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Chapter 6

Decreased levels of the invasive ctenophore Mnemiopsis in
the Marmara Sea in 2001

MELEK ISINIBILIR, AHMET N. TARKAN & AHMET E. KIDEYS'
Istanbul University, Faculty of Fisheries,

Laleli, Istanbul, TURKEY

Unstitute of Marine Sciences, Middle East Technical University,
Erdemli, TURKEY

Keywords: Mnemiopsis leidyi, Beroe ct ovata, Marmara Sea, population dynamics, predation

Muemiopsis leidyi, an endemic ctenophore of the western Atlantic, was first reported in
the Marmara Sea in summer 1992, at an average abundance of 27 ind. m”. We inves-
tigated its abundance and distribution together with that of the mesozooplankton (most
species are prey organisms of M. leidyi) at eight stations during August 2001, in order
{0 evaluate recent population developments with regard to the impact of its predator,
Beroe cf ovata. The abundance of M. leidyi was found to be quite low (range 0.5-8.8
ind. m*, average 1.62 ind. m™) compared to 1992. B. cf ovata was, although at very low
abundance (0.1-1.1 ind. m*), only present at stations where M. leidyi occurred. The zoo-
plankton abundance was higher during our investigation than in previous years, which
should at least partly be due to a decreased predation impact by M. leidyi.

1. Introduction

The Marmara Sea is an inland sea which, together with the Bosporus and Dardanelles,
forms the Turkish Strait Systems. The water column has two different layers; whilst

the top 20-30 m has low saline (around 22 ppt) Black Sea waters, saline Mediterranean

waters (38 ppt) occupy the lower layers which can be as deep as 1390 m.

Inland seas are more sensitive to impact than open seas. Many dramatic changes took
armara Sea, all connected with antropogenic stress. This
includes the release of industrial and agricultural wastes into the rivers that drain into
the sea, water transfer from the eutrophic Black Sea, an increase in the level of marine
pollution, and heavy exploitation of the fish stocks in the last few years. The Marmara
Sea ecosystem has also been damaged in the past by opportunistic invasions of temper-
animal and plant species. The introduction of a new species is often

place in recent years in the M

ate and subtropical
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harmful for the recipient ecosystem. It is important to know the degree of tolerance of
the invader to a new environment, peculiarities of its biology in the new habitat, and ¢
relationship between introduced and indigenous species, its prey and competitors, A ;“
these factors determine the abundance and distribution of the invader, and its impact op
the ecosystem. 3

M. leidyi, a voracious zooplanktivorous ctenophore, was accidentally introduced i
the early 1980’s to the Black Sea, almost certainly with ballast water from the northw
ern Atlantic coastal region (Vinogradov et al., 1989). Via the surface currents flowj ,?
from the Black Sea through the Bosporus, Mnemiopsis invaded the Marmara Sea as well.
Documented was the appearance of Mnemiopsis at first in 1992 by (Shiganova 1993)
when the levels of M. leidiy were already lower in the Black Sea than in 1988 and 1
Later, several other investigators provided data on the abundance of this ctenophore -
the Marmara Sea (Kideys and Niermann 1994, Shiganova et al., 1995; Isinibilir an

asured.

2001

The invasive ctenophore Mnemiopsis in the Marmara Sea 2001
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Vediterranean Sea mixes (15-30m). The total volume of seawater filtered was calcu-
| as 32.5 m*. Ctenophore samples were identified and their total lengths measured on
d, Zooplankton samples were preserved in 4% buffered formalin and qualitative and
tive ana.lyses were performed in the laboratory under a binocular microscope

basic environmental variables of the seawater (e.g. temperature and salinity) were'

re 1. Location of 8 stations in the Marmara Sea, sampled between 12 and 18

ey
7

Tarkan, 2001; Yuksek et al., 2002). In early October 1992, the average numbers of M

leidyi were 27 ind. m* (Shiganova et al., 1995), but in July, 1993, these numbers were
low as 0.1 ind. m* (Kideys and Niermann, 1994). In August 2000, higher values of M
leidyi were reported again from the Marmara Sea, (12.9 ind. m*) (Isinibilir and Tarka
2001). However, a new era started with the appearance of a predator of Mnemio
the ctenophore Beroe ovata sensu Mayer, in the Marmara Sea in the late 1990s.
ctenophore feeds almost exclusively on other ctenophores, especially on Mnemio
(GESAMP, 1997). B. ovata was supposed to be of American origin, too and it seer
to be different from the native species Beroe ovata sensu Chun which is not rare in ¢
Mediterranean. (R. Harbison and K. Bayha, personal communication). Beroe ovata %
found in the Marmara Sea as early as summer 1992 (Shiganova et al., 1995), but if it W
already the new invader species could not clarified. .

A new era started with the appearance in the Marmara Sea in the late 1990s @
predator of Mnemiopsis, the ctenophore Beroe ovata sensu Mayer. This ctenophore e
almost exclusively on other ctenophores, especially on Mnemiopsis (GESAMP, 199
cf ovata is currently supposed to be of American origin too, and molecular methods b
revealed that it is different from the species Beroe ovata sensu Chun, which is not ra
the Mediterranean. (Bayha et al., this volume). Because of this unsettled taxonomi
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ation, we will henceforth refer to it as Beroe cf ovata. This ctenophore was found in

e

Marmara Sea as early as summer 1992 (Shiganova et al., 1995); whether it was @
present there earlier could not be clarified. .
Our purpose is to evaluate the abundance and distribution of Mnemiopsis leidyt

the arrival of Beroe ovata in the Marmara Sea.

2. Material and methods

The occurrence of Mnemiopsis leidyi and Beroe ovata were investigated in the
Sea between 12 and 18 August 2001 aboard the R/V “yUNUS”. Sampling 1
ducted at 8 stations (Fig. 1). Ctenophores and zooplankton samples were co}l
vertical towing of a WP2 plankton net with a diameter of 57 cm and mesh s12€
micrometers between the sea surface and the halocline, where water of the Black >

Mnemiop,
1

a‘l;:ss:ll;:;t¥ data are p're.sented in Table 1. The two-layer structure of the
i Surf:I(C)m the salinity anq temperfiture values: whilst the salinity was
e :, much more saline Mediterranean water (about 36 ppt) was
e 3.0 mperature also sharply decreased from >22 °C at the surface

m. Thus, it is clear that both a halocline and a thermocline occur

b Stsz lez:dyi individuals were counted at the 8 stations with a mean
“ 4 I;; - m~(Fig. 2). The abundance varied spatially, No individuals were
: > 8, and the offshore station 6, while the maximum of 8.8.ind. m?
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were recorded at station 5, consisting of almost all small individuals collected gy, Size groups of Mnemiopsis leidyi in the Marmara Sea in August 2001
the survey. The majority of animals were found between 20 and 30 m. Generally

).

smallest individuals (10 mm in length) were occupying the calm and near-coasta 4 P
of the Sea. Maximum length of Mnemiopsis leidyi was 130 mm and average length 5 207
30 mm (Fig. 3). g 1 :a 184
Table 1. Temperature and salinity at eight stations in the Marmara Sea between 12 and 18 August 3 i % 167
0 2
Stations ‘§
I 2 3 4 5 6 ) =
7] 8 ix Eo
Date 120801 120801 140801 140801 150801 17.0801 17.0801 [g08 3
P (=
. G
Surface  22.5 2.1 24.1 25 23 232 233 E
& 5
= 10 238 243 242 24.9 24.9 235 <
£ 3 " 1 2 3 4 5 6 7 8 9 10 11 12 13
3 20 23.0 243 25.7 26.6 34, Y ; i
3 44 e 3¢ Size groups of\l./eidyi (cm)
30 35.9 36.5 36.5 336 36.8
Surface  27.0 25.4 25.7 25.4 2238 24.6
o 10 26.5 25.1 257 25.2 20.7 245
& 1 : : bund f 0.3 ind. m?
e “e s 453 16:3 14.4 224 ' eight large Beroe ovata specimens with an average abundance of 0. :
30 152 153 15.3 154 15,1 und in August 2001 (Fig. 2). Their total lengths ranged from 125 to 200 m. B.eroe
' only present at stations where Mnemiopsis leidyi was abundant. Analysis of
Total depth (m) ~ 33.5 G 2740 380 60.0 90.0 2.0 ted in August 2001 showed a modest positive correlation between the number

yi and the number of Beroe ovata (n = 8, r = 0.643, p < 0.05, non-parametric
’s rank correlation analysis). ' B

l zooplankton abundance varied between 20.000 and 27.000 ind. m™ at the
tations (Fig. 4). At the more northern stations 4,5,7,8 the abundance was less,
000 ind. m*. The most offshore station 6 displayed the lowest abundance,
0ind. m?3,

5, total zooplankton abundance was in the same range as the other northern
pite of the local abundance of the Mnemiopsis leidyi (Figs 2, 4). The number
and the number of zooplankton were not correlated in the Marmara Sea d'ur-
001 (n =8, r = 0.239, p < 0.05, non-parametric Spearman’s rank correlation

Figure 2. Abundance of Mnemiopsis leidyi and Beroe ovata in the Marmara Se
August 2001

Ll Abundance of M. leidy#» Abundance of Beroe ov a

§

o >

< s lankton of the Marmara Sea was found to consist of five groups. These were
% mE S m; | da, Cladocera, Meroplankton, Noctiluca miliaris and “Others”, consisting
§ E § 2 11, Appendicularia, Chaetognatha and lchthyoplankto.n. Compared t.o all
g 3 ' lankton groups, copepods were the dominant taxon (Fig. 5). The maximum
2 5 of Copepoda (13 440 ind. m3) was recorded at the station 3, in Erdek Bay,
< < M nemiopsis occurred.

&

Stations

—
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Figure 4. Abundance of the total mesozooplankton (except Noctiluca miliaris) g y ussion

Mnemiopsis leidyi in the Marmara Sea during August 2001

niopsis leidy is known to tolerate a wide range of salinities (10-70%¢) and tempera-

@ Abundance of M. leidy® Abundance of mesozooplanktpn

Abundance ofV.. leidyi
ind.n 3

1 2 3 4 5 6 7 8
Stations

(1.3-28.8°C) (Burrell & Van Engel, 1976). Thus, the Marmara Sea has a suitable
ity (22.5-36.8%c) and temperature (27-15°C) for M. leidyi to survive and reproduce.
hores can be important carnivores in planktonic food chains. They are sometimes
erous that they drastically modify the structure of an otherwise stable community
, 1970; Bishop, 1967). The outburst of the ctenophore M. leidyi in the Black Sea
end of the 1980s, changed the structure of the planktonic communities and affected
ctioning ecosystem in an essential way (Vinogradov et al., 1989).

anova et al. (1995) assumed that Mnemiopsis leidyi first penetrated to the
Sea from the Black Sea with the upper Bosporus current. Considering the con-
strong flow from the Black Sea towards the Sea of Marmara, the arrival of M.
e must have occurred long before 1992, presumably as soon as the ctenophores
bundant in the Black Sea, in 1987 or 1988. Unfortunately no data existed before
orroborate this hypothesis.

ober 1992, Mnemiopsis leidyi was present in the Marmara Sea, at an average
nce of 27 ind. m™ (Shiganova et al., 1995). Shiganova et al., 1995 suggested

mesozooplankton ind.nf

-y

Figure 5. Abundance of different groups of zooplankton at eight stations i“

Marmara Sea during August 2001

1600

Abundance of zooplankton ind.Pn

Stations

® Copepodatt Cladocera = Meroplanktons Noctiluca miliaris® Othe

3

leidyi occurs all year round in the upper water layer of the Marmara Sea, simi-
situation in the Black Sea. However in the subsequent years the density of
decreased considerably. In July 1993, the average density of M. leidyi was only
m* (Kideys and Niermann, 1994), in July 1999 the abundance was 0.06 ind. m™
osphorus data; Tarkan et al., 2000), in August 2000, the numbers increased to
. m* (Isinibilir and Tarkan, 2001) and dropped again to 1.62 ind. m™ in August
sent study).
lata demonstrate that Mnemiopsis leidyi populations show marked interannual
in the Marmara Sea, probably resulting from environmental interactions and
ability and spawning season.
» medium-sized individuals (10-45 mm) of Mnemiopsis leidyi were dominant
ara Sea (Shiganova et al., 1995 ), but later in 2000, small individuals were
dominant group in the northern part of Marmara Sea (Isinibilir and Tarkan,
ese small individuals, occupying the calm and coastal areas of the Sea, may
r that spawning of Mnemiopsis leidyi occurs in the coastal regions of the
the ctenophores here are starving more than those in the offshore regions (it
t they shrink with starvation).
three species of the predatory, large-sized genus Beroe inhabit the
®an Sea: Beroe cucumis Fabricius (in Campbell, 1982), B. ovata Esch and
hun (in Tregouboff and Rose, 1957). Beroe ovata sensu Chun was till end
S not distributed the Black Sea. Thinkable is, that for this species the low
Black Sea was a barrier. The recently introduced Beroe ovata censu Mayer,
‘estern Atlantic origin, seems to be adapted to low salinity.
€roe ovata was recorded in the Marmara Sea (Shiganova et al., 1995),
uncertain, which species of Beroe it was. In 1999, two individuals of B.
nd near the Bosphorus (Tarkan et al., 2000). During 2000 B. ovata was not
: ‘Marmara Sea (Isinibilir and Tarkan, 2001). In August 2001 we caught eight

¥

b
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0 6. Catches of fish species in the Marmara Sea (Fisheries Statistics. State
e of Statistics Prime Ministry Republic of Turkey.1980-1999) and GFCM
e Production 1970-2000 Fishstat Plus Version 2.30 FAO

mostliitividuals with an average abundance of 0.3 ind. m™. But still uncertajp
whichif Beroe was collected, the Mediterranean or the newly introduced gon
The qm of large individuals in the Marmara Sea during August 2001 may sy
gest tirovara is transported to the Marmara Sea by currents from the adjacey
Blackk !

Fintil. (2001, 2002) and Kideys (2002) demonstrated for the Black Sea ar
off Seuthat Beroe ovata sensu Mayer could control the M. leidyi stock,
the owmof B. ovata in the Black Sea end of the 1990°s the previous year-roy '
distritnV. leidyi became limited to a very short period in summer (Finenkg ¢
al., 20

It mit the appearance of its predator, Beroe ovata had an effect on the stog]
of M.lihe Sea of Marmara in recent years, as it was observed for the Black Sea
but frernited data we can not make such a statement.Compared to earlier inves »:
gatiostndance of copepods was high in August 2001. In 1977 the abundance I
copepit northern Marmara was 257 ind. m”, in the southern Marmara 360 ind
m* (G Tarkan, 1990). In August 1992, the zooplankton was drastically reduc
to 334d. m™ in the northern and southern Marmara respectively (Shiganova
al., 148200 the food zooplankton increased in the northern Marmara to 2935 ind.

%D Engraulis encrasicolus® Sprattus sprattus 2 Sardina pilchardus
E” Trachurus trachurus © Pomatomus saltator @ Scomber scombrus

/
m anll (present study) to 14751 ind. m™. v |
e ; ; \ |
me.‘lls a voracious feeder on zooplank.ton, F:speCIally on copepods..lt' ST A~ T VR T SR e s < RS S B S
often fitin the Black Sea, that in areas with high abundance of M. leidyi 22 D@ 00N @D D 0D q0 G a0 g
copepitirs were harshly reduced (Niermann et al, 1999). This was not found in T A R A
Years

the Mmia during August 2001. There was no significant correlation between
abundiipepods and Mnemiopsis. Despite of that, by comparing long-term trends
in thelit and Marmara Sea, is seems that the fluctuation of mesozooplankton was
similateas, low numbers at the beginning of 1990’s and high numbers of zoo-
plankiiend of the 1990’s and beginning of the 2000’s. It could be assumed that
there iin between the decrease in the amount of zooplankton and the extraordi-
nary itz Mnemiopsis leidyi and vice versa. Unfortunately we do not have weight
data duxton which would be a better measure for analysing long-term changes..

Siniit of the Black Sea the fish catch of the Marmara Sea was the lowest in the
late 19£6), in the period of highest M. leidyi impact in the Black Sea. According
to sevairs the high density of Mnemiopsis leidyi in the Black Sea during 1989 ane
subseytis could be responsible for the decline of the anchovy, because M. |
feeds s and larvae and is a strong competitor for the mesozooplankton food O
the jusii adult anchovy (Kideys, 2000, Shiganova, 1998). 3

Duick of data on Mnemiopsis for this time period, we only can assume that
besidetpacts (see Niermann in this volume) probably Mnemiopsis, could have
affectdthovy in the Sea of Marmara as well. %

Sinstburst of Mnemiopsis during 1989 in the Black Sea (which could probabl'
assumiMarmara Sea as well), fish catches were increasing steadily until 1999 (8
to alm#fiusand tonnes). In 2000 the catches decreased to 21 thousand tonnes.

Wit were the reasons for the recovery of the catches during the 1990 ]
the stese in 1999 and the drastic decrease in 2000 can not be answered by ©! ;
investi

\ccording to Kideys (2000), Shiganova (1998), Finenko et al. (2003) the extermina-
of M. leidyi by B. ovata could be an important factor for the recovery of the anchovy
1e Black Sea by end of the 1990’s. To what extents Beroe ovata sensu Mayer played
by the fast increase of the catches in the Marmara Sea from 1997-1999 can not be
red yet.

onclusion, it is once more clear that for a better understanding of the ecosystem of the
ara Sea, long-term monitoring data on the important biological components, and
larly on the quality and quantity and of plankton are essential.

According to Kideys (2000), Shiganova (1998), and Finenko et al. (2003), the exter-
ation of M. leidyi by Beroe cf ovata was an important factor in the recovery of the
govy in the Black Sea by end of the 1990’s. However, to what extent this B. ovata
Su Mayer played a role in the fast increase of the catches in the Marmara Sea during
1999 cannot be answered yet.

conclusion, it is once more clear that for a better understanding of the ecosystem
€ Marmara Sea, long-term monitoring data on the important biological components,
Particularly on the quality and quantity and of plankton are essential.
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