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Bu arastirmada, Asag1 Sakarya Nehri balik¢ilarinin sosyo-ekonomik yapist incelenmistir. Bu ca-
lisma, Haziran 2017 - Mayis 2018 tarihleri arasinda yiiriitiilmiistiir. Elde edilen sonuglara gore
avcilikta kullanilan teknelerin boylart 3.0-5.0 metre arasinda degisiklik gostermekte ve %71.0°lik
oran ile de 3.6-4.0 metre boy uzunlugundaki tekneler ¢ogunlugu olusturmaktadir. Balik¢1 teknele-
rinin %91,3’liik kismi1 ahsap malzemeden yapilmustir. Balik¢1 yaslarinin 36-64 arasinda degistigi,
%42’sinin 50-59 yaslar1 arasinda oldugu tespit edilmistir. Asagi Sakarya Nehri’ndeki balik¢ilarin
egitim durumlari incelendiginde %91.3’iiniin ilkdgretim ve %8.7’sinin lise mezunu oldugu tespit
edilmistir. Agag1 Sakarya Nehri’ndeki balikgilarin %65.2°si ¢iftgilikle ugragmakta iken %21.7’si-
nin emekli oldugu belirlenmistir. Balik¢ilarin meslegi se¢me nedenleri arasinda ilk sirada
%359.4’liik oranla aile biit¢esine katki gelmektedir. Sonug olarak Tiirkiye nehirleri balik¢ilig1 aras-
tirllarak bir yonetim modeli olusturulmalidir.

Anahtar Kelimeler: Sakarya Nehri, Sosyo-ekonomik yapi, Balik¢1 profili

ABSTRACT
Socio-economic analysis of fishermen in the lower Sakarya River

In this study, it was investigated that the socio-economic structure of fishermen in the Lower Sa-
karya River. This study was conducted between June 2017 - May 2018. According to the results,
the length of the boats used in fishing varies between 3.0-5.0 meters and the majority (with a ratio
of 71.0%) of the boats with a length of 3.6-4.0 meters. 91.3% of the fishing boats are made of
wooden. The age of fishermen ranged between 36-64 and 42% of fisherman were between 50-59.
When the educational status of the fishermen in the Lower Sakarya River is examined, it was found
that 91.3% of them are primary and 8.7% are high school graduates. In the Lower Sakarya River,
65.2% of the fishermen are engaged in farming, while 21.7% are retired. "Contribution to the
family budget" was the first reason with a ratio of 59.4% of the fishermen why they choose the
profession. As a result, Turkish rivers fishing should be investigated and a management model
should be established.

Keywords: Sakarya River, Sosyo-economic structure, Fisherman profile
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Giris

Nehirler ve dogal goller diinyamizin énemli ekosistemleridir
ve diinya yiizeyinin yaklasik olarak % 2.5’ luk kismini kapsa-
maktadir (Shiklomanov, 1999). Tiirkiye diinya tizerindeki je-
opolitik konumu itibariyle énemli su kaynaklarina sahiptir.
Bu su kaynaklarindan bir tanesi de Karadeniz’e dokiilen Tiir-
kiye’nin en uzun li¢iincli akarsuyu olan Sakarya Nehri’dir.
Sakarya Nehri Eskisehir’in Cifteler ilgesinden dogar Sa-
karya’nin Karasu ilgesinden Karadeniz’e dokiiliir. Nehrin
uzunlugu 824 km genisligi ise 60—150 m arasinda degigsmek-
tedir. Sakarya Nehri havzasi (58 bin km?) Tiirkiye nin yiizey
alaninin (783 bin km?) yaklasik % 7'sini kaplamaktadir. Sa-
karya Nehri'nin énemli yan kollar1 basta Porsuk ve Ankara
Cay1 olmak tizere Seydisuyu, Carksuyu, Karasu Deresi, Kir-
mir Cay1, Goyniik Cay1, Mudurnu Cay1 ve Goksu'dur (Sen-
goriir ve Isa, 2001). Sakarya Nehri Siluris glanis, Esox lucius,
Perca fluviatilis ve Cyprinus carpio gibi ekonomik ve ekolo-
jik 6neme sahip bir ¢ok balik tiiriine ev sahipligi yapmaktadir
(Olmez, 1992; Kahraman ve dig., 2014; Reis ve dig., 2019).

1980’lerden itibaren tiim diinyada deniz baliklarinin stokla-
rinda azalmalar gozlemlenmektedir (WWF, 2013). Bu durum
su uriinleri sektdriinii balik yetistiriciligi ve i¢ su baliklarinin
avciligina yoneltmistir. Buna bagl olarak da i¢ su baliklarinin
avciliginda kullanilan av araglariin 6zellikleri, kullanilan
teknelerin yapisi, balik¢ilarin sayisi ve avlanan baliklarin
ekonomik degerinin belirlenmesi 6nem arz etmektedir.

Ulkemizde igsularda gol balikgilar ile ilgili yapilan bir ¢cok
sosyo-ekonomik ¢aligma mevcuttur (Soylu ve Uzmanoglu,
2004; Ergiliden ve dig., 2007; Dartay ve dig., 2009; Dogan,
2009; Yigit ve dig., 2009; Ozer ve dig., 2010; Uzmanoglu ve
Soylu, 2012; Mete ve Yiiksel, 2014; Cesur ve dig., 2014; Yil-
maz ve Pulatsii, 2019). Sosyo-ekonomik Onemine ragmen
Tiirkiye nehir havzalarinin neredeyse tamaminda balike¢ilik
iizerine arastirma olmamasi balik¢ilik yonetimini zorlastir-
maktadir. Bu ¢aligma Sakarya Nehri balikgilarinin sosyo-
ekonomik analizi ile ilgili yapilan ilk arastirmadir.

Yapilan bu arastirma ile Asagi Sakarya Nehri balik¢ilari ile
ilgili sosyo-ekonomik konularda veri eksikligini gidermek,
calisma yapilmayan diger nehirler i¢in 6rnek teskil etmek ve
karsilastirma materyali olusturarak literatiire katki saglamak
amaglanmistir. Ayrica, elde edilen veriler dogrultusunda
bdlge balik¢ilarinin gelirlerinin, av arag-gereglerinin ve mev-
cut durumlariin iyilestirilmesine olumlu yonde katki sagla-
yacagi diistiniilmektedir.

https://doi.org/10.3153/AR20006

Materyal ve Metot

Bu ¢alisma, Haziran 2017 - Mayis 2018 tarihleri arasinda Sa-
karya Nehri’nin Sakarya ili smirlan igerisinde kalan 159.5
km'lik béliimiinde (Pamukova'nin giineyinde Mekece ve Ka-
radeniz'e birakildigi Karasu Yenimahalle) yapilmistir (Sekil
1). Aragtirma bolgesine 9 kez gidilerek devamli olarak aveilik
yapan 69 adet balikgiya 18 soruluk bir anket uygulanmistir.
Balik¢ilarla yiiz ylize goriisiilerek, hazirlanan anket sorulari
sorulmus ve cevaplar1 kaydedilmistir. Balik¢ilara sorulan an-
ket sorulari; balik¢ilarin yasi, 6grenim diizeyi, sosyal gliven-
lik durumlar1, meslek tecriibeleri, meslegi se¢gme nedenleri,
kullandiklari av araclarinin 6zellikleri ve ¢aligma kosullari ile
ilgilidir. Yapilan anket sonucunda elde edilen veriler analiz
edilerek tablolar halinde verilmistir.

-
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Bulgular ve Tartisma

Bulgular ¢alismanin amaci dogrultusunda av araglarinin fi-
ziksel ve teknik Ozellikleri, balik¢ilarin sosyo-ekonomik ya-
pilar1 ve balik¢ilik faaliyetinin ekonomik yapisi gibi ii¢ ayri
asamada degerlendirilmistir.

Av Araglarimin Teknik ve Fiziksel Ozellikleri ile Av Siireleri

Balik¢ilarin kullandiklar1 av araglarmin teknik ve fiziksel
ozellikleri balik¢ilarin verdigi bilgiler dogrultusunda incelen-
mistir. Balik¢ilarin av esnasinda kullandiklari av araglarinin
fiziksel 6zellikleri ve miktarlari ile avlanma siireleri (Tablo
1)’de verilmistir. Avcilikta kullanilan teknelerin boylar1 3.0-
5.0 metre arasinda degisiklik gostermekte ve % 71.0’lik oran
ile de 3.6-4.0 metre boy uzunlugundaki tekneler ¢ogunlugu
olugturmaktadir. Teknelerin %91,3’liikk kism1 ahsap malze-
meden yapilmistir.

Yeni Karpuzlu Baraj G6lii’nde yapilan bir ¢aligmada balikei-
larin kullandiklan teknelerin %54.55’inin 5.0-5.99 m boyun-
daki teknelerden olustugu bildirilmistir (Uzmanoglu ve
Soylu, 2012). Avan, 2007 yilinda Manyas Golii’nde yapmis
oldugu bir calismada balik¢1 teknelerinin boylarinin genel-
likle 4.0 m ile 8.5 m arasinda degistigini ve 8 m boyunda olan
teknelerin % 38 orani ile ilk siray1 aldigini bildirmistir. Sa-
karya ili gollerinden Poyrazlar Golii'nde kullanilan teknelerin
boylarinin 3.0-4.0 m arasinda degistigi ve Biiylik Akgol
Goli’nde 4,0 m boyunda oldugu bildirilmistir (Yigit ve dig.,
2009). Arastirmamizin sonuglarina gore Sakarya ili golle-
rinde kullanilan teknelerin boylar1 ¢alismamizda tespit edilen
teknelerin boylar1 ile benzerlik gosterirken diger géllerde kul-
lanilanlar ile farklilik gostermektedir. Bu durumu bolgesel
avcilik yontemlerinden kaynaklanan farkliliklar olarak agik-
layabilecegimiz gibi nehirde manevra kabiliyetini arttirmak
i¢in daha kii¢iik boylu teknelerin tercih edilmesi olarak da
aciklayabiliriz.

Asag1 Sakarya Nehri’nde balik¢ilik pinter ag1 ve uzatma ag-
lar1 ile yapilmaktadir. Asag1 Sakarya Nehri’nde avcilik mete-
orolojik sartlara bagl olarak yil boyunca devam etmektedir.
Balikeilikta av siirelerinin 150 ile 270 giin arasinda degistigi
ve % 36.2 ile en yiiksek oranda 240 giin lizeri oldugu saptan-

muigstir.

Yigit ve dig., 2009 yilinda Sakarya ili gollerinde yapmis ol-
duklan ¢alismada balikgilarin pinter agi, uzatma ag1 ve olta
ile av sezonu boyunca balik avladiklarini bildirmistirler.
Kenya nehirlerinde yapilan bir arastirmada balik aveiliginda
dalyan, sepet ve aglar ile avcilik yapildig1 bildirilmistir (Whi-
tehead, 1958). Bolgede ve diger bolgelerde yapilan calisma-
lar nehir ve gollerdeki balik aveiligir metotlarinin benzer ol-
dugunu gostermektedir.

https://doi.org/10.3153/AR20006
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Balik¢ilarin Sosyo-Ekonomik Ozellikleri

Yapilan arastirma sonucunda Asag1 Sakarya Nehri’nde balik-
cilik faaliyeti ile ugrasan 250-300 kisi oldugu tespit edilmis
ancak sorulara olumlu yanit veren 69 balik¢1t degerlendir-
meye alinip analiz edilmistir. Balik¢ilarin demografik ve
sosyo-ekonomik Ozellikleri Tablo 2’de verilmigtir. Balik¢1

yaslarinin 36-64 arasinda degistigi, %42’sinin 50-59 yaslari
arasinda oldugu tespit edilmistir.

Soylu ve Uzmanoglu, 2003 yilinda Terkos Gélii'nde yapmis
olduklari ¢aligmada toplam 22 balik¢inin oldugunu bildirmis-
tir. 2007 y1linda Seyhan Baraj Golii'nde yapilan diger bir ¢a-
lismada bolgede 33 balik¢inin gdlden avlandigi belirtilmistir
(Ergiiden ve dig., 2007). Yeni Karpuzlu Baraj Goliindeki ba-
likgilarin yaslarinin 20 ile 59 (Uzmanoglu ve Soylu, 2012),
Manyas Golii’nde 26 ile 72 (Avan, 2007), Keban Baraj Go-
liinde % 64.52’si 30-50 (Dartay ve dig., 2009), Sakarya ili
gollerinden Tagkisig1 Golii'nde 49, Poyrazlar Goli’nde 38 ile
68 ve Biiylik Akgol Golii'nde 29 ile 75 (Yigit ve dig., 2009)
yaslar1 arasinda degistigi bildirilmistir. Yapilan baska bir
arastirmada Eski Brahmaputra Nehri’nde profesyonel balik-
c¢ilarin yas ortalamasinin 43 oldugu bildirilmistir (Ahmed ve
dig., 2013).

Asagi1 Sakarya Nehri’ndeki balik¢ilarin egitim durumlari in-
celendiginde % 91.3’liniin ilkogretim ve % 8.7’sinin lise me-
zunu oldugu tespit edilmistir. Asagi Sakarya Nehri’ndeki ba-
likgilarin %65.2°si ¢iftgilikle ugragsmakta iken %21.7’sinin
emekli oldugu belirlenmistir. Balik¢ilarin meslegi segme ne-
denleri arasinda ilk sirada %59.4°lik oranla aile biitgesine
katki gelmektedir.

Ahmed ve dig., (2013), Eski Brahmaputra Nehri’nde yapmis
olduklar1 aragtirmada profesyonel balik¢ilarin yalnizca
%10’unun okuryazar oldugunu, Usman ve Ifabiyi, (2012),
yapmig olduklar1 caligmada Niger nehri balik¢ilariin
%30’unun ilkokul mezunu oldugunu bildirmistirler. Ulke-
mizde balik¢ilarin egitim durumlar ile ilgili yapilan birgok
arastirma balik¢ilarin egitim diizeylerinin oldukca diisiik ol-
dugunu gostermektedir (Uzmanoglu ve Soylu, 2012; Dartay
ve dig., 2009; Yigit ve dig., 2009; Ergiiden ve dig., 2007;
Avan, 2007). Yeni Karpuzlu Baraj Go6li balik¢ilarinin %
90,91 inin balik¢ciligin yan1 sira ¢ift¢ilik de yaptigr (Uzma-
noglu ve Soylu, 2012), Manyas Golii balik¢ilart igerisinde
hem balike¢ilik hem de ¢iftcilik yapanlarin oraninin % 36.44,
hayvancilik yapip balik¢ilikla ugraganlarin oranmin % 4.23,
emekli olup ayn1 zamanda balik¢ilikla gegimini saglayanlarin
oraninin % 1.69 oldugu (Avan, 2007) bildirilmistir.
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Tablo 1. Kullanilan av araclarmin fiziksel 6zellikleri ve miktarlar

Tekne Ozellikleri Adet Yiizde (%)
Boyu (Metre)

3.0-35 14 20.3
3.6-4.0 49 71.0
4.1-5.0 6 8.7
Tekne Yapim Malzemesi

Ahsap 63 91.3
Fiberglas 4 5.8
Sisme bot 2 2.9
Av Arac Miktan

Pinter (Adet)

1-5 3 43
6-10 16 23.2
11-15 34 493
16-20 7 10.1
>20 9 13.0
Uzatma Ag1 (Metre)

50-100 27 39.1
101-200 33 47.8
201-300 7 10.1
> 300 2 2.9
Yillik Av Siiresi (Giin)

150 9 13.0
180 14 20.3
210 21 304
> 240 25 36.2

Tablo 2. Balik¢ilarin demografik ve sosyo-ekonomik o6zellikleri

Yas Gruplar Adet Yiizde (%)
30-39 2 2.9
40-49 21 30.4
50-59 29 42.0
> 60 17 24.6
Statiisii

Sigortali is¢i 2 2.9
Bag-kur 7 10.1
Emekli 15 21.7
Ciftci 45 65.2
Egitim Durumlar

[Ikogretim 63 91.3
Lise 6 8.7
Balikciligi Se¢me Nedeni

Aile biitcesine katki 41 59.4
Baba meslegi 3 43
Hobi 13 18.8
Nehir kenarinda ikamet 12 17.4
Meslek Tecriibeleri (Y1)

1-10 2 2.9
11-20 19 27.5
21-30 34 49.3
31-40 14 20.3
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Balik¢ilik Faaliyetinin Ekonomik Analizi

Balikgilarin av esnasinda yakaladiklar giinliik balik miktar-
lar1 3-25 kg arasinda degisiklik gostermektedir. Bolgede av-
ciligr yapilan yaym (Silurus glanis) baliginin kilosunun 15-
20 TL, turna (Esox lucius) baligimin kilosunun 10-15 TL, tath
su levreginin (Perca fluviatilis) kilosunun 10-15 TL ve sazan,
kizilkanat, tahta balig1 ve capak gibi sazangillerin (Cypri-
nidae) kilosunun 5-10 TL arasinda degisen fiyatlarda satildigi
tespit edilmistir. Av araglarindan teknelerin sermayesi 1000-
1500 TL, pinterlerin sermayesi 500-1500 TL, aglarin da 6zel-
liklerine gore 300 TL ile 2500 TL arasinda degistigi tespit
edilmistir. Balik¢ilik sezonu igerisinde balik¢ilarin giderleri-
nin tamamini av malzemesi ve tekne bakim giderleri olustur-
maktadir. Is¢i calistirmadiklar icin is¢i masrafi yoktur. Ku-
manyalarini kendileri saglamaktadirlar. Bolgede kullanilan
tiim tekneler insan giicii (kiirek) ile hareket ettirildiginden ya-
kit gideri yoktur.

Sonuc¢

4/1 Numarali Ticari Amagl Su Uriinleri Aveiligimin Diizen-
lenmesi Hakkinda Teblig’de Tiirkiye akarsularinda ticari
amach su triinleri aveiliginin yasak oldugu belirtilmesine
ragmen Asag1 Sakarya Nehri’'nde azzimsanmayacak miktar-
larda balik avciligi yapildigr tespit edilmistir. Bu veriler 1s1-
ginda iilkemizde bulunan diger akarsu ve nehirlerde de bu fa-
aliyetlerin yapildig1 diisiiniilmekte ve bolge balikeilan tara-
findan da ifade edilmektedir. Bu durum Tiirkiye nehirleri ba-
likgiliginin arastirilip gerekli diizenlemelerin yapilmasi ihti-
yacini ortaya ¢ikarmigtir.

Sonug olarak, Asag1 Sakarya Nehri ekolojik ve ekonomik aci-
dan Tirkiye nin en 6nemli nehir havzalarindan bir tanesidir.
Balikgilik baskisi, gevresel kirlenmeler gibi faaliyetlerin yo-
gun olarak yasandigi Asag1 Sakarya Nehri’nden elde edilen
faydanin devamlilik arz etmesi igin siirdiiriilebilir balikgilik
yonetimi politikalar gelistirilerek ivedilikle uygulanmasi ge-
rekmektedir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar herhangi bir ¢ikar ¢atigsmasinin olmadi-
gin1 beyan eder.

Etik kurul izni: Bu ¢alisma igin etik kurul iznine gerek yoktur.

Finansal destek: Bu ¢alisma Mugla Sitk1 Kogman Universitesi Bi-
limsel Arastirma Projeleri Koordinasyon Birimi (BAP)tarafindan
17/073 proje numarasi ile desteklenmistir.

Tesekkiir: Bu calisma sirasinda anketlerin doldurulmasinda katki
saglayan irem KOSE REIS’e ve bolge balik¢ilarma tesekkiir ederiz.
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ABSTRACT

In the Niger River in Benin, the fishes of Mochokidae family are of high commercial and economic
importance. The current study investigated size structures, length-weight relationships and condi-
tion factors of these catfishes in order to evaluate their plumpness. Mochokids were sampled
monthly from February 2015 to July 2016 with traps, seine and gillnet. Overall, the fish species
showed unimodal, bimodal and tri-modal standard-length distributions. Length-weight models dis-
played allometric coefficients (b) varying between 2.236 and 3.380, indicating positive and nega-
tive allometric growth with correlation coefficients () ranging between 0.87 and 0.99. Condition
factors were moderate to low and varied from K= 0.409 for Synodontis frontosus to K= 7.276 for
Synodontis sorex that showed a higher value K= 31.13 in aquatic vegetation. Major threats were
the use of chemical fertilizers and pesticides for adjacent agriculture, the retrieval of water for
agriculture and domestic uses, the invasion of floating plants, the introduction of exotic fish species
and overfishing. These data constitute valuable fisheries documentation that will contribute to con-
servation, valorization and sustainable exploitation of Mochokid fishes in Niger River in Benin.

Keywords: Allometric growth, Conservation, Synodontis schall, Sustainable exploitation



https://doi.org/10.3153/AR20007
https://doi.org/10.3153/AR20007
mailto:alphonseadite@gmail.com
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
http://aquatres.scientificwebjournals.com/
http://orcid.org/0000-0002-0039-7787
http://orcid.org/0000-0002-2255-4464
http://orcid.org/0000-0001-8656-3602
http://orcid.org/0000-0001-6910-0059
http://orcid.org/0000-0003-3810-7623
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3153/AR20007

Aquat Res 3(2), 72-84 (2020)

https://doi.org/10.3153/AR20007

Research Article

Introduction

Length-weight relationship (LWR) and condition factor (K)
have been widely used by aquatic biologists and fisheries
managers to assess fisheries ecology, population dynamics
and fish stocks in natural aquatic ecosystems and in semi-
controlled aquatic mediums (Ricker, 1968). In addition, the
« ecological health » and productivity level of aquatic eco-
systems can be evaluated through length-weight models and
condition factors (Deekae and Abowei, 2010) that are also
powerful tools to assess growth patterns and the wellbeing of
fishes (Muchlisin et al., 2010; Ndiaye et al., 2015). In gen-
eral, the growth of fishes could be negative allometric, posi-
tive allometric or isometric. Negative allometric growth with
slopes b<3 implies that the fish becomes more slender as it
increases in weight while positive allometric with slopes
b>3 indicates that the fish become more rotund as length in-
creases (Deekae and Abowei, 2010). In isometric growth
(b=3), there is no change in body shape as the fish grows
(Deekae and Abowei, 2010; Khristenko et al., 2017).

The condition factors indicate the degree of plumpness of fish
in their habitat and stand as a measure of various ecological
and biological factors such as season, water quality parame-
ters, food availabilities, stress, toxicity and gonadal develop-
ment (Mac Gregoer, 1959). Condition factor is a useful index
to assess the status of the fishes and can be used to monitor
aquatic ecosystems (Oni et al., 1983). In general, the fish
shows a better condition or wellbeing when a higher value of
the condition indices is recorded (Khallaf ez al., 2003).

In the Niger River in Northern Benin, recent fisheries surveys
by Arame et al. (2019) revealed fourteen demersal Mochokid
fish species that accounted for about 10.80% of the artisanal
catches (Koba, 2005). In the fish community of Niger River,
Mochokids are considered as one of the most abundant fish
of high economic and commercial importance and thus, these
fishes are intensively exploited by sedentary and migrant
fishermen for sales and subsistence. However, in Benin, this
regional running water is under strong anthropogenic pres-
sures that caused severe threats to fish biodiversity. These
degradation factors included the use of chemical fertilizers
and pesticides in adjacent agricultures, the discharges of
household wastes, the introduction of exotic species, the use
of detrimental fishing gears and the lack of regulatory texts
and management schemes. In the region, these ecosystem dis-
turbances have caused habitat fragmentations and losses,
spawning ground destructions, changes in fish community
structure, and depletion of fish stocks (Hauber, 2011; Arame
et al., 2019).

Notwithstanding their high fisheries importance and the mul-
tiple habitat disturbances and threats to the fish fauna, nothing

is known about the growth structure and the wellbeing of Mo-
chokids in this regional riverine water. In particular, length-
weight relationships and condition factors of this these fishes
have not been investigated.

The current study was aimed at evaluating length-weight re-
lationship (LWR) and condition factor (K) of dominant Mo-
chokid fishes living in the Niger River in Northern Benin in
order to provide a broader understanding of their plumpness
and wellbeing.

Material and Methods

Study Area

The study region is the Benin part of the Niger River around
Malanville municipality (North-Benin) that covered about
3.016 km?2. Malanville is located between 11°52'05” North
latitude and 3°22'59" East longitude with a mean altitude
reaching 200 m. The Niger River serves as a frontier between
Benin and Niger Republic, a neighbor country. Malanville
and surroundings exhibit a Sudano-Sahelian climate charac-
terized by a dry season (November-April) and a rainy season
(May-October). A dominant wind called Harmattan blows in
all directions from November to January with temperatures
ranging between 16 and 25°C (Adjovi, 2006). In Benin, the
Niger River shows three tributaries, Mékrou, Sota and Alibori
that caused severe inundations which at peak flood extended
on about 275 km? (Adjovi, 2006), thus, creating a wetland
that served as reproduction grounds for the fish community
(Welcomme, 1985; Moritz et al., 2006; Adite et al., 2017).
Malanville showed gneissic and gravelly soils whereas the
Niger River valley and its tributaries exhibited sandy-clayish
and ferruginous soils. Plant communities were dominated by
grassy savanna. The river comprised floating and submerged
plants that degraded the water quality. Artisanal fisheries in-
volving many ethnic groups were highly developed on Niger
River and constituted traditional activities that occurred on
the river channel as well as on floodplains, pools and marshes
(Hauber, 2011 ; Arame et al., 2019; Adjibade et al., 2019).

Mochokid Fish Collections

Sampling stations: For this study, four stations (Figure 1)
were selected on the Niger River for the fish samplings
(Arame et al., 2019). Site 1 (Tounga village) is located at
11°52'216"N, 3°23'907"E. This site is highly degraded be-
cause of anthropogenic disturbances. Site 2 is located behind
the “Dry Port” at 11°52"216"N, 3°23'907"E and is also de-
graded due to the construction of the dry port. Site 3 (Money
village) is situated at 11°52'987"N, 3°20'819"E and is less de-
graded. Also less degraded, Site 4 (Gaya village) is situated

73


https://doi.org/10.3153/AR20007

Aquat Res 3(2), 72-84 (2020)

https://doi.org/10.3153/AR20007

Research Article

at Niger Country side at 11°52'675"N, 3°25'329"E. Unlike
Site 1 and Site 2 were artisanal fisheries were moderate, fish-
ing activities were very developed at Site 3 and Site 4.

Fish sampling: Fish samplings were performed monthly
from February 2015 to July 2016. On each sampling site, two
habitats (aquatic vegetation and open water) were chosen.
Traps, seines and experimental gillnets were used for the
samplings that follow Adite et al. (2013).

In addition, fish were sampled from fishermen captures based
on fish abundances. One third of each fishermen capture was
sampled and uncommon species were systematically in-
cluded in the sample (Okpeicha, 2011). All individuals were
retained for the sample when the catch amount is less than 50

for a given species (Kakpo, 2011; Okpeicha, 2011). Mo-
chokids were then identified in sifu using identification refer-
ences such as Van Thielen et al. (1987), Levéque and Paugy
(2006). After identification, lengths (total length, standard
length) of individual were measured to the nearest 0.1 cm us-
ing a measuring board and the weight (W) was measured to
the nearest 0.01g using an electronic scale (CAMRY) (Arame
etal, 2019). As recommended by Murphy and Willis (1996),
identified fishes were preserved in 10% formalin and trans-
ported to “Laboratoire d’Ecologie et de Management des
Ecosystemes Aquatiques (LEMEA)” of the Faculty of Sci-
ences and Technics, University of Abomey-Calavi. In the la-
boratory, fish individuals were transferred into ethanol to fa-
cilitate biological observations.
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Figure 1. Study region (Malanville town and Niger River) and sampling stations: Station 1 = Tounga, Station
2 = Behind dry port, Station 3 = Gaya and Station 4 = Money
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Data Analysis

Length-weight relationships of each Mochokid species were
examined using the model below:

W =a L’ (Le Cren, 1951) and its log-linear form is:
Log W=Loga+bLogL

where L = Fish total length, W = weight, a = intercept, b =
slope (Le Cren, 1951). The allometry coefficient (slope) "b"
was compared with b =3 using t-test (Sokal and Rohlf, 1995),
which was performed using SPSS Software version 21 (Mor-
gan et al., 2001). Length-weight relationships and size struc-
ture were established for species with sample size > 20 indi-
viduals. Size structures were established through frequency
histograms of standard-length intervals of each species. The
wellbeing of each Mochokid was evaluated using Bagenal
and Tesch, 1978 condition factor:

K =2 %100
L

where, K is the condition factor, W is the total weight (g) and
L the total length (cm).

Results and Discussion
Size Structures

A total of 4240 individuals of Mochokids were sampled in
the Benin part of the Niger River including individuals from
Gaya. Mochokid numerical abundances varied with species
and ranged between 23 individuals for Synodontis frontosus
and Synodontis courteti and 3159 individuals for the domi-
nant species, Synodontis schall. With regards to sizes, stand-
ard length (SL) of Mochokid assemblages ranged between
4.5 cm (Synodontis schall) and 25 cm (Synodontis membra-
naceus) (Table 1). Species with large size individuals were
Synodontis membranaceus exhibiting SL varying between
5.0-25.0 cm, Synodontis courteti (SL: 12.0-21.0 cm), Syn-
odontis budjetti (SL: 10.9-21.0 cm), Synodontis schall (SL:
4.5-20 cm), Synodontis sorex (SL: 7.0-20.0 cm), Synodontis
clarias (SL: 8.5-19.5 cm), Synodontis violaceus (SL: 8.0-17.5
cm) and Synodontis melanopterus (SL: 6.0-18.5 cm). Me-
dium-sized species included Synodontis macrophthalmus
(7.5-15.0 cm), Synodontis ocellifer (7.5-14.5 cm), Synodontis
filamentosus (SL: 6.5-14.0 cm) and Synodontis frontosus
(10.0-13.0 cm) and small Mochokids were Synodontis nigrita
a (6.0-10.5 cm) and Synodontis nigrita b (7.0-9.5 cm) (Table

).

Seven species, Synodontis schall, Synodontis membranaceus,
Synodontis nigrita a, Synodontis clarias, Synodontis sorex,
Synodontis melanopterus and Synodontis filamentosus,
showed unimodal distributions. In contrast, species such as

Synodontis violaceus showed bimodal size distributions (Fig-
ure 2(a-h)). Dominant species, Synodontis schall, Synodontis
clarias and Synodontis membranaceus from the three major
habitats (open water, aquatic vegetation, traditional fishpond
“Whedo”’) showed significant variations (P <0 .01) of stand-
ard length across habitats. Indeed, calculated F values along
with degrees of freedom and p values were F» 3156 = 19.64
with P = 0.001 for Synodontis schall; F», ¢9 = 4.01 with P =
0.001 for Synodontis clarias and F> 700 = 4.64 with P =0.001
for Synodontis membranaceus.

Length-Weight Relationship (LWRs)

Allometric coefficients (b), intercept (a), correlation coeffi-
cients, growth trends and p-values of length-weight equations
of the Mochokids inventoried are summarized in Table 1.
Overall, allometric coefficients (b) were relatively high and
ranged between 2.2588 and 3.0859 for Synodontis sorex and
Synodontis clarias, respectively (Table 1 Figure 3: (a-h)).
Seven species, Synodontis schall, Synodontis membranaceus,
Synodontis nigrita a, Synodontis sorex, Synodontis melanop-
terus, Synodontis violaceus and Synodontis filamentosus,
showed significant negative allometric growth (b < 3; P <
0.05). In contrast, one specie, Synodontis clarias, exhibited
significant positive allometric growth (b >3; P <0.05) (Table

1.

Seasonally, allometric coefficients (b) varied between 2.4843
(Synodontis schall) and 3.0261 (Synodontis clarias) for the
dry season, and between 2.4842 (Synodontis schall) and
3.3907 (Synodontis clarias) during the wet season. Inversely,
the flood period showed a slope (b) ranging between 2.3234
for Synodontis membranaceus and 2.6205 for Synodontis
schall (Table 2).

Spatially, b value ranged from 2.2439 (Synodontis sorex) to
3.1458 (Synodontis clarias) in the open water habitat, but this
value was reduced in the aquatic vegetation habitat where it
ranged between 2.5047 (Synodontis membranaceus) and
2.6191 (Synodontis schall). In the traditional fish pond
("Whedo’’) b varied between 2.7995 (Synodontis membra-
naceus) and 2.911 (Synodontis schall) (Table 3). Overall, the
distribution of » values of Mochokids in the Niger River fol-
lowed a normal distribution (Ryan-Joiner normality test: P >
0.05) (Figure 4).
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Table 1. Length-weight regression equations* of Mochokid fishes collected from February 2015 to July 2016 in Niger River in
Northern Benin. N: Species abundance; a: Regression equation intercept; b: Regression equation slope, r*: Coefficient

of determination.

Standard Weight (g) Length-Weight Relationships

Length (cm)
Species N Min Max Min Max a b r’ Growth  P-value

(t-test)

Synodontis schall 3159 4.5 20.0 34.0 2375 | 0.027 2.6327 0.929 A- P=0.001
Synodontis membranaceus 712 5.0 25.0 45 4513 | 0.024 2.6974 0.947 A- P=0.001
Synodontis nigrita a 95 45 10.5 32 443 | 0.020 29033 0.854 A- P=0.001
Synodontis clarias 72 85 19.5 153 1783 | 0.008 3.0859 0.927 A+ P=0.001
Synodontis sorex 68 7.0 10.0 7.5 1765 | 0.062 2.2588 0.847 A- P=0.001
Synodontis melanopterus 30 6.0 18.5 6.5 108.0 | 0.0423 2.4805 0.961 A- P=0.001
Synodontis violaceus 30 8.0 17.5 11.1 225 | 0.016 2.8306 0.937 A- P=0.001
Synodontis filamentosus 23 6.5 14.0 52 484 | 0.014 2.7966 0.954 A- P=0.001
Synodontis ocellifer 15 7.5 14.5 11.2  83.7 - - - - -
Synodontis macrophthalmus 14 7.5 15.0 11.2 1053 - - - - -
Synodontis budjetti 10 109 21.0 325 2376 - - - - -
Synodontis nigrita b 6 7.0 9.5 10.0 27.0 - - - - -
Synodontis courteti 3 120 21.0 29.8 2213 - - - - -
Synodontis frontosus 3 100 13.0 233 743 - - - - -

* Length-weight regression equations were performed only for species with sample size > 20
A-: Negative allometric growth
A+: Positive allometric growth
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Figure 2(a-h). Size structures of Mochokidae fishes collected in Niger River in Northern Benin from February 2015 to July 2016.
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Figure 3(a-h). Curvilinear relationships between total length (L) and body weight (W) of Mochokidae fishes collected in Niger River in Northern
Benin from February 2015 to July 2016
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Figure 4. Distribution of slope (b) value of Mochokid fishes collected in Niger River in Northern Benin from February 2015

to July 2016.

Condition Factors

In this study, the condition factors of Mochokidae fishes sig-
nificantly (P<0.05) varied with species. Synodontis sorex ex-
hibited the highest condition value (K = 7.276) whereas the
lowest condition value (K = 0.790) was recorded for Syn-
odontis clarias (Table 4). Except Synodontis melanopterus,
all the species showed significant (P<0.05) seasonal varia-
tions of the condition factors (Table 5). Overall, during the
dry season, Synodontis sorex showed the highest mean K =
8.25 +3.36 whereas the lowest mean K= 0.94 +0.12 was rec-
orded in Synodontis clarias. In contrast, Synodontis clarias
exhibited the highest K = 5.52 £1.22 during the wet season
with Synodontis membranaceus showing the lowest condi-
tion factor K= 1.98 +0.26. In the flood season, K were rela-
tively reduced and ranged between 3.05 +£0.61 for Synodontis
schall and 5.94 +£0.97 for Synodontis membranaceus. Spa-
tially, condition factors significantly (P < 0.05) varied with
the different habitats and the highest value (K = 7.18 £2.98)
recorded in the open water for Synodontis sorex, whereas the
lowest value (K =0.67 + 0.08) was recorded in the open water
for Synodontis clarias (Table 6).

Overall, the results showed high length size variabilities
within species assemblages and between populations (Figure
2, Tablel). In this study, the maximum standard length (SL =
20 cm) recorded for the dominant species (Synodontis schall)
is similar to that reported by Sidi Imorou et al. (2019) in Ok-
para Stream (SL = 20.3 cm) in Northern-Benin. However, the
current findings for Synodontis schall were lower than the
value reported by Konan et al. (2007) in the Coastal Rivers
(SL = 22.5 cm) in South-Eastern of Ivory Coast and by
Hazoume et al. (2017) in the S6 River (SL = 24.3 cm) in
Southern Benin. In contrast, the maximum standard length for
Synodontis melanopterus (SL = 18.5 c¢cm) and Synodontis
macrophtalmus (SL = 15.0 cm) were higher than the values
reported by Sidi Imorou ef al. (2019) in Okpara Stream (SL
=14.2 cm, SL = 12.4 cm, respectively).

However, the current records for Synodontis nigrita a (SL =
10.5 cm) and Synodontis budjetti (SL = 21.0 cm) were lower
than the values reported by Sidi Imorou et al. (2019) in Ok-
para Stream, SL= 14.5 cm and SL = 23.0 cm, respectively.
Likewise, the maximum SL of Synodontis filamentosus (SL
=14.0 cm), Synodontis ocellifer (SL = 14.5 cm) and Synodon-
tis sorex (SL = 10 cm) recorded in the Niger River in Benin
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were lower than the values reported by Entsua-Mensah et al.
(1995), SL =19.0 cm, SL = 16.2 cm, SL = 21.6 cm, respec-
tively in the Volta River in Ghana. These differences in Mo-
chokid sizes were the results of different habitat conditions,
mainly water quality, food availability, high fishing pressure,
and levels of environmental degradations (king, 1991, 1996;
Hart, 2007; Sidi Imorou ef al., 2019).

With regards to length-weight patterns, the current research
indicated that allometric coefficients (b) varied between
2.2588 for Synodontis sorex and 3.0859 for Synodontis
clarias along with significant (P<0.05) correlation coeffi-
cients (») ranging between 0.84 and 0.92. These results agreed
with those recorded (2<6<4) by Hazoume et al. (2017) and
Sidi Imorou et al. (2019) respectively in the S6 river and in
Okpara stream from Benin freshwater fishes. In general, the
results revealed that most Mochokids (7/8) exhibited negative
allometric growth with slopes () less than 3, indicating that
the fish becomes less rotund as they increase in weight

https://doi.org/10.3153/AR20007
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(Deekae and Abowei, 2010). These negative growth trends
could be attributed to the multiple degradation factors such as
the proliferation of invasive floating plants, dumping of do-
mestic wastes, overfishing, introduction of invasive exotic
fishes, uses of chemical fertilizers and pesticides in agricul-
ture occurring in Niger River. Also, several other factors such
as season, habitat, gonad maturity, sex and diet could have
contributed to this negative growth patterns. For the dominant
species, Synodontis schall, similar negative growth trends
were reported by Laleye (2006) in the Oueme River and by
Sidi Imorou et al., (2019) in Okpara stream. Likewise, nega-
tive allometric growth were reported by Lawson (2013) in the
Ugudu creek for Synodontis ocellifer, by Laleye (2006) in the
Oueme River and by Hazoume (2017) in the S6 River for
Synodontis nigrita. In contrast with our findings, Synodontis
schall showed positive allometric growth in the Coastal Riv-
ers of Ivory Coast (Konan, 2007) and both Mochokids, Syn-
odontis sorex and Synodontis ocellifer exhibited an isometric
growth in the Volta River in Ghana (Entsua-Mensah,1995).

Table 2. Length-weight regression equations by seasons of Mochokid fishes collected in Niger River in Northern Benin from February

2015 to July 2016.
DRY WET FLOOD

Species a b r Growth b r Growth a b r Growth
Synodontis schall 0.0399 2.4843 0.9405 A™- [0.0399 2.4842 0.9405 A™- [0.086 2.6205 0.9542 A"-
Synodontis membranaceus  0.0162 2.8466 0.9380 A™- [0.0197 2.7673 0.9803 A™- [0.0588 2.3234 0.9441 A™-
Synodontis nigrita a 0.0294 2.7245 0.9277 A™- - - - - 0.0547 2.4922 0.8310 A™-
Synodontis clarias 0.0093 3.0261 0.9599 A™+ [0.0032 3.3907 0.9747 A"+ - - - -
Synodontis sorex 0.0777 2.1924 0.8680 A™- - - - - - - -
Synodontis melanopterus ~ 0.0474 2.4378 0.9715 A™- - - - - - - -

P <0.001
A-: Negative allometric growth
A+: Positive allometric growth

Table 3. Length-weight regression equations by habitat of Mochokid fishes collected in Niger River in Northern Benin

from February 2015 to July 2016.

Open water Aquatic vegetation 'Whedo"

Species a b r Growth b T Growth a b r Growth
Synodontis schall 0.0267 2.6324 09612 A™ |0.0291 2.6191 0.9747 A" 0.0153 2911 09851 A™-
Synodontis membranaceus 0.0245 2.6887 0.9754  A™- |0.0412 2.5047 0.8293 A™- 0.0226 2.7995 09139 A™-
Synodontis nigrita a 0.0190 2.9158 0.9281 A™- |0.0464 2.5769 0.9051 A" - - - -
Synodontis clarias 0.0066 3.1458 0.9646 A"+ - - - - - i -
Synodontis sorex 0.0673 22439 0.8708 A™- - - - - - - -
Synodontis melanopterus ~ 0.0423 2.4805 0.9805 A™- - - - - - - -
Synodontis violaceus 0.0161 2.8306 0.9679 A™- - - - - - - -
Synodontis filamentosus ~ 0.0139 27966 0.9765 A™- - - - - - - -

P <0.001
A-: Negative allometric growth
A+: Positive allometric growth
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Table 4. Condition factors (K) of Mochokid fishes collected in Niger River in Northern Benin from February 2015 to July 2016.
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Species Abundances | Condition factors (K)
Synodontis schall 3159 2.732
Synodontis membranaceus 712 2.438
Synodontis nigrita a 95 2.099
Synodontis clarias 72 0.790
Synodontis sorex 68 7.276
Synodontis melanopterus 30 4.267
Synodontis violaceus 30 1.633
Synodontis filamentosus 23 1.402

Table 5. Seasonal variations of condition factors (K+SD) of Mochokid fishes collected in Niger River in Northern Benin from

February 2015 to July 2016.
Dry Wet | Flood | P-value

Species K+SD

Synodontis schall 4.09 £1.10° 4.00 £0.37° 3.05+£0.61* | P=0.001
Synodontis membranaceus 1.65 +0.30* 1.98 £0.26° 5.94+£0.97° |P=0.001
Synodontis nigrita a 3.00 £0.57° - 5.54£0.88° | P=0.001
Synodontis clarias 0.94 +0.12° 5.52+1.22° - P=0.001
Synodontis sorex 8.25+3.36" - - P=0.001
Synodontis melanopterus 4.77 £0.51 - - P =10.059

Research Article

Table 6. Spatial variation of condition factors (K+=SD) of Mochokid fishes collected in Niger River in Northern Benin from
February 2015 to July 2016 in open water, aquatic vegetation and "Whedo".

Open water ‘ Aquatic vegetation ““Whedo” P-value
Species K+£SD
Synodontis schall 2.72 £0.56° 2.96 £0.56° 1.54£0.10* | P=0.001
Synodontis membranaceus 2.48 £0.44* 4.18 £0.63° 2.27+0.17* | P=10.001
Synodontis nigrita a 1.93 £0.34* 4.7+0.71b - P=0.001
Synodontis violaceus 1.48 £0.26 - - P =0.001
Synodontis filamentosus 1.40 +0.15 - - P=0.001
Synodontis sorex 7.18 £2.98* - - P =0.001
Synodontis clarias 0.67 £0.08* - - P =10.001

Nevertheless, in this survey, one (1) species, Synodontis
clarias, showed positive allometric growth patterns along
with slopes >3, indicating that the fish became more rotund
as total length increased (Deekae and Abowei, 2010). Proba-
bly, Synodontis clarias, showed high tolerance to habitat dis-
turbances, and therefore, was indifferent to critical habitat
conditions.

In the Niger River, condition factors (K) of Mochokids sig-
nificantly (P<0.05) varied with species and ranged between
0.790 and 7.276. Species such as Synodontis sorex, Synodon-
tis melanopterus, Synodontis schall, Synodontis membra-
naceus and Synodontis nigrita a showed high to moderate K

between 2.1-7.3 probably because of their tolerance to eco-
system disturbances and changes in habitat conditions. In-
versely, relatively reduced K varying between 0.790 and
1.633 were recorded for Synodontis violaceus, Synodontis fil-
amentosus and Synodontis clarias that likely exhibited low
tolerance to habitat degradation. In this survey, the condition
factors recorded for the dominant species, Synodontis schall,
were lower than those reported by Sidi Imorou et al. (2019)
in the Okpara stream and by Akombo (2014) in the Benue
River in Nigeria.

Seasonally, Synodontis schall showed a relatively good con-
dition during dry, wet and flood periods, Synodontis nigrita a
performed well during dry and flood periods and Synodontis
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violaceus displayed a good wellbeing during wet and flood
seasons. Synodontis sorex performed well only during dry pe-
riods, Synodontis clarias showed a good condition only dur-
ing the wet seasons and Synodontis membranaceus exhibited
a high condition factor only during flooding. Differential tol-
erance to abiotic factors, stage of development, spawning cy-
cle and habitat variability in relation with the species could
act to affect the plumpness of each Mochokid in Niger River.
For example, though Syrnodontis sorex performed well in
open water habitat with mean K = 7.18 +2.98, the highest
value was recorded in aquatic vegetation where K peaked at
31.13 £7.08. Finally, Synodontis schall and Synodontis mem-
branaceus, two (2) indifferent Mochokids, performed well in
both habitats.

Conclusion

The current fisheries research provides useful information for
Mochokids management in the degrading Niger River. These
catfishes showed a unimodal, bimodal and tri-modal size dis-
tributions in this riverine water. Among the eight dominant
Mochokids discussed, seven (7) exhibited negative allometric
growth while only one species, Synodontis clarias, showed
positive allometric growth, indicating a weak wellbeing of
the fishes. Condition factors were moderate and varied ac-
cording to season and habitat types. These findings will serve
both as reference data for follow-up and as documentation for
a management scheme of Mochokidae fishes in Niger River.
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Bu calismada Marmara Denizi’nin biyogesitliligi ve Derinsu Pembe Karidesi av miktarlar1 belir-
lenmistir. Orneklemeler Ekim 2011-Temmuz 2014 tarihleri arasinda mevsimlik olarak gergekles-
tirilmigtir. Marmara Denizi balik¢ilarin av sahalar1 dikkate alinarak 6 bolge degerlendirilmistir:
Erdek agiklari, Tekirdag, Marmara Adasi, Kapidag, Yalova ve Silivri. Toplamda 6 grup altinda 90
farkli tiir elde edilmistir; kemikli baliklar (42) kikirdakli baliklar (7), kabuklular (12), ¢ift kabuklu
yumusakgealar (8), kafadanbacaklilar (5), derisidikenliler (10) ve diger omurgasizlar (6). Margalef
tiir zenginligi (d), Shannon ¢esitlilik (H”) ve Pielou’nun diizenlilik (J) indeksleri hesaplanmustir.
Benzerlik diyagramlari mevsimlere, bolgelere ve derinliklere gore hazirlanmistir. Mevsimlere
gore ekolojik indeks degerleri kis periyodunda yiiksek bulunmustur. Bolgelere gore en yiiksek tiir
cesitliligi 1. (Erdek aciklari) ve 5. (Kagidag) bolgede, en diisiik ¢esitlilik 6. (Silivri) bolgede bu-
lunmustur. Benzerlik diyagramina gore bolgelerin %57 oraninda benzer olduklar1 gériilmektedir.

Anahtar Kelimeler: Algarna, Ekolojik indeksler, Marmara Denizi

ABSTRACT
Biodiversity of the Sea of Marmara and catch amount of the Deep-water rose shrimp

This study indicated that the catch amounth of the P.longirostris and the biodiversity of the Sea
of Marmara. Sampling was carried out between October 2011 and February 2014 with beam
trawler vessel operating in the Marmara Sea as seasonal. The Sea of Marmara was examined in 6
regions: Erdek, Tekirdag, Marmara Island, Kapidag, Yalova, and Silivri. In total, the catch consis-
ted of 90 species belonging to 6 groups of marine fauna, including Osteichthyes (42 species),
Chondrichthyes (7), Crustacea (12) Bivalvia (8), Cephalopoda (5), Echinodermata (10) and other
invertebrates (6). Margalef species richness index (d), Shannon diversity index (H’), Pielou’s
evenness index were calculated. Kruskal Wallis similarity dendrograms were drawn by seasonal,
regional and depth. According to seasons maximum species richness, diversity and evenness index
values were in the winter periods. According to the regions’ maximum species richness, diversity
and evenness index values were in the 1. (Erdek) and 4. (Kapidag) regions and minimum values
of the indexes were in the 6. (Silivri) region. And the Kruskal Wallis similarity dendrogram shows
57 % similarity between the regions.

Keywords: Beam trawl, Ecologic indexes, Sea of Marmara
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Giris

Eklem bacakli tiirler iizerine yapilan balik¢ilik son yillarda
diinya ¢apinda biiylik 6nem kazanmigtir. Bunun yaninda ka-
rides balik¢ilig1 yine biiyiik bir ekonomik deger olugturmak-
tadir (Tully ve ark., 2003). Karides balik¢ilig1 igerisinde De-
rinsu pembe karidesi (Parapenaeus longirostris Lucas, 1846)
Avrupa’da ticari olarak yiliksek ekonomik degere sahip bir tiir
olup, Dogu Atlantik ve tiim Akdeniz’de Ispanya, Fransa,
Italya, Yunanistan ve Tunus gibi iilkelerde en 6nemli omur-
gasiz tiirii oldugu soylenebilir (Deval ve ark., 2006). Ulke-
mizde de Marmara, Ege ve Levant kiyilar1 boyunca balikgili-
gin yogun olarak yapildigi bolgelerde, Derinsu pembe kari-
desinin yiiksek ekonomik potansiyele sahip oldugu bilinmek-
tedir (Baran ve Oztiirk, 1990; Zengin ve ark., 2004; Bayhan
ve ark., 2005).

Karidesler, liikks besin maddesi siifinda olmalar1 dolayisiyla
ticari degerlerinin yiiksek olmasi gibi nedenlerle yogun ola-
rak avlanmaktadir. Ulkemize &nemli miktarda ekonomik
girdi saglamakta ve insanlarin hayvansal gida gereksinimini
karsilamaktadir. Ayni zamanda saglikli ve dengeli beslenme-
deki 6nemi diisiiniildiiglinde, karides endiistrisinin gelistiril-
mesinin gerekli oldugu goriilmektedir (Manasirli, 2008).

Marmara Denizi’nde karides algarnasi ile yapilan ¢aligmalar
sinirlt sayidadir. Yazicit ve ark. (2004) Erdek Korfezi’nde,
Bayhan ve ark. (2006) Marmara Denizi’nin Giliney-
dogu’sunda; Oztiirk (2009) Kuzey Marmara’da algarnanin av
kompozisyonunu ve Derinsu pembe karidesini arastirmislar-
dir. Yapilan bu arastirmalar Marmara Denizi’nin tamamini
kapsayan caligmalar degildir. Yalnizca bir ¢alismada Mar-
mara Denizi’nin tamaminda algarna aginin av kompozisyonu
bildirilmistir (Zengin ve ark., 2004). Diger ¢alismalar kisith
bolgelerde ve az sayida drnekleme noktasi icermektedir. Bu
baglamda yapilan bu arastirma Marmara Denizi’'ndeki en
kapsamli ¢alisma niteligindedir.

Bu arastirmada, Marmara Denizi’nde karides algarnasinin av
kompozisyonunu mevsimlere, blgelere ve derinlige gore be-
lirlemek ve algarna av aracinin avladigt tiir ¢esitliligini ve da-
gilimlarin1 ortaya ¢ikarmak amaglanmistir. Bu arastirmanin
sonuglari, siirdiiriilebilir karides balik¢iliginin gelecekteki
yOnetim planlar icin politikalar gelistirilmesi, yapilacak ya-
sal diizenlemelere katki saglamasi ve gelecekteki calismalara
kaynak olusturmasi agisindan énemlidir.

Materyal ve Metot

Caligma materyalini, Marmara Denizi’nden Eyliil 2011-Tem-
muz 2014 tarihleri arasinda algarna ile aylik olarak elde edi-
len o6rnekler olusturmaktadir. Algarna c¢ekimleri Marmara
Adasi Limanina kayith Siikriye Ana isimli balikg¢ teknesi ile
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2 mil/s hizda ve 30’ar dakikalik siireler ile yapilmistir. Balik-
c¢ilarin av sahalar1 dikkate alinarak Marmara Denizi alt1 bol-
gede degerlendirilmigtir (Sekil 1). Ekim 2011-Temmuz 2014
tarihleri arasinda toplam 229 adet algarna ¢ekimi yapilmistir.
Her bir bolgedeki ¢ekim sayisi; 1.bolge: 43, 2.bolge: 31, 3.
bolge: 49, 4.bolge:42, 5.bolge: 24, 6.bolge: 40 adet olarak de-
gismistir.

41,5+ ~_ KARADENIZ r

41

405 5~

ST g S

40 =

T T T T
26,5 27 27,5 28 28,5 29 29,5 30

Sekil 1. Marmara Denizi’nde algarna ¢ekimi yapilan bolgeler
(1: Erdek Agiklart , 2: Tekirdag, 3: Marmara adast ,
4: Kapidag yarimadasi , 5: Yalova , 6: Silivri)
Figure 1. Sampling areas in the Sea of Marmara (1: Erdek , 2: Te-
kirdag, 3: Marmara Island , 4: Kapidag peninsula, 5: Ya-
lova, 6: Silivri)

Ornekleme islemi Holden ve Raitt (1974)’e gore yapilmustir.
Teknede algarna agindan ¢ikan tiim karides, baliklar ve
omurgasizlar tiirlerine ayrilarak, toplam agirliklart 6l¢iilmiis-
tiir. Tiir Cesitliligi (Shannon — Wiener) Indeksi, Pielou’nun
Diizenlilik (Homojenlik) indeksi ve Tiir Zenginligi (Marga-
lef) indeksi PRIMER 7.0 ekolojik istatistik paket programi-
nin DIVERSE fonksiyonu kullanilarak hesaplanmistir
(Clarke ve Warwick, 2001). Dendogramlarin ¢iziminde MI-
NITAB 16 programi kullanilmistir.

Tiir zenginligi Margalef Indeksi kullanilarak d = % for-
miilii ile hesaplanmugtir.

S: Toplam tiir sayisi, N: Toplam birey sayisi

Pielou’nun Diizenlilik indeksi /' = S

Togs formiilii ile hesap-

lanmustir
S: Tiir sayis1 [J ' degeri 0 (diisiik homojenite) ile 1 (yliksek
homojenite) sinirlar1 arasinda degisebilir] .

Tiir gesitliligi Shannon—Wiener indeksi (H') kullanilarak log,
tabaninda hesaplanmistir. H'=-X pi log: (pi)
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H': Tiir cesitliligi, pi: Bir tiiriin birey sayisinin toplam birey
sayisina oranidir.

Bu indeks ekolojik kalitenin en iyi gostergelerinden biridir,
cogunlukla 1.5 (diisiik ¢esitlilik) ile 3.5 (yiiksek cesitlilik)
arasinda degisir. Seyrek olarak 0 ile 4.6 sinir degerlerine ula-
sabilir.

Bulgular ve Tartisma
Av Kompozisyonu

Marmara Denizi’nde Ekim 2011-Temmuz 2014 tarihleri ara-
sinda toplam av miktar1 4.2 ton olarak bulunmustur. Toplam
biyokiitlenin %25’ini Derinsu pembe karidesi, %13’{inii ke-
mikli baliklar, %2’sini kikirdakli baliklar ve %60’ 11 diger
omurgasiz tiirler olugturmustur. Kemikli baliklar grubunu ¢o-
gunlukla bentik ortamla iliskili bento-pelajik tiirler olustur-
mustur. Algarna ¢ekimlerinde toplam 90 tiir avlanmustir.
Bunlarin 42’sini kemikli balik, 7°sini kikirdakli balik, 41’ini
omurgasiz tiirler olugturmustur (Tablo 1).

Tablo 1. Marmara Denizi’nde algarna ile avlanan tiirler

Table 1. The species caught with beam trawl in the Sea of Marmara
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Kemikli bahklar

Barbun Mullus barbatus Linnaeus, 1758

Benekli pisi balig Lepidorhombus boscii (Risso, 1810)
Berlam Merluccius merluccius (Linnaeus, 1758)
Cizgili hani Serranus hepatus (Linnaeus, 1758)

Dil balig: Solea solea (Linnaeus, 1758)

Diilger balig1 Zeus faber Linnaeus, 1758

Fener balig1 Lophius budegassa Spinola, 1807

Hamsi Engraulis encrasicolus (Linnaeus, 1758)
Horozbina Blennius ocellaris Linnaeus, 1758
Isparoz Diplodus annularis (Linnaeus, 1758)
Iskorpit Scorpaena porcus Linnaeus, 1758
Istavrit Trachurus trachurus (Linnaeus, 1758)
Izmarit Spicara maena (Linnaeus, 1758)
Kancaagiz pisi balig1  Citharus linguatula (Linnaeus, 1758)
Kayabalig1 Lesuerigobius friesii (Malm, 1874)
Kirlangig Chelidonichthys lucerna (Linnaeus, 1758)
Kirlangig Lepidotrigla cavillone (Lacepéde, 1801)
Komiircii kayabaligi  Gobius niger (Linnaeus, 1758)

Kurdela balig Cepola macrophthalma (Linnaeus, 1758)
Kiigiik gelincik Gaidropsarus biscayensis (Collett, 1890)
Lekeli dil balig1 Microchirus variegatus (Donovan, 1808)
Mazak Trigloporus lastoviza (Bonnaterre, 1788)
Mezgit Merlangius merlangus (Linnaeus, 1758)
Migr Conger conger (Linnaeus, 1758)

Oksiiz Trigla lyra (Linnaeus, 1758)

Sardalya Sardina pilchardus (Walbaum, 1792)

Sarikuyruk Istavrit

Trachurus mediterraneus (Steindachner,
1868)

Seffaf dil balig1 Arnoglossus kessleri (Schmidt, 1915)
Tekir Mullus surmuletus (Linnaeus, 1758)
Tiryaki Uranoscopus scaber (Linnaeus, 1758)

Trakonya Trachinus draco (Linnaeus, 1758)
Uzgiin Callionymus Iyra (Linnaeus, 1758)
Uzgiin Callionymus fasciatus (Valenciennes, 1837)
Kikirdakh bahiklar

Domuz balig1 Oxynotus centrina (Linnaeus, 1758)
Kedi balig1 Scylorhinus canicula (Linnaeus, 1758)
Sivriburun vatoz Dipturus oxyrincus (Linnaeus, 1758)
Torpedo Torpedo marmorata (Risso, 1810)

Vatoz Raja clavata (Linnaeus, 1758)

Vatoz Raja miraletus (Linnaeus, 1758)

Vatoz Dasyatis pastinaca (Linnaeus, 1758)
Omurgasizlar

Ahtapot Octopus vulgaris (Cuvier, 1797)
Akdeniz midyesi Mytilus galloprovincialis (Lamarck, 1819)
Beyaz kum midyesi  Chamelea gallina (Linnaeus, 1758)

Cali karidesi Plesionika heterocarpus (A. Costa, 1871)

Deniz hiyar
Deniz kestanesi
Deniz kestanesi
Deniz kestanesi
Deniz minaresi
Deniz kalemi
Deniz 6rtimcekleri
Deniz pabucu
Deniz salyangozu
Deniz salyangozu
Deniz salyangozu
Deniz tavsani
Deniz yildiz1
Deniz yildiz1
Deniz yildiz1
Deniz yildiz1
Deniz yildiz1
Deniz yildiz1
Deniz yilan yildiz1
Derinsu pembe kari-
desi

Jumbo karides
Karides

Kalamar

Karavida

Kesis yengeci
Kirmizi karides
Kerevit

Midye

Mis ahtapot
Miirekkep balig1
Oriimcek yengec
Pina

Siingerler
Yengeg

Yengeg

Holathuria tubulosa (Gmelin, 1791)
Spatangus purpureus (O.F. Miiller, 1776)
Brissopsis lyrifera (Forbes, 1841)
Echinus acutus (Lamarck, 1816)
Turritella communis (Risso, 1826)
Pennatula sp.

Pycnogonida sp.

Parastichopus regalis (Cuvier, 1817)
Galeodea echinophora (Linnaeus, 1758)
Murex brandaris (Linnaeus, 1758)
Aporrhais serresianus (Locard, 1891)
Aplysia sp.

Marthasterias glacialis (Linnaeus, 1758)
Asterias rubens (Linnaeus, 1758)
Astropecten irregularis (Pennant, 1777)
Hacelia attenuata (Gray, 1840)
Anseropoda placenta (Pennant, 1777)
Antedon mediterranea (Lamarck, 1816)
Ophiura texturata (Lamarck, 1816)
Parapenaeus longirostris (Lucas, 1846)

Penaeus japonicus (Spence Bate, 1888)
Pontocaris lacazei (Gpurret, 1887)
Loligo vulgaris (Lamarck, 1798)
Squilla mantis (Linnaeus, 1758)
Paguristes syrtensis (Saint Laurent, 1971)
Aristeus antennatus (Risso,1816)
Nephrops norvegicus (Linnaeus, 1758)
Aequipecten opercularis (Linnaeus,
1758)

Eledone moschata (Lamarck, 1798)
Sepia officinalis (Linnaeus, 1758)
Macropodia rostrata (Linnaeus, 1761)
Pinna sp.

Spongiidae

Liocarcinus depurator (Linnaeus, 1758)
Goneplax rhomboides (Linnaeus, 1758)
Alcyonium sp.
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Mevsimsel Av Kompozisyonu ve Tiir Cesitliligi

Sonbahar 2011-Yaz 2014 tarihleri arasinda yapilan toplam 12
mevsimlik 6rneklemede sirasiyla; Sonbahar 2011°de 334 kg,
Kis 2012°de 110 kg, Ilkbahar 2012°de 533 kg, Yaz 2012°de
379 kg, Sonbahar 2012°de 393 kg, Kis 2013°de 383 kg, Ilk-
bahar 2013’de 195 kg, Yaz 2013’de 518 kg, Sonbahar
2013°de 79,5 kg, Kis 2014°de 145 kg, Ilkbahar 2014°de 521
kg, Yaz 2014’de 450 kg toplam av elde edilmistir. Toplam av
icerisinde P. longirostris in ve diger tiirlerin mevsimsel dagi-
limlar1 belirlenmistir (Sekil 2). P. longirostris’in mevsimlere
gore av miktarlar1 ve oranlarina bakildiginda en yiiksek av ve
oranlar1 sonbahar mevsiminde elde edilmistir. En diisiik av ve
oranlari ise kig mevsiminde bulunmustur. Derinsu pembe ka-
ridesin mevsimsel av ve oranlar sirasiyla; Sonbaharda
2011°de 120.9 kg (%37), Kis 2012°de 30.6 kg (%28), Ilkba-
har 2012°de 83.2 kg (%16), Yaz 2012’de 87.8kg (%23), Son-
bahar 2012°de 134 kg (%34), K15 2013°de 80.5 kg (%21), ilk-
bahar 2013 “‘de 104.3 kg (%53), Yaz 2013°de 115.2 kg (%22),
Sonbahar 2013’de 43.4 (%54); Kis 2014°de 51.8 kg (%35,7),
[lkbahar 2014°de 45.6 kg (%9) ve Yaz 2014’ de 84.3 kg (%19)
olarak tespit edilmistir (Sekil 3).

Mevsimlere gore tiir ¢esitliligi benzerlik diyagramina gore
mevsimler arasinda %53 oraninda benzerlik bulunmustur
(Sekil 4). Pieulou’nun diizenlilik (J*), Shannon-Wiener cesit-
lilik (H”) ve Margalef tiir zenginligi (d) indekslerine gore kis
mevsimlerinde tiir ¢esitliligi ve tiir zenginliginin daha yiik-
sek, yaz mevsimlerinde ise en diisiik oldugu goriilmiistiir. En
yiiksek tiir zenginligi indeksine (d) 5.757, en yiiksek diizenli-
lik indeksine (J’) 0.4567, en yiiksek ¢esitlilik indeksine (H)
1.854 degerleri ile kis mevsimlerinde rastlanmistir (Tablo 2).

P. longirostris’in mevsimlere gore av miktarlar ve oranlarina
bakildiginda en yiiksek av oranlari sonbahar mevsiminde elde
edilmistir. En diisiik av ve oranlari ise kis mevsiminde bulun-
mustur. Biyokiitle oranlar1 sonbaharda yiiksek, ilkbaharda
diisiik bulunmustur. Bu sonuglar tiiriin en basta avecilik olmak
iizere lireme, yeni birey katilimi ve mevsimsel derinlige bagh
g6¢ davranisindan kaynaklandigi diisiinilmektedir.

Bolgelere Gore Av Kompozisyonu ve Tiir Cesitliligi

Marmara Denizi’nde 6 av bolgesinde yapilan 6rneklemede si-
rasiyla; 1. bolgede 614.7 kg, 2. bolgede 828.8 kg, 3. bolgede
565 kg, 4. bolgede 629 kg, 5. bolgede 426.7 kg, 6. bolgede
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1028 kg toplam av elde edilmistir. Bolgelere gore toplam av
icerisinde P. longirostris’in ve diger tiirlerin oran1 ve dagi-
limlar1 belirlenmistir. P. longirostris’in bolgelere gore av
miktarlar ve oranlar sirastyla 1. Bolgede 137.5 kg (%22), 2.
Bolgede 176.2 kg (%21), 3. Bolgede 197 kg (%35), 4. Bol-
gede 180.8 kg (%29), 5. Bolgede 45.8 kg (%11), 6. Bolgede
253 kg (%25) olarak tespit edilmistir (Sekil 5). Bolgelere gore
av kompozisyonu dagilimlar1 incelendiginde en fazla karides
ylizde olarak 3. ve 4. bolgeden elde edilmistir (Sekil 5).
Bolgelere gore belirlenen tiir cesitliligi benzerlik diyagra-
mina gore bolgeler arasinda %57 oraninda benzerlik bulun-
mustur. Bolgelerin kendi aralarinda 3 grup olusturduklari go-
rilmiistiir. 1-3, 2-6, ve 4-5 bolgeler kendi iglerinde daha ben-
zer olarak belirlenmistir (Sekil 6).

Pieulou’nun diizenlilik (J”), Shannon-Wiener c¢esitlilik (H”)
ve Margalef tiir zenginligi (d) indekslerine gore 1. ve 4. bol-
gede tiir zenginligi yiiksek, 6. bolgede en diigiik bulunmustur
(Sekil 11). En yiiksek tiir zenginligi indeksine (d) 6.232 ile,
en yiiksek diizenlilik indeksine (J’) 0.4447, en yiiksek cesit-
lilik indeksine (H”) 1.87 ile 1.bolgede rastlanmistir (Tablo 3).

Marmara Denizi’nde av sahalarina gore P. longirostris’in av
oranlar1 bolgelere gore degisim gostermistir. Bolgelere gore
av oranlar1 incelendiginde en fazla karides Giiney Marmara
Bolgesi olan 3. Bolge (Marmara Adast) ve 4. bolgeden (Ka-
pidag Yarimadasi) elde edilmistir.

Derinlige Gore Av Kompozisyonu ve Tiir Cesitliligi

Aragstirma bolgesi 50-100 m ve >100 m olmak tizere iki farkli
derinlik konturunda degerlendirilmistir. Derinsu pembe kari-
desin ve diger canli gruplarinin av oraninin derinlik konturla-
rina gore degistigi tespit edilmistir. 50-100 m derinlikler ile
karsilastirildiginda 100 m ve daha derin sularda avlanan De-
rinsu pembe karidesin oran1 daha diisiik bulunmustur. Diger

omurgasizlarin av orani ise derinlikle artmistir (Sekil 7).

Derinlige gore tiir cesitliligi benzerliginin diisiik oldugu be-
lirlenmistir. Pieulou’nun diizenlilik (J”), Shannon-Wiener ¢e-
sitlilik (H”) ve Margalef tiir zenginligi (d) indeksleri degerle-
rine gore derinlik arttikca tiir zenginliginin azaldig1 belirlen-
mistir. En yiiksek tiir zenginligi indeksine (d) 9.123, en yiik-
sek diizenlilik indeksine (J*) 0.295, en yiiksek ¢esitlilik in-
deksine (H”) 1.375 degerleri ile 50-100 m derinlik araliginda
rastlanmistir (Tablo 4).
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Figure 2. Distribution of the catch composition according to the seasons
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Figure 4. Kruskal Wallis similarity dendrogram according to the seasons.



https://doi.org/10.3153/AR20008

Aquat Res 3(2), 85-** (2020) e https://doi.org/10.3153/AR20008 Research Article

Tablo 2. Mevsimlere gore ekolojik indeks degerleri

Table 2. Ecological index values according to the seasons.

Mevsimler Birey sayis1 (n) Margalef (d) Pieulou (J°) Shannon-Wiener (H”)
Sonbahar 2011 38310 5.307 0.3795 1.534
Kis 2012 14867 5.622 0.4465 1.789
IIkbahar 2012 71230 4.654 0.3106 1.269
Yaz 2012 67459 3.957 0.2573 0.9796
Sonbahar 2012 63022 4.525 0.2538 0.998
Kis 2013 61264 5.262 0.2331 0.9503
[lkbahar 2013 25121 4.936 0.1879 0.7388
Yaz 2013 86700 4.573 0.3189 1.266
Sonbahar 2013 10772 4.954 0.3731 1.437
Kis 2014 19948 5.757 0.4567 1.854
IIkbahar 2014 48542 4912 0.2925 1.167
Yaz 2014 79935 4.252 0.2515 0.9786

Tablo 3. Bolgelere gore ekolojik indeks degerleri

Table 3. Ecological index values according to the regions

Bolgeler Birey sayisi (n) Margalef (d) Pieulou (J°) Shannon-Wiener (H”)

1. Bolge 39761 6.232 0.4447 1.87
2. Bolge 150097 4.782 0.2987 1.213
3. Bolge 55578 5.766 0.3173 1.32
4. Bolge 75017 6.147 0.3114 1.323
5. Bolge 67532 5.396 0.3678 1.512

Tablo 4. Derinlige gore ekolojik indeks degerleri
Table 4. Ecological index values according to the depth

Derinlikler Birey sayisi (n) Margalef (d) Pieulou (J°) Shannon-Wiener (H’)
50-100 m 192467 9.123 1.375 1.375
>100 m 8360 5.758 0.7387 0.2243
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Figure 5. Distribution of the catch composition according to the regions

92


https://doi.org/10.3153/AR20008

Aquat Res 3(2), 85-** (2020) e https://doi.org/10.3153/AR20008

Research Article

5. Bolge

4. Bolge

—6. Bolge

2. Bodlge

3. Bolge

1. Bolge

(') % Similarity 5'0
Sekil 6. Bolgelere gore tiir ¢esitliligi benzerlik diyagrami

Figure 6. Kruskal Wallis similarity dendrogram according to the regions

50-100 m

B 7 longirostris
B Kemikli baliklar
B Kikirdakli baliklar

B Diger omurgasizlar

Sekil 7. P. longirostris’in derinliklere gore av kompozisyonu dagilimlari

Figure 7. Distribution of the catch composition of P.longirotsris according to the depth

>100 m

100

B P longirostris
m Kemikli baliklar
m Kikirdakl baliklar

m Diger omurgasizlar


https://doi.org/10.3153/AR20008

94

Aquat Res 3(2), 85-97 (2020) e

Bu calismada algarna ile yakalanan tiirlerin sayist ve kompo-
zisyonu oOnceki ¢aligmalara benzerlik gostermektedir. Mar-
mara Denizi’nde algarna avcili§i konusunda Erden ve ark.
(1971) tarafindan 1970 yilinda Sarkdy-Eriklice-Kalamig-Mii-
refte Onlerinde, 15 istasyonda yapilan ¢alisma sonrasinda 46
tiir yakalanmistir. Kinacigil ve ark. (2003) Kapidag yarima-
dasmin kuzey ve kuzey-dogusunda gelencksel ve model al-
garnalar ile 17 istasyonda yaptiklar1 ¢aligmada 19 tiir avlan-
digin1, Yazicit (2004); giiney-bati Marmara’da algarna ile
yaptig1 arastirma sonrasinda 37 tiirlin yakalandigini ve P. lon-
girostris’in toplam avin agirlik olarak % 50.8’ini olusturdu-
gunu bildirmistir. Bunun disinda DEU/DBF-JICA (1993) ta-
rafindan hazirlanan Marmara Denizi’nde demarsal kaynaklar
sorveyinde balik tiir sayis1 62 ve omurgasiz tiir sayis1 14 ola-
rak bildirilmistir. Zengin ve ark. (2004) Marmara Denizi’nde
dip trolii, derin su manyati ve algarna gibi geleneksel siiriitme
aglar ile 10 taksonomik gruba ait 118 adet farkl: tiiriin avlan-
digimi, taksonomik gruplarin sirasiyla; Kemikli baliklar; 42,
Yumusakealar;18, Kabuklular;17, Derisi dikenliler; 13, Kikir-
dakli baliklar;8, Kurtguklar;7, Kafadan bacaklilar;6, Koloni-
ler;6, Siingerler;1 ve Ascidesler;1 tiir igerdigini saptamislar-
dir. Bayhan ve ark. (2006) Kasim 2000 - Ekim 2001 tarihleri
arasinda Giineydogu Marmara’da algarna ile yapilan ¢ekim-
ler sonucunda, 7 taksonomik gruba ait toplam 51 tiir yakalan-
mis, toplam avin sayisal olarak %64.5 ni hedef tiir olan Pa-
rapenaeus longirostris, %35.5’ini hedef dis1 av olugturmus-
tur. Hedef dis1 avin % 17.16’sin1 Kemikli baliklar (Osteichth-
yes), %8.58’ini Kabuklular (Crustacea-Decapoda), %4.94’
iinii Derisi Dikenliler (Echinodermata), % 2.53’tinii Yumu-
sakcalar (Mollusca), %2.14’ iinii Cnidaria ve %0.13’ {inii ki-
kirdakli baliklar (Chondrichthyes) olugturmustur. Arastirici-
lar, Marmara Denizi’nde algarna ile avcilikta yakalanan tiir
sayisinin 88’e kadar ¢ikabildigini, bunun yaninda hedef dist
avin toplam av igerisindeki sayisal oranmin %12.1-35.48,
agirlikca oranin ise %24.4 - 49.2 arasinda degisebildigini be-
lirtmislerdir. Oztiirk (2009) Kuzey Marmara Denizi’nde
1987-1988 yillarinda algarna ile yiiriitiilen ¢alismada karides
disinda toplam 44 tiir (24 balik tiirii, 20 omurgasiz tiirii) elde
edildigini belirtmiglerdir. Calismamizda, Derinsu pembe ka-
ridesin agirliksal olarak mevsimsel av oranlar1 sonbahar-yaz
donemlerinde yiiksek, kis-ilkbahar donemlerinde ise diisiik
bulunmustur. Bunun nedeni, basta avcilik olmak iizere tiiriin
iireme, yeni birey katilimi ve mevsimsel derinlige bagli go¢
davranigindan kaynaklandigi diistiniilmektedir.

Tiirlin lilkemiz sularinda; Akdeniz ve Marmara Denizi’nde
50-700 m (Artiiz, 2005), Marmara Denizi’nde 35-500 m (Ko-
catas ve ark., 1991), Ege Denizi’nde 80-350 m (Kara ve Gur-
bet, 1999) 200-400 m (Tosunoglu ve ark., 2009) derinliklerde
dagilim gosterdigi bildirilmistir. Derin su pembe karidesi say1
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ve agirlik olarak en yiiksek Ege Denizi i¢in 150-400 m (Poli-
tou ve ark., 1998), Giiney Ege i¢in 200-500 m (Tserpes ve
ark., 1999), Orta Ege’de 150-350 m (Kara ve Gurbet, 1999)
derinliklerde avlandigi bildirilmistir. Tiriin ilkemiz sula-
rinda; Marmara Denizi’'nde 150-200 m (Zengin vd., 2004),
50-120 m (Artiiz, 2006) ve 44-110 m (Zengin ve Akyol 2009)
derinliklerde yogun dagilim gosterdigi bildirilmistir. Bu de-
gerler calismamiz ile benzerlik gostermis ve derinlikler ara-
sindaki anlamli farkliliklarin olmasi farkli bolgelerde tiiriin
belirli derinliklerde daha yogun oldugunu desteklemektedir.
Marmara Denizi’nde av sahalarina gore P. longirostris’in
agirlik olarak av oranlar sirasiyla 1. bolge %22, 2. bolge
%21, 3. bolge %35, 4. bolge %29, 5. bolge %11, 6. bolge %25
olarak tespit edilmigtir. Bolgelere gore av oranlar1 incelendi-
ginde en fazla karides Giiney Marmara Bdlgesi olan 3. ve 4.
bolgeden elde edilmistir. Bu bolgelerdeki niifus yogunlugu ve
kirletici etmenler daha azdir. Kocagay ve Gonen Cay1’nin ge-
tirdigi nehir girdileri bélgenin besince zengin olusunu sagla-
maktadir. Marmara Adast ve Kapidag Yarimadasi’nin be-
since ve oksijence daha zengin oldugu dnceki ¢alismalarda
bildirilmistir (Satilmis ve ark., 2017)

Bu aragtirmada Derinsu pembe karidesinin dagilimi mevsim-
lere, bolgelere, derinliklere gore farklilik gostermistir. Yapi-
lan aragtirmalarda tiirlerin dagilimina farkl faktorlerin etkisi
oldugu belirtilmistir. Ungaro ve ark. (2004), Gliney Adriyatik
Denizi’'nde tiirlin ¢ogunlukla kita sahanligi sinirlarinda ve
kitasal egimin st pargalarinda bulundugunu, dagiliminda su
sirkiilasyonu, sicaklik ve jeomorfolojik farkliliklarin etkili
oldugunu tespit etmislerdir. Ungaro ve ark. (1999), Giiney
Adriyatik Denizi’'nde oseanografik sartlarla Crustacean
tirlerinin dagilimi arasinda giiclii iliskiler bulundugunu
ortaya koymuslardir. Benchoucha ve ark. (2008), Fas’in
Atlantik sularinda tiiriin yakalama miktarlarinda sicakligin
o6nemli oldugunu tespit etmislerdir. Tosunoglu ve ark. (2009)
Ege Denizi’nde su sicakliginin 200 m derinlikten sonra 14-
15°C’de sabitlendigini ve tiiriin bu sicakliklari tercih etmesi
nedeniyle 200-400 m derinliklerde yogun bulundugunu bil-
dirmigtir. Dall ve ark. (1990), tiiriin Akdeniz ve Dogu Atlan-
tik’te 13-17°C arasindaki sularda yayilim gosterdigini, Un-
garo ve Gramolini (2006), Giiney Adriyatik Denizi’'nde 14-
15°C’deki sular tercih ettigini, Yiiksek ve ark. (2000) ve Ar-
tiiz (2005) Marmara Denizi’nde, Akdeniz kokenli 14.2°C su
sicakligini, 6zellikle de 40 m ile 110 m tabakay1 tercih ettik-
lerini bildirmislerdir. Guijarro ve ark. (2009), Akdeniz’de
Balear Adalari’nda tiirlin yogunlugundaki alansal-zamansal
farkliliklarin =~ deniz ~ tabani  topografisi,  sediment
kompozisyonu, hidrografik 6zellikler ve besin miktar ile
iligkili oldugunu belirtmislerdir.
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Sonuc¢

Av kompozisyonu mevsimlere, bolgelere ve derinlige gore
degisim gostermistir. Tiir ¢esitliligi yaz mevsiminde yiiksek
kis mevsiminde ise diisiik bulunmustur. Tir ¢esitliligi ¢a-
ligma bolgelerine gore farklilik gostermistir. Marmara De-
nizi’nin giineyinde tiir g¢esitliligi Kuzeye gore daha yiiksek
bulunmustur. Tiim veriler incelendiginde Marmara Denizi tiir
cesitliligi ve av kompozisyonu bakimindan Kuzey Marmara
ve Giiney Marmara olarak farkli yapilarda oldugu sonucuna
varilmstir.

Marmara Denizi’nde hedef dig1 av oraninin yiiksek olmasi ne-
deniyle, kullanilan aglarla ilgili diizenlemeler yapilmali, ju-
venil bireylerin avlanmamasi i¢in Avrupa Birligi’nde uygu-
lanan minimum av boyu (20 mm CL) ve torbada ag g6z boyu
ve seklinin 40 mm kare ya da 50 mm baklava uygulamasi ge-
tirilmelidir. Marmara Denizi’nde algarna seciciligi ile ilgili
yapilan onceki ¢aligmalarda da baklava ag gbz boyunun art-
tirilmasi gerektigi, bunun sonucunun kiigiik boylu bireyleri-
nin kagisina imkan saglayacagi ve hedef dis1 av oranini azal-
tacag1 (Zengin ve Tosunoglu, 2006), ayrica kare gozli ve
baklava gozlii aglar karsilastirildiginda 40 mm kare gozlii ag-
larin daha segici oldugu ve eseysel olgunluga ulasmamis bi-
reylerin kagmasina olanak saglayacagi bildirilmistir (Ates ve
ark., 2010).

Algarna aglarna tiir segiciligini artiran 1zgara sistemleri uy-
gulamasi getirilmelidir. Marmara denizinde ticari karides av-
ciliginda kullanilan manyat aglarinin kullanimina mutlaka si-
nirlama getirilmedir. Ayrica, illegal trol avciliginin yasal de-
netimlerle Oniine gecilmesi gerekmektedir.

Marmara Denizi’nde Derinsu pembe karides populasyonun-
daki degisimleri anlamak, aveiliginin etkilerini gézlemlemek
ve uygulanacak balikgilik stratejilerini belirlemek amaciyla
izleme programi kapsaminda stok tahmin ¢aligmalari ile eko-
sisteme ait temel parametreleri 6lgme ¢alismalarinin kesinti-
siz yiiriitiilmesi gerekmektedir.

Marmara Denizi’nde Derinsu pembe karidesinin derinlik da-
gilimina ve mevsimsel goglerine ait bilgilerin ortaya konula-
bilmesi i¢in dagilim gosterdigi alanlarda ve derinlik kontur-
larinda ¢alismalar gergeklestirilmelidir. Tiiriin dagiliminda
etkili olan sediment yapisi, bulundugu derinliklerdeki su si-
caklig1, tuzlulugu ile besin yogunlugunun tespit edilmesi ge-
rekmektedir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar herhangi bir ¢ikar ¢atismasinin olmadi-
gin1 beyan eder.

Etik kurul izni: Bu ¢alisma igin etik kurul iznine gerek yoktur.
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Finansal destek: TAGEM / HAYSUD /2011/09/02/04 no’lu proje
ile desteklenmistir.

Tesekkiir: Bu caligma “Marmara Denizi’nde Parapenaeus longi-
rostris (Lucas, 1846)’in Populasyon Yapisi, Bolluk ve Av Oranla-
rinin Zamansal-Alansal Degisimleri” baslikli doktora tezinin bir
pargasidir. Laboratuar ve arazi ¢alismalarina katilan arastiricilara ve
Hasim INCEOGLU na tesekkiir ederiz.

Kaynaklar

Artiiz, M.L. (2005). Tiirkiye denizlerinde bulunan karides
tiirleri {izerine etiit. Zoo-Natantia, Publications Scientifiques,
22s.

Artiiz, M. L. (2006). Investigations on beam-trawl fishery
for deep sea pink shrimp Parapenaeus longirostris (Lucas,
1846) in the Sea of Marmara. Ecology Natura, 65-67.

Ates, C., Bok, T., Alicli, T.Z., Kahraman, A.E., Goktiirk,
D., Uluturk, T. (2010). Selectivity of diamond and square
mesh beam trawl codends for european hake and striped red
mullet in the Sea of Marmara, Turkey. Journal of Animal and
Veterinary Advances, 9(2), 436 - 440.
https://doi.org/10.3923/javaa.2010.436.440

Benchoucha, S. Berraho, A., Bazairi, H., Katara, 1.,
Benchrifi, S., Valavanis V.D. (2008). Salinity and tempera-
ture as factors controlling the spawning and catch of Parape-
naeus longirostris along the Moroccan Atlantic Ocean. Hyd-
robiologia, 612(1), 109-123.
https://doi.org/10.1007/s10750-008-9485-y

Baran, 1., Oztiirk, B. (1990). Marmara bolgesi, Silivri-Te-
kirdag arasinda yogun olarak bulunan bir decapoda tiirii, Pa-
rapenaeus longirostris (Lucas, 1846) ile ilgili stok galigma-
lar1. Tubitak Proje No: VAGH-717. 86 s

Bayhan, K., Unluer, T., Akkaya, M. (2005). Some biologi-
cal aspects of Parapenaeus longirostris (Lucas, 1846) (Crus-
tacea, Decapoda) inhabiting the Sea of Marmara. Turkish Jo-
urnal of Veterinary and Animal Science, 29, 853-856.

Clarke, K.R., Warwick, R.M. (2001). Change in marine
com m unities: an approach to statistical analysis and interp-
retation, 2nd edition. PRIMER-E: Plymouth.

95


https://doi.org/10.3153/AR20008
https://doi.org/10.3923/javaa.2010.436.440
https://doi.org/10.1007/s10750-008-9485-y

96

Aquat Res 3(2), 85-97 (2020) e

Dall, W., Hill, B.J., Rothlisberg, P.C., Staples, D.J. (1990).
The biology of the Penaeidae. In: J.H.S. Blaxter, & A.J. So-
uthward (Eds). Advances in Marine Biology 27 (p. 1-489).
London, Academic Press.

Deval, M.C., Ates, C., Bok, T., Tosunoglu, Z. (2006). The
effect of mesh size and cod end material on the mortality and
yield of the rose shrimp, Parapenaeus longirostris (Lucas,
1846) (Decapoda, Penaeidae) in the Turkish beam trawl fis-
hery. Crustaceana, 79(10), 1241-1249.
https://doi.org/10.1163/156854006778859533

DEU/DBF-JICA, (1993). Marmara, Ege ve Akdeniz'de de-
mersal balik¢ilik kaynaklari, (sorvey raporu). Tarim ve Ko-
yisleri Bakanligi Tarimsal Uretim ve Gelistirme Genel Mii-
diirliigii ve Japonya Uluslararasi Isbirligi Ajans1 pp. 365-371.

Erden, S., Erim, A. (1971). Karides algarnasiin denenmesi
tecriibeleri. 2: 17, Sirketi Miirettibiye Basimevi.

Holden, M.J., Raitt, D.F.S. (1974). Manual of fisheries sci-
ence. Part: 2: methods of resource investigation and their app-
lication. FAO Fisheries Technical Report, 115: Rev. 1.,
Rome, 214 pp.

Kara, O. F., Gurbet, R. (1999). Ege Denizi endiistriyel ba-
lik¢ilig1 lizerine arastirma. Tarim ve Koyisleri Bakanlig: Ta-
rimsal Arastirmalar Genel Miidiirliigii Su Uriinleri Arastirma
Enstitlisii Miidiirliigti Bodrum.

Kinacigil, H.T., Cira, E., Ilkyaz A.T. (1999). A preliminary
study on by-catch of shrimp trawl fishery in Tasucu Bay
(Northeastern Mediterranean). Ege Universitesi Su Uriinleri
Dergisi, 16, 99-105.

Kocatas, A., Katagan, T., Ucal, A., Benli, H.A. (1991). Tiir-
kiye karidesleri ve karides yetistiriciligi. Bodrum Su Uriinleri
Aragtirma Enstitiisii Midirliighi Yayinlari, A(4), Bodrum,
143s.

Manasirh, M. (2008). Babadilliman1 koyu'ndaki (Silifke-
Mersin) derin su pembe karidesinin (Parapenaeus longirost-
ris Lucas, 1846) biyo-ekolojik 6zellikleri ve populasyon di-
namigi parametreleri. Doktora Tezi, Cukurova Universitesi
Fen Bilimleri Enstitiisii Su Uriinleri Anabilim Dali, Adana,
113s.

https://doi.org/10.3153/AR20008

Research Article

Oztiirk, B. (2009). Investigations of the rose shrimp Parape-
naeus longirostris (Lucas, 1846) in the Northern Marmara
Sea. Journal of the Black Sea / Mediterranean Environment,
15, 123- 134,

Politou, C.Y., Kavadas, S., Mytilineou, C., Tursi, A.,
Lembo, G., Carlucci, R. (2003). Fisheries resources in the
deep waters of the eastern Mediterranean (Greek lonian Sea),
Journal of Northwest Atlantic Fishery Science, 31, 35-46.
https://doi.org/10.2960/J.v31.a3

Satilmis, M.M., Tanas, A.R., Olgun, S., Kantarl, S., Ol-
gun Eker, E., Bektas, S., Selamoglu Caglayan, H., Polat
Beken, C., Atabay, H., Tiifekci, H., Karan, H., Tolun, L.,
Tan, i., Mantikci, M., Aydoner, C., Ediger, D., Yiiksek,
A., Altiok, H., Tas, S., Giirkan, Y., Sezgin, M., Kurt Sahin,
G., Unliier, F., Taskin, E., Minareci, O., Cakir, M., Ki-
deys, A.E., Tugrul, S. (2017). Denizlerde biitiinlesik kirlilik
izleme isi 2014-2016 marmara denizi 6zet raporu. Cevre ve
Sehircilik Bakanlhig1 - Cevresel Etki Degerlendirmesi, Izin ve
Denetim Genel Miidiirliigii, Ankara.

Tosunoglu Z., Akyol O., Dereli H., Yapici S. (2009). Si8a-
cik korfezi'nde dip trol aglar1 ile yakalanan derin su pembe
karidesi (Parapenaeus longirostris Lucas, 1846)'nin baz1 bi-
yolojik ve populasyon 6zelliklerinin arastiriimasi. TUBITAK
Proje No: 108Y102.

Tserpes, G., Peristeraki, P., Potamias, G., Tsimenides, N.
(1999). Species distribution in the southern aegean sea based
on bottom-trawl surveys. Aquatic Living Resources, 12(3),
167-175.

https://doi.org/10.1016/S0990-7440(00)88468-5

Tully, O., Freire, J., Addisson, J. (2003). Crustacean fishe-
ries. Fisheries Research, 65, 1-2.
https://doi.org/10.1016/j.fishres.2003.09.003

Ungaro, N., Gramolini, R. (2004). Relationship between en-
viromental parameters and stok distribution: can the bottom
temperature affect the adriatic population of the deep-water
rose shrimp. Aquatic Living Resources, 12(3), 177-185.
https://doi.org/10.1016/S0990-7440(00)88469-7

Yazici, M.F. (2004). Karides avciliginda kullanilan algarna-
larin av kompozisyonu ve hedeflenmeyen ava ait bir ¢aligma.


https://doi.org/10.3153/AR20008
https://doi.org/10.1163/156854006778859533
https://doi.org/10.2960/J.v31.a3
https://doi.org/10.1016/S0990-7440(00)88468-5
https://doi.org/10.1016/j.fishres.2003.09.003
https://doi.org/10.1016/S0990-7440(00)88469-7

Research Article

Aquat Res 3(2), 85-** (2020) e

Yiiksek Lisans Tezi, Canakkale Onsekiz Mart Univ. Fen Bi-
limleri Enstitiisii, Canakkale.

Zengin, M., Polat, H., Kutlu, S., Dincer, C., Giingor, H.,
Aksoy, M., (")zgiindiiz, C., Karaarslan, E., Firidin,. S.
(2004). Marmara Denizi'ndeki derin su pembe karidesi (Pa-
rapenaeus longirostris, Lucas, 1846) balik¢iliginin gelistiril-
mesi lizerine bir arastirma. (TAGEM/HAY-
SUD/2001/09/02/004 No'lu Proje Sonug¢ Raporu). Tarim ve
K&y Isleri Bakanligi, Su Uriinleri Merkez Arastirma Miidiir-
ligii, Trabzon 211s.

https://doi.org/10.3153/AR20008

Zengin, M., Akyol, O. (2009). Description of by-catch spe-
cies from the coastal shrimp beam trawl fishery in Turkey,
Journal of Applied Ichthyology, 25, 211-244.
https://doi.org/10.1111/].1439-0426.2009.01218.x

Zengin, M., Tosunoglu, Z. (2006). Sclectivity of diamond
and square mesh beam trawl cod ends for Parapenaeus lon-
girostris (Lucas, 1846) (Decapoda, Penaeidae) in the Sea of
Marmara. Crustaceana, 79(9), 1049-1057.
https://doi.org/10.1163/156854006778859713

97


https://doi.org/10.3153/AR20008
https://doi.org/10.1111/j.1439-0426.2009.01218.x
https://doi.org/10.1163/156854006778859713

Aquat Res 3(2), 98-109 (2020)

AQUATIC RESEARCH
E-ISSN 2618-6365

https://doi.org/10.3153/AR20009 Research Article

The evaluation of ecological status in Tunca (Tundzha) River
(Turkish Thrace) based on environmental conditions and bacterial
features

Pinar Altinoluk Mimiroglu'®, Belgin Camur Elipek®*®, Halide Aydogdu®

Cite this article as:

Altioluk Mimiroglu, P., Camur Elipek, B., Aydogdu, H. (2020). The evaluation of ecological status in Tunca (Tundzha) Tiver (Turkish Thrace) based on
environmental conditions and bacterial features. Aquatic Research, 3(2), 98-109. https://doi.org/10.3153/AR20009

! Trakya University Technology
Research and Development Centre,
22030, Edirne, Turkey

2 Trakya University Faculty of Science,
Department of Biology, 22030, Edirne,
Turkey

3 Trakya University Arda Vocational
School, 22100, Edirne, Turkey

ORCID IDs of the author(s):
P.A.M. 0000-0002-8524-0972
B.C.E. 0000-0002-0954-8967
H.A. 0000-0002-1778-2200

Submitted: 18.02.2020

Revision requested: 02.03.2020
Last revision received: 10.03.2020
Accepted: 17.03.2020

Published online: 21.03.2020

Correspondence:
Pinar ALTINOLUK MiMiROGLU

E-mail: pinaraltinoluk@trakya.edu.tr

(OMOoM

©Copyright 2020 by ScientificWebJournals

Available online at

http://aquatres.scientificwebjournals.com

ABSTRACT

It is inevitable that the running waters which are used for a lot of different activities like fishing,
irrigation, domestic water usage are under threat because of the settlements, industrial or agricul-
tural activities. To provide the sustainable usage of these ecosystems we have to know their current
features and their balance under changing environmental conditions. In the present study, the eco-
logical status of Tunca (Tundzha) River which is located on Turkish Thrace was evaluated based
on environmental conditions and bacterial features of the river. For this aim, the research has been
carried out at 5 different stations in the river between October 2010 and September 2011 at
monthly intervals. Some environmental conditions (temperature, dissolved oxygen, pH, conduc-
tivity, salinity, chloride, turbidity, hydrogen sulfide, magnesium, calcium, total hardness, NO3-N,
NO»-N, sulfate, orthophosphate, suspended solid substances, biological oxygen demand) and bac-
terial features (total coliform, fecal coliform, and Escherichia coli bacterial abundances) were ex-
amined performing at the same time samplings. Consequently, it was determined that the water
quality of Tunca River has proper physicochemical conditions allowing surviving of living things,
but bacteriological findings belonging to the river was not found proper for direct use of water by
human. Also, the correlations were evaluated between the obtained environmental features and the
bacteria by using Spearman’s index. While positive correlations were found between TMAB den-
sity and some environmental parameters (water-air temperature, EC, magnesium, nitrate nitrogen,
sulfate, o-phosphate, and suspended solids); negative correlations were found between TMAB
density and the other parameters (pH, hydrogen sulfide, calcium, total hardness, and BODs).

Keywords: Tunca River, Water quality, Coliform bacteria, Environmental condition,
Physicochemical features
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Introduction

Rivers are recipient areas that can be easily contaminated
from environmental pollutants. The negative conditions from
both continental and atmospheric environments can instantly
reflected by these ecosystems (Colakoglu & Cakir, 2004;
Bernot & Dodds, 2005). Although the studies on composition
and abundance of microorganisms in biosphere have a lot of
significance, in recent years it was also the investigations of
bacteria in aquatic ecosystems have got an increasing signifi-
cance (Jamieson et al., 2003; Hunt & Sarihan, 2004; Agbogu
etal., 2006; Niemi & Raateland, 2007; Sabae & Rabeh, 2007;
Mishra & Batt, 2008; Suneela et al., 2008; Mishra et al., 2009,
2010; Saha et al., 2009; Bulut et al., 2010; Kumar et al., 2010;
Venkatesharaju et al., 2010; Nguyen et al., 2016; Islam et al.,
2017; Alves et al., 2018; Loucif et al., 2020). A lot of study
is also carried out in our country. Colakoglu & Cakir (2004)
attempt to investigate physicochemical and bacteriological
quality of water in the Sarigay stream. They investigated total
mesophilic aerobic bacteria, total coliform, Pseudomonas,
Enterobacteriaceae, Staphylococcus, Lactobacillus, Entero-
coccus and yeast-mold abundance. Physical, chemical and
microbiological aspects of the aquatic ecosystem were meas-
ured in Manyas Lake by Karafistan & Colakoglu-Arik
(2005). They performed total and fecal coliform bacteria,
Escherichia coli, Enterococcus, Staphylococcus, Lactobasil-
lus and Pseudomonas analysis. Toroglu et al. (2006) were car-
ried out total mesophilic aerobic bacteria, total coliform and
fecal coliform bacteria analyzes in Aksu Stream. The physi-
cochemical and microbiological parameters were investi-
gated in the Karanfillicay (Bulut et al., 2010) and Egirdir
Lake (Bulut et al., 2016). In these studies water samples were
taken for total mesophilic aerobic bacteria, total coliform, fe-
cal coliform and Escherichia coli analyzes. Koloren et al.
(2011) evaluated the total coliform, fecal coliform, Esche-
richia coli and Clostridium perfringens levels in Gaga Lake.

Tunca River (Tundzha in Bulgarian) which is born in Bul-
garia has 384 km length and it enters Turkey from Edirne
province. This running water joins Meric River (Maritsa in
Bulgarian; Evros in Greek) which is one of the most im-
portant tributary of Meric-Ergene River Basin and it is a
boundary river between Turkey and Greece. Although there
are some studies at Bulgarian and Turkish segments of Tunca

River (Uzunov, 1980; Russev et al., 1984; Janeva & Russev,
1985; Uzunov & Kapustina, 1993; Kavaz, 1997; Ulucam,
1997; Oterler, 2003; Kirgiz et al., 2005; Camur-Elipek et al.,
2006; Sakcali et al., 2009; Georgieva et al., 2010; Vassilev et
al., 2010; Aytas et al., 2014), there is no study on correlation
between environmental conditions and bacteriological fea-
tures in the river. In the present study, ecological status of
Tunca River was evaluated using the environmental proper-
ties and bacterial features from autochthonic and allochthonic
environments.

Material and Methods

The samplings were made at 5 different stations chosen from
Tunca River (Figure 1) between October 2010 and September
2011 at monthly intervals. The water samples for bacterial in-
vestigation were taken from 30 cm beneath of the water sur-
face and were put into 100 mL sterile sampling bottles under
aseptic conditions and were brought to the laboratory under
the condition of cold chain system. The total mesophilic aer-
obic bacteria (TMAB) numbers were determined by using
spread plates method, while the others (total coliform, fecal
coliform, and E. coli bacterial numbers) were determined by
using Most Probable Number (MPN) method (Halkman,
2005). The culture media and incubation conditions were pre-
sented at Table 1. Nansen water sampler was used to take the
water samples and the material was carried to the laboratory
in lightproof bottles to analyze the physicochemical features
(Egemen & Sunlu, 1999). Spearman’s correlation index was
used in order to determine the effects of physicochemical con-
ditions on TMAB numbers (Krebs, 1999). Sediment and wa-
ter samples were also taken at seasonally intervals to deter-
mine some heavy metal contents (iron, copper, zinc, lead,
cadmium) and the concentrations were measured by using
graphite-furnace atomic absorption spectroscopy (Ergal,
2007).

Results and Discussion

The data obtained from bacteriological analysis in Tunca
River were presented at Table 2, and the data of physico-
chemical parameters were presented at Tables 3 and 4.
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Figure 1. Location of Tunca River and the sampling stations

Table 1. Culture media and incubation conditions on growth of Microorganisms

Microorganisms Culture Media Temperature Times
TMAB PCA 35 +0.5°C 24 £2 hours
Total Coliforms LST Broth 35 10.5°C 24 12 hours
Fecal Coliforms LST Broth 35 1£0.5°C 24 £2 hours
EC Broth 44.5 £0.2°C 24 12 hours
Esherichia coli LST Broth 35 +0.5°C 24 +2 hours
EC Broth 44.5 £0.2°C 24 12 hours
EMB Agar 35 +0.5°C 24 +2 hours
Tryptone Broth 35 +0.5°C 24 +2 hours
MR-VP Broth 35 +0.5°C 24-48hours
Simmon’s Citrate Agar 35 +0.5°C 24 £2 hours
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Table 2. The numbers of bacteria determined from Tunca River

ST. 1 ST. 2 ST. 3 ST. 4 ST. 5
Total Mesophilic Aerobic Becteria (cfu/100mL)
October 1.25x103 1.68x10° 1.97x103 1.91x103 1.63x10°
November 6.2x10% 1.24x103 2.1x103 3.04x10° 2.95x103
December 3.6x10* 9.1x10* 7.6x10* 1.02x10° 1.66x10°
January 6.9x10% 8.6x10* 8.2x10* 6.7x10* 8.1x10*
February 5.4x10% 6.6x10% 4.8x10% 6.5x10* 7.6x10*
March 4.8x10* 5.9x10* 4.6x10* 8.7x10* 1.07x10°
April 6.7x10* 6.4x10* 9.6x10% 3.44x10° 2.01x10°
May 5.3x10* 1.48x10° 1.65x10° 2.34x10° 1.5x10°
June 2.9x103 5.5x10° 7.3x10° 5.2x10° 4.8x103
July 4.5x10° 1.0x10° 4.0x10° 6.0x10° 5.9x10°
August 1.7x103 2.0x103 3.1x10° 4.8x103 7.7x10°
September 1.6x10° 3.4x10° 3.8x10° 5.2x10° 4.2x10°
Total Coliform (MNP/100mL)
October 2.1x103 2.3x103 1.5x103 9.2x10% 9.3x103
November <3.0x10? 2.3x103 1.5x103 1.5x10* 1.1x10°
December 9.2x10% 4.3x103 9.2x10% 9.3x103 2.4x10%
January 2.3x103 7.5x10° 4.3x103 1.1x10° 2.1x10*
February 4.3x103 4.3x103 2.8x103 1.1x10° 7.5x103
March <3.0x10? 9.3x103 9.2x10? 4.6x10* 2.3x10°
April 3.6x10? 2.3x10° 3.6x10? 9.3x10° 1.1x10°
May <3.0x10? 7.4x10? 9.2x10? 9.3x10° 1.1x10°
June 7.4x10? 9.3x10° 7.4x10? 4.6x10% 2.4x10*
July 2.3x10° 4.6x10* 2.8x10° >1.1x107 4.6x10*
August <3.0x107 9.3x10° 1.5x103 1.5x10* 1.5x10*
September <3.0x10? 9.2x102 4.6x10* 2.4x10* 7.5x103
Fecal Coliform (MPN/100mL)
October 9.2x10% 2.3x103 1.5x103 9.2x10% 9.3x103
November <3.0x10? 2.3x103 9.2x10% 1.5x10* 1.1x10°
December 9.2x10% 4.3x103 3.6x10% 9.3x103 2.4x10%
January 2.3x103 4.3x103 4.3x103 4.6x10% 2.1x10*
February 1.5x103 4.3x103 2.1x103 1.1x10° 7.5x103
March <3.0x10? 2.1x10° 9.2x10? 1.5x104 2.3x10°
April 3.6x10? 2.3x10° 3.6x10? 9.3x10° 1.1x10°
May <3.0x10? 7.4x10? 9.2x10? 9.3x10° 1.1x10°
June 7.4x10? 9.3x10° 3.6x10? 4.6x10* 2.4x10*
July 2.3x10° 9.3x10° 2.0x10° 1.5x104 1.5x104
August <3.0x10? 9.3x10° 9.2x10? 1.5x104 9.3x10°
September <3.0x10? 9.2x10? 2.4x10* 2.4x10* 7.5x103
E. coli (MPN/100mL)

October 9.2x10% 2.3x103 7.4x10% 9.2x10? 9.3x103
November <3.0x10? 2.3x103 9.2x10% 1.5x10* 1.1x10°
December 9.2x10% 4.3x103 3.6x10% 9.3x103 2.4x10%
January 2.3x103 4.3x103 4.3x103 4.6x10% 2.1x10*
February 1.5x103 4.3x103 2.1x103 1.1x10° 7.5x103
March <3.0x10? 2.1x10° 9.2x10? 1.5x104 2.3x10°
April 3.6x10? 2.3x10° 3.6x10? 9.3x10° 1.1x10°
May <3.0x10? 7.4x10? 9.2x10? 2.1x10° 1.1x10°
June 7.4x10? 9.3x10° 3.6x10? 4.6x10* 2.4x10*
July 2.3x10° 9.3x10° 2.0x10° 1.5x104 1.5x104
August <3.0x10? 9.3x103 9.2x10? 7.5x10° 4.3x10°
September <3.0x102 9.2x102 9.3x103 2.4x10* 7.5x103

(ST:station; cfu:colony forming unit; MPN:most probable number)
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Table 3. Annual average values of physicochemical properties of the water samples in Tunca River

PARAMETERS ST. 1 ST.2 ST. 3 ST. 4 ST. 5 Mean
Water temp (°C) 14.5 14.5 14.6 14.7 15.4 14.7
Air temp (°C) 14.5 15 15.3 15.1 16.2 15.2
pH 8.92 8.52 8.41 8.41 8.31 8.51
EC (uS/cm) 549 556 568 574 574 564
DO (mg/L) 5.83 5.80 5.50 5.64 5.45 5.64
Turbidity (cm) 60 61 62 63 64 62
Salinity (%o) 0.088 0.086 0.081 0.087 0.088 0.086
Chlorides (mg/L) 37.82 40.23 40.90 41.32 41.65 40.38
H>S (mg/L) 0.284 0.461 0.497 0.337 0.550 0.425
Ca*? (mg/L) 61.05 62.65 60.78 58.55 56.51 59.90
Mg*? (mg/L) 15.44 17.78 18.15 18.76 18.67 17.76
Total hardness (FS°) 17.0 18.3 17.6 17.1 17.1 17.4
NO:-N (mg/L) 0.023 0.021 0.023 0.024 0.026 0.023
NOs-N (mg/L) 5.648 5.859 5.389 6.708 6.621 6.045
Phosphate (mg/L) 0.056 0.055 0.057 0.060 0.057 0.057
Sulphate (mg/L) 2.013 2.104 2.212 2.204 2.203 2.147
SSS (mg/L) 302 295 320 345 394 331

102

(ST:station; EC:conductivity, DO:dissolved oxygen, SSS:suspended solid substances)

The highest average values for the TMAB numbers in Tunca
River was recorded as 6.08x10° cfu/100 mL at month July.
Also, it was found that the increasing of TMAB numbers in
the summer and the autumn was remarkable (Table 2).
Colakoglu & Cakir (2004) reported that, in summer and au-
tumn, most diversification of bacteria was observed. This sit-
uation can be explained by rising of water temperature in
summer season and decreasing of flow, and increasing of or-
ganic substances which has been joined the water because of
rain fall in autumn (Elmaci et al., 2008; Mishra et al., 2009;
Saha et al., 2009; Bulut et al., 2010). Koloren et al. (2011)
reported that the number of indicator bacteria and rain fall is
directly proportional. Bulut et al. (2016) reported that TMAB
ranged between with 0 to 172 c¢fu/100 mL in Egirdir Lake.
TMAB in the Golbasi Lake was determined as 20x10° cfu/mL
(Toroglu & Toroglu, 2009). In our study, TMAB ranged be-
tween 3.6x10%-1.0x10° cfu/100 mL. When the total coliform,
fecal coliform, and E. coli bacterial numbers were evaluated
considering the sampling stations, the highest values were
recorded in the 4™ and 5" stations which are located near to
city center of Edirne Province (Table 2), but the 1% station
which is the most away from city center has been observed to
be has the least bacteriological numbers. These high values
can be explained by the sewages enter to the river from the 4™
and 5™ stations. Although, Karafistan & Colakoglu-Arik

(2005) reported that Lake Manyas is threatened by anthropo-
genic pollution. Our findings demonstrated similar results.
Bulut et al. (2016) reported that E. coli was not detected at all
stations in Egirdir Lake. But our findings, E. coli were found
at all times and stations in Tunca River.

The water and air temperature values of Tunca River were
observed at seasonal expectancy that the values range be-
tween minimum 2°C and maximum 28°C (Figure 2). Also,
Spearman’s index showed that a positive correlation between
the TMAB numbers and temperature values (for water tem-
perature = 0.576, p<0.05 in the autumn and r= 0.571, p<0.05
in the spring; for air temperature = 0.894, p<0.05 in the
April, = 0.975, p<0.01 in the August and r= 0.533, p<0.05 in
the autumn).

While the average values of dissolved oxygen (DO) in the
river was observed as 5.64 mg/L, the lowest DO levels were
measured at sampling stations which are the nearest to city
center. Speraman’s index showed that a negative correlation
between the DO values and TMAB numbers in Tunca River
(r=-0.894, p<0.05 in October; r = -0.894, p<0.05 in May; r=
-0.949, p<0.05 in November). This situation can be explained
by the organic materials found in water were decomposed by
activities of aerobic microorganisms and thus oxygen con-
sumed. Also, it was observed that the water temperature and
DO have an inversely correlation in the study (Figure 2).
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The pH values were measured to have the lowest values in
summer period and the highest in winter (Figure 2). The rea-
son of the decrease in the summer might be the decomposition
of organic materials by increasing activities of microorgan-
isms. While the pH values change between 7.77 and 9.98, it
was observed to have a negative correlation between the
TMAB numbers and pH values (r = -0.900, p<0.05 in June; r
=-1.000, p<0.01 in October; r = -0.699, p<0.01 in autumn; r
=-0.651, p <0.01 in spring).

The decreasing of conductivity (EC) values of the river at
winter season can be explained by decreasing of temperature
in cold months (Figure 2). The average EC values were
recorded as 564 uS/cm and it was observed to have a positive
correlation between the EC and the TMAB numbers (r=
1.000, p<0.01 in August).

Although, the highest value was observed at month June, sa-
linity levels in Tunca River did not change during the samp-
ling periods. Excessive evaporation from surface of river and
the lowest water level at month June can explain this situa-
tion.

The secchi disc depth was found to be very high in the sum-
mer because of the highest light permeability. But the secchi
disc depth was measured very low at autumn season because
of erosion towards to the river by the effect of rain.

The measured minimum H,S rate was recorded in the winter
season as 0.028 mg/L. Activities of microorganisms decrease
in winter season because of falling of water temperature, and
thus H,S values decrease, too. Furthermore, a negative corre-
lation was observed between H,S values and TMAB numbers
in the river (r =-0.975, p<0.01 in October).

While it was recorded that the calcium values at minimum
36.07 and maximum 76.95 mg/L; the magnesium values were
observed minimum 0.48 and maximum 42.13 mg/L. Further-
more, an inverse correlation was determined between Ca™
and Mg*? levels in the river (Figure 2). Also, a negative cor-
relation was observed between TMAB numbers and Ca** val-
ues (r =-1.000, p<0.01 in December); and a positive correla-
tion between TMAB numbers and Mg*? values (r = 0.533,
p<0.05 in autumn).

Annual mean total hardness (TH) in Tunca River was
measured as 17.4 FH®. A negative correlation was determined
between TH value and TMAB numbers (in June r= -0.894,
p<0.05; in winter r= -0.740, p<0.01; in spring r= -0.651,
p<0.01).

The average nitrite nitrogen values were recorded as 0.023
mg/L in Tunca River. This value showed that the river has
beta-mezosaprobic level towards to alfamezosaphrobic (Ka-
zanci & Dugel, 2009). The maximum values belonging nitrite

nitrogen were measured as 0.143 mg/L in November. The rea-
son of this increase in November might be explained because
of decrease bacterial activities transforming nitrite to nitrate
by the intermediate product of nitrification with the tempera-
ture falling. In this study, the average nitrate nitrogen values
were recorded as 13.969 mg/L with the highest ratio in May.
This value showed that the river has beta-mezosaprobic level
(Kazanci & Dugel, 2009). Furthermore, a positive correlation
was found between NOs-N values and TMAB numbers (r =
0.575, p<0.05 in winter). Our results on the increasing of ni-
trate levels in spring season are similar the results the study
performed by Hunt & Sarthan (2004) in Saricam Stream.

The average sulfide values were measured as 2.14 mg/L in
the river. Also, a positive correlation was determined between
SO4? values and TMAB numbers (r = 0.975, p<0.01 in Au-
gust; r = 0.900, p<0.05 in September; r = 0.515, p<0.05 in
summer).

It was measured the 0-PO, (ortho-phosphate) values be-
tween minimum 0.020 and maximum 0.146 mg/L, and a pos-
itive correlation was found between 0-PO,* and TMAB num-
bers (r=0.975, p<0.01 in November; r= 0.900, p<0.05 in De-
cember; r=0.975, p<0. 01 in July; r=0.751, p<0.01 in winter).
The values indicated that the river has beta-mesotrophic con-
ditions according to the 0-PO4~ levels.

The values of suspended solid substances (SSS) were mea-
sured at very high levels in November with 546 mg/L. Ero-
sion material might have entered to the river by influence of
rainfall, and thus the SSS values have reached to the high le-
vels. It is seen that the data on SSS we obtained in the present
study show similarity with the results of the study performed
by Oterler (2003) in Tunca River. However, our findings on
SSS were found to be higher than the findings from another
study performed by Ulugam (1997) in the river. Furthermore,
a positive correlation was determined between SSS values
and TMAB numbers (= 0.900, p<0.05 in April; in September
r=0.900, p<0.05).

As it was compared with studies carried out in Tunca River
in previous, it was observed that biological oxygen demand
(BODs) values increased at time. The entering of pollutant
material to the river might lead to this situation. Also, a ne-
gative correlation was found between BODs values and
TMAB numbers (r =-0.975, p<0.01 in November; r=-0.900,
p<0.05 in May; r = -0.900, p<0.05 in September).

Summarized, according to Spearman’s Correlation Index,
positive correlations were found between TMAB density and
some environmental parameters (water-air temperature, EC,
magnesium, nitrate nitrogen, sulphate, o-phosphate, and sus-
pended solids); negative correlations were found between
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TMAB density and the other parameters (pH, hydrogen sul-
phide, calcium, total hardness, and BOD:s).

The obtained data for heavy metals were shown at Table 4.
According to the observed heavy metal values, the lead con-
centrations were found at high level.

When the obtained data on the physicochemical variables
were evaluated according to Surface Water Quality Control
Regulation of Turkey (Anonymous, 2016), the water quality
of Tunca River was found at first quality level in terms of
some parameters (temperature, pH, chloride, nitrate nitrogen,
sulfate, phosphate, and cadmium). However, some observed
parameter values (DO, nitrite nitrogen, iron, copper, and zinc)
have signed that the river has second quality level. And the
river was found at fourth quality level according to the find-
ings of total coliform, fecalcoliform, BODs, and lead.

Conclusions

According to the some physicochemical findings observed in
this study, it was determined that the water quality of Tunca

https://doi.org/10.3153/AR20009

River has proper conditions allowing surviving of living
things. However, bacteriological findings belonging to the
river was not found proper for direct use of water by human.
Especially, the existence of E.coli in the river has shown that
a serious contamination with fecal matter. Furthermore, the
high levels belonging coliform, fecal coliform and E. coli in-
dicate that the possibility the presence of other pathogenic
microorganisms. Consequently, using the water of river will
has been restricted by emergence of some resistant bacteria
(Toroglu et al., 20006).

Consequently, it is suggested that pollution sources reaching
to the river should be determined in order to remove present
pollution of Tunca River or to prevent it to be more polluted.
Therefore, it is also required to repeat similar analysis fre-
quently and to follow the changes to appear in the water qua-
lity.

Table 4. Annual average values of heavy metals of the water and sediment samples in Tunca River

Station |  Heavy Metals Fe (mg/L) Cu(mg/L) Zn(mg/L) Pb(@mg/L) Cd (mg/L)

N
o Water 1.82 0.08 0.39 4.21 ND
E Sediment 78.25 1.01 1.19 57.43 ND
~  Water 1.36 0.11 0.31 491 ND
£ Sediment 91.62 1.82 247 61.49 ND
w  Water 0.75 0.08 0.16 4.69 ND
£ Sediment 348.20 1.51 9.23 74.05 ND
< Water 1.19 0.03 2.69 542 ND
K Sediment 191.41 1.98 2.56 66.64 ND
w  Water 2.08 0.09 0.48 5.31 ND
=  Sediment 266.96 1.85 3.56 66.64 ND
w

(ND:not determined)
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ABSTRACT

The piscivorous cichlid Hemichromis fasciatus dominated the Okpara Stream of Oueme River in
Benin, and numerically made 29.49% of the fish community. Some aspects of the reproductive
biology of this fresh/ brackish water cichlid were examined to evaluate the spawning patterns and
establishment of the species in Okpara Stream. Hemichromis fasciatus individuals were sampled
monthly during 18 months from December 2015 to May 2017 with seine, cast nets, gillnets, hooks
and traps. Among the 2,818 individuals sampled, 55.43% were females and 37.33% were males
with a sex-ratio of 1.49:1. The species showed low fecundities ranging between 113 and 1,716
oocytes. Length at first sexual maturity (Lso) in Okpara Stream were reduced, 9.22 cm-TL (fe-
males) and 10.95 cm-TL (males), indicating an early maturation. The ovarian structure give evi-
dence of multiple spawning and the species reproduces all seasons. In Okpara Stream, Hemi-
chromis fasciatus exhibited a life history strategy between “r” and “K” selection, yet, close to “r”
selection. Because the length at first capture (Lcso = 8.78 cm) is lower than sizes at first sexual
maturity, stocks of spawners could be reduced and leading to low recruitment.

Keywords: Life-history, Hemichromis fasciatus, Okpara Stream, Multiple spawning,
Recruitment, Early maturity
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Introduction

Hemichromis fasciatus (Actinopterygii: Perciformes: Cichli-
dae) is a widespread African piscivorous cichlid dwelling
most inland waters such as freshwater lakes, brackish waters,
estuaries, rivers, streams floodplains etc. because of its high
tolerance to environmental conditions (Leveque and Paugy,
2006, Kuela 2002, Paugy et al., 2003, Kantoussan 2007,
Montchowui et al,, 2007 Sidi Imorou et al, 2019a). Like
most African cichlids and despite its reduced abundance, the
species showed great fisheries importance in the most water
bodies. As colourful species, Hemichromis fasciatus is uti-
lized as ornamental fish and raised in the aquarium. The spe-
cies has a laterally cylindrical compressed body mainly cov-
ered with cycloid scales ranging from 28 to 30 scales in lat-
eral line (Lévéque and Paugy, 2006). Juveniles lack the or-
ange-red coloring of adults and show traces of intervening
dark stripes. Subadult and adults in a state of stress also show
dark interstices. The maximum size observed is 204 mm
standard length (SL) (Lévéque and Paugy, 2006).

As feeding habit, H. fasciatus showed a moderate diet breadth
and foraged mainly on fishes, aquatic insects, zooplankton
and detritus. Unlike other cichlids, H. fasciatus is monoga-
mous and protects eggs and fry but does not incubate orally
(Albaret, 1982). The eggs are laid on a block of rock, and are
fixed on a submerged support, in a clean place, sheltered from
the current and at a depth of 10 to 20 cm (Daget, 1956). Pa-
rental custody is highly developed in this species; both par-
ents protect and accompany their offspring until they reach a
size of 2 to 3 cm.

In Benin, H. fasciatus is common and was recorded in almost
all water bodies and running waters where this piscivorous
cichlid showed reduced abundances varying between 0.37%
and 6% of the fish community, but constituted an important
fisheries resource (Jackson et al., 2013; Montchowui et al.,
2007). However, recent fisheries survey by Sidi Imorou et al.
(2019a) in the Okpara stream (North Benin), a tributary of the
Oueme River indicated that H. fasciatus dominated this
stream making numerically 29.49% of the fish assemblages.
Consequently, in the Okpara Stream, the species is inten-
sively exploited and thus, displayed high commercial and
economic values in this northern running water.

Despite its high abundance and fisheries importance in the
Okpara stream associated with ongoing environmental
threats, nothing is known about the life history strategy and
the reproductive ecology of this piscivorous species in this
riverine water. This documentation is badly needed to char-
acterize the species and to set up conservation, valorization
and a rational exploitation scheme that assure the ecosystem
balance.

The purpose of this fisheries study is to document some as-
pects of the reproductive biology of Hemichromis fasciatus
from Okpara Stream in order to provide basic knowledge
needed for management studies.

Material and Methods

Study Area and Sampling Sites

The study was performed in Okpara stream (200 Km), one of
the longest tributary of the Oueme River (510 Km). This river
sourced in the Northeast of Benin country at 450 m of alti-
tude. Oueme River is the longest river and the more important
in term of fish species richness and fish production (Laléye¢ et
al., 2004). Okpara stream is stretched between 8°14°-
9°45” North and 2°35°-3°25’ East and belongs to the north-
ern hydrographic network. The Benin northern region, is
characterized by a tropical climate with an alternation of dry
season (November - April) and wet season (May - August)
with a flood period from September to October. Annual am-
bient temperature averaged 26.6°C and lower temperatures
(18°C) were recorded in December-January. Annual mean
rainfall is about 1200 mm with a peak (2100 mm) recorded in
July or August (Kora, 2006). Soils are ferruginous and allu-
vial and covered by a wooded savanna of Parkia biglobosa,
Khaya senegalensis, Vitellaria paradoxa, marshy meadows,
bamboo and fallow bushes (Dossou-Yovo, 2009). Commer-
cial fisheries take place in Okpara Stream that was exploited
by the surrounding populations. Also, this stream supplies the
surrounding populations with drinking water from a dam built
by SONEB, the Benin water company. Furthermore, Okpara
Stream provides water for irrigated agriculture.

For this study, H. fasciatus individuals were collected in five
(05) sampling sites (Figure 1). These sites were chosen ac-
cording to localities, accessibility, fisheries importance and
levels of sites degradation. Site 1 is situated in Perere Town-
ship at Okpara up stream and Site 2 is localized in Parakou
Township at Gadela village (Okpara up stream), at about 2
km from SONEB dam. Site 3 is located at Kpassa village
where a dam was built to serve as a source of drinking water
for the populations of Tchaourou and Parakou Townships and
surrounding villages. Site 4 is situated around Okpara down-
stream at Yarimarou village (Tchaourou Township) where
the dam withdraws its water. Site 5 is also located around Ok-
para downstream at Sui village (Tchaourou Township). At
the five collecting sites, samplings were done in the “aquatic
vegetation habitat” at the edge of the stream and in the “open
water habitat” exempt of vegetation, but characterized by a
relatively high depth (Sidi Imorou ef al., 2019a).
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Figure 1. Okpara stream and sampling sites. Site 1= Perere Township, Site 2 = Gadela village (Parakou Township), Site 3=
Kpassa village (Tchaourou Township), Site 4= Yarimarou village (Tchaourou Township), Site 5 = Sui village

(Tchaourou Township).

Okpara Stream displayed a relatively adequate water quality
with moderate temperatures ranging between 25 to 30.1°C,
depths between 17 to 1080 cm and low transparencies vary-
ing between 10 and 78.1 cm. Dissolved oxygen concentra-
tions ranged between 0.44 and 5.66 mg/1 and the percentages
of saturation were moderate to low and varied from 6.37 to

112

75.3%. The water was acid or alkaline with pHs ranging be-
tween 6.4 to 8.1 (Sidi Imorou et al., 2019a). As results, and
based on the physicochemical features recorded, the Okpara
stream is relatively suitable for a high primary production and
the prominence of the fish fauna.
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Fish Sampling

Hemichromis fasciatus samplings were done once a month
from December 2015 to May 2017 at all sites. Collections
were done in open water with experimental gill net and in
aquatic vegetation and with seines (Winemiller, 1992; Adite
et al., 2013; Gbaguidi and Adite, 2016, Sidi Imorou et al.,
2019a). Also, fish samplings were directly made in fishermen
artisanal captures with gill net (50 m x 1.30 m, 2.5 mm-mesh;
50 m x 1.30 m, 30 mm-mesh; 50 m x 1.30 m, 35 mm-mesh).
Fish species were identified using references such as Lévéque
and Paugy (2006). After collection, fishes were preserved in
10% formalin and then transported to the Laboratory of Ecol-
ogy and Management of Aquatic Ecosystem (LEMEA)
where they were kept in 70% ethanol to make easier biologi-
cal observations (Murphy and Willis, 1996).

Laboratory Procedure

In the laboratory, fishes were removed from the ethanol and
measured for total length (TL) and standard length (SL) to a
nearest 0.1mm with a digital caliper, and then weighed to the
nearest 0.1g with an electronic scale. Before dissection, sexes
were identified by examination of anal and genital opening
(Gbaguidi and Adite, 2016): males possess a tinny sexual
opening that also serves as anal orifice whereas females pos-
sess two (2) distinct orifices. After dissection, gonad weight,
gonad length and width were recorded, and stage of maturity
(I, 11, III, IV, or V) in both males and females were evaluated
using the gonad maturation scale described by King (1995) :
(1) stage “immature” testis are simple translucent filaments
and ovaries are not developed, they are small and translucent.
Oocytes are not visible to the naked eye; (2) stage “Beginning
of maturation” During development, testicles are yellow or
ocher color and ovaries are opaque orange with opaque oo-
cytes and visible to the naked eye; (3) “Advanced maturity”
testis are large and opaque white, ovaries are mature and fills
the ventral region of the abdominal cavity with translucent
eggs large and round; (4) stage “Mature” corresponding to
Ripe testis, fully developed and white milt was expelled by
gentle pressure on the abdomen. For females, Ovaries are ma-
ture and oocytes are ready to be expelled; (5) expelled sperm,
soft testes without milt, and expelled oocytes, narrowing of
the ovaries with some residual eggs.

The ovaries and testicles are then preserved in 90% alcohol.
Oocytes from mature ovaries were then separated using for-
ceps and then enumerated. Oocytes diameters were recorded
using a binocular loupe. Batch fecundity was estimated as the
total number of oocytes in a ripe ovary. H. fasciatus oocytes
showed an ovoid form comprising with two dimensions (d;
and d»), measured with a calibrated eyepiece micrometer

mounted to a dissecting stereomicroscope. Therefore, the the-
oretical diameters (d) utilized to construct the frequency his-
tograms of egg diameters were the geometric means (d) of d;
and d,, expressed as following:

d = /(A1 x d2) (Adite et al.,, 2017)

Data Analysis

Data collected was recorded in Excel spreadsheet and ana-
lyzed with SPSS software version 21.0. The length of the
smallest mature specimen was the basis of the categorization
of the different life stages (Juveniles, subadults and adults)
and the length at first sexual maturation (TLso) for H. fascia-
tus (male and female) was estimated as the length at which
50% of the individual were mature as predicted by the for-
mula of Ghorbel et al. (1996):

1
1+e-(a+bTL)

P =

Where P is the pourcentage of individual mature, TL the total
length, a and b are constants. The length at first sexual matu-
—-a

ration were determined by: TLgy = e

The sex ratio was computed as the ratio between the number
of males and the number of females. In order to evaluate the
spawning periodicity, the gonadosomatic indexes (GSI) were
calculated on the monthly basis for males and females fol-
lowing the formula:

GSI = (gonad weight / body weight)*100.

The batch fecundity was estimated for ripe ovaries, and the
relationship between fecundity (F) and Total length (TL) was
determinate following the curvilinear formula:

F = aTL", where a and b are the parameters of the regression

In addition, the linear relationship between fecundity (F) and
body weight (W) was examined following linear regression:

F =bW + a, with a is the intercept, and b the slope.

For each season (flood, dry, wet), a mature gonad with a high-
est GSI was randomly chosen and frequency distributions of
oocyte diameters were plotted to examine the trends of egg
maturations and weather or not there was production of mul-
tiple cohorts per spawning season. The mean values of oocyte
diameters and gonadosommatic index (IGS) were given with
their standard deviation (mean =+ standard deviation). Gender
percentages (sex ratio) and length at first sexual maturity
were compared using the y* test. Multiple comparisons of IGS
averages, and oocyte diameter were performed using a one-
way ANOVA based on sex and seasons. The differences are
considered significant at p < 0.05. All analyze were done by
SPSS Software version 21.
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Results and Discussion
Population Structure and Sex Ratio

In Okpara Stream, a total of 2,818 individuals of Hemi-
chromis fasciatus were sampled from December 2015 to May
2017. This abundance represented 29.49% of the fish assem-
blages making this piscivorous cichlid, the dominant species
of Okpara Stream fish community. In this stream, H. fasciatus
exhibited a bimodal size distributions dominated by individ-
uals of total length ranging between 9 -11 cm (Figure 2).
Larger size (>11 cm) abundances were reduced.

Of the 2,818 H. fasciatus specimen, 55.43% (1562 individu-
als) were females, 37.33% (1052 individuals) were males and
7.24% (204 individuals) were unidentified. This corre-
sponded to a sex-ratio of 1:1.49 that is in favor of females.
This sex-ratio is significantly different to the theoretical sex
ratio, 1:1 (= 99.503 p< 0.05) (Table 1). Also, the sex ratio
varied significantly with seasons with females dominating the
dry, wet and flood fish assemblages (Table 2).

Evolution of Gonadosomatic Index (GSI) and Spawning
Time

Figure 3 showed the variation of the gonadosomatic index of
H. fasciatus during the sampling period. Overall, the GSI
ranged from 0.001 to 15.202 and averaged 3.186 +2.64 for
the females and there were significant difference (Fis,1544=
2.588; p< 0.05) monthly variations. In males, the GSI values
were reduced and ranged between 0.01 and 1.70, with a mean
of 0.6 £0.007. Like the females, the GSI of males showed
significant (Fis,10s2 = 8.144; p< 0.05) monthly variations.

Mature individuals (Stage 2, 3 and 4) are present all months
round with the highest proportions obtained in April
(78.88%), May (84.54%), June (82.29%), July (80.32%) in
males (Figure 4) and May (98.39%), June (91.56%), July
(77.52%) and August (75.00%) among females (Figure 5).
According to seasons, the wet and the flood were most favor-
able for the maturation of fishes with 96.52% and 95.82% re-
spectively mature individuals.

Size at Sexual Maturity

Individuals of H. fasciatus with gonads at stages 2, 3 and 4 of
the maturation scales were considered as mature and used to
estimate the size at maturation (SSM). For the male, the
smallest mature individual measured 8 cm-TL and weighted
8.2 g, and the smallest mature individual for females meas-
ured 6.4 cm-TL and weighted 4.68 g. Percentage of ripe gon-
ads reached 100% at sizes 14-17 cm for females and 15-17
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cm for males. Figures 6 and 7 illustrated the sigmoid curves
generated by the plot of ripe gonad percentages against total
length, respectively for males and females. The sigmoid
model showed that the sizes at sexual maturity for male and
female were 10.98 cm -TL and 9.22 cm-LT, respectively. The
sizes at maturity are not significantly different (y>= 0.048475,
p> 0.05) between males and females. The regression’s equa-
tions were:

1
T 14e—(-4.9345+0.5351TL) °

R Py r=0.95 (for females)

P = - -
m T 1 4e—(-6.1074+0.5558TL) *

r=0.91 (for males)

Ovarian Structure and Qocyte Sizes

Like in most cichlids, Hemichromis fasciatus possesses a pair
gonads (Moyle, 1988; Gbaguidi and Adite, 2016). Eggs
showed an ovoid shape and diameters varied from 0.800 mm
to 1.5297 mm with a mean of 1.10+0.1 1mm. Overall, the oo-
cytes exhibited seasonal variations of diameters that ranged
between 0.8944 - 1.5297 (mean= 1.1280+0.1), 0.949 - 1.510
(mean= 1.192+0.12) and 0.80 - 1.342 (mean= 0.983%0.08)
during wet, flood and dry. Egg diameter frequency distribu-
tions by seasons showed unimodal distributions (Figure 8).

Absolute and Relative Fecundity

Of the 2,818 individuals of H. fasciatus sampled, 821 mature
females were recorded and were used to estimate batch fe-
cundities. In this study, H. fasciatus showed batch fecundity
ranging between 113 oocytes for an individual of TL = 8.9
cm (W =14.4g, GSI=2.08) to 1716 oocytes for an individual
of TL = 9.7 cm (W = 19.5g, GSI = 5.64) with an average
value of 857 + 284.78 oocytes for the fish assemblages. Rel-
ative fecundity varied from 15.21 oocytes/g (15 <TL <17) to
71.015 oocytes/g (7 <TL <9) (Table 2). Power curve fitted to
total length (TL) and fecundity (F) scatter plot showed that
batch fecundity significantly increase with TL (r = 0.93,
p<0.05) (Figure 8). Also linear regression fitted to body
weight (W) and batch fecundity scatter plot showed that fe-
cundity significantly (r = 0.89, p<0.05) increase with body
weight (Figure 9). Regressions equations were as follows:

F = 16.369TL!%7 (r = 0.93, N = 821) (Figure 9) and
F = 22.017W + 715.87 (r = 0.89, N = 821) (Figure 10)

With: F= Fecundity (Number of oocytes); TL= Total length
(cm); W= Body weight (g); N= Number of mature females;
= correlation coefficient
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Table 1. Seasonal variations of the sex-ratio of H. fasciatus collected from December 2015 to May 2017 in Okpara Stream

(North Benin)
Seasons Males Females Sex ratio (M:F) 2
Dry 590 693 1:1.18 x2 = 8.2689, p <0.05
Wet 422 766 1:1.82 x2 =99.609, p <0.05
Flood 40 103 1:2.58 x2 =27.755,p <0.05
Total 1052 1562 1:1.49 ¥2 =99.503, p <0.05

Table 2. Mean, range and relative fecundities by length classes of H. fasciatus collected from Okpara Stream (North Benin)

TL class N Mean body  Mean ovary Mean Fecundity Num of Relative Mean
(cm) weigth (g) weigth (g) fecundity = range eggs/ovary gram fecundity GSI
7-9 141 11.42 0.58 811 168-1716 1398 71.015 5.05
9-11 666  16.60 0.68 854 113-1555 1256 51.45 4.14
11-13 58 30.18 0.72 897 397-1622 1246 29.72 2.46
13-15 14 49.34 0.86 951 540-1484 11.06 19.27 1.78
15-17 2 69.33 1 1055 945-1164 1055 15.21 1.24
Total 881 17.36 0.67 857 113-1716 1272 49.08 4.13
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Figure 2. Size structure (TL) of H. fasciatus (n = 2,818) collected in Okpara Stream (North-Benin) from December 2015 to
Mai 2017.
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Figure 3. Variation of gonadosomatic index of H. fasciatus from December 2015 to May 2017 in Okpara stream (North Be-
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Figure 4. Percentage of gonads maturation stages in H. fasciatus males by months. ST1 = Immature stage; ST2 = Stage of
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Sex-ratio, Maturation and Spawning Time

As reported by many authors such Poulet (2004) in teleost
fishes, one sex predominates over the other. This general
trend agreed with that recorded for the population of H. fas-
ciatus in Okpara Stream where the sex-ratio (1:1.49) recorded
was in favor of females with 1 male for 1.49 female. In Owa
Stream in Nigeria Olurin and Odeyemi (2010) rather reported
for H. fasciatus population, a sex ratio 1:0.36 in favor of
males. The morphological traits, the growth rates and the be-
havioral characteristics of males/females as selective may
play in favor of one sex. Also, in general, females are more
sedentary and more vulnerable to fishing gears because of pa-
rental care behavior such as egg incubation and offspring pro-
tection at the spawning grounds (Atse et al., 2009).

As reported by Sidi Imorou et al. (2019b), Okpara Stream
showed favorable growth conditions for H. fasciatus that ex-
hibited an isometric growth pattern (slope b: 3.0024) and a
relatively high condition factor (K) reaching 8.02. Therefore,
spawning was effective, successful and the species was per-
fectly established. Indeed, the current study revealed the pres-
ence of different life stages small juvenile, juvenile, sub-adult
and adult in the population of H. fasciatus suggesting that the
reproduction and the recruitment of fishes were successful
(Gbaguidi and Adite, 2016). This result was also confirmed
by the presence of all maturation stages in the gonads. Abun-
dance of oocytes of big diameters (d > 1.05 mm) during the
dry season (7.29%), the wet season (49.79%) and the flood
period (70.12%) combined with the relative abundance of
ripe gonads (stage 3 and 4) indicated that in Okpara Stream,
H. fasciatus breeds all seasons. This finding agreed with that
reported by Albaret (1982) in Ivory Coast and by Kwarfo-
Apegyah and Ofori-Danson (2010) in Batonga Reservoir in
Ghana where H. fasciatus spawned all year with a peak rec-
orded in wet and flood seasons (Kwarfo-Apegyah and Ofori-
Danson, 2010). As it is the case for many tropical fish species,
the increase of water level during wet and flood seasons was
the favorable condition that stimulates gonad maturation and
led to spawning and recruitment (Albaret 1982; Wootton
1998; Laleye et al., 1995; Dadebo et al., 2003; Rutaisire and
Booth 2005; Adité et al., 2006).

Length at First Sexual Maturation (TLs)

In Okpara Stream, males of H. fasciatus reached their size at
first maturity at a total length (Lso=10.98 cm-TL) higher than
that of females (Lso = 9.22 cm -TL). This sexual difference in
Lso, mostly tardive in males was reported for several fish spe-
cies such Chrysichthys nigrodigitatus and Chrysichthys au-
ratus (Laleye et al, 1995), Clarias ebriensis (Ezenwaji,
2002), Labeo horie (Dadebo et al., 2003), Labeo victorianus
(Rutaisire and Booth 2005); Heterotis niloticus (Adité et al.,
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2006), Clarias gariepinus, Clarias ebriensis, Schilbe inter-
medius, Schilbe mystus, Synodontis schall (Chikou et al.,
2011), Sarotherodon galileus (Gbaguidi and Adite 2016) etc.
Genetic factors including sexual dimorphism of growth and
habitat conditions such as physicochemical variations and
food resource availabilities could greatly affect the size at
first sexual maturity (Wootton, 1998; Koné et al. 2011; Tem-
beni et al. 2014).

In this study, the size at first sexual maturity (Lso =9.22 cm -
TL) recorded for H. fasciatus females agreed with that re-
ported by Olurin and Odeyemi (2010) in Owa Stream in Ni-
geria and that reported by Albaret (1982) in Ivory Coast.
Also, in Batonga Reservoir in Ghana, Kwarfo-Apegyah and
Ofori-Danson (2010) reported similar Lsy for H. fasciatus. In
contrast, in Ogun River in Nigeria, Adebissi (1987) found a
higher Ls0=10.4 cm-TL for H. fasciatus female. Though ge-
netic traits could cause this differential Lso through breeding
tactics and biological characteristics, habitat ecological sta-
tus, fishery condition, population structure and environmen-
tal conditions and stockascity could together influence the
length at first sexual maturity (Rutaisire and Booth, 2005). In
Okpara stream, the length at first capture (Lcso) for H. fasci-
atus is Lcsp=8.78cm (Sidi Imorou et al., 2019c¢). This length
is lower than the length at first maturity (Lso=10.98 cm for
males and Lsp=9.22 cm for females). This result suggested
that in Okpara stream, specimen of H. fasciatus were caught
before breeding for the first time. This situation could lead to
a depletion of the stock of this species in the river.

Power curve fitted to total length (TL) and fecundity (F) scat-
ter plot showed that batch fecundity significantly increase
with TL (r= 0.93, p<0.05) (Figure 8). Also linear regression
fitted to body weight (W) and batch fecundity scatter plot
showed that fecundity significantly (r = 0.89, p<0.05) in-
crease with body weight (Figure 9).

Fecundity and Breeding Strategy

In the current fishery survey, H. fasciatus showed batch fe-
cundities ranging between 113 and 1716 oocytes (mean = 857
oocytes) with a relative fecundity of 49.08 oocytes / g of body
weight in Ivory Coast, Albaret (1982) recorded a highest fe-
cundity that reached 2509 oocyte along with a reduced rela-
tive fecundity of 30 oocytes / g of body weight. In contrast,
in New Bussa kigera reservoir in Nigeria, Issa et al. (2005)
reported a lowest fecundity of 520 oocytes. Probably, these
spatial differences in fecundities were the results of differen-
tial environmental variabilities and differential availability in
food resources (Fagade et al., 1984; Issa et al., 2005). In this
study, batch fecundity exhibited significant (r= 0.93, p< 0.05)
curvilinear relationship with total length and was positively
correlated with body weight. Legendre and Ecoutin (1989)
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and Atse et al. (2009) reported similar trends in some other
cichlids such as Sarotherodon melanotheron, Tilapia guin-
eensis and Tylochromis jentinki from Ebrie Lagoon in Ivory
Coast.

With regards to ovarian structure, H. fasciatus showed mod-
erate oocyte diameter averaging 1.10 = 0.11 mm and varying
between 0.800 mm and 1.5297 mm. These diameter values
were lower than those reported by Albaret (1982) in the water
bodies of Ivory Coast and by Olurin and Odeyemi (2010) in
Owa Stream in Nigeria where the oocyte diameters reached
1.65 mm and 1.94 mm, respectively. Also, the gonads com-
prised oocytes at all stages of maturity regardless of month
(Figures 3 and 4), suggesting that H. fasciatus displayed mul-
tiple reproduction in the Okpara River with several offspring
cohorts during the same spawning season. These breeding
pattern is typical to most teleost fishes and cichlids in partic-
ular (Paugy et al., 2006).

In this study, H. fasciatus exhibited a relative low sizes at
sexual maturity 10.98 cm-TL (males) and 9.22 ¢cm-LT (fe-
males), a low batch fecundity (F = 857 &+ 284.78 oocytes), a
relative low eggs diameters (d=1.1020.11mm) and reproduce
early. This piscivorious fish built nests in which eggs are laid
and had multiple layers and practices parental care for the
survival of its offspring (Stiassny et al., 2007). These biolog-
ical characteristics indicate that H. fasciatus has a demo-
graphic strategy between selections "r" and "K" but much
closer to selection "r". This strategy optimizes the survival of
eggs, larvae and juveniles through the practice of parental
care with moderately early maturation associated with several
spawnings throughout the year (Winemiller and Rose, 1992).

Conclusion

The current study on the reproductive biology of H. fasciatus
gives valuable information on the spawning time, fecundity
and spawning strategy of this fish species in Okpara stream.
The favorable environmental conditions of Okpara stream
coupled with the all seasons breeding and the spawning strat-
egy characterized by the high offspring survivorship (parental
care), the high accounted for the prominence in this ecosys-
tem. However, values of size at first sexual maturity for both
sexes superior to the length at first capture require special at-
tention in the sustainable management plan for this ecosys-
tem.
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sections. Authors may chooseto use anysubheadinginbetween
those sections.
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important parts, overlooked aspects, or lacking parts of a
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Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered
consecutively in the order they are referred to within the main
text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below the
tables by footnotes (even if they are defined within the main
text). Tables should be created using the “insert table”
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arranged clearly to provide easy reading. Data presented in the
tables should not be a repetition of the data presented within
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Figures and Figure Legends

Figures, graphics, and photographs should be submitted as
separate files (in TIFF or JPEG format) through the submission
system. The files should not be embedded in a Word document
or the main document. When there are figure subunits, the
subunits should not be merged to form a single image. Each
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DPI. To prevent delays in the evaluation process, all submitted
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dimensions: 100 x 100 mm). Figure legends should be listed at
the end of the main document.

All acronyms and abbreviations used in the manuscript should be
defined at first use, both in the abstract and in the main text. The
abbreviation should be provided in parentheses following the
definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, including
the name of the product, the producer of the product, and city
and the country of the company (including the state if in USA),
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...(Crockatt, 1995).

"The potentially contradictory nature of Moscow's priorities
surfaced first in its policies towards East Germany and Yugoslavia,"
(Crockatt, 1995, p. 1).
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