment; % S&C, percentage of silt and clay.

Nem. Cop. nau. Pol Tur. For. Total Chla Phaeo. CPE Chla/ TOC TON C/N MD %S&C

CPE
Nematodes 1.000
Copepods 0.883 1.000
nauplii 0.893 0.739 1.000
Polychaetes  0.893 0.775 0.643 1.000
Turbellaria 0.541 0.500 0.360 0.378 1.000
Foraminifera 0.964 0.847 0964 0.786 0.468 1.000
Total 1.000 0.883 0.893 0.893 0.541 0.964 1.000
Chl.a 0.643 0.631 0.571 0.750 -0.090 0.679 0.643 1.000
Phaeo. 0.750 0.613 0.750 0.750 0.108 0.821 0.750 0.929 1.000
CPE 0.750 0.613 0.750 0.750 0.108 0.821 0.750 0.929 1.000 1.000
ChlLa/CPE  -0.714 -0.631 -0.750 -0.607 -0.270 -0.821 -0.714 -0.750 -0.857 -0.857 1.000
TOC 0.714 0.595 0.536 0.893 0.072 0.679 0.714 0.929 0.893 0.893 -0.714 1.000
TON 0.571 0.450 0.643 0.464 -0.126 0.536 0.571 0.286 0.286 0.286 -0.179 0.286 1.000
C/N -0.107 -0.054 -0.357 0.214 0.018 -0.143 -0.107 0.393 0.286 0.286 -0.214 0.464 -0.579 1.000
MD -0.543 -0.648 -0.472 -0.794 -0.086 -0.643 -0.643 -0.945 -0.869 -0.869 0.794 -0.945 -0.113 -0.567 1.000
%S &C -0.378 -0.381 -0.472 0.000 -0.620 -0.378 -0.378 0.378 0.189 0.189 0.000 0.378 -0.378 0.756 -0.400 1.000

the eastern Ionian, which formed a third separate with chloroplastic pigments (Fig. 8). In contrast,

cluster, all other stations were grouped together.
The relationship between meiobenthos and food
availability is shown in Figure 7. It should be men-
tioned here that the results from the regression
analysis must be read with caution due to the low
number of station points. Nevertheless, all correla-
tions were highly significant, so the results shown in
Figures 7 and 8 provide an indication of the rela-
tionship between meiofauna and food supply to the
benthos. Total meiobenthic density increased with
increasing food supply (P < 0.001), expressed either
as chlorophyll a, phaeopigments or CPE. Strong
relationships were also found for the abundances of
Nematodes (P < 0.001) and Foraminifera (P < 0.01)
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adult copepods or copepod nauplii did not show any
clear correlation with chlorophyll a, phaeopigments
or CPE. The non-parametric correlation between the
biological abundances and all the measured environ-
mental variables are presented in Tables 2 to 4. At
the 600 m depth stations, only nematode abundance
was correlated with phaeopigments and CPE,
whereas abundance of polychaetes was correlated
with TOC (Table 2). At the 800 m and 1500-1700 m
depth stations, strong correlations were found
between different faunal groups and phaeopigments
or CPE. In particular, at the 800 m depth stations,
total density as well as densities of nematodes,
foraminiferans and copepod nauplii was closely cor-



TABLE 4. — Spearman Correlation Coefficients between meiobenthic abundances and sedimentary parameters at the stations of 1500-1700 m
depth (P < 0.05). Nem., nematodes; Cop., copepods; nau., nauplii; Pol., polychaetes; Tur., Turbellaria; For., Foraminifera; Total, total meioben-
thos; Chl.a, chlorophyll a; Phaeo., phacopigments; CPE, chloroplastic pigment equivalent; Chl.a/CPE, ratio of Chl.a to CPE; TOC, organic car-
bon; TON, organic nitrogen; C/N, carbon to nitrogen ratio; MD, medium diameter of sediment; % S&C, percentage of silt and clay.

Nem. Cop. nau. Pol. Tur. For. Total

Chl.a Phaeco. CPE Chla/ TOC TON C/N MD %S&C
CPE

Nematodes 1.000

Copepods 0.663 1.000

nauplii 0.838 0.855 1.000

Polychaetes  0.790 0.370 0.753 1.000

Turbellaria ~ 0.897 0.558 0.805 0.781 1.000

Foraminifera 0.850 0.497 0.723 0.741 0.896 1.000

Total 0.976 0.783 0.886 0.755 0.861 0.850 1.000
Chl.a 0.929 0.663 0.743 0.683 0.764 0.635

Phaeo. 0.905 0.783 0.790 0.647 0.727 0.635

CPE 0.905 0.783 0.790 0.647 0.727 0.635
Chl.a/CPE  -0.476 -0.578 -0.611 -0.635 -0.436 -0.491 -0.595
TOC 0.262 -0.024 0.060 0.311 0.436 0.395

TON -0.214 -0.602 -0.599 -0.096 -0.412 -0.299 -0.286
C/N 0.548 0.639 0.647 0.467 0.740 0.635

MD -0.265 0.006 -0.127 -0.380 -0.423 -0.494 -0.265
%S &C 0.265 -0.006 0.127 0.380 0.423 0.494

0.905
0.929
0.929
0.238
0.619

0.265

1.000
0.976  1.000
0.976 1.000 1.000

-0.500 -0.619 -0.619 1.000

0.333  0.310 0.310 -0.476 1.000

-0.048 -0.119 -0.119 0.071 0.238 1.000

0.524 0.595 0.595 -0.690 0.667 -0.476 1.000

-0.265 -0.265 -0.265 0.567 -0.945 -0.189 -0.643 1.000

0.265 0.265 0.265 -0.567 0.945 0.189 0.643 -1.000 1.000

related with phaeopigments and CPE (Table 3). At
the deeper stations, total density as well as nematode
and copepod density were closely correlated with
chloroplastic pigments.

DISCUSSION

The available information on the distribution of
meiobenthos in the bathyal zone of the
Mediterranean Sea originates mainly from studies
conducted in the Aegean, Cretan and Adriatic Seas
(Danovaro et al., 1995, 2000a; Lampadariou, 2001)
as well as from the Gulf of Lion (de Bovée et al.,
1990; Soetaert et al., 1991; Danovaro et al., 1999)
and Corsica (Soetaert ef al., 1991). In the present
study, quantitative information was obtained on the
distribution of meiobenthos (both Metazoa and
Foraminifera) from less investigated areas of the
Mediterranean, such as the Balearic, as well as the
west and the east Ionian Seas. These areas are of pri-
mary importance as they have the potential to be
important fishing grounds for the Mediterranean red
shrimp (Aristeus antennatus and Aristaeomorpha
foliacea, Sarda et al., 2004).

Levels of meiofaunal abundance found during
this study in the Balearic basin were lower than
those of previous studies conducted in the western
Mediterranean Sea. In the Gulf of Lion, Danovaro et
al. (1999) reported metazoan densities of 703-1050
ind. 10 cm? at 600-800 m, decreasing to 693-837
ind. 10 cm? at 950-1300 m. In the same area, de
Bovée et al. (1990) found higher metazoan densities

at the upper slope (556 ind. 10 cm at 600 m depth),
decreasing to 57-103 ind. 10 cm? at 1700-1800 m
depth. There are no data available from other studies
on the meiobenthos in the Balearic Sea, apart from
some data reported in Danovaro et al. (1999) from
the EUROMARGE-NB project, which again report-
ed metazoan densities of 783 ind. 10 cm2 at 600-800
m depth, decreasing to 409 ind. 10 cm? at 950-1300
m.

In the Ionian Sea, the only available data so far
on the distribution of meiobenthos at bathyal sites
stems from the previous work of Danovaro et al.
(1995), who at 600 m depth reported metazoan den-
sities of 290 ind. 10 cm?, decreasing significantly
with depth (down to 4 ind. 10 cm™2 at 1700-1800 m).
In contrast to the lack of information regarding the
Balearic and western Ionian, there is relatively more
information available on the meiofaunal standing
stock for the eastern Mediterranean, originating
mainly from the Aegean Sea. The values reported
here are similar to those found by Danovaro et al.
(2000a) in the bathyal sediments of the Cretan Sea,
and similar to those reported from other abyssal
environments (Pfannkuche, 1985; Tietjen et al.,
1989; Lambshead et al., 1995). Similarly,
Lampadariou (2001), studying the meiobenthos of
the eastern Mediterranean, found low and compara-
ble metazoan densities in the Cretan Sea (128-346
ind. 10 cm™) in contrast to the much higher values
(839-1251 ind. 10 cm) found in the more produc-
tive north Aegean Sea, thus supporting the hypothe-
sis that meiofaunal standing stocks in the eastern
Mediterranean are closely related to food availabili-

MEDITERRANEAN BATHYAL MEIOBENTHOS 47



ty. The surprisingly high densities (435 ind.10 cm2)
found in the abyssal sediments of the Hellenic and
Pliny Trenches by Tselepides and Lampadariou
(2004) give further support to this contention.

Regarding the foraminiferan communities, the
available information and the studies conducted so
far on the bathyal sediments of the Mediterranean
Sea are very sparse. Furthermore, Foraminifera have
(in past studies) been frequently neglected, even
though they account for a major part of the meioben-
thic abundance and biomass (Thiel, 1983; Gooday,
1986, 1992). Foraminiferal densities from this study,
as well as from other studies in the Mediterranean,
are much lower than those found in other areas of
the world such as the Atlantic, the Pacific Ocean and
the Arabian Sea (Reisig, 1982; Gooday and Turley,
1990; Gooday et al., 1996, 2000). This can be attrib-
uted to food availability (quantity and quality of
detritus reaching the benthos) since Protozoa, like
Metazoa, usually correlate very well with CPE and
other phytopigments. Due to their short generation
time and opportunistic feeding habits, small benthic
organisms such as Protozoa are very well adapted to
responding quickly to the variable food input to the
deep-sea  (Altenbach, 1992; Linke, 1992;
Pfannkuche, 1993), whereas Metazoa fail to exploit
and utilise phytodetritus as rapidly as Protozoa
(Gooday et al., 1996).

It has been well documented that food availabil-
ity is one of the most important factors controlling
the distribution of benthic communities (Rowe,
1971; Smith et al., 1983; Lampitt, 1985; Graf,
1989). Indeed, faunal abundance and biomass are
closely controlled by the quantity and quality of
organic matter, and are strongly correlated with sed-
imentary chloroplastic pigments (since they reflect
the bio-available fraction of the sedimentary organ-
ic matter) rather than organic carbon alone
(Pfannkuche, 1985; Soetaert et al., 1991, 1997,
Danovaro et al., 2000b). In our study, strong rela-
tionships were found between total meiobenthic
density and chlorophyll a, phacopigments and CPE.
In fact, the distribution of densities among the inves-
tigated stations follows the distribution of the
chloroplastic pigments within the sediment,
although the various meiobenthic groups responded
differently to the amount of food supply to the ben-
thos. Thus, at the 600 m stations, significant correla-
tions were found between nematodes, total
meiobenthic density and the chloroplastic pigments
of the sediment, expressed either as phaeopigments
or CPE. In deeper areas, where food supply is more
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important and might become a limiting factor for
benthic organisms, all meiofaunal taxa displayed a
significant correlation with phaeopigments and
CPE, whilst some groups such as nematodes, poly-
chaetes and turbelarians displayed strong correla-
tions with the amount of chlorophyll a. Correlations
between the other measured environmental factors
and the various meiobenthic taxa were also found
but were scarce and displayed no clear pattern. This,
once again, supports the contention that in the deep
sea, input of food to the benthos is the main factor
controlling the distribution of meiobenthos.

In the deep sea, there is a negative correlation
between meiobenthic abundance and depth (Thiel,
1983; Tietjen, 1992), which is related to the decreas-
ing supply of organic matter to the deep-sea floor.
This general rule also applies to our study, although
there were some marked exceptions, such as the
high abundances observed below the 800 m isobath
in the western Ionian. This clearly shows that other
characteristics besides depth change, such as the
specific hydrography of the different sub-basins,
may also play an important role in structuring the
meiobenthic communities. Physical forcing may
affect the specific hydrographic mesoscale features
of a certain area and therefore influence nutrient
availability to the euphotic zone, primary productiv-
ity and eventually total organic matter flux to the
benthos. Physical forcing may also directly affect
the organic loading of sediments through processes
such as convection and advection of specific water
masses along isopycnals.

In the western sub-basin, the coastal area and the
areas of river outlets have an increased fertilisation
potential, representing a different ecosystem com-
pared to the lower slope, the basin and the offshore
pelagic areas: the Gulf of Lion, the Catalan shelf and
the upper slope are directly influenced by land-
derived inputs caused by both anthropogenic and
natural activities, and by nutrient discharges coming
from the Rhone and other smaller rivers, displaying
high productivity (Estrada, 1996; Moutin et al.,
1998). On the other hand, the southern part at the
Balearic Islands far from the impact of the Rhone
river is a more oligotrophic area, mostly influenced
by the Liguro-Provengal Current which is poor in
nutrients and exhibits a deep nitracline and low pri-
mary production rates (Lefevre et al., 1997). This is
supported by the study of Bianchi et al. (1999), who
found the nitrification rates during spring to be con-
siderably higher near the Rhone river plume area
due to the riverine nitrogen inputs, compared to the



southern stations which are located away from the
river and as such are oligotrophic (Balearic islands).
In a similar way, by studying the distribution of ter-
rigenous and biogenic elements of suspended partic-
ulate matter in the Mediterranean Sea, Price et al.
(1999) found very low concentrations of particulate
Al and Mn in the sediments of the Balearic Sea com-
pared to the high values recorded in the area off
Banuls-sur-mer, implying a strong riverine influence
in the latter.

The Ionian Sea is also known to be a very olig-
otrophic area of the Mediterranean Sea (Souver-
mezoglou et al., 1992; Rabitti et al., 1994;
Napolitano et al., 2000). Boldrin et al. (2002) have
measured low concentrations of suspended matter,
coupled with low particle fluxes. However, well-
established water mass circulation patterns can
undergo transformations at a regional scale, thus
complicating or changing the expected nutrient
availability and therefore influencing phytoplankton
and bacterial standing stocks and particulate organic
matter fluxes. A northward flow in the central Ionian
has replaced the strong southward current that was
part of the Atlantic Ionian Stream. This modification
seems to be related to the reversal of the anticy-
clonic circulation in the central Ionian (Theocharis
et al., 2002). This, in conjunction with the well-
known transition in the source of dense water which
took place during the early 1990s (Theocharis et al.,
1999; Klein et al., 1999; Tselepides et al., 2000b), as
the denser Aegean Sea waters replaced the Adriatic
deep waters in the bottom layer of the northern
Ionian basin, may well have affected the overall pro-
ductivity in the area (Danovaro et al., 2001). On the
western lonian slope, a core of cold Adriatic, less
saline deep water flows towards the south in a tran-
sitional level between the deep Aegean waters and
the Levantine Intermediate Waters, at a depth of
800-1500 m (Manca et al., 2002), and as a result,
either nutrient-rich deep waters are up-lifted into the
euphotic zone thus impacting the productivity of the
system or the richer in organic matter water of
Adriatic origin directly affects the sedimentary envi-
ronment and hence meiofaunal density.

In the present study, meiobenthic abundance at
600 m depth in the west and east lonian Sea was
low, indicative of the oligotrophic environment of
the eastern Mediterranean Sea. This finding was
also supported by the observed low concentrations
of organic matter. On the other hand, the station at
800-1500 m depth were characterised by high meio-
faunal densities which were also (as described

above) strongly related to the higher concentrations
of chloroplastic pigments deposited at this depth.
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