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ABSTRACT

Changes in species composition, abundance and biomass of copepods were monitored weekly
over the year 1998 in shelf waters of the northern Levantine Basin. A total of 192 copepod species
belonging to 61 genera were identified during the course of this study. Thirty-six species are reported
for the first time from the region, including three new species. Copepod abundance ranged from
215 individuals m—3 in early March to 2220 individuals m~3 in late March, whereas the biomass
ranged from 4 mg m~3 in mid-January to 22 mg m~3 in mid-February. The copepod fauna was
found to be most species-rich on 4 November (Margalef’s Index d = 7.4) and least on 10 March
(d = 3.3). The index was found low during spring and autumn with lowest levels obtained during
the stratification period from September to October. The diversity was found to be highest on 18
February (Shannon-Wiener Index H' = 2.9) and lowest on 31 March (H’ = 1.6). Higher index
values were characteristic of the winter period. A proportional representation of the species among
their populations was well established during February whereas the best situation was met on
3 March and the most unbalanced situation at the end of March. Multivariate analyses have shown
the formation of distinct seasonal communities of copepod species throughout the year. The observed
seasonality in community structure is suggested to be a result of wide range changes in temperature
throughout the year. The dominant species observed during late winter and spring were Oithona
nana, Oithona sp., Oncaea media, Oncaea sp., Calocalanus elegans, Euterpina acutifrons and
Oncaea zernovi, respectively. Calocalanus sp., C. elegans, Triconia dentipes, Oncaea sp., Oithona
nana, Clausocalanus furcatus, and Temora stylifera were dominant during summer, whereas Oncaea
sp., Calocalanus sp., Oithona nana, Clausocalanus paululus, C. furcatus, Parvocalanus sp., and
Calocalanus elegans dominated the autumn and early winter populations. Sharing similar species
with the Indo-Pacific region gives the copepod fauna of the Levantine Basin, at least in part, a
subtropical affinity.
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RESUME

Les variations de la composition en especes, de I’abondance, et de la biomasse des copépodes
ont été suivies chaque semaine au cours de I’année 1998 dans les eaux du plateau continental du
Bassin du Levant septentrional. Un total de 192 especes de copépodes appartenant a 61 genres ont
été identifiées au cours de cette étude. Trente six especes ont été trouvées pour la premiere fois dans
la région, incluant trois especes nouvelles. L”abondance des copépodes allait de 215 individus m—3
au début mars 2 2220 individus m—3 2 la fin mars, tandis que la biomasse allait de 4 mg m3 ala
mi-janvier a 22 mg m~3 2 la mi-février. La faune des copépodes était la plus riche en especes au
4 novembre (indice de Margalef d = 7,4), et la plus pauvre le 10 mars (d = 3,3). L’indice était
faible au printemps et en automne, avec les niveaux les plus bas durant la période de stratification
de septembre a octobre. La diversité était la plus élevée le 18 février (indice de Shannon-Wiener
H’ = 2,9) et la plus faible le 31 mars (H' = 1,6). Des valeurs d’indice plus élevées caractérisaient la
période hivernale. Une représentation proportionnelle des especes au sein de leurs populations a été
bien établie en février, avec la situation la meilleure le 3 mars, et la plus déséquilibrée a la fin mars.
Des analyses multivariées ont montré la formation d’assemblages saisonniers distincts d’especes
de copépodes tout au long de I’année. La saisonnalité observée dans la structure des communautés
est suggérée comme étant le résultat des variations de grande amplitude de la température au cours
de I’année. Les especes dominantes observées a la fin de ’hiver et du printemps étaient Oithona
nana, Oithona sp., Oncaea media, Oncaea sp., Calocalanus elegans, Euterpina acutifrons et Oncaea
zernovi, respectivement. Calocalanus sp., C. elegans, Triconia dentipes, Oncaea sp., Oithona nana,
Clausocalanus furcatus et Temora stylifera étaient les especes dominantes en été, tandis que Oncaea
sp., Calocalanus sp., Oithona nana, Clausocalanus paululus, C. furcatus, Parvocalanus sp. et
Calocalanus elegans dominaient dans les populations de 1’automne et du début de I’hiver. Le fait
de partager des especes similaires avec la région Indo-Pacifique confére une affinité subtropicale, au
moins en partie, a la faune des copépodes du Bassin du Levant.

INTRODUCTION

Information on the distribution and ecology of copepods in the eastern Mediter-
ranean is scarce when compared to the western basin (Vives, 1978; Furnestin,
1979; Kouwenberg & Razouls, 1990; Mazzocchi & Ribera d’Alcala, 1995; Fer-
nandez de Puelles et al., 2004, 2007, 2009) including the Adriatic (Regner, 1985;
Baranovic et al., 1993) and the Aegean seas (Christou, 1998). Although over rel-
atively short time scales, certain regions of the eastern Mediterranean, such as the
coast of Libya (Zorgani, 1984), Egypt (El Maghraby, 1965; El Maghraby & Halim,
1965; Halim et al., 1967; Halim, 1976), Israel (Kimor & Wood, 1975; Pasteur et
al., 1976), Lebanon (Lakkis, 1973, 1976a, b, 1990a, b, 1995a, b; Lakkis & Zei-
dane, 1990), the Ionian Sea (Greze, 1963), Aegean Sea (Pavlova, 1966; Moraitou-
Apostolopoulou, 1972), the seas of Sirt and Levant (Delalo, 1966), the region
Sicily to Cyprus (Mazzocchi et al., 1997; Siokou-Frangou et al., 1997), and the
eastern Mediterranean (Kimor & Berdugo, 1967) have been studied in more detail.
Being a sub-domain of the eastern Mediterranean, the northern Levantine basin, at
present, can be considered as the least studied region with respect to zooplankton.
Among the few studies concerned with the dynamics and composition of zoo-
plankton in this basin are those of Akyuz (1957), Gokalp (1972), Siokou-Frangou
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& Pancucci-Papadopoulou (1990), and of Pancucci-Papadopoulou et al. (1992).
Similar to this study, a time series study (biweekly) based solely on species com-
position and dynamics of zooplankton over a year-long period in the same study
area was conducted earlier by Gucu et al. (1991).

The coastal ecosystems of the easternmost part of the basin itself have changed
greatly from major changes in the drainage systems, such as the construction
of the Aswan High Dam in the upper Nile. Following construction, terrestrial
nutrient input to the receiving Mediterranean waters was greatly blocked and
resulted in a non-fertile, more saline, oligotrophic water system. Shortage of
nutrients first diminished phytoplankton productivity, and hence the zooplankton
as the second step in the marine food chain. Similar threats were also observed
from the northern Levantine Basin. A dramatic increase in human population,
intense marine traffic to/from Mersin and Iskenderun harbours, pollutants of
industrial and domestic origin, and agricultural and atmospheric loads make
the ecosystem of the region extremely vulnerable to the imposed environmental
burdens. The most predominant anthropogenic impact is the severe eutrophication
experienced in Iskenderun Bay and Mersin Bay. Eutrophication is considered to
play a key role in the ecosystem, causing substantial alterations in the structure
and function of the marine flora and fauna, both qualitatively and quantitatively
(Uysal et al., 2003; Gucu & Bingel, 2011). Recent studies have shown an alarming
expansion of the threat in all dimensions. Compared to the Black Sea, the region
may be regarded as one of the least studied environments under stress. Recent
studies indicate that changes are occurring rapidly in the northern Levantine basin
across different trophic levels (Uysal & Mutlu, 1993; Gucu et al., 1994; Gucu
& Bingel, 1995; Kideys & Gucu, 1995; Cinar, 2006, 2009; Cinar et al., 2006;
Cinar & Altun, 2007). Introduction of extraneous species represents anthropogenic
effects through Lessepsian migration from the Red Sea. The identification of
many previously unknown non-native species in the region suggests that their
invasion and acclimatization in the area is a phenomenon that necessitates further
studies. Taking all these aspects into account, the present paper aims to provide
a regional taxonomic description of the copepod community and to evaluate
sequential changes in the abundance, biomass and community structure in relation
to concurrent changes in physical properties of the basin waters over a year-long
period. Moreover, it aims to highlight factors such as transport of both Atlantic
and Indo-Pacific originated species via prevailing current regimes and Lessepsian
immigration, which effectively altered the copepod species composition in the
basin.
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MATERIAL AND METHODS

Zooplankton samples for this study were collected from a single shelf station
about 12 km offshore from the Institute of Marine Sciences of Middle East
Technical University, located on the northeastern coast of the Mediterranean
(fig. 1). This station (36°30’'N 34°22E), has a depth of 150 m. In order to collect
zooplankton, vertical tows were performed using a Nansen net with a mouth
opening of 0.385 m? and 112 um mesh size from a fixed depth of 100 m to
the surface on board R/V “Erdemli” during the year 1998. Shortly thereafter, the
net materials were preserved in a 4% borax buffered formaldehyde solution in
seawater. In the laboratory large and rare species were identified and counted for
the whole sample using a Bogorov counting chamber. Mass species were sorted
by taking duplicate sub-samples of 1 or 2 ml using a stempel pipette. Biomass
estimates of copepods were made taking into account formulas provided by Gruzov
& Alekseeva (1970).

In addition to net sampling, temperature and salinity were measured using a Sea-
Bird model CTD probe. CTD data were processed utilizing the standard Sea-Bird
data processing software.

Analytical methods

For the analysis of multispecies copepod data and the associated environmen-
tal variables both STATGRAPHICS (Univariate Statistics Package) and PRIMER
(Multivariate Analyses Package, Plymouth Routines in Multivariate Ecological

37.5°E ‘ ‘ '
. TURKEY .2 Ceyhan K.
37°E~ Tarsus R. S Seyhan R
Goksu R. N (
R L R. Mersin B e
36.5°E amas ° M Iskenderun Bay B
=S
Sampling Site
36°E Asi R. B
Levantine basin
Eastern Meditgrranean
35.5°E~ I~
35°E T T T T T

T T T
32°N  325°N  33°N  335°N  34°N  345°N  35°N  355°N  36°N  36.5°N

Fig. 1. Map showing the location of the zooplankton sampling station in the Turkish coastal waters
of the northern Levantine Basin.
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Research), a number of PC programs written at the Plymouth Marine Laboratory
(Plymouth, U.K.) were used. Net zooplankton samples consisted mainly of cope-
pods. Copepod counts required root-root transformation to adjust the weight of
abundant species. To calculate similarities between samples the Bray-Curtis coef-
ficient is used. Similarity between the j-th and k-th samples is given by:

Sik = 100{1 - Z lyij — )’ik|/Z(Yij + yik)}
i i

where y;; is the score (count) for the i-th species in the j-th sample, and y;; the
score for the i-th species in the k-th sample.

Then the similarity matrix was formed between every pair of samples in a lower
triangular array for further clustering and ordination. For a graphic representation
of relations among samples, a dendrogram showing clustered groups at an arbitrary
cut-off level was constructed. Among the various hierarchical sorting strategies the
group-average sorting was preferred to produce a dendrogram from the similarity
matrix. This joins two groups of samples together at the average level of similarity
between all members of one group and all members of the other. In order to
visualize sample relationships, ordination was done by delineating dendrogram
classes on the corresponding ordination via Multi-Dimensional Scaling (MDS).

To identify discriminating species responsible for groupings among the com-
munity, the contribution to average dissimilarity () or similarity (S) from the i-th
species was calculated. Higher §; and high ratio of S; /SD($;) revealed the discrim-
inating species. Further, contribution of the i-th species (S;) to the average similar-
ity within a group (S) were computed similarly (Anon., 1992). This indicated that
the species concerned is consistently prominent in that group.

For a better description of the community structure of copepods, community
diversity indices including Margalef’s Index (d);

d=(—-1)/InN

where § is the number of species, and N the number of individuals, and the
other most commonly used diversity measure, the Shannon-Wiener Index (H') is
calculated (Anon., 1992). This index incorporates both the species richness and
equitability components;

H' =-%"P(nP)
i
where P; is the proportion of the i-th species of the whole sample.
To express the degree of evenness in the distribution of individuals among

different species the Pielou’s Evenness Index (J') is calculated as a measure for
proportional representation (Equitability).

J' = H'(observed)/H}ax
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where H| . is the maximum possible diversity (In S).

RESULTS
Changes in temperature and salinity

Pronounced seasonality in the water column temperature is a permanent feature
of the basin. Surface temperature ranged between 16.0 and 29.9°C over the year,
being the coldest in March and the warmest in late August (fig. 2). Surface salinity
varied in the range 38.5-39.4 over the year, being the lowest in May and the highest
in September. The magnitude of the change in salinity was little compared to
the temperature, being less saline in spring due to increasing runoff from local
rivers and most saline in September due to evaporation during summer. Increased
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Fig. 2. Time profile of: a, temperature; and, b, salinity versus depth at the sampling site.
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freshwater input from the major rivers, namely Seyhan, Ceyhan and Goksu, on
a larger scale to the basin led to a gradual decrease in surface salinity with a
minimum value of 38.5 observed in late May. Water column temperature and
salinity sustained a homogeneous profile from surface to bottom during January,
February and March as a result of convective mixing during the winter. A slight
increase in temperature of near-surface waters coupled with a slight decrease in
salinity due to increasing river runoff occurred during April and May. With the
onset of summer, a simultaneous increase in the temperature and salinity of the
surface waters was observed due to increasing radiation. Surface water temperature
reached a peak value of 29.9°C in late August. A well defined surface mixed layer
(the top layer where temperature and salinity and, thus, density, become uniform)
developed during the autumn, which gradually deepened due to seasonal cooling
and associated convective mixing. The thermocline and halocline were observed
at around 20 m in September and had deepened to 35 m by October. Following
further convective mixing and cooling, the water column was completely mixed
by December.

Changes in copepod abundance and biomass

Significant fluctuations both in the abundance and biomass of copepods were
observed throughout the year (fig. 3a, b). Copepods were most abundant during late
March and early September 2221 ind. m~3 and 1790 ind. m~3, respectively. To the
lowest level was reached in early March (215 ind. m~3); the annual mean level was
1057 ind. m—3. Based on seasonal means, the population density fluctuated around
the annual mean level during spring and summer with maximum and minimum
levels of 1300 and 949 ind. m~ observed in autumn and winter, respectively.
Despite the lower population size observed in winter, mean biomass was found
high (11.8 mg m~?) in the meantime. Copepod biomass reached peak levels mid-
February (22 mg m~) and in the beginning of June (16 mg m~3) and dropped
to a low level of 4 mg m~3 in mid-January. Annual mean copepod biomass was
estimated as 9.6 mg m—>. Seasonal mean biomass levels remained below the
annual mean except in winter. A sharp increase in biomass and to a lesser extent in
abundance from mid-January to mid-February was followed by a sudden decrease
in both until the end of February. Compared to biomass, a more pronounced
increase in abundance was observed during March.

Changes in community structure over the year

Analysis of total 34 zooplankton samples has shown the presence of 192
copepod species of which 36 are reported for the first time in the study area
(marked with * in table I).
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Fig. 3. Changes in: a, copepod abundance; and, b, biomass in time.

Among those 36 species reported for the first time only seven of them, including

Calanopia sp., Candacia sp., Eucalanus sp., Corycaeus sp., Spinocalanus sp.,

Scolecithricella sp. and Prodisco sp., could not be identified to species level. We

are confident that all these unidentified species belonging to different genera may

be considered new to the region. The community consisted of 117 calanoid species

with the remaining 76 species belonging to the Podoplea. With the addition of the

new species, the total list of copepod species from the Levantine basin contains 233

species with several Indo-Pacific species included. This figure exceeds slightly the

numbers reported earlier from the eastern Mediterranean (Lakkis, 1995b).
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List of copepod species encountered in the northern Levantine basin shelf waters including those
reported for the first time in the area (marked with *)

Calanoida

Podoplea

Acartia (Acartiura) clausi Giesbrecht, 1889

Acartia (Acartia) negligens Dana, 1849
A. sp.

Acrocalanus gibber Giesbrecht, 1888
A. longicornis Giesbrecht, 1888

A. sp.

Aetideus giesbrechti Cleve, 1904
Arietellus sp.

Calanopia americana™® F. Dahl, 1894
C. elliptica (Dana, 1849)

C. levantina® Uysal & Shmeleva, 2004
C. metu* Uysal & Shmeleva, 2004
C.sp.*

Calocalanus adriaticus Shmeleva, 1965
C. atlanticus Shmeleva, 1975

C. contractus Farran, 1926

C. elegans Shmeleva, 1965

C. elongatus Shmeleva, 1968

C. gracilis Tanaka, 1956

C. gresei* Shmeleva, 1973

C. kristalli* Shmeleva, 1968

C. lomonosovi* Shmeleva, 1975

C. longisetosus™ Shmeleva, 1965

C. minor* Shmeleva, 1980

C. neptunus Shmeleva, 1965

C. ovalis Shmeleva, 1965

C. pavo (Dana, 1852)

C. pavoninus Farran, 1936

C. plumatus® Shmeleva, 1965

C. plumulosus (Claus, 1863)

C. sp.

C. styliremis Giesbrecht, 1888

C. vivesei* Shmeleva, 1979
Candacia ethiopica (Dana, 1849)

C. bispinosa (Claus, 1863)

C. longimana (Claus, 1863)

C. parasimplex™ Brodsky, 1962

C. simplex (Giesbrecht, 1889)
C.sp.*

C. truncata (Dana, 1849)
Centropages bradyi Wheeler, 1900
C. caribbeanensis* Park, 1970

C. furcatus (Dana, 1849)

C. kroyeri Giesbrecht, 1893

Clytemnestra rostrata (Brady, 1883)
C. scutellata Dana, 1849

Copilia mirabilis Dana, 1852

C. quadrata Dana, 1849

C. sp.

Corycaeidae sp.

Corycaeus clausi F. Dahl, 1894

C. flaccus Giesbrecht, 1891

C. furcifer Claus, 1863

C. giesbrechti F. Dahl, 1894

C. limbatus Brady, 1883

C.sp.*

C. speciosus Dana, 1849

C. typicus Krgyer, 1849
Cymbasoma sp.

Euterpina acutifrons (Dana, 1847)
E. sp.

Farranula gracilis (Dana, 1849)

F. rostrata (Claus, 1863)

F. sp.

Lubbockia aculeata Giesbrecht, 1891
L. sp.

L. squillimana Claus, 1863
Macrosetella gracilis (Dana, 1847)
Microsetella norvegica® (Boeck, 1865)
M. rosea (Dana, 1848)

Monothula subtilis (Giesbrecht, 1893)
Oithona atlantica Farran, 1908

O. attenuata™ Farran, 1913

0. colcarva Bowman, 1975

0. decipiens Farran, 1913

O. fallax* Farran, 1913

. hamata™ Rosendorn, 1917

. linearis Giesbrecht, 1891

. nana Giesbrecht, 1893
plumifera Baird, 1843

. setigera Dana, 1852

. similis Claus, 1866

simplex Farran, 1913

sp.

. tenuis Rosendorn, 1917

. vivida Farran, 1913

Oncaea atlantica® Shmeleva, 1967
O. bathyalis Shmeleva, 1968

Q0000
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TABLE I

(Continued)
Calanoida Podoplea
C. ponticus Karavaev, 1895 0. media Giesbrecht, 1891
C. sp. O. mediterranea (Claus, 1863)
C. violaceus (Claus, 1863) O. minima Shmeleva, 1968
Chiridius sp. O. minuta Giesbrecht, 1893
Clausocalanus arcuicornis (Dana, 1849) O. obscura® Farran, 1908
C. furcatus (Brady, 1883) 0. ornata Giesbrecht, 1891
C. jobei* Frost & Fleminger, 1968 O. ovalis Shmeleva, 1966
C. lividus Frost & Fleminger, 1968 O. prendeli Shmeleva, 1966
C. minor Sewell, 1929 0. sp.
C. paululus Farran, 1926 O. tenella G. O. Sars, 1916
C. pergens™ Farran, 1926 O. tregoubovi Shmeleva, 1968
C. sp. O. venusta Philippi, 1843
Ctenocalanus citer* Heron & Bowman, 1971 O. venusta venella Farran, 1929
C. sp. O. vodjanitskii Shmeleva & Delalo, 1965
Delibus nudus™® (Sewell, 1929) O. zernovi Shmeleva, 1966

Eucalanus sp.*

Euchaeta marina (Prestandrea, 1833)

E. sp.

Euchirella sp.

Haloptilus acutifrons (Giesbrecht, 1893)
H. longicornis (Claus, 1863)

H. sp.

Heterorhabdus papilliger (Claus, 1863)
H. sp.

Lucicutia clausi (Giesbrecht, 1889)

L. flavicornis (Claus, 1863)

L. gaussae™ Grice, 1963

L. gemina Farran, 1926

L. longicornis (Giesbrecht, 1889)

L. ovalis (Giesbrecht, 1889)

L. sp.

Mecynocera clausi Thompson I. C., 1888
Mesocalanus tenuicornis (Dana, 1849)
Nannocalanus minor (Claus, 1863)
Neocalanus gracilis (Dana, 1852)
Paracalanus aculeatus Giesbrecht, 1888
P. denudatus™ Sewell, 1929

P. dubia Sewell, 1912

P. nanus Sars G. O., 1925

P. parvus (Claus, 1863)

P. sp.

Paradisco gracilis K. T. Gordeeva, 1975
P. mediterraneus™ (K. T. Gordeeva, 1974)
P. sp.

Paraeuchaeta acuta (Giesbrecht, 1893)

Pachos punctatum (Claus, 1863)
Paroithona parvula Farran, 1908

P. sp.

Pontoeciella abyssicola (T. Scott, 1893)
Sapphirina angusta Dana, 1849

S. gemma Dana, 1852

S. ovatolanceolata Dana, 1849

S. sp.

Spinoncaea ivlevi (Shmeleva, 1966)
Triconia conifera (Giesbrecht, 1891)
T. dentipes (Giesbrecht, 1891)

T. similis G. O. Sars, 1918

Vettoria granulosa (Giesbrecht, 1891)
V. parva (Farran, 1936)

V. sp.

Unidentified cyclopoid copepod
Unidentified harpacticoid copepod
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TABLE I
(Continued)

Calanoida Podoplea

P. hebes Giesbrecht, 1888

Pareucalanus attenuatus (Dana, 1849)

P. sewelli* (Fleminger, 1973)
Parvocalanus crassirostris (F. Dahl, 1894)
P. latus™ Andronov, 1972

P. sp.

Phaenna sp.

P. spinifera Claus, 1863

Pleuromamma abdominalis (Lubbock, 1856)
P. gracilis (Claus, 1863)

P.sp.

Pontellidae sp.

Pontellina plumata (Dana, 1849)

P. sp.

Prodisco sp.*

Scaphocalanus emine™ Uysal & Shmeleva, 2002
Scolecithricella minor (Brady, 1883)
S.sp.*

Scolecithrix bradyi Giesbrecht, 1888

S. sp.

Scolecitrichidae sp.

Spinocalanus sp.*

Subeucalanus crassus™ (Giesbrecht, 1888)
S. monachus (Giesbrecht, 1888)

Temora stylifera (Dana, 1849)
Unidentified calanoid copepod
Unidentified copepod

As illustrated in fig. 4a, the copepod fauna of the basin was found to be the
most species rich on 4 November (Margalef’s species richness index d = 7.4)
and least on 10 March (d = 3.3). Lower index values were characteristic of the
spring period. Based on seasonal averages, the fauna was found most species rich
during the autumn period. In addition to the values of d, the Shannon-Wiener Index
H’, which incorporates both the species richness and equitability components, was
calculated for each sampling event (fig. 4b). Based on H’ values, diversity was
found to be highest on 18 February (H' = 2.9) and lowest on 31 March (H' =
1.6). Higher index values were characteristic of the winter period. Proportional
representation (Pielou’s Evenness Index) of species among the population was well
established during February, with the best situation occurring on 3 March and the
most unbalanced representation at the end of March (fig. 4c).

Multivariate analyses (two-dimensional non-metric MDS) have shown forma-
tions of distinct seasonal copepod assemblages throughout the year. Fig. 5 displays
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Fig. 5. Two-dimensional non-metric Multi-Dimensional Scaling (MDS) ordination of 34 zooplank-
ton samples.

two-dimensional non-metric MDS plots of copepod assemblages forming six dis-
tinct clusters at an arbitrary similarity level (based on Bray-Curtis similarity) of
60% (fig. 6). The largest group (group 1) represents mainly the winter and spring
populations and the second largest group (group 5) contains mainly the summer
population. Group 6 represents the autumn and early winter populations. Temper-
ature other than salinity was the main factor determining seasonality in copepod
assemblages (fig. 7a, b).

Species clustering or ordination is generally less informative than methods
which highlight species that contribute to patterns of sample clustering or ordi-
nation. Discriminating species for the samplings and within the groups responsible
for such patchy distribution are given in tables II and III. Six groups as displayed
in fig. 5 are found to determine the major discriminating species of such clusters.

Higher species contribution (S;) and ratio {S;/SD(S;)} highlight species con-
sistently prominent in a given group. Table II indicates that unidentified calanoid
copepod, unidentified copepod and Oithona sp., with higher ratios, contributed
much to the similarity in group 1. Similarly, two of these species, unidentified
calanoid and unidentified copepod, also contributed much to the central group 6.
In group 5 unidentified copepod, Calocalanus sp. and Oncaea sp. were consis-
tently prominent.
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Fig. 6. Dendogram showing classification of 34 samples with six major groups distinguished at an
arbitrary similarity level of 60%.

Fig. 7. MDS of 34 samples with values of: a, surface temperature ranging from a minimum of 16°C
in March to a maximum of 29.9°C in late August; b, surface salinity ranging between minimum 38.5
in May and maximum 39.4 in September superimposed for each sampling event.
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TABLE II
Species contributions (S;) to average similarities (S) within groups
Group Species S; SD(S;) S;/SD(S;) 35 %
68.5* Calanoid copepod 53 0.6 9.5 7.7
Unidentified copepod 35 1.8 2.0 12.9
1 Oithona sp. 3.5 1.6 2.2 18.0
Oncaea sp. 34 0.7 4.8 22.9
Oncaea media 2.6 0.4 6.4 26.7
64.2* Unidentified copepod 4.8 0.4 13.4 7.5
Calocalanus sp. 34 0.7 5.1 12.8
5 Oncaea sp. 33 1.0 33 17.9
Oithona nana 23 2.0 1.1 21.5
Clausocalanus furcatus 22 0.6 3.9 24.9
62.9* Unidentified copepod 4.5 0.3 13.0 13.4
Calanoid copepod 39 0.3 13.9 12.8
6 Oncaea sp. 3.8 0.2 20.6 19.4
Calocalanus sp. 3.7 0.4 8.2 253
Oithona nana 2.6 1.1 2.4 29.4

* Average similarity (S) within the group.

Species discriminating groups are given in table III. Group 1 separated from the
nearby group 5 by lacking copepod species Euterpina acutifrons, Calocalanus sp.
and the unidentified calanoid copepod.

DISCUSSION

A total of 192 copepod species belonging to 61 genera were identified during
the course of this study. In a similar study prior to this one (November 1984
to November 1985), a total of 55 copepod species belonging to 34 genera were
reported from the same area (Gucu et al., 1991). Even fewer species, from as
few as 40 taxa, have been reported from the entire eastern Mediterranean during
the summer of 1965 (Kimor & Wood, 1975). Calanoid copepods, the majority
of which comprise open sea forms, have been observed to dominate the copepod
fauna during this period. The results presented here from 1998 yield a total of 116
calanoid species (belonging to 40 genera) and 76 podopleid species (belonging
to 21 genera). Among these, 36 species are reported for the first time from this
region including three new species. With the addition of these three new species,
namely Scaphocalanus emine Uysal & Shmeleva, 2002, Calanopia metu Uysal
& Shmeleva, 2004 and C. levantina Uysal & Shmeleva, 2004, at present the
total list of copepod species from the Levantine basin contains 233 species with
several Indo-Pacific forms included (Berdugo, 1968; Casanova, 1973; Lakkis,
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TABLE III
Species contribution (§;) to total average dissimilarity (§ = )_ §;) between groups

Group Species 8; SD($;) 8;/SD(6;) 38:%
40.2* Calanoid copepod 3.0 0.4 7.9 7.4
Unidentified copepod 2.5 1.1 2.3 13.5
1and 2 Calocalanus elegans 1.3 0.3 4.3 16.8
Oncaea zernovi 1.3 0.6 2.0 20.1
Corycaeus sp. 1.1 0.7 1.7 22.9
52.4* Calanoid copepod 3.1 0.4 7.7 6.0
Oncaea media 1.6 0.3 6.1 9.1
1and3 Discoidea sp. 1.6 0.1 11.9 12.1
Unidentified copepod 1.5 1.0 1.6 15.0
Oncaea ivlevi 1.4 0.1 11.9 17.8
45.5* Euterpina acutifrons 1.5 0.8 1.8 3.2
Unidentified copepod 1.5 0.8 1.8 6.4
1and 4 Parvocalanus latus 1.4 0.1 14.7 9.4
Oithona nana 1.3 0.4 3.4 12.4
Oncaea ivlevi 1.2 0.1 14.7 15.0
43.5* Euterpina acutifrons 1.3 0.8 1.6 2.9
Calocalanus sp. 1.2 0.7 1.8 5.8
land$5 Calanoid copepod 1.2 0.8 1.5 8.7
Oithona nana 1.0 0.5 2.0 11.1
Oncaea ivlevi 1.0 0.4 2.8 13.5
51.3* Unidentified copepod 2.8 0.3 10.9 5.5
Calocalanus sp. 2.1 0.4 5.6 9.7
2 and 5 Calanoid copepod 1.5 0.8 1.9 12.5
Oithona nana 1.2 0.5 2.5 15.0
Calocalanus elegans 1.2 0.2 5.0 17.3
43.4* Calanoid copepod 1.5 0.8 1.9 3.6
Clausocalanus furcatus 1.5 0.4 4.2 7.1
3and 5 Triconia dentipes 1.2 0.2 6.8 10.0
Clausocalanus paululus 1.2 0.4 3.3 12.8
Oncaea media 1.1 0.5 1.9 15.2
40.0* Oithona nana 1.6 1.0 1.6 4.1
Parvocalanus latus 1.1 0.3 3.6 6.9
4 and 5 Oncaea tregoubovi 1.1 0.1 21.7 9.7
Clausocalanus sp. 1.0 0.4 2.6 12.3
Unidentified copepod 1.0 0.2 4.6 14.7
47.9* Calocalanus sp. 1.5 0.6 2.4 3.1
Euterpina acutifrons 1.3 0.7 1.7 5.8
1and 6 Oithona sp. 1.0 0.7 1.5 7.9
Parvocalanus sp. 1.0 0.5 1.7 9.9
Oncaea zernovi 0.9 0.6 1.6 11.9
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TABLE III
(Continued)
Group Species 5; SD(8;) 8;/SD(5;) 38:%
55.2* Unidentified copepod 2.8 0.2 14.2 5.1
Calanoid copepod 25 0.3 7.1 9.6
2 and 6 Calocalanus sp. 23 0.3 8.0 13.8
Calocalanus elegans 1.1 0.1 19.8 159
Calocalanus pavoninus 1.1 0.1 8.7 17.8
51.3* Calanoid copepod 2.6 0.4 7.0 5.1
Clausocalanus furcatus 1.5 0.6 2.4 8.1
3and 6 Parvocalanus sp. 1.4 0.5 2.7 10.9
Clausocalanus paululus 1.4 0.2 8.4 13.6
Oncaea media 1.1 0.3 4.8 15.8
46.3* Oithona nana 1.7 0.7 2.6 3.7
Parvocalanus sp. 1.2 0.4 2.7 6.3
4 and 6 Oncaea zernovi 1.1 0.5 2.0 8.7
Parvocalanus latus 1.0 0.4 2.6 11.0
Oncaea tregoubovi 1.0 0.1 20.4 13.2
40.0* Calanoid copepod 1.0 0.7 1.4 2.5
Oncaea zernovi 0.9 0.7 1.2 4.7
Sand 6 Oithona nana 0.9 0.7 1.3 6.9
Oithona sp. 0.9 0.6 1.3 9.0
Microsetella rosea 0.8 0.5 1.7 11.0

* Average dissimilarity (5) between the groups.

1973, 1976a, b, 1990a, 1995a; Shmeleva, 1973; Kovalev & Shmeleva, 1982).
These figures exceed slightly those reported from the neighbouring Lebanese
waters. Prior to this study, 173 copepod species, 109 of which were calanoids, have
been reported from the Lebanese waters during the period 1970-1988 (Lakkis,
1990a). The copepod fauna in Lebanese waters included 55 tropical forms as
well as 15 Lessepsian immigrants (Lakkis et al., 2002). The neritic subsuperficial
Mediterranean species have been found to dominate the population along the
coast of Lebanon during this period. The invasion of the basin waters with
species of Indo-Pacific origin is a common observation from all of the above-
mentioned studies. Invasion of the basin waters with Indo-Pacific species confirms
by biological data the fact that the Red Sea waters may occasionally extend
outmost to the northeastern parts of the Mediterranean. Sharing the same species
of Indo-Pacific origin gives the copepod fauna of the Levantine basin a subtropical
affinity.

Among the copepod species (except those not identified at genus level) On-
caea sp., Oithona sp., Oithona nana, Calocalanus sp., Euterpina acutifrons, On-
caea zernovi, Temora stylifera, Clausocalanus furcatus, Oncaea media and Clau-
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socalanus paululus were found most numerous. Similarly, Euterpina acutifrons
and Clausocalanus furcatus have been found most numerous during the 1984-
1985 period (Gucu et al., 1991). The dominant copepod species observed dur-
ing late winter and spring were Oithona nana, Oithona sp., Oncaea media, On-
caea sp., Calocalanus elegans, Euterpina acutifrons and Oncaea zernovi, respec-
tively. Calocalanus sp., C. elegans, Triconia dentipes, Oncaea sp., Oithona nana,
Clausocalanus furcatus, and Temora stylifera were the dominant species during
summer and Oncaea sp., Calocalanus sp., Oithona nana, Clausocalanus paululus,
C. furcatus, Parvocalanus sp., and Calocalanus elegans dominated the autumn
and early winter populations. Although samples were collected from epipelagic
surface layers, some of the species captured were characteristic for mesopelagic
zones. Mesopelagic species, namely Chiridius sp., Paraeuchaeta acuta, Euchirella
sp., Neocalanus gracilis, Pleuromamma abdominalis, P. gracilis and Subeucalanus
monachus, were observed in samples collected during the winter months when the
water column was subject to convective mixing.

Among the total of 19 species of Acartiidae present in the Ponto-Mediterranean
province (Belmonte & Potenza, 2001) only three of these were identified during
this study. The presence of Acartia clausi and Acartia danae was reported earlier
from this region (Gucu et al., 1991). Acartia clausi has been reported from the
Indian, Atlantic and Pacific oceans (Carli & Crisafi, 1983) as well as from the
eastern Mediterranean (El Maghraby & Halim, 1965; Lakkis, 1976b; Pasteur et al.,
1976). Acartia negligens has been reported both from the Lebanese coast (Lakkis,
1994) and the Iskenderun Bay (Toklu, 2006). In the area between Fethiye Bay and
Iskenderun Bay five more species of Acartiidae were also recorded (Uysal et al.,
2002). Among these, Acartia discaudata, present in the western Mediterranean,
was also cited from the shallow coastal waters of Lebanon (Lakkis, 1990a). Acartia
italica was recorded earlier from various regions of the Ponto-Mediterranean
Province (Brian, 1927; Potemkina, 1940; Alcaraz et al., 1988) including the
Lebanese coast (Lakkis & Zeidane, 1990). Acartia tonsa has been reported earlier
from the northern area of the Ponto-Mediterranecan Province (Belmonte et al.,
1994) from the south at Cagliari (Zagami & Guglielmo, 1990) and also from
the Sea of Marmara (Hajderi, 1995). This species has been reported from the
Ponto-Mediterranean Province only recently (Gaudy & Vinas, 1985). Paracartia
latisetosa is common in the entire Ponto-Mediterranean Province (Belmonte &
Potenza, 2001) and regarded as strictly coastal. Finally, the fifth Acartiidae species,
Pteriacartia josephinae, has been recorded in the western Mediterranean around
the Italian coasts and along the Lebanese coasts (Lakkis & Zeidane, 1990).

Acrocalanus gibber has been cited to exist in the Alboran Sea, Balearic
Islands and the Black Sea (Razouls et al., 2005-2010). Although the presence
of Acrocalanus longicornis in the Mediterranean was questioned by Razouls
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et al. (2005-2010), its presence in the Red Sea was confirmed by El-Serchy
& Abdel-Rahman (2004). Five species of the genus Calanopia, which consists
predominantly of Indo-Pacific species (Bowman, 1957), were recorded during this
study. Among these Calanopia metu and C. levantina are new, both to science and
to the world oceans (Uysal & Shmeleva, 2004). Calanopia metu was abundant in
the samples and the presence of all developmental stages, from nauplii to adult,
of individuals of the genus Calanopia indicates their suitability for the Levantine
basin shelf waters. Calanopia metu was also observed in the Marmara (Unal et
al., 2000) and Aegean seas but remains absent from the Indian Ocean, as recently
confirmed by Shmeleva (unpubl. data). In addition, Indo-Pacific individuals such
as Parvocalanus latus, P. elegans and Centropages furcatus were also recorded
from the Sea of Marmara (Unal et al., 2000). The observed high abundance of
C. furcatus and Calanopia species which are common in the plankton of the
Indian Ocean (Fleminger & Hulsemann, 1973) is interesting from a faunistic view,
because these species of the Indo-Pacific group are recorded for the first time
in the Levantine basin along the Turkish coast. These species are numerous and
reproduce in the Levantine waters. Centropages furcatus was recorded in Levantine
coastal waters on a yearly basis, with peak numbers occurring in the autumn (70
individuals m~2) and a reduced abundance in winter (50 individuals m~?). Near
the Lebanese coast this species was found from April until December where it was
numerous only in the warmer months (Lakkis 1990a, 1995b).

Calanopia elliptica, which is of Indo-Pacific origin, is present in the Levantine
basin (Lakkis, 1973, 1976b), but lacks from the western part of the Mediterranean
and the Atlantic ocean. The presence of Calanopia americana in the samples
raises questions about their introduction to the basin whilst it is absent from
rest of the areas in the Mediterranean, as well as from the Black Sea and the
Red Sea. Shipment via tankers’ ballast waters may be one of the transport
mechanisms for this species. The species distribution of Calanopia along the
Turkish Mediterranean coast shows them to be coastal species. Berdugo (1968) and
Lakkis (1976b) also mentioned the presence of Calanopia media and C. elliptica
along the coastal waters near Port Said and Haifa.

Although not observed during this study, several species of Indo-Pacific origin
were recorded also in the area between the Fethiye and Iskenderun bays. Such
species include Calanopia biloba, C. media, C. minor, Euchaeta concinna, Eu-
calanus crassus, E. subcrassus, and Parvocalanus elegans (cf. Uysal et al., 2002).
Among these species Parvocalanus latus, P. elegans, Calanopia biloba and C. mi-
nor have not previously been obtained from the entire Mediterranean basin. Par-
vocalanus crassirostris was numerous, both in the Levantine basin and in the Red
Sea (Delalo, 1966), while P. latus and P. elegans were recorded in small numbers
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from the Levantine waters. Some individuals belonging to the genus Scolecithri-
cella were not identified on a species level, but in our view they should also belong
to the Indo-Pacific group.

Most of the total of 20 Calocalanus species observed in the study area were
also cited from different regions of the Mediterranean. Some species, such as
Calocalanus atlanticus, C. elongatus, C. gracilis, C. kristalli, C. lomonosovi, C.
longisetosus, C. minor, C. ovalis and C. vivesei, were present only in a few basins
(Razouls et al., 2005-2010). In addition to this study C. neptunus was also cited
from Izmir Bay (Turkish Aegean coast) by Ozel & Aker (2001). Among the
Candacia species observed during this study (6 species) C. truncata was recorded
only from the southeast and Malta regions of the Mediterranean. Additionally, C.
parasimplex was recorded for the first time from the Levantine Basin (this study)
as well as from Izmir Bay (Ozel & Aker, 2001).

Ctenocalanus citer is common in Antarctic epiplankton and it reaches a density
of about 2400 individuals m~2 in the spring (Kaczmaruk, 1983; Zmijeiwcka,
1983; Hopkins, 1987; Tucker & Burton, 1990; Schnack-Schiel & Mizdalski,
1994). Ctenocalanus citer, originally described by Heron & Bowman (1971) from
the Antarctic waters, was not previously reported to exist in the Mediterranean
(Lakkis, 1976b; Kovalev & Shmeleva, 1982) but is common here as well. For
example, lately C. citer has been found in samples collected on board R/V “Prof.
Vodyanitskiy” during November-December 1987 from the Iberian and Ionian
Seas, and recently in the eastern part of the Sea of Marmara (Unal et al., 2000).
Perhaps, this species was confused with very similar species, such as Ctenocalanus
vanus, which was not found by Shmeleva in the western and central regions of
the Mediterranean. The present records from the Mediterranean and Antarctic
waters demonstrate that the geographical range of C. citer extends from the colder
Antarctic region to the much warmer Mediterranean (Uysal et al., 2002).

Individuals of the genus Oithona (15 species) and Oncaea (17 species) recorded
during this study contained highly diverse species. Among these species Oithona
attenuata, O. fallax, O. hamata, Oncaea atlantica, and O. obscura were recorded
for the first time from the study area.

Overall, the copepod species currently inhabiting the region are interesting in
their faunal composition as well as in their distribution, which may be regulated via
several mechanisms. On a wider scale, transport of both Atlantic and Indo-Pacific
originating species to the Mediterranean is assured via two passages, namely
Gibraltar in the western and the Suez Canal located in the southeastern corner
of the Mediterranean. Indo-Pacific species were able to penetrate into the eastern
Mediterranean waters only after the opening of the Suez Canal in 1869. Following
the opening of the canal, there existed a remarkable water exchange through the
Suez Canal between the Red Sea and the Mediterranean. Previous investigations
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(Bogdanova, 1982) have shown that through the Suez Canal the flow of the Red
Sea water mass towards the Mediterranean is two-fold greater than in the opposite
direction. Indo-Pacific species had to encounter temperature and salinity extremes
on their way to the eastern Mediterranean through the Red Sea and the Suez
Canal. For example, surface temperature and salinity ranged between 16-29.9°C
and 38.5-39.4, respectively, in the sampling area. However, the surface temperature
for the Red Sea varies in a narrower range, between a minimum of 20.3°C in
March and a maximum of 29°C in August (data obtained from NOAA sea surface
temperature data averaged over the years 1992-1996 for FEilat, Red Sea). The
surface temperature ranges from 17.1°C in February to 26.2°C in August at the
Red Sea exit of the Suez Canal. In the central region of the canal it may reach
29°C on the surface in September. Maximum salinity ranging from 45 to 54 was
observed in the central part of the canal, located in the lakes. Then, salinity sharply
decreases to 28-30. The flow, which gathers a large proportion of high salinity
waters, drains into the eastern Mediterranean. The denser water mass moves along
the bottom layer of the shelf while sinking in the slope until it reaches the middle
high salinity layer (Bogdanova, 1982). Invasion of the Levantine basin with species
of Indo-Pacific origin confirms by biological data the fact that the Red Sea waters
may penetrate farther north towards the Turkish coast. The distribution of these
species highlights the possible boundaries of such penetration. The differences are
even more striking when the coldest and less saline waters of the Antarctic are
compared with the much warmer and saline waters of the eastern Mediterranean.
The presence of C. citer in the Levantine basin denotes how tolerant a species
may be. Moreover, major rivers, namely Asi, Ceyhan, Seyhan and Goksu (see
fig. 1), draining efficiently to the basin’s shelf waters, provide a suitable shelter
in their drainage areas for copepod species that are tolerant to relatively colder and
less saline waters. Another transport mechanism for species could be shipment via
tankers ballast waters which visit Mersin and Iskenderun harbours intensively.
Fig. 5 displays two dimensional non-metric MDS plots of all sampling events
having six distinct groups at an arbitrary similarity level of 60% (fig. 6). Groups 2,
3 and 4 are composed of single sampling events. The largest group (group 1)
represents both the winter and spring populations and the second largest group
(group 5) contains mainly the summer population. The remaining larger group
(group 6) contains both the autumn and early winter populations. The most
abundant 5 species consistently prominent in the larger groups 1, 5 and 6 are
listed in table II. Group 2 (indicated as Marl on the MDS, corresponding to the
sampling event on 3 March) is separated from the larger group 1 having least
abundance and biomass (see fig. 3a, b), as well as lacking species Calocalanus
elegans, C. styliremis, Oncaea zernovi, unidentified copepod and unidentified
calanoid copepod which were highly abundant in group 1 (see table III). Similarly,
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group 4 (indicated as Jull on MDS, corresponding to the sampling event on
8 July) is separated from larger group 5 having maximal abundance and biomass,
as well as having dominating species Parvocalanus latus, Oncaea tregoubovi
and Clausocalanus sp., which were least detected in group 5 (see fig. 3a, b and
table III). Oithona nana, which was abundant in group 5, was not observed in
group 4. Group 3 differs from group 1 in lacking Oncaea media, O. dentipes
and unidentified calanoid copepod, which were abundant in group 1. The copepod
community structure showed significant anomalies during May. The first sampling
in May was included in the summer group 5, the second and third sampling events
were included in group 1 and finally the fourth sampling event was classed as a
separate group. A slight increase in the temperature of near-surface waters coupled
with a slight decrease in salinity due to increasing runoff from rivers was observed
during April and May. Except samplings in May, both the solitary groups 2 and 4
are positioned nearby the larger groups 1 and 5, as desired. Among the ambient
physical parameters, temperature but not salinity, seemed to display major role
in determining seasonality in copepod assemblages (fig. 7a, b). In the area, surface
temperature ranged between 16.0 and 29.9°C over the year, being coldest in March
and warmest in late August (fig. 2). In contrast, surface salinity varied in a much
narrower range (between 38.5 and 39.4 over the year), being least saline in May
due to excess river input, and most saline in September as a result of evaporation
during summer.

CONCLUSION

Pronounced seasonality in the water column temperature is a permanent feature
of the basin. Surface temperature ranged between 16.0 and 29.9°C over the year,
being coldest in March and warmest in late August. Analysis of the copepod
community over a year in the Levantine basin shelf waters has revealed the
presence of approximately 192 copepod species of which 36 are reported for the
first time in the region. The community includes species of both Atlantic and Indo-
Pacific origin. Invasion of the basin waters with Indo-Pacific species confirms
by biological data the fact that the Red Sea waters may occasionally extend,
sometimes reaching the northeastern parts of the Mediterranean. The distribution
of these species may indicate possible boundaries of this penetration. Sharing
similar species of Indo-Pacific origin gives the copepod fauna of the Levantine
basin a subtropical affinity. The presence of non-native species in the study area
points out that their invasion and adaptation in the basin waters is intensive at
present. Lastly, the prevailing wide range of changes in temperature over the course
of the year shape the copepod community structure in the Levantine basin shelf
waters.
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