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ABSTRACT: The seasonal occurrence and vertical distribution of planktonic cnidarians (hydro-
medusae and scyphomedusae) were investigated over a 2 yr period in the Bay of Villefranche-sur-Mer.
A total of 37 species were recorded, of which the meroplanktonic species were more specific and the
holoplanktonic species were more abundant. The results suggest that although medusae were ever-
present in the bay, the assemblage changed through time. These changes reflected species-specific
responses to the environment and were linked to the thermal structure of the water column: the mero-
planktonic species were most common during eutrophic periods of the year while the holoplanktonic
species were present throughout the year. The dominant species of medusae partitioned vertical space
and each occupied a characteristic depth. This segregation in the vertical dimension was maintained in
the different seasons despite the fact that the exact species changed. It is suggested that the strong
degree of structure to the medusoid assemblage in the Bay of Villefranche-sur-Mer might reflect the
stability and age of the Mediterranean ecosystem.
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INTRODUCTION

Zooplankton assemblages in oligotrophic and oce-
anic waters display a constancy of structure that spans
many kilometers in distance and vyears in time
(McGowan & Walker 1979). This constancy reflects the
great age of these systems and their relative physical
stability, and may have allowed organisms to evolve
mechanisms of co-existence (Sanders 1968). This
structure may be encouraged in the vertical dimension
by the physical, layered nature of the ocean, which
allows organisms to partition vertical space (Longhurst
1985). While there is some evidence to support the
tenet of vertical partitioning amongst crustaceans
(Ambler & Miller 1987, Flock & Hopkins 1992} and
fishes (Hopkins & Gartner 1992}, evidence from older
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planktonic taxa is less abundant (Gili et al. 1987,
Mackie et al. 1987).

By contrast, zooplankton assemblages in nutrient-
enriched coastal and upwelling areas are very variable
in their composition and structure (e.g. Gibbons &
Hutchings 1996). This must in part reflect the physi-
cally dynamic nature of the coastal and shelf environ-
ments, and the instability of the vertical dimension
which effectively prevents the evolution of mecha-
nisms of co-existence. Hutchinson (1961) argued that
the temporal scale of the physical event is most impor-
tant in influencing the structure and diversity of plank-
tonic assemblages. When this is shorter than the
generation times of the plankton, then biological
‘accommodation’ between species becomes difficult.
Plankton assemblages are influenced by a plethora of
physical factors which encourage mixing and include,
for example, internal waves, shelf waves, tidal cur-
rents, coastal upwelling currents and offshore advec-
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tion, and are also influenced by the depth of their envi-
ronment, especially in shallow waters. Although there
may be some pattern of predictability to daily features
(and hence there is the possibility for biological mech-
anisms of co-existence to evolve, e.g. Gibbons 1994),
the magnitude and persistence of many features vary
on a less predictable (including seasonal) scale.

Although zooplankton assemblages of oceanic and
coastal environments are structured in different ways,
our understanding of their structure in environments
which are less physically extreme is poor. Here, we
examine the vertical structure of ‘ancient’ planktonic
organisms in an essentially oligotrophic body of water,
which is nevertheless strongly seasonal in its physical
characteristics. This information sheds light on our
understanding of planktonic assemblages in such
areas, and contributes to our knowledge of the evolu-
tion of assemblages of planktonic cnidarians.

MATERIALS AND METHODS

Study area. The Bay of Villefranche-sur-Mer is a
sheltered embayment near Nice, in the Ligurian Sea. It
is typical of the inshore waters of the NW Mediter-
ranean, and the hydrology is influenced by the Lig-
urian Current and local winds (Gostan 1968, Béthoux
et al. 1988). The Ligurian Current lies close inshore
and runs westward along the French coast. A branch of
surface waters enters the eastern side of the bay at Cap
Ferrat, and leaves at a depth of ~50 to 100 m on the
western side at the Cape of Nice.

Field sampling. All the hydrological data and the
zooplankton samples were collected in 87 m of water at
the entrance to the Bay of Villefranche-sur-Mer (Stn B:
43°41'10" N, 7°19' 00" E). Hydrological measurements
have been taken at Stn B each week since 1957 as
part of an ongoing monitoring program, and full de-
tails have been provided by Etienne et al. (1991).
Between the months of June and December 1994, ver-
tical temperature profiles of the water column were
established from data collected at the same time by a
Micrel” sensor attached to the zooplankton net. From
January 1995 to January 1996, temperature and salin-
ity measurements were taken continuously throughout
the water column (80 to 0 m) with a CTD Sea Cat
Profiler

Zooplankton samples were collected once a week
between 08:30 and 11:00 h, from January 1994 to Jan-
uary 1996, using a closing Regent net. This net (diam-
eter of mouth aperture 1.0 m, filtering length of 4.0 m,
mesh size 680 to 700 um, silk tissue type n°00) is well
suited for sampling soft-bodied organisms, because
they roll on the smooth silk with minimal tissue dam-
age.

The net was towed horizontally for 10 min at 6 differ-
ent depths (10, 20, 30, 40, 50 and 60 m), before being
closed remotely prior to retrieval. The volume filtered
by each net was about 260 m®. The depth of the net
was controlled in real time by a Micrel” sensor fitted
near its aperture.

Upon retrieval the samples were immediately pre-
served in 4 % seawater formalin. All medusae (hydro-
medusae and scyphomedusae) were identified and
counted within 2 h following their capture, without
subsampling. A total of 556 samples were counted dur-
ing this 2 yr survey.

Numerical and statistical analysis. Descriptive,
multivariate statistics were used to examine relation-
ships among weekly samples, in order to see whether
assemblages changed through the course of the study
period. The data collected in 1994 and 1995 have
been treated separately in an effort to avoid spurious
results caused by episodic species, and in an attempt
to determine whether patterns in one year were
repeated in another. All species that occurred in less
than 10% of any year's samples have been ignored.
The stratified densities of the dominant species were
then integrated to provide weekly estimates of their
abundance. These data were then root-root trans-
formed and a similarity matrix was constructed using
the Bray-Curtis Index (Field et al. 1982). These matri-
ces were used to plot classification diagrams of per-
centage similarity between weekly samples using
group-average sorting.

In order to determine seasonal patterns of associa-
tion amongst the dominant species, the cluster analy-
sis procedure was also repeated using the species
rather than sample data. These analyses were con-
ducted using Primer software (Clarke & Warwick
1994).

The relationships between the abundance of the
dominant species and temperature and salinity were
examined using a multiple regression analysis (MRA)
of the untransformed stratified data. Relationships
between the vertical distribution of the dominant spe-
cies (as weighted mean depth [WMD]; Roe et al. 1984)
and the physical structure of the water column were
examined using correlation analyses. Water column
structure was parametised as sea surface temperature,
mean water column temperature, the depth of the
19°C isotherm (19°C median temperature) and AT/AZ
(which is the temperature difference between the sea
surface and 80 m depth), as well as sea surface salinity
and AS/AZ. Tests of significance between the WMD of
the different medusae were carried out using the
Mann-Whitney U-test. This is a non-parametric test
and was chosen because of sometimes large differ-
ences in sample size. All these analyses were con-
ducted using Statistica software.
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Fig. 1. Vertical profiles of tempera-
ture and salinity in the Bay of Ville-

Depth (m)
3288885

107

1994 1995

JASONDIJFMAMIIASONDI

T

|

franche-sur-Mer during 1994 and
1995. (A) Data from 7 June 1994; )
(B) data from 12 January 1995 Winter

RESULTS
Physical environment

Four hydrological seasons could be identified on
the basis of the structure and properties of the water
column (Fig. 1). During the hydrological winter, which
extended from mid-January to early April, the water
column was isothermal (AT/AZ was minimal and
sea surface temperature [SST] < 14°C) and isohaline
(AS/AZ < 0.3%.). The hydrological spring extended
from mid-April to August, and was characterized by
the establishment of a thermohaline stratification (pro-
gressive increase in AT/AZ, and AS/AZ > 0.5%o). At the
beginning of the hydrological summer (August), the
thermal stratification was maximal (AT/AZ > 10°C). As
the season extended (until mid-October in 1994 and
mid-November in 1995), a slow cooling of the sea sur-
face temperature and a warming at depth were
observed. The hydrological autumn began when the
water column became isothermal (AT/AZ < 2°C) and
isohaline (AS/AZ < 0.4 %.) and continued until the water
reached 14°C.

Medusae
Although a total of 35 species of hydromedusae and

2 scyphomedusae were identified over the 2 yr (see
Table 1), only 13 species could be considered abun-
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dant. The anthomedusae were most diverse (20 spe-
cies) but were only represented by a few individuals
that were collected for (generally} a short period of
time in spring (e.g. Lizzia blondina or Steenstrupia nu-
tans). The leptomedusae (6 species) were numerous
during spring (e.g. Obelia spp.), and from the end of
summer to the beginning of autumn (e.qg. Clytia mc-
cradyi), and accounted for ~25% of total abundance.
The 4 species of trachymedusae represented more
than 60 % of the total number of medusae. They were
especially numerous during autumn and winter in the
upper 40 m. Solmundella bitentaculata was the most
common species of the 4 narcomedusae, and occurred
for short periods during summer. Scolionema suvaense
was the only species of limnomedusa, and only 2 indi-
viduals were collected (14 June and 27 July 1995).
Pelagia noctiluca (semaeostomae) and Nausithee
punctata (coronatae) were the 2 scyphomedusae col-
lected in the bay especially in spring and summer.

Seasonality
Assemblages

Two main groups of medusae could be distinguished
from the cluster analysis during 1994 and 1995 (Fig. 2)
These corresponded to samples collected when the wa-
ter column was either strongly stratified and warm
(Group I), or isothermal and cold (Group II). The 2 clus-
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Fig. 2. Percentage of similarity between
weekly samples collected at Stn B, in the
Bay of Villefranche-sur-Mer during 1994
and 1995. Group I clusters samples col-
lected during periods when the water
column was warm or when it was
strongly stratified. Group II clusters
samples collected when the water col-
umn was isothermal and cool. Samples
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ters were ~55% similar in 1994 and ~45% similar in
1995. Samples collected in any one season tended to be
most closely grouped with other samples collected dur-
ing the same season, although there was some overlap
between samples collected in adjacent seasons.

Species

During 1994 and 1995, 2 distinct groups of species
could be discerned from the results of the cluster
analyses (Fig. 3). Although there were some differ-
ences between the precise make-up of the groups each
year (principally involving meroplanktonic species),
the clusters roughly correspond to those medusae
which were either present for much of the year
(Group A), or were present only for short periods of
each year, especially when the water column was cold
and less stratified (Group B). While the species that
comprised Group B were from different taxa, this was
not the case with Group A. The differences between
1994 and 1995 in the composition of the 2 groups can
largely be attributed to the appearance of episodic spe-
cies such as Laodicea undulata (which was sporadi-
cally collected during 1994) or Clytia mccradyi (which
attained very high densities in summer, and in early
autumn 1994}.

Most of the species that comprised Group B were
generally absent from the summer months (Table 1),
and they displayed generally similar, negative re-
sponses to the thermal environment {Table 2a). By con-

BRAY-CURTIS SIMILARITY (%)

identified by hydrological season only:
(o) Winter, (@) Spring, (O) Summer, (m)
Autumn

trast, the species that comprised Group A were vari-
ably correlated with some aspect of the thermal envi-
ronment (Table 2a). For example, the abundance of
both Aglaura hemistoma and Solmundella bitentacu-
lata was positively correlated with temperature, while
Persa incolorata was negatively correlated with tem-
perature (Table 2a).

Vertical distribution and abundance

Each of the dominant medusae within an identified
seasonal grouping (A or B) had a WMD (Table 1) which
was significantly different (Table 3) from that of other
species in the same seasonal group. In cases where
species have WMDs that overlap, the taxa are from dif-
ferent classes or orders. Otherwise, the specific identi-
fication was approximate (Obelia spp.), or the number
of observations was low (Rathkea octopunctata; Table
2b). Note that instances of overlap were greater
amongst Group B species than Group A species.

The coefficients of variation associated with the
WMDs were generally less than 50% for all species
except Pelagia noctiluca (Table 1). The results of the
correlation analysis between WMD and various para-
meters of the physical environment (Table 2b) seem to
indicate that at least some of this variability can be
accounted for by species-specific responses to temper-
ature (but not salinity). In other words, some species
appeared to change their vertical distribution with sea-
sonal fluctuations in their physical environment.
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Fig. 3. Percentage of similarity between dominant medusae in

1994 and 1995. Group A species were present through much

of each year, while Group B species only occurred for
relatively short periods of time each year

DISCUSSION

Although all of the species of medusae collected dur-
ing the present study have previously been reported
from the NW Mediterranean (Vives 1966, Goy 1972,
Brinkmann-Voss 1987, Gili et al. 1987), the novelty of
the data lies in their treatment here as assemblages.
The results demonstrate that there are 2 clear assem-

blages present throughout the year and that these are
associated with either a stratified or an isothermal
water column (similar observations were made by Gili
et al. [1987] for individual species). The changeover
between assemblages was not absolute and instanta-
neous, as evidenced, for example, by the clustering of
some spring samples with either winter or (but not,
and) summer samples (Fig. 2). This implies that spe-
cles changes were relatively gradual, and probably
reflected the gradual changes in the physical environ-
ment.

The 2 seasonal assemblages (Fig. 2) were not clearly
mirrored by the 2 groups of species identified from the
cluster analyses (Fig. 3), which were largely differenti-
ated on whether the species were present for pro-
longed or discrete periods each year. Some of the spe-
cies (especially those belonging to Group A) were
present as part of both the seasonal assemblages iden-
tified (Fig. 2). While it is tempting to suggest that the
species grouped together because they were either
steno- or eurythermal, it should be noted that the
degree of similarity between the species within the
groups (Fig. 3) was generally low. Consequently, simi-
larities in individual species responses to the physical
environment for species which clustered together were
also low. This is supported by the results of the MRA in
Table 2a, which suggests that while some of the holo-
planktonic members of Group A were positively corre-
lated with temperature, the meroplanktonic species
were generally negatively correlated with tempera-
ture. By contrast, the species in Group B were mostly
negatively correlated with some aspect of the thermal
environment (Table 2a) and congruence with seasonal
Group II (Fig. 2) can readily be interpreted. The iden-
tity of the species groups themselves, therefore, seems
to depend upon persistence per se, which in the case of
the meroplanktonic members in Group A is probably
due to pulsed recruitment rather than maintenance.

This being said, a species which was negatively
associated with temperature could be present in
months when the SST was warm and the water column
was well stratified by modifying its vertical distribu-
tion. The daytime WMD of some of the species was
influenced by some aspect of the physical environment
(Table 2b), which implies that they changed their ver-
tical distribution through the course of the year. For
example, Persa incolorata was found throughout the
cold isothermal water column in winter but occurred in
deeper water (down to 30 m) upon stratification. It
avoided temperatures higher than 19°C. Goy (198%)
previously observed the same behaviours in P. incol-
orata in the Ligurian Sea, which she termed summer
submergence.

Variations in the specific composition of the 2 sea-
sonal groups (A or B) in the Bay of Villefranche-sur-



110

Mer between 1994 and 1995 were relatively small and
largely reflected the presence or absence of episodic
meroplanktonic species. Such differences are to be
expected in any body of water under the influence of
currents etc., and can in part be explained by slight
changes in the origin and timing of seasonal events.
The specific composition of the 2 seasonal groups
clearly reflected the life history strategies of the differ-
ent medusae. The persistent species in Group A were
mostly holoplanktonic, and it has been suggested that
their daily energy requirements are lower than those

Mar Ecol Prog Ser 189: 105-115, 1999

of meroplanktonic species (Goy 1997). However, it is
unknown if local population maintenance is effected
through a long generation time, because some holo-
planktonic species may pass through several genera-
tions each year (Arai 1992, Buecher et al. 1997). The
meroplanktonic member of Group A, Clytia spp., prob-
ably comprises a number of species (there are 7 species
of Clytia known in the Mediterranean Sea but only 3
are budding hydroids, Picard 1958), each with slightly
different environmental requirements. The species in
seasonal Group B, by contrast, were mostly mero-

Table 1. List of medusae recovered from Stn B, in the Bay of Villefranche-sur-Mer, during 1994 and 1995. Also shown is the taxon

to which each belongs (hydromedusae = A: Anthomedusae: L: Leptomedusae; Li: Limnomedusae; T: Trachymedusae; N: Narco-

medusae; scyphomedusae = C: Coronatae; Se: Semaeostomae), the total number of individuals recovered, and the weighted

mean depth (WMD) or the range over which most individuals were collected. Coefficient of variation (CV) about the WMD is also

shown as a percentage where applicable (na: not applicable). Seasonality by calendar month(*} is also presented. Species in bold
are holoplanktonic, the others are meroplanktonic

Species Taxon Total WDM (m) CV J FMAMJI JASOND
10-30 m

Liriope tetraphylla (Chamiso & Eysenhardt 1821) T 2434 22 46 et vt
Solmissus albescens (Gegenbaur 1856} N 3 10-30 na ’

Cunina sp. N 5 10-30 na

Rathkea octopunctata (M. Sars 1835) A 450 20 29 -t

Laodicea undulata (Forbes & Goodsir 1851) L 139 30 43 oo

Pelagia noctiluca (Forskal 1775) — ephyra Se 7968 15 103 oot

Dipurena ophiogaster (Haeckel 1879) A 22 10 na e

Sarsia tubulosa (M. Sars 1835) A 3 10-30 na ot

Lizzia blondina (Forbes 1848) A 9 10-30 na ot

Nausithee punctata (Kolliker 1853) C 50 10-30 na ot
Solmundella bitentaculata (Quoy & Gaimard 1833) N 1467 24 52 st
Clytia mccradyi (Brooks 1888) L 452 10 45 ot
30-60 m

Persa incolorata (McCrady 1857) T 468 41 32 e c
Euphysa aurata (Forbes 1848) A 242 44 na ot

Merga tregoubovii (Picard 1961) A 1 60 na *

Leuckartiara nobilis (Hartlaub 1913) A 71 30-60 na

Solmaris flavescens (Kolliker 1853) N 175 35 37 ot *
Leuckartiara octona (Fleming 1823) A 8 30-60 na -t
Amphinema dinema (Péron & Lesueur 1810) A 16 60 na . : y

Eutima gegenbauri (Haeckel 1864) L 47 30-60 na ot
Zanclea costata (Gegenbaur 1856) A 94 30-60 na A
Podocoryne minima (Trinci 1903) A 14  30-60 na vt
Bougainvillia ramosa (van Beneden 1844) A 3 30-60 na c
Scolionema suvaense (Agassiz & Mayer 1899) Li 2 30-60 na o
Koellikerina fasciculata (Péron & Lesueur 1810) A 2 30-60 na :
Amphinema rugosum (Mayer 1900} A 1 30-60 na :

Sarsia gemmifera (Forbes 1848) A 11 30-60 na ot

Sarsia eximia (Allman 1859) A 1 30-60 na ’
Eucheilota paradoxida (Mayer 1900) L 4 30-60 na :

Sarsia prolifera (Forbes 1848) A 1 60 na

0-60 m

Clytia spp. L 5804 30 32 oot *
Podocoryne areolata (Alder 1832) A 53 10-60 na o

Obelia spp. L 297 27 51 oo v
Aglaura hemistoma (Péron & Lesueur 1810) T 9279 26 43 eor o
Rhopalonema velatum (Gegenbaur 1856) T 5128 27 39 et
Podocoryne carnea (M. Sars 1835) A 22 10-60 na ot
Steenstrupia nutans (M. Sars 1835) A 42  10-60 na ot
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Table 2. {a) The relationships between the density of each of the dominant species of medusae and salinity and temperature, as

determined by multiple regression analysis (MRA). Species in seasonal Group A indicated (*). The significance of individual

parameters, and the overall model is shown *{p < 0.05). Data derived from individual net tows, the number of samples = 275 in

all instances. (b) Correlation matrix between the weighted mean depth of each medusa species (Table 1), and the various

parameters used to describe the structure of the water column. Significant {p < 0.05) correlations only are shown. N (number of
observations) is shown in each instance. n/s: not significant

(a)

Species Salinity Temperature Model SST

S. bitentaculata® -0.76 0.19° * -

L. tetraphylla® -1.32 -0.19" . -0.43
A. hemistoma® -2.13 1.46° : -

R. velatum?® -8.37" -0.25 : -
Clytia spp.® -7.71" -0.47" : 0.27

P. incolorata® 0.33 -0.08" 0.54

P. noctiluca -30.32 -2.81 /s -

R. octopunctata -1.81 -0.19 n/s -
Obelia spp. -0.66° -0.03 : -

L. undulata -0.43 -0.04" 0.70

S. flavescens -0.34 -0.05 n/s -~

E. aurata 0.03 -0.06" * 0.63
(b)

Species Mean temperature AT/AZ Depth 19°C isotherm Mean salinity AT/AS N
S. bitentaculata® - - - - 31
L. tetraphylia® -0.36 - - - 31
A. hemistoma® - - - - 38
R. velatum® - - - - 40
Clytia spp.? - - - - 46
P. incolorata® 0.54 0.40 - - 24
P. noctiluca - - - - 12
R. octopunctata - - - - - 4
Obelia spp. - -0.35 - - - 22
L. undulata 0.76 0.66 - - - 13
S. flavescens - - - - - 17
E. aurata 0.61 - 0.48 - - 17

Table 3. Adjusted Z statistic (numbers in bold) and its significance in Mann-Whitney U-tests between the WMD of medusae
in Group A and Group B. *: significant at p < 0.05, n/s: not significant

Group A
species

S. bitentaculata

L. tetraphylla

A. hemistoma

R. velatum

S. bitentaculata
L. tetraphylla
A. hemistoma
R. velatum
Clytia spp.

P. incolorata

Group B
species

C. mccradyi

P. noctiluca

R. octopunctata
Obelia spp.

L. undulata

S. flavescens
E. aurata

n/s
n/s

C. mccradyi

0.3
n/s

0.4

P. noctiluca

R. octopunctata

2.2
1.5

1.5
2.2

n/s

Obelia spp.

3.6
3.6
1.0

n/s

2.3
3.0
0.7

L. undulata

3.5
3.3
1.5
0.9

n/s

Clytia spp.

3.9
5.1
2.7
2.0

S. flavescens

4.1
4.1
2.3
2.4
0.3

P incolorata

6.2
6.9
6.2
6.1
5.7

E. aurata

4.5
5.1
2.9
5.1
3.5
2.8
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planktonic and peaked in numbers during spring and
autumn. This can be explained by the fact that their
occurrence in the plankton is strictly dependent on the
budding period of their polyps, which is thought to be
primarily controlled by temperature and food avail-
ability (Werner 1958, 1961, Zelickman 1972, Brewer &
Feingold 1991). Their abundance in early spring
(anthomedusae) and again in autumn (leptomedusae),
coincides with the onset of surface warming and with
the breakdown of summer stratification, respectively.
These 2 periods can be considered as 'eutrophic’ for
this bay, and appeared some 2 mo after the highest
nitrate concentrations were observed (Buecher 1996).
The time lag between high nutrient concentration and
the peak occurrence of gelatinous carnivores is proba-
bly a function of the successive appearance of the dif-
ferent trophic levels in the pelagic food web. Mero-
planktonic species seem to be very sensitive to these
environmental variations (Arai 1992), especially to
temperature and prey abundance (Buecher & Gasser
1998), and such variations can lead to their pulsed
appeararnce.

The species-specific responses in WMD to the physical
environment, coupled with the generally different WMD
of each species, can be interpreted as allowing the as-
semblage to partition vertical space amongst members
throughout the year. This can be most clearly seen in the
schematic Fig. 4, which indicates that where species
have similar WMDs, they are either from different as-
semblages (and occur at different times of the year) or
they are from quite different taxonomic groups. This lat-
ter point is important, because it has been suggested that
members of different medusoid orders are unlikely to
feed on the same prey (Purcell & Mills 1988, Mills 1995).

Scyphomedusae

(Groups A and B) in the Bay
of Villefranche-sur-Mer. *Holo-
planktonic species

It is being shown with increasing frequency that
pelagic assemblages in oceanic environments exhibit
some sort of biological structure, presumably as a
result of the forces of historic competition. In the east-
ern Gulf of Mexico, myctophid fishes and natantid
decapods partition depth and food amongst assem-
blage members (Hopkins & Gartner 1992, Flock &
Hopkins 1992}, whilst in the North Pacific gyre, con-
generic copepods have been shown to partition depth
(Ambler & Miller 1987). Euphausiids in the equatorial
Pacific Ocean also appear to partition feeding and
depth (Roger 1973, 1975), as they also do at the stable
oceanic front off northern Namibia (Barange et al.
1991). All these ecosystems are characterised either by
great age, or by physical stability. Although the assem-
blages tend to be diverse and the food chains are rela-
tively long, the biomass of phytoplankton upon which
the systems are based is generally low (Longhurst
1995). Consequently, the potential for interspecific
competition for food resources amongst assemblage
members is likely to be large (in the absence of com-
pensatory processes such as predation, Hayward &
McGowan 1979), and it is not hard to imagine how
mechanisms might have evolved to mitigate against it.

Aside from adjusting their WMD to variations in the
physical environment, some medusae are known to
display diel vertical migration (DVM) in the region
(Palma 1985, Mills & Goy 1988, Andersen et al. 1992).
This means that their WMD will change over the
course of 24 h. The WMD data presented here have
been derived from samples collected during the day
and it can be argued that the vertical segregation
observed need not reflect interspecific processes.
Migrating species of zooplankton generally feed maxi-
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mally at night in surface waters, and feed less during
the day when they are in deeper water. Although feed-
ing rhythms therefore tend to be tightly linked to verti-
cal position, this is as likely to reflect the vertically
stratified nature of the food environment as it is any
inherent feeding rhythms per se. Although some spe-
cies present a diel difference in their predation, most
cnidarians seem to feed all the time (Purcell 1981a,b).
So should these medusae display DVM, then it can be
hypothesised that vertical segregation in a vertically
stratified food environment would mitigate the influ-
ences of interspecific competition more during the day
(when food is relatively scarce) than at night.

The Mediterranean Sea characterizes the remnants
of one of the oldest known marine ecosystems, the
Tethys Sea (Gili et al. 1998). While it currently exhibits
a marked seasonality in its shallower reaches (Goy
1968, 1972), it should nevertheless be considered a
fairly predictable environment. It should also be con-
sidered as historically oligotrophic, although recent
human disturbance has resulted in local eutrophica-
tion. Given the historical environment of the region,
and the fact that cnidarians are amongst the most
primitive of metazoan animal taxa, it is conjectured
that the partitioning of vertical space observed in the
medusan assemblage might be a result of 'biological
accommodation’ {Sanders 1968) in response to pres-
sure from predation or competition. While intraguild
predation pressure has been shown to influence the
numerical composition of planktonic cnidarian assem-
blages (Purcell 1991), it is difficult to interpret the pat-
tern of vertical segregation here in terms of predation’.
Only the 2 dominant species observed feed primarily
on other medusae (Solmundella bitentaculata and Sol-
maris flavescens, Purcell & Mills 1988); 1 species per
seasonal group. While these species displayed patterns
of vertical distribution that were mostly different from
those of their prey (Table 3}, they were not widely sep-
arated as might be expected if predation were respon-
sible for structure (e.g. pelagic fishes and vertically
migrating zooplankton). Rather, the findings suggest
that planktonic cnidarian assemblages might have
been structured by competition. Indirect evidence to
support this hypothesis can be found in the differential
migration patterns of some of the dominant species
(Palma 1985, Andersen et al. 1992), as well as in their
temporal separation (e.g. Gili et al. 1987). Chaetog-
naths occupy a similar trophic position to many hydro-
medusae, and in the western Mediterranean Sea, there

'Although medusae are known to be included amonst the
prey items of some fishes (Arai 1988), information on their
significance in the western Mediterranean Sea is missing.
Consequently, these predators are assumed to exert a con-
stant pressure on all members of the assemblage.

is evidence to suggest that the dominant species may
partition vertical space over 24 h (Figs. 4b, 5b & 6b in
Pearre 1974). In cases of overlap, the chaetognath spe-
cies in question have distinctly different diets (Pearre
1974), which suggests that mechanisms to allow co-
existence among low-order carnivores in the region
may have evolved in other taxa too.

The findings presented here are the first to demon-
strate that the vertical structure of zooplankton assem-
blages may be maintained despite seasonal changes
in both the environment and the composition of the
assemblage. That such evidence about the relative sta-
bility of the assemblages should be forthcoming from
an ancient and carnivorous taxon living in an ancient,
relatively stable yet seasonal environment is impor-
tant. Pressures of competition amongst planktonic car-
nivores are likely to be easier to detect than amongst
herbivores, owing to the very nature of the quantita-
tive and qualitative food supply. The cnidarians are an
old taxon, and so environmental pressures should have
had time to exert their influence, if influence was to be
exerted (rates of evolutionary change amongst zoo-
plankton are unknown). The Mediterranean Sea rep-
resents an old ecosystem, whose geographic position
lends it stability. In other words, it is unlikely that such
patterns of temporal persistence to vertical assemblage
structure would have been readily observed in other
zooplankton taxa. Therefore, it should be realised that
changes in the environment do influence the structure
of the assemblage in non-structured ways, in the sense
that they add or take away rare and very episodic spe-
cies. However, the structure of the core assemblage
appears resistant to the seasonal changes observed
here.
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