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Abstract- In the last few decades, shifts in the trophic states of various aquatic
environments have been experienced. This phenomenon is studied from different
angles for the world oceans. Recent investigations for the phytoplankton blooms in
the seas surrounding Anatolia revealed the progress of eutrophication. The question
forwarded in this contribution is whether statistical analysis of a long-term catch
data of the Turkish commercial fishery will reflect any signs of change in the
ecosystem's trophic state. To overview the fishery and the recent state of the
ecosystem, multi-variate statistical analyses were applied to the commercial catch
data collected between 1968 and 1999. The emphasis was given to the question to
which direction the fish ecosystem was aiming. Related literature on this subject
reveal a significant shift towards eutrophication in the seas surrounding Turkey,
and this was also reflected in the proportions of the commercial fish.
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Introduction
Depending upon the conditions prevailing in the last few decades, shifts in the
trophic states of various aquatic environments have been experienced. This
phenomenon is studied from different angles for the world oceans. One of the
recent investigations was abstracted by Moncvheva et al., (1999) for the
phytoplankton blooms in the Black Sea and the Mediterranean Sea to evaluate the
progress of eutrophication. The question put forward here is whether statistical
analysis of a long-term catch data of the Turkish commercial fishery will reflect
any signs of change in the ecosystem's trophic state.
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fishing efforts and catches of different species over the years. Hence, the influences
of the fishing effort and the overriding effects of the dominant species over the rest
of the data were disregarded. Then Cluster and Multi-Dimensional Scaling (MDS)
analyses were applied to Bray-Curtis similarity index.

Results

Results are presented on the basis of the seas. For all seas around Anatolia the
MDS analysis result applied to Bray-Curtis similarity indices are given (Fig. 1).
This is followed by the list of genera contributing to the main catch and top
contributing genera (Table 2). Discriminating species between groups formed were
presented in Table 2.

In the Mediterranean Sea the fish-ecosystem was initially demersal oriented,
and later has turned in slightly to the pelagic (Fig. 1A). Throughout the study
period the main genera contributed to the main catch were Spicara, Saurida, Mugil
and Sardine (Tab. 1A) while discriminating species were Sphyraena, Scomber,
Saurida etc., (Tab. 2A).

In the Aegean Sea almost the same trend was observed with an intermediate
semi-pelagic phase (Fig 1B). The change(s) in this ecosystem occurred in back and
forward jumps (higher Multi-Dimensional Scaling distances) as compared with the
Mediterranean Sea. In this sea the main contributor to the catch were Diplodus,
Mugil, Boops, Sardine, Merluccius etc., (Table 1) and the discriminating genera
were Sphyraena, Scomber, Sardine, Merluccius etc., Table 2B).

The Multi-Dimensional Scaling configuration formed for the Marmara Sea is
rather complex and not resembled the Aegean. The Marmara Sea’s fish eco-system
was already pelagic oriented and this was more pronounced in recent years (Fig.
1C). In this sea the main contributor to the catch were Mullus, Engraulis, Scomber,
Mugil, Sarda, Sardine, Trachurus, Pomatomus etc., (Table 1C). The groups formed
were discriminated by genera like Scomber, Sarda, Merluccius, Pomatomus,
Boops etc., (Table 2C).

Fishery in the southwestern Black Sea was demersal in the early years (1968-
1971). This characteristic shifted towards pelagic (1972-74) and became more
noticeable in 1975-1977. Between 1978-1988 for a period of a decade although the
system remained its pelagic character, there was a slight inclination towards the
demersal and the system seems to be balanced in semi-pelagic - pelagic condition
(Fig. 1D). Some of the genera contributed much to the main catch were Raja,
Sarda, Mullus, Engraulis, Scopthalmus, Pomatomus, Trachurus, Mugil,
Merlangius etc., (Table 1D). Few of the discriminating genera were Oblada, Zeus,
Squalus, Thynnus, Squatina, Boops etc., (Table 2D).

In the southeastern Black Sea the pelagic fish-ecosystem was dominant in the
early years and seems to be well balanced and remain in pelagic state throughout
the study period (1968-1999, Fig. 1E). The main contributor to the commercial fish
catch were formed by genera like Trachurus, Sarda, Merlangius, Engraulis etc.,
(Table 1E) and some of the discriminating genera were Mullus, Sarda, Scomber
and Trachurus (Table 2E).
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Fig. 1: MDS plots of Bray-Curtis similarity indices of standardized catch data. Values in the cells
(e.g., PEL & DEM) indicate % proportion of fish species in 50 % similarity.
Note: B- Yield of the year 1985 is dominated again by pelagic species (Sphyraena), distorting again
the overall system picture while the contribution of demersal catch was also increased.
D- Yield of single pelagic species (Engraulis) in the year 1989, 90 is extremely low and
unexpectedly high in 1993, distorting the overall system picture.

Discussion

In a recent study examining solely the list of fish species found in the Turkish
seas, Bilecenoglu and Taskavak (2001) characterized the fish fauna of the Turkish
Seas as Atlanto-Mediterranean, mainly consisting of medium sized species
inhabiting benthic habitats at 0-250m depths. However, considering the statistical
evidences abstracted above one may conclude that within the past 30 years (1968-
1999) the proportion of the pelagic fish in the total catch is increasing, further
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indicating that the production in the lower trophic levels was enhanced during the
study period. Indeed, the examination of relevant literature allow to underline that
the eutrophication processes at the end of the 20™ Century increased at considerable
scales.

Table 1: List of genera contributing to the main catch and top contributing genera (bold).
A- Turkish Mediterranean Sea.

I (1968-1985) II  (1986-1999)
Spicara Saurida D Mugil Sardine P
Pagellus Epinephelus D Mullus Scomber P
Squalus Mugil SP Lichia
Sarda Mullus D Sparus
B- Turkish Aegean Sea.
(I) 1968-1972, 1974-75 1) 1973, 1976-78, 1980- | (III) 1989-1999
84, 86-88""
Diplodus | Mugil SP Boops Sardine P Merluccius Sardine P
Sparus Sardine P Mullus Trachurus P Boops Mugil SP
Sarda Trachurus SP Scomber Mugil SP Mullus Scomber P
Boops Mullus D Sarda Trachurus Engraulis P
C- The Sea of Marmara
(1) 1968-1975 (II) 1976-1984
Mullus Engraulis P Scomber Engraulis P
Mugil Sarda P Sardine Trachurus P
Squalus Trachurus SP Mullus Pomatomus P
Spicara Sardine D Mugil
Merlangius Pomatomus P Merlangius
(I1T) 1985-1992, 1994-96, 1998 (V) 1993, 1997, 1999
Pomatomus Engraulis P Merluccius Engraulis P
Sarda Trachurus SP Scomber Sardine P
Merlangius Scomber P Trachurus
Mugil Sardine P Mugil

D- South-western Black Sea (Yield of single pelagic species (Engraulis) in the year 1989,
90 is extremely low and unexpectedly high in 1993, distorting the overall system picture).
(I) 1968-1971 (1) 1972-1974

Raja Sarda P Mullus Engraulis P
Mugil Engraulis P Mugil Sarda P
Scopthalmus Pomatomus P Pomatomus Scopthalmus D
Squalus Trachurus SP Merlangius

(111 1975-1977 (IV) 1978-88, 1991-92, 1994"
Scopthalmus Engraulis P Pomatomus Trachurus SP
Merlangius Trachurus SP Merlangius Engraulis P
Mugil Pomatomus P Scomber Sarda P
Mullus Scomber P Squalus

| (V) 1995-1999

Mugil Engraulis P
Pomatomus Trachurus SP
Scopthalmus Merlangius D
Squalus Sarda P

E- South-eastern Black Sea.
I) 1968-72, 75,79

(I1) 1973-74, 76-78, 80-92 | (I1I) 1993-99

Trachurus Engraulis | Trachurus Engraulis P Merlangius Engraulis P
Sarda P Merlangius Scopthalmus
Merlangius Sarda Mugil

Table 2: Discriminating species between groups.
A) In the Turkish Mediterranean Sea

I and 11
Species Dissimilarity Ratio (dissimilarity/sd)
Sphyraena sp. | 0.76 2.29
Scomber sp. 0.70 2.27
Saurida sp. 0.67 1.68
Sardina sp 1.68 1.54
Epinephelus sp.| 0.62 223
B) In the Turkish Aegean Sea
1 and 11 and 11 and 111
Ratio Ratio
Species Dissimilarity | (dissimilarity/sd)| Dissimilarity | (dissimilarity/sd)
Sphyraena sp. | 0.76 2.29 0.64 817
Scomber sp. 0.70 2.27
Saurida sp. 0.67 1.68
Sardina sp 1.68 1.54
Epinephelus sp.| 0.62 223
Merluccius sp. 0.76 1.91
Trachurus sp. 0.49 1.79
C) The Sea of Marmara
1 and 11 11 and 111
Ratio Ratio
Species Dissimilarity | (dissimilarity/sd)| Dissimilarity |(dissimilarity/sd)
Scomber sp. 0.76 2.08 0.67 1.52
Sarda sp. 0.66 1.16
Xiphias sp. 0.65 2.06
Merluccius sp. 0.89 1.37
Pomatomus sp. 0.55 1.58
Atherina sp. 0.52 1.61
11X and 1V
Ratio
Species Dissimilarity | (dissimilarity/sd)
Merluccius sp. | 0.97 143
Boops sp. 0.73 2.76
Sarda sp. 0.64 2.09
D- South-western Black Sea
1 and 11 11 and 111
Ratio Ratio
Species Dissimilarity | (dissimilarity/sd)| Dissimilarity |(dissimilarity/sd)
Oblada sp. 1.25 1.94 1.65 11.16
Zeus sp. 1.07 9.87
Squalus sp. 0.93 1.37 1.14 1.42
Thynnus sp. 0.85 1:13 1.14 1.61
Xiphias sp. 0.85 1.29
Sparus sp. 0.84 1.52
Lichia sp. 0.97 1.31
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Table 2-D cont.

I and 1V 1V and %

Ratio Ratio
Species Dissimilarity | (dissimilarity/sd)| Dissimilarity (dissimilarity/sd)
Squalus sp. 1:22 1551
Thynnus sp. 12 ;;2
Squatina sp. 1.10 ks
qulada sp. 1.04 1.86 (1)?2 ;23
Zeus Sp. ; !
Boops sp. 0.97 1.84

E- South-eastern Black Sea
1 and 11 and 11 and 111 .

Ratio Ratio
Species Dissimilarity | (dissimilarity/sd)| Dissimilarity (dissimilarity/sd)
Mullus sp. 121 1.74 1.25 1.67
Sarda sp. 1.12 1.71
Scomber sp. 1.02 2.03
Trachurus sp. 193_ 2.3
Pomatomus sp. 1.25 1?%
Squalus sp. 119 2.15

Related literature (in the Turkish Med., Yilmaz et al., 1997 & 2001 and Coban-
Yildiz et al., 1999; in the Aegean Coban-Yildiz et al., 1999, Giannakourou and Pitta,
1999, Tselepides et al., 1999; in the Sea of Marmara Ert.ﬁrk et al., 2001, Coban-Y1ldiz
et al., 1999, Polat et al., 1999; in the Black Sea Cociasu et al., 1996, Mee, 1997,
Humborg et al., 1997, Coban-Yildiz et al., 1999, Kgnoyaloy et al., 1999, Yllmazf et
al., 1999) showed a significant shift towards eutrpphlcatlon in these seas surfou‘r; ing
Turkey, and this was also reflected in the proportions }?f theftcoir.\é?]:rmal fish landings.

ing points to be underlined here are the situati
i\r/llteec;iiztrlra%lefn Aegean and southwestern Blacl; Sea. It is generally a§sumet:d th::
especially the Mediterranean Sea is oligotrophic and mostly demersal mdn:l ured -
claimed by Bilecenoglu and Taskavak (2001). HO\fvever long term catch a aha_lgt -
few recent investigations indicate considerable nutrient loads. Thus causing a shi

structure (at least for the coastal areas) from demersal to pelagic

the fish community cted to

forms. Turkish Mediterrenean, Aegean and southwestern Black Sea are suspe o
a shift from demersal to semi-pelagic or pelagic while other sea areas remain at the

earlier state.
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