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SUMMARY: The presence of resting stages in neritic areas is well known, while their occurrence in the deep sea realm has
seldom been considered. Recent investigations showed strict interactions between neritic and deep sea domains, due to up-
and down-welling phenomena driven by submarine canyons. To estimate the presence of resting stages in deep bottom sed-
iments, seven sediment cores, collected along a trans-Mediterranean transect by means a multi-corer during the
TRANSMED survey (1999), were studied. Most biogenic sediment was composed of Foraminifera tests (tens of thousand
tests cm™), Calciodinellum albatrosianum and Leonella granifera (Dinophyta) cysts (up to thousands cysts cm™). Eleven
dinocyst morphotypes were recorded mainly as empty shells (seven calcareous-walled: C. albatrosianum, Calciperidinium
asymmetricum, Leonella granifera, Scrippsiella trochoidea, S. precaria type 1, S. precaria type 2, S. regalis; four organic-
walled: Impagidinium aculeatum, unid. dinocyst 1, unid. dinocyst 2 and unid. dinocyst 3), while no metazoan resting eggs
were observed. The presence of viable resting stages in deep bottom surface sediments was much lower than in neritic areas,
suggesting that oceanic species do not produce cysts for a “benthic resting” strategy. Further taxonomic and biogeographic
studies are needed to better understand the ecological dynamics of oceanic plankton in the Mediterranean Sea.

Key words: resting stages, deep sea, Mediterranean, biogenic sediments, cyst morphology.

RESUMEN: ABUNDANCIA DE ESTADIOS QUIESCENTES EN LA FRACCION BIOGENICA DE SEDIMENTOS SUPERFICIALES DEL MAR
MEDITERRANEO PROFUNDO. — La presencia de estadios quiescentes en dreas neriticas es bien conocida, pero su presencia en
fondos profundos raramente se considera. Investigaciones recientes han demostrado interacciones estrictas entre los dmbi-
tos neritico y profundo, debido a fendmenos de afloramiento y hundimiento mediados por los cafiones submarinos. Para esti-
mar la presencia de estadios quiescentes en sedimentos profundos se estudiaron siete testigos de sedimento, obtenidos duran-
te el proyecto TRANSMED a lo largo de un transecto transmediterrdneo. utilizando un tomatestigos multiple. La mayor
parte de sedimento biogénico estaba compuesto por caparazones de foraminiferos (decenas de miles de caparazones cm-),
cistes de Calciodinellum albatrosianum 'y Leonella granifera (Dindfitos; hasta miles de cistes cm™). Se registraron once
morfotipos de dinocistes principalmente como caparazones vacios (siete con paredes calcéreas: C. albatrosianum, Calcipe-
ridinium asymmetricum, Leonella granifera, Scrippsiella trochoidea, S. precaria tipo 1, S. precaria tipo 2, S. regalis; cua-
tro con paredes organicas: Impagidinium aculeatum, dinociste no identificado 1, dinociste no id. 2 y dinociste no id. 3),
mientras que no se observaron huevos de reposo de metazoos. La presencia de estadios quiescentes viables en sedimentos
superficiales profundos fue mucho menor que en areas neriticas, lo que sugiere que las especies ocednicas no producen cis-
tes como estrategia “de quiescencia bentdnica”. Se precisan mds estudios taxondmicos y biogeograficos para comprender
mejor la dindmica ecoldgica del plancton ocednico en el mar Mediterrdaneo.

Palabras clave: estadios quiescentes, mar profundo, Mediterrdneo, sedimentos biogénicos, morfologia de cistes.
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INTRODUCTION

Dormancy is a common life cycle trait in marine
plankton. Resting stages were recorded in crus-
taceans (Onbé, 1991; Mauchline, 1998), diatoms
(Mc Quoid and Hobson, 1995, 1996), dinoflagel-
lates (Wall and Dale, 1968; Bolch and Hallegraeff,
1990; Sonneman and Hill, 1997; Nehring, 1997) and
tintinnids (Reid and John, 1978; Kamiyama, 1996).

Most ecological investigations on plankton
organisms producing resting stages focused on ner-
itic areas and dealt with taxonomy (Matsuoka, 1988;
Lewis, 1991; Dale et al., 1993; Matsuoka and Cho,
2000), biogeography (Lindley, 1990; Nehring, 1997;
Persson et al., 2000), toxic aspects related to harm-
ful algal blooms (Han and Terazaki, 1993; Matsuo-
ka and Fukuyo, 1994; Mackenzie et al., 1996; Elle-
gaard and Oshima, 1998; Dale ef al., 1999), alien
species invasions (Hallegraeff and Bolch, 1992;
Carlton and Geller, 1993; Hallegraeff, 1998; Hamer
et al., 2000), and population dynamics (Uye, 1985;
Ishikawa and Taniguchi, 1996) of single taxa. The
ecological role of resting stages in plankton-benthos
coupling in coastal areas, already suggested by Dale
(1983) for dinoflagellates and Uye (1985) for cope-
pods, was recently considered as one of the most
important keys to understand the dynamics of the
whole plankton community (Boero, 1994; Boero et
al., 1996). Marcus and Boero (1998) proposed a
synthetic model (the “supply-vertical ecology”)
based on this generalised life cycle trait to better
explain neritic plankton dynamics.

Recent micro-palaeontological studies focused
on dinoflagellate resting stages on the surface sedi-
ments of deep waters for taxonomic as well as
palaeo-climatic investigations (Zonneveld, 1995;
Zonneveld and Brummer, 2000; Vink et al., 2000a;
b; Meier, 2002). Nevertheless, due both to sampling
difficulties and scant attention to the role of resting
stages in the meiobenthic domain (Pati et al., 1999),
the presence of cysts in deep sea bottoms has been
seldom considered. Dale and Dale (1992) showed a
high contribution of empty calcareous oceanic cysts
(mostly Thoracosphaera=Calciodinellum alba-
trosiana) to the biogenic portion in Atlantic and
Pacific Ocean sediments. More recently, Della Tom-
masa et al. (2000) recorded a high concentration of
resting stages (both Protoctista and Metazoa) in the
Foix Canyon (NW Mediterranean, Spain), showing
a storage effect by submarine canyons on coastal
resting stage dynamics, driven by downwelling phe-
nomena. The interactions between oceanographic
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TABLE 1. — Surface sediment samples from the Mediterranean

Station Depht (m) Sampling date Position

S1 -3870 8/6/99 35°46.292' N; 28°43.147' E

S2 -3055 15/6/99 33°23.176' N; 28°19.042' E
S3 -2950 16/6/99 34°52.909' N; 22°31.968' E
S4 -4000 20/6/99 35°37.181' N; 17°23.370' E
S5 -1290 23/6/99 36°36.664' N; 12°14.744' E
S6 -2850 26/6/99 38°24.046' N; 06°53.721' E
S7 -2755 177799 40°33.990" N; 04°57.137'E

and life cycle patterns is a neglected field in marine
ecology; the aim of present work is to evaluate the
presence of plankton-originated resting stages on
the surface of deep Mediterranean sediments to
ascertain their possible role in plankton-benthos
coupling in off-shore areas.

MATERIAL AND METHODS

Seven sediment cores, collected at seven stations
(S1-S7) in summer 1999 along a horizontal transect
from the Eastern to the Western Mediterranean (Fig.
1) by means of a multicorer (mod Maxicorer, i.d. 9.0
cm, depth penetration >20 cm) during the
TRANSMED survey, were analysed (Table 1). As
described in recent literature (Zonneveld, 1997; Vink
et al., 2000a,b; Meier et al., 2002), the uppermost
centimeter of the cores was collected to study the
most recent material. Each sample was washed with
filtered seawater (0.45 pm), ultrasonified for 3 min
with a Branson Sonifier and sieved at three mesh sizes
(250 pm, 63 um, and 20 pm) with filtered seawater.
Each sieve-fraction was diluted in 30 ml of filtered
seawater. The whole fraction >250 um, and 10%
aliquots of the others (250-63 pm, and 63-20 um)
were observed for each sample. Optimal aliquot size
was calculated by a preliminary statistical analysis
optimising subsampling according to Bros and Cow-
ell (1987). The identification and the isolation of bio-
genic components from sediment were carried out
with an inverted microscope at 50X and 200X con-
nected to a digital video-camera. Resting stage (or
“cyst”, according to Belmonte er al., 1995) abun-
dance was compared with that of other biogenic par-
ticles grouped according to two categories:
Foraminifera tests, and “others” (comprising Mollus-
ca shells, Radiolaria and Tintinnina loricas). Since
this study focused on the near-surface layer (0-1 cm),
no drying practices were carried out (Dale, 2001;
Matsuoka, 2001), therefore the number of observed
items was related to one cm® of wet sediment.
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FI1G. 1. — Location of sampling stations in the Mediterranean Sea and percentage composition of the observed surface sediments.

RESULTS
Biogenic sediment composition

As shown in Figure 1 the relative abundance of
Foraminifera tests varied from 43% (S1) to 85.6%
(S86), representing the majority of recorded bio-
genic particles. Globigerina bulloides and
Globorotalia scitula, found as both empty and full
tests, were the most represented species (Table 2).
The abundance of foraminiferan empty tests varied
from 2,524 tests cm? (S4) to 27,039 tests cm™ (S2),
whereas full ones varied from 786 tests cm= (S3) to
8,578 tests cm3 (S2).

Also resting stages (cysts) were recorded as both
full and empty. Their relative abundance was includ-
ed between 10.8 % in S6 and 54.3 % in S1, mainly
due to empty shells (most were Calciodinellum
albatrosianum and Leonella granifera), that varied
from 1,326 shells cm? (S6) to 16,600 shells cm™
(S1). Full cysts ranged from 5 (S1) to 138 cysts cm?
(S87). In S2 and S3 stations, viable (=full) cysts were
not recorded. Finally, also the remaining categories
(Mollusca, Radiolaria, and Tintinnina) were mostly
recorded as empty shells. However, they represented
a minority of biogenic particles, with a lower rela-
tive abundance than the previously considered cate-
gories (from 0.5 % in S5 to 3.5 % in S6) at all sam-
pling stations.

Resting stages (Fig. 2).

Eleven dinoflagellate cyst morphotypes were
found, while no metazoan resting eggs were recorded.
Seven were calcareous cysts (Calciodinellum alba-
trosianum, Calciperidinium asymmetricum, Leonella
granifera, Scrippsiella trochoidea, S. precaria type 1,
S. precaria type 2, S. regalis) and four were organic-
walled (Impagidinium aculeatum, unid. dinocyst 1,
unid. dinocyst 2 and unid. dinocyst 3).

Scrippsiella trochoidea (Fig. 2a)

Size, without spines, 35 um x 30 um. Ovoidal,
calcareous-walled, with pointed, pyramidal spines.
Recorded (only as empty shell) from all stations,
ranging from 1 cyst cm™ in S3 to 60 cysts cm™ in S2.
This morphotype appeared more similar to the
coastal Scrippsiella species (see S. trochoidea in:
Sonnemann and Hill, 1997; Montresor et al., 1998;
Lewis, 1991; Rubino et al., 2000; or Scrippsiella sp.
2 in Belmonte et al., 1995) than to the oceanic S. cf.
trochoidea recorded by Dale and Dale (1992).

Scrippsiella precaria
(type 1, Fig. 2b; type 2, Fig. 2¢)

Diameter, without spines, 25 pm (Fig. 2b) and 27
um (Fig. 2¢). Two morphotypes of cysts were attrib-
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FiG. 2. — Abundance of cysts (n® items cm of wet sediment) in surface sediments from the Mediterranean stations S1-S7. a, Scrippsiella tro-

choidea; b, Scrippsiella precaria type 1; c, S. precaria type 2; d, Scrippsiella regalis; e, Calciodinellum albatrosianum; f, Calciperidinium

asymmetricum; g, Leonella granifera; h, Impagidinium aculeatum; i, unid. dinocyst 1; 1, unid. dinocyst 2; m, unid. dinocyst 3. See text for
details.
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uted to S. precaria as type 1 (with capitate spines)
and type 2 (with pointed spines) respectively, this
species being polymorphic (Montresor and Zingone,
1988). Type 1 was present at all stations (only as
empty shells), ranging from 5 (S3) to 90 cysts cm
(S1). Type 2 was recorded (only as empty shells) at
S2 (66 cysts cm™) and S7 stations (6 cysts cm™).

Scrippsiella regalis (Fig. 2d)

Diameter, without spines, 44 um. Spherical, with
short pointed spines. Cyst morphology similar to
that of S. trochoidea living in neritic areas (Janofske,
2000). Already recorded in the western equatorial
Atlantic Ocean (Vink et al., 2000a), this species was
present in all samples (only as empty shells), rang-
ing from 5 (S5) to 252 cysts cm? (S2).

Calciodinellum albatrosianum (Fig. 2e)

Diameter, 25 um. Spherical, calcareous-walled,
surface scaled, archeopyle shape as described by
Janofske and Karwath (2000). C. albatrosianum
cysts have been recorded in equatorial Atlantic
Ocean by Janofske and Karwath (2000); they have
been also recorded as Thoracosphaera albatrosiana
by Dale and Dale (1992) in Atlantic and Pacific deep
areas and by Della Tommasa et al. (2000) in the
Foix Canyon in NW Mediterranean. Vink et al.
(2000a) recorded it (as Sphaerodinella? alba-
trosiana cysts) in the western equatorial Atlantic
Ocean. In this study, C. albatrosianum was the most
abundant recorded dinocyst. Empty cysts were pre-
sent in all samples, varying from 310 (S3) to 8,695
cysts cm? (S1). Full cysts were recorded only in the
central and western Mediterranean sediments (from
S4 to S7 samples), ranging from 4 (S6) to 138 cysts
cm? (S7).

Calciperidinium asymmetricum (Fig. 2f)

Size, 62 um x 48 um. Heart-shaped, bilobate
antapex, calcareous-walled, trapezoidal archeopy-
le. Already recorded by Wall et al. (1973, pp. 25-
26, Pl. 1 Fig. 22) and Nehring (1997, type B, Fig.
35, p- 320), this species has been described by Ver-
steeg (1993) from the Upper Pleistocene fossil
assemblages in the southern continental margin of
Crete. In this study, C. asymmetricum was
observed (only as empty shells) in all samples
except in S6. Its abundance varied from 1 (S3) to
84 cysts cm? (S7).
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Leonella granifera (Fig. 2g)

Diameter, 22 um. Spherical, calcareous-walled,
smooth surface, circular archeopyle as described by
Janofske and Karwath (2000). L. granifera cysts have
been recorded in plankton samples from the equator-
ial Atlantic Ocean (Kerntopf, 1997; Janofske and
Karwath, 2000); they have been also recorded as Tho-
racosphaera granifera by Dale and Dale (1992) in
sediment trap contents from the Atlantic and Pacific
Oceans; Vink et al. (2000a) recorded them (as Ortho-
pithonella? granifera) from the western equatorial
Atlantic Ocean. In this study, L. granifera was the
second most abundant dinocyst. Empty cysts were
present in all samples, varying from 41 (S6) to 7,675
cysts cm (S1). Full cysts were recorded only in S4
and S7 samples (respectively 15 and 4 cysts cm).

Impagidinium aculeatum (Fig. 2h)

Size without crest, 30 um x 22 um. Oval, organ-
ic-walled, crested surface. Impagidinium, typically
described as a pelagic genus (Wall et al., 1977; Har-
land, 1983; Marret, 1994), was recently found also
in shelfward areas in western Atlantic sediments
(Vink et al., 2000b). In this study, Impagidinium
aculeatum was recorded as both full cysts (5 cysts
cm>in S1, and 7 cysts cm? in S5) and empty shells
(4 cysts cm? in S6).

Unidentified dinocyst 1 (Fig. 2i)

Diameter, 52 pum. Spherical, smooth surface,
organic-walled, round archeopyle. Paleontological
studies include similar “round brown” cysts in the
genus Brigantedinium (Vink et al., 2000b) but there
are no records for cysts with a round archeopyle like
that reported here. In this study the unid. dinocyst 1
has been recorded only from eastern Mediterranean
sediments as empty shells (10 cysts cm? in S1, and
12 cysts cm™ at S2).

Unidentified dinocyst 2 (Fig. 21)
Diameter, 45 um. Spherical, smooth surface,
with a thin organic wall, brownish in colour. This
morphotype has been recorded only at S5 as a full
cyst (7 cysts cm? ).
Unidentified dinocyst 3 (Fig. 2m)

Diameter, 28 um. Spherical, smooth surface,



with a thick organic wall, brownish in colour. This
morphotype has been recorded only at S5 as a full
cyst (7 cysts cm™).

DISCUSSION

Resting stages highly contributed (in terms of
abundance) to the biogenic fraction of surface sedi-
ments from deep Mediterranean Sea that was domi-
nated by Foraminifera tests. Resting stages were
recorded only as dinocysts; neither metazoan nor
ciliates cysts were observed. Eleven dinocyst mor-
photypes were found and most of them were empty.
Therefore, the cyst contribution to Mediterranean
deep areas, in terms of both diversity and viable
cysts, was lower than to Mediterranean coastal areas
(Montresor et al., 1998; Rubino et al., 2000). Nev-
ertheless, recent investigations are increasing the
number of recorded species in those deep areas: a
taxonomic survey on calcareous dinoflagellates
from Mediterranean sediments revealed 14 species
including one new genus and four new species
(Meier et al., 2002).

The low number of viable cysts recorded in this
study confirmed previous observations carried out
on surface sediments from the equatorial Atlantic
Ocean (Vink et al., 2000a,b), Arabian Sea (Zonn-
eveld, 1997), and on sediment trap contents from
both Central Pacific and Central Atlantic Oceans
(Dale & Dale, 1992). Janofske and Karwath (2000)
found viable cysts of the oceanic species Cal-
ciodinellum albatrosianum and Leonella granifera
in plankton samples collected in the uppermost
water layers. So that, as suggested by Dale and Dale
(1992), the oceanic cysts should guarantee the
species to have a buoyancy regulation mechanism to
remain strategically placed in the water column.

Because of high distances from the bottom to the
water surface, it should be difficult for a motile stage
emerging from a cyst to reestablish contact with the
plankton of upper layers; therefore, Dale and Dale
(1992) hypothesized that the ecological role of cysts
produced by oceanic species should not be consid-
ered in the framework of a “benthic resting” strate-
gy. These suggestions seem to be confirmed by cul-
ture experiments carried out on oceanic species by
Janofske and Karwath (2000) who showed that the
obtained cysts were not hypnozygotes or resting
cysts, being unconnected to a sexual phase. The esti-
mated cyst sinking time (Anderson et al., 1985)
should allow an oceanic specimen to encyst, fall to

an optimal nutritionally richer water layer, and then
excyst completing its life cycle in a few tens of
meters. This would explain the high abundance of
empty shells in the deep sea sediments as a by-prod-
uct of dinoflagellates living in the upper waters.

In general, our data validated this hypothesis;
nevertheless, full cysts of dinoflagellates classically
considered as oceanic (I. aculeatum, C. alba-
trosianum, L. granifera) beside full cysts of
unknown species (unid. dinocyst 2, unid. dinocyst 3)
were found. As noted by Dale (1996) the cyst distri-
bution in the deep sea bottom is broader than the dis-
tribution of the respective motile stages in the water
column. Therefore, cyst assemblages found in the
deep sea should derive from long distance transport
rather than production from overlying surface
waters (Dale, 1996; Dale and Dale, 1992). In such
way, the ecological role of oceanic cysts as dispersal
stages (Dale and Dale, 1992) would be fulfilled, and
the few non-hatched cysts that fall to the bottom
should be considered as a small investment of each
species, akin to a bet-hedging strategy (Philippi and
Seger, 1989), to be moved away by deep mixing cur-
rents. Moreover, a key role in cyst dispersal should
be played by bottom geomorphology and water
mass circulation at different scales. In fact, the evi-
dence of high cyst diversity at some deep sites (e.g.
submarine canyons, Della Tommasa et al., 2000)
was attributed to particular geomorphological situa-
tions that improve the transport speed of cysts from
(neritic) production areas to the storage (deep) ones.

In this study, four cyst morphotypes belonged to
species tipically considered as oceanic (C. alba-
trosianum, L. granifera, 1. aculeatum, Scrippsiella
regalis); three ones to species tipically considered as
coastal (Scrippsiella precaria type 1, S. precaria
type 2, Scrippsiella trochoidea); and the remaining
four ones (Calciperidinium asymmetricum, unid.
dinocyst 1, unid. dinocyst 2 , unid. dinocyst 3) with
an unknown distribution. Most knowledge on ocean-
ic cysts is based on morphological observation. Nev-
ertheless, morphological differences between cysts
do not reflect taxonomic differences. Polymorphic
cysts belonging to the same species are very com-
mon (Lewis, 1991; Montresor and Zingone, 1988;
Matsuoka and Cho, 2000). On the other hand, some
convergences on cyst morphology have been record-
ed in dinoflagellate species (Matsuoka, 1988; Lewis,
1990; Harland, 1992; Janofske, 2000). The S. tro-
choidea cyst, here reported from surface sediments
of deep Mediterranean Sea (Fig. 2a), is more similar
to the coastal S. trochoidea than to the “oceanic” S.
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cf. trochoidea recorded by Dale and Dale (1992)
from Pacific and Atlantic Oceans. Recently Janofske
and Karwath (2000) clarified the taxonomy of C.
albatrosianum and L. granifera until then consid-
ered as “calcispheres” (Dale and Dale, 1992;
Janofske, 1996; Kerntopf, 1997).

Life cycle investigations could clarify the role of
cysts for oceanic species, or for under-thermocline
habitats, where slow processes and apparent con-
stant conditions are punctuated by episodic events
(Smith, 1994). Recently, Penna and Magnani (1999)
assayed rDNA targeted probes to identify Alexan-
drium species which cause harmful algal blooms
(HAB; Han and Terazaki, 1993; Hallegraeff et al.,
1998); Bolch (2001) amplified rDNA sequences of
some dinoflagellate species from single cysts;
Okazaki et al. (2001) produced a monoclonal anti-
body to assess S. trochoidea cyst abundance in
muddy bottom sediments. Therefore, an integrated
approach using emerging techniques such as molec-
ular ones together with detailed oceanographical
data on water mass movements at different scales
can strongly contribute to monitoring and investigat-
ing taxonomy, dispersal potential, and population
dynamics of existing dinoflagellates in the Mediter-
ranean Sea.
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