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In this study, the quantity of da'ta on the presence and content 

heavy metals in two demersal fishes, (A. laterna and B. luteum) 
collected from I zmi r Bay was accumul a ted-b~t~~~-;,.- 1988--1-989--:---The 
samples were chosen considering to their presence in every season and 

found them easily in the study at·ea. The aim of this study was to 

determine the concentrations of Hg, Cd, Pb and Zn in the fillet of 

these fishes and compare the data of two years. 

The analytical procedure applied involved a decomposition 

::~::~~~:reusmia:gim~~ 0 ~ 0 Q-C r~~~~: 5::~~:. in water bath with the 

Determinations carried out with Atomic Absorbtion 

spectrophotometer (Varian Techtron, Model 1250). Hg was determined by 

cold vapour technique using varian Model 65 vapour generation 

accessory and the other elements by flame (BERNHARD, 1976). The 

results have been calculated as pg/kg wet weight, medians and 

quartiles of data has been used for statistical evaluations { TUKEY, 
1977; CLAUSSEN, 1988). 

Concentrations of Hg in fillet of A. laterna didn 1 t fluctuated 
much between 1988 and 1989 with lower q~;:;-til;-~-;lues of 9 and 13 

).lgHg/kg w~t weight and with upper quatile 30-23 pgHg/kg respectively. 

Also, Hg concentrations of B. luteum in these two years ranged from 16 

to 11 }lgHg/kg as lower qu~-;:tll;;--;nd with the values 45-23 }lgHg/kg 

upper quartile. It can be seen that Hg concentration has slightly 
decreased in 1989. 

Cadmium concentrations of A. laterna ranged from 8 to 296 

pgCd/kg as extreme values for 1988 -:hi.l~--;;;y varied from 72 to 334 

pgCd/kg for 1989- Also, Cd concentrations of B .. luteum ranged from 7 
to 289 }lgCd/kg in 1988 varied in between 56 t-o--liS-pgCd/kg in 1989. 

So, Cd concentrations in ~..:..._!.~~~~~ has increased in 1989 comparing to 
the data obtained 1988 (Table 1 ) • 

Lead concentrations of A. laterna was higher than of B. luteum 
generally. ~..:..._.!~~~!.:!!~ has Pb-~.;-;;;;trations between 127 -t~--4627 
pgPb/kg as extreme values whereas accumulation in B .. luteum varied 
between 94-3623 pgPb/kg in 1988. Also, Pb values obta_i_n-;d-Pb-from the 

samples collected in 1989 varied from 371 to 4138 pgPb/kg .in ~..:... 

!~~~!:!!~· It can be seen from the 'fable 1 that Pb concentrations in 

these organisms has decreased in 1989 comparing with these from 1988. 

Zinc accumulations of ~..:.._.!~.!~!:~~ ranged from 3520-3863 1-lgZn/kg 
respectively as lower quartiles and 5669-5380 pgZn/kg as upper 

quartiles during 1988-1989. Also, Zn values of B. luteum ranged from 

2680-2824 pgZn/kg as lower quartiles and 4325-3480-p;Z;/kg as upper 

quartiles respectively during 1988-1989. The zinc values has decreased 

in 1989 in both fishs but Zn content of A. laterna was higher than of 
_!!.:_!~!!'.~!" (Table 1 ) . ----------

Table 1- Statistical values of trace metal concentrations in two demersal fishes 

{A. laterna and B. luteum) in Izmir Bay (}-1g/kg wet weight). 

Mercury Cadmium Lead Zinc 

Species 1988 1989 1988 1989 1988 1989 1988 i989 

Mimi mum s I 5 I 8 I 72 1271 3711 27511 27491 
Lower Quartile 9 I 13 i 39 I 83 5311 7711 3520 I 38631 

A. laterna Median 20 I 17 I 161 I 102 23631 9461 39151 45771 
Upper Quartile 3o I 29 I 223 I 13o 26711 16951 56691 5380 I 
Maximum 75 I 62 I 296 I 334 46271 413Bill296l 68631 

I n=20 I n=19l n=16l n=9 I n=19l n=14l n=20 I n=20 I 
___________ I I I I I I I I I 

I Mimimum I_4_1_7_1_7_J---s6'1---g:;l-rnl 21641 23951 

I Lower Ouarti 1e 16 I 11 I 76 I 87 I 873 I 1077 I 2680 I 28241 

B. luteum I Median i 26 I 22 I 106 I 100 I 14331 11561 30281 32881 

I Upper Quartile I 45 I 23 I 222 I 133 I 20451 13731 43251 34801 

I Maximum I 179 I 100 I 289 I 175 I 36231 16931 7990 I 36581 

I n=23l n=13l n=l7l n=8 I n=20l n=91 n=23l n=l4l 
----- ______ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 

A comparision of our data with those mentioned by other authors 

available because of lack of informations on this subject 

using these fishes on Turkish coast:s. But, comparing with those 

reported from different areas of Mediterranean using similar kinQ of 

fishes, the heavy metal accumulations was not exeeded them ( UYSAL, 

1978; BARGAGLI at al. 1986). 

However, the levels Pb indicated that we mustn't neglected it 

although the values are not high now. 
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ABSTRACT 

Aquacl!lture production (e~cluding lagoons) in Gr~ece increased from 2,000 tin 1980 to 3,900 t in 
1988 w1th a mean production of Z;340 t representing 1-2% of the mean annual fishery production 
in Greek waters. The mean 1986-1988 production was allocated as follows: 1983 t trout, 233 t 
carp, 132 t sea bream/s~a bass, 570 t mussels, and 51 t other species (of which 7 t eels). The 
mean 1984-1986 .froduct1o.n represented 0.4% of the mean ~984-1986) Mediterranean aquacul-
i~~ i~r~~~g!;~8 a~7~{;~~s~efo~ ~~~e~~~~i~~d7 ~~ 1~f t e variability of aquaculture produc-

INTRODUCTION 

~~~~~~ru~eq~~~~~~~~de~~~~~e~~~c~ll~rfr6~ ~~1s t~a~~8~ ~~re1 r~g~s.1~ ~il~g~ d~6eh1e~ob~~~ 
~g5nt f~il1~~ dev~~gme~fr~ant of marine aquaculture (ANONYMOUS 1990) whereas more than 

planned to be invested for s ...,-------------------....... 

~~sfcu~~LU~i!JJr~ 11~~~ 
~ere aa~:~~!ture ~~~~~~~g~ ' 

~~8'b~~~~8. is ~~~~wed si~g~ 6 1 
forecasting of aquaculture 
rcroduction will be beneficial ...... 0 5 / 

~;ua~~l~ure develgfr~s~~btur~~ 
forecasts are developed ~ 4 · 
using decomposition (trend 
analysis) time-series techni
ques. 
MATERIAL AND METHODS 

t~~u~~ a~~~~~~ur(efd~~~c- !' 

lagoons) for 1980-1988 an~ 1 1 

product1on per species 1980+--t'oo-1 -1--,oo-2-1983'' -1984.,.., -198...,... -5 -1·986-1.,98-7-1988,---1989.,..., -,.,..s~ro-1~99-1--11992 
(1986-1988) are taken from 
the Minist~ of Agriculture, • actual YEAR "' forecast 

~~~DA (~b~~? an~r~~d . . 
analysis was used tq model Flg.a~fg~:g~~!lf~f.Jctoggg{j'b~ W:,c~Jff:lfai!'c?t~g:;a' ,:,n_.g~f"ft~!JJ?lfsJ~88• 
aquaculture production for in-sample'torecasts; 1989-1992: out-ot-sampletorecasts). 
1980-1988 and, conseguent-
ly, in-sample (1980-1988) and out-of-sample (1989-1992) forecasts were produced. The following 
measures of forecasting accuracy were computed: (1} Absolute Percentage Error, APE (2) Mean 
Absolute Percentage Error MAPE, and {3) Mean Error (according to MAKRIDAKIS et al. 'HlS3) and 
the coefficient of determination (according to SAl LA et al. 1979). 
RESULTS AND DISCUSSION 

Production P.er farm duri\)g 
1986-1988 Increased Sig
nificantly for mussels (from 

~~rr(~~~o 546t/f~~~mfo aq~ 

7.90% 

Dcarp 

•bass/bream 

•mussels 

Iilli other 

t/plant) whereas it did not ex
hibit any significant increase 
for the remaining species 
(ARGYROU 1990). 

Fig. 2. Mean (1986-1988} aquaculture production per species (excluding 
Forecasting as applied to lagoons) in Greece 

~~?~~~~aio~:(a~~~~e'ir~~n~n the basis of: (a) explanato . regression techniques (simple, multi
ple, categorical) which take into account other i:1cut variab7es. and (b) stocha~tic, time series tech-

~~~~/~~~g~~t ~~d~>J;:~~e~~r~ ~~i\?s~x(~~e g~~R~R5~e1~~~~~~~gbr~~~ei~~;~e u~~~~~: 
not be applied to our data because ra) the factors that mainly affect aquaculture pro~uction in 
Greece (e.g. such as technical and scientific expertise, management skills). cannot be 
parameterize~. and (b) production time-serie:> is short. Hence, a sif!Jple, decompo:>[tion method 
(trend anaiY.Sls) was used ·to model and predict aquaculture production. Decomposition methods 
try to identify components of the basic underlying pattern and.fqrecasting is based on extrapola
tion each of these component patterns separately and recomb1mng them 1nto a final fore(;9st. The 
following quadratic trend curve was fitted to the 1980-1988 data: Xt=3. 12-0.65 T + 0.081, where 
X1 = production (in 1000 tl and T =time. ME and MAPE were ~stimated to be 0.0 ~nd .. 9.5% 
respectively. APE ranged from 3.3 to 15.9%. The model expla1ned 85% of the vanab1hty of 
aquaculture production in 1980-1988 and forecasts for 1992 amount 7,900 t (Fig. 1). 

Forecastin~ plays a central role in managerial decisions: it preceeds planning which, in turn, 

P~6~~~~n !Tti~~~~nm;~~~a~~~~R~~~KJ~ ~b ~~.~~sr~tr?~~3~JJ2~ i~~~~~~rt~~1e~o~~~~~~~~e 
Pure production in Greece is influenced by many factors and is confronted by all sorts of uncertain
ty (management skills, availability of fingerlings availability of food, technical and scientific 
expertise). Yet accurate forecasts will be benefic1al for the development of aquaculture infrastruc
ture (fry and feed production both of which at present are mainly imported increasing the cost of 
products and render them not competitive for exportation}, pred1ct future prices, and planning ex
ports and absorption by the local market. 
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